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EXECUTIVE SUMMARY
Solid Waste Management (SWM) operates the E-Area Low-Level Waste Facility (ELLWF) where 
low level on-site and off-site solid waste streams are buried.  The facility has been in operation 
since late 1994 and is currently projected to remain in operation until 2065.  This facility can 
accommodate a broad range of waste forms resulting from the six different types of disposal unit 
(DU) options (i.e., varying degrees of engineered barriers  trenches to concrete vaults).  This 
facility is currently operating under a Performance Assessment (PA) issued back in 2008, along 
with several subsequent supporting Special Analyses (SA).  The Savannah River National 
Laboratory (SRNL) developed the prior PAs and SAs and was tasked to update the facility’s 
upcoming PA, mostly likely to be issued during FY2022.  For operating the E-Area facility, a 
Waste Inventory Tracking System (e.g., WITS) is actively employed by waste generators where 
every radionuclide entering the facility (to be buried in one of its many DUs1) must be either 
directly or indirectly accounted for.  Since there is a large number of radionuclides in existence 
(>3,000), the International Commission on Radiological Protection (ICRP), specially ICRP 
Publication 107) has provided guidance on the subset of radionuclides requiring further assessment 
in landfills such as the E-Area LLWF.  The ICRP-107 publication provides critical radiological 
information on 1,252 radionuclides consisting of 97 elements.  This database, along with the 
current dose coefficients that have been developed for these radionuclides in DOE-STD-1196-
2011 (DOE 2011), is the critical starting point for developing a consistent inventory limit system.
An earlier screening effort was performed (i.e., Aleman and Hamm 2020) where it was deemed 
appropriate/necessary to add an additional screening tier (i.e., Tier-2) to further reduce those parent 
radionuclides that would require explicit inventory tracking within the E-Area LLWF.  This report 
accomplishes this along with other additional upgrades made to the Tier-1 analyses, including the 
option to have trigger-value radionuclides2.  The parent radionuclide listings presented in this 
report supersede all prior screening efforts associated with the ELLWF and will be employed 
directly in the upcoming PA.
The explicit measurement and tracking of all 1,252 ICRP-107 radionuclides can be reduced when 
process knowledge, burial history, and radiological aspects are factored into conservative 
groundwater and intruder screening processes.  Across the DOE complex these screening 
processes have been historically performed using the methodology suggested by the National 
Council on Radiation Protection and Measurements (NCRP) as presented in their original report 
(NCRP 1984) and then refined in a later report (NCRP 1996).  In the recommended screening 
models employed within this report the traditional NCRP models are updated to better handle 
progeny and better reflect the known characteristics of E-Area.  This improved screening process 
is referred to as the “NCRP-like” method.  Various upgrades to the traditional NCRP methodology 
have been used by others (e.g., NRC funded effort by Kennedy and Strenge 1992).  The more 
detailed models by Kennedy and Strenge (1992) were considered in this effort and are compared 
to the results from the more traditional NCRP-like models.

_____________________________________
1 The phrase “disposal unit” or the acronym “DU” used throughout this report is a PA term referring to a single 
disposal location, e.g., Slit Trench 1 (ST01).
2 Trigger-value radionuclides are typically radionuclides that do not have explicit WITS inventory limits and are on a 
separate watch list.  If a trigger value is exceeded, then its radionuclide is considered for inclusion it into WITS.
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T h e gr o u n d w at er a n d i n a d v ert e nt i ntr u d er s cr e e ni n g a n al ys es pr es e nt e d i n t his r e p ort b e gi n wit h 
t his 1, 2 5 2 r a di o n u cli d e list a n d r e d u c es it d o w n t o m or e m a n a g e a bl e lists t h at ar e a p pli c a bl e t o t h e 
v ari o us D U t y p es c o nt ai n e d wit hi n E -Ar e a.  I n or d er t o r e d u c e t his st arti n g list, s o m e l e v el of 
e x p os ur e ris k m ust b e c o nsi d er e d a c c e pt a bl e.  Hist ori c all y, a d os e ( or c o n c e ntr ati o n l e v el) h as b e e n 
c o m p ar e d t o a s cr e e ni n g crit eri o n s et t o 1 % of a p erf or m a n c e m e as ur e ( e. g., a b et a -g a m m a d os e 
n ot t o e x c e e d t h e 4 mr e m / yr b et a-g a m m a p erf or m a n c e m e as ur e x 0. 0 1 = 0. 0 4 mr e m/ yr).  T h us, if 
a r a di o n u cli d e pr o d u c e d a b o u n di n g or s cr e e ni n g -l e v el d os e ( or c o n c e ntr ati o ns) l ess t h a n t h e 
s cr e e ni n g crit eri o n, it c o ul d b e s af el y r e m o v e d fr o m f urt h er c o nsi d er ati o n. S e v er al ti ers of 
s cr e e ni n g a n d b o u n di n g l e v el a n al ys es h a v e b e e n c o nsi d er e d i n t his r e p ort.  

I n t his s cr e e ni n g eff ort, t h e p erf or m a n c e m e as ur e h as b e e n ti g ht e n e d u p b y:

• C o nsist e ntl y l o o ki n g at e v er y e x p os ur e p at h w a y r e g ar dl ess of t h e ti er l e v el; a n d
• R e q uiri n g t h at a p at h w a y’s m a xi m u m e x p os ur e n ot e x c e e d 0. 1 % of t h e a p pli c a bl e 

p erf or m a n c e m e as ur e ( e. g., 0. 1 % of t h e 4 mr e m/ y r p erf or m a n c e m e as ur e x 0. 0 0 1 = 0. 0 0 4 
mr e m/ yr) o v er t h e e ntir e p eri o d of p erf or m a n c e .  P ost -ass ess m e nts i n di c at e t h at t his 0. 1 % 
crit eri o n yi el ds a c c e pt a bl e r esi d u al S u m - of-Fr a cti o n ( S O F ) v al u es f or t h e s cr e e n e d -o ut 
r a di o n u cli d es.

B ull et o n e e ns ur es t h at n o i n c o nsist e n ci es e xist i n b et w e e n v ar yi n g ti ers s u c h t h at a r a di o n u cli d e 
p ass e d o n t o t h e P A -l e v el a n al ysis w o ul d n ot h a v e b e e n first s cr e e n e d o ut at a hi g h er l e v el.  B ull et 
t w o pr o vi d es a d diti o n al ris k r e d u cti o n i n t h e v er y u nli k el y s c e n ari o t h at a s et of r a di o n u cli d es
s cr e e n e d o ut fr o m f urt h er c o nsi d er ati o n i n a p at h w a y w o ul d pr o d u c e a c u m ul ati v e d os e i m p a ct 
a p pr o a c hi n g t h e a p pli c a bl e p erf or m a n c e m e as ur e.  T h e u p p er b o u n d esti m at e o n t h at ris k is 
< 0. 1 8 % i n cr e as e i n a dis p os al u nit’s s u m- of- fr a cti o ns.

I n a d diti o n, i n t his u p d at e d s cr e e ni n g eff ort, t h e “ u p p er b o u n d ” i n v e nt or y esti m at es f or s cr e e ni n g 
p ur p os es (i. e., t h e pr oj e ct e d cl os ur e i n v e nt ori es) h a v e b e e n s c al e d u p b y a f a ct or of t e n.  T his 
s c ali n g f a ct or is b ei n g a p pli e d t o a d dr ess v ari o us u n c ert ai nt y as p e cts i n esti m ati n g E -Ar e a cl os ur e 
i n v e nt ori es.

I n d e v el o pi n g a n o v er all i n v e nt or y li mits s yst e m, a ti er e d a p pr o a c h is m ost effi ci e nt wit h r es p e ct 
t o its a c c e pt a n c e a n d m ai nt e n a n c e.  F or e x a m pl e, if t h e tr a c ki n g of a si g nifi c a nt n u m b er of 
r a di o n u cli d es c a n b e o mitt e d t hr o u g h r el ati v el y si m pl e, a n d a c c e pt a bl e , ar g u m e nts/ m o d els t h e 
o v er all c osts ar e gr e atl y r e d u c e d (i. e., b ot h u p fr o nt a n d m ai nt e n a n c e c osts).  T h e o v er all str u ct ur e 
of t h e E -Ar e a ti er e d i n v e nt or y li mit s yst e m is:

• Ti e r - 0 - I niti al s cr e e ni n g list b as e d o n r a di ol o gi c al a n d pr o c ess k n o wl e d g e as p e cts
• Ti e r - 1 - “ N C R P-li k e ” gr o u n d w at er a n d i ntr u d er s cr e e ni n g ( v er y c o ns er v ati v e)
• Ti e r - 2 - Si m pl e, b ut b o u n di n g, 1 D “ H y bri d ” f at e a n d tr a ns p ort m o d eli n g ( c o ns er v ati v e) 
• Ti e r - 3 - G e n eri c w ast e ( m ulti -D, n o cr e dit t a k e n f or a n y p ossi bl e w ast e f or m b arri ers)
• Ti e r - 4 - S p e ci al w ast e f or m ( m ulti -D, cr e dit t a k e n f or c ert ai n w ast e f or m b arri ers )

T h e first t hr e e ti ers c o nstit ut e t h e gr o u n d w at er a n d i n a d v ert e nt i ntr u d er s cr e e ni n g st e ps.  T h e k e y 
o ut p uts fr o m t his s cr e e ni n g pr o c ess is a si g nifi c a ntl y r e d u c e d s et of r a di o n u cli d es r e q uiri n g m or e 
c o m pl e x m ulti -di m e nsi o n al f at e a n d tr a ns p ort a n al ys es i n eit h er Ti er-3 or Ti er - 4.  Wit hi n t his 
u p d at e d s cr e e ni n g r e p ort o nl y Ti er- 0, Ti er -1 , a n d Ti er-2 r es ults ar e pr es e nt e d.  Ti er-3 a n d Ti er - 4
r es ults ar e d e v el o p e d i n d et ail e d P A c al c ul ati o ns w h er e t h e Ti er -1 a n d Ti er -2 r a di o n u cli d e lists 
g e n er at e d h er e ar e us e d f or i n a d v ert e nt i ntr u d er a n d gr o u n d w at er a n al ys es, r es p e cti v el y.
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I n t h e gr o u n d w at er a n d i ntr u d er s cr e e ni n g d es cri b e d i n t his r e p ort, t h e list of r a di o n u cli d es t h at 
f ail e d t h e Ti er -0, -1 a n d - 2 s cr e e ni n g (i. e., p ass e d t hr o u g h r e q uiri n g d et ail e d P A a n al ysis) i n cl u d e d 
s o m e t h at h a v e n e v er b e e n r e p ort e d b y l o w-l e v el w ast e (L L W ) g e n er at ors n or i d e ntifi e d b y S W M 
i n t h eir E-Ar e a cl os ur e i n v e nt or y esti m at es ( Si n k 2 0 1 6, Si m m o ns 2 0 2 0). I g n ori n g t h es e l o w-
pr o b a bilit y r a di o n u cli d es pr es e nts a ris k of a n u n a n al y z e d dis p os al c o n diti o n i n t h e f ut ur e. Wit hi n 
t h e c urr e nt E-Ar e a li mits s yst e m , r a di o n u cli d es n ot f o u n d n or pr oj e ct e d t o b e dis p os e d i n E-Ar e a 
h a v e b e e n tr a c k e d usi n g “tri g g er v al u es ” as a m e a ns of li miti n g t h e n u m b er of r a di o n u cli d es
m a n a g e d/tr a c k e d i nsi d e WI T S , t h us r e d u ci n g t h e l e v el of eff ort f or d et ail e d P A c al c ul ati o ns. T h e 
tri g g er v al u e r e pr es e nts t h e n u m b er of c uri es of a r a di o n u cli d e t h at w o ul d r es ult i n 0. 1 % of t h e 
li miti n g p erf or m a n c e o bj e cti v e ( P O) w h e n e m pl o yi n g t h e c o ns er v ati v e G W or I ntr u d er s cr e e ni n g 
m o d el ( e. g., 4 mr e m/ yr b et a -g a m m a P O x 0. 0 0 1 = 0. 0 0 4 mr e m/ yr s cr e e ni n g crit eri o n).  T h e G W 
tri g g er v al u es pr o vi d e d i n t his r e p ort ar e “ pr eli mi n ar y ” v al u es w h er e t h e i m p a cts ass o ci at e d wit h 
pl u m e o v erl a p (i. e., t h e c o -mi n gli n g of a q uif er c o nt a mi n a nt pl u m es e m a n ati n g o ut fr o m 
n ei g h b ori n g D Us) h a v e n ot b e e n i n cl u d e d.  I n a f oll o w u p r e p ort a d dr essi n g pl u m e i nt er a cti o n 
f a ct ors ( PI F), t h es e pr eli mi n ar y tri g g er v al u es will b e a dj ust e d d o w n w ar d t o a c c o u nt f or pl u m e 
o v erl a p.  Si n c e all i n a d v ert e nt i ntr u d er e x p os ur e s c e n ari os d o n ot i n v ol v e eit h er t h e a q uif er or t h e 
at m os p h er e, t h e i n a d v ert e nt i ntr u d er tri g g er v al u es ar e fi n al v al u es.

T his “ Tri g g er V al u e ” list of r a di o n u cli d es a n d asso ci at e d c uri e s ar e tr a c k e d o utsi d e of WI T S. If a
r a di o n u cli d e i n v e nt or y is r e c ei v e d i n t h e f ut ur e, w h os e tri g g er v al u e is e x c e e d e d, t h e n S W M 
E n gi n e eri n g m a k es t h e d e cisi o n w h et h er, or at w h at p oi nt, t o p erf or m a S p e ci al A n al ysis t o a d d 
t h e n e w r a di o n u cli d e a n d dis p os al li mit t o WI T S.  Wit h t h e i m pl e m e nt ati o n of a n e w m ultiti er e d 
dis p os al li mits s yst e m, S W M will n e e d t o m a k e t h e d e cisi o n o n w h et h er t o c o nti n u e e m pl o yi n g 
tri g g er v al u es i n m a n a gi n g L L W dis p os al i n v e nt or y.

I n t h e m ultiti er e d a p pr o a c h u n d ert a k e n i n t his r e p ort, s u p pl e m e nt al tr a c ki n g of t h es e l o w-
pr o b a bilit y r a di o n u cli d es is o pti o n al.  T his m ultiti er e d a p pr o a c h n e v er s cr e e n e d o ut a r a di o n u cli d e 
b as e d o n its a bs e n c e fr o m E -Ar e a.  All 1, 2 5 2 r a di o n u cli d es c o nt ai n e d wit hi n t h e ori gi n al I C R P -
1 0 7 lists w er e pr o c ess e d.  H o w e v er, t h e tri g g er -v al u e o pti o n is pr o vi d e d a n d , i n s o m e c as es, m a y 
b e d e e m e d a p pr o pri at e a n d r e c o m m e n d e d. T h e m et h o d ol o g y a n d r es ults of tri g g er v al u e 
c al c ul ati o ns ar e d es cri b e d i n C h a pt er 5.

I n t h e 2 0 2 2 P A r e visi o n t h er e will b e a t ot al of 3 3 D Us ( cl os e d, a cti v e, a n d f ut ur e u nits) c o nt ai n e d 
wit hi n t h e E -Ar e a f o ot pri nt:

• E n gi n e e r e d T r e n c h es ( E Ts) - ( 9 E T u nits ) [E T 0 1, E T 0 2, E T 0 3, E T 0 4, E T 0 5, E T 0 6, E T 0 7, 
E T 0 8, E T 0 9 ];

• Slit T r e n c h es ( S Ts) - (2 0 S T u nits ) [S T 0 1, S T 0 2, S T 0 3, S T 0 4, S T 0 5, S T 0 6, S T 0 7, S T 0 8, 
S T 0 9, S T 1 0, S T 1 1, S T 1 4, S T 1 7, S T 1 8, S T 1 9, S T 2 0, S T 2 1, S T 2 2, S T 2 3, S T 2 4 ];

• L o w A cti vit y W ast e V a ult ( L A W V) - ( 1 L A W V u nit );
• I nt e r m e di at e L e v el V a ult (I L V) - ( 1 I L V u nit ); a n d
• N a v al R e a ct o r C o m p o n e nt Dis p os al A r e as ( N R C D As) - ( 2 N R C D A u nit s ) [N R C D A -

7 E, N R C D A - 2 6 E].

N ot e t h at C o m p o n e nt -i n-Gr o ut ( CI G) tr e n c h es, CI G 0 1 a n d CI G 0 2 , ar e b ei n g r e p ur p os e d as Slit 
Tr e n c h es, S T 2 3 a n d S T 2 4 , r es p e cti v el y, i n t h e n e xt P A. T h e e xisti n g CI G s e g m e nts i n CI G 0 1 
( S T 2 3) will b e tr e at e d as s p e ci al w ast ef or ms.

F or gr o u n d w at er a n d i n a d v ert e nt i ntr u d er s cr e e ni n g p ur p os es t h es e fi v e t y p es of D Us w er e 
r e pr es e nt e d b y t h e f oll o wi n g fi v e s cr e e ni n g m o d els:
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• T r e n c h [r e pr es e nts all E Ts, S Ts, a n d f or mer CI G tr e n c h es];
• L A W V ;
• I L V; a n d
• N R C D A G [r e pr es e nts a N R C D A m o d el f or g e n eri c N a v al R e a ct or w ast e]; a n d
• N R C D A S [r e pr es e nts a N R C D A m o d el f or s p e ci al w ast e f or ms].

T a bl e E S - 1 pr o vi d es t h e n u m b er of r a di o n u cli d es r e m ai ni n g (i. e., n ot s cr e e n e d o ut) at e a c h ti er.  
St arti n g wit h t h e I C R P -1 0 7 list of 1, 2 5 2 r a di o n u cli d es, Ti er -0 si g nifi c a ntl y r e d u c es t his n u m b er 
b y m or e t h a n 7 5 % b y c o nsi d eri n g r a di o n u cli d e d e c a y a n d pr o c ess k n o wl e d g e.  E m pl o yi n g 
c o ns er v ati v e s cr e e ni n g m o d els, Ti er -1 a n d Ti er -2 f urt h er r e d u c e t his n u m b er f or e a c h p at h w a y a n d 
D U t y p e.  T h e r es ulti n g n u m b ers of gr o u n d w at er a n d i n a d v ert e nt i ntr u d er r a di o n u cli d es r e m ai ni n g 
at e a c h ti er f or e a c h D U t y p e is b as e d o n a u ni o n of t h e v ari o us u ni q u e p at h w a ys c o n si d er e d, 
s p e cifi c all y:

• G r o u n d w at e r – B et a -G a m m a, Gr oss Al p h a, R a di u m, Ur a ni u m, a n d All -P at h w a ys; a n d
• I n a d v e rt e nt I nt r u d e r – A c ut e I ntr u d er a n d C hr o ni c I ntr u d er.

I n T a bl e E S - 1 t h e n u m b er of Ti er-1 “ p ar e nt ” r a di o n u cli d es r e m ai ni n g ( hi g hli g ht e d i n li g ht gr e e n
a n d or a n g e f or gr o u n d w at er a n d i n a d v ert e nt i ntr u d er, r es p e cti v el y) aft er t h e “ N C R P -li k e ” 
gr o u n d w at er a n d i ntr u d er s cr e e ni n g ar e s h o w n f or e a c h D U m o d el ( i. e., p ar e nt i m pli es t h e first 
m e m b er i n a d e c a y c h ai n wit h t h e t ot al d os e fr o m t h at d e c a y c h ai n c o nsi sti n g of t h e r oll e d - u p 
c o ntri b uti o ns fr o m t h at p ar e nt a n d its pr o g e n y ).  T h e list of Ti er -1 gr o u n d w at er r a di o n u cli d es f or 
e a c h D U t y p e w er e t h e n e m pl o y e d as i n p ut i nt o a gr o u n d w at er -o nl y Ti er -2 pr o c ess .  T h e r es ults 
of t h e gr o u n d w at er Ti er -2 s cr e e ni n g ar e als o s h o w n i n T a bl e E S - 1 ( hi g hli g ht e d i n mi d dl e gr e e n).  
T h e Ti er -2 s cr e e ni n g is b as e d o n a 1 D “ H y bri d ” m o d el w h er e t h e W ast e a n d V a d os e z o n es as p e ct 
of t h e N C R P -li k e m od el ar e r e pl a c e d wit h a d et ail e d 1 D P O R F L O W f at e a n d tr a ns p ort m o d el.

Fi n all y, t h e n u m b er of r a di o n u cli d es f aili n g t h e Ti er -1 (i n a d v ert e nt i ntr u d er) a n d Ti er -2 
( gr o u n d w at er) s cr e e ni n g pr o c ess es b y p at h w a y (i. e., w h o’s m a xi m u m S O F e x c e e ds t h e 0. 1 % 
s cr e e ni n g crit eri o n) ar e di vi d e d i nt o: ( 1) a “ Tri g g er V al u es ” list (i. e., t h os e r a di o n u cli d es n ot f o u n d 
n or pr oj e ct e d t o b e dis p os e d i n E -Ar e a) a n d ( 2) a “ Mi ni m u m R e q uiri n g Li mits ” list (i. e., t h os e 
r a di o n u cli d es wit h esti m at e d i n v e nt ori es at E-Ar e a cl os ur e).  T h us , a p pli c ati o n of t his m ultiti er e d 
i n v e nt or y li mits s yst e m e x pli citl y a d dr ess es all 1, 2 5 2 r a di o n u cli d es fr o m t h e ori gi n al I C R P - 1 0 7 
list t hr o u g h s cr e e ni n g w h er e t h os e r a di o n u cli d es t h at ar e n ot s cr e e n e d o ut h a v e eit h er tri g g er v al u es
or dis p os al li mits.

B as e d o n t h e r e c o m m e n d e d (i. e., Ti er -1 “ N C R P -li k e ” a n d Ti er-2 1 D “ H y bri d ” m o d els f or 
s cr e e ni n g) gr o u n d w at er a n d i ntr u d er s cr e e ni n g m et h o d ol o gi es, t h e list of p ar e nt n u cli d es t h at f ail 
t h e s cr e e ni n g crit eri o n (i. e., 0. 1 % S O F) ar e s u m m ari z e d i n t h e S u m m ar y a n d Co n cl usi o n S e cti o n 
( C h a pt er 4. 0 ) f or e a c h of t h e D U s cr e e ni n g m o d els.

F urt h er r e d u cti o ns i n t h e Tri g g er V al u es list s h o w n i n T a bl e E S - 1 (i. e., r e d u c e d n u m b ers as 
pr o vi d e d i n p ar e nt h es es f or tri g g er v al u e listi n gs) w er e m a d e w h er e pr o c ess k n o wl e d g e ass o ci at e d 
wit h t h e e x p e ct e d a b u n d a n c es of v er y “ h e a v y ” el e m e nts d uri n g r e a ct or c or e i rr a di ati o n w as 
c o nsi d er e d a n d dis c uss e d i n A p p e n di x L.  F urt h er r e d u cti o ns c a n b e c o nsi d er e d i n f ut ur e eff orts 
w h e n a d diti o n al pr o c ess k n o wl e d g e b e c o m es a v ail a bl e ( e. g., n o bl e g a s e s , a d diti o n al h e a v y 
el e m e nts, fissi o n pr o d u cts, or n e utr o n a cti v at e d pr o d u cts as dis c uss e d i n A p p e n di x L) t o r efi n e t h e 
s cr e e ni n g pr o c ess .
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The starting point for subsequent inadvertent intruder and groundwater detailed PA calculations 
(i.e., Tier-3 and Tier-4) are the Tier-1 and Tier-2 listings, respectively.  These specific listings are 
provided in Chapter 4.0 and Chapter 5.0 and can be located based on the table references listed in
Table ES-2 or in Table ES-3 depending on whether or not trigger-values are to be employed by 
SWM.

Table ES-1. Number of radionuclides remaining after screening.h

Tier Level Pathway Trench ILV LAWV NRCDAG NRCDAS

ICRP-107a na 1,252 1,252 1,252 1,252 1,252

Tier-0b na 271 272 271 295 295

Tier-1c Beta-Gamma 131 110 102 129 91
Gross Alpha 83 80 75 75 67

Radium 12 11 12 8 10
Uranium 19 27 18 24 19

All-Pathways 129 138 128 128 118
Groundwaterd 163 141 134 157 122

Acute 
Intruder 56 24 7 26 30

Chronic 
Intruder 88 29 20 29 75

Inadvertent 
Intrudere 88 29 20 29 75

Tier-2f Beta-Gamma 37 39 36 32 27
Gross Alpha 21 20 16 15 14

Radium 3 2 1 1 0
Uranium 1 1 1 1 1

All-Pathways 40 44 37 35 30
Groundwaterg 43 45 39 38 31

Trigger Groundwater 16 (12) 25 (21) 20 (16) 25 (21) 20 (17)

Valuesi Inadvertent 
Intruder 56 (50) 27 (27) 20 (20) 28 (28) 62 (57)

Minimum Groundwater 27 20 19 13 11
Requiring 

Limitsj
Inadvertent 

Intruder 32 2 0 1 13

a The initial number of parent radionuclides being considered consistent with ICRP-107.
b The initially reduced number of parent radionuclides considered where radionuclides were screened out based on 
radiological and process knowledge aspects for SRS and Naval Reactor operations.
c The number of parent radionuclides remaining after Tier-1 screening on a pathway basis.
d The Tier-1 number of parent radionuclides remaining (highlighted in light green) for groundwater.  This represents
the union of the five groundwater pathway sets of radionuclides failing the Tier-1 screening.
e The Tier-1 number of parent radionuclides remaining (highlighted in orange) for inadvertent intruder.  This 
represents the union of the two intruder pathway sets of radionuclides passing the Tier-1 screening.
f The number of parent radionuclides remaining after Tier-2 screening on a pathway basis.  Tier-2 screening only 
performed for groundwater pathways.
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g The Tier-2 number of parent radionuclides remaining (highlighted in medium green) for groundwater.  This 
represents the union of the five groundwater pathway sets of radionuclides passing the Tier-2 screening.
h The number of parent radionuclides listed represents the total non-screened out radionuclides.  These listings can be 
further broken into two groups: (1) those having trigger values, and (2) those requiring inventory limits.
i The number of radionuclides which can have trigger values (i.e., all radionuclides not screened out that have no 
WITS inventories nor estimated closure inventories).  The reduced numbers within the parentheses present the 
elimination of heavy elements consistent with the recommendations provided in Appendix L.
j The minimum number of radionuclides that will require subsequent Tier-3 and Tier-4 analyses (i.e., the case where 
all available trigger-value radionuclides are employed).

Table ES-2. List of parent radionuclides requiring subsequent Tier-3 or Tier-4 Analyses 
including all potential trigger-value radionuclides.

Tier Level Pathway Trench ILV LAWV NRCDAG NRCDAS

Tier-1 Inadvertent 
Intrudera Table 4-10 Table 4-2 Table 4-4 Table 4-6 Table 4-8

Tier-2 Groundwaterb Table 4-16 Table 4-12 Table 4-13 Table 4-14 Table 4-15

a List of parent radionuclides, provided in Chapter 4.0 (Section 4.3),  requiring subsequent analyses for inadvertent 
intruder.
b List of parent radionuclides, provided in Chapter 4.0 (Section 4.4),  requiring subsequent analyses for groundwater.

Table ES-3. List of parent radionuclides requiring subsequent Tier-3 or Tier-4 Analyses 
excluding all potential trigger-value radionuclides.

Tier Level Pathway Trench ILV LAWV NRCDAG NRCDAS

Tier-1 Inadvertent 
Intrudera Table 5-16 Table 5-12 Table 5-13 Table 5-14 Table 5-15

Tier-2 Groundwaterb Table 5-21 Table 5-17 Table 5-18 Table 5-19 Table 5-20

a List of parent radionuclides, provided in Chapter 5.0 (Section 5.2.1),  requiring subsequent analyses for inadvertent 
intruder minus trigger-value radionuclides.
b List of parent radionuclides, provided in Chapter 5.0 (Section 5.2.2),  requiring subsequent analyses for groundwater
minus trigger-value radionuclides.
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1. 0 I nt r o d u cti o n

S oli d W ast e M a n a g e m e nt ( S W M) o p er at es t h e E- Ar e a L o w -L e v el W ast e F a cilit y ( E L L W F) w h er e 
s e v er al o nsit e w ast e g e n er at ors ( a n d s o m e offsit e c ust o m ers) h a v e o n g oi n g w ast e str e a ms b ei n g 
a c c e pt e d a n d b uri e d i n a cti v e dis p os al u nits ( D U).  T h e f a cilit y h as b e e n i n o p er ati o n si n c e l at e 
1 9 9 4 a n d is a nti ci p at e d t o r e m ai n o p e n u ntil 2 0 6 5 b as e d o n t h e c urr e nt sit e t e n -y e ar pl a n ( S R N S 
2 0 1 5 ).  S e v er al D U t y p es ar e a v ail a bl e t o h a n dl e a br o a d r a n g e of w ast e str e a ms, s p e cifi c all y;

• 2 9 Tr e n c h es – E n gi n e er e d Tr e n c h es ( E T s), Slit Tr e n c h es ( S Ts), a n d C o m p o n e nt-i n-Gr o ut 
( CI G) Tr e n c h es;

• 1 L o w A cti vit y W ast e V a ult ( L A W V);
• 1 I nt er m e di at e L e v el V a ult (I L V); a n d
• 2 N u cl e ar R e a ct or C o m p o n e nt Dis p os al Ar e as ( N R C D As).

R e g ar dl ess of t h eir w ast e f or m, i n v e nt or y li mits ( or tri g g er v al u es) ar e i m p os e d o n all r a di o n u cli d es 
b ei n g b uri e d i n E -Ar e a w h o c o ntri b ut e t o d os e b e y o n d a gi v e n d os e crit eri o n .  A W ast e I nf or m ati o n 
Tr a c ki n g S yst e m ( WI T S) w as cr e at e d a n d is m ai nt ai n e d b y S W M ( B air 2 0 1 8).  WI T S pr o vi d es 
w ast e g e n er at ors g ui d a n c e o n h o w w ast e c a n b e h a n dl e d wit hi n t h e E -Ar e a D Us.

T h er e ar e o v er 3, 0 0 0 k n o w n r a di o n u cli d es a n d o nl y a s u bs et of t h es e ar e of a n y p ot e nti al c o n c er n 
t o E-Ar e a o p er ati o ns.  S cr e e ni n g crit eri a ar e est a blis h e d b as e d o n r e g ul at or y P erf or m a n c e 
O bj e cti v es ( P O) a n d a s uit e of b o u n di n g a n al ys es is p erf or m e d t o r e d u c e t his l ar g e list of 
r a di o n u cli d es d o w n t o a m or e m a n a g e a bl e s et of r a di o n u cli d es t h at ar e tr a c k e d wit hi n WI T S a n d 
ar e s u bj e ct e d t o i n v e nt or y li mits t h at ar e u ni q u e t o:

• e a c h r a di o n u cli d e;
• w ast e f or m; a n d
• dis p os al u nit.

T his r e d u cti o n i n t h e n u m b er of r a di o n u cli d es t h at r e q uir e tr a c ki n g is a c c o m plis h e d b y p erf or mi n g 
b ot h Gr o u n d w at er ( G W) a n d I n a d v ert e nt I ntr u d er (II) s cr e e ni n g a n al ys es w h er e a p pr o pri at e .  T h e 
r a di o n u cli d es t h at r e q uir e i n v e nt or y li mits ar e t o b e tr a c k e d se p ar at el y fr o m t h os e h a vi n g tri g g er 
v al u es.

T his r e p ort d es cri b es t h es e s cr e e ni n g a n al ys es, t h e b asis b e hi n d t h e s cr e e ni n g a n al ysis a p pr o a c h, 
t h e tri g g er-v al u e listi n gs, a n d t h e r es ulti n g list s of r a di o n u cli d es r e q uiri n g f urt h er d et ail e d 
p erf or m a n c e ass ess m e nt ( P A) a n al ys es.

1. 1 K e y M oti v ati o ns t o U p d at e S c r e e ni n g A n al ys es

F or t h e u p c o mi n g 2 0 2 2 P A (r ef err e d t o as P A 2 0 2 2 ) a n e w c o m pl et e s et of G W a n d II s cr e e ni n g 
eff orts w er e i niti at e d.  D efi ci e n ci es a n d n e w d at a s o ur c es ( e. g., r a di ol o gi c al) w arr a nt e d a c o m pl et e
s et of n e w s cr e e ni n g lists.  D uri n g o ur first p ass at u p d ati n g t h e G W a n d II s cr e e ni n g, w e 
i m pl e m e nt e d m a n y n e w c o n c e pts a n d as p e cts i nt o t h e a n al ysis eff ort.  T h e r es ults of t h at s cr e e ni n g 
eff ort ar e gi v e n i n Al e m a n a n d H a m m ( 2 0 2 0).

A s dis c uss e d i n Al e m a n a n d H a m m ( 2 0 2 0), t h e a p pli c ati o n of a Ti er -2 r e d u cti o n i n t h e r a di o n u cli d e 
lists w as n ot c o nsi d er e d b ut b e c a m e a c o nti n g e n c y pl a n if t h e o ut c o m es fr o m t h e Ti er-1 w er e 
vi e w e d t o c o nt ai n t o o l ar g e a s et of r a di o n u cli d es f or WI T S a p pli c ati o n (i. e., aft er c ons ult ati o n 
wit h S W M) .  B as e d o n t h e Ti er -1 r es ults pr o vi d e d i n Al e m a n a n d H a m m ( 2 0 2 0) a Ti er -2 w as 
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d e e m e d w arr a nt e d a n d r e pr es e nts t h e pri m ar y r e as o n f or t his f oll o w-o n r e p ort , al o n g wit h t h e 
i m pl e m e nt ati o n of tri g g er v al u es.  I n all as p e cts, th e r es ults co nt ai n e d wit hi n t his r e p ort s u p ers e d e 
t h e e arli er s cr e e ni n g r e p ort b y Al e m a n a n d H a m m ( 2 0 2 0).

A v ari et y of ot h er as p e cts h a v e b e e n i n c or p or at e d i nt o t his r e p ort a n d t h e m ost r el e v a nt it e ms ar e 
list e d b el o w:

• I nc or p or at e d a d diti o n al i n v e nt or y pr oj e cti o ns a n d l o gi c f or Ti er-1 a n al ys es (i. e., e xt e n d e d 
t h e 2 0 4 0 pr oj e cti o ns b y Si n k ( 2 0 1 6 a) t o c o v er o p er ati o ns o ut t o 2 0 6 5);

• A d d e d Ar -3 7 t o t h e I L V Ti er - 0 list ( w e nt fr o m 2 7 1 r a di o n u cli d es t o 2 7 2);
• U p d at e d all Ti er -1 r es ults w h er e n o a q uif er dil uti o n w as a p pli e d (i. e., dil uti o n f a ct ors s et 

t o 1);
• A d d e d Ti er -2 m o d els a n d a n al ys es ( a q uif er dil uti o n w as d ef err e d t o t his ti er l e v el);
• P ost -scr e e ni n g o ut of u n us u al r a di o n u cli d es ( e. g., v er y h e a v y el e m e nts ); a n d
• I nc or p or at e d t h e tri g g er -v al u e c o n c e pt t o f urt h er r e d u c e r a di o n u cli d es r e q uiri n g c o m pl e x 

f at e a n d tr a ns p ort a n al ys es.

1. 2 B asi c S c r e e ni n g C o n c e pt

F or a s p e cifi c D U t y p e, s cr e e ni n g a l ar g e list of p ot e nti al r a di o n u cli d es d o w n t o a m or e m a n a g e a bl e 
n u m b er r eli es o n t h e f oll o wi n g m et h o d ol o g y :

1. Est a blis hi n g a n u p p er b o u n d esti m at e o n e a c h r a di o n u cli d e ’s p ot e nti al i n v e nt or y (i. e., a 
p ar e nt r a di o n u cli d e’s i n v e nt or y esti m at e i n u nits of Ci); 

2. C o m p uti n g w h at t y pi c all y is r ef err e d t o as “s cr e e ni n g f a ct or s” f or e a c h r a di o n u cli d e (i. e.,
i n u nits of mr e m/ Ci of p ar e nt b uri e d f or all d os e p at h w a ys of i nt er est); a n d

3. C o m p ari n g t h e c o m p ut e d d os es (i. e., pr o d u ct of t h e u p p er b o u n d i n v e nt or y esti m at e a n d 
t h e v ari o us s cr e e ni n g f a ct ors) t o a p pr o pri at e p erf or m a n c e m e as ur es at s o m e c h os e n h u m a n 
r e c e pt or l o c ati o n (i. e., s o m e d o w nstr e a m p oi nt of ass ess m e nt).

I n St e p 2 a b o v e a tr a d e -off e xists b et w e e n t h e d e gr e e of m o d eli n g c o ns er v atis m (i. e., l e v el of 
c o m pl e xit y i n t h e f at e a n d tr a ns p ort m e c h a nis ms c o nsi d er e d) v ers us t h e n u m b er of tr a c k e d 
r a di o n u cli d es wit hi n WI T S, t h at pr o m ot es t h e n oti o n of m a ki n g us e of a m ultiti er s cr e e ni n g 
a p pr o a c h.  I n t his r e p ort d et ails r e g ar di n g e a c h of t h es e t hr e e st e ps ar e pr o vi d e d.

1. 3 F o u n d ati o n f o r a Ti e r e d Dis p os al Li mit S yst e m

T h e st arti n g p oi nt f or t h e G W a n d II s cr e e ni n g eff ort is t h e r e c o m m e n d e d list of 1, 2 5 2 
r a di on u cli d es pr o vi d e d b y I C R P ( 2 0 0 8) i n t h eir p u bli c ati o n 1 0 7.  I C R P ( 2 0 0 8) pr o vi d es t his list i n 
t h eir A n n e x A a n d r ef ers t o it as t h e I C R P-0 7 c oll e cti o n .  T his list is c o nsi d er e d t o b e t h e 
a p pr o pri at e s et of r a di o n u cli d es t o b e a d dr ess e d w h e n o p er ati n g a s ol i d w ast e l a n dfill.  T his n e w 
list h as gr o w n fr o m t h e e arli er list of 8 2 6 r a di o n u cli d es ( N C R P 1 9 9 6) e m pl o y e d i n t h e 2 0 0 8 P A 
(r ef err e d t o as P A 2 0 0 8) s cr e e ni n g pr o c ess.  T o a v er y l ar g e e xt e nt, t h e 8 2 6 list is a s u bs et of t h e 
l ar g er 1, 2 5 2 listi n g.  T h e 1, 2 5 2 list h as a v er y br o a d r a n g e of r a di o n u cli d es as e vi d e n c e d b y t h e 
s pr e a d i n h alf -li v es: 9. 5 x 1 0-1 5 yr t o 1. 5 x 1 0 1 7 yr.  A si m pl e hist o gr a m pl ot hi g h li g hti n g t h e h alf-lif e 
distri b uti o n is s h o w n i n Fi g ur e 1- 1.
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Fi g u r e 1- 1 . H alf -lif e dist ri b uti o n ( Y e a rs) a m o n g t h e 1, 2 5 2 r a di o n u cli d es list e d i n I C R P 
( 2 0 0 8).

As s e e n i n Fi g ur e 1- 1 ~ 8 8 % of t h e r a di o n u cli d es h a v e h alf -lif e’s l ess t h a n 0. 5 yr.  As dis c uss e d 
wit hi n t his r e p ort t h e r a di ol o gi c al as p e cts of t h es e 1, 2 5 2 r a di o n u cli d es ar e t a k e n i nt o a c c o u nt t o 
h el p si g nifi c a ntl y r e d u c e t h e n u m b er of p ar e nt n u cli d es r e q uir e d f or f oll o w -o n d et ail e d tr a ns p ort 
a n al ys es.  T h e cr e ati o n/ e xist e n c e of m a n y of t h es e 1, 2 5 2 r a di o n u cli d es c a n b e attri b ut e d t o: fissi o n 
fr a g m e nts or pr o d u cts, n e utr o n a cti v ati o n pr o d u cts, d e c a y pr o d u cts, a cti ni d e m e m b ers, or n at ur all y 
o c c urri n g.  T h e pri m ar y s o ur c e of t h es e r a di o n u cli d es b ei n g b uri e d wit hi n E -Ar e a is fr o m S R S 
pr o d u cti o n r e a ct or a n d c a n y o n r e pr o c essi n g o p er ati o ns.  Ot h er s o ur c es ar e: U S N a v al R e a ct or 
c o m p o n e nts d u e t o d e c o m missi o ni n g of n a v al v ess els or r e p atri at e d f or ei g n f u el el e m e nts.

I n d e v el o pi n g a n o v er all i n v e nt or y li mits s yst e m a ti er e d a p pr o a c h is m ost effi ci e nt wit h r es p e ct t o 
it s a c c e pt a n c e a n d m ai nt e n a n c e.  F or e x a m pl e, if t h e tr a c ki n g of a si g nifi c a nt n u m b er of 
r a di o n u cli d es c a n b e o mitt e d t hr o u g h r el ati v el y si m pl e, b ut a c c e pt e d, ar g u m e nts t h e o v er all c osts 
ar e gr e atl y r e d u c e d.  

T h e us e of t h e t er m “ c o ns er v ati v e ” w h e n d es cri bi n g s cr e e ni n g m o d els i n t his r e p ort g e n er all y r ef ers
t o t h e i niti al p h as es of a gr a d e d a p pr o a c h t o t h e a n al ysis c o nsist e nt wit h D O E T e c h ni c al St a n d ar d 
g ui d a n c e ( D O E 2 0 1 7). T h e us e of t h e t er m “ c o ns er v ati v e ” w h e n r ef erri n g t o d at a i n p uts i n t his 
r e p ort is d es cri b e d i n t h e D O E T e c h ni c al St a n d ar d as r es ulti n g i n a “ gr e at er d os e t h a n b est esti m at e 
i n p ut d at a.”  T h e c o ns er v ati v e n at ur e of s cr e e ni n g m o d els a n d i n p uts l e a d t o c o n c e ntr ati o n r es ults 
a n d d os e i m p a cts t h at s h o ul d b e b o u n di n g i n n at ur e.  Wit h t h at i n mi n d, s o m e of t h e k e y as p e cts 
t h at w er e c o nsi d er e d i n arri vi n g at a n eff e cti v e ti er e d s yst e m w er e:

• E v al u ati o n M o d el ( E M)
- E asil y d ef e n d a bl e m o d el t h at is t y pi c all y q uit e c o ns er v ati v e
- B o u n di n g i n n at ur e
- L o w c ost of d e v el o p m e nt a n d its a p pli c ati o n

• B est Esti m at e pl us Q u a ntifi e d U n c e rt ai nt y ( B E)
- M or e p h ysi c all y r e pr es e nt ati v e of a ct u al b e h a vi or
- Pr o vi d es i n di c ati o n of o p er ati n g m ar gi ns
- Hi g h er c osts of d e v el o p m e nt a n d its a p pli c ati o n
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• B asi c Ti e r e d I n v e nt o r y Li mit A p p r o a c h
- Ti er-0 – I niti al s cr e e ni n g list b as e d o n r a di ol o gi c al a n d pr o c ess k n o wl e d g e as p e cts
- Ti er-1 - “ N C R P li k e ” gr o u n d w at er s cr e e ni n g ( v er y c o ns er v ati v e)
- Ti er-2 – Si m pl e, b ut b o u n di n g, tr a ns p ort m o d eli n g ( c o ns er v ati v e) 
- Ti er-3 - G e n eri c w ast e ( n o cr e dit t a k e n f o r a n y p ossi bl e w ast e f or m b arri ers)
- Ti er-4 - S p e ci al w ast e f or m ( v ar yi n g l e v els of cr e dit t a k e n i nt o a c c o u nt)
- St o c h asti c v ers us d et er mi nisti c ( n ot e x pli citl y p art of ti er e d s yst e m; a d dr essi n g p ost -

b uri e d c o nfi g ur ati o ns of c o n c er n , cl os ur e a n al ys es, a n d p er f or m a n c e m ar gi ns)

I n t h e l ast b ull et, th e first t hr e e ti ers e n c o m p ass t h e o v er all G W a n d II s cr e e ni n g eff orts.  Ti er 2 
i n c or p or at es t h e E M a p pr o a c h (first b ull et) i nt o t h e ti er e d i n v e nt or y li mit s yst e m.  T h e B E a p pr o a c h 
i n est a blis hi n g d et er mi nisti c li mits w as r ul e d o ut fr o m c o nsi d er ati o n b e c a us e 1) a c c e pt a bl e li mits 
c a n b e a c hi e v e d at a l o w er c ost usi n g t h e b asi c ti er e d i n v e nt or y li m it a p pr o a c h, a n d 2) d e v el o p m e nt 
of a ti er e d li mits s yst e m is c o nsist e nt wit h t h e gr a d e d a p pr o a c h pr o m ot e d b y t h e D O E t e c h ni c al 
st a n d ar d.

E x c e pt as n ot e d, t h e dis c ussi o n t h at f oll o ws pri m aril y f o c us es o n t h e G W s cr e e ni n g pr o c ess. 
S e cti o n 3. 3 pr o vi d es a d es c ri pti o n of t h e II s cr e e ni n g pr o c ess.  T h os e r a di o n u cli d es w h os e 
esti m at e d d os es e x c e e d a s cr e e ni n g crit eri o n ( as l ai d o ut i n s u bs e q u e nt s e cti o ns of t his r e p ort) f or 
eit h er Ti er -1 or Ti er -2, ar e c o nsi d er e d t o h a v e f ail e d t h e s cr e e ni n g pr o c ess a n d t h us r e q ui r e t h e 
m or e d et ail e d m ulti -di m e nsi o n al f at e a n d tr a ns p ort a n al ys es of t h e P A as hi g hli g ht e d i n Fi g ur e 1- 2 .  
Fi g ur e 1- 2 r e pr es e nts a hi g h -l e v el fl o ws h e et of t h e d et er mi nisti c a p pr o a c h us e d t o g e n er at e s p e cifi c 
WI T S i n v e nt or y li mits f or e v er y p ar e nt n u cli d e t h at f ails t h e a b o v e s cr e e ni n g pr o c ess [ N ot e t h at 
t h e b asi c l o gi c fl o w as s h o w n in Fi g ur e 1- 2 is c o nsist e nt wit h c urr e nt pl a ns; h o w e v er, s o m e of t h e 
v ari o us al g orit h ms t o b e e m pl o y e d i n t h e f ut ur e ar e b ei n g u p d at e d.]  T h es e d et er mi nisti c a n al ys es 
r eferr e d t o as Ti er -3 a n d Ti er -4 pr o c ess es , will h a n dl e g e n eri c a n d s p e ci al w ast e f or ms, r es p e cti v el y.

Fi g u r e 1- 2 . Ti e r -3 a n d Ti e r -4 c a n di d at e fl o w c h a rt f o r 2 0 2 1 P A a n al ys es ( d et e r mi nisti c 
as p e cts o nl y) .

A hi g h -l e v el o v er vi e w of t h e m ultiti er e d G W i n v e nt or y li mit s yst e m f or E-Ar e a is s h o w n i n 
Fi g ur e 1- 3 .  As i n di c at e d b y Fi g ur e 1- 3 , t h e Ti er-0, Ti er -1, a n d Ti er -2 st e ps c o nstit ut e t h e GW 
s cr e e ni n g pr o c ess , w hil e t h os e pr o c ess es b el o w t h e m c o nstit ut e t h e li mits s yst e m.  T h e ulti m at e 
r es ult fr o m t his G W s cr e e ni n g pr o c ess is a si g nifi c a nt r e d u cti o n i n t h e n u m b er of p ar e nt 

* *

* Ti er -4 

P O R F L O W V Z 
m o d els i n cl u d e 
s p e ci al w a st e 
f or m b arri ers 
n ot cr e dit e d i n 
Ti er - 3 a n al y si s.
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radionuclides that must be considered in multi-dimensional fate and transport analyses, along with 
a reduced list of radionuclides requiring tracking within WITS explicitly.

Figure 1-3. Schematic overview of the multitiered approach to establishing E-Area 
inventory limits.

In Figure 1-3 the recommended number of GW radionuclides to be considered are provided for 
each of the DU types for Tier-0, Tier-1, and Tier-2.  The numbers of GW and II radionuclides by 
DU type that are not screened out for subsequent analyses are provided in Table 1-1.  The Tier-1 
analyses for both GW and II used the same initial list referred to as Tier-0.  For sensitivity studies 
the initial list referred to as ICRP-107 was employed to estimate the Tier-1 results.  No explicit 
Tier-2 analyses were performed for the II screening category.

Table 1-1. Number of radionuclides remaining after Groundwater and Inadvertent 
Intruder screening.

Category Tier Trench ILV LAWV NRCDAG NRCDAS

Initial Lists ICRP-107 1,252 1,252 1,252 1,252 1,252
Tier-0 271 272 271 295 295

Groundwater Tier-1 163 141 134 157 122
Tier-2 43 45 39 38 31

Inadvertent 
Intruder Tier-1 88 29 20 29 75
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As T a bl e 1 - 1 i n di c at es a si g nifi c a nt n u m b er of r a di o n u cli d es c a n b e s cr e e n e d o ut fr o m r e q uiri n g 
t h e m or e c o m pl e x m ulti-di m e nsi o n al f at e a n d tr a ns p ort a n al ys es.  N o e x pli cit i n v e nt or y li mits ar e 
r e q uir e d f or t h e s cr e e n e d-o ut r a di o n u cli d es si n c e its e xtr e m el y u nli k el y t h at t h eir i n v e nt or i es will 
e v er e x c e e d t h e b o u n di n g i n v e nt ori es e m pl o y e d i n t h eir s cr e e ni n g pr o c ess.

As s h o w n i n Fi g ur e 1 - 3 t h e r a di o n u cli d es t h at ar e n ot s cr e e n e d o ut (i. e., t h e t ot als p er D U t y p e a n d 
c at e g or y as list e d i n T a bl e 1- 1 ) ar e s e gr e g at e d i nt o o n e of t h e t w o f ollo wi n g gr o u ps:

• R a di o n u cli d es r e q uiri n g m or e d et ail e d m ulti di m e nsi o n al f at e a n d tr a ns p ort a n al ys es (i. e., 
Ti er -3 or Ti er -4); or

• R a di o n u cli d es t h at ar e gi v e n c o ns er v ati v e tri g g er v al u es (i. e., b as e d o n Ti er -1 r es ults f or II 
a n d Ti er -2 r es ults f or G W s cr e e ni n g f a ct ors).

B ot h of t h es e r a di o n u cli d e gr o u ps ar e tr a c k e d wit hi n WI T S as s e p ar at e i d e ntiti es.

T o pr o vi d e a bri ef o v er vi e w of a G W s cr e e ni n g pr o c ess, t h e Ti er -1 r es ults o bt ai n e d f or g e n eri c 
tr e n c h es ar e dis c uss e d b el o w (s e e C h a pt ers 2 a n d 3 f or m or e d et ails).  F or G W t h er e ar e fi v e 
p at h w a ys t h at ar e c o nsi d er e d:

1. B et a -G a m m a ( 4 mr e m/ yr li mit) ;
2. Gr oss Al p h a ( 1 5 p Ci/ L li mit) ;
3. R a di u m ( R a -2 2 6 + R a -2 2 8) ( 5 p Ci/ L li mit) ;
4. Ur a ni u m ( 3 0 µ g/ L li mit) ; a n d 
5. All- P at h w a ys ( 2 5 mr e m/ yr li mit)

w h er e E P A Dri n ki n g W at e r St a n d ar ds ( p at h w a ys 1-4) a n d t h e D O E Or d er 4 3 5. 1 P erf or m a n c e 
O bj e cti v e ( p at h w a y 5) h a v e b e e n pr o vi d e d.  C o nsist e nt wit h g ui d a n c e f or pr e p ari n g t h e P A ( D O E 
1 9 9 9), t h e r e q uir e m e nt of D O E Or d er 4 3 5. 1 t o ass ess i m p a cts t o w at er r es o ur c es h as b e e n 
i nt er pr et e d as m e a ni n g t h at c o n c e ntr ati o ns of r a di o a cti v e c o nt a mi n a nts s h o ul d n ot e x c e e d 
st a n d ar ds f or p u bli c dri n ki n g w at er s u p pli es est a blis h e d b y t h e E P A. T his i nt er pr et ati o n is 
c o nsist e nt wit h t h e S R S G W pr ot e cti o n pr o gr a m.  T h es e P Os ar e a p pli e d at t h e 1 0 0 -m P oi nt of 
Ass ess m e nt ( P O A ) o v er a r a n g e of C o m pli a n c e P eri o ds ( C Ps) wit hi n t h e D O E 4 3 5. 1 P eri o d of 
P erf or m a n c e ( P O P).  F or E -Ar e a, t h e C P s of i nt er est i n cl u d e a 1 7 1- y e ar O p er ati o n al pl us 
I nstit uti o n al C o ntr ol p eri o d f oll o w e d b y a 1, 0 0 0 -y e ar P ost - Cl os ur e p eri o d f or a 1, 1 7 1-y e ar P O P . 
T h e 7 1 -y e ar O p er ati o n al p eri o d st arts w h e n E -Ar e a o p e n e d i n 1 9 9 4 a n d e n ds at t h e b e gi n ni n g of 
t h e 1 0 0-y e ar I nstit uti o n al C o ntr ol p eri o d i n y e ar 2 0 6 5.  S u m - of-Fr a cti o n ( S O F) v al u es f or all fi v e 
p at h w a ys ar e c o m p ut e d a n d t h e m a xi m u m S O F o v er all fi v e p at h w a ys a n d ti m e is d et er mi n e d.  F or 
e v er y p ar e nt n u cli d e c o nsi d er e d (i. e., list o bt ai n e d fr o m Ti er -0 r es ults), if its m a xi m u m S O F 
c o ntri b uti o n is l ess t h a n a s p e cifi e d s cr e e ni n g crit eri o n, t h e n t h at r a di o n u cli d e is s cr e e n e d o ut fr o m 
a n y f ut ur e a n al ys es.  T h e s cr e e ni n g crit eri o n w as s et t o 0. 1 % of t h e P O f or e a c h p at h w a y gi vi n g a 
m a x all o w a bl e S O F c o ntri b uti o n of 0. 0 0 1 .  T his v al u e f or t h e S O F crit eri o n is b eli e v e d t o b e a 
r e as o n a bl y c o ns er v ati v e c h oi c e gi v e n t h e v ari o us ass u m pti o ns b ei n g m a d e i n ( 1) t h e pr oj e ct e d 
cl os ur e i n v e nt ori es a n d ( 2) t h e e m b e d d e d c o ns er v atis m wit hi n t h e c al c ul ati o n of s cr e e ni n g f a ct ors.  
F or e x a m pl e, i n t h e u nli k el y e v e nt t h at all 2 7 1 r a di o n u cli d es t a k e n fr o m t h e Ti er -0 pr o c ess e a c h 
att ai n a S O F j ust b el o w t h e 0. 1 % s cr e e ni n g crit eri o n, t his w o ul d c o m bi n e t o a S O F of l ess t h a n 
0. 2 7 1, b el o w a S O F of 1.  A m or e r e alisti c v al u e of t his c o m bi n e d S O F w o ul d b e < 0. 0 0 4 ( 0. 4 %) 
as dis c uss e d i n S e cti o n 2. 5. 1.

I n d et er mi ni n g a S O F c o ntri b uti o n , t h e pr o d u ct of a s cr e e ni n g f a ct or f or a p arti c ul ar p at h w a y ( e. g., 
mr e m/ yr- Ci f or b et a -g a m m a) m ulti pli e d b y a “ b o u n di n g ” i n v e nt or y ( b as e d o n c o nsi d er ati o n of 
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g a m m a d os e, pr oj e ct e d cl os ur e, w ei g ht, et c.) f or a p ar e nt r a di o n u cli d e (i. e., m a xi m u m esti m at e d 
Ci b uri e d i n a D U) r es ults i n a d os e v al u e.  T h e S O F v al u e is t h e n c o m p ut e d b y di vi di n g t his d os e 
or c o n c e ntr ati o n b y its a p pr o pri at e P O v al u e.  I n Fi g ur e 1- 4 a distri b uti o n of m a x S O F v al u es is 
s h o w n f or t h e G W Tr e n c h s cr e e ni n g eff ort.  As s h o w n i n Fi g ur e 1- 4 t h e i niti al 2 7 1 p ar e nt n u cli d es 
t a k e n fr o m t h e Ti er-0 pr o c ess ar e r e d u c e d t o 1 6 3 r a di o n u cli d es r e q uiri n g a d diti o n al a n al ys es i n t h e
Ti er- 2 eff ort (i. e., 1 0 8 w er e s cr e e n e d o ut).

Fi g u r e 1- 4 . E x a m pl e of a s c r e e ni n g o ut of p a r e nt n u cli d es f o r a tr e n c h D U.

T h us, f or t h e Tr e n c h e x a m pl e w e als o s e e i n T a bl e 1- 1 t h at t h e i niti al 1 6 3 r a di o n u cli d es fr o m Ti er-
1 c a n b e f urt h er r e d u c e d t o 4 3 p ar e nt n u cli d es t h at will r e q uir e eit h er: ( 1) s o m e l e v el of m ulti -
di m e nsi o n al f at e a n d tr a ns p ort a n al ys es, or ( 2) a tri g g er v al u e.  E x pli cit i n v e nt or y li mits or tri g g er 
v al u es ar e r e q uir e d, a n d t h es e fi n al 4 3 r a di o n u cli d es t h e n b e c o m e p art of WI T S.

1. 4 Dis p os al U nit M o d els f o r S c r e e ni n g P u r p os es

F or t h e P A 2 0 2 2 t h er e will b e a t ot al of 3 3 D Us c o nt ai n e d wit hi n E -Ar e a.  T h e f o ot pri nts f or all 3 3 
D Us ar e s h o w n i n Fi g ur e 1- 5 a n d h a v e b e e n c ol or -c o d e d b y dis p os al t y p e (i. e., s h o wi n g t h e n e w 
n a mi n g c o n v e nti o ns h er e) :

• E n gi n e e r e d T r e n c h es - (9 E T u nits ) [E T 0 1, E T 0 2, E T 0 3, E T 0 4, E T 0 5, E T 0 6, E T 0 7, E T 0 8, 
E T 0 9 ]

• Slit T r e n c h es - ( 2 0 S T u nits) [S T 0 1, S T 0 2, S T 0 3, S T 0 4, S T 0 5, S T 0 6, S T 0 7, S T 0 8, S T 0 9, 
S T 1 0, S T 1 1, S T 1 4, S T 1 7, S T 1 8, S T 1 9, S T 2 0, S T 2 1, S T 2 2, S T 2 3, S T 2 4 ]

• L o w L e v el A cti vit y V a ult - (1 L A W V u nit )
• I nt e r m e di at e L e v el V a ult - (1 I L V u nit )
• N a v al R e a ct o r C o m p o n e nt Dis p os al A r e as - (2 N R C D A u nits ) [N R C D A -7 E, N R C D A -

2 6 E ]

T h er e ar e 4 a d diti o n al D Us i n t h e P A 2 0 2 2 t h at w er e n ot i n t h e P A 2 0 0 8 (i. e., 3 E T u nits i n Pl ot -8 
a n d 1 m or e S T i n t h e e ast er n p ort i o n of E-Ar e a).  T h e n a mi n g c o n v e nti o n h as c h a n g e d f or s o m e 
of t h es e D Us b as e d o n c urr e nt S W M pl a n ni n g .  F or e x a m pl e, t h e t w o ori gi n al C o m p o n e nt-i n-Gr o ut 
( CI G) D Us ar e n o w g oi n g t o b e o p er at e d as S Ts.  O nl y a s e cti o n of t h es e D Us will c o nt ai n CI G 
c o m p o n e nt s.

T h e 1 0 0 -m P O A s urr o u n di n g t h e E -Ar e a D Us is als o s h o w n i n Fi g ur e 1- 5 as a bl a c k d as h e d c ur v e.
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Fi g u r e 1- 5 . N e w E -A r e a fo ot p ri nts ( 3 3 D U’s) a n d 1 0 0 -m b o u n d a r y .

F or G W a n d II s cr e e ni n g p ur p os es fi v e Ti er -1 D U m o d els ar e c o nsi d er e d t o b e r e pr es e nt ati v e of
t h es e D U t y p es:

• T r e n c h (r e pr es e nts all E Ts, S Ts, a n d f or m er C o m p o n e nt -i n-Gr o ut (CI G ) tr e n c h es);
• L A W V ;
• I L V ; a n d
• N R C D A (r e pr es e nt e d b y t w o m o d els: a m o d el f or g e n eri c N a v al R e a ct or w ast e

( N R C D A G) a n d a m o d el f or s p e ci al w ast e f or ms ( N R C D A S). N ot e t h at N R C D A 
i n v e nt ori es ar e f urt h er br o k e n a p art f or g e n eri c v ers us s p e ci al w ast e f or m i n A p p e n di x H).

F or D U t y p es c o nsisti n g of m ulti pl e u nit s a d e cisi o n is n e e d e d t o e m pl o y eit h er m a xi m u m or 
a v er a g e i n v e nt or y v al u e s .  F or s cr e e ni n g p ur p os es (i. e., f or Ti er- 1 Ti er- 2 p ur p os es) m a xi m u m 
i n v e nt or y v al u es w er e d e e m e d m or e a p pr o pri at e.  I n m ost c as es, m o d eli n g p ar a m et ers ar e s et i n a 
b o u n di n g m a n n er wit h r es p e ct t o t h e p o p ul ati o n of D Us b ei n g r e pr es e nt e d b y e a c h s cr e e ni n g m o d el.

1. 5 St r at e gi c Pl a n ni n g T e a m R e c o m m e n d ati o ns

I n 2 0 1 5 a str at e gi c pl a n ni n g t e a m (B ut c h er a n d P hif er 2 0 1 6 ) w as cr e at e d ( wit h S R N L, S W M, a n d 
D O E m e m b ers) t o pr o vi d e i niti al g ui d a n c e o n h o w t h e u p c o mi n g P A s h o ul d b e p erf or m e d.  T h e 
f oll o wi n g G W r a di o n u cli d e s cr e e ni n g crit eri a r e c o m m e n d ati o ns w er e pr o p os e d i n t h e 2 0 1 6 P A 
Str at e gi c Pl a n ni n g T e a m r e p ort:

• E m pl o y a c ost -eff e cti v e gr a d e d a p pr o a c h i n t h e n e xt P A a n al ysis t o pr o d u c e a n i nt er n all y 
c o nsist e nt ti er e d G W i n v e nt or y li mit s yst e m.  C o nsist e n c y i m pli es hi g h er i n v e nt or y li mits 
ar e a c hi e v e d i n e a c h s u bs e q u e nt ti er.
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• C o nsi d er a f o ur -ti er e d s yst e m of G W a n al ysis (i. e. s cr e e ni n g, b o u n di n g, g e n eri c a n d s p e ci al 
w ast e f or m).  E a c h s u bs e q u e nt ti er w o ul d a n al y z e a c orr es p o n di n gl y r e d u c e d s et of 
r a di o n u cli d es a n d e vo k e m or e d et ail e d a n al ysis.  S cr e e ni n g a n d b o u n di n g m o d els ar e 
c o nsi d er e d e v al u ati o n m o d els i m pl yi n g n o ( or v er y li mit e d) s e nsiti vit y or u n c ert ai nt y 
a n al ys es r e q uir e d ( c ost s a vi n gs).  A b o u n di n g m o d el w o ul d d et er mi n e a s et of li mits f or 
t h os e r a di o n u cli d es r e q uiri n g n o f urt h er r efi n e m e nt (i n c o ns ult ati o n wit h S W M).  T h e 
e x p e ct ati o n /o bj e cti v e w a s t o g et a d o z e n or s o p ar e nt n u cli d es g oi n g i nt o t h e d et ail e d 
P O R F L O W fl o w a n d tr a ns p ort a n al ysis ( h o w e v er, as s h o w n i n T a bl e 1- 1 t h e fi n al lists ar e 
si mil ar t o t h e P A 2 0 0 8 lists i n t ot al n u m b ers).

• E ns ur e c o nsist e n c y i n t h e G W a n al ysis b y e m pl o yi n g t h e f oll o wi n g str at e g y:
o F or all ti ers c o nsi d er t h e s a m e s et of d os e p at h w a ys;
o E m pl o y t h e s a m e d at a f or all ti ers of t h e G W a n al ysis e x c e pt w h er e c o ns er v ati v el y 

bi as e d v al u es of p ar a m et ers ar e s el e ct e d f or e v al u ati o n m o d els ( e. g . b o u n di n g 
distri b uti o n c o effi ci e nts); a n d

o O bt ai n i n p uts t o t h e m o d els fr o m a si n gl e s et of c o ntr oll e d s o ur c es; t h e c urr e nt 
R a di o n u cli d e, G e o c h e mi c al a n d M at eri al Pr o p erti es d at a p a c k a g es.

• U p d at e t h e e xisti n g a ut o m at e d G W s cr e e ni n g m o d el ( T a yl or a n d C oll ar d, 2 0 0 5) wit h t h e 
c urr e nt a p pr o v e d d os e s cr e e ni n g f a ct ors, d e c a y c h ai n u p gr a d es, a n d sit e -s p e cifi c pr o p erti es.  
R u n t h e m o d el f or t h e list of 1, 2 5 2 r a di o n u cli d es pr o vi d e d i n t h e R a di o n u cli d e D at a 
P a c k a g e.  C o nsi d er h alf -lif e a n d a v ail a bilit y of d os e c o effi ci e nts i n s etti n g u p t h e N C R P-
li k e s cr e e ni n g st e p.  Utili z e Si n k’s 2 0 1 2 st u d y ( Si n k 2 0 1 2) as a m et h o d v ali d ati o n f or t h e 
u p d at e d G W s cr e e ni n g a n al ysis.  A n y r a di o n u cli d e t h at h as b e e n s cr e e n e d o ut will b e 
eli mi n at e d fr o m f urt h er a n al ysis i n cl u di n g b ot h t h e g e n eri c a n d s p e ci al w ast e f or m of t h e 
r a di o n u cli d e.  T h e r e d u c e d s et of r a di o n u cli d es p assi n g t his s cr e e ni n g st e p t o t h e n e xt ti er 
will h el p d efi n e t h e s c o p e a n d st arti n g p oi nt of t h e n e xt P A r e visi o n eff ort.

• U p d at e t h e a nti ci p at e d i n v e nt or y at E L L W F cl os ur e as i n p ut t o t h e n e w s cr e e ni n g m o d el.  
F or t h os e r a di o n u cli d es f o u n d i n WI T S, s el e ct b o u n di n g i n v e nt ori es b as e d o n a m ulti pl e of 
t ot al E L L W F esti m at e d i n v e nt ori es at cl os ur e (i. e., 1 0 x).  F or t h os e r a di o n u cli d es n ot f o u n d 
i n WI T S, s el e ct a n d e m pl o y ot h er crit eri a f or o bt ai ni n g a b o u n di n g i n v e nt or y esti m at e.

T his G W a n d I ntr u d er S cr e e ni n g r e p ort a d dr ess es t h e “s cr e e ni n g ” a n d “ b o u n di n g ” ti ers of t h e f o ur -
ti er e d s yst e m d es cri b e d a b o v e, al o n e wit h d esi g n at e d tri g g er v al u es w h er e a p pr o pri at e .  T h e 
s cr e e ni n g ti er c o nsists of Ti er - 0, Ti er -1 , a n d Ti er-2 st e ps.  T h e b o u n di n g ti er , a s u bs et of s cr e e ni n g,
is d esi g n at e d as Ti er-2.  Ti er -0 is a n i niti al s cr e e ni n g st e p w hi c h eli mi n at es t h os e p ar e nt 
r a di o n u cli d es, w hi c h h a v e n o o n-g oi n g s o ur c es of f or m ati o n ( pr e c urs ors) a n d b y i n v esti g ati o n of 
t h e f ull-c h ai n p ar e nt ( a n d its pr o g e n y ) h alf -li v es a n d a cti viti es.  T h e p ar e nt r a di o n u cli d es n ot 
s cr e e n e d b y Ti er -0 ar e t h e n a n al y z e d usi n g t h e Ti er - 1 G W l e a c hi n g m o d els a n d i ntr u d er s cr e e ni n g.  
T h e Ti er -1 s cr e e ni n g st e p utili z es t h e N R C P s cr e e ni n g m et h o d ol o g y ( N C R P 1 9 9 6) , w hil e t h e 
N u cl e ar R e g ul at or y C o m missi o n Dri n ki n g W at er S cr e e ni n g M o d el ( N R C D W S M) ( K e n n e d y a n d 
Str e n g e 1 9 9 2) w as e m pl o y e d f or s e nsiti vit y st u di es .  T h es e m o d els ar e d es cri b e d l at er i n t his r e p ort.  
T h e p ar e nt r a di o n u cli d es n ot s cr e e n e d b y Ti er -1 ar e t h e n a n al y z e d usi n g t h e Ti er -2 a n al ys es w hi c h 
e m pl o y a h y bri d a p pr o a c h as d es cri b e d l at er i n t his r e p ort.

Ti er -2 is a P O R F L O W -b as e d a p pr o a c h t h at r e m ai ns b o u n di n g a n d c a n b e c o nsi d er e d p art of t h e 
o v er all s cr e e ni n g eff orts.  It’s b as e d o n 1 D v a d os e z o n e f at e a n d tr a ns p ort m o d els c o u pl e d t o a 
si n gl e-c ell a q uif er m o d el t h at t a k e i nt o a c c o u nt, t o s o m e d e gr e e, b ot h d e c a y a n d tr a ns p ort as p e cts 



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

1 0

( e x cl u di n g p h ysi c al dis p ersi v e as p e cts).  T h e ulti m at e r a di o n u cli d e lists r es ulti n g fr o m t h es e 
m ulti ti er e d c o m p ut ati o n al pr o c ess es ar e:

• a tri g g er -v al u e list of r a di o n u cli d es (i. e., a w at c h list of r a di o n u cli d es w h os e i n v e nt ori es 
ar e r e c or d e d a n d m o nit or e d.  If o n e of t h es e r a di o n u cli d e’s i n v e nt ori es e x c e e d a st at e d 
tri g g er v al u e, t h e n a S p e ci al A n al ysis ( S A) w o ul d b e r e q uir e d a n d t h e p ar e nt n u cli d e of 
i nt er est w o ul d b e a d d e d t o t h e c urr e nt WI T S list); a n d

• a WI T S -s p e cifi e d i n v e nt or y list of r a di o n u cli d es b as e d o n d et ail e d P A a n al ys es (i. e., a 
r el ati v el y s mall er list of r a di o n u cli d es, ass o ci at e d wit h eit h er g e n eri c or s p e ci al w ast e f or ms, 
r e q uiri n g s p e cifi c i n v e nt or y li mits at a dis p os al D U l e v el).

D uri n g i niti al pl a n ni n g of t h e G W s cr e e ni n g eff ort, t h e n e e d f or a Ti er -2 pr o c ess st e p w as u n c ert ai n 
a n d w as s c h e d ul e d o n a c o nti n g e n c y b asis.  T h e first s cr e e ni n g eff ort (i. e., as pr o vi d e d i n Al e m a n 
a n d H a m m 2 0 2 0) o nl y p ert ai n e d t o Ti er-0 a n d Ti er -1 r es ults.  T h o s e r es ults str o n gl y i n di c at e d t h at 
a Ti er -2 st e p w o ul d b e b e n efi ci al, a n d wit hi n t his r e p ort t h e r es ults of t his Ti er-2 eff ort w er e
i n cl u d e d, al o n g wit h ot h er u p gr a d es t o t h e pri or s cr e e ni n g eff ort (i. e., d et ails pr o vi d e d l at er i n t his 
r e p ort).  F oll o wi n g t h e Ti er -2 s cr e e ni n g, tri g g er v al u es w er e c al c ul at e d as a n a d diti o n al st e p f urt h er 
r e d u ci n g t h e list of r a di o n u cli d es r e q uiri n g d et ail e d P A c al c ul ati o ns .

N ot e t h at t h e p ot e nti al n e e d f or a tri g g er -v al u e list will als o b e ass ess e d d uri n g t h e Ti er -2 eff ort.

1. 6 Hist o r y of G r o u n d w at e r S c r e e ni n g Eff o rts

G W s cr e e ni n g a cti viti es h a v e b e e n tr a diti o n all y p erf or m e d f or n u m er o us f a ciliti es a cr oss t h e 
U nit e d St at es ( es p e ci all y f or D O E a n d N R C l a n dfills).  B el o w a list of s cr e e ni n g eff orts t h at w er e 
p erf or m e d pri or t o t his n e w eff ort d o c u m e nt e d wit hi n t his r e p ort :

• K e n n e d y a n d St r e n g e ( 1 9 9 2)
o N R C dri n ki n g w at er s c e n ari o m o d els t h e d os e t o p ers o ns w h os e s ol e e x p os ur e is 

fr o m dri n ki n g G W t h at c o nt ai ns r a di o n u cli d es l e a c h e d fr o m s urf a c e s oil, as 
d et er mi n e d b y a g e n eri c w at er -us e m o d el;

o T his s c e n ari o is i n cl u d e d t o p er mit a c o m p aris o n wit h t h e dri n ki n g w at er st a n d ar ds 
of t h e E P A;

o C o n c e pt u al m o d el utili z es a t hr e e -b o x m o d el:  s urf a c e -s oil l a y er l e a c hi n g t o a n 
u ns at ur at e d -s oil l a y er, u ns at ur at e d -s oil l a y er l e a c hi n g t o a G W a q uif er; a n d

o T h e D a n d D s oft w ar e p a c k a g e e m b o di es t h e N R C’s s cr e e ni n g m et h o d ol o g y t o all o w 
li c e ns e es t o c o n v ert r esi d u al r a di o a cti vit y c o nt a mi n ati o n l e v els at t h eir sit e t o 
a n n u al d os es.

• N C R P ( 1 9 9 6)
o St a n d ar d a p pr o a c h us e d t hr o u g h o ut U S t o r e d u c e n u cli d e list t o m a n a g e a bl e l e v els;
o O ut d at e d i n t er ms of d os e c o n v ersi o n f a ct ors;
o W e a k n ess i n a d dr essi n g p ar e nt n u cli d es wit h si g nifi c a nt pr o g e n y;
o N o sit e -s p e cifi c p ar a m et ers c o nsi d er e d; a n d
o Li mit e d n u m b er of d os e p at h w a ys a d dr ess e d.

• C o o k a n d Wil hit e ( 1 9 9 8)
o E arl y o n s cr e e ni n g a n al ysis f or t h e E -Ar e a L L W F;
o B as e d o n t h e 8 2 6 r a di o n u cli d e list pr o vi d e d i n t h e N R C P s cr e e ni n g m et h o d ol o g y 

( N C R P 1 9 9 6) a n d t h eir s cr e e ni n g f a ct ors; a n d
o M a n y of t h e p ar a m et er s etti n gs e m pl o y e d i n s u bs e q u e nt s cr e e ni n g eff orts b as e d o n 

t his st u d y.
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• M c D o w ell -B o y e r, Y u, C o o k, K o c h e r, Wil hit e , H ol m es- B u r ns, a n d Y o u n g ( 2 0 00 )
o P erf or m a n c e Ass ess m e nt ( P A 2 0 0 0) f or t h e E -Ar e a L L W F; a n d
o First P A st art e d i n 1 9 9 4 a n d iss u e d i n J a n u ar y of 2 0 0 0.

• C o o k a n d Wil hit e ( 2 0 0 4)
o S p e ci al A n al ysis ( S A) i n r es p o ns e t o fi n di n g of dis p os e d n u cli d es n ot c o v er e d i n 

e xisti n g P A 2 0 0 0;
o U p d at e d m o d el p ar a m et ers of sit e- s p e cifi c v al u es ( K d ’s); a n d
o Cr e at e d n e w c o n c e pt of “ Tri g g er V al u es. ”

• T a yl o r a n d C oll a r d ( 2 0 0 5)
o A ut o m at e d “ C o o k a n d Wil hit e ( 2 0 0 4) ” a p pr o a c h i n Vis u al B asi c f or G W s cr e e ni n g;
o I m pr o v e d m et h o ds t o h a n dl e pr o g e n y;
o E m pl o y e d i n P A 2 0 0 8; a n d
o R e c o m m e n d e d a b a n d o ni n g Tri g g er V al u es i n li e u of dir e ct us e of i n v e nt or y li mits.

• H a m m ( 2 0 0 6 )
o First -l e v el s cr e e ni n g pr o c ess w hi c h i d e ntifi e d 1 5 9 r a di o n u cli d es f or f urt h er 

e v al u ati o n i n t h e S altst o n e a n d T a n k F ar m P erf or m a n c e Ass ess m e nts;
o A p pli c ati o n of 1 4 r a di o n u cli d e s cr e e ni n g st e ps f or S R S Hi g h -L e v el W ast e T a n k 

F ar m Cl os ur e wit h a st arti n g list of 8 4 9 r a di o n u cli d es;
o S cr e e ni n g pr o c ess us es i nf or m ati o n a b o ut t h e p h ysi c al pr o p erti es of e a c h 

r a di o n u cli d e s u c h as h alf-lif e a n d d e c a y m e c h a nis m;
o I nf or m ati o n a b o ut t h e s o ur c e a n d h a n dli n g of t h e w ast e is us e d i n t h e d e cisi o ns 

b as e d o n cr e ati o n m e c h a nis ms a n d ti m e si n c e t h e r a di o n u cli d e w as cr e at e d; a n d
o N C R P m et h o d ol o g y us e d i n t h e s cr e e ni n g pr o c ess.

• T a yl o r et al. ( 2 0 0 8)
o A G W s cr e e ni n g G ol d Si m b as e d a ut o m at e d t o ol f or us e i n t h e C o m p osit e A n al ysis 

( C A);
o Pr o g e n y a d dr ess e d b as e d dir e ctl y o n a v ail a bl e d e c a y c h ai n i nf or m ati o n; a n d
o D os e c o m p ut e d b as e d o n us e of d os e c al c ul ati o ns a n d i n p uts e m pl o y e d F -Ar e a 

T a n k F ar m ( F T F) P A.
• I N L ( 2 0 1 0)

o A f o ur -p h as e e v al u ati o n a p pr o a c h w as us e d t o s cr e e n o ut a n d ass ess p ot e nti al G W
i m p a cts;

o T h e first t w o p h as es us e v er y si m pl e a n d c o ns er v ati v e sit e -i n d e p e n d e nt s cr e e ni n g 
m et h o ds t o eli mi n at e i n c o ns e q u e nti al r a di o n u cli d es fr o m f urt h er c o nsi d er ati o n.  
P h as e 1:  R a di o n u cli d e H alf -Lif e S cr e e ni n g.  P h as e 2:  N C R P S cr e e ni n g;

o T h e t hir d p h as e us e a c o ns er v ati v e m o d el t o si m ul at e t h e r el e as e a n d tr a ns p ort of 
r a di o n u cli d es t hr o u g h t h e s u bs urf a c e t o a h y p ot h eti c al r e c e pt or; a n d

o T h e f o urt h p h as e i n c or p or at es r el e as e of r a di o n u cli d es fr o m s p e cifi c w ast e f or ms, 
s or pti o n wit hi n t h e w ast e z o n e, sit e -s p e cifi c s or pti o n p ar a m et ers f or s e di m e nt ar y 
i nt er b e ds, v a d os e z o n e a n d a q uif er dis p ersi o n, a n d t h e i nfl u e n c e of a n e n gi n e er e d 
i nfiltr ati o n r e d u ci n g c o v er.

• S mit h ( 2 0 1 6)
o A G ol d Si m s cr e e ni n g m o d el t h at is m or e c o m pr e h e nsi v e t h a n t h e N C R P 1 2 3 m o d el 

a n d i n cl u d es t h e s a m e e x p os ur e p at h w a ys us e d t o d et er mi n e a P A d os e i n d et ail e d 
P A c al c ul ati o ns;
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o The GoldSim model includes leaching of the full-chain progeny from the waste 
zone for each parent radionuclide into an aquifer mixing zone;

o A calculation model using the equations and parameters described in the report by 
Smith et al. (2016) and listed in the “SRNL Radionuclide and Element Data 
Package” has been developed using the GoldSim software (Smith 2016a);

o The model runs a single GW water scenario (infiltration rate, waste zone bake time, 
aquifer dilution volume);

o The model is restricted to a set of parent radionuclides with no common daughters; 
and

o GoldSim screening of 1,252 parent radionuclides requires 126 executions of the 
GoldSim model with 10 difference parent radionuclides per execution. (hours of 
execution per single GW scenario).
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2. 0 N e w S c r e e ni n g M et h o d ol o g y

A G W a n d i ntr u d er r a di o n u cli d e s cr e e ni n g pr o c ess a n d ass o ci at e d m o d els w er e d e v el o p e d t o 
pr o vi d e a m et h o d ol o g y t o s cr e e n a n e xt e nsi v e list of I C R P -0 7 r a di o n u cli d es ( 1, 2 5 2 ) i nt o a 
m a n a g e a bl e list of r a di o n u cli d es t o b e a n al y z e d i n t h e n e xt E- Ar e a P A ( P A 2 0 2 2).  T h e s cr e e ni n g 
m et h o d ol o g y e m pl o ys a m ultiti er e d a p pr o a c h b y i niti all y usi n g l o gi c al st e ps t o eli mi n at e t h os e 
r a di o n u cli d es t h at w o ul d n e v er b e pr es e nt f or ass a yi n g b y w ast e g e n er at ors a n d t h er e b y b e s cr e e n e d 
o ut pri or t o a n al ys es usi n g s elf-e vi d e nt r a di o n u cli d e d e c a y hist or y a n d s o ur c es of f or m ati o n .  T his 
st e p is k n o w n as Ti er -0 s cr e e ni n g.  N o e x pli cit f at e a n d tr a ns p ort as p e cts ar e c o nsi d er e d d uri n g 
t his s cr e e ni n g ste p.

T h e list of r a di o n u cli d es r e m ai ni n g aft er Ti er -0 s cr e e ni n g, ar e t h e n a n al y z e d a n d f urt h er s cr e e n e d 
usi n g c o ns er v ati v e G W l e a c hi n g m o d els .  T w o m o d eli n g o pti o ns w er e i n v esti g at e d, o n e d e v el o p e d 
b y t h e N C R P a n d t h e ot h er o n e b y t h e N R C.  T his st e p is k n o w n as Ti er -1 s cr e e ni n g.  T h e r es ults 
fr o m t h e N C R P m o d el w er e c h os e n t o b e e m pl o y e d i n t h e s u bs e q u e nt s cr e e ni n g eff orts.  T h e 
I na d v ert e nt I ntr u d er Ti er -1 r es ults ar e n ot f urt h er r e d u c e d b y a s u bs e q u e nt Ti er -2 st e p.

T h e list of r a di o n u cli d es r e m ai ni n g aft er G W Ti er -1 s cr e e ni n g (i. e., b as e d o n t h e N C R P m o d el), 
ar e t h e n a n al y z e d a n d s cr e e n e d usi n g a h y bri d m o d el w h er e t h e w ast e a n d v a d os e z o n es ar e 
r e pr es e nt e d b y P O R F L O W 1 D fl o w a n d tr a ns p ort m o d els.  T his st e p is k n o w n as t h e G W Ti er -2 
or b o u n di n g s cr e e ni n g a p pr o a c h.

T h e fi n al list of r a di o n u cli d es g e n er at e d fr o m I ntr u d er Ti er-1 a n d G W Ti er -2 s cr e e ni n g s ar e us e d 
i n t h e n e xt P A of E L L W F.  T h es e listi n gs ar e f urt h er r e d u c e d b y a p pl yi n g tri g g er v al u es t o 
a p pr o pri at el y c h os e n r a di o n u cli d es (s e e C h a pt er 5. 0 f or d et ails), w hil e t h e r e m ai ni n g r a di o n u cli d es 
r e q uir e a d diti o n al a n al ys es:

• f o r I n a d v e rt e nt I nt r u d e r Ti e r- 1 – D U s p e cifi c p ar a m et ers ar e e m pl o y e d usi n g t h e s a m e 
b asi c l o gi c t h at w as us e d i n t h e cr e ati o n of t h e Ti er -1 r es ults; a n d

• f o r G r o u n d w at e r Ti e r- 2 - su bs e q u e nt m ulti di m e nsi o n al f at e a n d tr a ns p ort a n al ys es 
( b e y o n d t h e s c o p e of t his s cr e e ni n g eff ort) ar e e m pl o y e d (i. e., Ti er -3 ( g e n eri c w ast e f or ms) 
a n d Ti er -4 (s p e ci al w as t e f or ms) pr o c essi n g eff orts).

T h e a b o v e f oll o w o n a n al ys es r es ult i n i n v e nt or y li mits t h at ar e dir e ctl y i n p utt e d i n t h e WI T S.

F or G W s cr e e ni n g p ur p os es t hr e e diff er e nt m o d eli n g a p pr o a c h es wit h v ar yi n g d e gr e es of 
i n c or p or ati n g f at e a n d tr a ns p ort as p e cts w er e c o nsi d er e d.  A hi g h-l e v el c o m p aris o n of t h es e t hr e e 
m o d eli n g a p pr o a c h es is pr o vi d e d i n Fi g ur e 2- 1.  Bri efl y, t h es e t hr e e m o d eli n g a p pr o a c h es ar e:

• N C R P 1 2 3 M o d el – a t w o b o x m o d el (i. e., t w o s e p ar at e c o m p ut ati o n al c ells) w h er e 
l e a c hi n g is a d dr ess e d i n t h e first b o x ( w ast e z o n e) a n d c o n n e cts dir e ctl y t o t h e s e c o n d b o x 
( a q uif er z o n e);

• N R C D W S M M o d el – a t hr e e b o x m o d el (i. e., t hr e e s e p ar at e c o m p ut ati o n al c ells) w h er e
t h e v a d os e z o n e is e x pli citl y m o d el e d i n b o x-2; a n d

• P o rfl o w P S M o d el – a h y bri d m o d el w h er e t h e b a c kfill, w ast e z o n e, a n d l o w er v a d os e z o n e 
ar e e x pli citl y m o d el e d usi n g a P O R F L O W 1 D fl o w a n d tr a ns p ort m o d el t h at c o n n e cts 
dir e ctl y (t hr o u g h fl u x t o t h e W T fil es) t o a si n gl e c ell a q uif er z o n e.

D et ails ass o ci at e d wit h e a c h of t h es e m o d els ar e pr o vi d e d wit hi n t h e m ai n b o d y of t his r e p ort, 
al o n g wit h c ert ai n a p p e n di c es.  H o w t h es e m o d els w er e ulti m at el y e m pl o y e d c a n b e s u m m ari z e d 
as:
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• N C R P 1 2 3 M o d el – t h e Ti er-1 p a r e nt r a di o n u cli d e listi n gs f or all D U t y p es w er e b as e d o n 
t his m o d el;

• N R C D W S M M o d el – Ti er- 1 a n al ys es w er e c o m p ut e d a n d c o m p ar e d t o t h e r es ults 
o bt ai n e d usi n g t h e N C R P 1 2 3 -b as e d m o d el f or s e nsiti vit y st u d y p ur p os es; a n d

• P o rfl o w P S M o d el – t h e N C R P 1 2 3-b as e d Ti er -1 r es ults w er e e m pl o y e d as i n p ut w h er e t h e 
fi n al Ti er-2 p ar e nt r a di o n u cli d e listi n gs f or all D U t y p es w er e g e n er at e d.

Fi g u r e 2- 1 . A hi g h-l e v el c o m p a ris o n of t h e t h r e e gr o u n d w at e r s c r e e ni n g m o d els c o nsi d e r e d.

R a di o n u cli d e i n v e nt ori es us e d f or s cr e e ni n g p ur p os es ar e b as e d o n esti m at e d E L L W F cl os ur e 
i n v e nt ori es f or all r a di o n u cli d es list e d wit hi n WI T S.  U p p er b o u n d esti m at es of cl os ur e i n v e nt ori es 
f or e v er y D U wit hi n E-Ar e a w er e o bt ai n e d b as e d o n t h e f oll o wi n g s o ur c es of i nf or m ati o n or 
c o nstr ai nts:

• WI T S i n v e nt ori es f or cl os e d D Us ( M ar c h 2 0 2 0 WI T S d at a b as e q u er y);
• P r oj e ct e d i n v e nt ori es b y 2 0 4 0 f or all a cti v e a n d f ut ur e D Us ( Si n k 2 0 1 6a );
• P r oj e ct e d i n v e nt ori es b y 2 0 6 5 f or all a cti v e a n d f ut ur e D Us w h er e t h e pr oj e cti o n m et h o d 

e m pl o y e d ass u m es a c o nst a nt D U c o m p ositi o n u ntil a d mi nistr ati v e S O F li mits ar e r e a c h e d
(s e e Si m m o ns ( 2 0 2 0 a) f or a n e x a m pl e of t h e m et h o d);

• M a xi m u m esti m at e d i n v e nt ori es d eri v e d fr o m w or k er g a m m a -r ay f a ct or e x p os ur e li mits 
f or B-2 5 b o x es ( W A C pr o c e d ur es , S R N S 2 0 1 4);

• M a xi m u m esti m at e d i n v e nt ori es d eri v e d fr o m hist ori c al B- 2 5 b o x w ei g ht m e as ur e m e nts 
(P hif er a n d Wil hit e 2 0 0 1 ) a n d b o u n di n g r a di o n u cli d e ass u m pti o ns ;

• I n v e nt or y esti m at es fr o m N a v al R e a ct or f or e c asti n g of f ut ur e s hi p m e nts ( K A P L 
i nf or m ati o n); a n d

• Wit h o ut a v ail a bl e i nf or m ati o n t h e cl os ur e i n v e nt or y of a s p e cifi c n u cli d e w as s et t o 1 07 Ci
( e x c e pt f or H -3 w hi c h c a n e x c e e d t his v al u e wit hi n t h e t w o v a ult D Us).  T h e hist ori c al 
d ef a ult s cr e e ni n g i n ve nt or y of 1 0 7 c uri es h as b e e n us e d i n all pri or E -Ar e a P A r e visi o ns 
( 1 9 9 4, 2 0 0 0 a n d 2 0 0 8).  It r e pr es e nt e d a n a p pr o xi m at e t ot al n u m b er of c uri es t h at h a d b e e n 
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disposed at SRS since operations started at the site (McDowell-Boyer 2000) providing a 
basis for an upper bound estimate.

Note that the projected closure inventories as highlighted in bullets 2 and 3 are based on: (1) 
snapshots of the WITS inventories, (2) limited process knowledge, (3) current WITS inventory 
limits, and (4) constant DU compositions.  Thus, uncertainties exist in these projections and to 
bound these uncertainties these closure projections were increased by a factor of 10.
Details regarding the above closure inventory aspects are discussed in Appendix C and 
Appendix H.
The last bullet indicates that an upper bound DU inventory of 107 Ci was initially applied across 
every radionuclide (except for H-3) and was only reduced from that value it one of the previous 
bullets had lower values.  This upper bound value of 107 Ci is considered to be very conservative 
and for many of the radionuclides significantly lower values are more realistic, however, no 
additional knowledge was available to reduce their values.  As such, where appropriate trigger 
values were determined.
Numerous engineering calculations were performed during screening process.  Both FORTRAN-
based algorithms (i.e., created specifically for the screening efforts) and Excel spreadsheets were 
utilized.  These algorithms are technically reviewed as one-time calculations and are not under 
software QA control.   A listing of the FORTRAN-based algorithms employed is provided in 
Appendix M indicating their specific purpose and where they are archived.

2.1 Tier-0: Initial Screening of Radionuclides
The initial list of 1,252 radionuclides for Tier-0 screening is provided in Appendix A of ICRP 
(2008) and the detailed nuclear decay data is populated in SRNL (2019).  The Decay-Chain and 
InitScreen computer algorithms were developed to support and perform the Tier-0 screening of 
radionuclides, respectively.
The Decay-Chain program automates the creation of PORFLOW input files with full chain (or 
short) chain progeny of each of the 1,252 radionuclides.  This program computes the time history 
of radioactive decay and in-growth of daughter radionuclides over a 1250-year time period
(exceeding the compliance period).  The initial atom number of each parent radionuclide is set to 
1.0E+12 pCi (1 Ci) divided by its decay constant (1/y).  The 1,252 PORFLOW input files are 
executed in the HPC Linux cluster queuing system using the latest 64-bit version of PORFLOW.  
The time histories for each of the parent radionuclides are then post-processed by the backend of 
the Decay-Chain program.  The resulting time histories of full (or short) chain atom numbers are 
converted to activities using each radionuclide’s decay constant and are then written to MS Excel 
CSV and TecPlot ASCII files.  The time histories of the full chain radionuclide activities for each 
parent nuclide are used by the InitScreen program for screening in Tier-0.
The InitScreen computer algorithm is designed to perform screening in careful, precise steps to 
ensure that each radionuclide is thoroughly evaluated, and that no radionuclide is screened out by 
an overly aggressive screening process.  The screening process invokes process knowledge where 
available such as waste stream characterization and screening steps as described in the SRS HLW 
tank farm closure radionuclide screening report (Hamm 2006).  An obvious first level of screening 
is to focus on radionuclides that have no on-going source of formation (e.g., many activation 
products) and their progeny.  The initial attempt at Tier-0 screening utilizes the following steps:



SRNL-STI-2020-00566
Revision 0

16

1. Identify radionuclides that are part of any of the four decay-series (Ac, Np, Th, U) and 
retain for further analysis in Tier-1 because SRS high-level waste is known to contain the 
first member of each of these series.

2. Identify radionuclides for which there is high-level waste sludge characterization 
information (from which secondary solid low-level waste is generated) and retain for 
further analysis since these have been determined to likely be present in the waste and of 
importance to some aspect of the program.  Note that this step may identify radionuclides 
for inclusion that could have been screened out at some later step if they had not been so 
designated.

3. Identify radionuclides with no precursors that would not be in the waste due to their 
physical properties (e.g., present as a gas and released in the reactor or during reprocessing
[canyon dissolution phase]). We assume that the liquid-phase solubilities of noble gases
are very low and that during the SRS canyon dissolution process all of these gases (present 
during reactor core irradiation) outgas from the aqueous phase.  For non-SRS sources (e.g., 
TPBARs) these gases are considered on an individual basis.

4. Identify short-lived radionuclides which have no ongoing sources of formation.  Employ 
information about the age of the waste (average of 23 years for SRS waste in 1995) to 
identify those nuclides that would not be expected to be in the waste at the time of closure 
due to their short half-lives.  Restrict this analysis to those radionuclides that have no 
precursors and decay below a threshold activity ratio.

5. Identify fission fragment radionuclides which are members of isobaric decay chains.  
Short-lived fission fragment radionuclides with no precursors are screened out in Step 4.  
Employ information about the age of the waste (average of 23 years for SRS waste in 1995) 
to identify those nuclides that would not be expected to have ingrowth as progeny during 
the Tier-1 screening period.  Screen out those fission fragment radionuclides with decay or 
ingrowth below a threshold activity ratio as a parent and daughter nuclide from 23 to 1194 
years.

6. Identify radionuclides which are formed only by radioactive decay.  Employ information 
about the age of the waste (average of 23 years for SRS waste in 1995) to identify those 
nuclides that would not be expected to have ingrowth as progeny during the Tier 1 
screening period.  Screen out those radionuclides with ingrowth below a threshold activity 
ratio as a daughter nuclide during the Tier 1 screening period.

The Tier-0 screening process addresses all of the 1,252 radionuclides and either keeps them for 
further evaluation in Tier-1 or screens them out for no further evaluation.
The average age of SRS created waste has been set to ~23 years.  This is based on reactor 
operations starting in 1953 and running into 1988 (i.e., a 16 to 17-year average age assuming 
uniform production rates per year per reactor), plus an additional ~7 years until E-Area operations 
started in late 1994 to early 1995.  The overwhelming majority of low-level waste received within 
E-Area has been generated at SRS and ends up in the Trench, LAWV, or ILV DUs.
The average age of Naval Reactor waste is discussed in Appendix H.  All but a small fraction of 
surface-contaminated Naval Reactor waste streams (i.e., Naval Reactor pumps) end up on the 
Naval Reactor component pads (NRCDA-7E and NRCDA-26E).
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The Tier-0 filtering process does not incorporate any fate and transport aspects and therefore 
represents a very conservative listing of parent radionuclides to be considered.  As such, varying 
degrees of inclusion of fate and transport aspects are considered in the subsequent tiering process 
(i.e., Tier-1 and then Tier-2).

2.2 Tier-1: Groundwater and Intruder Radionuclide Screening
The first level of incorporating fate and transport aspects into the tiering process is referred to as 
the Tier-1 step.  Two modeling options, as shown in Figure 2-1, have been considered and are 
discussed below.
The RadScreen computer algorithm implements the Tier-1 level of GW and intruder radionuclide 
screening.  The Tier-1 screening process involves three levels of execution [Steps 1 and 3 are
“PreScreening” and “Screening” models, respectively within RadScreen, Step 2 is external 
generation of screening factors using the SRNL Dose Tool Kit (Aleman 2019)].  Below are 
descriptions of each step in the Tier-1 screening process:

1. This is the “PreScreen” step where the intruder and GW scenarios (various infiltration rates 
and release times) are processed for the ICRP-07 and Tier-0 list of radionuclides.  The GW 
scenarios are processed through each of the NCRP123 or the NRC Drinking Water 
Scenario models.  The waste zone represents the areal footprint with the nominal or 
compacted/collapsed waste height of each disposal unit model for the intruder and GW 
scenarios, respectively.  The initial inventory of the parent nuclide is initialized to the atom 
number equivalent of 1012 pCi divided by the decay constant of the parent nuclide.  For 
each of the radionuclides, transient atom numbers are computed for a 1-year half-life cutoff 
short chain every year for an 1171-year period for each GW scenario (release time and 
infiltration rate).  The short chain activities in the waste and aquifer zone are converted to 
concentrations for the intruder and GW pathways dose calculations using the waste zone 
soil volume and the volume of infiltration in a year, respectively.  Aquifer dilution, mixing 
with regional GW, at the 100-m compliance well are further applied when using the 
NRCDWSM.  The short chain concentrations (pCi/m3 per Ci of parent) in the waste and 
aquifer zone are expanded into full chain concentrations where the concentration of a 
radionuclide with a half-life less than 1 year is set to the concentration of their short chain 
precursor (i.e., secular equilibrium).  The maximum full chain waste and aquifer zone 
concentrations are determined every year from the intruder and the modeled GW
scenarios as conservative concentrations processed forward to the SRNL Dose Toolkit.

2. This step is external to RadScreen where the transient full chain activities for each parent 
nuclide computed in Step 1 are processed through the SRNL Dose Tool Kit for the 
calculation of maximum screening factors (concentration or dose per Ci of parent) for the 
GW and the inadvertent intruder pathways.  The five GW pathways include the four EPA 
drinking water standards (Gross Alpha, Beta-Gamma, Radium and Uranium) and the DOE 
All-Pathways (AP).  The inadvertent intruder includes the acute and chronic intruder dose 
pathways.  Thus, there are five sets of screening factors for GW screening and two for 
intruder screening.  The screening factor for each parent nuclide is the sum of doses from 
each member in the full chain that contributes dose to the pathway.  Since the dose response 
is linear in concentration and parent inventory (there are no solubility limits in the 
screening models), the screening factors can be rolled up to the parent radionuclide.  These 
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screening factors are now available to the “Screening” step to complete the Tier-1 
screening process.

3. This final step is the “Screening” step within the RadScreen computer program.  Absolute 
values of radionuclide inventories must be specified along with the screening criteria in 
order to screen out or retain radionuclides.  Several methods or sources for estimating
inventories were used to obtain a set of limiting radionuclide disposal inventories for 
each of the five Tier-1 DU models for use in this screening step.  These included projected 
closure inventories, inventories derived from gamma-ray dose limits in WAC procedures 
for handling of B-25 boxes, weight-based inventories in B-25 boxes, and the historical 
screening inventory of 107 Ci.  The screening criteria is set to 0.1% of the performance 
measure of each GW and intruder pathway.  Each radionuclide’s inventory is multiplied 
by each of the GW and intruder screening factors and then compared to the corresponding 
screening criteria.  If any of the GW or intruder screening criteria are exceeded, then the 
nuclide is not screened out and is added to the appropriate list.  A separate list of 
radionuclides remaining after Tier-1 screening is generated for GW and intruder screening.  
After Tier-1 screening is completed, the two lists of remaining radionuclides will be 
discussed with Solid Waste Engineering to determine if the bounding Tier-2 screening is 
warranted to reduce the list of Tier-1 radionuclides to numbers that are more practical for 
PA Tier 3-and Tier-4 analyses.

2.2.1 NCRP123 Screening Model
The screening calculations performed in this model are based on the method outlined in NCRP
Report No. 123, Screening Models for Releases of Radionuclides to Atmosphere, Surface Water, 
and Ground, (NCRP 1996) but do not use the exact equations or parameters provided in that 
document (i.e., this is the “NCRP-like” model referred to within this report).  The radionuclide 
balance equations in this screening model are derived in Appendix A and solved using numerical 
techniques in Appendix B.  An abbreviated chain of the ICRP-07 and Tier 0 radionuclides with 
progeny half-lives greater than 1 year are analyzed in the screening model.  NCRP123 calculates 
a conservative dose to an individual from ingestion of contaminated GW and from agricultural 
activity in a garden using contaminated soil.  The NCRP123 method for determining the 
radionuclide concentration in the GW is to elute radionuclides from the disposed waste directly 
into the GW which, with some dilution, is then ingested by the dose recipient.  The method 
evaluates the dose assuming elution starts at a series of times following burial to allow for daughter 
ingrowth (i.e., bake times).  The agricultural dose pathway includes ingestion of vegetables grown 
in a garden and exposure to garden soil where the soil is contaminated by exhumed waste.  The 
NCRP123 model used in Tier-1 screening has been improved over the classical implementation in 
(NCRP 1996) and is discussed in Section 3.4.
The NCRP123 model consists of first-order removal (leaching) of radionuclides from the waste 
zone to the aquifer zone.  The radionuclide screening model approach utilizes a series of bake 
times (no leaching) followed by leaching at a constant infiltration of water through the waste zone
(i.e., a matrix of bake times versus infiltration rates).  During the bake period in the waste zone, 
the radionuclide balance equations are solved for atom numbers of the short chain with radioactive 
decay and branching.  Once leaching has started, the radioactive decay of the short chain takes into 
account the leach rate of each radionuclide in arriving at GW concentrations at the 100-m POA.
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A s c h e m ati c ill ustr ati o n of t h e d os e p at h w a ys i n cl u d e d i n t h e s cr e e ni n g m o d el is s h o w n i n 
Fi g ur e 2- 2 ( e xtr a ct e d fr o m S mit h 2 0 1 6).

Fi g u r e 2- 2 . Ill ust r ati o n of R a d S c r e e n N C R P 1 2 3 s c r e e ni n g d os e m o d el.

T h e r a di o n u cli d e b al a n c e e q u ati o ns f or t h e N C R P 1 2 3 m o d el ar e d eri v e d i n A p p e n di x A a n d s ol v e d 
n u m eri c all y usi n g t h e m atri x e x p o n e nti al m et h o d a p pli e d t o s ol uti o ns i n A p p e n di x B.

T h e r a d i o n u cli d e b al a n c e e q u ati o n f or t h e w ast e z o n e h as t h e f oll o wi n g f or m, a c c o u nti n g f or 
r e g e n er ati o n, r a di o a cti v e d e c a y, a n d t h e r at e of l e a c hi n g:

( b o x-1) ( 2-1)

w h er e

1jN ......................at o m c o u nt of s h ort c h ai n i n w ast e z o n e

1iN .......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n w ast e z o n e

jλ ........................r a di o a cti v e d e c a y c o nst a nt f or jt h r a di o n u cli d e ( 1/ y)

jib ........................eff e cti v e br a n c hi n g or r e g e n er ati o n fr a cti o ns ( • 1)

i ...........................i n d e x of r a di o n u cli d e pr e c urs ors i n t h e d e c a y c h ai n
j ..........................i n d e x of d e c a y c h ai n r a di o n u cli d e (j = 1 is t h e p ar e nt)

1 2 jL .....................l e a c h r at e of r a di o n u cli d e j fr o m w ast e z o n e t o a q uif er ( 1/ y)

F or t h e a q uif er z o n e, t h e r a di o n u cli d e b al a n c e e q u ati o n a c c o u nts f or n ot o nl y ori gi n al q u a ntiti es, 
r e g e n er ati o n a n d r a di o a cti v e d e c a y, b ut als o f or q u a ntiti es e nt eri n g fr o m t h e w ast e z o n e:

( b o x-2)
j 1

1j
ji i 1i j 1j 1 2 j 1j

i 1

d N
b N N L N

dt

−

=

= λ − λ −∑
j 1

2 j
ji i 2i 12 j 1j j 2 j

i 1

d N
b N L N N

dt

−

=

= λ + − λ∑ ( 2-2)

w h er e

2 jN ......................at o m c o u nt of s h ort c h ai n i n a q uif er z o n e

A q uif e r

W ast e

I nfilt r ati o n

W ell

I r ri g ati o n &
D ri n ki n g

G a r d e n S oil G a r d e n S oil

I n a d v ert e nt 
I ntr u d er

R esi d e nt
F ar m er
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2iN ......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n a q uif er z o n e

w hil e t h e ot h er t er ms ar e d efi n e d a b o v e. T h e s u m m ati o n t er m i n e a c h of t h e a b o v e e q u ati o ns is 
e v al u at e d f or o nl y t h os e t er ms f or w hi c h a tr a nsiti o n o c c urs.

T h e r at e c o nst a nt f or m o v e m e nt b et w e e n t h e w ast e a n d a q uif er z o n e s is e v al u at e d as f oll o ws.  T h e 
l e a c h r at e fr o m t h e w ast e z o n e is

1 2 j
1 1 j 1

I
L

R H
=

θ
( 2- 3)

w h er e
I ..........................i nfiltr ati o n r at e of cl e a n w at er ( m/ y)

1H ........................t h e ass u m e d t hi c k n ess of t h e w ast e z o n e c o nt ai ni n g t h e r esi d u al 

r a di o a cti v e m at eri al ( m)

1θ .........................v ol u m etri c w at er c o nt e nt of t h e w ast e z o n e ( -)

1jR .......................t h e r et ar d ati o n f a ct or f or m o v e m e nt of r a di o n u cli d e j fr o m th e w ast e 

z o n e t o t h e a q uif er z o n e (-)

T h e r et ar d ati o n f a ct or is c al c ul at e d fr o m t h e p artiti o n c o effi ci e nt f or t h e r a di o n u cli d e i n t h e w ast e 
z o n e as f oll o ws:

1 d , 1j
1j

1

k
R 1

ρ
= +

θ
( 2- 4)

w h er e

1ρ .........................t h e b ul k d e nsit y of t h e w ast e z o n e( g/ ml)

d, 1jk .....................t h e p artiti o n c o effi ci e nt f or r a di o n u cli d e j i n t h e w ast e z o n e (m l/ g)

U nit c o n v ersi o n f a ct ors ar e e m pl o y e d i n t h e a b o v e e q u ati o ns w h er e a p pr o pri at e .  T h e at o m c o u nts, 

2 jN , c o m p ut e d a b o v e ar e c o n v ert e d i nt o a q uif er c o n c e ntr ati o ns as s h o w n i n A p p e n di x B.

2. 2. 2 N R C Dri n ki n g W at er S c e n ar i o M o d el

T h e f oll o wi n g d es cri pti o n of t h e N R C Dri n ki n g W at er S c e n ari o M o d el ( N R C D W S M) is fr o m 
K e n n e d y a n d Str e n g e ( 1 9 9 2).

F or t h e s oil s c e n ari os, a c o ns er v ati v e m et h o d of esti m ati n g t h e c o n c e ntr ati o n of r a di o n u cli d es i n a 
G W a q uif er is t o us e a si m pl e l e a c h -r at e m o d el f or t ot al w at er us e.  L e a c h r at es ar e d e p e n d e nt o n 
t h e c h e mi c al pr o p erti es of t h e r a di o n u cli d es i n s oil a n d o n t h e r at e of l o c al m oist ur e m o v e m e nt.  
F or t his w at er -us e m o d el, it is ass u m e d t h at r a di o n u cli d es mi gr at e t o t h e G W d u e t o i nfiltr ati o n of 
w at er t hr o u g h t h e w ast e.  T o a c c o u nt f or s at ur at e d a n d u ns at ur at e d s oil c o n diti o ns, a t hr e e -b o x 
c o m p art m e nt al m o d el is us e d f or t his st u d y t o esti m at e t h e tr a nsf er of r a di o n u cli d e at o ms fr o m t h e 
s urf a c e t o t h e G W a q uif er o v er ti m e.

A c o n c e pt u al r e pr es e nt ati o n of t h e t hr e e -b o x w at er -us e m o d el f or t h e dri n ki n g w at er s c e n ari o is 
s h o w n i n Fi g ur e 2- 3 ( e xtr a ct e d fr o m K e n n e d y a n d Str e n g e 1 9 9 2).  T h e fi g ur e s h o ws t h e t hr e e 
b o x es a n d i n di c at es t h e fl o w of w at er t hr o u g h t h e s yst e m wit h i nfiltr ati o n b ei n g t h e dri vi n g f or c e 
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f or tr a nsf er fr o m t h e s urf a c e s oil t o t h e G W a q uif er.  T h e f oll o wi n g ass u m pti o ns ar e i m pli e d b y 
t h e m o d el:

• I niti al r a di o a cti vit y is c o nt ai n e d wit hi n t h e t o p l a y er ( b o x 1);
• T h e u ns at ur at e d -s oil l a y er ( b o x 2) a n d t h e G W a q uif er ( b o x 3) ar e i niti all y fr e e of 

c o nt a mi n ati o n;
• T h e v er ti c al s at ur at e d h y dr a uli c c o n d u cti vit y is gr e at er t h a n t h e i nfiltr ati o n r at e (i. e., n o 

p o n di n g or p er c h e d w at er is all o w e d) ;
• T h er e is n o r et ar d ati o n wit h i n t h e a q uif er;
• T h e a cti vit y i n t h e a q uif er is dil ut e d b y t h e v ol u m e of w at er i n t h e a q uif er ;
• T h e v ol u m e of w at er i n t h e a q uif er v ol u m e is c o nsi d er e d t o b e t h e gr e at er of t h e f oll o wi n g:  

1) t h e v ol u m e of i nfiltr ati n g w at er or 2) t h e v ol u m e of w at er us e d f or d o m esti c p ur p os es ;
• T h e i nfiltr ati o n v ol u m e is t h e pr o d u ct of t h e i nfiltr ati o n r at e a n d t h e ar e a of l a n d 

c o nt a mi n at e d ; a n d
• W at er is r e m o v e d fr o m t h e a q uif er at a c o nst a nt r at e d uri n g all y e ars of i nt er est i n t h e 

a n al ysis.

Fi g u r e 2- 3 . C o n c e pt u al r e p r es e nt ati o n of t h e N R C d ri n ki n g w at e r s c e n a ri o w at e r -us e 
m o d el.

T h e i niti al a cti vit y is ass u m e d t o b e c o nt ai n e d wit hi n t h e first s oil l a y er as a r e as o n a bl e a p pr o a c h 
f or a g e n eri c w at er-us e m o d el.  W hil e s o m e sit es m a y e xist t h at h a v e c o nt a mi n ati o n s pr e a d t hr o u g h 
all l a y ers a n d e v e n i nt o t h e a q uif er, t h es e c as es s h o ul d b e e v al u at e d o n a sit e -s p e cifi c b asis, r at h er 
t h a n b y usi n g t his g e n eri c m o d el.

T h e a n n u al v ol u m e of w at er i n t h e a q uif er is d efi n e d as t h e gr e at er of t w o v ol u m es: 1) t h e v ol u m e 
of w at er p u m p e d a n n u all y f or d o m esti c us es or 2) t h e v ol u m e of w at er i nfiltr ati n g t hr o u g h t h e 
s urf a c e-s oil l a y er f or o n e y e ar.  T his d efi niti o n is us e d t o a v oi d t h e u nr e alisti c c as e t h at c a n r es ult 
w h e n t h e ar e a of c o nt a mi n at e d l a n d is l ar g e.  F or c as es i n v ol vi n g l ar g e ar e as of c o nt a mi n ati o n, t h e 
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a n n u al v ol u m e of i nfiltr ati n g w at er c a n e x c e e d t h e a n n u al v ol u m e of w at er r e q uir e d t o m e et 
d o m esti c w at er d e m a n ds.  Wit h o ut t h e a b o v e d efi niti o n of a q uif er w at er v ol u m e, t h e c o n c e ntr ati o n 
i n t h e a q uif er w o ul d u nr e alisti c all y i n cr e as e o v er t h e c o n c e ntr ati o n i n t h e u ns at ur at e d -s oil l a y er 
b e c a us e t h e v ol u m e of w at er d eli v eri n g t h e c o nt a mi n a nt t o t h e a q uif er w o ul d b e gr e at er t h a n t h e 
v ol u m e of t h e w at er i n t h e a q uif er.

T h e ass u m pti o n r e g ar di n g t h e v erti c al s at ur at e d h y dr a uli c c o n d u cti vit y m e a ns t h at t h e s oil 
c o n diti o ns w ill all o w w at er t o m ov e v erti c all y d o w n w ar d at l e ast as f ast as t h e i nfiltr ati o n r at e.

Fi g ur e 2- 4 ( e xtr a ct e d fr o m K e n n e d y a n d Str e n g e 1 9 9 2) r e pr es e nts t h e m o v e m e nt of ra di o n u cli d es 
i n t h e si m pl e t hr e e-b o x l e a c h m o d el.  B o x 1 r e pr es e nts t h e i niti al i n v e nt or y i n a s urf a c e -s oil l a y er, 
wit h r e m o v al of t h e s h ort c h ai n b y eit h er r a di o a cti v e d e c a y or l e a c hi n g i nt o b o x 2, a n u ns at ur at e d -
s oil l a y er.  T h e i niti al at o m c o u nt of t h e p ar e nt r a di o n u cli d e is d efi n e d i n b o x 1 wit h t h e i niti al 
pr o g e n y at o m c o u nts s et t o z er o.  T h e i niti al at o m c o u nts of t h e s h ort c h ai n i n b o x 2 a n d b o x 3 ar e 
s et t o z er o.  T h e s h ort c h ai n i n b o x 2 is r e m o v e d b y r a di o a cti v e d e c a y a n d l e a c hi n g i nt o b o x 3, t h e 
G W a q uif er.  T h e s h ort c h ai n i n b o x 3 c a n b e r e m o v e d b y p u m pi n g t o pr o vi d e d o m esti c w at er f or 
a n i n di vi d u al.  T h e tr a nsi e nt at o m c o u nts of t h e s h ort c h ai n i n b o x 3 ar e us e d t o d et er mi n e a q uif er 
c o n c e ntr ati o ns i n t h e G W s yst e m.

T h e r a di o n u cli d e b al a n c e e q u ati o ns f or t h e t hr e e -b o x w at er -us e m o d el ar e d eri v e d i n A p p e n di x A
a n d s ol v e d n u m eri c all y usi n g t h e m atri x e x p o n e nti al m et h o d a p pli e d t o s ol uti o ns i n A p p e n di x B.

T h e r a di o n u cli d e b al a n c e e q u ati o n f or b o x 1 h as t h e f oll o wi n g f or m, a c c o u nti n g f or r e g e n er ati o n, 
r a di o a cti v e d e c a y, a n d t h e r at e of l e a c hi n g:

( b o x- 1)
j 1

1j
ji i 1i j 1j 1 2 j 1j

i 1

d N
b N N L N

dt

−

=

= λ − λ −∑ ( 2- 5)

w h er e

1jN ......................at o m c o u nt of s h ort c h ai n i n s oil -s urf a c e l a y er, b o x 1

1iN .......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n b o x 1

jλ ........................r a di o a cti v e d e c a y c o nst a nt f or jt h r a di o n u cli d e ( 1/ y)

jib ........................eff e cti v e br a n c hi n g or r e g e n er ati o n fr a cti o ns ( • 1)

i ...........................i n d e x of r a di o n u cli d e pr e c urs ors i n t h e d e c a y c h ai n
j ..........................i n d e x of d e c a y c h ai n r a di o n u cli d e (j = 1 is t h e p ar e nt)

1 2 jL .....................l e a c h r at e of r a di o n u cli d e j fr o m b o x 1 t o b o x 2 ( 1/ y)

F or b o x 2, t h e r a di o n u cli d e b al a n c e e q u ati o n a c c o u nts f or n ot o nl y ori gi n al q u a ntiti es, 
r e g e n er ati o n, r a di o a cti v e d e c a y, a n d l e ac hi n g, b ut als o f or q u a ntiti es e nt eri n g fr o m b o x 1:

( b o x- 2)
j 1

2 j
ji i 2i 12 j 1j j 2 j 23j 2 j

i 1

d N
b N L N N L N

dt

−

=

= λ + − λ −∑ ( 2- 6)

w h er e

2 jN ......................at o m c o u nt of s h ort c h ai n i n u ns at ur at e d -s oil l a y er, b o x 2

2iN ......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n b o x 2
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2 3 jL .....................l e a c h r at e of r a di o n u cli d e j fr o m b o x 2 t o b o x 3 ( 1/ y)

w hil e t h e ot h er t er ms ar e d efi n e d a b o v e.

Fi g u r e 2- 4. N R C t h r e e -b o x w at e r -us e m o d el f o r t h e d ri n ki n g w at e r s c e n a ri o.

T h e r a di o n u cli d e b al a n c e e q u ati o n f or b o x 3 is si mil ar t o b o x 2:

( b o x- 3)
j 1

3j
ji i 3i 23j 2 j j 3j d 3j

i 1

d N
b N L N N w N

dt

−

=

= λ + − λ −∑ ( 2- 7)

w h er e

3jN ......................at o m c o u nt of r a di o n u cli d e j i n a q uif er, b o x 3

3iN ......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n a q uif er, b o x 3

dw .......................r at e c o nst a nt f or p u m pi n g of w at er fr o m t h e a q uif er ( 1/ y)

a n d ot h er t er ms ar e d efi n e d a b o v e.  T h e s u m m ati o n t er m i n e a c h of t h e a b o v e e q u ati o ns is e v al u at e d 
f or o nl y t h os e t er ms f or w hic h a tr a nsiti o n o c c urs.



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

2 4

T h e r at e c o nst a nts f or m o v e m e nt b et w e e n c o m p art m e nts or b o x es ar e e v al u at e d as f oll o ws.  T h e 
l e a c h r at e fr o m t h e s urf a c e-s oil l a y er is

1 2 j
1 1 j 1

I
L

R H
=

θ
( 2- 8)

w h er e
I ..........................i nfiltr ati o n r at e of cl e a n w at er, ( m/ y)

1H ........................t h e ass u m e d t hi c k n ess of t h e s urf a c e-s oil l a y er c o nt ai ni n g t h e 

r esi d u al r a di o a cti v e m at eri al ( m)

1θ .........................v ol u m etri c w at er c o nt e nt of t h e s urf a c e -s oil l a y er (-)

1jR .......................t h e r et ar d ati o n f a ct or f or m o v e m e nt of r a di o n u cli d e j fr o m th e 

s urf a c e-s oil l a y er t o t h e u ns at ur at e d -s oil l a y er (-)

T h e r et ar d ati o n f a ct or is c al c ul at e d fr o m t h e p artiti o n c o effi ci e nt f or t h e r a di o n u cli d e i n t h e s urf a c e-
s oil l a y er as f oll o ws:

1 d , 1j
1j

1

k
R 1

ρ
= +

θ
( 2- 9)

w h er e

1ρ .........................t h e b ul k d e nsit y of t h e s urf a c e-s oil l a y er ( g/ ml)

d, 1jk .....................t h e p artiti o n c o effi ci e nt f or r a di o n u cli d e j i n t h e s urf a c e-s oil l a y er

( ml/ g)

T h e l e a c h r at e fr o m t h e u ns at ur at e d -s oil l a y e r is d efi n e d as f oll o ws:

2 3 j
2 2 j 2

I
L

R H
=

θ
( 2- 1 0)

w h er e

2H .......................t h e ass u m e d t hi c k n ess of t h e u ns at ur at e d -s oil l a y er ( m)

2θ ........................v ol u m etri c w at er c o nt e nt of t h e u ns at ur at e d -s oil l a y er (-)

2 jR ......................t h e r et ar d ati o n f a ct or f or m o v e m e nt of r a di o n u cli d e j fr o m th e 

u ns at ur at e d -s oil l a y er t o t h e a q uif er (-)

T h e r et ar d ati o n f a ct or is c al c ul at e d fr o m t h e p artiti o n c o effi ci e nt f or t h e r a di o n u cli d e i n t h e 
u ns at ur at e d -s oil l a y er as f ol l o ws:

2 d , 2j
2 j

2

k
R 1

ρ
= +

θ
( 2- 1 1)

w h er e

2ρ ........................t h e b ul k d e nsit y of t h e u ns at ur at e d-s oil l a y er ( g/ ml)

d, 2 jk ....................t h e p artiti o n c o effi ci e nt f or r a di o n u cli d e j i n t h e u ns at ur at e d-s oil 

l a y er (m l/ g)
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Unit conversion factors are employed in the above equations where appropriate.  The atom counts, 
3jN , computed above are converted into aquifer concentrations as shown in Appendix B.

2.3 Tier-2: PORFLOW 1D Groundwater Screening Model
The two models discussed above for Tier-1 screening analyses do not explicitly (or implicitly) 
address dissipative mechanisms that reduce overall peak concentrations of the transported 
radionuclides of interest.  As such, those models are conservative and, in many cases, significantly 
conservative.  The Tier-2 approach incorporates, to some degree, primary dissipative mechanisms 
to help reduce the level of conservatism present. These effects result in reduced concentration 
values at the downstream 100-m Point-of-Assessment (POA).  

2.3.1 Tier-2 Conceptual Model
The advective, diffusive, and dispersive effects of contaminant transport within a porous media 
were not explicitly considered during the Tier-1 screening.  In order to explicitly account for these 
dissipative mechanisms, some sections of the travel path must be modeled as a continuum (i.e., 
either 1D, 2D, or 3D).  A hybrid model was chosen for Tier-2 as shown in Figure 2-1.  Here a 1D 
transport model was employed to explicitly address advective and diffusive mechanisms through 
the vadose zone (i.e., waste and lower vadose zones).  Note that physical dispersion was set to 
zero; even though, some numerical dispersion will be present.  This 1D transport model was then 
connected to a single-cell aquifer model where implicitly diffusive and dispersive dilution aspects 
are handle as described in Appendix G.
The vadose zone model incorporates more realistic transport, with retardation and no physical 
dispersion, through the unsaturated soils of radionuclides released by infiltration and diffusion 
from a waste zone.  A predetermined inventory for each Tier-1 radionuclide is uniformly 
distributed throughout the waste zone.  The bake times of the short chain of Tier-1 radionuclides 
were varied along with multiple infiltration rates which simulate uncovered and covered DU 
operations.  Transient contaminant fluxes of the short chain leaving the water table were written 
out for each groundwater screening scenario and used as sources to the single-cell aquifer transport 
model.
The single-cell aquifer transport model incorporates a first-order loss term that represents the 
dilution impact that aquifer flow has on the radionuclide concentrations at the 100-m POA.  Details 
associated with this first-order loss term are provided in Appendix G.  The first-order loss term for 
every DU within E-Area was computed based on PORFLOW 3D steady-state tracer transport runs 
making use of the General Separations Area flow model (Flach 2018).  The short chain activities 
in the aquifer zone are converted to concentrations for the GW pathways dose calculations using 
the volume of infiltration in a year.  
The maximum full chain aquifer concentrations are determined every year from all the modeled 
GW scenarios as conservative concentrations processed forward to the SRNL Dose Toolkit to 
compute GW pathway screening factors.
Each radionuclide’s inventory is multiplied by each of the GW screening factors and then 
compared to the corresponding screening criteria.  If any of the GW screening criteria are exceeded, 
then the nuclide is not screened out and is added to the list of Tier-2 radionuclides.
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2.3.2 Tier-2 Model Implementation Details
The PORFLOW and RadScreen computer algorithms implement the Tier-2 level of GW 
radionuclide screening.  The Tier-2 screening process involves four levels of execution [Step 1 is 
external generation of radionuclide fluxes to the watertable using the PORFLOW 1D vadose zone 
transport simulator.  Steps 2 and 4 are the “PreScreen” and “Screening” models, respectively 
within RadScreen, Step 3 is external generation of screening factors using the SRNL Dose Tool 
Kit (Aleman 2019).  Below are descriptions of each step in the Tier-2 screening process:

1. A PORFLOW 1D vadose zone transport model was created for each Tier-1 radionuclide 
within each DU for computing transient fluxes to the watertable.  The geometrical and 
material configurations were made identical to the configurations employed in the 
NRCDWSM Tier-1 analyses with the exception of a Backfill zone above the waste zone.  
The waste zone represents the areal footprint (scaled to a 1-cm by 10-ft model footprint) 
and compacted/collapsed waste height of each DU model.  The initial inventory of the 
parent nuclide is 1 gmol scaled to the model footprint and uniformly distributed within the 
waste zone volume of each DU.  For each of the parent radionuclides and their progeny 
(i.e., based on a 1-year half-life cutoff), transient fluxes to the watertable are computed for
every short-chain member (every year for an 1171-year period for each GW scenario 
(release time and infiltration rate).  The transient fluxes are then scaled to the disposal unit 
footprint and passed to Step 2.

2. This is the “PreScreen” step where transient fluxes to the watertable for each GW scenario 
are processed for the Tier-1 list of radionuclides and short chain through the PorflowPS 
model (i.e., a PORFLOW model whose results are inputs into the screening process).  The 
PorflowPS model consists of transient fluxes from a PORFLOW 1D vadose zone transport 
model to a modified aquifer soil layer with radioactive decay, branching and aquifer 
dilution Aquifer dilution, mixing with regional GW, at the 100-m compliance well is 
implemented as an effective linear rate constant in the governing equation for each short 
chain nuclide.  The short chain activities in the aquifer zone are converted to concentrations 
for the GW pathways dose calculations using the volume of infiltration in a year.  The short 
chain concentrations (pCi/m3 per Ci of parent) in the aquifer zone are expanded into full 
chain concentrations where the concentration of a radionuclide with a half-life less than 1 
year is set to the concentration of their short chain precursor (secular equilibrium).  The 
maximum full chain aquifer concentrations are determined every year from all the modeled 
GW scenarios as conservative concentrations processed forward to the SRNL Dose Toolkit.

3. This step is external to RadScreen where the transient full chain activities for each parent 
nuclide computed in Step 2 are processed through the SRNL Dose Tool Kit for the 
calculation of maximum screening factors (concentration or dose per Ci of parent) for the 
GW pathways.  The five GW pathways include the four EPA drinking water standards 
(Gross Alpha, Beta-Gamma, Radium and Uranium) and the DOE All-Pathways (AP).  
Thus, there are five sets of screening factors for GW screening.  The screening factor for 
each parent nuclide is the sum of doses from each member in the full chain that contributes 
dose to the pathway.  Since the dose response is linear in concentration and parent inventory 
(there are no solubility limits in the screening models), the screening factors can be rolled 
up to the parent radionuclide.  These screening factors are now available to the “Screening” 
step to complete the Tier-2 screening process.
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4. T his fi n al st e p is t h e “ S cr e e ni n g ” st e p wit hi n t h e R a d S cr e e n c o m p ut er pr o gr a m.  A bs ol ut e 
v al u es of r a di o n u cli d e i n v e nt ori es m ust b e s p e cifi e d al o n g wit h t h e s cr e e ni n g crit eri a i n 
o r d er t o s cr e e n o ut or r et ai n r a di o n u cli d es.  S e v er al m et h o ds or s o ur c es f or esti m ati n g 
i n v e nt ori es w er e us e d t o o bt ai n a s et of li miti n g r a di o n u cli d e dis p os al i n v e nt ori es f or e a c h 
of t h e fi v e D U m o d els f or us e i n t his s cr e e ni n g st e p.  T h es e i n cl u d e d pr oj e c t e d cl os ur e 
i n v e nt ori es, i n v e nt ori es d eri v e d fr o m g a m m a-r a y d os e li mits i n W A C pr o c e d ur es f or 
h a n dli n g of B -2 5 b o x es, w ei g ht -b as e d i n v e nt ori es i n B -2 5 b o x es, a n d t h e hist ori c al 
s cr e e ni n g i n v e nt or y of 1 0 7 Ci.  T h e s cr e e ni n g crit eri a is s et t o 0. 1 % of t h e p erf or m a n c e 
m e as ur e of e a c h G W p at h w a y.  E a c h r a di o n u cli d e’s i n v e nt or y is m ulti pli e d b y e a c h of t h e 
G W s cr e e ni n g f a ct ors a n d t h e n c o m p ar e d t o t h e c orr es p o n di n g s cr e e ni n g crit eri a.  If a n y 
of t h e G W s cr e e ni n g crit eri a ar e e x c e e d e d, t h e n t h e n u cli d e is n ot s cr e e n e d o ut a n d is a d d e d 
t o t h e list of Ti er-2 r a di o n u cli d es.  Aft er Ti er -2 s cr e e ni n g is c o m pl et e d, t h e lists of 
r e m ai ni n g r a di o n u cli d es will b e dis c uss e d wit h S oli d W ast e E n gi n e eri n g t o d et er mi n e if 
pr o c ess k n o wl e d g e ( S R S or n o n -S R S w ast e str e a ms) c a n b e us e d t o r e d u c e t h e list of Ti er -
2 r a di o n u cli d es t o n u m b ers t h at ar e m or e pr a cti c al f or P A Ti er 3 -a n d Ti er -4 a n al ys es.

2. 3. 3 P orfl o w P S S cr e e ni n g M o d el

T h e Ti er -2 b o u n di n g s cr e e ni n g a p pr o a c h i m pr o v es t h e Ti er -1 l e a c hi n g m o d els b y utili zi n g 
P O R F L O W 1 D v a d os e z o n e tr a ns p ort m o d els a n d a m o difi e d a q uif er s oil l a y er wit h r a di o a cti v e 
d e c a y, br a n c hi n g a n d a q uif er dil uti o n .  T h e v a d os e z o n e m o d el i n c or p or at es m or e r e alisti c 
tr a ns p ort, wit h r et ar d ati o n a n d n o p h ysi c al dis p ersi o n, t hr o u g h t h e u ns at ur at e d s oils of 
r a di o n u cli d es r el e as e d b y i nfiltr ati o n a n d diff usi o n fr o m a w ast e z o n e.  T h e us e of a P O R F L O W 
1 D a q uif er tr a ns p ort m o d el w as r e pl a c e d wit h a m o difi e d v ersi o n of t h e a q uif er m o d el us e d i n t h e 
N R C D W S M s cr e e ni n g m o d el.

T o i n cl u d e t h e f at e a n d tr a ns p ort as p e cts ass o ci at e d wit h tr a v el t hr o u g h t h e w ast e a n d v a d os e z o n es, 
a P O R F L O W 1 D m o d el w as e m pl o y e d.  T h e r es ults fr o m t his m o d el (i. e., fl u x es t o t h e W T) w er e 
e m pl o y e d as pr e -s cr e e ni n g i n p uts i nt o t h e Ti er -2 a n al ys es.  T his tr a ns p ort m o d el is r ef err e d t o as 
P orfl o w P S.

A c o n c e pt u al r e pr es e nt ati o n of t h e P orfl o w P S m o d el is s h o w n i n Fi g ur e 2- 5 .  T h e fi g ur e s h o ws a 
v erti c al cr oss s e cti o n of a 2 D e n gi n e er e d tr e n c h r e d u c e d t o o ur P O R F L O W 1 D v a d o s e z o n e 
tr a ns p ort m o d el wit h a n u n d erl yi n g a q uif er s oil l a y er m o d el.

T h e arr o ws at t h e t o p i n di c at e t h e fl o w of w at er t hr o u g h t h e s yst e m wit h i nfiltr ati o n b ei n g t h e 
dri vi n g f or c e f or tr a nsf er fr o m t h e s urf a c e s oil t o t h e G W a q uif er.  T h e s e c o n d s et of arr o ws 
r e pr es e nts t h e h a n ds h a ki n g b et w e e n t h e P O R F L O W v a d os e z o n e a n d a q uif er s oil l a y er m o d els 
t hr o u g h t h e fl u x es t o t h e W T.  T h e P O R F L O W 1 D v a d os e z o n e m o d el c o nsists of t hr e e s oil l a y ers:  
v erti c all y st a c k e d b a c kfill, w ast e a n d l o w er v a d os e z o n es.  T h e f oll o wi n g ass u m pti o ns ar e i m pli e d 
b y t h e m o d el:

• I niti al i n v e nt or y is c o nt ai n e d wit hi n t h e w ast e z o n e;
• T h e b a c kfill, l o w er v a d os e z o n e, a n d a q uif er s oil l a y er ar e i niti all y fr e e of c o nt a mi n ati o n.
• T h e v erti c al s at ur at e d h y dr a uli c c o n d u cti vit y is gr e at er t h a n t h e i nfiltr ati o n r at e ( n o p o n di n g 

or p er c h e d w at er is all o w e d);
• T h er e is n o r et ar d ati o n i n t h e a q uif er;
• T h e at o m c o u nts i n t h e a q uif er ar e dil ut e d b y t h e v ol u m e of w at er i n t h e a q uif er;
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• T h e v ol u m e of w at er i n t h e a q uif er v ol u m e is c o nsi d er e d t o b e t h e v ol u m e of i nfiltr ati n g 
w at er;

• T h e i nfiltr ati o n v ol u m e is t h e pr o d u ct of t h e i nfiltr ati o n r at e a n d t h e ar e a of l a n d 
c o nt a mi n at e d; a n d

• W at er is r e m o v e d fr o m t h e a q uif er at a c o nst a nt r at e d uri n g all y e ars of i nt er est i n t h e 
a n al ysis.

Fi g u r e 2- 5 . C o n c e pt u al r e p r es e nt ati o n of P o rfl o w P S m o d el.

T h e r a di o n u cli d e b al a n c e e q u ati o ns f or t h e P orfl o w P S m o d el ar e d eri v e d i n A p p e n di x A a n d 
s ol v e d n u m eri c all y usi n g t h e i nt e gr ati n g f a ct or a n d m atri x e x p o n e nti al m et h o ds as dis c uss e d i n
A p p e n di x B.

T h e r a di o n u cli d e b al a n c e e q u ati o n f or P orfl o w P S h as t h e f oll o wi n g f or m, a c c o u nti n g f or 
r e g e n er ati o n, r a di o a cti v e d e c a y, r at e of a q uif er dil uti o n, a n d pr es cri b e d fl u x es t o t h e W T :

j 1
j

ji i i j j d j j
i 1

d N
b N N w N f (t)

dt

−

=

= λ − λ − +∑ ( 2- 1 2)

w h er e

jN ........................at o m c o u nt of r a di o n u cli d e j i n a q uif er, g m ol

iN ........................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n a q uif er, g m ol

jλ ........................r a di o a cti v e d e c a y c o nst a nt f or r a di o n u cli d e j ( 1/ y)

jib ........................eff e cti v e br a n c hi n g or r e g e n er at i o n fr a cti o ns (• 1)

i ...........................i n d e x of r a di o n u cli d e pr e c urs ors i n t h e d e c a y c h ai n

I nfilt r ati o n

• • • • • • • • • • • • • •

B A C K FI L L B F

U V Z

W A S T E W Z

L V Z S A N D L V Z

• • • • • • • • • • • • • •

A Q UI F E R • A Z

I nfilt r a ti on
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j ..........................i n d e x of d e c a y c h ai n r a di o n u cli d e (j = 1 is t h e p ar e nt)

jf (t) .....................fl u x t o t h e w at ert a bl e ( P O R F L O W) of r a di o n u cli d e j, g m ol/ yr

dw .......................first-or d er r at e c o nst a nt f or a q uif er dil uti o n ( 1/ y)

2. 4 U p p e r B o u n d I n v e nt o r y Esti m at es

Of t h e 1, 2 5 2 r a di o n u cli d es i n t h e I C R P -1 0 7 list, o nl y 1 7 7 h a v e e xisti n g i n v e nt or y v al u es i n WI T S.  
B as e d o n t h e c urr e n t i n v e nt or y li mits wit hi n WI T S, cl os ur e i n v e nt or y pr oj e cti o ns o ut t o t h e y e ar 
2 0 6 5 w er e g e n er at e d as dis c uss e d i n A p p e n di x C .  T h es e 2 0 6 5 cl os ur e pr oj e cti o ns r e pr es ent b est 
esti m at e v al u es o n a D U b y D U b asis f or e a c h of t h e 1 7 7 r a di o n u cli d es.  A s u m m ar y of t h e t ot al 
2 0 6 5 cl os ur e pr oj e cti o n a cti vit y o n a D U b asis is pr es e nt i n T a bl e 2- 1.

T a bl e 2- 1 . T ot al a cti vit y (s u m m e d o v e r all r a di o n u cli d es wit hi n a dis p os al u nit) b as e d o n 
t h e 2 0 6 5 y e a r p r oj e ct e d cl os u r e i n v e nt o ri es.

D U S u m ( Ci)b

Tr e n c h e s

S T 0 1 3. 9 7 E + 0 1

S T 0 2 1. 6 3 E + 0 2

S T 0 3 1. 2 5 E + 0 2

S T 0 4 1. 4 2 E + 0 2

S T 0 5 1. 2 7 E + 0 5

S T 0 6 1. 8 8 E + 0 2

S T 0 7 1. 8 1 E + 0 2

S T 0 8 1. 0 1 E + 0 2

S T 0 9 4. 0 2 E + 0 2

S T 1 4 5. 7 0 E + 0 3

S T 2 3 2. 0 2 E + 0 4

E T 0 1 2. 2 6 E + 0 2

E T 0 2 5. 6 2 E + 0 2

E T 0 3 2. 9 5 E + 0 2

m a x 1. 2 7 E + 0 5

V a ult s a

L A W V 1. 9 1 E + 0 8

I L V 7. 1 7 E + 0 7

N R C P a d s

N R S D C G 8. 2 2 E + 0 5

N R C D A S 1. 8 9 E + 0 5

a F or t h e L A W V a n d I L V t h e m aj orit y of a cti vit y is ass o ci at e d wit h H -3 (i. e., 1. 9 1 x 1 0 8 a n d 7. 1 7 x 1 0 7 Ci, 
r es p e cti v el y).

b T h e t ot al pr oj e ct e d a cti vit y wit hi n E -Ar e a as of 2 0 6 5 is 2. 6 4 x 1 0 8 Ci ( or 1. 3 0 x 1 0 6 Ci if t h e H -3 c o ntri b uti o ns fr o m 
t h e L A W V a n d I L V ar e o mitt e d).

T h e t ot al 2 0 6 5 cl os ur e pr oj e cti o n a cti vit y a cr oss t h e e ntir e E -Ar e a b e c o m es:

• 2. 6 4 x 1 0 8 Ci (t ot al); a n d
• 1. 3 0 x 1 0 6 Ci ( w h er e t h e H-3 c o ntri b uti o ns wit hi n t h e L A W V a n d I L V h a v e b e e n o mitt e d).

T o a d dr ess t h os e r a di o n u cli d es t h at ar e n ot list e d i n WI T S (i. e., 1, 2 5 2 – 1 7 7 = 1, 0 7 5) a n u p p er 
b o u n d esti m at e(s) m ust b e m a d e.  F or s cr e e ni n g p ur p os es, t h e first hist ori c al r ef er e n c e s f o u n d t h at 
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r ef ers t o t his is i n t h e w or ks of M c D o w ell -B o y er et al. ( 2 0 0 0, b ut st art e d i n 1 9 9 4), C o o k a n d 
Wil hit e ( 1 9 9 8), a n d C o o k ( 2 0 0 4) , w h er e t h e y ass u m e d t h at a D U i n v e nt or y w o ul d n ot e x c e e d 1 0 7

c uri es of e a c h r a di o n u cli d e (fr o m eit h er a G W or I ntr u d er p ers p e cti v e).  T h e f oll o wi n g st at e m e nt 
w as e xtr a ct e d fr o m M c D o w ell -B o y er et al. ( 2 0 0 0):

“ T h e f a ct or of 1 0 7 w as s el e ct e d b e c a us e it pr es e nts t h e t ot al n u m b er of c uri es, of all r a di o n u cli d es 
c o m bi n e d, t h at h as b e e n dis p os e d i n L L W at S R S o v er 4 0 y e ars of o p er ati o n. ”

I n a l at er s cr e e ni n g r e p ort ( b y T a yl or a n d C oll ar d 2 0 0 5) t h e y e m plo y e d t his 1 0 7 Ci v al u e as w ell.  
T a yl or a n d C oll ar d ( 2 0 0 5) als o i n di c at e d t h at t h e t ot al a cti vit y c o nt ai n e d wit hi n E -ar e a i n t h e y e ar 
2 0 0 5 w as a b o ut 5. 0 x 1 0 6 Ci.  I n b ot h s cr e e ni n g eff orts t h e 1 0 7 Ci v al u e w as e m pl o y e d at t h e D U 
l e v el.

As c a n b e s e e n fr o m T a bl e 2- 1 , t his 1 07 Ci v al u e w h e n e m pl o y e d at t h e D U l e v el is v er y 
c o ns er v ati v e f or t h e Tr e n c h es, N R C D A G, a n d N R C D A S.  H o w e v er, t h e pr oj e ct e d t ot al a cti viti es 
f or t h e L A W V a n d I L V e x c e e ds t his v al u e.

T h er ef or e, as o ur i niti al u p p er b o u n d i n v e nt or y esti m at es w e ass u m e:

• 1 0 7 Ci f or e a c h of t h e 1, 2 5 2 r a di o n u cli d es i n a n y of t h e D U t y p es; e x c e pt
• 1. 9 1 x 1 0 8 Ci f or H-3 wit hi n t h e L A W V; a n d
• 7. 1 7 x 1 0 7 Ci f or H -3 wit hi n t h e I L V.

T h es e i niti al u p p er b o u n d esti m at es ar e t h e n r e d u c e d b as e d o n m a xi m u m i n v e nt or y c al c ul ati o ns 
f or t h e f oll o wi n g o p er ati o n al c o nstr ai nts:

• Li miti n g g a m m a -r a y e x p os ur e t o w or k ers ( b as e d o n li mits pr o vi d e d i n W A C pr o c e d ur e 
C h a pt er 5, S R N S 2 0 1 4) t h at is i m p os e d o n Tr e n c h a n d L A W V o p er ati o ns ( A p p e n di x D ); 
a n d

• C o nt ai n er w ei g ht li mit ati o ns i m p os e d o n tr e n c h a n d L A W V o p er ati o ns ( A p p e n di x E ).

T h e r es ulti n g list is t h e n f urt h er r e d u c e d f or e a c h of t h e 1 7 7 WI T S r a di o n u cli d es b as e d o n:

• T h e b est esti m at e 2 0 6 5 pr oj e ct e d cl os ur e i n v e nt ori es b as e d o n t w o i n v e nt or y s n a ps h ots (i. e. 
M ar c h 2 0 1 6 a n d M ar c h 2 0 2 0) t o a c c o u nt f or c o m p ositi o n al c h a n g es a n d t h e c urr e nt WI T S 
i n v e nt or y li mits (A p p e n di x C ); a n d

• S c al i n g f a ct or of t e n t o a c c o u nt f or u n c ert ai nti es i n t h e pr oj e cti o n pr o c ess.

T h e e n d -r es ult is u p p er b o u n d i n v e nt or y esti m at es f or s cr e e ni n g p ur p os es t h at w er e e m pl o y e d 
t hr o u g h o ut t his r e p ort ( b ut n ot s h o w n gi v e n t h e l e n gt h of s u c h a list).

2. 5 R a di o n u cli d e S c r e e ni n g O ut P r o c ess

I n t h e s cr e e ni n g pr o c ess, at a gi v e n ti er l e v el (i. e., Ti er-1 or Ti er -2), f or a s p e cifi c D U t y p e, a n d 
f or e v er y p at h w a y ass o ci at e d wit h eit h er G W or II, a “ p e a k ” v al u e of S O F is c o m p ut e d f or e a c h 
p ar e nt r a di o n u cli d e b y:

k
jk U B

j jk

S F
S O F I

P M

 
 = ×
  

( 2- 1 3)

w h er e
k
jS O F ...................p e a k S O F f or r a di o n u cli d e j a n d k t h p at h w a y, ( -)
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k
jS F ......................p e a k s cr e e ni n g f a ct or f or r a di o n u cli d e j a n d k t h p at h w a y, ( d os e 

u nits/ Ci)
kP M ....................p erf or m a n c e m e as ur e f or k t h p at h w a y, ( d os e u nits)

U B
jI ......................u p p er b o u n d i n v e nt or y esti m at e f or r a di o n u cli d e j, ( Ci)

N ot e t h at t h e i n v e nt or y esti m at e is i n C uri es of p ar e nt b uri e d, t h e d os e u nits v ar y d e p e n di n g u p o n 
w hi c h p at h w a y is b ei n g e v al u at e d, a n d a p e a k v al u e r ef ers t o t h e l ar g est v al u e o v er t h e s eri es of 
s c e n ari os c o nsi d er e d. 

F or s cr e e ni n g p ur p os es, t h e m a xi m u m S O F v al u e is c o m p ut e d b y:

m a x k
j jS O F M a x S O F k = ∀

 
( 2- 1 4)

w h er e
m a x
jS O F ...............M a x S O F f or r a di o n u cli d e j o v er all p at h w a ys, (-)

k ..........................k i n d e x s p a ns o v er all p at h w a ys of i nt er est, ( -)

A p ar e nt r a di o n u cli d e is s cr e e n e d o ut of t h e i n c o mi n g list if t h e f oll o wi n g is tr u e:

m a x
j PMS O F 0. 1 %> η → ( 2- 1 5)

w h er e

P Mη .....................S cr e e ni n g o ut crit eri o n of p erf or m a n c e m e as ur e, ( -)

2. 5. 1 Crit eri o n f or S cr e e ni n g o ut a R a di o n u cli d e

As i n di c at e d b y E q. ( 2-1 5) wit hi n t his s cr e e ni n g r e p ort, if a r a di o n u cli d e’s m a x S O F is l ess t h a n 
0. 1 % of a p erf or m a n c e m e as ur e ( P M) (i. e., w h er e all p at h w a ys h a v e b e e n c o nsi d er e d) t h e n it is 
“s cr e e n e d o ut ” of f ut ur e c o nsi d er ati o n a n d is c o nsi d er e d t o n o l o n g er r e q uir e e x pli cit tr a c ki n g 
wit hi n WI T S.

Hist ori c all y ( b ot h S R N L a n d S R R) h a v e m a d e us e of a s cr e e ni n g o ut crit eri o n of 1 % of t h e P M 
a n d i n t his n e w s cr e e ni n g eff ort t h at crit eri o n w as r e d u c e d t o 0. 1 % of t h e P M.  T h e n et eff e ct of 
l o w eri n g t his crit eri o n r es ults i n m or e r a di o n u cli d es p assi n g t hr o u g h t o t h e n e xt ti er l e v el.

I n t h e s cr e e ni n g o ut pr o c ess, as c a n b e s e e n i n E q. ( 2 -1 3) t h er e ar e t w o q u a ntiti es t h at c a n c o ntri b ut e 
ris k t o pr e m at ur el y ( a n d i n c orr e ctl y) s cr e e ni n g o ut a r a di o n u cli d e:

• T h e p e a k S O F f o r r a di o n u cli d e j a n d k t h p at h w a y – T his q u a ntit y w as c o m p ut e d b as e d 
o n t h e m o d els c h os e n a n d e v er y att e m pt w as c o nsi d er e d i n bi asi n g its v al u e i n t h e 
c o ns er v ati v e dir e cti o n ( hi g h er v al u e).  As a r es ult, t h e c o n c e pt u al m o d el, i n c o m bi n ati o n 
wit h m o d eli n g p ar a m et ers, w er e t y pi c all y e n c o m p a ssi n g .  T h us, t h e ris k c o ntri b uti o n 
ass o ci at e d wit h t his q u a ntit y is c o nsi d er e d t o b e n e gli gi bl e; a n d

• U p p e r b o u n d i n v e nt o r y esti m at e f o r r a di o n u cli d e j – T his q u a ntit y w as c o m p ut e d b as e d 
o n all a v ail a bl e i nf or m ati o n a n d d at a s o ur c es ass o ci at e d wit h is cr e a ti o n a n d ulti m at e 
dis p ositi o ni n g i n a D U.  F or e x a m pl e, pr oj e ct e d cl os ur e i n v e nt ori es w er e esti m at e d b as e d 
o n hist ori c al WI T S i n v e nt ori es a n d pr o c ess k n o wl e d g e.   T h es e esti m at es w er e t h e n s c al e d 
u p b y a f a ct or of t e n t o i n dir e ctl y a c c o u nt f or u n c ert ai nti e s i n t h e i n v e nt or y esti m ati o n 
pr o c ess ( n ot e t h at t his d o es n ot e x pli citl y a c c o u nt f or err ors i n w ast e g e n er at or 
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characterization methods which will be quantified in the PA closure analysis).  Risks of 
underestimating a DU’s final closure inventory still exists; however, that risk should be 
small, as discussed in Section 2.5.1, unless a new, out of the ordinary, waste stream is being 
considered for disposal.

To see how max SOF values vary with respect to a list of radionuclides, the max SOF values 
computed for the Tier-1 lists of radionuclides (i.e., 271 for Trench and LAWV, 272 for ILV, 295 
for NRCDAG and NRCDAS) is shown in Figure 2-6.  The actual max SOF values span a much 
greater range than shown in Figure 2-6 but a close up was chosen to show the general trend of 
these distributions.  The horizontal red line represents the chosen screening criterion of 0.1% of 
the PM.

Figure 2-6. Groundwater and inadvertent intruder max SOF values for every Tier-1 
radionuclide by disposal unit type.

A similar graph is provided in Figure 2-7 for the GW Tier-2 distributions on Max SOF by DU type 
(i.e., lists of radionuclides are 163 for Trench, 134 for LAWV, 141 for ILV, 157 for NRCDAG, 
and 122 for and NRCDAS).
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Fi g u r e 2- 7 . G r o u n d w at e r m a x S O F v al u es f o r e v e r y Ti e r-2 r a di o n u cli d e b y dis p os al u nit 
t y p e.

As b ot h fi g ur es i n di c at e t h es e distri b uti o ns h a v e st e e p sl o p es , a n d w e d o n’t s e e l ar g e n u m b ers of 
a d diti o n al r a di o n u cli d es b ei n g s cr e e n e d o ut as t h e crit eri o n is d e cr e as e d. T o b ett er s e e t h e i m p a ct 
of v ar yi n g t h e P M crit eri o n o n t h e n u m b er of n o n -s cr e e n e d o ut r a di o n u cli d es f or t h e G W Ti er -2 
s cr e e ni n g, T a bl e 2- 2 pr o vi d es t h es e n u m b ers f or e a c h of t h e D U t y p es o v er a br o a d r a n g e of 
crit eri o n v al u es. T h e r es ults f or t h e 0 . 1 % a n d 1. 0 % of P Ms ar e hi g hli g ht e d i n or a n g e a n d gr e e n, 
r es p e cti v el y.  As s h o w n, f or a n or d er-of -m a g nit u d e r e d u cti o n i n crit eri o n o nl y a f e w e xtr a 
r a di o n u cli d es ar e a d d e d t o t h e list.

T a bl e 2- 2 . S e nsiti vit y of G r o u n d w at e r Ti e r -2 r a di o n u cli d e listi n g b y dis p os al u nit t y p e 
v e rs us p e rf o r m a n c e m e as u r e.

P erf or m a n c e 
M e a s ur e

1. 0 E - 6 1. 0 E - 5 1. 0 E - 4 1. 0 E - 3 1. 0 E - 2 1. 0 E - 1 1. 0 E + 0 1. 0 E + 1 1. 0 E + 2 >

Tr e n c h e s 5 0 4 7 4 6 4 3 4 0 3 4 3 1 3 0 2 6 0

I L V 5 0 4 7 4 7 4 5 4 3 4 0 3 5 3 3 2 9 0

L A W V 4 7 4 7 4 3 3 9 3 6 3 3 3 2 3 0 2 3 0

N R C D A G 4 4 4 1 4 1 3 8 3 5 3 2 2 8 2 7 2 4 0

N R C D A S 3 5 3 4 3 4 3 1 2 9 2 8 2 5 2 4 1 7 0

If w e ass u m e t h at all of t h e “s cr e e n e d o ut ” r a di o n u cli d es ar e pr es e nt at cl os ur e t h e s u m of t h eir 
m a x S O F v al u es ar e c o m p ut e d as:

m a x
R e si d u al i

i

S O F S O F= ∑ ( 2-1 6)

w h er e

R e si d u alS O F ..........s u m of all s cr e e n e d o ut m a x S O F v al u es p er D U t y p e , (-)

T his u n a c c o u nt e d f or r esi d u al r e pr es e nts a n u p p er b o u n d esti m at e .  T h os e v al u es ass o ci at e d wit h 
t h e Ti er-2 G W s cr e e ni n g r es ults f or e a c h D U t y p e ar e list e d i n T a bl e 2- 3 , w hil e t h e I n a d v ert e nt 
I ntr u d er Ti er-1 s cr e e ni n g r es ults ar e list e d i n 
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Table 2-4.
Table 2-3. Impact from choice of performance measure criterion for screening out 

radionuclides during the GW Tier-2 process.
PM Criterion

(%)
Trench
SOF (%)

ILV
SOF (%)

LAWV
SOF (%)

NRCDAG
SOF (%)

NRCDAS
SOF (%)

1.0% 14.87% 0.39% 1.07% 0.70% 4.41%
0.1% 0.17% 0.04% 0.21% 0.13% 0.11%

0.01% 0.00% 0.00% 0.03% 0.00% 0.00%

Table 2-4. Impact from choice of performance measure criterion for screening out 
radionuclides during the Inadvertent Intruder Tier-1 process.

PM Criterion
(%)

Trench
SOF (%)

ILV
SOF (%)

LAWV
SOF (%)

NRCDAG
SOF (%)

NRCDAS
SOF (%)

1.0% 7.20% 1.02% 3.79% 0.70% 2.83%
0.1% 0.36% 0.07% 0.28% 0.14% 0.38%

0.01% 0.01% 0.02% 0.01% 0.02% 0.06%

As Table 2-3 and 
Table 2-4 indicate, a PM criterion of 1.0% could potentially yield up to a ~15% impact of operating 
SOF totals for trench DUs and was considered too large of a residual of unaccounted for 
contributors. Therefore, the PM criterion was reduced to 0.1% where no more than an upper 
estimate of ~0.2% in residual SOF could exist.
As Figure 2-6, Figure 2-7, and Table 2-2 demonstrate, max SOF values for the “screened out” 
radionuclides have steep slopes which also helps in accommodating inventory uncertainties.  For 
the large portion of screened out radionuclide’s potential errors within their estimated upper bound 
inventories can be accommodated by the growing degree of margin present (i.e., distance of their 
max SOF value beneath the PM criterion).  Thus, risks have been greatly reduced.

2.6 The Use of Trigger Values
The need to employ trigger values to track unanalyzed radionuclides that are not found nor 
projected to be disposed in E-Area is eliminated in the new multitiered disposal limit system.  
Because the upper bound inventory estimates used are conservative, the multitiered approach 
undertaken in this report removes any need for supplemental tracking of a subset of radionuclides 
(i.e., trigger-value radionuclides).  All possible radionuclides have been accounted for through 
screening or disposal limits.  The approach never explicitly removed a radionuclide not based on 
the logic employed.  All 1,252 radionuclides contained within the original ICRP-107 lists were 
processed.
However, given the absence of E-Area inventory for many of the radionuclides considered, 
extremely high upper bound inventories were assigned due to the lack of chemical process 
knowledge resulting in them not being “screened out.”  A trigger-value system can be usefully 
employed, to further reduce the lists of radionuclides that require complex multidimensional fate 
and transport analyses and subsequent tracking in WITS.  The Tier-1 for Intruder and Tier-2 for 
GW radionuclide lists presented in Chapter 4.0 are the full listings, while proposed reductions of 
these lists through use of trigger values are provided in Chapter 5.0.  SWM has the choice of 
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s el e cti n g a n y c o m bi n ati o n of r a di o n u cli d es fr o m t h es e lists t o a n al y z e i n t h e P A or s et asi d e as 
tri g g er is ot o p es.  Pr a cti c al c o nsi d er ati o ns, t h o u g h, w o ul d w arr a nt d e v el o pi n g P A i n v e nt or y li mits 
f or a n y r o uti n el y g e n er at e d r a di o n u cli d e r e c ei v e d i n E-Ar e a.

O n c e a p arti c ul ar “t ri g g er-v al u e ” r a di o n u cli d e h as a r e q u est e d i n v e nt or y t h at is e x p e ct e d t o e x c e e d 
t h e D U’s tri g g er v al u e i n v e nt or y t hr es h ol d, a n U nr e vi e w e d Dis p os al Q u esti o n ( U D Q) s cr e e ni n g 
will n e e d t o b e i niti at e d.  A f oll o w u p S p e ci al A n al ysis ( S A) will m ost li k el y b e p e rf or m e d w h er e 
t his p arti c ul ar r a di o n u cli d e will h a v e i n v e nt or y li mits g e n er at e d a n d t h e n tr a nsf err e d o v er t o t h e 
li mits list.  T h e i n cr e m e nt al i n cr e as e i n t h e C uri e c o nt e nt of a n y tri g g er-v al u e r a di o n u cli d e is 
li mit e d b as e d o n “ R a di o n u cli d e P a c k a g e R e p orti n g T hr es h ol ds ” list e d i n C h a pt er 3 Att a c h m e nt 
8. 7 of t h e S W M W ast e A c c e pt a n c e Crit eri a ( W A C) r e p ort (s e e S R N S 2 0 1 7) .

2. 6. 1 Tri g g er V al u e C o n c e pt

T h e c o n c e pt of tri g g er v al u es ori gi n at e d i n 2 0 0 4 w h e n it w as dis c o v er e d t h at w ast e b ei n g dis p os e d 
of i n E-Ar e a c o nt ai n e d r a di o n u cli d es t h at h a d n ot b e e n a n al y z e d n or s cr e e n e d o ut u n d er t h e 
o p er ati v e P A (i. e., P A 2 0 0 0 ). F oll o wi n g t h e 2 0 0 0 P A s cr e e ni n g c al c ul ati o n, a d diti o n al 
r a di o n u cli d es w er e r e m o v e d fr o m t h e P A a n al ysis if t h e y w er e n ot i n cl u d e d i n t h e n or m al S R S 
pr o d u cti o n w ast e is ot o pi c distri b uti o n.  T his pr o c ess w as n ot w ell d o c u m e nt e d, a n d as a r es ult 
t h er e w er e c as es of n o n-pr o d u cti o n w ast e b ei n g dis p os e d of wit h r a di o n u cli d es t h at w er e n ot 
s cr e e n e d o ut a n d w er e n ot a n al y z e d i n t h e P A.  I n s u bs e q u e nt w or k, a v er y c o ns er v ati v e s et of 
tri g g er v al u es w er e c al c ul at e d usi n g s cr e e ni n g m o d els i n li e u of P A i n v e nt or y li mits f or t h os e 
r a di o n u cli d es t h at h a d n ot b e e n a n al y z e d i n t h e P A ( C o o k a n d Wil hit e 2 0 0 4).  T his c o n c e pt w as 
c arri e d f or w ar d a n d i m pl e m e nt e d i n t h e 2 0 0 8 P A.

I n t h e 2 0 2 2 P A, t h e n e w s cr e e ni n g m et h o d ol o g y f urt h er r e d u c es t h e li k eli h o o d t h at f ut ur e dis p os als 
will e x c e e d p erf or m a n c e m e as ur es a n d t h e p ossi bilit y of u n a n al y z e d r a di o n u cli d es i n E -Ar e a b y 
i m pl e m e nti n g:

• A m ultiti er e d li mits s yst e m t h at st arts b y s cr e e ni n g t h e I C R P -1 0 7 r e c o m m e n d e d list of 
1, 2 5 2 r a di o n u cli d es.  R a di o n u cli d es w er e o nl y s cr e e n e d o ut b as e d o n w ell -d efi n e d l o gi c 
t h at w as i m pl e m e nt e d i n F O R T R A N-b as e d al g orit h ms.  T h us, all r a di o n u cli d es w er e 
e x pli citl y a c c o u nt e d f or gr e atl y r e d u ci n g t h e p ossi bilit y of u n a n al y z e d r a di o n u cli d es fr o m 
o n- sit e or off -sit e w ast e g e n er at ors. T h er e is mi ni m al ris k of err ors d u e t o t h e s yst e m ati c 
a p pr o a c h a n d t esti n g/ c h e c ki n g p erf or m e d;

• A r e d u c e d s cr e e ni n g m e as ur e fr o m t h e hist ori c al v al u e of 1 % i n S O F t o 0. 1 %.  S e nsiti vit y 
st u di es o n h o w t his l o w er s cr e e ni n g m e as ur e w o ul d i m p a ct t h e fi n al Ti er -2 r a di o n u cli d e 
listi n gs ( Ti er-1 a n d Ti er -2 r es ults pr o vi d e d i n A p p e n di x I a n d A p p e n di x J , r es p e cti v el y) 
i n di c at e d t h at t his w as t h e m or e a p pr o pri at e s cr e e ni n g l e v el;

• S O F c al c ul ati o ns f or all r el e v a nt p at h w a ys f or b ot h G W a n d I n a d v ert e nt I ntr u d er 
p erf or m e d at e v er y ti er l e v el.  T h e s a m e s et of d os e p ar a m et ers a n d p at h w a ys w er e 
e m pl o y e d t h at will b e us e d i n t h e s u bs e q u e nt li mits g e n er ati n g Ti er -3 a n d Ti er -4 eff orts;
a n d

• A l o gi c al a p pr o a c h t o esti m at i n g t h e u p p er b o u n d i n v e nt or y esti m at es o n a D U t y p e b asis.  
A br o a d r a n g e of i nf or m ati o n w as i n c or p or at e d i nt o est a blis hi n g t h es e esti m at es.

T o eli mi n at e t his ris k w o ul d r e q uir e e x pli cit i n v e nt ori es f or e v er y p ossi bl e r a di o n u cli d e (i. e., u p t o 
1, 2 5 2); h o w e v er, t h e a b o v e f e at ur es gr e atl y r e d u c e s u c h ris ks.  T h e r e c o m m e n d e d a p pr o a c h is t o 
us e t h e tri g g er -v al u e o pti o ns as dis c uss e d i n C h a pt er 5. 0.
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3. 0 S c r e e ni n g A n al ys es a n d Dis c ussi o n

T h e r es ults o bt ai n e d fr o m all of t h e ti er s cr e e ni n g a n al ys es (i. e., Ti er - 0, Ti er - 1 a n d Ti er - 2) ar e 
pr es e nt e d wit hi n t his s e cti o n.  T h e b asis b e hi n d t h e m o d els e m pl o y e d, t h e p ar a m et er s etti n gs 
c h os e n, a n d r es ults o bt ai n e d is pr o vi d e d.    D et ail e d r es ults as s o ci at e d wit h Ti er -1 a n d Ti er -2 ar e 
pr o vi d e d i n A p p e n di x I a n d A p p e n di x J, r es p e cti v el y.  Si n c e st a bl e n u cli d es (i. e., e n d pr o d u cts of 
d e c a y c h ai ns) d o n ot c o ntri b ut e t o r a di ol o gi c al d os e f a ct ors t h e y ar e n ot i n cl u d e d i n t h e ori gi n al 
I C R P-0 7 list of 1, 2 5 2 r a di o n u cli d es; t h us, d o n ot s h o w u p i n a n y of t h e r e d u c e d listi n g r e pr es e nt e d 
i n t his r e p ort.  I n t his c h a pt er t h e f oll o wi n g t o pi cs ar e dis c uss e d:

• Ti e r -0 s c r e e ni n g – r a di o n u cli d e lists ar e g e n er at e d ( b as e d o n n o f at e a n d tr a ns p ort as p e cts) 
f or e a c h of t h e fi v e D U t y p es;

• Ti e r -1 s c r e e ni n g – f or e a c h D U t y p e, as i n p ut t h e Ti er-0 li sti n gs ar e pr o c ess e d usi n g t w o 
b o u n di n g m o d els (i. e., N C R P 1 2 3 a n d N R C D W S M).  T h e r es ulti n g lists o bt ai n e d fr o m t h e 
N C R P 1 2 3 m o d el ar e e m pl o y e d i n s u bs e q u e nt s cr e e ni n g , w hil e t h e r es ults fr o m t h e 
N R C D W S M ar e vi e w e d t o ass ess s e nsiti viti es ; a n d

• Ti e r -2 s c r e e ni n g - f or e a c h D U t y p e, as i n p ut t h e N C R P 1 2 3 Ti er-1 listi n gs ar e pr o c ess e d 
usi n g a h y bri d P O R F L O W -b as e d f at e a n d tr a ns p ort m o d el (i. e., P orfl o w P S).

3. 1 Ti e r -0 S c r e e ni n g A n al ysis

T h e Ti er -0 pr o c ess st arts wit h t h e I C R P -0 7 list of 1, 2 5 2 r a di o n u cli d es.  T h er e ar e si x pr o c essi n g 
st e ps p erf or m e d i n a s e q u e nti al m a n n er.  T h e first t w o ar e “i n cl usi v e ” ( a d ds m e m b ers t o t h e list), 
w hil e t h e l ast f o ur ar e “ e x cl usi v e ” ( p ot e nti all y r e m o v es m e m b ers fr o m t h e list).  D et ails of e a c h 
st e p ar e dis c uss e d b el o w.  T h e b asi c o v er all str at e g y e m pl o y e d f oll o ws ( a n d b uil ds u p o n) si mil ar 
l o gi c as p erf or m e d a n d dis c uss e d b y H a m m ( 2 0 0 6).  T h e i niti al s cr e e ni n g p erf or m e d b y H a m m 
( 2 0 0 6) w as t h e b asis e m pl o y e d i n t h e cr e ati o n of t h e S alt st o n e ( 2 0 1 9) a n d H-Ar e a T a n k F ar m 
( 2 0 1 2) P As.  E a c h of t h e si x pr o c essi n g st e ps ar e dis c uss e d b el o w.

3. 1. 1 St e p 1. M e m b er of A cti ni u m, N e pt u ni u m, T h ori u m or Ur a ni u m d e c a y seri es (I n cl usi o n)

H L W sl u d g e is k n o w n t o c o nt ai n t h e first m e m b er of e a c h of t h e f o ur r a di o a cti v e d e c a y s eri es
( H a m m 2 0 0 5).  T h er ef or e, all d es c e n d a nts ar e a ut o m ati c all y r et ai n e d.  All of t h es e n u cli d es will 
b e a d dr ess e d i n Ti er -1 s cr e e ni n g.  T h e pr o gr essi o n of e a c h s eri es is s h o w n b el o w i n Fi g ur e 3- 1 .  
T h er e ar e 6 2 r a di o n u cli d es ( n ot i n cl u di n g t h e fi n al st a bl e is ot o p e of e a c h s eri es) i n t h e c at e g or y as 
s h o w n i n T a bl e 3- 1.
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Actinium Neptunium Thorium Uranium

Figure 3-1. Decay chains of Actinium, Neptunium, Thorium and Uranium decay series.
Table 3-1. Radionuclides included as members of decay series.

U-235
(Actinium Series)

Pu-241
(Neptunium Series)

Th-232
(Thorium Series)

U-238
(Uranium Series)

Th-231 Am-241 Th-228 Pa-234m
Pa-231 U-237 Ra-228 U-234
Th-227 Np-237 Ac-228 Th-234
Ac-227 U-233 Ra-224 Pa-234
Ra-223 Pa-233 Rn-220 Th-230
Fr-223 Th-229 Po-216 Ra-226
Rn-219 Ra-225 Po-212 Rn-222
At-219 Ac-225 Pb-212 Rn-218
Po-215 Fr-221 Bi-212 Po-218
Bi-215 Rn-217 Tl-208 At-218
Po-211 At-217 Po-214
Pb-211 Po-213 Pb-214
Bi-211 Bi-213 Bi-214
Tl-207 Tl-209 Tl-210

Pb-209 Po-210
Pb-210
Bi-210
Tl-206
Hg-206

At the end of Step 1, 62 radionuclides have been screened (all for inclusion) and 1190 remain to 
be processed in subsequent steps.

3.1.2 Step 2. Radionuclides characterized in residual sludge material estimate (inclusion)
HLW sludge has been characterized and estimates of the inventory of 64 radionuclides are 
available (Hamm 2005) as shown in Table 3-2.  There are 50 radionuclides for inclusion based on 
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this step, 14 of these already have been identified for inclusion based on Step 1 and are indicated 
with a superscript 1.  These radionuclides will be automatically retained for Tier-1 screening.

Table 3-2. Radionuclides included because they are characterized in High-Level Waste.
Ac-2271 Al-26 Am-2411 Am-242m Am-243 Ba-137m Bk-249 C-14
Ce-144 Cf-249 Cf-251 Cf-252 Cm-242 Cm-243 Cm-244 Cm-245
Cm-247 Cm-248 Co-60 Cs-134 Cs-135 Cs-137 Eu-152 Eu-154
Eu-155 H-3 I-129 Na-22 Nb-94 Ni-59 Ni-63 Np-2371

Pa-2311 Pm-147 Pr-144 Pu-238 Pu-239 Pu-240 Pu-2411 Pu-242
Pu-244 Ra-2261 Ra-2281 Rh-106 Ru-106 Sb-125 Sb-126 Sb-126m
Se-79 Sm-151 Sn-126 Sr-90 Tc-99 Te-125m Th-2291 Th-2301

Th-2321 U-232 U-2331 U-2341 U-2351 U-236 U-2381 Y-90

At the end of Step 2, 112 radionuclides have been screened (all for inclusion) and 1140 remain to 
be processed in subsequent steps.

3.1.3 Step 3. Radionuclides which are not in waste due to their physical state (exclusion)
Some elements exist only as gases. Argon, krypton, neon, radon and xenon are noble gases in this 
category and have 24 radionuclides as shown in Table 3-3.  We assume that the liquid-phase 
solubilities of noble gases are very low and that during the SRS canyon dissolution process all of 
these gases (present during reactor core irradiation) outgas from the aqueous phase.  Only 
radionuclides with no ongoing sources are considered in this step.

Table 3-3. Gas phase radionuclides.
Ar-37 Ar-41 Ar-42 Ar-43 Ar-44 Kr-74
Kr-75 Kr-76 Kr-87 Kr-88 Kr-89 Ne-19
Ne-24 Rn-207 Rn-209 Rn-210 Rn-211 Rn-223

Xe-120 Xe-122 Xe-127m Xe-129m Xe-137 Xe-138

At the end of Step 3, 136 radionuclides have been screened (112 for inclusion and 24 for exclusion) 
and 1116 remain to be processed in subsequent steps.

3.1.4 Step 4. Short-lived radionuclides with no precursors which decay below a threshold 
activity ratio (exclusion)

There are 503 radionuclides that are not created from the decay series (they have no ongoing source 
of formation) with a half-life below 0.23 years (which decays in 23 years below an activity ratio 
of 10-30).  The 23-year period is the average age of SRS waste produced from 1955 to 1989 at the 
time of the first burial in E-Area in 1995.  There are 480 radionuclides excluded based on the 
criterion, while the rest were excluded in Step 3. The complete list of radionuclides is listed in 
Table 3-4.
Table 3-4. Radionuclides with no precursors which decay below a threshold activity ratio.

Ac-231 Ac-232 Ac-233 Ag-99 Ag-100m Ag-106 Ag-106m Ag-109m
Ag-113m Ag-115 Ag-116 Ag-117 Al-29 Am-237 Am-244 Am-244m
Am-246 Am-247 Ar-373 Ar-413 Ar-433 Ar-443 As-68 As-69
As-74 As-76 As-79 At-204 At-205 At-206 At-220 Au-186

Au-187 Au-195m Au-196m Au-198m Au-200m Au-201 Ba-124 Ba-126
Ba-127 Ba-131m Ba-133m Ba-135m Ba-141 Ba-142 Be-7 Bi-197
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Bi-212n Bk-248m Br-72 Br-73 Br-74m Br-78 Br-80m Br-82m
Br-84m Br-85 C-10 C-11 Ca-47 Ca-49 Cd-101 Cd-102
Cd-104 Cd-118 Cd-119 Cd-119m Ce-130 Ce-131 Ce-132 Ce-133

Ce-133m Ce-137m Ce-145 Cf-244 Cf-246 Cf-255 Cl-34m Cl-39
Cl-40 Cm-238 Cm-239 Cm-241 Cm-251 Co-54m Co-55 Co-58m

Co-62m Cr-48 Cr-49 Cr-55 Cr-56 Cs-121m Cs-123 Cs-125
Cs-130m Cs-132 Cs-134m Cs-135m Cs-136 Cs-138m Cs-139 Cs-140

Cu-57 Cu-59 Cu-64 Cu-67 Cu-69 Dy-148 Dy-149 Dy-151
Dy-152 Dy-166 Dy-167 Dy-168 Er-154 Er-156 Er-159 Er-167m
Er-169 Er-171 Er-172 Er-173 Es-249 Es-250 Es-250m Es-254m
Es-256 Eu-142m Eu-148 Eu-150m Eu-152m Eu-152n Eu-154m Eu-158
Eu-159 F-17 F-18 Fe-52 Fe-53m Fe-59 Fe-61 Fe-62
Fm-251 Fm-252 Fm-253 Fr-212 Fr-224 Fr-227 Ga-64 Ga-65
Ga-70 Ga-73 Ga-74 Gd-142 Gd-143m Gd-144 Gd-145m Gd-162
Ge-66 Ge-67 Ge-75 Ge-77 Ge-78 Hf-167 Hf-169 Hf-177m

Hf-179m Hf-180m Hf-182m Hf-183 Hf-184 Hg-191m Hg-192 Hg-193m
Hg-197m Hg-199m Hg-203 Hg-205 Hg-207 Ho-150 Ho-153 Ho-153m
Ho-154m Ho-155 Ho-157 Ho-160 Ho-162m Ho-164m Ho-168m Ho-170

I-118 I-118m I-119 I-120m I-124 I-126 I-128 I-130m
I-132m I-134m I-135 In-103 In-105 In-106 In-107 In-108
In-110 In-112m In-114m In-116m In-118m In-121m Ir-180 Ir-182
Ir-185 Ir-190m Ir-190n Ir-191m Ir-192m Ir-195m Ir-196m K-38
K-45 K-46 Kr-743 Kr-753 Kr-763 Kr-873 Kr-883 Kr-893

La-128 La-129 La-132m La-136 La-143 Lu-165 Lu-171m Lu-176m
Lu-178m Lu-180 Lu-181 Mg-27 Mg-28 Mn-50m Mn-51 Mn-57
Mn-58m Mo-89 Mo-90 Mo-93m Mo-101 Mo-102 N-13 N-16
Nb-87 Nb-88 Nb-88m Nb-89m Nb-92m Nb-94m Nb-96 Nb-98m

Nb-99m Nd-134 Nd-135 Nd-138 Nd-139m Nd-149 Nd-151 Nd-152
Ne-193 Ne-243 Ni-56 Ni-65 Ni-66 Np-236m Np-241 Np-242m
O-14 O-15 O-19 Os-181 Os-191m Os-193 Os-196 P-30
P-33 Pa-227 Pa-230 Pa-237 Pb-194 Pb-195m Pb-196 Pb-198

Pb-202m Pd-96 Pd-97 Pd-98 Pd-109m Pd-111 Pd-112 Pd-114
Pm-136 Pm-137m Pm-140m Pm-148m Pm-150 Pm-152m Pm-153 Pm-154

Pm-154m Pr-134 Pr-138m Pr-142m Pr-146 Pr-147 Pr-148 Pr-148m
Pt-184 Pt-188 Pt-189 Pt-197m Pt-199 Pt-200 Pt-202 Pu-232
Pu-235 Pu-245 Ra-221 Ra-230 Rb-77 Rb-78m Rb-82m Rb-84m
Rb-86m Rb-90m Re-178 Re-179 Re-182 Re-188m Re-189 Re-190m
Rh-94 Rh-95m Rh-100m Rh-104m Rh-106m Rh-109 Rn-2073 Rn-2093

Rn-2103 Rn-2113 Rn-2233 Ru-92 Ru-103 Ru-107 Ru-108 S-37
S-38 Sb-111 Sb-116m Sb-118m Sb-120 Sb-120m Sb-122m Sb-124n

Sb-131 Sb-133 Sc-42m Sc-43 Sc-44m Sc-48 Sc-50 Se-70
Se-71 Se-77m Se-81m Se-83 Se-83m Se-84 Si-31 Sm-139

Sm-140 Sm-141m Sm-155 Sm-156 Sm-157 Sn-106 Sn-108 Sn-109
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Sn-110 Sn-123m Sn-125 Sn-125m Sn-127 Sn-127m Sn-128 Sn-129
Sn-130 Sn-130m Sr-79 Sr-80 Sr-82 Sr-91 Sr-92 Sr-93
Sr-94 Ta-170 Ta-172 Ta-173 Ta-174 Ta-175 Ta-176 Ta-178m

Ta-180 Ta-185 Ta-186 Tb-146 Tb-147 Tb-147m Tb-148m Tb-152m
Tb-154 Tb-156m Tb-156n Tb-160 Tb-161 Tb-163 Tb-164 Tb-165
Tc-91 Tc-91m Tc-93m Tc-94 Tc-96m Tc-102m Tc-104 Tc-105

Te-113 Te-114 Te-115 Te-115m Te-116 Te-117 Te-132 Te-134
Th-235 Th-236 Ti-45 Ti-51 Ti-52 Tl-190 Tl-190m Tl-194m

Tl-198m Tl-206m Tm-161 Tm-174 Tm-175 Tm-176 U-227 U-239
U-242 V-47 V-53 W-177 W-185m W-187 W-188 W-190

Xe-1203 Xe-1223 Xe-127m3 Xe-129m3 Xe-1373 Xe-1383 Y-81 Y-83m
Y-84m Y-86m Y-89m Y-90m Y-95 Yb-162 Yb-163 Yb-164
Yb-166 Yb-177 Yb-178 Yb-179 Zn-60 Zn-61 Zn-62 Zn-63
Zn-69m Zn-71 Zn-71m Zn-72 Zr-85 Zr-86 Zr-97

At the end of Step 4, 616 radionuclides have been screened (112 for inclusion and 504 for 
exclusion) and 636 remain to be processed in subsequent steps.

3.1.5 Step 5. Fission fragment/product radionuclides with decay or ingrowth below a threshold 
activity ratio (exclusion)

Fission fragment radionuclides produced by the slow-neutron fission of U235 span the range of 
mass numbers from 72 to 162 (Benedict et al. 1981).  Note that in SRS heavy water production 
reactors the majority of fissioning events were associated with U235 atoms.  Fission fragments are 
created as parent nuclides that can decay into its progeny through isobaric decay chains.  Fission 
fragment/products radionuclides which are members of isobaric decay chains are screened in this 
step.  Short-lived fission fragment/products radionuclides with no precursors were screened in Step 
4.  There are 279 radionuclides with decay or ingrowth from 23 to 1,194 years (1995 to 3166 E-
Area timeline) below an activity ratio of 10-30 as a parent and daughter nuclide.  The radionuclides
are excluded based on the criterion are listed in Table 3-5.

Table 3-5. Fission fragment radionuclides with decay or ingrowth below a threshold 
activity ratio from the years 1995 to 3166.

Ag-101 Ag-102 Ag-102m Ag-103 Ag-104 Ag-104m Ag-105 Ag-105m
Ag-111 Ag-111m Ag-112 Ag-113 Ag-114 As-72 As-73 As-77
As-78 Ba-128 Ba-129 Ba-129m Ba-131 Ba-139 Ba-140 Br-74
Br-75 Br-76 Br-76m Br-77 Br-77m Br-80 Br-82 Br-83
Br-84 Cd-103 Cd-105 Cd-107 Cd-111m Cd-115 Cd-115m Cd-117

Cd-117m Ce-134 Ce-135 Ce-137 Ce-141 Ce-143 Cs-121 Cs-124
Cs-126 Cs-127 Cs-128 Cs-129 Cs-130 Cs-131 Cs-138 Dy-150
Dy-153 Dy-155 Dy-157 Er-161 Eu-142 Eu-143 Eu-144 Eu-145
Eu-146 Eu-147 Eu-156 Eu-157 Ga-72 Gd-145 Gd-146 Gd-147
Gd-149 Gd-159 Ho-154 Ho-156 Ho-159 Ho-161 Ho-162 I-120
I-121 I-122 I-123 I-125 I-130 I-131 I-132 I-133
I-134 In-106m In-108m In-109 In-109m In-110m In-111 In-111m
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In-112 In-114 In-115m In-117 In-117m In-118 In-119 In-119m
In-121 Kr-77 Kr-79 Kr-81m Kr-85m La-130 La-131 La-132
La-133 La-134 La-135 La-140 La-141 La-142 Mo-91 Mo-91m
Mo-99 Nb-89 Nb-90 Nb-91m Nb-95 Nb-95m Nb-97 Nb-99
Nd-136 Nd-137 Nd-139 Nd-140 Nd-141 Nd-141m Nd-147 Pd-99
Pd-100 Pd-101 Pd-103 Pd-109 Pm-139 Pm-140 Pm-141 Pm-142
Pm-148 Pm-149 Pm-151 Pm-152 Pr-134m Pr-135 Pr-136 Pr-137
Pr-138 Pr-139 Pr-140 Pr-142 Pr-143 Pr-145 Rb-78 Rb-79
Rb-80 Rb-81 Rb-81m Rb-82 Rb-84 Rb-86 Rb-88 Rb-89
Rb-90 Rh-95 Rh-96 Rh-96m Rh-97 Rh-97m Rh-98 Rh-99

Rh-99m Rh-100 Rh-101m Rh-103m Rh-104 Rh-105 Rh-107 Rh-108
Ru-94 Ru-95 Ru-97 Ru-105 Sb-113 Sb-114 Sb-115 Sb-116
Sb-117 Sb-118 Sb-119 Sb-122 Sb-124 Sb-124m Sb-127 Sb-128

Sb-128m Sb-129 Sb-130 Sb-130m Se-72 Se-73 Se-73m Se-79m
Se-81 Sm-141 Sm-142 Sm-143 Sm-143m Sm-153 Sn-111 Sn-113m

Sn-117m Sr-81 Sr-83 Sr-85 Sr-85m Sr-87m Sr-89 Tb-148
Tb-149 Tb-149m Tb-150 Tb-150m Tb-151 Tb-151m Tb-152 Tb-153
Tb-155 Tb-156 Tb-162 Tc-92 Tc-93 Tc-94m Tc-95 Tc-95m
Tc-96 Tc-99m Tc-101 Tc-102 Te-118 Te-119 Te-119m Te-129

Te-129m Te-131 Te-131m Te-133 Te-133m Tm-162 Xe-121 Xe-123
Xe-125 Xe-127 Xe-131m Xe-133 Xe-133m Xe-135 Xe-135m Y-83
Y-85 Y-85m Y-86 Y-87 Y-87m Y-91 Y-91m Y-92
Y-93 Y-94 Zr-87 Zr-88 Zr-89 Zr-89m Zr-95

At the end of this step, 895 radionuclides have been screened (112 for inclusion and 783 for 
exclusion) and 357 remain to be processed in the next step.

3.1.6 Step 6. Radionuclides with precursors with ingrowth below a threshold activity ratio
(exclusion)

The final group of radionuclides to examine for screening include radionuclides that are only 
formed from radioactive decay.  There are 198 radionuclides with ingrowth from 23 to 1,194 years 
(1995 to 3166 E-Area timeline) below an activity ratio of 10-30 as a daughter nuclide.  The
radionuclides excluded based on the criterion are listed in Table 3-6.

Table 3-6. Radionuclides with precursors with ingrowth below a threshold activity ratio
from the years 1995 to 3166 years.

Ac-223 Ac-224 Ac-226 Ac-230 Al-28 Am-238 Am-239 Am-240
As-70 As-71 At-207 At-208 At-209 At-210 At-211 At-215
At-216 Au-190 Au-191 Au-192 Au-193 Au-193m Au-196 Au-198
Au-199 Au-200 Au-202 Bi-200 Bi-201 Bi-202 Bi-203 Bi-204
Bi-205 Bi-206 Bi-216 Bk-245 Bk-246 Bk-251 Cf-247 Cf-254
Cl-34 Cl-38 Cm-240 Co-56 Co-58 Co-61 Co-62 Cr-51
Cu-60 Cu-61 Cu-62 Cu-66 Dy-165 Dy-165m Er-163 Er-165
Es-251 Es-255 Fe-53 Fm-255 Fm-256 Fr-219 Fr-220 Fr-222



SRNL-STI-2020-00566
Revision 0

42

Ga-66 Ga-67 Ge-69 Ge-71 Hf-170 Hf-173 Hf-175 Hf-181
Hg-190 Hg-193 Hg-195 Hg-195m Hg-197 Ho-164 Ho-166 Ho-167
Ho-168 Ir-183 Ir-184 Ir-186 Ir-186m Ir-187 Ir-188 Ir-189
Ir-190 Ir-193m Ir-195 Ir-196 K-43 K-44 Lu-167 Lu-169

Lu-169m Lu-170 Lu-171 Lu-178 Lu-179 Mn-52 Mn-52m Mn-56
Na-24 Ni-57 Np-232 Np-233 Np-234 Np-242 Os-180 Os-182
Os-183 Os-183m Os-189m Os-190m Os-191 Pa-228 Pa-229 Pa-235
Pa-236 Pb-197 Pb-197m Pb-199 Pb-200 Pb-201 Pb-201m Pb-203

Pb-204m Po-203 Po-204 Po-205 Po-206 Po-207 Po-212m Pt-186
Pt-187 Pt-191 Pt-193m Pt-195m Pt-197 Pu-234 Pu-237 Ra-219
Ra-220 Ra-222 Ra-227 Rb-83 Re-180 Re-181 Re-182m Re-183
Re-188 Re-190 Rn-212 Rn-215 Rn-216 Sc-47 Sc-49 Ta-177
Ta-178 Ta-182m Ta-183 Ta-184 Tc-97m Th-223 Th-224 Th-226
Th-233 Tl-194 Tl-195 Tl-196 Tl-197 Tl-198 Tl-199 Tl-200
Tl-201 Tm-163 Tm-164 Tm-165 Tm-166 Tm-167 Tm-172 Tm-173
U-228 U-230 U-231 V-48 V-52 W-178 W-179 W-179m
W-185 Yb-165 Yb-167 Yb-169 Yb-175 Zn-69

At the end of this step, 1093 radionuclides have been screened (112 for inclusion and 981 for 
exclusion) and 159 remain.

3.1.7 Tier-0 Radionuclide Lists for each Disposal Unit Type
After performing the above six steps, all 1,252 radionuclides have been screened.  The number of 
radionuclides for exclusion from further screening is 981.  The final number of radionuclides for 
inclusion is 271 (112 for inclusion plus 159 remaining) which proceeds to Tier-1 screening and 
are listed in Table 3-7.

Table 3-7. SRS-based list of radionuclides for Tier-1 screening (271).

Ac-225 Ac-227 Ac-228 Ag-108 Ag-108m Ag-110 Ag-110m Al-26
Am-241 Am-242 Am-242m Am-243 Am-245 Am-246m Ar-39 At-217
At-218 At-219 Au-194 Au-195 Ba-133 Ba-137m Be-10 Bi-207
Bi-208 Bi-210 Bi-210m Bi-211 Bi-212 Bi-213 Bi-214 Bi-215
Bk-247 Bk-249 Bk-250 C-14 Ca-41 Ca-45 Cd-109 Cd-113

Cd-113m Ce-139 Ce-144 Cf-248 Cf-249 Cf-250 Cf-251 Cf-252
Cf-253 Cl-36 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247
Cm-248 Cm-249 Cm-250 Co-57 Co-60 Co-60m Cs-134 Cs-135
Cs-137 Dy-154 Dy-159 Es-253 Es-254 Eu-149 Eu-150 Eu-152
Eu-154 Eu-155 Fe-55 Fe-60 Fm-254 Fm-257 Fr-221 Fr-223
Ga-68 Gd-148 Gd-150 Gd-151 Gd-152 Gd-153 Ge-68 H-3
Hf-172 Hf-174 Hf-178m Hf-182 Hg-194 Hg-206 Ho-163 Ho-166m
I-129 In-113m In-115 Ir-192 Ir-192n Ir-194 Ir-194m K-40
K-42 Kr-81 Kr-83m Kr-85 La-137 La-138 Lu-172 Lu-172m

Lu-173 Lu-174 Lu-174m Lu-176 Lu-177 Lu-177m Mn-53 Mn-54
Mo-93 Na-22 Nb-91 Nb-92 Nb-93m Nb-94 Nd-144 Ni-59
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Ni-63 Np-235 Np-236 Np-237 Np-238 Np-239 Np-240 Np-240m
Os-185 Os-186 Os-194 P-32 Pa-231 Pa-232 Pa-233 Pa-234

Pa-234m Pb-202 Pb-205 Pb-209 Pb-210 Pb-211 Pb-212 Pb-214
Pd-107 Pm-143 Pm-144 Pm-145 Pm-146 Pm-147 Po-208 Po-209
Po-210 Po-211 Po-212 Po-213 Po-214 Po-215 Po-216 Po-218
Pr-144 Pr-144m Pt-190 Pt-193 Pu-236 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Pu-243 Pu-244 Pu-246 Ra-223 Ra-224 Ra-225
Ra-226 Ra-228 Rb-87 Re-184 Re-184m Re-186 Re-186m Re-187
Rh-101 Rh-102 Rh-102m Rh-106 Rn-217 Rn-218 Rn-219 Rn-220
Rn-222 Ru-106 S-35 Sb-125 Sb-126 Sb-126m Sc-44 Sc-46
Se-75 Se-79 Si-32 Sm-145 Sm-146 Sm-147 Sm-148 Sm-151

Sn-113 Sn-119m Sn-121 Sn-121m Sn-123 Sn-126 Sr-90 Ta-179
Ta-182 Tb-157 Tb-158 Tc-97 Tc-98 Tc-99 Te-121 Te-121m
Te-123 Te-123m Te-125m Te-127 Te-127m Th-227 Th-228 Th-229
Th-230 Th-231 Th-232 Th-234 Ti-44 Tl-202 Tl-204 Tl-206
Tl-207 Tl-208 Tl-209 Tl-210 Tm-168 Tm-170 Tm-171 U-232
U-233 U-234 U-235 U-235m U-236 U-237 U-238 U-240
V-49 V-50 W-181 Y-88 Y-90 Zn-65 Zr-93

The Tier-0 screening assumes that radionuclides in SRS High-Level waste comprise the majority 
of waste streams received by the ELLWF.  The age and composition of SRS HLW is well known 
and documented.  Table 3-7 represent the reduced list where SRS process knowledge has been 
employed in the reduction of the original 1,252 ICRP-107 list.  Thus, this “SRS-based” list of 271 
radionuclides applies directly as the Tier-1 list for the Trenches and LAWV DU types.
An additional radionuclide, Ar-37, was identified as a special non-SRS waste form in the ILV 
during the update to the 2065 E-Area closure inventory.  This additional radionuclide, Ar-37, is in 
a special wasteform signified by TPBAR (i.e., Tritium Producing Burnable Absorber Rod) and in 
WITS its ID name is Ar-37T.  The list of radionuclides for Tier-1 ILV are augmented to include 
Ar-37 for a total of 272.
The age or source of radionuclides in Naval Reactor Components and auxiliary equipment is not 
known or characterized.  Insufficient information precluded additional steps in Tier-0 to include 
or exclude radionuclides in the NRCDA.   The radionuclide inventory in the NRCDA was provided 
by the US Naval Reactor program.  Therefore, the Tier-0 list of radionuclides was augmented for 
the NRCDA by including radionuclides from the NRCDA inventory that were not included in the 
Tier-0 screening (i.e., the union of both lists).  Table 3-8 is the list of radionuclides for Tier-1 
NRCDA screening.  The radionuclides in bold are the additional 24 radionuclides added for a total 
of 295.

Table 3-8. List of radionuclides for Tier-1 NRCDA screening (295).

Ac-225 Ac-227 Ac-228 Ag-108 Ag-108m Ag-109m Ag-110 Ag-110m
Al-26 Am-241 Am-242 Am-242m Am-243 Am-245 Am-246m Ar-39

At-217 At-218 At-219 Au-194 Au-195 Ba-133 Ba-137m Ba-140
Be-10 Bi-207 Bi-208 Bi-210 Bi-210m Bi-211 Bi-212 Bi-213
Bi-214 Bi-215 Bk-247 Bk-249 Bk-250 C-14 Ca-41 Ca-45
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Cd-109 Cd-113 Cd-113m Cd-115m Ce-139 Ce-141 Ce-144 Cf-248
Cf-249 Cf-250 Cf-251 Cf-252 Cf-253 Cl-36 Cm-242 Cm-243
Cm-244 Cm-245 Cm-246 Cm-247 Cm-248 Cm-249 Cm-250 Co-57
Co-58 Co-60 Co-60m Cr-51 Cs-134 Cs-135 Cs-137 Dy-154

Dy-159 Es-253 Es-254 Eu-149 Eu-150 Eu-152 Eu-154 Eu-155
Fe-55 Fe-59 Fe-60 Fm-254 Fm-257 Fr-221 Fr-223 Ga-68

Gd-148 Gd-150 Gd-151 Gd-152 Gd-153 Ge-68 H-3 Hf-172
Hf-174 Hf-175 Hf-178m Hf-181 Hf-182 Hg-194 Hg-206 Ho-163

Ho-166m I-129 In-113m In-114 In-114m In-115 Ir-192 Ir-192m
Ir-192n Ir-194 Ir-194m K-40 K-42 Kr-81 Kr-83m Kr-85
La-137 La-138 La-140 Lu-172 Lu-172m Lu-173 Lu-174 Lu-174m
Lu-176 Lu-177 Lu-177m Mn-53 Mn-54 Mo-93 Na-22 Nb-91
Nb-92 Nb-93m Nb-94 Nb-95 Nb-95m Nd-144 Ni-59 Ni-63

Np-235 Np-236 Np-237 Np-238 Np-239 Np-240 Np-240m Os-185
Os-186 Os-194 P-32 P-33 Pa-231 Pa-232 Pa-233 Pa-234

Pa-234m Pb-202 Pb-205 Pb-209 Pb-210 Pb-211 Pb-212 Pb-214
Pd-107 Pm-143 Pm-144 Pm-145 Pm-146 Pm-147 Po-208 Po-209
Po-210 Po-211 Po-212 Po-213 Po-214 Po-215 Po-216 Po-218
Pr-144 Pr-144m Pt-190 Pt-193 Pu-236 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Pu-243 Pu-244 Pu-246 Ra-223 Ra-224 Ra-225
Ra-226 Ra-228 Rb-87 Re-184 Re-184m Re-186 Re-186m Re-187
Rh-101 Rh-102 Rh-102m Rh-103m Rh-106 Rn-217 Rn-218 Rn-219
Rn-220 Rn-222 Ru-103 Ru-106 S-35 Sb-124 Sb-125 Sb-126

Sb-126m Sc-44 Sc-46 Se-75 Se-79 Si-32 Sm-145 Sm-146
Sm-147 Sm-148 Sm-151 Sn-113 Sn-119m Sn-121 Sn-121m Sn-123
Sn-126 Sr-89 Sr-90 Ta-179 Ta-182 Tb-157 Tb-158 Tc-97
Tc-98 Tc-99 Te-121 Te-121m Te-123 Te-123m Te-125m Te-127

Te-127m Th-227 Th-228 Th-229 Th-230 Th-231 Th-232 Th-234
Ti-44 Tl-202 Tl-204 Tl-206 Tl-207 Tl-208 Tl-209 Tl-210

Tm-168 Tm-170 Tm-171 U-232 U-233 U-234 U-235 U-235m
U-236 U-237 U-238 U-240 V-49 V-50 W-181 W-185
W-188 Y-88 Y-90 Y-91 Zn-65 Zr-93 Zr-95

3.2 Tier-1 and Tier-2 Upper Bound Inventory Estimates
In order to screen out a parent radionuclide from further considerations, its maximum dose at the 
100-m POA must remain below the performance measure (i.e., in this report a value of 0.1% of 
the SOF was chosen).  Therefore, a method must be employed to estimate the “upper bound” 
inventory that this parent radionuclide would reach during the life of all of the DUs.  A maximum 
absolute value (in units of Ci) must be specified that is DU type dependent.  To accomplish this 
several methods (and sources) for estimating inventories were used to obtain a set of limiting 
radionuclide disposal inventories (see Chapter 2.0, Appendix C, Appendix D, Appendix E, and 
Appendix H for details):
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• Pr oj e ct e d cl os ur e i n v e nt ori es w er e cr e at e d b as e d o n t w o s e p ar at e WI T S i n v e nt or y ti m es 
(i. e. M ar c h 2 0 1 6 a n d M ar c h 2 0 2 0).  T h es e pr oj e cti o ns als o m a d e us e of a v ail a bl e pr o c ess 
k n o wl e d g e, w ast e g e n er at or hist ori es a n d f ut ur e sit e missi o ns, a n d c urr e nt WI T S i n v e nt or y 
li mits ( a p pli es t o all D U t y p es, s e e A p p e n di x C f or d et ails);

• T h e c o m p osit e pr oj e ct e d cl os ur e i n v e nt ori es w er e s c al e d u p b y a f a ct or of t e n t o a d dr ess 
u n c ert ai nti es ( a p pli es t o all D U t y p es);

• I n v e nt or y esti m at es fr o m N a v al R e a ct or f or e c asti n g of f ut ur e s hi p m e nts ( K A P L 
i nf or m ati o n) ( a p pli es t o N R C D A G a n d N R C D A S D U t y p es, s e e A p p e n di x H f or d et ails);

• C o nstr ai nt o n t h e g a m m a -r a y d os e li mits i n W A C pr o c e d ur es f or h a n dli n g of B-2 5 b o x es
d uri n g t h e b uri al pr o c ess ( a p pli es t o L A W V a n d Tr e n c h D Us , s e e A p p e n di x D f or d et ails);

• C o nstr ai nt o n t h e hist ori c al w ei g ht of w ast e i n B -2 5 b o x es w h er e a u p p er est i m at e of 0. 0 1 
wt % of p ur e r a di o n u cli d e i n e a c h B -2 5 b o x w as esti m at e d fr o m WI T S d at a ( a p pli es t o 
L A W V a n d Tr e n c h D Us, s e e A p p e n di x E f or d et ails); a n d

• A hist ori c al s cr e e ni n g i n v e nt or y v al u e of 1 0 7 Ci as a st arti n g v al u e w h er e e a c h of t h e pri or 
it e ms h a v e t h e p ot e nti al t o r e d u c e t h e i n v e nt or y b el o w t his u p p er v al u e.  If n o n e of t h e pri or 
it e ms a p pl y t his v al u e r e m ai ns ( e x c e pt f or H-3 w hi c h c a n e x c e e d t his v al u e wit hi n t h e t w o 
v a ult D Us) ( a p pli es t o all D U t y p es) .

T h e mi ni m u m v al u es, o bt ai n e d fr o m t h e a p pr o pri at e it e ms a b o v e, est a blis h e d t h e u p p er b o u n d 
i n v e nt or y esti m at es.  T h e r es ulti n g u p p er b o u n d i n v e nt ori es w er e us e d f or b ot h Ti er -1 a n d Ti er - 2 
s cr e e ni n g f or G W a n d I n a d v ert e nt I ntr u d er w h er e a p pli c a bl e.

3. 3 Ti e r -1 I n a d v e rt e nt I nt r u d e r R a di o n u cli d e S c r e e ni n g

F or i n a d v ert e nt i ntr u d er s cr e e ni n g t h e v ari o us p at h w a ys list e d i n T a bl e 3- 9 ( e xtr a ct e d fr o m S mit h 
et al. 2 0 1 6) w er e c o nsi d er e d f or b ot h t h e a c ut e a n d c hr o ni c h u m a n r e c e pt ors.

I na d v ert e nt i ntr u d er a n al ysis w as p erf or m e d f or t h e fi v e D U m o d els usi n g t h e I C R P -0 7 a n d Ti er -
0 list of r a di o n u cli d es.  T h e u p p er b o u n d esti m at e d r a di o n u cli d e i n v e nt ori es as dis c uss e d i n S e cti o n 
3. 2 w er e e m pl o y e d.

T h e i ntr u d er s cr e e ni n g m o d el c o nsists of a p ar e nt r a di o n u cli d e u nif or ml y distri b ut e d t hr o u g h o ut 
t h e w ast e zo n e of e a c h D U wit h n o d e pl eti o n of t h e p ar e nt or pr o g e n y i n v e nt ori es o v er ti m e d u e 
t o l e a c hi n g fr o m i nfiltr ati o n.  T h e f ull ( u n-c oll a ps e d) w ast e h ei g ht f or e a c h D U w as ass u m e d i n 
d et er mi ni n g w h et h er w ast e z o n e c o nt a mi n a nts w er e wit hi n t h e st a n d ar d t e n -f o ot e x c a v ati o n f or 
t h e b as e m e nt c o nstr u cti o n s c e n ari o.  T h e w ast e z o n e r e pr es e nts t h e ar e a l f o ot pri nt a n d n o mi n al 
w ast e h ei g ht of e a c h D U m o d el.  T h e st arti n g i n v e nt or y of t h e p ar e nt n u cli d e is i niti ali z e d t o t h e 
at o m n u m b er e q ui v al e nt of 1 0 1 2 p Ci di vi d e d b y t h e d e c a y c o nst a nt of t h e p ar e nt n u cli d e.  F or e a c h 
of t h e r a di o n u cli d es , tr a nsi e nt at o m n u m b ers ar e c o m p ut e d f or a 1 -y e ar h alf -lif e c ut off s h ort c h ai n 
e v er y y e ar f or a 1 1 7 1- y e ar p eri o d.  T h e s h ort c h ai n is s ol v e d n u m eri c all y usi n g t h e m atri x 
e x p o n e nti al m et h o d i n li e u of s ol vi n g t h e f ull c h ai n, si n c e t his m et h o d c a n pr o d u c e n u m eri c al 
err ors f or l ar g e d e c a y c h ai ns.  T h e r a di o n u cli d e pr o g e n y wit h h alf -li v es l ess t h a n 1 y e ar ar e 
ass u m e d t o b e i n s e c ul ar e q uili bri u m wit h t h eir pr e c urs or (s).  T r a nsi e nt f ull c hai n a cti viti es ar e 
t h e n pr o d u c e d f or e a c h p ar e nt n u cli d e as u nif or ml y distri b ut e d w ast e z o n e s oil c o n c e ntr ati o ns 
( p Ci/ m3 p er Ci of p ar e nt) f or i ntr u d er d os e c al c ul ati o ns .
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Table 3-9. Inadvertent intruder exposure pathways considered.

Human 
Receptor Scenario General Exposure 

Pathway Specific Exposure Pathway

Acute
Intruder

(PA)

Basement 
Construction

Ingestion Waste Material
Inhalation Waste Material

External Exposure Waste Material

Well Drilling
Ingestion Waste Material
Inhalation Waste Material

External Exposure Waste Material
Discovery External Exposure Waste Material

Chronic 
Intruder

(PA)

Agriculture

Ingestion Garden Vegetables
Garden Soil (Dust)

Inhalation Garden Soil (Dust)
Dust in Home

External Exposure Garden Soil
Home

Post Drilling
Ingestion Garden Vegetables

Garden Soil (Dust)
Inhalation Garden Soil (Dust)

External Exposure Garden Soil
Residential External Exposure Home Residence

The waste zone transient full chain soil concentrations are processed through the SRNL Dose 
Toolkit for the acute and chronic intruder human receptors.  The acute intruder examines the 
basement construction, well drilling, and discovery scenarios.  The chronic intruder examines the 
agriculture, post drilling, and residential scenarios.  For the PA inadvertent intruder, the applicable 
performance measures are 500 mrem/yr Effective Dose Equivalent (EDE) and 100 mrem/yr EDE 
for acute and chronic exposure scenarios, respectively.  The screening criteria used are 0.1% of 
the performance measures.
Each DU is assumed to have waste buried at 1994.7 (Year 0) with an operational period extending 
to the time of E-Area closure, 2065.7 (Year 71,).  Start of institutional control (SIC) in 2065.7 runs 
100 years to 2165.7 [(Year 171), end of institutional control (EIC)].  The period-of-performance 
for the inadvertent intruder spans 1000 years to 3165.7 (Year 1171) during the screening period.
Critical dimensions for inadvertent intruder analysis are shown in Figure 3-2.  Other relevant 
intruder parameters are documented in Aleman (2019).
The output of the SRNL Dose Toolkit calculations are maximum screening factors (mrem/yr per 
Ci of parent buried) for the acute and chronic intruder human receptors from 171 to 1171 years 
with progeny contributions rolled up for each radionuclide parent.  The intruder screening factors 
are multiplied by the estimated radionuclide limiting inventories to produce acute and chronic 
intruder doses.  The radionuclide is screened out for PA intruder analysis if the intruder doses do 
not exceed its screening criterion.
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Fi g u r e 3- 2 . C riti c al di m e nsi o ns f o r i n a d v e rt e nt i nt r u d e r a n al ysis.

A dis c ussi o n of i n a d v ert e nt i ntr u d er p ar a m et ers, s c e n ari os, a n d s cr e e ni n g r es ults ar e pr es e nt e d i n 
t h e f oll o wi n g s u bs e cti o ns f or t h e I L V, L A W V, N R C D A G, N R C D A S a n d G e n eri c Tr e n c h D U 
s cr e e ni n g m o d els.  Lists of r a di o n u cli d es t h at f ail e d s cr e e ni n g ar e s h o w n f or t h e I C R P -0 7 (i. e., t h e 
ori gi n al list pr o vi d e d i n I C R P -1 0 7) a n d Ti er -0 r a di o n u cli d es.  T h e st arti n g lists st u di e d f or e a c h 
D U m o d el w er e:

• Ti er- 0 ( 2 7 1) f or Tr e n c h a n d L A W V m o d els;
• Ti er- 0 ( 2 7 2) f or I L V m o d els;
• Ti er- 0 ( 2 9 5) f or N R C D A m o d els; a n d
• I C R P-0 7 ( 1, 2 5 2 ) for all fi v e m o d els.

F or e a c h D U t y p e Ti er -1 lists w er e g e n er at e d b as e d o n t h e Ti er -0 lists a n d t h e n f or c o m p aris o n 
p ur p os es st arti n g fr o m t h e I C R P-0 7 list.

3. 3. 1 Ti er- 1 I L V I n a d v ert e nt I ntr u d er S cr e e ni n g

T h e I nt er m e di at e L e v el V a ult (I L V) is a b el o w-gr a d e, r ei nf or c e d c o n cr et e v a ult. It c o nsists of t w o 
m o d ul es, w hi c h t o g et h er e n c o m p ass a 2 7 9 -f o ot ( 8 5 m) b y 4 8-f o ot ( 1 5 m) ar e a. T h e I nt er m e di at e 
L e v el Tr iti u m (I L T) m o d ul e c o nt ai ns t w o c ells, w h os e i nsi d e di m e nsi o ns ar e 2 5-f o ot ( 7. 6 m) b y 
4 4 -f o ot ( 1 3 m) b y 2 6-f o ot ( 7. 9 m) d e e p. I L T C ell # 1 c o nt ai ns 1 4 4, 2 0-i n c h ( 5 1 c m) di a m et er b y 
2 0 -f o ot ( 6. 1 m) l o n g v erti c al sil os. T h e I nt er m e di at e L e v el N o n-Triti u m (I L N T) m o d ul e c o nt ai ns 
s e v e n i d e nti c al c ells, w h os e i nsi d e di m e nsi o ns ar e 2 5 -f o ot ( 7. 6 m) b y 4 4-f o ot ( 1 3 m) b y 2 8-f o ot 
( 8. 7 m) d e e p. T h e ar e a b et w e e n t h e t w o m o d ul es pr o vi d es m a n h ol e a c c ess t o t h e s u b dr ai n s yst e m.  
T h e I L V cr oss -s e cti o n b e n e at h t h e cl os ur e c a p t hr o u g h t h e s h ort a xis of t h e v a ult is s h o w n i n 
Fi g ur e 3- 3.
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Figure 3-3. ILV cross-section through short axis of the vault.
A plan view of ILV is also provided in Figure 3-4. The ILV intruder model considers the waste 
in the ILT and ILNT sections as uniform and homogeneous throughout the composited waste zone.

Figure 3-4. ILV plan view of the vault.
The ILV inadvertent intruder parameters shown in Table 3-10 are used to determine the state of 
the acute and chronic intruder scenarios and doses to the intruder as a function of time beyond 
EIC.

Table 3-10. ILV inadvertent intruder parameters.

Parameter Setting Comment

Intrusion drilling barrier True Concrete roof
Erosion barrier failure False No failure during intruder
Erosion barrier depth 3 ft (0.914 m) Thickness of soil cover
Drilling barrier depth 6 ft (1.83 m) Top of concrete roof

Waste zone depth 9.65 ft (2.941 m) Closure cap, concrete roof (2.25 ft) 
and grout/air gap (1.4 ft)

Waste zone thickness 25.83 ft (7.873 m) Interior height of ILNT Vault
Waste zone area 10,500 ft2 (975.48 m2) 77.7% of footprint Hamm (2019)
Waste zone volume 271,515 ft2 (7680 m2) Concentration calculation

The ILV inadvertent intruder and general parameter settings (geometry and barriers) dictate the 
viability of specific intruder scenarios as shown in Table 3-11.
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Table 3-11. State of ILV inadvertent intruder scenarios.

Intruder scenario State Comment

(Acute) Basement construction False 10 ft basement cannot extend 
below concrete roof 

(Acute) Well drilling False Concrete roof

(Acute) Discovery True

Basement excavation stops at 
erosion barrier.  Shielding between 
top of erosion barrier and top of 
waste zone.

(Chronic) Agriculture False
No basement construction.  No 
waste zone material brought to the 
surface.

(Chronic) Post drilling False Concrete roof

(Chronic) Residential True

Basement located on top of 
concrete roof.  Shielding between 
top of concrete roof and top of 
waste zone.

ILV intruder doses (computed using maximum screening factors for Discovery and Residential 
intruder scenarios with radionuclide inventories) which fail the intruder dose screening criteria 
reduce the number of ICRP-07 radionuclides from 1,252 to 38 as shown in Table 3-12.

Table 3-12. ICRP-07 radionuclides that failed Tier-1 ILV intruder screening.

Ac-226 Ac-227 Al-26 Ar-42 Bi-207 Bi-208 Bi-210m Cf-244
Cm-240 Cm-250 Cs-137 Eu-150 Fe-60 Hf-182 Hg-194 Ho-166m
Ir-192n La-138 Nb-91 Nb-92 Np-232 Np-236 Np-236m Pa-230
Pa-231 Pa-232 Pb-202 Po-209 Pu-232 Pu-236 Ra-226 Re-186m
Rn-211 Tb-158 Tc-98 Th-229 Ti-44 V-50

ILV intruder doses (computed using maximum screening factors for Discovery and Residential 
intruder scenarios with radionuclide inventories) which fail the intruder dose screening criteria 
reduce the number of Tier-0 radionuclides from 272 to 29 as shown in Table 3-13.

Table 3-13. Tier-0 radionuclides that failed Tier-1 ILV intruder screening.

Ac-227 Al-26 Bi-207 Bi-208 Bi-210m Cm-250 Cs-137 Eu-150
Fe-60 Hf-182 Hg-194 Ho-166m Ir-192n La-138 Nb-91 Nb-92

Np-236 Pa-231 Pa-232 Pb-202 Po-209 Pu-236 Ra-226 Re-186m
Tb-158 Tc-98 Th-229 Ti-44 V-50

3.3.2 Tier-1 LAWV Inadvertent Intruder Screening
The Low-Activity Waste Vault (LAWV) is an above-grade, reinforced concrete vault. It is 
approximately 643 feet (196 m) long, 145 feet (44 m) wide, and 27 feet (8.2 m) high at the roof 
crest. It is divided into 3 modules along its length, which are approximately 214 feet (65 m) long 
and contain 4 cells each. The modules share a common footer but have a 2-inch gap between their 
adjacent walls. The 12-cell total is designed to contain more than 12,000 B-25 boxes of waste.  
The LAWV cross-section below the cap through the long axis of the vault is shown in Figure 3-5.
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Figure 3-5. LAWV cross-section through long axis of the vault.
A plan view of LAWV is also provided in Figure 3-6 where the footprints of the three connected 
modules (four cells per module) are shown. The LAWV intruder model considers the waste in all 
modules and cells as uniform and homogeneous throughout the waste zone.

Figure 3-6. LAWV plan view of the vault.
The LAWV inadvertent intruder parameters shown in Table 3-14 are used to determine the state 
of the acute and chronic intruder scenarios and doses to the intruder as a function of time beyond 
the EIC.

Table 3-14. LAWV inadvertent intruder parameters.

Parameter Setting Comment

Intrusion drilling barrier True Concrete roof
Erosion barrier failure False No failure during intruder
Erosion barrier depth 3 ft (0.914 m) Thickness of soil cover
Drilling barrier depth 6 ft (1.83 m) Top of concrete roof

Waste zone depth 14.53 ft (4.429 m) Closure cap, concrete roof (1.33 ft) 
and vault head space (7.2 ft)
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Parameter Setting Comment

Waste zone thickness 17.3 ft (5.273 m)

Height of a B-25 box stack which 
includes the height of the 4-inch 
risers between each layer of the B-
25 box stack

Waste zone area 88,800 ft2 (8249.8 m2) 95.2% of footprint (Hamm 2019)
Waste zone volume 1,536,240 ft3 (43501.5 m3) Concentration calculation

The LAWV inadvertent intruder and general parameter settings (geometry and barriers) dictate the 
viability of specific intruder scenarios as shown in Table 3-15.

Table 3-15. State of LAWV inadvertent intruder scenarios.

Intruder scenario State Comment

(Acute) Basement construction False 10 ft basement cannot extend 
below concrete roof 

(Acute) Well drilling False Concrete roof

(Acute) Discovery True

Basement excavation stops at 
erosion barrier.  Shielding between 
top of erosion barrier and top of 
waste zone.

(Chronic) Agriculture False
No basement construction.  No 
waste zone soil brought to the 
surface.

(Chronic) Post drilling False Concrete roof

(Chronic) Residential True

Basement located on top of 
concrete roof.  Shielding between 
top of concrete roof and top of 
waste zone.

LAWV intruder doses (computed using maximum screening factors for Discovery and Residential 
intruder scenarios with radionuclide inventories) which fail the intruder dose screening criteria 
reduce the number of ICRP-07 radionuclides from 1,252 to 22 as shown in Table 3-16.

Table 3-16. ICRP-07 radionuclides that failed Tier-1 LAWV intruder screening.

Ac-227 Al-26 Ar-42 Bi-208 Cm-240 Cm-250 Fe-60 Hf-182
Hg-194 Ho-166m Ir-192n La-138 Nb-92 Np-236 Pa-231 Pb-202
Po-209 Pu-236 Re-186m Tb-158 Tc-98 Ti-44

LAWV intruder doses (computed using maximum screening factors for Discovery and 
Residential intruder scenarios with radionuclide inventories) which fail the intruder dose 
screening criteria reduce the number of Tier-0 radionuclides from 271 to 20 as shown in 
Table 3-17.

Table 3-17. Tier-0 radionuclides that failed Tier-1 LAWV intruder screening.

Ac-227 Al-26 Bi-208 Cm-250 Fe-60 Hf-182 Hg-194 Ho-166m
Ir-192n La-138 Nb-92 Np-236 Pa-231 Pb-202 Po-209 Pu-236

Re-186m Tb-158 Tc-98 Ti-44
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3.3.3 Tier-1 NRCDA (generic/special) Inadvertent Intruder Screening
Naval Reactor Component Disposal Areas (NRCDAs) are above grade gravel pads for the disposal 
of Naval Reactor Waste Shipping/Disposal Casks containing waste naval reactor components as 
well as less robust containers of other auxiliary equipment. Two NRCDAs are associated with the 
ELLWF. The 643-7E NRCDA contains approximately 41 casks, is a trapezoidal area consisting 
of approximately 0.13 acres (546 m2) and is closed to future receipts. It has an interim soil cover 
in place. The 643-26E NRCDA is currently in operation, is an irregularly shaped area consisting 
of approximately 1.1 acres (4,430 m2) and is expected to receive approximately 33 welded casks 
and 380 bolted casks for disposal through the year FY2040.  The 643-26E NRCDA cross-section
below the cap looking east is shown in Figure 3-7.

Figure 3-7. 643-26E NRCDA cross-section looking east.
The NRCDA is split into two separate intruder models: a generic waste model and a special waste 
form model.  The NRCDAG focuses only on steel bolted (with gaskets) containers of auxiliary 
equipment (e.g., pumps, shield blocks) primarily containing removable surface contamination 
(referred to by the Naval Reactor program as “Crud”).  Due to the type of container closure (bolted 
with gaskets) and form of contamination (surface removable) this waste is conservatively assumed 
to behave as generic waste and instantaneously release contaminants into the surrounding waste 
zone (i.e., without a rate-limiting release mechanism).  
The NRCDAS focuses only on welded casks containing naval reactor components (e.g., core 
barrels and thermal shields) primarily consisting of neutron activated metal.  For screening 
purposes, this activated metal is conservatively assumed to behave as a generic waste form without
a rate-limiting contaminant release mechanism (e.g., metal corrosion); however, this instantaneous
release is delayed until the welded cask loses its hydraulic isolation.  The areal footprint of both 
NRCDA models is taken to be the minimum area of 643-26E and 643-7E (5,900 ft2).
The NRCDAG inadvertent intruder parameters shown in Table 3-18 are used to determine the state 
of the acute and chronic intruder scenarios and doses to the intruder as a function of time beyond 
the EIC.

Table 3-18. NRCDAG inadvertent intruder parameters.

Parameter Setting Comment

Intrusion drilling barrier True Steel bolted containers
Erosion barrier failure False No failure during intruder
Erosion barrier depth 3 ft (0.914 m) Thickness of soil cover

Drilling barrier depth 15.8 ft (4.816 m) Top of double-stacked bolted 
containers

Waste zone depth 15.8 ft (4.816 m) Closure cap (6 ft) and operational 
soil cover (9.8 ft)
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Parameter Setting Comment

Waste zone thickness 8.2 ft (2.4994 m) Height of double-stack bolted 
containers, 2 x 4.1 ft

Waste zone area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)
Waste zone volume 48,380 ft3 (1370 m3) Concentration calculation

The NRCDAG inadvertent intruder and general parameter settings (geometry and barriers) dictate 
the viability of specific intruder scenarios as shown in Table 3-19.

Table 3-19. State of NRCDAG inadvertent intruder scenarios.

Intruder scenario State Comment

(Acute) Basement construction False

At 1171 years, the bottom of the 10 
ft basement is 4.4 ft above the top 
of the waste zone.  1.4 ft of soil 
cover erosion after 1000 years.

(Acute) Well drilling False Concrete roof

(Acute) Discovery True

Basement excavation stops at 
erosion barrier.  Shielding between 
top of erosion barrier and top of 
waste zone.

(Chronic) Agriculture False
No basement construction.  No 
waste zone soil brought to the 
surface.

(Chronic) Post drilling False Concrete roof

(Chronic) Residential True

Basement located above the top of 
waste zone.  Shielding between 
bottom of basement and top of 
waste zone.  The shielding 
thickness varies from 5.8 ft to 4.4 ft 
over 1000 years.

NRCDAG intruder doses computed using maximum screening factors for Discovery and 
Residential intruder scenarios with radionuclide inventories reduces the number of ICRP-07 
radionuclides from 1,252 to 44 which fail the intruder dose screening criteria as shown in 
Table 3-20.

Table 3-20. ICRP-07 radionuclides that failed Tier-1 NRCDAG intruder screening.

Ac-226 Al-26 Ar-42 At-207 At-211 Bi-207 Bi-208 Bi-210m
Bk-247 Cf-244 Cm-240 Cm-250 Eu-150 Eu-152 Fe-60 Hf-182
Hg-194 Ho-166m Ir-192n K-40 La-138 Nb-91 Nb-92 Nb-94
Np-232 Np-236 Np-236m Pa-229 Pa-230 Pa-232 Pb-202 Po-207
Po-209 Pu-232 Pu-236 Re-186m Rn-211 Tb-158 Tc-98 Th-229
Ti-44 Tl-194 Tl-194m V-50

NRCDAG intruder doses (computed using maximum screening factors for Discovery and 
Residential intruder scenarios with radionuclide inventories) which fail the intruder dose screening 
criteria reduce the number of Tier-0 radionuclides from 295 to 29 as shown in Table 3-21.
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Table 3-21. Tier-0 radionuclides that failed Tier-1 NRCDAG intruder screening.

Al-26 Bi-207 Bi-208 Bi-210m Bk-247 Cm-250 Eu-150 Eu-152
Fe-60 Hf-182 Hg-194 Ho-166m Ir-192n K-40 La-138 Nb-91
Nb-92 Nb-94 Np-236 Pa-232 Pb-202 Po-209 Pu-236 Re-186m
Tb-158 Tc-98 Th-229 Ti-44 V-50

The NRCDAS inadvertent intruder parameters shown in Table 3-22 are used to determine the state 
of the acute and chronic intruder scenarios and doses to the intruder as a function of time beyond 
the EIC.

Table 3-22. NRCDAS inadvertent intruder parameters.

Parameter Setting Comment

Intrusion drilling barrier True Welded casks
Erosion barrier failure False No failure during intruder
Erosion barrier depth 3 ft (0.914 m) Thickness of soil cover
Drilling barrier depth 6 ft (1.8288 m) Closure cap
Waste zone depth 6 ft (1.8288 m) Top of welded casks
Waste zone thickness 18 ft (5.4864 m) Height of welded casks
Waste zone area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)
Waste zone volume 106,200 ft3 (3007.2 m3) Concentration calculation

The NRCDAS inadvertent intruder and general parameter settings (geometry and barriers) dictate 
the viability of specific intruder scenarios as shown in Table 3-23.

Table 3-23. State of NRCDAS inadvertent intruder scenarios.

Intruder scenario State Comment

(Acute) Basement construction False 10 ft basement cannot extend 
below top of welded casks 

(Acute) Well drilling False Welded casks

(Acute) Discovery True

Basement excavation stops at 
erosion barrier.  Shielding between 
top of erosion barrier and top of 
welded casks.

(Chronic) Agriculture False
No basement construction.  No 
waste zone soil brought to the 
surface.

(Chronic) Post drilling False Welded casks

(Chronic) Residential True Basement located on top of welded 
casks.  No soil shielding.

NRCDAS intruder doses (computed using maximum screening factors for Discovery and 
Residential intruder scenarios with radionuclide inventories) which fail the intruder dose screening 
criteria reduce the number of ICRP-07 radionuclides from 1,252 to 148 as shown in Table 3-24.

Table 3-24. ICRP-07 radionuclides that failed Tier-1 NRCDAS intruder screening.

Ac-226 Ac-227 Ac-230 Ac-231 Al-26 Am-241 Am-243 Am-245
Am-246 Am-246m Ar-42 At-206 At-207 At-209 At-211 Ba-133m
Bi-202 Bi-207 Bi-208 Bi-210m Bk-245 Bk-246 Bk-247 Bk-248m
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Bk-250 Bk-251 Ce-133 Ce-133m Ce-137 Ce-137m Cf-244 Cf-246
Cf-247 Cf-248 Cf-250 Cf-252 Cf-253 Cf-254 Cf-255 Cm-240
Cm-241 Cm-249 Cm-250 Cm-251 Co-60 Cs-137 Dy-157 Es-249
Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m Es-255 Eu-145
Eu-150 Eu-152n Fe-60 Fm-251 Fm-253 Fm-254 Fm-255 Fm-256
Fm-257 Fr-227 Hf-182 Hg-194 Ho-157 Ho-166m Ir-192n K-40
Kr-81 La-133 La-137 La-138 Lu-176 Mo-91 Mo-93 Nb-91

Nb-91m Nb-92 Nb-93m Nb-94 Nb-94m Ni-59 Np-232 Np-234
Np-235 Np-236 Np-236m Np-238 Np-241 Os-194 Pa-229 Pa-230
Pa-231 Pa-232 Pa-233 Pb-194 Pb-202 Pb-202m Pb-210 Pm-145
Pm-146 Po-206 Po-207 Po-208 Po-209 Pu-232 Pu-236 Pu-237
Pu-241 Pu-243 Pu-245 Pu-246 Ra-226 Ra-227 Ra-228 Ra-230
Rb-90 Rb-90m Re-186m Rn-207 Rn-209 Rn-210 Rn-211 Rn-222

Sm-145 Sn-121m Sn-126 Sr-90 Tb-149 Tb-157 Tb-158 Tc-97
Tc-98 Te-123 Th-229 Th-230 Ti-44 Tl-194 Tl-194m U-230
U-231 V-50 Xe-137 Zr-93

NRCDAS intruder doses (computed using maximum screening factors for Discovery and 
Residential intruder scenarios with radionuclide inventories) which fail the intruder dose screening 
criteria reduce the number of Tier-0 radionuclides from 295 to 75 as shown in Table 3-25.

Table 3-25. Tier-0 radionuclides that failed Tier-1 NRCDAS intruder screening.

Ac-227 Al-26 Am-241 Am-243 Am-245 Am-246m Bi-207 Bi-208
Bi-210m Bk-247 Bk-250 Cf-248 Cf-250 Cf-252 Cf-253 Cm-249
Cm-250 Co-60 Cs-137 Es-253 Es-254 Eu-150 Fe-60 Fm-254
Fm-257 Hf-182 Hg-194 Ho-166m Ir-192n K-40 Kr-81 La-137
La-138 Lu-176 Mo-93 Nb-91 Nb-92 Nb-93m Nb-94 Ni-59
Np-235 Np-236 Np-238 Os-194 Pa-231 Pa-232 Pa-233 Pb-202
Pb-210 Pm-145 Pm-146 Po-208 Po-209 Pu-236 Pu-241 Pu-243
Pu-246 Ra-226 Ra-228 Re-186m Rn-222 Sm-145 Sn-121m Sn-126
Sr-90 Tb-157 Tb-158 Tc-97 Tc-98 Te-123 Th-229 Th-230
Ti-44 V-50 Zr-93

3.3.4 Tier-1 Generic Trench (ST/ET/CIG) Inadvertent Intruder Screening
Slit Trenches (STs) are below-grade earthen DUs with vertical side slopes making them 
inaccessible by vehicle. Each ST is generally laid out in a series of five narrow parallel trench rows. 
In the typical design, each trench row is generally 20 feet (6.1 m) deep, 20 feet (6.1 m) wide, and 
656 feet (200 m) long with ten feet (3 m) to 14 feet (4.3 m) of undisturbed soil separating each 
parallel trench row. A set of five, 20-foot (6.1 m) wide trench rows, are grouped together within 
a 157-foot (48 m) wide by 656-foot (200 m) long footprint forming a single Slit Trench.
The Engineered Trenches (ETs) are below grade earthen disposal units. Each ET is a vehicle-
accessible, open trench design that allows stacking of containerized waste primarily packaged in 
B-25 boxes and SeaLand containers.  Engineered Trench #1, which is operationally closed, is 
approximately 650 feet (198 m) long by 150 feet (46 m) wide (bottom dimensions) and varies in 
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depth from 16 to 25 feet (4.9 to 7.6 m). It is designed to contain approximately 12,000 B-25 boxes 
of waste.
Component-In-Grout (CIG) DUs are below-grade earthen trenches with essentially vertical side 
slopes that contain grout encapsulated waste components providing a greater degree of waste 
isolation than Slit or Engineered Trenches. CIG Trenches are contained within 157-foot-wide (48 
m) by 656-foot-long (200 m) footprints. Two such CIG Trench footprints, designated CIG-1 and 
CIG-2, were originally planned for E-Area with each CIG footprint laid out in five parallel, 
nominally 20-foot-wide (6.1 m) by 650-foot-long (198 m), trenches separated by 10 feet (3.0 m) 
of undisturbed soil.
A Generic Trench DU intruder model was developed to represent CIG, existing/future STs, and 
existing/future ETs.  Since approval of PA2008, CIG Trenches have been underutilized and have 
no waste forecasted through the end of E-Area operations. Consequently, the remaining unused
portion of CIG01 and future location of CIG02 will be repurposed as Slit Trenches in the next PA 
revision. The areal waste footprint of the Trench DU model was computed as the average waste 
zone footprint of ST01 through ST11, ST14, ST17 through ST22, ST23 (CIG01), ST24 (CIG02), 
and ET01 through ET09 per Hamm (2019).
The Generic Trench inadvertent intruder parameters shown in Table 3-26 are used to determine 
the state of the acute and chronic intruder scenarios and doses to the intruder as a function of time 
beyond the EIC.

Table 3-26. Generic Trench inadvertent intruder parameters.

Parameter Setting Comment

Intrusion drilling barrier False No engineered barriers
Erosion barrier failure False No failure during intruder
Erosion barrier depth 3 ft (0.914 m) Thickness of soil cover
Drilling barrier depth NA No engineered barriers

Waste zone depth 11 ft (3.353 m)
Closure cap (6 ft), controlled 
compacted backfill (1 ft) and 
operational soil cover (4 ft)

Waste zone thickness 16 ft (4.877 m) Height of waste

Waste zone area 73,600 ft2 (6837.7 m2)
Average waste footprint of ET and 
ST trenches.  74.9% of average 
footprint in Hamm (2019). 

Waste zone volume 1,177,600 ft3 (33346 m3) Concentration calculation

The Generic Trench inadvertent intruder and general parameter settings (geometry and barriers) 
dictate the viability of intruder scenarios as shown in Table 3-27.

Table 3-27. State of Generic Trench inadvertent intruder scenarios.

Intruder scenario State Comment

(Acute) Basement construction False/True

Basement construction does not 
penetrate the waste zone until 
excavation occurs 218 years 
(erosion of 1 ft of soil cover) after 
the end of IC.  

(Acute) Well drilling True No engineered barriers
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Intruder scenario State Comment

(Acute) Discovery True

Basement excavation stops at 
erosion barrier.  Shielding between 
top of erosion barrier and top of 
waste zone.

(Chronic) Agriculture False/True Agriculture scenario is viable after 
basement construction occurs.

(Chronic) Post drilling True No engineered barriers

(Chronic) Residential True/False Residential scenario is viable until 
basement construction occurs.

Generic Trench intruder doses (computed using maximum screening factors for all active intruder 
scenarios with radionuclide inventories) which fail the intruder dose screening criteria reduce the 
number of ICRP-07 radionuclides from 1,252 to 128 as shown in Table 3-28.

Table 3-28. ICRP-07 radionuclides that failed Tier-1 Generic Trench intruder screening.

Ac-226 Ag-108m Am-241 Am-242m Am-243 Ar-42 At-207 At-209
At-211 Bi-202 Bi-208 Bi-210m Bk-245 Bk-249 C-14 Cf-244
Cf-247 Cf-248 Cf-249 Cf-251 Cf-253 Cf-254 Cf-255 Cm-240
Cm-241 Cm-247 Cm-248 Cm-249 Cm-250 Cs-137 Dy-154 Es-249
Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m Es-255 Eu-150
Fe-60 Fm-251 Fm-252 Fm-253 Fm-254 Fm-255 Fm-257 Gd-148

Gd-150 Gd-152 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 I-129
In-115 Ir-192n K-40 Kr-81 La-137 La-138 Lu-176 Mn-53
Nb-91 Nb-91m Nb-92 Nb-94 Nd-144 Ni-59 Ni-63 Np-232

Np-235 Np-236 Np-236m Np-237 Os-186 Pa-229 Pa-230 Pa-232
Pb-194 Pb-202 Pb-202m Pm-145 Po-208 Po-209 Pt-190 Pu-232
Pu-236 Pu-237 Pu-239 Pu-240 Pu-241 Pu-243 Ra-226 Ra-230

Re-186m Re-187 Rn-207 Rn-211 Si-32 Sm-146 Sm-147 Sm-148
Sn-126 Sr-90 Tb-157 Tb-158 Tc-97 Tc-97m Tc-98 Tc-99
Te-123 Th-229 Th-230 Th-232 Ti-44 Tl-194 Tl-194m U-230
U-231 U-232 U-233 U-234 U-235 U-236 U-238 V-50

Generic Trench intruder doses (computed using maximum screening factors for all active intruder 
scenarios with radionuclide inventories) which fail the intruder dose screening criteria reduce the 
number of Tier-0 radionuclides from 271 to 88 as shown in Table 3-29.

Table 3-29. Tier-0 radionuclides that failed Tier-1 Generic Trench intruder screening.

Ag-108m Am-241 Am-242m Am-243 Bi-208 Bi-210m Bk-249 C-14
Cf-248 Cf-249 Cf-251 Cf-253 Cm-247 Cm-248 Cm-249 Cm-250
Cs-137 Dy-154 Es-253 Es-254 Eu-150 Fe-60 Fm-254 Fm-257
Gd-148 Gd-150 Gd-152 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163
I-129 In-115 Ir-192n K-40 Kr-81 La-137 La-138 Lu-176

Mn-53 Nb-91 Nb-92 Nb-94 Nd-144 Ni-59 Ni-63 Np-235
Np-236 Np-237 Os-186 Pa-232 Pb-202 Pm-145 Po-208 Po-209
Pt-190 Pu-236 Pu-239 Pu-240 Pu-241 Pu-243 Ra-226 Re-186m
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c o n c e ntr ati o ns wit h t h e r e gi o n al a q uif er fl o w .  T h e s h ort c h ai n c o n c e ntr ati o ns ( p Ci/ m3 p er Ci of 
p ar e nt b uri e d) i n t h e a q uif er z o n e ar e e x p a n d e d i nt o f ull c h ai n c o n c e ntr ati o ns w h er e t h e 
c o n c e ntr ati o n of a r a di o n u cli d e wit h a h alf -lif e l ess t h a n 1 y e ar is s et t o t h e c o n c e ntr ati o n of t h eir 
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pr o c ess e d f or w ar d t o t h e S R N L D os e T o ol kit.

T h e tr a nsi e nt m a xi m u m f ull c h ai n a q uif er c o n c e ntr ati o ns ar e pr o c ess e d t hr o u g h t h e S R N L D os e 
T o ol kit ( Al e m a n 2 0 1 9) f or t h e E P A G W pr ot e cti o n a n d P A A P h u m a n r e c e pt ors.  T h e E P A G W
pr ot e cti o n pl a c es li mits o n dri n ki n g w at er f or al p h a -e mitti n g r a di o n u cli d es ( gr oss al p h a), b et a 
a n d/ or p h ot o n e mitt ers ( b et a -g a m m a), r a di u m ( R a -2 2 6 a n d R a -2 2 8 o nl y) a n d ur a ni u m is ot o p es.  
T h e m a xi m u m c o nt a mi n a nt l e v els ( M C L) f or gr oss al p h a, b et a -g a m m a, r a di u m a n d ur a ni u m ar e: 
1 5 p Ci/ L, 4 mr e m/ yr, 5 p Ci/ L a n d 3 0 µ g/ L, r es p e cti v el y.  T h e P A A P pr o vi d es pr ot e cti o n f or t h e 
m e m b er of p u bli c, r esi d e nt f ar m er, w h o us es w at er fr o m a c o nt a mi n at e d s o ur c e f or h u m a n a n d 
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animal consumption, irrigation of a garden, and irrigation of a pasture where farm animals are 
raised.  Products from the garden and farm animal are used for human consumption.  The 
contaminated water is GW from a well that is typically assumed to be 100-m downgradient from 
the boundary of the waste disposal facility.  The PA AP performance objective is 25 mrem/yr.  The 
screening criteria used for GW screening is 0.1% of the performance objectives.
Each DU is assumed to have waste buried at 1994.7 (0-year) with an operational period extending 
to the time of E-Area closure, 2065.7 (71-year).  Institutional control runs from 2065.7 to 2165.7 
(171-year).  The POP for EPA GW protection spans 1171 years from the time of waste burial to 
1171 years during the screening period.  The PA GW AP POP is coincident with the inadvertent 
intruder POP, 171 to 1171 years.
The output of the SRNL Dose Toolkit calculations are maximum screening factors (mrem/yr per 
Ci of parent buried) for the EPA GW protection and PA AP with progeny contributions rolled up 
for each radionuclide parent.  The screening factors are multiplied by the radionuclide inventories 
(i.e., limiting inventories) to produce maximum expected EPA GW protection and PA AP doses.  
The radionuclide is screened out for PORFLOW PA analysis if the EPA GW protection or PA AP 
doses do not exceed its screening criterion.
A discussion of NCRP123 GW parameters, scenarios, and screening results are presented in the 
following subsections for the ILV, LAWV, NRCDAG, NRCDAS and Generic Trench DU 
screening models.  Lists of radionuclides that failed screening are shown for the ICRP-07 and Tier-
0 radionuclides.

3.4.1 Tier-1 ILV NCRP123 Groundwater Screening.
The ILV DU description is given in the ILV intruder screening section, Section 3.2.1.  The waste 
zone in the NCRP123 GW model is identical to the intruder model with the exception of using the 
collapsed state of the ILV waste.  The ILV NCRP123 waste and aquifer parameters are shown in 
Table 3-30.

Table 3-30. ILV NCRP123 waste and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 sandy soil sediment
Porosity 0.380 sandy soil sediment
Water content function of infiltration rate sandy soil sediment
Distribution coefficient element specific, cm3/g sandy soil sediment

Waste zone thickness 10 ft (3.048 m) ILV waste collapses from 25.83 ft to 
10 ft at the end of IC

Waste and aquifer zone area 10,500 ft2 (975.48 m2) 77.7% of footprint Hamm (2019)
Eq. (B-15) concentration 

A series of 23 GW scenarios were simulated using the NCRP123 GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario and to provide 
some level of baking.  The minimum release times (bold) for the other infiltration rates include a 
171-year offset from the minimum travel times to account for the hydraulic isolation of ILV until 
the EIC.  Water saturations for sandy soil as a function of infiltration rate are given in Table F-1.  
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The water content is the product of porosity and water saturation.  A summary of the ILV 
NCRP123 GW screening scenarios are shown in Table 3-31.

Table 3-31. ILV NCRP123 groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 214 7.2170E-01 2.7425E-01

4 to 12 1.0000E-01
300, 400, 500, 600, 

700, 800, 900, 
1000, 1100

7.2170E-01 2.7425E-01

13 4.0500E-01 194 7.7000E-01 2.9260E-01

14 to 23 4.0500E-01
200, 300, 400, 500, 
600, 700, 800, 900, 

1000, 1100
7.7000E-01 2.9260E-01

ILV NCRP123 model doses (computed using maximum screening factors for gross alpha, beta-
gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW screening 
criteria reduce the number of ICRP-07 radionuclides from 1,252 to 313 as shown in Table 3-32.

Table 3-32. ICRP-07 radionuclides that failed Tier-1 ILV NCRP123 groundwater
screening.

Ac-226 Ac-227 Ac-230 Ac-231 Ac-233 Ag-108m Ag-113 Ag-113m
Al-26 Am-237 Am-238 Am-239 Am-240 Am-241 Am-242 Am-242m

Am-243 Am-244 Am-244m Am-245 Am-246 Am-246m Am-247 Ar-39
Ar-42 As-79 At-206 At-207 At-209 At-211 At-218 Au-193

Au-193m Ba-133 Ba-133m Be-10 Bi-202 Bi-205 Bi-207 Bi-208
Bi-210m Bk-245 Bk-246 Bk-247 Bk-248m Bk-249 Bk-250 Bk-251

C-14 Ca-41 Cd-113 Ce-133 Ce-133m Ce-137 Ce-137m Cf-244
Cf-246 Cf-247 Cf-248 Cf-249 Cf-250 Cf-251 Cf-252 Cf-253
Cf-254 Cf-255 Cl-36 Cl-39 Cm-238 Cm-239 Cm-240 Cm-241
Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 Cm-248 Cm-249
Cm-250 Cm-251 Cs-135 Cs-135m Cs-137 Cu-59 Dy-148 Dy-150
Dy-152 Dy-154 Dy-157 Er-154 Er-163 Es-249 Es-250 Es-250m
Es-251 Es-253 Es-254 Es-254m Es-255 Es-256 Eu-145 Eu-146
Eu-147 Eu-150 Eu-150m Eu-152n Fe-53 Fe-53m Fe-60 Fm-251
Fm-252 Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Fr-222 Fr-227
Gd-145 Gd-146 Gd-147 Gd-148 Gd-150 Gd-152 H-3 Hf-174

Hf-178m Hf-182 Hf-182m Hg-193 Hg-193m Hg-194 Ho-150 Ho-154
Ho-154m Ho-157 Ho-163 Ho-166m I-129 I-135 In-115 Ir-192n

K-40 Kr-81 La-133 La-137 La-138 Lu-176 Mn-53 Mo-91
Mo-91m Mo-93 Mo-93m Mo-99 Nb-91 Nb-91m Nb-92 Nb-93m
Nb-94 Nb-94m Nb-99 Nb-99m Nd-137 Nd-144 Nd-147 Nd-151
Ni-59 Ni-63 Np-232 Np-233 Np-234 Np-235 Np-236 Np-236m

Np-237 Np-238 Np-240 Np-240m Np-241 Np-242 Np-242m Os-186



SRNL-STI-2020-00566
Revision 0

61

Os-194 Pa-229 Pa-230 Pa-231 Pa-232 Pa-235 Pa-236 Pa-237
Pb-194 Pb-202 Pb-202m Pb-205 Pb-210 Pd-97 Pd-107 Pm-137m
Pm-145 Pm-146 Pm-151 Po-205 Po-206 Po-207 Po-208 Po-209
Pr-137 Pt-190 Pt-193 Pt-193m Pu-232 Pu-234 Pu-235 Pu-236
Pu-237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-244
Pu-245 Pu-246 Ra-222 Ra-226 Ra-227 Ra-230 Rb-81 Rb-87
Rb-90 Rb-90m Re-186m Re-187 Rh-97 Rh-97m Rh-107 Rn-207

Rn-209 Rn-210 Rn-211 Rn-222 Ru-97 Ru-107 Sb-129 Se-79
Se-79m Si-32 Sm-145 Sm-146 Sm-147 Sm-148 Sm-151 Sn-126
Sn-129 Sr-90 Sr-93 Tb-148 Tb-148m Tb-149 Tb-150 Tb-150m
Tb-157 Tb-158 Tc-91 Tc-91m Tc-93 Tc-93m Tc-97 Tc-97m
Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m Th-226 Th-229

Th-230 Th-231 Th-232 Th-233 Th-234 Th-235 Th-236 Ti-44
Tl-194 Tl-194m Tl-210 Tm-163 U-230 U-231 U-232 U-233
U-234 U-235 U-235m U-236 U-237 U-238 U-239 U-240
U-242 V-50 W-187 Xe-135 Xe-135m Xe-137 Y-93 Yb-163
Zr-93

ILV NCRP123 model doses (computed using maximum screening factors for gross alpha, beta-
gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW screening 
criteria reduce the number of Tier-0 radionuclides from 272 to 141 as shown in Table 3-33.
Table 3-33. Tier-0 radionuclides that failed Tier-1 ILV NCRP123 groundwater screening.

Ac-227 Ag-108m Al-26 Am-241 Am-242 Am-242m Am-243 Am-245
Am-246m Ar-39 At-218 Ba-133 Be-10 Bi-207 Bi-208 Bi-210m

Bk-247 Bk-249 Bk-250 C-14 Ca-41 Cd-113 Cf-248 Cf-249
Cf-250 Cf-251 Cf-252 Cf-253 Cl-36 Cm-242 Cm-243 Cm-244
Cm-245 Cm-246 Cm-247 Cm-248 Cm-249 Cm-250 Cs-135 Cs-137
Dy-154 Es-253 Es-254 Eu-150 Fe-60 Fm-254 Fm-257 Gd-148
Gd-150 Gd-152 H-3 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163

Ho-166m I-129 In-115 Ir-192n K-40 Kr-81 La-137 La-138
Lu-176 Mn-53 Mo-93 Nb-91 Nb-92 Nb-93m Nb-94 Nd-144
Ni-59 Ni-63 Np-235 Np-236 Np-237 Np-238 Np-240 Np-240m

Os-186 Os-194 Pa-231 Pa-232 Pb-202 Pb-205 Pb-210 Pd-107
Pm-145 Pm-146 Po-208 Po-209 Pt-190 Pt-193 Pu-236 Pu-238
Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-244 Pu-246 Ra-226
Rb-87 Re-186m Re-187 Rn-222 Se-79 Si-32 Sm-145 Sm-146

Sm-147 Sm-148 Sm-151 Sn-126 Sr-90 Tb-157 Tb-158 Tc-97
Tc-98 Tc-99 Te-123 Th-229 Th-230 Th-231 Th-232 Th-234
Ti-44 Tl-210 U-232 U-233 U-234 U-235 U-235m U-236
U-237 U-238 U-240 V-50 Zr-93
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3.4.2 Tier-1 LAWV NCRP123 Groundwater Screening
The LAWV DU description is given in the LAWV intruder screening section, Section 3.2.2.  The 
waste zone in the NCRP123 GW model is identical to the intruder model with the exception of 
using the collapsed state of the LAWV waste.  The LAWV NCRP123 waste and aquifer parameters 
are shown in Table 3-34.

Table 3-34. LAWV NCRP123 waste and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 sandy soil sediment
Porosity 0.380 sandy soil sediment
Water content function of infiltration rate sandy soil sediment
Distribution coefficient element specific, cm3/g sandy soil sediment

Waste zone thickness 2.5 ft (0.762 m) stack of B-25 boxes collapses from 
17.3ft to 2.5 ft at the end of IC

Waste and aquifer zone area 88,800 ft2 (8249.8 m2) 95.2% of footprint Hamm (2019)
Eq. (B-15) concentration 

A series of 23 GW scenarios were simulated using the NCRP123 GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 171-year offset from the minimum 
travel times to account for the hydraulic isolation of LAWV until the EIC.  Water saturations for 
sandy soil as a function of infiltrate rate are given in Table F-1.  The water content is the product 
of porosity and water saturation.  A summary of the LAWV NCRP123 GW screening scenarios 
are shown in Table 3-35.

Table 3-35. LAWV NCRP123 groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 220 7.2170E-01 2.7425E-01

4 to 12 1.0000E-01
300, 400, 500, 600, 

700, 800, 900, 
1000, 1100

7.2170E-01 2.7425E-01

13 4.0500E-01 195 7.7000E-01 2.9260E-01

14 to 23 4.0500E-01
200, 300, 400, 500, 
600, 700, 800, 900, 

1000, 1100
7.7000E-01 2.9260E-01

LAWV NCRP123 model doses (computed using maximum screening factors for gross alpha, beta-
gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW screening 
criteria reduce the number of ICRP-07 radionuclides from 1,252 to 280 as shown in Table 3-36.

Table 3-36. ICRP-07 radionuclides that failed Tier-1 LAWV NCRP123 groundwater
screening.

Ac-226 Ac-227 Ac-230 Ac-231 Ac-233 Ag-108m Al-26 Am-237
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Am-238 Am-239 Am-240 Am-241 Am-242 Am-242m Am-243 Am-244
Am-244m Am-245 Am-246 Am-246m Ar-42 At-206 At-207 At-209

At-211 Au-193 Au-193m Ba-133m Be-10 Bi-202 Bi-207 Bi-208
Bi-210m Bk-245 Bk-246 Bk-247 Bk-248m Bk-249 Bk-250 Bk-251

C-14 Ca-41 Cd-113 Ce-133 Ce-133m Ce-137 Ce-137m Cf-244
Cf-246 Cf-247 Cf-248 Cf-249 Cf-250 Cf-251 Cf-252 Cf-253
Cf-254 Cf-255 Cl-36 Cl-39 Cm-238 Cm-239 Cm-240 Cm-241
Cm-243 Cm-244 Cm-245 Cm-246 Cm-249 Cm-250 Cm-251 Cs-137
Cu-59 Dy-148 Dy-150 Dy-152 Dy-154 Er-154 Er-163 Es-249
Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m Es-255 Es-256
Eu-150 Eu-150m Eu-152 Eu-152n Fe-53 Fe-60 Fm-251 Fm-252
Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Fr-222 Fr-227 Gd-146
Gd-148 Gd-150 Gd-152 H-3 Hf-174 Hf-178m Hf-182 Hf-182m
Hg-193 Hg-193m Hg-194 Ho-150 Ho-154 Ho-154m Ho-157 Ho-163

Ho-166m I-129 In-115 Ir-192n K-40 Kr-81 La-137 La-138
Lu-176 Mn-53 Mo-91m Mo-93 Mo-93m Mo-99 Nb-91 Nb-91m
Nb-92 Nb-93m Nb-94 Nb-94m Nd-137 Nd-144 Ni-59 Ni-63

Np-232 Np-233 Np-234 Np-235 Np-236 Np-236m Np-237 Np-238
Np-240 Np-240m Np-241 Np-242 Np-242m Os-186 Os-194 Pa-229
Pa-230 Pa-231 Pa-232 Pa-233 Pa-235 Pa-236 Pa-237 Pb-194
Pb-202 Pb-202m Pb-205 Pb-210 Pd-97 Pd-107 Pm-137m Pm-145
Pm-146 Pm-151 Po-205 Po-206 Po-207 Po-208 Po-209 Pr-137
Pt-190 Pt-193 Pt-193m Pu-232 Pu-234 Pu-235 Pu-236 Pu-237
Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-245 Pu-246
Ra-222 Ra-226 Ra-227 Ra-230 Rb-87 Rb-90 Rb-90m Re-186m
Re-187 Rh-97 Rh-97m Rn-207 Rn-209 Rn-210 Rn-211 Ru-97
Sb-129 Se-79 Se-79m Si-32 Sm-145 Sm-146 Sm-147 Sm-148
Sm-151 Sn-121m Sn-126 Sn-129 Sr-90 Tb-148 Tb-148m Tb-149
Tb-150 Tb-150m Tb-157 Tb-158 Tc-91 Tc-91m Tc-93 Tc-93m
Tc-97 Tc-97m Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m

Th-226 Th-229 Th-230 Th-231 Th-232 Th-233 Th-234 Th-235
Th-236 Ti-44 Tl-194 Tl-194m Tm-163 U-230 U-231 U-232
U-233 U-234 U-235 U-235m U-236 U-237 U-238 U-239
U-240 U-242 V-50 Xe-135 Xe-137 Y-93 Yb-163 Zr-93

LAWV NCRP123 model doses (computed using maximum screening factors for gross alpha, beta-
gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW screening 
criteria reduce the number of Tier-0 radionuclides from 271 to 134 as shown in Table 3-37.

Table 3-37. Tier-0 radionuclides that failed Tier-1 LAWV NCRP123 groundwater
screening.

Ac-227 Ag-108m Al-26 Am-241 Am-242 Am-242m Am-243 Am-245
Am-246m Be-10 Bi-207 Bi-208 Bi-210m Bk-247 Bk-249 Bk-250

C-14 Ca-41 Cd-113 Cf-248 Cf-249 Cf-250 Cf-251 Cf-252
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Cf-253 Cl-36 Cm-243 Cm-244 Cm-245 Cm-246 Cm-249 Cm-250
Cs-137 Dy-154 Es-253 Es-254 Eu-150 Eu-152 Fe-60 Fm-254
Fm-257 Gd-148 Gd-150 Gd-152 H-3 Hf-174 Hf-178m Hf-182
Hg-194 Ho-163 Ho-166m I-129 In-115 Ir-192n K-40 Kr-81
La-137 La-138 Lu-176 Mn-53 Mo-93 Nb-91 Nb-92 Nb-93m
Nb-94 Nd-144 Ni-59 Ni-63 Np-235 Np-236 Np-237 Np-238

Np-240 Np-240m Os-186 Os-194 Pa-231 Pa-232 Pa-233 Pb-202
Pb-205 Pb-210 Pd-107 Pm-145 Pm-146 Po-208 Po-209 Pt-190
Pt-193 Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243
Pu-246 Ra-226 Rb-87 Re-186m Re-187 Se-79 Si-32 Sm-145
Sm-146 Sm-147 Sm-148 Sm-151 Sn-121m Sn-126 Sr-90 Tb-157
Tb-158 Tc-97 Tc-98 Tc-99 Te-123 Th-229 Th-230 Th-231
Th-232 Th-234 Ti-44 U-232 U-233 U-234 U-235 U-235m
U-236 U-237 U-238 U-240 V-50 Zr-93

3.4.3 Tier-1 NRCDA (generic) NCRP123 Groundwater Screening
The NRCDAG DU description is given in the NRCDA intruder screening section, Section 3.2.3.  
The waste zone in the NCRP123 GW model is identical to the intruder model.  The NRCDAG 
NCRP123 waste and aquifer parameters are shown in Table 3-38.

Table 3-38. NRCDAG NCRP123 waste and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 sandy soil sediment
Porosity 0.380 sandy soil sediment
Water content function of infiltration rate sandy soil sediment
Distribution coefficient element specific, cm3/g sandy soil sediment

Waste zone thickness 8.2 ft (2.4994 m) Height of double-stack bolted 
containers, 2 x 4.1 ft

Waste and aquifer zone area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)
Eq. (B-15) concentration

A series of 27 GW scenarios were simulated using the NCRP123 GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  Water 
saturations for sandy soil as a function of infiltrate rate are given in Table F-1.  The water content 
is the product of porosity and water saturation.  A summary of the NRCDAG NCRP123 GW
screening scenarios are shown in Table 3-39.

Table 3-39. NRCDAG NCRP123 groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 56 7.2170E-01 2.7425E-01
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GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

4 to 14 1.0000E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.2170E-01 2.7425E-01

15, 16 4.0500E-01 22, 50 7.7000E-01 2.9260E-01

17 to 27 4.0500E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.7000E-01 2.9260E-01

NRCDAG NCRP123 model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 365 as shown in
Table 3-40.

Table 3-40. ICRP-07 radionuclides that failed Tier-1 NRCDAG NCRP123 groundwater
screening.

Ac-226 Ac-228 Ac-230 Ac-231 Ac-233 Ag-101 Ag-113 Ag-113m
Al-26 Am-237 Am-238 Am-239 Am-240 Am-241 Am-242 Am-242m

Am-243 Am-244 Am-244m Am-245 Am-246 Am-246m Am-247 Ar-39
Ar-42 As-79 At-205 At-206 At-207 At-208 At-209 At-211
At-218 Au-190 Au-193 Au-193m Ba-133 Ba-133m Bi-202 Bi-205
Bi-207 Bi-208 Bi-210m Bk-245 Bk-246 Bk-247 Bk-248m Bk-249
Bk-250 Bk-251 C-14 Ca-41 Cd-101 Cd-109 Cd-113 Cd-113m
Ce-133 Ce-133m Ce-137 Ce-137m Cf-244 Cf-246 Cf-247 Cf-248
Cf-250 Cf-252 Cf-253 Cf-254 Cf-255 Cl-36 Cl-39 Cm-238
Cm-239 Cm-240 Cm-241 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246
Cm-249 Cm-250 Cm-251 Co-55 Co-57 Co-60 Co-60m Cs-134
Cs-134m Cs-135 Cs-135m Cs-137 Cu-59 Dy-148 Dy-149 Dy-150
Dy-152 Dy-154 Dy-157 Er-154 Er-163 Er-171 Es-249 Es-250

Es-250m Es-251 Es-253 Es-254 Es-254m Es-255 Es-256 Eu-145
Eu-146 Eu-147 Eu-150 Eu-150m Eu-152 Eu-152n Eu-154 Eu-154m
Fe-53 Fe-53m Fe-55 Fe-60 Fm-251 Fm-252 Fm-253 Fm-254

Fm-255 Fm-256 Fm-257 Fr-212 Fr-222 Fr-227 Gd-145 Gd-145m
Gd-146 Gd-147 Gd-148 Gd-150 Gd-152 Ge-68 H-3 Hf-172
Hf-173 Hf-174 Hf-178m Hf-182 Hf-182m Hg-193 Hg-193m Hg-194
Ho-150 Ho-154 Ho-154m Ho-157 Ho-163 Ho-166m I-129 I-135
In-109 In-109m In-115 In-121 In-121m Ir-192n K-40 Kr-81
Kr-87 La-133 La-137 La-138 Lu-173 Lu-174 Lu-174m Lu-176
Mn-53 Mn-54 Mo-91 Mo-91m Mo-93 Mo-93m Mo-99 Na-22
Nb-91 Nb-91m Nb-92 Nb-93m Nb-94 Nb-94m Nb-99 Nb-99m

Nd-137 Nd-144 Nd-147 Nd-151 Ni-59 Ni-63 Np-232 Np-233
Np-234 Np-235 Np-236 Np-236m Np-237 Np-238 Np-239 Np-240

Np-240m Np-241 Np-242 Np-242m Os-186 Os-194 Pa-228 Pa-229
Pa-230 Pa-232 Pa-233 Pa-235 Pa-236 Pa-237 Pb-194 Pb-202
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Pb-202m Pb-205 Pb-210 Pd-97 Pd-101 Pd-107 Pm-137m Pm-144
Pm-145 Pm-146 Pm-147 Pm-151 Po-205 Po-206 Po-207 Po-208
Po-209 Pr-137 Pr-147 Pt-190 Pt-193 Pt-193m Pu-232 Pu-234
Pu-235 Pu-236 Pu-237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242
Pu-243 Pu-245 Pu-246 Ra-222 Ra-227 Ra-228 Ra-230 Rb-81
Rb-81m Rb-87 Rb-90 Rb-90m Re-179 Re-186m Re-187 Rh-97
Rh-97m Rh-101 Rh-101m Rh-102m Rh-107 Rn-207 Rn-209 Rn-210
Rn-211 Rn-212 Rn-218 Ru-97 Ru-106 Ru-107 Sb-125 Sb-129
Se-79 Se-79m Si-32 Sm-145 Sm-146 Sm-147 Sm-148 Sm-151

Sm-155 Sn-109 Sn-125 Sn-125m Sn-126 Sn-129 Sr-81 Sr-90
Sr-93 Ta-172 Ta-173 Ta-179 Tb-146 Tb-148 Tb-148m Tb-149

Tb-150 Tb-150m Tb-157 Tb-158 Tc-91 Tc-91m Tc-93 Tc-93m
Tc-97 Tc-97m Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m

Th-226 Th-228 Th-229 Th-233 Th-235 Th-236 Ti-44 Tl-194
Tl-194m Tl-204 Tl-210 Tm-163 Tm-171 U-228 U-230 U-231
U-232 U-233 U-234 U-235 U-235m U-237 U-238 U-239
U-240 U-242 V-49 V-50 W-179 W-179m W-187 Xe-135

Xe-135m Xe-137 Y-93 Yb-163 Zr-93

NRCDAG NCRP123 model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of Tier-0 radionuclides from 295 to 157 as shown in 
Table 3-41.

Table 3-41. Tier-0 radionuclides that failed Tier-1 NRCDAG NCRP123 groundwater
screening.

Ac-228 Al-26 Am-241 Am-242 Am-242m Am-243 Am-245 Am-246m
Ar-39 At-218 Ba-133 Bi-207 Bi-208 Bi-210m Bk-247 Bk-249

Bk-250 C-14 Ca-41 Cd-109 Cd-113 Cd-113m Cf-248 Cf-250
Cf-252 Cf-253 Cl-36 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246
Cm-249 Cm-250 Co-57 Co-60 Co-60m Cs-134 Cs-135 Cs-137
Dy-154 Es-253 Es-254 Eu-150 Eu-152 Eu-154 Fe-55 Fe-60
Fm-254 Fm-257 Gd-148 Gd-150 Gd-152 Ge-68 H-3 Hf-172
Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 Ho-166m I-129 In-115
Ir-192n K-40 Kr-81 La-137 La-138 Lu-173 Lu-174 Lu-174m
Lu-176 Mn-53 Mn-54 Mo-93 Na-22 Nb-91 Nb-92 Nb-93m
Nb-94 Nd-144 Ni-59 Ni-63 Np-235 Np-236 Np-237 Np-238

Np-239 Np-240 Np-240m Os-186 Os-194 Pa-232 Pa-233 Pb-202
Pb-205 Pb-210 Pd-107 Pm-144 Pm-145 Pm-146 Pm-147 Po-208
Po-209 Pt-190 Pt-193 Pu-236 Pu-238 Pu-239 Pu-240 Pu-241
Pu-242 Pu-243 Pu-246 Ra-228 Rb-87 Re-186m Re-187 Rh-101

Rh-102m Rn-218 Ru-106 Sb-125 Se-79 Si-32 Sm-145 Sm-146
Sm-147 Sm-148 Sm-151 Sn-126 Sr-90 Ta-179 Tb-157 Tb-158
Tc-97 Tc-98 Tc-99 Te-123 Th-228 Th-229 Ti-44 Tl-204
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Tl-210 Tm-171 U-232 U-233 U-234 U-235 U-235m U-237
U-238 U-240 V-49 V-50 Zr-93

3.4.4 Tier-1 NRCDA (special) NCRP123 Groundwater Screening
The NRCDAS DU description is given in the NRCDA intruder screening section, Section 3.2.3.  
The waste zone in the NCRP123 GW model is identical to the intruder model.  The NRCDAS 
NCRP123 waste and aquifer parameters are shown in Table 3-42.

Table 3-42. NRCDAS NCRP123 waste and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 sandy soil sediment
Porosity 0.380 sandy soil sediment
Water content function of infiltration rate sandy soil sediment
Distribution coefficient element specific, cm3/g sandy soil sediment
Waste zone thickness 18 ft (5.4864 m) Height of welded casks

Waste and aquifer zone area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)
Eq. (B-15) concentration

A series of 11 GW scenarios were simulated using the NCRP123 GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 750-year offset from the minimum 
travel times to account for the hydraulic isolation of welded casks.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the NRCDAS NCRP123 GW screening scenarios 
are shown in Table 3-43.

Table 3-43. NRCDAS NCRP123 groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 806 7.2170E-01 2.7425E-01

4 to 6 1.0000E-01 900, 1000, 1100 7.2170E-01 2.7425E-01
7 4.0500E-01 772 7.7000E-01 2.9260E-01

8 to 11 4.0500E-01 800, 900, 1000, 
1100 7.7000E-01 2.9260E-01

NRCDAS NCRP123 model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 270 as shown in
Table 3-44.

Table 3-44. ICRP-07 radionuclides that failed Tier 1 NRCDAS NCRP123 groundwater
screening.

Ac-226 Ac-227 Ac-230 Ac-231 Ac-233 Ag-108m Al-26 Am-237
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Am-238 Am-239 Am-240 Am-241 Am-242m Am-243 Am-244 Am-244m
Am-245 Am-246 Am-246m Am-247 Ar-39 Ar-42 As-79 At-206
At-209 Au-193 Be-10 Bi-202 Bi-205 Bi-207 Bi-208 Bi-210m
Bk-245 Bk-246 Bk-247 Bk-248m Bk-250 Bk-251 C-14 Ca-41
Cd-113 Ce-137 Ce-137m Cf-244 Cf-246 Cf-247 Cf-248 Cf-250
Cf-252 Cf-253 Cf-254 Cf-255 Cl-36 Cl-39 Cm-238 Cm-239
Cm-240 Cm-241 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-249
Cm-250 Cm-251 Cs-135 Cs-135m Cs-137 Cu-59 Dy-148 Dy-150
Dy-152 Dy-154 Dy-157 Er-154 Er-163 Es-249 Es-250 Es-250m
Es-251 Es-253 Es-254 Es-254m Es-255 Es-256 Eu-146 Eu-147
Eu-150 Eu-150m Fe-53 Fe-53m Fe-60 Fm-251 Fm-252 Fm-253
Fm-254 Fm-255 Fm-256 Fm-257 Gd-146 Gd-147 Gd-148 Gd-150
Gd-152 Hf-174 Hf-178m Hf-182 Hf-182m Hg-193 Hg-193m Hg-194
Ho-150 Ho-154 Ho-154m Ho-163 Ho-166m I-129 I-135 In-115
Ir-192n K-40 Kr-81 La-137 La-138 Lu-176 Mn-53 Mo-91

Mo-91m Mo-93 Mo-93m Mo-99 Nb-91 Nb-91m Nb-92 Nb-94
Nb-94m Nb-99 Nb-99m Nd-137 Nd-144 Nd-147 Nd-151 Ni-59

Ni-63 Np-232 Np-233 Np-234 Np-235 Np-236 Np-236m Np-237
Np-238 Np-240 Np-240m Np-241 Np-242 Np-242m Os-186 Pa-229
Pa-230 Pa-231 Pa-232 Pa-233 Pa-234 Pa-235 Pa-236 Pa-237
Pb-194 Pb-202 Pb-202m Pb-210 Pd-97 Pd-107 Pm-137m Pm-146
Pm-151 Po-205 Po-206 Po-208 Po-209 Pr-137 Pt-190 Pt-193m
Pu-232 Pu-234 Pu-235 Pu-236 Pu-237 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Pu-243 Pu-245 Pu-246 Ra-226 Ra-230 Rb-81
Rb-87 Rb-90 Rb-90m Re-186m Re-187 Rh-97 Rh-97m Rh-107

Rn-209 Rn-210 Ru-97 Ru-107 Sb-129 Se-79 Se-79m Si-32
Sm-146 Sm-147 Sm-148 Sm-151 Sn-121m Sn-126 Sn-129 Sr-90
Sr-93 Tb-148 Tb-148m Tb-150 Tb-150m Tb-157 Tb-158 Tc-91

Tc-91m Tc-93 Tc-93m Tc-97 Tc-97m Tc-98 Tc-99 Tc-99m
Te-123 Te-129 Te-129m Th-229 Th-230 Th-232 Th-233 Th-235
Th-236 Ti-44 Tl-194 Tl-194m Tm-163 U-231 U-233 U-234
U-235 U-235m U-236 U-238 U-239 U-240 U-242 V-50
W-187 Xe-135 Xe-135m Y-93 Yb-163 Zr-93

NRCDAS NCRP123 model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of Tier-0 radionuclides from 295 to 122 as shown in 
Table 3-45.

Table 3-45. Tier-0 radionuclides that failed Tier-1 NRCDAS NCRP123 groundwater
screening.

Ac-227 Ag-108m Al-26 Am-241 Am-242m Am-243 Am-245 Am-246m
Ar-39 Be-10 Bi-207 Bi-208 Bi-210m Bk-247 Bk-250 C-14
Ca-41 Cd-113 Cf-248 Cf-250 Cf-252 Cf-253 Cl-36 Cm-242
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Cm-243 Cm-244 Cm-245 Cm-246 Cm-249 Cm-250 Cs-135 Cs-137
Dy-154 Es-253 Es-254 Eu-150 Fe-60 Fm-254 Fm-257 Gd-148
Gd-150 Gd-152 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 Ho-166m
I-129 In-115 Ir-192n K-40 Kr-81 La-137 La-138 Lu-176

Mn-53 Mo-93 Nb-91 Nb-92 Nb-94 Nd-144 Ni-59 Ni-63
Np-235 Np-236 Np-237 Np-238 Np-240 Np-240m Os-186 Pa-231
Pa-232 Pa-233 Pa-234 Pb-202 Pb-210 Pd-107 Pm-146 Po-208
Po-209 Pt-190 Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242
Pu-243 Pu-246 Ra-226 Rb-87 Re-186m Re-187 Se-79 Si-32
Sm-146 Sm-147 Sm-148 Sm-151 Sn-121m Sn-126 Sr-90 Tb-157
Tb-158 Tc-97 Tc-98 Tc-99 Te-123 Th-229 Th-230 Th-232
Ti-44 U-233 U-234 U-235 U-235m U-236 U-238 U-240
V-50 Zr-93

3.4.5 Tier-1 Generic Trench (ST/ETCIG) NCRP123 Groundwater Screening
The Generic Trench DU description is given in the Generic Trench intruder screening section, 
Section 3.2.4.  The waste zone in the NCRP123 GW model is identical to the intruder model with 
the exception of using the compacted state of the Trench waste.  The Generic Trench NCRP123 
waste and aquifer parameters are shown in Table 3-46.

Table 3-46. Generic Trench NCRP123 waste and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 sandy soil sediment
Porosity 0.380 sandy soil sediment
Water content function of infiltration rate sandy soil sediment
Distribution coefficient element specific, cm3/g sandy soil sediment

Waste zone thickness 2.5 ft (0.762 m) Initial 16 ft waste compacted to 2.5 
ft at the start of IC

Waste and aquifer zone area 73,600 ft2 (6837.7 m2)

Average waste footprint of ET and 
ST trenches.  74.9% of average 
footprint in Hamm (2019).  eq. (B-
15) concentration

A series of 28 GW scenarios were simulated using the NCRP123 GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  Water 
saturations for sandy soil as a function of infiltration rate are given in Table F-1.  The water content 
is the product of porosity and water saturation.  A summary of the Generic Trench NCRP123 GW
screening scenarios are shown in Table 3-47.

Table 3-47. Generic Trench NCRP123 groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01



SRNL-STI-2020-00566
Revision 0

70

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

3,4 1.0000E-01 34, 50 7.2170E-01 2.7425E-01

5 to 15 1.0000E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.2170E-01 2.7425E-01

16, 17 4.0500E-01 12.8, 50 7.7000E-01 2.9260E-01

18 to 28 4.0500E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.7000E-01 2.9260E-01

Generic Trench NCRP123 model doses (computed using maximum screening factors for gross 
alpha, beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 348 as shown in
Table 3-48.

Table 3-48. ICRP-07 radionuclides that failed Tier-1 Generic Trench NCRP123 
groundwater screening.

Ac-226 Ac-227 Ac-230 Ac-231 Ac-233 Ag-101 Ag-108m Ag-113
Ag-113m Am-237 Am-238 Am-239 Am-240 Am-241 Am-242m Am-243
Am-244 Am-244m Am-245 Am-246 Am-246m Am-247 Ar-42 As-79
At-206 At-207 At-208 At-209 At-211 At-218 Au-193 Au-193m
Au-195 Ba-133 Ba-133m Be-10 Bi-202 Bi-208 Bi-210m Bk-245
Bk-246 Bk-247 Bk-248m Bk-249 Bk-250 Bk-251 C-14 Cd-101

Cd-113m Ce-133 Ce-133m Ce-137 Ce-137m Cf-244 Cf-246 Cf-247
Cf-248 Cf-249 Cf-250 Cf-251 Cf-252 Cf-253 Cf-254 Cf-255
Cl-36 Cl-39 Cm-238 Cm-239 Cm-240 Cm-241 Cm-242 Cm-243

Cm-244 Cm-245 Cm-246 Cm-247 Cm-248 Cm-249 Cm-250 Cm-251
Co-55 Co-60 Co-60m Cs-134 Cs-134m Cs-135 Cs-137 Cu-59

Dy-148 Dy-149 Dy-150 Dy-152 Dy-154 Dy-157 Er-154 Er-163
Er-171 Es-249 Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m
Es-255 Es-256 Eu-145 Eu-146 Eu-150 Eu-150m Eu-152 Eu-152n
Eu-154 Eu-154m Eu-155 Fe-53 Fe-55 Fe-60 Fm-251 Fm-252
Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Fr-212 Fr-222 Fr-227
Gd-145 Gd-145m Gd-146 Gd-148 Gd-150 Gd-152 Gd-153 Ge-68

H-3 Hf-172 Hf-173 Hf-174 Hf-178m Hf-182 Hf-182m Hg-193
Hg-193m Hg-194 Ho-150 Ho-154 Ho-154m Ho-157 Ho-163 I-129

I-135 In-109 In-109m In-115 Ir-192n K-40 Kr-81 La-133
La-137 La-138 Lu-173 Lu-174 Lu-174m Lu-176 Mn-53 Mn-54

Mo-91m Mo-93 Mo-93m Mo-99 Na-22 Nb-91 Nb-91m Nb-92
Nb-93m Nb-94 Nb-94m Nb-99m Nd-137 Nd-144 Nd-147 Nd-151

Ni-59 Ni-63 Np-232 Np-233 Np-234 Np-235 Np-236 Np-236m
Np-237 Np-238 Np-239 Np-240 Np-240m Np-241 Np-242 Np-242m
Os-186 Os-194 Pa-228 Pa-229 Pa-230 Pa-231 Pa-232 Pa-233
Pa-235 Pa-236 Pa-237 Pb-194 Pb-202 Pb-202m Pb-210 Pd-97
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Pd-101 Pd-107 Pm-137m Pm-144 Pm-145 Pm-147 Pm-151 Po-205
Po-206 Po-207 Po-208 Po-209 Pr-137 Pt-190 Pt-193 Pt-193m
Pu-232 Pu-234 Pu-235 Pu-236 Pu-237 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Pu-243 Pu-245 Pu-246 Ra-222 Ra-226 Ra-227
Ra-228 Ra-230 Rb-87 Rb-90 Rb-90m Re-179 Re-184m Re-186m
Re-187 Rh-97 Rh-97m Rh-101 Rh-101m Rh-102m Rn-207 Rn-209
Rn-210 Rn-211 Rn-212 Rn-218 Rn-222 Ru-97 Ru-106 Sb-125
Sb-129 Se-79 Se-79m Si-32 Sm-145 Sm-146 Sm-147 Sm-148
Sm-151 Sm-155 Sn-109 Sn-121m Sn-125 Sn-126 Sn-129 Sr-90
Ta-172 Ta-173 Ta-179 Tb-148 Tb-148m Tb-149 Tb-150 Tb-150m
Tb-157 Tb-158 Tc-91 Tc-91m Tc-93 Tc-93m Tc-97 Tc-97m
Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m Th-226 Th-228

Th-229 Th-230 Th-231 Th-232 Th-233 Th-234 Th-235 Th-236
Ti-44 Tl-194 Tl-194m Tl-204 Tl-210 Tm-163 U-228 U-230
U-231 U-232 U-233 U-234 U-235 U-235m U-236 U-238
U-239 U-240 U-242 V-49 V-50 W-179 W-179m Xe-135
Xe-137 Y-93 Yb-163 Zr-93

Generic Trench NCRP123 model doses (computed using maximum screening factors for gross 
alpha, beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of Tier-0 radionuclides from 271 to 163 as shown in 
Table 3-49.
Table 3-49. Tier-0 radionuclides that failed Tier-1 Generic Trench NCRP123 groundwater

screening.

Ac-227 Ag-108m Am-241 Am-242m Am-243 Am-245 Am-246m At-218
Au-195 Ba-133 Be-10 Bi-208 Bi-210m Bk-247 Bk-249 Bk-250

C-14 Cd-113m Cf-248 Cf-249 Cf-250 Cf-251 Cf-252 Cf-253
Cl-36 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 Cm-248

Cm-249 Cm-250 Co-60 Co-60m Cs-134 Cs-135 Cs-137 Dy-154
Es-253 Es-254 Eu-150 Eu-152 Eu-154 Eu-155 Fe-55 Fe-60
Fm-254 Fm-257 Gd-148 Gd-150 Gd-152 Gd-153 Ge-68 H-3
Hf-172 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 I-129 In-115
Ir-192n K-40 Kr-81 La-137 La-138 Lu-173 Lu-174 Lu-174m
Lu-176 Mn-53 Mn-54 Mo-93 Na-22 Nb-91 Nb-92 Nb-93m
Nb-94 Nd-144 Ni-59 Ni-63 Np-235 Np-236 Np-237 Np-238

Np-239 Np-240 Np-240m Os-186 Os-194 Pa-231 Pa-232 Pa-233
Pb-202 Pb-210 Pd-107 Pm-144 Pm-145 Pm-147 Po-208 Po-209
Pt-190 Pt-193 Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242
Pu-243 Pu-246 Ra-226 Ra-228 Rb-87 Re-184m Re-186m Re-187
Rh-101 Rh-102m Rn-218 Rn-222 Ru-106 Sb-125 Se-79 Si-32
Sm-145 Sm-146 Sm-147 Sm-148 Sm-151 Sn-121m Sn-126 Sr-90
Ta-179 Tb-157 Tb-158 Tc-97 Tc-98 Tc-99 Te-123 Th-228
Th-229 Th-230 Th-231 Th-232 Th-234 Ti-44 Tl-204 Tl-210
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3. 5 Ti e r -1 N R C D W S M G r o u n d w at e r R a di o n u cli d e S c r e e ni n g

T h e N u cl e ar R e g ul at or y C o m missi o n Dri n ki n g W a t er S c e n ari o M o d el s cr e e ni n g a p pr o a c h is a n 
e xt e nsi o n of t h e N C R P -li k e a p pr o a c h w hi c h w as d e v el o p e d b y K e n n e d y a n d Str e n g e ( 1 9 9 2) u n d er 
t h e g ui d a n c e of N R C st aff a n d f u n di n g.  T h e r es ults fr o m t his m o d el ar e c o m p ar e d t o t h e r es ults 
fr o m t h e “ cl assi c ” N C R P-li k e m o d el f or e a ch D U t y p e c o nsi d er e d.  S e nsiti vit y r es ults w er e als o 
cr e at e d usi n g t his m o d el a n d c a n b e f o u n d i n A p p e n di x I.  As e x p e ct e d, t h e m o d el g e n er all y r es ults 
i n s h ort er lists w h e n all ot h er t hi n gs ar e e q u al.

N R C D W S M G W r a di o n u cli d e s cr e e ni n g w as p erf or m e d f or t h e fi v e D U m o d els usi n g t h e I C R P -
0 7 a n d Ti er -0 list of r a di o n u cli d es.  T h e u p p er b o u n d esti m at e d r a di o n u cli d e i n v e nt ori es as 
dis c uss e d i n S e cti o n 3. 2 w er e e m pl o y e d.

F or t h e N R C D W S m o d el ( r ef err e d t o as t h e t hr e e-b o x m o d el), t h er e is l e a c hi n g of r a di o n u cli d es 
fr o m: a) t h e s urf a c e -s oil l a y er ( B o x 1) t o t h e u ns at ur at e d -s oil l a y er ( B o x 2) ; a n d b) t h e u ns at ur at e d -
s oil l a y er ( B o x 2) t o t h e G W a q uif er ( B o x 3 ).  T h e t hr e e b o x es e m pl o y e d c a n b e r el at e d t o t h e 
f oll o wi n g E-Ar e a z o n es:

• B o x - 1 – r e pr es e nts t h e w ast e z o n e wit hi n a D U of i nt er est w h er e i nfiltr ati o n fr o m a b o v e is 
s p e cifi e d;

• B o x - 2 – r e pr es e nts t h e v a d os e z o n e dir e ctl y b e n e at h t h e w ast e z o n e e xt e n di n g dir e ctl y 
d o w n t o t h e s urf a c e of t h e w at er t a bl e; a n d

• B o x - 3 – r e pr es e nts t h e a q uif er u n d er n e at h t h e D U e xt e n di n g o ut t o t h e 1 0 0-m P O A.

T h e r a di o n u cli d e s cr e e ni n g m o d el a p pr o a c h utili z es a s eri es of r el e as e ti m es ( n o l e a c hi n g) f oll o w e d 
b y l e a c hi n g at a c o nst a nt i nfiltr ati o n of w at er t hr o u g h t h e w ast e z o n e.  Pri or t o t h e r el e as e ti m e i n 
t h e w ast e z o n e, t h e r a di o n u cli d e b al a n c e e q u ati o ns ar e s ol v e d f or at o m n u m b ers of t h e s h ort c h ai n 
wit h r a di o a cti v e d e c a y a n d br a n c hi n g.  O n c e i nfiltr ati o n is a cti v e, l e a c h at e fr o m t h e s h ort -c h ai n 
p ar e nt a n d pr o g e n y fr o m B o x 1 b e c o m e s o ur c e t er ms t o t h e u ns at ur at e d s oil l a y er.  As t h e 
u ns at ur at e d -s oil l a y er r e c ei v es l e a c h at e, B o x 2 pr o vi d es s o ur c e t er ms t o t h e G W a q uif er.  T h e r at e 
of l e a c h at e ( p Ci/ yr p er Ci of p ar e nt b uri e d) fr o m B o x 1 a n d B o x 2 ar e f u n cti o ns of i nfiltr ati o n r at e, 
s oil l a y er t hi c k n ess, w at er c o nt e nt, a n d r et ar d ati o n f a ct or as s h o w n i n E qs. ( 2 -8) a n d ( 2 -1 0), 
r es p e cti v el y.  T h e G W a q uif er is c o ns er v ati v el y m o d el e d as a c oll e ct or of l e a c h at e wit h r a di o a cti v e 
d e c a y.  T h er e is n o p artiti o ni n g of i n v e nt or y b et w e e n t h e s oil a n d t h e li q ui d i n t h e a q uif er.

T h e s urf a c e-s oil l a y er ( B o x 1) r e pr es e nts t h e ar e al f o ot pri nt a n d c o m p a ct e d/ c oll a ps e d w ast e h ei g h t 
of e a c h D U m o d el.  T h e s urf a c e -s oil l a y er ( B o x 1) a n d u ns at ur at e d -s oil l a y er ( B o x 2) ar e m o d el e d 
as a s a n d y s oil s e di m e nt ( Ni c h ols 2 0 2 0).  T h e st arti n g i n v e nt or y of t h e p ar e nt n u cli d e is i niti ali z e d 
t o t h e at o m n u m b er e q ui v al e nt of 1 0 1 2 p Ci di vi d e d b y t h e d e c a y c o nst a nt of t h e p ar e nt n u cli d e.  
F or e a c h of t h e r a di o n u cli d es , tr a nsi e nt at o m n u m b ers ar e c o m p ut e d f or a 1 -y e ar h alf -lif e c ut off 
s h ort c h ai n e v er y y e ar f or a n 1 1 7 1- y e ar p eri o d f or e a c h G W s c e n ari o (r el e as e ti m e a n d i nfiltr ati o n 
r at e).  T h e s h ort c h ai n a cti viti es i n t h e a q uif er z o n e ar e c o n v ert e d t o c o n c e ntr ati o ns f or t h e G W
p at h w a ys d os e c al c ul ati o ns usi n g t h e v ol u m e of i nfiltr ati o n i n a y e ar.  F or c o ns er v atis m, t h er e is 
n o dil uti o n of t h es e s h ort c h ai n c o n c e ntr ati o ns wit h t h e r e gi o n al a q uif er fl o w ( wd s et t o 0 yr - 1).  T h e 
s h ort c h ai n c o n c e ntr ati o ns ( p Ci/ m3 p er Ci of p ar e nt ) i n t h e G W a q uif er ar e e x p a n d e d i nt o f ull c h ai n 
c o n c e ntr ati o ns w h er e t h e c o n c e ntr ati o n of a r a di o n u cli d e wit h a h alf -lif e l ess t h a n 1 y e ar is s et t o 
t h e c o n c e ntr ati o n of t h eir s h ort c h ai n pr e c urs or (s e c ul ar e q uili bri u m).  T h e m a xi m u m f ull c h ai n 
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a q uif er c o n c e ntr ati o n s ar e d et er mi n e d e v er y y e ar fr o m all t h e m o d el e d G W s c e n ari os as 
c o ns er v ati v e c o n c e ntr ati o ns pr o c ess e d f or w ar d t o t h e S R N L D os e T o ol kit.

T h e tr a nsi e nt m a xi m u m f ull c h ai n a q uif er c o n c e ntr ati o ns ar e pr o c ess e d t hr o u g h t h e S R N L D os e 
T o ol kit ( Al e m a n 2 0 1 9) f or t h e E P A G W pr ot e cti o n a n d P A A P h u m a n r e c e pt ors.  T h e E P A G W
pr ot e cti o n pl a c es li mits o n dri n ki n g w at er f or al p h a -e mitti n g r a di o n u cli d es ( gr oss al p h a), b et a or 
p h ot o n e mitt ers ( b et a -g a m m a), r a di u m ( R a -2 2 6 a n d R a -2 2 8) a n d ur a ni u m is ot o p es.  T h e m a xi m u m 
c o nt a mi n a nt l e v els ( M C L) f or gr oss al p h a, b et a -g a m m a, r a di u m a n d ur a ni u m ar e: 1 5 p Ci/ L, 4 
mr e m/ yr, 5 p Ci/ L a n d 3 0 µ g/ L, r es p e cti v el y.  T h e P A A P pr o vi d es pr ot e cti o n f or t h e m e m b er of 
p u bli c, r esi d e nt f ar m er, w h o us es w at er fr o m a c o nt a mi n at e d s o ur c e f or h u m a n a n d a ni m al 
c o ns u m pti o n, irri g ati o n of a g ar d e n, a n d irri g ati o n of a p ast ur e w h er e f ar m a ni m als ar e r ais e d.  
Pr o d u cts fr o m t h e g ar d e n a n d f ar m a ni m al ar e us e d f or h u m a n c o ns u m pti o n.  T h e c o nt a mi n at e d 
w at er is G W fr o m a w ell t h at is t y pi c all y ass u m e d t o b e 1 00 -m d o w n gr a di e nt fr o m t h e b o u n d ar y 
of t h e w ast e dis p os al f a cilit y.  T h e P A A P p erf or m a n c e o bj e cti v e is 2 5 mr e m/ yr.  T h e s cr e e ni n g 
crit eri a us e d f or G W s cr e e ni n g is 0. 1 % of t h e p erf or m a n c e o bj e cti v es.

E a c h dis p os al u nit is ass u m e d t o h a v e w ast e b uri e d at 1 9 9 4. 7 ( 0 -y e ar) wit h a n o p er ati o n al p eri o d 
e xt e n di n g t o t h e ti m e of E -Ar e a cl os ur e, 2 0 6 5. 7 ( 7 1 -y e ar).  I nstit uti o n al c o ntr ol r u ns fr o m 2 0 6 5. 7 
t o 2 1 6 5. 7 ( 1 7 1-y e ar).  T h e P O P f or E P A G W pr ot e cti o n s p a ns 1 1 7 1 y e ars fr o m t h e ti m e of w ast e 
b uri al t o 1 1 7 1 y e ars d u ri n g t h e s cr e e ni n g p eri o d.  T h e P A G W A P P O P is c oi n ci d e nt wit h t h e 
i n a d v ert e nt i ntr u d er P O P, 1 7 1 t o 1 1 7 1 y e ars.

T h e o ut p ut of t h e S R N L D os e T o ol kit c al c ul ati o ns ar e m a xi m u m s cr e e ni n g f a ct ors ( mr e m/ yr p er 
Ci of p ar e nt b uri e d) f or t h e E P A G W pr ot e cti o n a n d P A A P wit h pr o g e n y c o ntri b uti o ns r oll e d u p 
f or e a c h r a di o n u cli d e p ar e nt.  T h e s cr e e ni n g f a ct ors ar e m ulti pli e d b y t h e r a di o n u cli d e i n v e nt ori es 
t o pr o d u c e E P A G W pr ot e cti o n a n d P A A P d os es.  T h e r a di o n u cli d e is s cr e e n e d o ut f or 
P O R F L O W P A a n al ysis if t h e E P A G W pr ot e cti o n or P A A P d os es d o n ot e x c e e d its s cr e e ni n g 
crit eri o n.

A dis c ussi o n of N R C D W S M G W p ar a m et ers, s c e n ari os, a n d s cr e e ni n g r es ults ar e pr es e nt e d i n t h e 
f oll o wi n g s u bs e cti o ns f or t h e I L V, L A W V, N R C D A G, N R C D A S a n d G e n eri c Tr e n c h dis p os al 
u nit s cr e e ni n g m o d els.  Lists of r a di o n u cli d es t h at f ail e d s cr e e ni n g ar e s h o w n f or t h e I C R P -0 7 a n d 
Ti er -0 r a di o n u cli d es.

3. 5. 1 Ti er 1 I L V N R C D W S M Gr o u n d w at er S cr e e ni n g

T h e I L V D U d es cri pti o n is gi v e n i n t h e I L V i ntr u d er s cr e e ni n g s e cti o n, S e cti o n 3. 2. 1.  T h e s urf a c e -
s oil l a y er i n t h e N R C D W S M G W m o d el is i d e nti c al t o t h e i ntr u d er w ast e z o n e wit h t h e e x c e pti o n 
of usi n g t h e c oll a ps e d st at e of t h e I L V w ast e.  T h e I L V N R C D W S M s oil a n d a q uif er p ar a m et ers 
ar e s h o w n i n T a bl e 3- 5 0.

T a bl e 3- 5 0 . I L V N R C D W S M s oil a n d a q uif e r p a r a m et e rs .

P a r a m et e r S etti n g C o m m e nt

B ul k s oil d e nsit y 1. 6 6 g/ c m 3 s urf a c e -s oil a n d u ns at ur at e d -s oil l a y ers
P or osit y 0. 3 8 0 s urf a c e -s oil a n d u ns at ur at e d -s oil l a y ers
W at er c o nt e nt f u n cti o n of i nfiltr ati o n r at e s urf a c e -s oil a n d u ns at ur at e d -s oil l a y ers
Distri b uti o n c o effi ci e nt el e m e nt s p e cifi c, c m 3 / g s urf a c e -s oil a n d u ns at ur at e d -s oil l a y ers

S urf a c e -s oil l a y er t hi c k n ess 1 0 ft ( 3 . 0 4 8 m)
I L V w ast e c oll a ps es fr o m 2 5. 8 3 ft t o 1 0 
ft at t h e e n d of I C
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Parameter Setting Comment

Unsaturated-soil layer thickness 53.5 ft (16.307 m) 53.5 ft depth from waste zone bottom to 
water table

Rate constant for aquifer dilution 0 yr-1 wd in Eq. (A-18)
Surface-soil layer, unsaturated-soil 
layer and aquifer area 10,500 ft2 (975.48 m2) 77.7% of footprint Hamm (2019)

Eq. (B-15) concentration 

A series of 23 GW scenarios were simulated using the NRCDWSM GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 171-year offset from the minimum 
travel times to account for the hydraulic isolation of ILV until the EIC.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the ILV NRCDWSM GW screening scenarios are 
shown in Table 3-51.

Table 3-51. ILV NRCDWSM groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 214 7.2170E-01 2.7425E-01

4 to 12 1.0000E-01
300, 400, 500, 600, 

700, 800, 900, 
1000, 1100

7.2170E-01 2.7425E-01

13 4.0500E-01 194 7.7000E-01 2.9260E-01

14 to 23 4.0500E-01
200, 300, 400, 500, 
600, 700, 800, 900, 

1000, 1100
7.7000E-01 2.9260E-01

ILV NRCDWSM model doses (computed using maximum screening factors for gross alpha, beta-
gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW screening 
criteria reduce the number of ICRP-07 radionuclides from 1,252 to 280 as shown in Table 3-52.

Table 3-52. ICRP-07 radionuclides that failed Tier-1 ILV NRCDWSM groundwater
screening.

Ac-226 Ac-227 Ac-230 Ac-231 Ac-233 Ag-108m Ag-113 Al-26
Am-237 Am-238 Am-239 Am-240 Am-241 Am-242 Am-242m Am-243
Am-244 Am-244m Am-245 Am-246 Am-246m Am-247 Ar-39 Ar-42
As-79 At-206 At-207 At-209 At-211 Au-193 Au-193m Ba-133

Ba-133m Be-10 Bi-202 Bi-205 Bi-207 Bi-208 Bi-210m Bk-245
Bk-246 Bk-247 Bk-248m Bk-249 Bk-250 Bk-251 C-14 Ca-41
Cd-113 Ce-133m Ce-137 Ce-137m Cf-244 Cf-246 Cf-247 Cf-248
Cf-249 Cf-250 Cf-251 Cf-252 Cf-253 Cf-254 Cf-255 Cl-36
Cl-39 Cm-238 Cm-239 Cm-240 Cm-241 Cm-243 Cm-244 Cm-245

Cm-246 Cm-247 Cm-248 Cm-249 Cm-250 Cm-251 Cs-135 Cs-135m
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Cs-137 Cu-59 Dy-148 Dy-150 Dy-152 Dy-154 Dy-157 Er-154
Es-249 Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m Es-255
Es-256 Eu-146 Eu-150 Eu-150m Fe-53 Fe-60 Fm-251 Fm-252
Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Fr-222 Gd-146 Gd-148
Gd-150 Gd-152 H-3 Hf-174 Hf-178m Hf-182 Hg-193 Hg-193m
Hg-194 Ho-154 Ho-154m Ho-163 Ho-166m I-129 I-135 In-115
Ir-192n K-40 Kr-81 La-133 La-137 La-138 Lu-176 Mn-53
Mo-91 Mo-93 Mo-93m Mo-99 Nb-91 Nb-91m Nb-92 Nb-94

Nb-94m Nb-99 Nb-99m Nd-137 Nd-144 Nd-151 Ni-59 Ni-63
Np-232 Np-233 Np-234 Np-235 Np-236 Np-236m Np-237 Np-238
Np-240 Np-240m Np-241 Np-242 Np-242m Os-186 Pa-229 Pa-230
Pa-231 Pa-232 Pa-235 Pa-237 Pb-194 Pb-202 Pb-202m Pb-205
Pb-210 Pd-97 Pd-107 Pm-145 Pm-146 Pm-151 Po-206 Po-207
Po-208 Po-209 Pr-137 Pt-190 Pt-193m Pu-232 Pu-234 Pu-235
Pu-236 Pu-237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243
Pu-244 Pu-245 Pu-246 Ra-226 Ra-227 Ra-230 Rb-87 Rb-90
Rb-90m Re-186m Re-187 Rh-97 Rh-97m Rh-107 Rn-209 Rn-210
Rn-211 Ru-97 Ru-107 Sb-129 Se-79 Se-79m Si-32 Sm-145
Sm-146 Sm-147 Sm-148 Sm-151 Sn-126 Sn-129 Sr-90 Tb-148

Tb-148m Tb-150 Tb-150m Tb-157 Tb-158 Tc-91 Tc-91m Tc-93
Tc-93m Tc-97 Tc-97m Tc-98 Tc-99 Tc-99m Te-123 Te-129

Te-129m Th-226 Th-229 Th-230 Th-231 Th-232 Th-233 Th-235
Th-236 Ti-44 Tl-194 Tl-194m Tm-163 U-230 U-231 U-232
U-233 U-234 U-235 U-235m U-236 U-237 U-238 U-239
U-240 U-242 V-50 Xe-135 Xe-135m Xe-137 Y-93 Zr-93

ILV NRCDWSM model doses (computed using maximum screening factors for gross alpha, beta-
gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW screening 
criteria reduce the number of Tier-0 radionuclides from 272 to 133 as shown in Table 3-53.

Table 3-53. Tier-0 radionuclides that failed Tier-1 ILV NRCDWSM groundwater
screening.

Ac-227 Ag-108m Al-26 Am-241 Am-242 Am-242m Am-243 Am-245
Am-246m Ar-39 Ba-133 Be-10 Bi-207 Bi-208 Bi-210m Bk-247

Bk-249 Bk-250 C-14 Ca-41 Cd-113 Cf-248 Cf-249 Cf-250
Cf-251 Cf-252 Cf-253 Cl-36 Cm-243 Cm-244 Cm-245 Cm-246
Cm-247 Cm-248 Cm-249 Cm-250 Cs-135 Cs-137 Dy-154 Es-253
Es-254 Eu-150 Fe-60 Fm-254 Fm-257 Gd-148 Gd-150 Gd-152

H-3 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 Ho-166m I-129
In-115 Ir-192n K-40 Kr-81 La-137 La-138 Lu-176 Mn-53
Mo-93 Nb-91 Nb-92 Nb-94 Nd-144 Ni-59 Ni-63 Np-235
Np-236 Np-237 Np-238 Np-240 Np-240m Os-186 Pa-231 Pa-232
Pb-202 Pb-205 Pb-210 Pd-107 Pm-145 Pm-146 Po-208 Po-209
Pt-190 Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243
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Pu-244 Pu-246 Ra-226 Rb-87 Re-186m Re-187 Se-79 Si-32
Sm-145 Sm-146 Sm-147 Sm-148 Sm-151 Sn-126 Sr-90 Tb-157
Tb-158 Tc-97 Tc-98 Tc-99 Te-123 Th-229 Th-230 Th-231
Th-232 Ti-44 U-232 U-233 U-234 U-235 U-235m U-236
U-237 U-238 U-240 V-50 Zr-93

3.5.2 Tier 1 LAWV NRCDWSM Groundwater Screening
The LAWV DU description is given in the LAWV intruder screening section, Section, 3.2.2.  The 
surface-soil layer in the NRCDWSM GW model is identical to the intruder waste zone with the 
exception of using the collapsed state of the LAWV waste.  The LAWV NRCDWSM soil and 
aquifer parameters are shown in Table 3-54.

Table 3-54. LAWV NRCDWSM soil and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 surface-soil and unsaturated-soil layers
Porosity 0.380 surface-soil and unsaturated-soil layers
Water content function of infiltration rate surface-soil and unsaturated-soil layers
Distribution coefficient element specific, cm3/g surface-soil and unsaturated-soil layers

Surface-soil layer thickness 2.5 ft (0.762 m) stack of B-25 boxes collapses from 
17.3ft to 2.5 ft at the end of IC

Unsaturated-soil layer thickness 45.5 ft (13.868 m) 45.5 ft depth from waste zone bottom to 
water table

Rate constant for aquifer dilution 0 yr-1 wd in Eq. (A-18)
Surface-soil layer, unsaturated-soil 
layer and aquifer area 88,800 ft2 (8249.8 m2) 95.2% of footprint Hamm (2019)

Eq. (B-15) concentration 

A series of 23 GW scenarios were simulated using the NRCDWSM GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 171-year offset from the minimum 
travel times to account for the hydraulic isolation of LAWV until EIC.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the LAWV NRCDWSM GW screening scenarios 
are shown in Table 3-55.

Table 3-55. LAWV NRCDWSM groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 220 7.2170E-01 2.7425E-01

4 to 12 1.0000E-01
300, 400, 500, 600, 

700, 800, 900, 
1000, 1100

7.2170E-01 2.7425E-01

13 4.0500E-01 195 7.7000E-01 2.9260E-01
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GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

14 to 23 4.0500E-01
200, 300, 400, 500, 
600, 700, 800, 900, 

1000, 1100
7.7000E-01 2.9260E-01

LAWV NRCDWSM model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 221 as shown in 
Table 3-56.

Table 3-56. ICRP-07 radionuclides that failed Tier-1 LAWV NRCDWSM groundwater
screening.

Ac-226 Ac-227 Ac-230 Ac-231 Ac-233 Ag-108m Al-26 Am-237
Am-238 Am-239 Am-240 Am-241 Am-242 Am-242m Am-243 Am-244

Am-244m Am-245 Ar-42 At-206 At-207 At-209 At-211 Au-193
Au-193m Be-10 Bi-202 Bi-207 Bi-208 Bi-210m Bk-245 Bk-246
Bk-247 Bk-248m Bk-249 Bk-250 Bk-251 C-14 Ca-41 Cd-113
Cf-244 Cf-246 Cf-247 Cf-248 Cf-250 Cf-251 Cf-253 Cf-254
Cf-255 Cl-36 Cl-39 Cm-238 Cm-239 Cm-240 Cm-241 Cm-244
Cm-245 Cm-246 Cm-249 Cm-250 Cm-251 Cs-137 Cu-59 Dy-148
Dy-150 Dy-152 Dy-154 Es-249 Es-250 Es-250m Es-251 Es-253
Es-254 Es-254m Es-255 Es-256 Eu-150 Fe-60 Fm-251 Fm-252
Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Gd-148 Gd-150 Gd-152

H-3 Hf-174 Hf-178m Hf-182 Hg-193 Hg-193m Hg-194 Ho-154
Ho-163 Ho-166m I-129 In-115 Ir-192n K-40 Kr-81 La-137
La-138 Lu-176 Mn-53 Mo-93 Mo-99 Nb-91 Nb-91m Nb-92
Nb-94 Nd-144 Ni-59 Ni-63 Np-232 Np-233 Np-234 Np-235

Np-236 Np-236m Np-237 Np-238 Np-240 Np-241 Np-242 Np-242m
Os-186 Pa-229 Pa-230 Pa-231 Pa-232 Pa-235 Pa-237 Pb-194
Pb-202 Pb-202m Pb-205 Pd-97 Pd-107 Pm-145 Pm-146 Po-208
Po-209 Pr-137 Pt-190 Pt-193 Pt-193m Pu-232 Pu-234 Pu-235
Pu-236 Pu-237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243
Pu-245 Pu-246 Ra-226 Ra-230 Rb-87 Rb-90 Rb-90m Re-186m
Re-187 Rh-97 Rh-97m Rn-209 Rn-210 Rn-211 Ru-97 Sb-129
Se-79 Si-32 Sm-146 Sm-147 Sm-148 Sn-126 Sr-90 Tb-148

Tb-148m Tb-150 Tb-150m Tb-157 Tb-158 Tc-93m Tc-97 Tc-97m
Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m Th-229 Th-230

Th-231 Th-232 Th-233 Ti-44 Tl-194 Tl-194m U-230 U-231
U-232 U-233 U-234 U-235 U-235m U-236 U-237 U-238
U-239 U-240 U-242 V-50 Zr-93

LAWV NRCDWSM model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
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screening criteria reduce the number of Tier-0 radionuclides from 271 to 120 as shown in 
Table 3-57.

Table 3-57. Tier-0 radionuclides that failed Tier-1 LAWV NRCDWSM groundwater
screening.

Ac-227 Ag-108m Al-26 Am-241 Am-242 Am-242m Am-243 Am-245
Be-10 Bi-207 Bi-208 Bi-210m Bk-247 Bk-249 Bk-250 C-14
Ca-41 Cd-113 Cf-248 Cf-250 Cf-251 Cf-253 Cl-36 Cm-244

Cm-245 Cm-246 Cm-249 Cm-250 Cs-137 Dy-154 Es-253 Es-254
Eu-150 Fe-60 Fm-254 Fm-257 Gd-148 Gd-150 Gd-152 H-3
Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 Ho-166m I-129 In-115
Ir-192n K-40 Kr-81 La-137 La-138 Lu-176 Mn-53 Mo-93
Nb-91 Nb-92 Nb-94 Nd-144 Ni-59 Ni-63 Np-235 Np-236

Np-237 Np-238 Np-240 Os-186 Pa-231 Pa-232 Pb-202 Pb-205
Pd-107 Pm-145 Pm-146 Po-208 Po-209 Pt-190 Pt-193 Pu-236
Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-246 Ra-226
Rb-87 Re-186m Re-187 Se-79 Si-32 Sm-146 Sm-147 Sm-148
Sn-126 Sr-90 Tb-157 Tb-158 Tc-97 Tc-98 Tc-99 Te-123
Th-229 Th-230 Th-231 Th-232 Ti-44 U-232 U-233 U-234
U-235 U-235m U-236 U-237 U-238 U-240 V-50 Zr-93

3.5.3 Tier 1 NRCDA (generic) NRCDWSM Groundwater Screening
The NRCDAG DU description is given in the NRCDA intruder screening section, Section 3.2.3.  
The surface-soil layer in the NRCDWSM GW model is identical to the intruder waste zone.  The 
NRCDAG NRCDWSM soil and aquifer parameters are shown in Table 3-58.

Table 3-58. NRCDAG NRCDWSM soil and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 surface-soil and unsaturated-soil layers
Porosity 0.380 surface-soil and unsaturated-soil layers
Water content function of infiltration rate surface-soil and unsaturated-soil layers
Distribution coefficient element specific, cm3/g surface-soil and unsaturated-soil layers

Surface-soil layer thickness 8.2 ft (2.4994 m) Height of double-stack bolted 
containers, 2 x 4.1 ft

Unsaturated-soil layer thickness 68.9 ft (21.0 m) 68.9 ft average depth from waste zone 
bottom to water table

Rate constant for aquifer dilution 0 yr-1 wd in Eq. (A-18)
Surface-soil layer, unsaturated-soil 
layer and aquifer area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)

Eq. (B-15) concentration

A series of 27 GW scenarios were simulated using the NRCDWSM GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  Water 
saturations for sandy soil as a function of infiltrate rate are given in Table F-1.  The water content 
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is the product of porosity and water saturation.  A summary of the NRCDAG NRCDWSM GW
screening scenarios are shown in Table 3-59.

Table 3-59. NRCDAG NRCDWSM groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 56 7.2170E-01 2.7425E-01

4 to 14 1.0000E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.2170E-01 2.7425E-01

15, 16 4.0500E-01 22, 50 7.7000E-01 2.9260E-01

17 to 27 4.0500E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.7000E-01 2.9260E-01

NRCDAG NRCDWSM model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 310 as shown in 
Table 3-60.
Table 3-60. ICRP-07 radionuclides that failed Tier-1 NRCDAG NRCDWSM groundwater

screening.

Ac-226 Ac-228 Ac-230 Ac-231 Ac-233 Ag-113 Ag-113m Al-26
Am-237 Am-238 Am-239 Am-240 Am-241 Am-242 Am-243 Am-244

Am-244m Am-245 Am-246 Am-246m Am-247 Ar-39 Ar-42 As-79
At-206 At-207 At-208 At-209 At-211 At-218 Au-193 Au-193m
Ba-133 Ba-133m Bi-202 Bi-205 Bi-207 Bi-208 Bi-210m Bk-245
Bk-246 Bk-247 Bk-248m Bk-249 Bk-250 Bk-251 C-14 Ca-41
Cd-109 Cd-113 Cd-113m Ce-133 Ce-133m Ce-137 Ce-137m Cf-244
Cf-246 Cf-247 Cf-248 Cf-250 Cf-252 Cf-253 Cf-254 Cf-255
Cl-36 Cl-39 Cm-238 Cm-239 Cm-240 Cm-241 Cm-242 Cm-244

Cm-246 Cm-249 Cm-250 Cm-251 Co-55 Co-60 Co-60m Cs-134m
Cs-135 Cs-135m Cs-137 Cu-59 Dy-148 Dy-150 Dy-152 Dy-154
Dy-157 Er-154 Er-163 Es-249 Es-250 Es-250m Es-251 Es-253
Es-254 Es-254m Es-255 Es-256 Eu-145 Eu-146 Eu-147 Eu-150

Eu-150m Eu-152 Eu-152n Eu-154m Fe-53 Fe-55 Fe-60 Fm-251
Fm-252 Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Fr-222 Fr-227
Gd-146 Gd-148 Gd-150 Gd-152 H-3 Hf-172 Hf-174 Hf-178m
Hf-182 Hg-193 Hg-193m Hg-194 Ho-150 Ho-154 Ho-154m Ho-157
Ho-163 Ho-166m I-129 I-135 In-115 Ir-192n K-40 Kr-81
La-133 La-137 La-138 Lu-174 Lu-174m Lu-176 Mn-53 Mo-91

Mo-91m Mo-93 Mo-93m Mo-99 Na-22 Nb-91 Nb-91m Nb-92
Nb-93m Nb-94 Nb-94m Nb-99 Nb-99m Nd-137 Nd-144 Nd-147
Nd-151 Ni-59 Ni-63 Np-232 Np-233 Np-234 Np-235 Np-236
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Np-236m Np-237 Np-238 Np-239 Np-240 Np-240m Np-241 Np-242
Np-242m Os-186 Os-194 Pa-228 Pa-229 Pa-230 Pa-232 Pa-233

Pa-235 Pa-237 Pb-194 Pb-202 Pb-202m Pb-205 Pb-210 Pd-97
Pd-107 Pm-145 Pm-146 Pm-151 Po-206 Po-207 Po-208 Po-209
Pr-137 Pt-190 Pt-193 Pt-193m Pu-232 Pu-234 Pu-235 Pu-236
Pu-237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-245
Pu-246 Ra-222 Ra-227 Ra-228 Ra-230 Rb-81 Rb-87 Rb-90
Rb-90m Re-179 Re-186m Re-187 Rh-97 Rh-97m Rh-101 Rh-102m
Rh-107 Rn-207 Rn-209 Rn-210 Rn-211 Rn-218 Ru-97 Ru-107
Sb-125 Sb-129 Se-79m Si-32 Sm-145 Sm-146 Sm-147 Sm-148
Sn-125 Sn-129 Sr-90 Ta-179 Tb-148 Tb-148m Tb-149 Tb-150

Tb-150m Tb-157 Tb-158 Tc-91 Tc-91m Tc-93 Tc-93m Tc-97
Tc-97m Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m Th-226
Th-228 Th-229 Th-233 Th-235 Th-236 Ti-44 Tl-194 Tl-194m
Tl-204 Tl-210 Tm-163 Tm-171 U-230 U-231 U-234 U-235

U-235m U-237 U-238 U-239 U-240 U-242 V-50 W-179
W-187 Xe-135 Xe-135m Xe-137 Y-93 Zr-93

NRCDAG NRCDWSM model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of Tier-0 radionuclides from 295 to 139 as shown in 
Table 3-61.

Table 3-61. Tier-0 radionuclides that failed Tier-1 NRCDAG NRCDWSM groundwater
screening.

Ac-228 Al-26 Am-241 Am-242 Am-243 Am-245 Am-246m Ar-39
At-218 Ba-133 Bi-207 Bi-208 Bi-210m Bk-247 Bk-249 Bk-250
C-14 Ca-41 Cd-109 Cd-113 Cd-113m Cf-248 Cf-250 Cf-252

Cf-253 Cl-36 Cm-242 Cm-244 Cm-246 Cm-249 Cm-250 Co-60
Co-60m Cs-135 Cs-137 Dy-154 Es-253 Es-254 Eu-150 Eu-152
Fe-55 Fe-60 Fm-254 Fm-257 Gd-148 Gd-150 Gd-152 H-3

Hf-172 Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 Ho-166m I-129
In-115 Ir-192n K-40 Kr-81 La-137 La-138 Lu-174 Lu-174m
Lu-176 Mn-53 Mo-93 Na-22 Nb-91 Nb-92 Nb-93m Nb-94
Nd-144 Ni-59 Ni-63 Np-235 Np-236 Np-237 Np-238 Np-239
Np-240 Np-240m Os-186 Os-194 Pa-232 Pa-233 Pb-202 Pb-205
Pb-210 Pd-107 Pm-145 Pm-146 Po-208 Po-209 Pt-190 Pt-193
Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-246
Ra-228 Rb-87 Re-186m Re-187 Rh-101 Rh-102m Rn-218 Sb-125
Si-32 Sm-145 Sm-146 Sm-147 Sm-148 Sr-90 Ta-179 Tb-157

Tb-158 Tc-97 Tc-98 Tc-99 Te-123 Th-228 Th-229 Ti-44
Tl-204 Tl-210 Tm-171 U-234 U-235 U-235m U-237 U-238
U-240 V-50 Zr-93
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3.5.4 Tier-1 NRCDA (special) NRCDWSM Groundwater Screening
The NRCDA DU description is given in the NRCDA intruder screening section, Section 3.2.3.  
The surface-soil layer in the NRCDWSM GW model is identical to the intruder waste zone.  The 
NRCDAS NRCDWSM soil and aquifer parameters are shown in Table 3-62.

Table 3-62. NRCDAS NRCDWSM soil and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 surface-soil and unsaturated-soil layers
Porosity 0.380 surface-soil and unsaturated-soil layers
Water content function of infiltration rate surface-soil and unsaturated-soil layers
Distribution coefficient element specific, cm3/g surface-soil and unsaturated-soil layers
Surface-soil layer thickness 18 ft (5.4864 m) Height of welded casks

Unsaturated-soil layer thickness 68.9 ft (21.0 m) 68.9 ft average depth from waste zone 
bottom to water table

Rate constant for aquifer dilution 0 yr-1 wd in Eq. (A-18)
Surface-soil layer, unsaturated-soil 
layer and aquifer area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)

Eq. (B-15) concentration

A series of 11 GW scenarios were simulated using the NRCDWSM GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 750-year offset from the minimum 
travel times to account for the hydraulic isolation of welded casks.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the NRCDAS NRCDWSM GW screening scenarios 
are shown in Table 3-63.

Table 3-63. NRCDAS NRCDWSM groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 806 7.2170E-01 2.7425E-01

4 to 6 1.0000E-01 900, 1000, 1100 7.2170E-01 2.7425E-01
7 4.0500E-01 772 7.7000E-01 2.9260E-01

8 to 11 4.0500E-01 800, 900, 1000, 
1100 7.7000E-01 2.9260E-01

NRCDAS NRCDWSM model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 221 as shown in 
Table 3-64.
Table 3-64. ICRP-07 radionuclides that failed Tier 1 NRCDAS NRCDWSM groundwater

screening.

Ac-226 Ac-230 Ac-231 Ac-233 Ag-108m Al-26 Am-237 Am-238
Am-239 Am-240 Am-241 Am-242m Am-243 Am-244 Am-244m Am-245
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Am-246 Am-246m Ar-39 Ar-42 At-209 Au-193 Be-10 Bi-202
Bi-207 Bi-208 Bi-210m Bk-245 Bk-246 Bk-247 Bk-248m Bk-250
Bk-251 C-14 Ca-41 Cd-113 Ce-137 Ce-137m Cf-244 Cf-246
Cf-247 Cf-248 Cf-250 Cf-252 Cf-253 Cf-254 Cf-255 Cl-36
Cl-39 Cm-238 Cm-239 Cm-240 Cm-241 Cm-242 Cm-244 Cm-245

Cm-249 Cm-250 Cm-251 Cs-135 Cs-135m Cu-59 Dy-154 Es-249
Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m Es-255 Es-256
Eu-146 Eu-150 Eu-150m Fe-60 Fm-251 Fm-252 Fm-253 Fm-254
Fm-255 Fm-256 Fm-257 Gd-146 Gd-148 Gd-150 Gd-152 Hf-174

Hf-178m Hf-182 Hg-193 Hg-193m Hg-194 Ho-163 Ho-166m I-129
I-135 In-115 Ir-192n K-40 Kr-81 La-137 La-138 Lu-176

Mn-53 Mo-91 Mo-93 Mo-93m Mo-99 Nb-91 Nb-91m Nb-92
Nb-94 Nb-94m Nb-99 Nb-99m Nd-144 Ni-59 Ni-63 Np-232

Np-233 Np-234 Np-235 Np-236 Np-236m Np-237 Np-238 Np-240
Np-240m Np-241 Np-242 Np-242m Os-186 Pa-229 Pa-230 Pa-231

Pa-232 Pa-233 Pa-234 Pa-235 Pa-237 Pb-194 Pb-202 Pb-202m
Pd-97 Pd-107 Pm-146 Pm-151 Po-206 Po-209 Pt-190 Pt-193m

Pu-232 Pu-234 Pu-235 Pu-236 Pu-237 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Pu-243 Pu-245 Pu-246 Ra-226 Ra-230 Rb-81
Rb-87 Re-186m Re-187 Rh-97 Rh-97m Rh-107 Rn-209 Rn-210
Ru-97 Sb-129 Se-79 Si-32 Sm-146 Sm-147 Sm-148 Sn-129
Sr-90 Tb-148 Tb-150 Tb-157 Tb-158 Tc-93 Tc-93m Tc-97

Tc-97m Tc-98 Tc-99 Tc-99m Te-123 Te-129 Te-129m Th-229
Th-230 Th-233 Th-235 Ti-44 Tl-194 Tl-194m U-231 U-233
U-234 U-235 U-235m U-236 U-238 U-239 U-240 U-242
V-50 Xe-135 Xe-135m Y-93 Zr-93

NRCDAS NRCDWSM model doses (computed using maximum screening factors for gross alpha, 
beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of Tier-0 radionuclides from 295 to 112 as shown in 
Table 3-65.

Table 3-65. Tier-0 radionuclides that failed Tier-1 NRCDAS NRCDWSM groundwater
screening.

Ag-108m Al-26 Am-241 Am-242m Am-243 Am-245 Am-246m Ar-39
Be-10 Bi-207 Bi-208 Bi-210m Bk-247 Bk-250 C-14 Ca-41

Cd-113 Cf-248 Cf-250 Cf-252 Cf-253 Cl-36 Cm-242 Cm-244
Cm-245 Cm-249 Cm-250 Cs-135 Dy-154 Es-253 Es-254 Eu-150
Fe-60 Fm-254 Fm-257 Gd-148 Gd-150 Gd-152 Hf-174 Hf-178m

Hf-182 Hg-194 Ho-163 Ho-166m I-129 In-115 Ir-192n K-40
Kr-81 La-137 La-138 Lu-176 Mn-53 Mo-93 Nb-91 Nb-92
Nb-94 Nd-144 Ni-59 Ni-63 Np-235 Np-236 Np-237 Np-238

Np-240 Np-240m Os-186 Pa-231 Pa-232 Pa-233 Pa-234 Pb-202
Pd-107 Pm-146 Po-209 Pt-190 Pu-236 Pu-238 Pu-239 Pu-240
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Pu-241 Pu-242 Pu-243 Pu-246 Ra-226 Rb-87 Re-186m Re-187
Se-79 Si-32 Sm-146 Sm-147 Sm-148 Sr-90 Tb-157 Tb-158
Tc-97 Tc-98 Tc-99 Te-123 Th-229 Th-230 Ti-44 U-233
U-234 U-235 U-235m U-236 U-238 U-240 V-50 Zr-93

3.5.5 Tier 1 Generic Trench (ST/ET/CIG) NRCDWSM Groundwater Screening
The Generic Trench DU description is given in the Generic Trench intruder screening section, 
Section 3.2.4.  The surface-soil layer in the NRCDWSM GW model is identical to the intruder 
model with the exception of using the compacted state of the Trench waste.  The Generic Trench 
NRCDWSM soil and aquifer parameters are shown in Table 3-66.

Table 3-66. Generic Trench NRCDWSM soil and aquifer parameters.

Parameter Setting Comment

Bulk soil density 1.66 g/cm3 surface-soil and unsaturated-soil layers
Porosity 0.380 surface-soil and unsaturated-soil layers
Water content function of infiltration rate surface-soil and unsaturated-soil layers
Distribution coefficient element specific, cm3/g surface-soil and unsaturated-soil layers

Surface-soil layer thickness 2.5 ft (0.762 m) Initial 16 ft waste compacted to 2.5 ft at 
the start of IC

Unsaturated-soil layer thickness 41.7 ft (12.71 m) 41.7 ft average depth from waste zone 
bottom to water table

Rate constant for aquifer dilution 0 yr-1 wd in Eq. (A-18)

Surface-soil layer, unsaturated-soil 
layer and aquifer area 73,600 ft2 (6837.7 m2)

Average waste footprint of ET and ST 
trenches.  74.9% of average footprint in 
Hamm (2019).  eq. (B-15) concentration

A series of 28 GW scenarios were simulated using the NRCDWSM GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  Water 
saturations for sandy soil as a function of infiltration rate are given in Table F-1.  The water content 
is the product of porosity and water saturation.  A summary of the Generic Trench NRCDWSM
GW screening scenarios are shown in Table 3-67.

Table 3-67. Generic Trench NRCDWSM groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01

3,4 1.0000E-01 34, 50 7.2170E-01 2.7425E-01

5 to 15 1.0000E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.2170E-01 2.7425E-01

16, 17 4.0500E-01 12.8, 50 7.7000E-01 2.9260E-01

18 to 28 4.0500E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.7000E-01 2.9260E-01
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Generic Trench NRCDWSM model doses (computed using maximum screening factors for gross 
alpha, beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of ICRP-07 radionuclides from 1,252 to 276 as shown in 
Table 3-68.

Table 3-68. ICRP-07 radionuclides that failed Tier-1 Generic Trench NRCDWSM 
groundwater screening.

Ac-226 Ac-230 Ac-231 Ac-233 Ag-108m Ag-113 Am-237 Am-238
Am-239 Am-240 Am-241 Am-242m Am-243 Am-244 Am-244m Am-245
Am-246 Am-246m Ar-42 At-206 At-207 At-208 At-209 At-211
Au-193 Au-193m Ba-133 Ba-133m Be-10 Bi-202 Bi-208 Bi-210m
Bk-245 Bk-246 Bk-248m Bk-249 Bk-250 Bk-251 C-14 Cd-113m
Ce-133 Ce-133m Cf-244 Cf-246 Cf-247 Cf-248 Cf-249 Cf-250
Cf-251 Cf-253 Cf-254 Cf-255 Cl-36 Cl-39 Cm-238 Cm-239
Cm-240 Cm-241 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 Cm-248
Cm-249 Cm-250 Cm-251 Co-60 Co-60m Cs-134 Cs-134m Cs-135
Cs-137 Cu-59 Dy-148 Dy-150 Dy-152 Dy-154 Er-154 Es-249
Es-250 Es-250m Es-251 Es-253 Es-254 Es-254m Es-255 Es-256
Eu-150 Eu-150m Eu-152 Eu-152n Eu-154 Eu-154m Fe-55 Fe-60
Fm-251 Fm-252 Fm-253 Fm-254 Fm-255 Fm-256 Fm-257 Fr-212
Fr-222 Fr-227 Gd-146 Gd-148 Gd-150 Gd-152 H-3 Hf-172
Hf-174 Hf-178m Hf-182 Hg-193 Hg-193m Hg-194 Ho-154 Ho-154m
Ho-163 I-129 In-115 Ir-192n K-40 Kr-81 La-133 La-137
La-138 Lu-174 Lu-174m Lu-176 Mn-53 Mo-93 Mo-93m Mo-99
Nb-91 Nb-91m Nb-92 Nb-94 Nb-94m Nd-144 Ni-59 Ni-63

Np-232 Np-233 Np-234 Np-235 Np-236 Np-236m Np-237 Np-238
Np-239 Np-240 Np-240m Np-241 Np-242 Np-242m Os-186 Os-194
Pa-229 Pa-230 Pa-231 Pa-232 Pa-235 Pa-237 Pb-194 Pb-202

Pb-202m Pb-210 Pd-97 Pd-107 Pm-145 Pm-151 Po-208 Po-209
Pr-137 Pt-190 Pt-193m Pu-232 Pu-234 Pu-235 Pu-236 Pu-237
Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243 Pu-245 Pu-246
Ra-222 Ra-226 Ra-227 Ra-228 Ra-230 Rb-87 Rb-90 Rb-90m
Re-179 Re-186m Re-187 Rh-97 Rh-97m Rh-101 Rh-102m Rn-207
Rn-209 Rn-210 Rn-211 Rn-212 Ru-97 Ru-106 Sb-129 Se-79
Si-32 Sm-145 Sm-146 Sm-147 Sm-148 Sm-151 Sn-109 Sn-126

Sn-129 Sr-90 Ta-179 Tb-148 Tb-148m Tb-150 Tb-150m Tb-157
Tb-158 Tc-91 Tc-91m Tc-93m Tc-97 Tc-97m Tc-98 Tc-99
Tc-99m Te-123 Te-129 Te-129m Th-226 Th-229 Th-230 Th-231
Th-232 Th-233 Th-234 Th-235 Th-236 Ti-44 Tl-194 Tl-194m
Tl-204 Tm-163 U-230 U-231 U-232 U-233 U-234 U-235

U-235m U-236 U-238 U-239 U-240 U-242 V-50 W-179
W-179m Xe-135 Xe-137 Zr-93
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Generic Trench NRCDWSM model doses (computed using maximum screening factors for gross 
alpha, beta-gamma, radium, uranium and PA AP with radionuclide inventories) which fail the GW
screening criteria reduce the number of Tier-0 radionuclides from 271 to 138 as shown in 
Table 3-69.

Table 3-69. Tier-0 radionuclides that failed Tier-1 Generic Trench NRCDWSM 
groundwater screening.

Ag-108m Am-241 Am-242m Am-243 Am-245 Am-246m Ba-133 Be-10
Bi-208 Bi-210m Bk-249 Bk-250 C-14 Cd-113m Cf-248 Cf-249
Cf-250 Cf-251 Cf-253 Cl-36 Cm-243 Cm-244 Cm-245 Cm-246
Cm-247 Cm-248 Cm-249 Cm-250 Co-60 Co-60m Cs-134 Cs-135
Cs-137 Dy-154 Es-253 Es-254 Eu-150 Eu-152 Eu-154 Fe-55
Fe-60 Fm-254 Fm-257 Gd-148 Gd-150 Gd-152 H-3 Hf-172

Hf-174 Hf-178m Hf-182 Hg-194 Ho-163 I-129 In-115 Ir-192n
K-40 Kr-81 La-137 La-138 Lu-174 Lu-174m Lu-176 Mn-53

Mo-93 Nb-91 Nb-92 Nb-94 Nd-144 Ni-59 Ni-63 Np-235
Np-236 Np-237 Np-238 Np-239 Np-240 Np-240m Os-186 Os-194
Pa-231 Pa-232 Pb-202 Pb-210 Pd-107 Pm-145 Po-208 Po-209
Pt-190 Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Pu-243
Pu-246 Ra-226 Ra-228 Rb-87 Re-186m Re-187 Rh-101 Rh-102m
Ru-106 Se-79 Si-32 Sm-145 Sm-146 Sm-147 Sm-148 Sm-151
Sn-126 Sr-90 Ta-179 Tb-157 Tb-158 Tc-97 Tc-98 Tc-99
Te-123 Th-229 Th-230 Th-231 Th-232 Th-234 Ti-44 Tl-204
U-232 U-233 U-234 U-235 U-235m U-236 U-238 U-240
V-50 Zr-93

3.6 Tier-2 Inadvertent Intruder Screening
For inadvertent intruder, the Tier-1 screening resulted in an acceptable number of radionuclides 
for Tier-3 inventory limits.  As such, the Tier-2 lists for inadvertent intruder are set equal to the 
Tier-1 lists.  Inadvertent intruder limits for every DU within E-Area, to be supplied to WITS, will 
be based on the Tier-1 NCRP models discussed within this report.  Parameter settings that are 
unique to each DU will be employed in what is referred to as a Tier-3 limit inventory processing 
step.

3.7 Tier-2 PORFLOW-Based Groundwater Screening Analysis
As discussed earlier, a Tier-2 screening option was planned on a contingency basis.  The Tier-1 
models are fairly simple methods; whereas, the Tier-3 and Tier-4 methods are much more involved 
requiring multi-dimensional (2-to-3D vadose and 3D aquifer) fate and transport modeling efforts.  
Based on the number of radionuclides remaining after application of the Tier-1 GW screening, 
SRNL recommended (Aleman and Hamm 2020) following up with Tier-2 efforts focusing on a 
PORFLOW 1D vadose zone and an underlying single-cell aquifer soil layer fate and transport 
analysis approach.
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PorflowPS GW radionuclide screening was performed for the five DU models using the NCRP123 
Tier-1 list of radionuclides.  The upper bound estimated radionuclide inventories as discussed in 
Section 3.2 were employed.
Each DU is assumed to have waste buried at 1994.7 (0-year) with an operational period extending 
to the time of E-Area closure, 2065.7 (71-year).  Institutional control runs from 2065.7 to 2165.7 
(171-year).  The POP for EPA GW protection spans 1171 years from the time of waste burial to 
1171 years during the screening period.  The PA GW AP POP is coincident with the inadvertent 
intruder POP, 171 to 1171 years.
The PorflowPS model consists of a PORFLOW 1D vadose zone transport model developed for 
each Tier-1 radionuclide within each DU for computing transient fluxes to the watertable.  The 
geometrical and material configurations were made identical to the configurations employed in the 
NCR123 Tier-1 analyses with the exception of a Backfill zone above the waste zone.  The 
geometry of the waste zone is represented by an aerial footprint (scaled to a 1-cm thick by 10-ft 
wide slice) and compacted/collapsed waste height of each DU model.  Its vertical layout is shown 
in Figure K-1.  The initial inventory of the parent nuclide is 1 gmol scaled to the model footprint 
and uniformly distributed within the waste zone volume of each DU.  For each of the parent 
radionuclides and their progeny (i.e., based on a 1-year half-life cutoff), transient fluxes to the 
watertable are computed for every short-chain member (every year for an 1171-year period for 
each GW scenario (release time and infiltration rate).  The transient fluxes are then scaled to the 
DU footprint.
The transient fluxes to the watertable for each GW scenario are processed for the Tier-1 list of 
radionuclides and short chain through the PorflowPS model.  The PorflowPS model consists of 
transient fluxes from a PORFLOW 1D vadose zone transport model to a modified aquifer soil 
layer with radioactive decay, branching and aquifer dilution.  There is no partitioning of inventory 
between the soil and the liquid in the aquifer.  Aquifer dilution, mixing with regional GW, at the 
100-m compliance well is implemented as an effective linear rate constant in the governing 
equation for each short chain nuclide.  The baseline cases have aquifer dilution applied within the 
model while an additional set of runs were made with no aquifer dilution.  Results with and without 
aquifer dilution are presented in Section 3.7.1 through Section 3.7.5.
The short chain activities in the aquifer zone are converted to concentrations for the GW pathways 
dose calculations using the volume of infiltration in a year.  The short chain concentrations (pCi/m3

per Ci of parent) in the aquifer zone are expanded into full chain concentrations where the 
concentration of a radionuclide with a half-life less than 1 year is set to the concentration of their 
short chain precursor (secular equilibrium).  The maximum full chain aquifer concentrations are 
determined every year from all the modeled GW scenarios as conservative concentrations 
processed forward to the SRNL Dose Toolkit.
The transient full chain activities for each parent nuclide computed are processed through the 
SRNL Dose Tool Kit for the calculation of maximum screening factors for the GW pathways.  The 
five GW pathways include the four EPA drinking water standards (Gross Alpha, Beta-Gamma, 
Radium and Uranium) and the DOE All-Pathways (AP).  Thus, there are five sets of screening 
factors for GW screening.  The screening factor for each parent nuclide is the sum of doses from 
each member in the full chain that contributes dose to the pathway.  Since the dose response is 
linear in concentration and parent inventory (there are no solubility limits in the screening models), 
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the screening factors can be rolled up to the parent radionuclide.  These screening factors are used 
to complete the Tier-2 screening process
Absolute values of radionuclide inventories for each DU type must be specified along with the 
screening criteria in order to screen out or retain radionuclides.  The upper bound estimated 
radionuclide inventories at closure as discussed in Section 3.2 were employed.  The screening 
criteria is set to 0.1% of the performance measure of each GW pathway.  Each radionuclide’s 
inventory is multiplied by each of the GW and screening factors and then compared to the 
corresponding screening criteria.  If any of the GW screening criteria are exceeded, then the 
nuclide is not screened out and is added to the list of Tier-2 radionuclides.
A discussion of PorflowPS GW parameters, scenarios, and screening results are presented in the 
following subsections for the ILV, LAWV, NRCDAG, NRCDAS and Generic Trench DU 
screening models.  Lists of radionuclides that failed screening are shown for the Tier-2
radionuclides with and without aquifer dilution.
For each DU type, material properties (e.g., total porosity and particle density) were set to the 
values for sandy soil (lower vadose zone properties) within each zone in the PorflowPS vadose 
model.  For the vaults and naval pads the engineered barriers (e.g., concrete walls and metal 
containers) were not explicitly accounted for; instead, their impacts were inherently addressed 
through their timeline for inventory releases.  Aquifer dilution rate constants used for groundwater 
screening purposes are explained in Appendix G and presented in Table G-7.

3.7.1 Tier-2 ILV PorflowPS Groundwater Screening
The ILV DU description is given in the ILV intruder screening section, Section 3.3.1.  The waste 
zone in the PorflowPS GW model is identical to the intruder waste zone with the exception of 
using the collapsed state of the ILV waste.  The ILV PorflowPS vadose and aquifer zone 
parameters are shown in Table 3-70.

Table 3-70. ILV PorflowPS vadose and aquifer zone parameters

Parameter Setting Comment

Particle soil density 2.667 g/cm3 Backfill, waste and lower vadose zone
Porosity 0.380 Backfill, waste and lower vadose zone
Water content function of infiltration rate Backfill, waste and lower vadose zone
Distribution coefficient element specific, cm3/g Best Sand Kd for all soil layers
Effective pore diffusion coefficient 167.25528 cm2/yr Backfill, waste and lower vadose zone
Transverse and longitudinal 
dispersivities 0 cm No mechanical dispersion

Backfill zone thickness 5 ft (1.524 m) Thickness of soil cover

Waste zone thickness 10 ft (3.048 m) ILV waste collapses from 25.83 ft to 10 
ft at the end of IC

Lower vadose zone thickness 53.5 ft (16.307 m) Depth from WZ to WT
Rate constant for aquifer dilution 0 and 10.7 yr-1 wd in (2-12). Table G-7
Backfill, waste, lower vadose and 
aquifer zone area 10,500 ft2 (975.48 m2) 77.7% of footprint Hamm (2019)

Used in denominator of (B-37). 

A series of 23 GW scenarios were simulated using the PorflowPS GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
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release times (bold) for the other infiltration rates include a 171-year offset from the minimum 
travel times to account for the hydraulic isolation of ILV until the EIC.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the ILV PorflowPS GW screening scenarios are 
shown in Table 3-71.

Table 3-71. ILV PorflowPS groundwater screening scenarios

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 214 7.2170E-01 2.7425E-01

4 to 12 1.0000E-01
300, 400, 500, 600, 

700, 800, 900, 
1000, 1100

7.2170E-01 2.7425E-01

13 4.0500E-01 194 7.7000E-01 2.9260E-01

14 to 23 4.0500E-01
200, 300, 400, 500, 
600, 700, 800, 900, 

1000, 1100
7.7000E-01 2.9260E-01

ILV PorflowPS model doses (computed using maximum screening factors for all GW pathways 
with radionuclide inventories) which fail the GW screening criteria reduce the number of Tier-1 
radionuclides from 141 to 47 as shown in Table 3-72 with no aquifer dilution.
Table 3-72. Tier-1 radionuclides that failed Tier-2 ILV PorflowPS groundwater screening

(no aquifer dilution).
Ag-108m Am-241 Am-245 Ar-39 Be-10 Bk-247 Bk-249 C-14

Ca-41 Cd-113 Cf-249 Cf-253 Cl-36 Cm-245 Cm-249 Cs-135
Cs-137 Es-253 Fm-257 H-3 I-129 K-40 Kr-81 Mn-53
Ni-59 Ni-63 Np-235 Np-236 Np-237 Pa-231 Pd-107 Pt-190

Pu-239 Pu-241 Ra-226 Rb-87 Re-186m Re-187 Si-32 Sr-90
Tc-97 Tc-98 Tc-99 Th-231 U-235 U-235m U-237

ILV PorflowPS model doses (computed using maximum screening factors for all GW pathways 
with radionuclide inventories) which fail the GW screening criteria reduce the number of Tier-1 
radionuclides from 141 to 45 as shown in Table 3-73 with aquifer dilution.
Table 3-73. Tier-1 radionuclides that failed Tier-2 ILV PorflowPS groundwater screening

(with aquifer dilution)
Ag-108m Am-241 Am-245 Ar-39 Be-10 Bk-247 Bk-249 C-14

Ca-41 Cd-113 Cf-249 Cf-253 Cl-36 Cm-245 Cm-249 Cs-135
Cs-137 Es-253 Fm-257 H-3 I-129 K-40 Kr-81 Mn-53
Ni-59 Ni-63 Np-235 Np-236 Np-237 Pa-231 Pd-107 Pt-190

Pu-239 Pu-241 Ra-226 Rb-87 Re-186m Re-187 Si-32 Sr-90
Tc-97 Tc-98 Tc-99 U-235 U-237
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3.7.2 Tier-2 LAWV PorflowPS Groundwater Screening
The LAWV DU description is given in the LAWV intruder screening section, Section 3.3.2.  The 
waste zone in the PorflowPS GW model is identical to the intruder waste zone with the exception 
of using the collapsed state of the LAWV waste.  The LAWV PorflowPS vadose and aquifer zone 
parameters are shown in Table 3-74.

Table 3-74. LAWV PorflowPS vadose and aquifer zone parameters

Parameter Setting Comment

Particle soil density 2.667 g/cm3 Backfill, waste and lower vadose zone
Porosity 0.380 Backfill, waste and lower vadose zone
Water content function of infiltration rate Backfill, waste and lower vadose zone
Distribution coefficient element specific, cm3/g Best Sand Kd for all soil layers
Effective pore diffusion coefficient 167.25528 cm2/yr Backfill, waste and lower vadose zone
Transverse and longitudinal 
dispersivities 0 cm No mechanical dispersion

Backfill zone thickness 5 ft (1.524 m) Thickness of soil cover

Waste zone thickness 2.5 ft (0.762 m) Stack of B-25 boxes which collapse 
from 17.3 ft to 2.5 ft at the end of IC

Lower vadose zone thickness 45.5 ft (13.868 m) Depth from WZ to WT
Rate constant for aquifer dilution 0 and 8 yr-1 wd in (2-12). Table G-7
Backfill, waste, lower vadose and 
aquifer zone area 88,800 ft2 (8249.8 m2) 95.2% of footprint Hamm (2019).

Used in denominator of (B-37)

A series of 23 GW scenarios were simulated using the PorflowPS GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 171-year offset from the minimum 
travel times to account for the hydraulic isolation of LAWV until EIC.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the LAWV PorflowPS GW screening scenarios are 
shown in Table 3-75.

Table 3-75. LAWV PorflowPS groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 220 7.2170E-01 2.7425E-01

4 to 12 1.0000E-01
300, 400, 500, 600, 

700, 800, 900, 
1000, 1100

7.2170E-01 2.7425E-01

13 4.0500E-01 195 7.7000E-01 2.9260E-01

14 to 23 4.0500E-01
200, 300, 400, 500, 
600, 700, 800, 900, 

1000, 1100
7.7000E-01 2.9260E-01
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LAWV PorflowPS model doses (computed using maximum screening factors for all GW pathways 
with radionuclide inventories) which fail the GW screening criteria reduce the number of Tier-1 
radionuclides from 134 to 43 as shown in Table 3-76 without aquifer dilution.

Table 3-76. Tier-1 radionuclides that failed Tier-2 LAWV PorflowPS GW screening
(without aquifer dilution).

Ag-108m Am-241 Am-245 Be-10 Bk-249 C-14 Ca-41 Cd-113
Cf-253 Cl-36 Cm-245 Cm-249 Cs-137 Es-253 Fm-257 H-3
I-129 K-40 Kr-81 Mn-53 Ni-59 Ni-63 Np-235 Np-236

Np-237 Pa-231 Pd-107 Pt-190 Pu-239 Pu-241 Ra-226 Rb-87
Re-186m Re-187 Si-32 Sr-90 Tc-97 Tc-98 Tc-99 Th-231

U-234 U-235 U-237

LAWV PorflowPS model doses (computed using maximum screening factors for all GW pathways 
with radionuclide inventories) which fail the GW screening criteria reduce the number of Tier-1 
radionuclides from 134 to 39 as shown in Table 3-77 with aquifer dilution.

Table 3-77. Tier-1 radionuclides that failed Tier-2 LAWV PorflowPS groundwater
screening (with aquifer dilution).

Ag-108m Am-241 Be-10 Bk-249 C-14 Ca-41 Cd-113 Cf-253
Cl-36 Cm-245 Cs-137 Es-253 Fm-257 H-3 I-129 K-40
Kr-81 Mn-53 Ni-59 Ni-63 Np-235 Np-236 Np-237 Pa-231

Pd-107 Pt-190 Pu-239 Pu-241 Ra-226 Rb-87 Re-186m Re-187
Si-32 Sr-90 Tc-97 Tc-98 Tc-99 U-235 U-237

3.7.3 Tier-2 NRCDA (generic) PorflowPS Groundwater Screening
The NRCDAG DU description is given in the NRCDA intruder screening section, Section 3.3.3.  
The waste zone in the PorflowPS GW model is identical to the intruder waste zone with the 
exception of using the collapsed state of the NRCDAG waste.  The NRCDAG PorflowPS vadose 
and aquifer zone parameters are shown in Table 3-78.

Table 3-78. NRCDAG PorflowPS vadose and aquifer zone parameters.

Parameter Setting Comment

Particle soil density 2.667 g/cm3 Backfill, waste and lower vadose zone
Porosity 0.380 Backfill, waste and lower vadose zone
Water content function of infiltration rate Backfill, waste and lower vadose zone
Distribution coefficient element specific, cm3/g Best Sand Kd for all soil layers
Effective pore diffusion coefficient 167.25528 cm2/yr Backfill, waste and lower vadose zone
Transverse and longitudinal 
dispersivities 0 cm No mechanical dispersion

Backfill zone thickness 5 ft (1.524 m) Thickness of soil cover

Waste zone thickness 8.2 ft (2.4994 m) Height of double-stack bolted 
containers, 2 x 4.1 ft

Lower vadose zone thickness 68.9 ft (21.0 m) Average depth from WZ to WT
Rate constant for aquifer dilution 0 and 12.5 yr-1 wd in (2-12). Table G-7
Backfill, waste, lower vadose and 
aquifer zone area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)

Used in denominator of (B-37)
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A series of 27 GW scenarios were simulated using the PorflowPS GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  Water 
saturations for sandy soil as a function of infiltrate rate are given in Table F-1.  The water content 
is the product of porosity and water saturation.  A summary of the NRCDAG PorflowPS GW
screening scenarios are shown in Table 3-79.

Table 3-79. NRCDAG PorflowPS groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 56 7.2170E-01 2.7425E-01

4 to 14 1.0000E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.2170E-01 2.7425E-01

15, 16 4.0500E-01 22, 50 7.7000E-01 2.9260E-01

17 to 27 4.0500E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.7000E-01 2.9260E-01

NRCDAG PorflowPS model doses (computed using maximum screening factors for all GW 
pathways with radionuclide inventories) which fail the GW screening criteria reduce the number 
of Tier-1 radionuclides from 157 to 41 as shown in Table 3-80 without aquifer dilution.

Table 3-80. Tier-1 radionuclides that failed Tier-2 NRCDAG PorflowPS groundwater
screening (without aquifer dilution).

Am-241 Am-245 Ar-39 Bk-247 Bk-249 C-14 Ca-41 Cd-113
Cf-253 Cl-36 Cm-249 Cs-135 Es-253 Fm-257 H-3 I-129
K-40 Kr-81 Mn-53 Ni-59 Ni-63 Np-235 Np-236 Np-237

Np-239 Pd-107 Pt-190 Pt-193 Pu-239 Pu-241 Rb-87 Re-186m
Re-187 Si-32 Sr-90 Tc-97 Tc-98 Tc-99 U-235 U-235m
U-237

NRCDAG PorflowPS model doses (computed using maximum screening factors for all GW 
pathways with radionuclide inventories) which fail the GW screening criteria reduce the number 
of Tier-1 radionuclides from 157 to 38 as shown in Table 3-81 with aquifer dilution.

Table 3-81. Tier-1 radionuclides that failed Tier-2 NRCDAG PorflowPS groundwater
screening (with aquifer dilution).

Am-241 Am-245 Ar-39 Bk-247 Bk-249 C-14 Ca-41 Cd-113
Cf-253 Cl-36 Cm-249 Cs-135 Es-253 Fm-257 H-3 I-129
K-40 Kr-81 Mn-53 Ni-59 Ni-63 Np-235 Np-236 Np-237

Pd-107 Pt-190 Pt-193 Pu-241 Rb-87 Re-186m Re-187 Si-32
Sr-90 Tc-97 Tc-98 Tc-99 U-235 U-237
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3.7.4 Tier-2 NRCDA (special) PorflowPS Groundwater Screening
The NRCDA DU description is given in the NRCDA intruder screening section, Section 3.3.3.  
The waste zone in the PorflowPS GW model is identical to the intruder waste zone with the 
exception of using the collapsed state of the NRCDAS waste.  The NRCDAS PorflowPS vadose 
and aquifer zone parameters are shown in Table 3-82.

Table 3-82. NRCDAS PorflowPS vadose and aquifer zone parameters.

Parameter Setting Comment

Particle soil density 2.667 g/cm3 Backfill, waste and lower vadose zone
Porosity 0.380 Backfill, waste and lower vadose zone
Water content function of infiltration rate Backfill, waste and lower vadose zone
Distribution coefficient element specific, cm3/g Best Sand Kd for all soil layers
Effective pore diffusion coefficient 167.25528 cm2/yr Backfill, waste and lower vadose zone
Transverse and longitudinal 
dispersivities 0 cm No mechanical dispersion

Backfill zone thickness 5 ft (1.524 m) Thickness of soil cover
Waste zone thickness 18 ft (5.4864 m) Height of welded casks
Lower vadose zone thickness 68.9 ft (21.0 m) Average depth from WZ to WT
Rate constant for aquifer dilution 0 and 12.5 yr-1 wd in (2-12). Table G-7
Backfill, waste, lower vadose and 
aquifer zone area 5,900 ft2 (8249.8 m2) 643-7E footprint (Hamm 2019)

Used in denominator of (B-37)

A series of 11 GW scenarios were simulated using the PorflowPS GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  The minimum 
release times (bold) for the other infiltration rates include a 750-year offset from the minimum 
travel times to account for the hydraulic isolation of welded casks.  Water saturations for sandy 
soil as a function of infiltration rate are given in Table F-1.  The water content is the product of 
porosity and water saturation.  A summary of the NRCDAS PorflowPS GW screening scenarios 
are shown in Table 3-83.

Table 3-83. NRCDAS PorflowPS groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01
3 1.0000E-01 806 7.2170E-01 2.7425E-01

4 to 6 1.0000E-01 900, 1000, 1100 7.2170E-01 2.7425E-01
7 4.0500E-01 772 7.7000E-01 2.9260E-01

8 to 11 4.0500E-01 800, 900, 1000, 
1100 7.7000E-01 2.9260E-01

NRCDAS PorflowPS doses (computed using maximum screening factors for all GW pathways 
with radionuclide inventories) which fail the GW screening criteria reduce the number of Tier-1 
radionuclides from 122 to 34 as shown in Table 3-84 without aquifer dilution.
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Table 3-84. Tier-1 radionuclides that failed Tier 2 NRCDAS PorflowPS groundwater
screening (without aquifer dilution).

Am-241 Am-245 Ar-39 Be-10 Bk-247 C-14 Ca-41 Cf-253
Cl-36 Cm-245 Cm-249 Es-253 Fm-257 I-129 K-40 Kr-81
Ni-59 Ni-63 Np-235 Np-236 Np-237 Pa-231 Pt-190 Pu-239

Pu-241 Rb-87 Re-186m Re-187 Si-32 Tc-97 Tc-98 Tc-99
U-235 U-235m

NRCDAS PorflowPS model doses (computed using maximum screening factors for all GW 
pathways with radionuclide inventories) which fail the GW screening criteria reduce the number 
of Tier-1 radionuclides from 122 to 31 as shown in Table 3-85 with aquifer dilution.

Table 3-85. Tier-1 radionuclides that failed Tier-2 NRCDAS PorflowPS groundwater
screening (with aquifer dilution)

Am-241 Am-245 Ar-39 Be-10 Bk-247 C-14 Ca-41 Cf-253
Cl-36 Cm-249 Es-253 Fm-257 I-129 K-40 Kr-81 Ni-59
Ni-63 Np-235 Np-236 Np-237 Pa-231 Pt-190 Pu-241 Rb-87

Re-186m Re-187 Si-32 Tc-97 Tc-98 Tc-99 U-235

3.7.5 Tier-2 Generic Trench (ST/ET/CIG) PorflowPS Groundwater Screening
The Generic Trench DU description is given in the Generic Trench intruder screening section, 
Section 3.3.4.  The waste zone in the PorflowPS GW model is identical to the intruder waste zone 
with the exception of using the collapsed state of the Trench waste.  The Trench PorflowPS vadose 
and aquifer zone parameters are shown in Table 3-86.

Table 3-86. Generic Trench PorflowPS vadose and aquifer zone parameters.

Parameter Setting Comment

Particle soil density 2.667 g/cm3 Backfill, waste and lower vadose zone
Porosity 0.380 Backfill, waste and lower vadose zone
Water content function of infiltration rate Backfill, waste and lower vadose zone
Distribution coefficient element specific, cm3/g Best Sand Kd for all soil layers
Effective pore diffusion coefficient 167.25528 cm2/yr Backfill, waste and lower vadose zone
Transverse and longitudinal 
dispersivities 0 cm No mechanical dispersion

Backfill zone thickness 5 ft (1.524 m) Thickness of soil cover

Waste zone thickness 2.5 ft (0.762 m) Initial 16 ft waste compacted to 2.5 ft at 
the start of IC

Lower vadose zone thickness 41.7 ft (12.71 m) Average depth from WZ to WT
Rate constant for aquifer dilution 0 and 1.3 yr-1 wd in (2-12). Table G-7

Backfill, waste, lower vadose and 
aquifer zone area 73,600 ft2 (6837.7 m2)

Average waste footprint of ET/ST 
trenches.  74.9% of average footprint in 
Hamm (2019).  Used in denominator of 
(B-37)

A series of 28 GW scenarios were simulated using the PorflowPS GW model where infiltration 
rates and release rates were varied based on PORFLOW vadose zone infiltration rates and 
minimum travel times as presented in Table F-5.  The minimum release time at an infiltration rate 
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of 3.5E-5 m/yr is 112,105 years but was set to 1071 years to avoid a null scenario.  Water 
saturations for sandy soil as a function of infiltration rate are given in Table F-1.  The water content 
is the product of porosity and water saturation.  A summary of the Generic Trench PorflowPS GW
screening scenarios are shown in Table 3-87.

Table 3-87. Generic Trench PorflowPS groundwater screening scenarios.

GW Screening
Scenario

Infiltration
rate (m/yr)

Release time
(yr)

Water saturation
(Vw/Vv)

Water content
(Vw/V)

1 3.5000E-05 1071 6.3600E-01 2.4168E-01
2 3.5000E-05 1100 6.3600E-01 2.4168E-01

3,4 1.0000E-01 34, 50 7.2170E-01 2.7425E-01

5 to 15 1.0000E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.2170E-01 2.7425E-01

16, 17 4.0500E-01 12.8, 50 7.7000E-01 2.9260E-01

18 to 28 4.0500E-01
100, 200, 300, 400, 
500, 600, 700, 800, 

900, 1000, 1100
7.7000E-01 2.9260E-01

Generic Trench PorflowPS model doses (computed using maximum screening factors for all GW 
pathways with radionuclide inventories) which fail the GW screening criteria reduce the number 
of Tier-1 radionuclides from 163 to 44 as shown in Table 3-88 without aquifer dilution.
Table 3-88. Tier-1 radionuclides that failed Tier-2 Generic Trench PorflowPS groundwater

screening (without aquifer dilution)
Ag-108m Am-241 Am-245 Be-10 Bk-249 C-14 Cf-249 Cf-253

Cl-36 Cm-245 Cm-249 Cs-135 Cs-137 Es-253 Fm-257 H-3
I-129 K-40 Kr-81 Mn-53 Ni-59 Ni-63 Np-235 Np-236

Np-237 Pa-231 Pd-107 Pt-190 Pu-238 Pu-239 Pu-241 Ra-226
Rb-87 Re-186m Re-187 Si-32 Sr-90 Tc-97 Tc-98 Tc-99
Th-230 Th-231 U-234 U-235

Generic Trench PorflowPS model doses (computed using maximum screening factors for all GW 
pathways with radionuclide inventories) which fail the GW screening criteria reduce the number 
of Tier-1 radionuclides from 163 to 43 as shown in Table 3-89 with aquifer dilution.
Table 3-89. Tier-1 radionuclides that failed Tier-2 Generic Trench PorflowPS groundwater

screening (with aquifer dilution).
Ag-108m Am-241 Am-245 Be-10 Bk-249 C-14 Cf-249 Cf-253

Cl-36 Cm-245 Cm-249 Cs-135 Cs-137 Es-253 Fm-257 H-3
I-129 K-40 Kr-81 Mn-53 Ni-59 Ni-63 Np-235 Np-236

Np-237 Pa-231 Pd-107 Pt-190 Pu-239 Pu-241 Ra-226 Rb-87
Re-186m Re-187 Si-32 Sr-90 Tc-97 Tc-98 Tc-99 Th-230
Th-231 U-234 U-235
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4.0 Summary of Screening Analyses
The screening analysis described in this report significantly reduced the number of parent 
radionuclides requiring further complex fate and transport analyses (i.e., explicit WITS inventory 
limits).  This greatly reduces the upfront costs and maintenance costs throughout the life cycle of 
a PA.
The multitiered approach employed in this analysis systematically screens out radionuclides or 
retains them for further detailed PA analysis.  Those radionuclides that fail a screening step are 
carried on as input into the next screening step.  None of the original ICRP-107 list of 1252 
radionuclides fall outside of this systematic treatment thus eliminating the need for supplemental 
tracking of a subset of “unanalyzed” radionuclides.  However, there may be justification for 
tracking a portion of the radionuclides retained for detailed PA analyses using conservative trigger 
values as described in Section 2.6.  The implementation of trigger values and integration into the 
inventory limits system is described in Chapter 5.0). Key aspects and results associated with each 
tier are discussed in Sections 4.1 through 4.4.

4.1 Tier-0 Radionuclides that Failed Screening
Tier-0 screening analysis was presented in Section 3.1 and reduced the list of ICRP-07 
radionuclides from 1,252 to 271.  An additional radionuclide, Ar-37, was identified as a special 
non-SRS waste form in the ILV during the update to the 2065 E-Area closure inventory.  The list 
of radionuclides for Tier-1 ILV are augmented to include Ar-37 for a total of 272.  The list of Tier-
0 radionuclides was augmented for the NRCDAG and NRCDAS DU screening models to include 
radionuclides identified in the NRCDA inventories as discussed in Appendix H.  The NRCDA 
Tier-1 list increased to 295 radionuclides.
The six steps used in the Tier-0 screening were derived from the SRS HLW tank farm closure 
radionuclide screening developed by Hamm (2006).  The Hamm (2006) report included Tier-0 and 
Tier-1 screening analyses which reduced a comprehensive list of 849 radionuclides to 159.  This 
list of radionuclides was used in the Saltstone and Tank Farm Performance Assessments (Saltstone 
2019 and H-Tank Farm 2012, respectively) as approved by the DOE.
The Tier-0 screening analysis used in this study is an exhaustive examination of the full-chain 
activities of all ICRP-07 radionuclides at the start of ELLWF operations in 1994.  Any radioactive 
parent or progeny with an activity 30 orders of magnitude below that of the parent in the chain 
were excluded as not likely to exist during the 1100-year screening period.  The approach taken in 
this work, conceptually similar to Hamm (2006), reduces through sequentially logical steps, the 
original list down to more manageable lists for more complex/complete fate and transport 
modeling.
The composite Tier-0 radionuclide listing for all DU types is provided in Table 4-1.  The 271 
radionuclides in black apply to all disposal units.  The radionuclide in red is an additional nuclide 
for the ILV.  The 24 radionuclides in cyan are unique to the NRCDAG and NRCDAS DUs.

Table 4-1. Radionuclidesa that failed Tier-0 screening for each disposal unit type.

Ac-225 Ac-227 Ac-228 Ag-108 Ag-108m Ag-109m Ag-110 Ag-110m
Al-26 Am-241 Am-242 Am-242m Am-243 Am-245 Am-246m Ar-37
Ar-39 At-217 At-218 At-219 Au-194 Au-195 Ba-133 Ba-137m
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Ba-140 Be-10 Bi-207 Bi-208 Bi-210 Bi-210m Bi-211 Bi-212
Bi-213 Bi-214 Bi-215 Bk-247 Bk-249 Bk-250 C-14 Ca-41
Ca-45 Cd-109 Cd-113 Cd-113m Cd-115m Ce-139 Ce-141 Ce-144
Cf-248 Cf-249 Cf-250 Cf-251 Cf-252 Cf-253 Cl-36 Cm-242
Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 Cm-248 Cm-249 Cm-250
Co-57 Co-58 Co-60 Co-60m Cr-51 Cs-134 Cs-135 Cs-137

Dy-154 Dy-159 Es-253 Es-254 Eu-149 Eu-150 Eu-152 Eu-154
Eu-155 Fe-55 Fe-59 Fe-60 Fm-254 Fm-257 Fr-221 Fr-223
Ga-68 Gd-148 Gd-150 Gd-151 Gd-152 Gd-153 Ge-68 H-3
Hf-172 Hf-174 Hf-175 Hf-178m Hf-181 Hf-182 Hg-194 Hg-206
Ho-163 Ho-166m I-129 In-113m In-114 In-114m In-115 Ir-192
Ir-192m Ir-192n Ir-194 Ir-194m K-40 K-42 Kr-81 Kr-83m

Kr-85 La-137 La-138 La-140 Lu-172 Lu-172m Lu-173 Lu-174
Lu-174m Lu-176 Lu-177 Lu-177m Mn-53 Mn-54 Mo-93 Na-22

Nb-91 Nb-92 Nb-93m Nb-94 Nb-95 Nb-95m Nd-144 Ni-59
Ni-63 Np-235 Np-236 Np-237 Np-238 Np-239 Np-240 Np-240m

Os-185 Os-186 Os-194 P-32 P-33 Pa-231 Pa-232 Pa-233
Pa-234 Pa-234m Pb-202 Pb-205 Pb-209 Pb-210 Pb-211 Pb-212
Pb-214 Pd-107 Pm-143 Pm-144 Pm-145 Pm-146 Pm-147 Po-208
Po-209 Po-210 Po-211 Po-212 Po-213 Po-214 Po-215 Po-216
Po-218 Pr-144 Pr-144m Pt-190 Pt-193 Pu-236 Pu-238 Pu-239
Pu-240 Pu-241 Pu-242 Pu-243 Pu-244 Pu-246 Ra-223 Ra-224
Ra-225 Ra-226 Ra-228 Rb-87 Re-184 Re-184m Re-186 Re-186m
Re-187 Rh-101 Rh-102 Rh-102m Rh-103m Rh-106 Rn-217 Rn-218
Rn-219 Rn-220 Rn-222 Ru-103 Ru-106 S-35 Sb-124 Sb-125
Sb-126 Sb-126m Sc-44 Sc-46 Se-75 Se-79 Si-32 Sm-145
Sm-146 Sm-147 Sm-148 Sm-151 Sn-113 Sn-119m Sn-121 Sn-121m
Sn-123 Sn-126 Sr-89 Sr-90 Ta-179 Ta-182 Tb-157 Tb-158
Tc-97 Tc-98 Tc-99 Te-121 Te-121m Te-123 Te-123m Te-125m

Te-127 Te-127m Th-227 Th-228 Th-229 Th-230 Th-231 Th-232
Th-234 Ti-44 Tl-202 Tl-204 Tl-206 Tl-207 Tl-208 Tl-209
Tl-210 Tm-168 Tm-170 Tm-171 U-232 U-233 U-234 U-235

U-235m U-236 U-237 U-238 U-240 V-49 V-50 W-181
W-185 W-188 Y-88 Y-90 Y-91 Zn-65 Zr-93 Zr-95

a 271 radionuclides in black apply to all DUs.  The radionuclide in red is an additional nuclide for the ILV.  The 24 
radionuclides in cyan are unique to the NRCDAG and NRCDAS DUs.

4.2 Tier-1 and Tier-2 Common Calculational Aspects
There are several computational aspects that are common between the Tier-1 and the Tier-2 
screening efforts for each DU type (e.g., upper bound estimates for inventories and dose analyses).  
Both screening efforts employed the following common features:
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c o n c e ntr ati o ns of e a c h G W s cr e e ni n g s c e n ari o;

• T h e G W s cr e e ni n g m o d el a q uif er r es ults w er e t h e n pr o c ess e d t hr o u g h t h e E P A G W 
pr ot e cti o n a n d P A A P h u m a n r e c e pt ors a n al y z e d i n t h e E L L W F P A;

• M a xi m u m d os e s cr e e ni n g f a ct ors d uri n g t h e E P A G W a n d P A A P P O C w er e c o m p ut e d f or 
all r a di o n u cli d es;

• T h e list of r a di o n u cli d e i n v e nt ori es us e d i n t h e i ntr u d er s cr e e ni n g w er e us e d f or G W 
s cr e e ni n g; a n d

• T h e s cr e e ni n g crit eri o n of 0. 1 % of t h e p erf or m a n c e o bj e cti v e w er e u s e d.

Wit h r e g ar d t o t h e l ast f e w b ull ets, hist ori c all y, a d os e ( or c o n c e ntr ati o n l e v el) h as b e e n c o m p ar e d 
wit h a s cr e e ni n g crit eri o n s et t o 1 % of a p erf or m a n c e m e as ur e ( e. g., a b et a -g a m m a d os e n ot t o 
e x c e e d t h e 4 mr e m/ yr b et a -g a m m a p erf or m a n c e m e as ur e x 0. 0 1 = 0. 0 4 mr e m/ yr).  T h us, if a 
r a di o n u cli d e pr o d u c e d a b o u n di n g or s cr e e ni n g-l e v el d os e ( or c o n c e ntr ati o ns) l ess t h a n t h e 
s cr e e ni n g crit eri o n, it c o ul d b e s af el y r e m o v e d fr o m f urt h er c o nsi d er ati o n. S e v er al ti ers of 
s cr e e ni n g a n d b o u n di n g l e v el a n al ys es h a v e b e e n c o nsi d er e d i n t his r e p ort.  I n t his n e w s cr e e ni n g 
eff ort, t h e p erf or m a n c e m e as ur e a n d esti m at or w er e ti g ht e n e d u p b y:

• C o nsist e ntl y l o o ki n g at e v er y e x p os ur e p at h w a y r e g ar dl ess of t h e ti er l e v el;
• R olli n g u p d os e c o ntri b uti o ns f or t h e e ntir e f ull -c h a i n m e m b ers; a n d
• R e q uiri n g t h at a p at h w a y’s m a xi m u m e x p os ur e n ot e x c e e d 0. 1 % of t h e a p pli c a bl e 

p erf or m a n c e m e as ur e ( e. g., 0. 1 % of t h e 4 mr e m/ y p erf or m a n c e m e as ur e x 0. 0 0 1 = 0. 0 0 4 
mr e m/ yr) o v er t h e e ntir e p eri o d of p erf or m a n c e.

B ull et o n e e ns ur es t h at n o i n c o nsist e n ci es e xists i n b et w e e n v ar yi n g ti ers s u c h t h at a r a di o n u cli d e 
p ass e d o n t o t h e P A -l e v el a n al ysis w o ul d n ot h a v e b e e n first s cr e e n e d o ut at a hi g h er l e v el.  B ull et 
t w o a d dr ess es t h e p ossi bilit y t h at o n e of a p ar e nt’s pr o g e n y c a n c o ntri b ut e si g nifi c a ntl y t o o v er all 
d os e.  B ull et t hr e e pr o vi d es a d diti o n al ris k r e d u cti o n i n t h e v er y u nli k el y s c e n ari o t h at a s et of 
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r a di o n u cli d es s cr e e n e d o ut fr o m f urt h er c o nsi d er ati o n i n a p at h w a y w o ul d pr o d u c e a c u m ul ati v e 
d os e i m p a ct a p pr o a c hi n g t h e a p pli c a bl e p erf or m a n c e m e as ur e.

4. 3 Ti e r - 1 R a di o n u cli d es t h at F ail e d S c r e e ni n g

Ti er - 1 in a d v ert e nt i ntr u d er a n d G W r a di o n u cli d e s cr e e ni n g of t h e I L V, L A W V, N R C D A G, 
N R C D A S a n d G e n eri c Tr e n c h D Us ar e pr es e nt e d i n S e cti o n s 3. 3 a n d 3. 4 , r es p e cti v el y.  T h e 
c al c ul ati o n al as p e cts list e d i n S e cti o n 4. 2 w er e e m pl o y e d al o n g wit h as p e cts t h at ar e s p e cifi c t o 
Ti er -1 s cr e e ni n g.  F or t h e Ti er - 1 i ntr u d er s cr e e ni n g t h e f oll o wi n g a d diti o n al as p e cts w er e 
c o nsi d er e d:

• M o d els w er e e x er cis e d t hr o u g h t h e f ull s p e ctr u m of a c ut e a n d c hr o ni c i ntr u d er s c e n ari os 
a n al y z e d i n t h e E L L W F P A ; a n d

• M a xi m u m d os e s cr e e ni n g f a ct ors d uri n g t h e i n a d v ert e nt i ntr u d er C P w er e c o m p ut e d f or all 
r a di o n u cli d es.  

F or t h e Ti er -1 G W t h e f oll o wi n g a d diti o n al as p e cts w er e c o nsi d er e d:

• T h e f ull s p e ctr u m of E P A dri n ki n g w at er a n d All -P at h w a ys P Ms w er e c o nsi d er e d ; a n d
• M a xi m u m d os e s cr e e ni n g f a ct ors d uri n g t h e G W C Ps w er e c o m p ut e d f or all r a di o n u cli d es.  

B as e d o n t h e r e c o m m e n d e d (i. e., t h e “ N C R P -li k e ”) G W a n d i ntr u d er s cr e e ni n g m et h o d ol o gi es t h e 
list of p ar e nt n u cli d es t h at f ail t h e s cr e e ni n g crit eri o n (i. e., 0. 1 % S O F) ar e s u m m ari z e d i n T a bl e 4- 2
t hr o u g h T a bl e 4- 1 1 f or e a c h of t h e D U s cr e e ni n g m o d els.  T h es e ar e t h e a ct u al p ar e nt r a di o n u cli d es 
t h at f ail t h e Ti er- 1 G W a n d i n a d v ert e nt i ntr u d er s cr e e ni n g pr o c ess es a n d w er e s u bj e ct e d t o a Ti er -
2 s cr e e ni n g pr o c ess.

4. 3. 1 Ti er -1 I L V R a di o n u c li d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -1 I L V i ntr u d er a n d G W s cr e e ni n g ar e s h o w n i n T a bl e 4- 2 a n d 
T a bl e 4- 3, r es p e cti v el y.  R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – 2 7 2 r e d u c e d t o 2 9; a n d
• G r o u n d w at e r - 2 7 2 r e d u c e d t o 1 4 1.

T a bl e 4- 2 . R a di o n u cli d es ( 2 9) t h at f ail e d Ti e r-1 I L V i nt r u d e r s c r e e ni n g.

A c -2 2 7 Al -2 6 Bi -2 0 7 Bi -2 0 8 Bi -2 1 0 m C m -2 5 0 Cs -1 3 7 E u - 1 5 0

F e -6 0 Hf -1 8 2 H g -1 9 4 H o -1 6 6 m Ir-1 9 2 n L a -1 3 8 N b -9 1 N b -9 2

N p -2 3 6 P a -2 3 1 P a -2 3 2 P b -2 0 2 P o -2 0 9 P u -2 3 6 R a -2 2 6 R e -1 8 6 m

T b - 1 5 8 T c -9 8 T h - 2 2 9 Ti -4 4 V- 5 0

T a bl e 4 - 3. R a di o n u cli d esa ( 1 4 1) t h at f ail e d Ti e r- 1 I L V g r o u n d w at e r s c r e e ni n g.

A c -2 2 7 A g -1 0 8 m Al -2 6 A m -2 4 1 A m -2 4 2 A m -2 4 2 m A m -2 4 3 A m -2 4 5

A m -2 4 6 m Ar -3 9 At -2 1 8 B a -1 3 3 B e -1 0 Bi -2 0 7 Bi -2 0 8 Bi -2 1 0 m

B k -2 4 7 B k -2 4 9 B k -2 5 0 C- 1 4 C a -4 1 C d -1 1 3 Cf -2 4 8 Cf -2 4 9

Cf -2 5 0 Cf -2 5 1 Cf -2 5 2 Cf -2 5 3 Cl -3 6 C m -2 4 2 C m -2 4 3 C m -2 4 4

C m -2 4 5 C m -2 4 6 C m -2 4 7 C m -2 4 8 C m -2 4 9 C m -2 5 0 Cs -1 3 5 Cs -1 3 7
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D y -1 5 4 E s -2 5 3 E s -2 5 4 E u - 1 5 0 F e -6 0 F m -2 5 4 F m -2 5 7 G d -1 4 8

G d -1 5 0 G d -1 5 2 H- 3 Hf -1 7 4 Hf -1 7 8 m Hf -1 8 2 H g -1 9 4 H o -1 6 3

H o -1 6 6 m I-1 2 9 I n- 1 1 5 Ir-1 9 2 n K- 4 0 Kr -8 1 L a -1 3 7 L a -1 3 8

L u - 1 7 6 M n -5 3 M o -9 3 N b -9 1 N b -9 2 N b -9 3 m N b -9 4 N d -1 4 4

Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 N p -2 3 8 N p -2 4 0 N p -2 4 0 m

Os -1 8 6 Os -1 9 4 P a -2 3 1 P a -2 3 2 P b -2 0 2 P b -2 0 5 P b -2 1 0 P d -1 0 7

P m -1 4 5 P m -1 4 6 P o -2 0 8 P o -2 0 9 Pt -1 9 0 Pt -1 9 3 P u -2 3 6 P u -2 3 8

P u -2 3 9 P u -2 4 0 P u -2 4 1 P u -2 4 2 P u -2 4 3 P u -2 4 4 P u -2 4 6 R a -2 2 6

R b -8 7 R e -1 8 6 m R e -1 8 7 R n -2 2 2 S e -7 9 Si -3 2 S m -1 4 5 S m -1 4 6

S m -1 4 7 S m -1 4 8 S m -1 5 1 S n -1 2 6 Sr -9 0 T b - 1 5 7 T b - 1 5 8 T c -9 7

T c -9 8 T c -9 9 T e -1 2 3 T h - 2 2 9 T h - 2 3 0 T h - 2 3 1 T h - 2 3 2 T h - 2 3 4

Ti -4 4 Tl -2 1 0 U- 2 3 2 U- 2 3 3 U- 2 3 4 U- 2 3 5 U- 2 3 5 m U- 2 3 6

U- 2 3 7 U- 2 3 8 U- 2 4 0 V- 5 0 Zr -9 3

a T h e si x r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 3. 2 Ti er -1 L A W V R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -1 L A W V i ntr u d er a n d G W s cr e e ni n g ar e s h o w n i n T a bl e 4 - 4 a n d 
T a bl e 4- 5, r es p e cti v el y.  R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – 2 7 1 r ed u c e d t o 2 0; a n d
• G r o u n d w at e r - 2 7 1 r e d u c e d t o 1 3 4.

T a bl e 4- 4 . R a di o n u cli d es ( 2 0) t h at f ail e d Ti e r-1 L A W V i nt r u d e r s c r e e ni n g.

A c -2 2 7 Al -2 6 Bi -2 0 8 C m -2 5 0 F e -6 0 Hf -1 8 2 H g -1 9 4 H o -1 6 6 m

Ir-1 9 2 n L a -1 3 8 N b -9 2 N p -2 3 6 P a -2 3 1 P b -2 0 2 P o -2 0 9 P u -2 3 6

R e -1 8 6 m T b - 1 5 8 T c -9 8 Ti -4 4

T a bl e 4 - 5. R a di o n u cli d esa ( 1 3 4) t h at f ail e d Ti e r-1 L A W V g r o u n d w at e r s c r e e ni n g.

A c -2 2 7 A g -1 0 8 m Al -2 6 A m -2 4 1 A m -2 4 2 A m -2 4 2 m A m -2 4 3 A m -2 4 5

A m -2 4 6 m B e -1 0 Bi -2 0 7 Bi -2 0 8 Bi -2 1 0 m B k -2 4 7 B k -2 4 9 B k -2 5 0

C- 1 4 C a -4 1 C d -1 1 3 Cf -2 4 8 Cf -2 4 9 Cf -2 5 0 Cf -2 5 1 Cf -2 5 2

Cf -2 5 3 Cl -3 6 C m -2 4 3 C m -2 4 4 C m -2 4 5 C m -2 4 6 C m -2 4 9 C m -2 5 0

Cs -1 3 7 D y -1 5 4 E s -2 5 3 E s -2 5 4 E u - 1 5 0 E u - 1 5 2 F e -6 0 F m -2 5 4

F m -2 5 7 G d -1 4 8 G d -1 5 0 G d -1 5 2 H- 3 Hf -1 7 4 Hf -1 7 8 m Hf -1 8 2

H g -1 9 4 H o -1 6 3 H o -1 6 6 m I-1 2 9 I n- 1 1 5 Ir-1 9 2 n K- 4 0 Kr -8 1

L a -1 3 7 L a -1 3 8 L u - 1 7 6 M n -5 3 M o -9 3 N b -9 1 N b -9 2 N b -9 3 m

N b -9 4 N d -1 4 4 Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 N p -2 3 8

N p -2 4 0 N p -2 4 0 m Os -1 8 6 Os -1 9 4 P a -2 3 1 P a -2 3 2 P a -2 3 3 P b -2 0 2

P b -2 0 5 P b -2 1 0 P d -1 0 7 P m -1 4 5 P m -1 4 6 P o -2 0 8 P o -2 0 9 Pt -1 9 0

Pt -1 9 3 P u -2 3 6 P u -2 3 8 P u -2 3 9 P u -2 4 0 P u -2 4 1 P u -2 4 2 P u -2 4 3



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

1 0 0

P u -2 4 6 R a -2 2 6 R b -8 7 R e -1 8 6 m R e -1 8 7 S e -7 9 Si -3 2 S m -1 4 5

S m -1 4 6 S m -1 4 7 S m -1 4 8 S m -1 5 1 S n -1 2 1 m S n -1 2 6 Sr -9 0 T b - 1 5 7

T b - 1 5 8 T c -9 7 T c -9 8 T c -9 9 T e -1 2 3 T h - 2 2 9 T h - 2 3 0 T h - 2 3 1

T h - 2 3 2 T h - 2 3 4 Ti -4 4 U- 2 3 2 U- 2 3 3 U- 2 3 4 U- 2 3 5 U- 2 3 5 m

U- 2 3 6 U- 2 3 7 U- 2 3 8 U- 2 4 0 V- 5 0 Zr -9 3

a T h e si x r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 3. 3 Ti er -1 N R C D A G R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -1 N R C D A ( g e n eri c) i ntr u d er a n d G W s cr e e ni n g ar e s h o w n i n 
T a bl e 4- 6 a n d T a bl e 4 - 7, r es p e cti v el y.  R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – 2 9 5 r e d u c e d t o 2 9; a n d
• G r o u n d w at e r - 2 9 5 r e d u c e d t o 1 5 7.

T a bl e 4- 6 . R a di o n u cli d es ( 2 9) t h at f ail e d Ti e r-1 N R C D A ( g e n e ri c) i nt r u d e r s c r e e ni n g.

Al -2 6 Bi -2 0 7 Bi -2 0 8 Bi -2 1 0 m B k -2 4 7 C m -2 5 0 E u - 1 5 0 E u - 1 5 2

F e -6 0 Hf -1 8 2 H g -1 9 4 H o -1 6 6 m Ir-1 9 2 n K- 4 0 L a -1 3 8 N b -9 1

N b -9 2 N b -9 4 N p -2 3 6 P a -2 3 2 P b -2 0 2 P o -2 0 9 P u -2 3 6 R e -1 8 6 m

T b - 1 5 8 T c -9 8 T h - 2 2 9 Ti -4 4 V- 5 0

T a bl e 4- 7 . R a di o n u cli d esa ( 1 5 7) t h at f ail e d Ti e r- 1 N R C D A ( g e n e ri c) g r o u n d w at e r 
s c r e e ni n g.

A c -2 2 8 Al -2 6 A m -2 4 1 A m -2 4 2 A m -2 4 2 m A m -2 4 3 A m -2 4 5 A m -2 4 6 m

Ar -3 9 At -2 1 8 B a -1 3 3 Bi -2 0 7 Bi -2 0 8 Bi -2 1 0 m B k -2 4 7 B k -2 4 9

B k -2 5 0 C- 1 4 C a -4 1 C d -1 0 9 C d -1 1 3 C d -1 1 3 m Cf -2 4 8 Cf -2 5 0

Cf -2 5 2 Cf -2 5 3 Cl -3 6 C m -2 4 2 C m -2 4 3 C m -2 4 4 C m -2 4 5 C m -2 4 6

C m -2 4 9 C m -2 5 0 C o -5 7 C o -6 0 C o -6 0 m Cs -1 3 4 Cs -1 3 5 Cs -1 3 7

D y -1 5 4 E s -2 5 3 E s -2 5 4 E u - 1 5 0 E u - 1 5 2 E u - 1 5 4 F e -5 5 F e -6 0

F m -2 5 4 F m -2 5 7 G d -1 4 8 G d -1 5 0 G d -1 5 2 G e -6 8 H- 3 Hf -1 7 2

Hf -1 7 4 Hf -1 7 8 m Hf -1 8 2 H g -1 9 4 H o -1 6 3 H o -1 6 6 m I-1 2 9 I n- 1 1 5

Ir-1 9 2 n K- 4 0 Kr -8 1 L a -1 3 7 L a -1 3 8 L u - 1 7 3 L u - 1 7 4 L u -1 7 4 m

L u - 1 7 6 M n -5 3 M n -5 4 M o -9 3 N a -2 2 N b -9 1 N b -9 2 N b -9 3 m

N b -9 4 N d -1 4 4 Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 N p -2 3 8

N p -2 3 9 N p -2 4 0 N p -2 4 0 m Os -1 8 6 Os -1 9 4 P a -2 3 2 P a -2 3 3 P b -2 0 2

P b -2 0 5 P b -2 1 0 P d -1 0 7 P m -1 4 4 P m -1 4 5 P m -1 4 6 P m -1 4 7 P o -2 0 8

P o -2 0 9 Pt -1 9 0 Pt -1 9 3 P u -2 3 6 P u -2 3 8 P u -2 3 9 P u -2 4 0 P u -2 4 1

P u -2 4 2 P u -2 4 3 P u -2 4 6 R a -2 2 8 R b -8 7 R e -1 8 6 m R e -1 8 7 R h -1 0 1

R h -1 0 2 m R n -2 1 8 R u -1 0 6 S b -1 2 5 S e -7 9 Si -3 2 S m -1 4 5 S m -1 4 6

S m -1 4 7 S m -1 4 8 S m -1 5 1 S n -1 2 6 Sr -9 0 T a -1 7 9 T b - 1 5 7 T b - 1 5 8

T c -9 7 T c -9 8 T c -9 9 T e -1 2 3 T h - 2 2 8 T h - 2 2 9 Ti -4 4 Tl -2 0 4
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Tl -2 1 0 T m - 1 7 1  U-2 3 2 U- 2 3 3 U- 2 3 4 U- 2 3 5 U- 2 3 5 m U- 2 3 7

U- 2 3 8 U- 2 4 0 V- 4 9 V- 5 0 Zr -9 3

a T h e si x r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 3. 4 Ti er -1 N R C D A S R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -1 N R C D A (s p e ci al) i ntr u d er a n d G W s cr e e ni n g ar e s h o w n i n 
T a bl e 4- 8 a n d T a bl e 4 - 9, r es p e cti v el y.  R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – 2 9 5 r e d u c e d t o 7 5; a n d
• G r o u n d w at e r - 2 9 5 r e d u c e d t o 1 2 2.

T a bl e 4- 8 . R a di o n u cli d esa ( 7 5) t h at f ail e d Ti e r-1 N R C D A (s p e ci al) i nt r u d e r s c r e e ni n g.

A c -2 2 7 Al -2 6 A m -2 4 1 A m -2 4 3 A m -2 4 5 A m -2 4 6 m Bi -2 0 7 Bi -2 0 8

Bi -2 1 0 m B k -2 4 7 B k -2 5 0 Cf -2 4 8 Cf -2 5 0 Cf -2 5 2 Cf -2 5 3 C m -2 4 9

C m -2 5 0 C o -6 0 Cs -1 3 7 E s -2 5 3 E s -2 5 4 E u - 1 5 0 F e -6 0 F m -2 5 4

F m -2 5 7 Hf -1 8 2 H g -1 9 4 H o -1 6 6 m Ir-1 9 2 n K- 4 0 Kr -8 1 L a -1 3 7

L a -1 3 8 L u - 1 7 6 M o -9 3 N b -9 1 N b -9 2 N b -9 3 m N b -9 4 Ni -5 9

N p -2 3 5 N p -2 3 6 N p -2 3 8 Os -1 9 4 P a -2 3 1 P a -2 3 2 P a -2 3 3 P b -2 0 2

P b -2 1 0 P m -1 4 5 P m -1 4 6 P o -2 0 8 P o -2 0 9 P u -2 3 6 P u -2 4 1 P u -2 4 3

P u -2 4 6 R a -2 2 6 R a -2 2 8 R e -1 8 6 m R n -2 2 2 S m -1 4 5 S n -1 2 1 m S n -1 2 6

Sr -9 0 T b - 1 5 7 T b - 1 5 8 T c -9 7 T c -9 8 T e -1 2 3 T h - 2 2 9 T h - 2 3 0

Ti -4 4 V- 5 0 Zr -9 3

a T h e fi v e r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

T a bl e 4- 9 . R a di o n u cli d esa ( 1 2 2) t h at f ail e d Ti e r-1 N R C D A (s p e ci al) g r o u n d w at e r s c r e e ni n g.

A c -2 2 7 A g -1 0 8 m Al -2 6 A m -2 4 1 A m -2 4 2 m A m -2 4 3 A m -2 4 5 A m -2 4 6 m

Ar -3 9 B e -1 0 Bi -2 0 7 Bi -2 0 8 Bi -2 1 0 m B k -2 4 7 B k -2 5 0 C- 1 4

C a -4 1 C d -1 1 3 Cf -2 4 8 Cf -2 5 0 Cf -2 5 2 Cf -2 5 3 Cl -3 6 C m -2 4 2

C m -2 4 3 C m -2 4 4 C m -2 4 5 C m -2 4 6 C m -2 4 9 C m -2 5 0 Cs -1 3 5 Cs -1 3 7

D y -1 5 4 E s -2 5 3 E s -2 5 4 E u - 1 5 0 F e -6 0 F m -2 5 4 F m -2 5 7 G d -1 4 8

G d -1 5 0 G d -1 5 2 Hf -1 7 4 Hf -1 7 8 m Hf -1 8 2 H g -1 9 4 H o -1 6 3 H o -1 6 6 m

I-1 2 9 I n- 1 1 5 Ir-1 9 2 n K- 4 0 Kr -8 1 L a -1 3 7 L a -1 3 8 L u - 1 7 6

M n -5 3 M o -9 3 N b -9 1 N b -9 2 N b -9 4 N d -1 4 4 Ni -5 9 Ni -6 3

N p -2 3 5 N p -2 3 6 N p -2 3 7 N p -2 3 8 N p -2 4 0 N p -2 4 0 m Os -1 8 6 P a -2 3 1

P a -2 3 2 P a -2 3 3 P a -2 3 4 P b -2 0 2 P b -2 1 0 P d -1 0 7 P m -1 4 6 P o -2 0 8

P o -2 0 9 Pt -1 9 0 P u -2 3 6 P u -2 3 8 P u -2 3 9 P u -2 4 0 P u -2 4 1 P u -2 4 2

P u -2 4 3 P u -2 4 6 R a -2 2 6 R b -8 7 R e -1 8 6 m R e -1 8 7 S e -7 9 Si -3 2

S m -1 4 6 S m -1 4 7 S m -1 4 8 S m -1 5 1 S n -1 2 1 m S n -1 2 6 Sr -9 0 T b - 1 5 7

T b - 1 5 8 T c -9 7 T c -9 8 T c -9 9 T e -1 2 3 T h - 2 2 9 T h - 2 3 0 T h - 2 3 2



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

1 0 2

Ti -4 4 U- 2 3 3 U- 2 3 4 U- 2 3 5 U- 2 3 5 m U- 2 3 6 U- 2 3 8 U- 2 4 0

V- 5 0 Zr -9 3

a T h e fi v e r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 3. 5 Ti er - 1 G e n eri c Tr e n c h R a d i o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er-1 G e n eri c Tr e n c h i ntr u d er a n d G W s cr e e ni n g ar e s h o w n i n 
T a bl e 4- 1 0 a n d T a bl e 4 -1 1 , r es p e cti v el y.  R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – 2 7 1 r e d u c e d t o 8 8; a n d
• G r o u n d w at e r - 2 7 1 r e d u c e d t o 1 6 3.

T a bl e 4 - 1 0. R a di o n u cli d esa ( 8 8) t h at f ail e d Ti e r-1 G e n e ri c T r e n c h i nt r u d e r s c r e e ni n g.

A g -1 0 8 m A m -2 4 1 A m -2 4 2 m A m -2 4 3 Bi -2 0 8 Bi -2 1 0 m B k -2 4 9 C- 1 4

Cf -2 4 8 Cf -2 4 9 Cf -2 5 1 Cf -2 5 3 C m -2 4 7 C m -2 4 8 C m -2 4 9 C m -2 5 0

Cs -1 3 7 D y -1 5 4 E s -2 5 3 E s -2 5 4 E u - 1 5 0 F e -6 0 F m -2 5 4 F m -2 5 7

G d -1 4 8 G d -1 5 0 G d -1 5 2 Hf -1 7 4 Hf -1 7 8 m Hf -1 8 2 H g -1 9 4 H o -1 6 3

I-1 2 9 I n- 1 1 5 Ir-1 9 2 n K- 4 0 Kr -8 1 L a -1 3 7 L a -1 3 8 L u - 1 7 6

M n -5 3 N b -9 1 N b -9 2 N b -9 4 N d -1 4 4 Ni -5 9 Ni -6 3 N p -2 3 5

N p -2 3 6 N p -2 3 7 Os -1 8 6 P a -2 3 2 P b -2 0 2 P m -1 4 5 P o -2 0 8 P o -2 0 9

Pt -1 9 0 P u -2 3 6 P u -2 3 9 P u -2 4 0 P u -2 4 1 P u -2 4 3 R a -2 2 6 R e -1 8 6 m

R e -1 8 7 Si -3 2 S m -1 4 6 S m -1 4 7 S m -1 4 8 S n -1 2 6 Sr -9 0 T b - 1 5 7

T b - 1 5 8 T c -9 7 T c -9 8 T c -9 9 T e -1 2 3 T h - 2 2 9 T h - 2 3 0 T h - 2 3 2

Ti -4 4 U- 2 3 2 U- 2 3 3 U- 2 3 4 U- 2 3 5 U- 2 3 6 U- 2 3 8 V- 5 0

a T h e si x r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

T a bl e 4- 1 1 . R a di o n u cli d esa ( 1 6 3) t h at f ail e d Ti e r-1 G e n e ri c T r e n c h g r o u n d w at e r s c r e e ni n g.

A c -2 2 7 A g -1 0 8 m A m -2 4 1 A m -2 4 2 m A m -2 4 3 A m -2 4 5 A m -2 4 6 m At -2 1 8

A u -1 9 5 B a -1 3 3 B e -1 0 Bi -2 0 8 Bi -2 1 0 m B k -2 4 7 B k -2 4 9 B k -2 5 0

C- 1 4 C d -1 1 3 m Cf -2 4 8 Cf -2 4 9 Cf -2 5 0 Cf -2 5 1 Cf -2 5 2 Cf -2 5 3

Cl -3 6 C m -2 4 2 C m -2 4 3 C m -2 4 4 C m -2 4 5 C m -2 4 6 C m -2 4 7 C m -2 4 8

C m -2 4 9 C m -2 5 0 C o -6 0 C o -6 0 m Cs -1 3 4 Cs -1 3 5 Cs -1 3 7 D y -1 5 4

E s -2 5 3 E s -2 5 4 E u - 1 5 0 E u - 1 5 2 E u - 1 5 4 E u - 1 5 5 F e -5 5 F e -6 0

F m -2 5 4 F m -2 5 7 G d -1 4 8 G d -1 5 0 G d -1 5 2 G d -1 5 3 G e -6 8 H- 3

Hf -1 7 2 Hf -1 7 4 Hf -1 7 8 m Hf -1 8 2 H g -1 9 4 H o -1 6 3 I-1 2 9 I n- 1 1 5

Ir-1 9 2 n K- 4 0 Kr -8 1 L a -1 3 7 L a -1 3 8 L u - 1 7 3 L u - 1 7 4 L u -1 7 4 m

L u - 1 7 6 M n -5 3 M n -5 4 M o -9 3 N a -2 2 N b -9 1 N b -9 2 N b -9 3 m

N b -9 4 N d -1 4 4 Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 N p -2 3 8

N p -2 3 9 N p -2 4 0 N p -2 4 0 m Os -1 8 6 Os -1 9 4 P a -2 3 1 P a -2 3 2 P a -2 3 3

P b -2 0 2 P b -2 1 0 P d -1 0 7 P m -1 4 4 P m -1 4 5 P m -1 4 7 P o -2 0 8 P o -2 0 9



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

1 0 3

Pt -1 9 0 Pt -1 9 3 P u -2 3 6 P u -2 3 8 P u -2 3 9 P u -2 4 0 P u -2 4 1 P u -2 4 2

P u -2 4 3 P u -2 4 6 R a -2 2 6 R a -2 2 8 R b -8 7 R e -1 8 4 m R e -1 8 6 m R e -1 8 7

R h -1 0 1 R h -1 0 2 m R n -2 1 8 R n -2 2 2 R u -1 0 6 S b -1 2 5 S e -7 9 Si -3 2

S m -1 4 5 S m -1 4 6 S m -1 4 7 S m -1 4 8 S m -1 5 1 S n -1 2 1 m S n -1 2 6 Sr -9 0

T a -1 7 9 T b - 1 5 7 T b - 1 5 8 T c -9 7 T c -9 8 T c -9 9 T e -1 2 3 T h - 2 2 8

T h - 2 2 9 T h - 2 3 0 T h - 2 3 1 T h - 2 3 2 T h - 2 3 4 Ti -4 4 Tl -2 0 4 Tl -2 1 0

U- 2 3 2 U- 2 3 3 U- 2 3 4 U- 2 3 5 U- 2 3 5 m U- 2 3 6 U- 2 3 8 U- 2 4 0

V- 4 9 V- 5 0 Zr -9 3

a T h e si x r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 4 Ti e r - 2 R a di o n u cli d es t h at F ail e d S c r e e ni n g

O nl y Ti er -2 G W s cr e e ni n g a n al ys es w er e e x pli citl y p erf or m e d (i. e., n o Ti er -2 i n a d v ert e nt i ntr u d er 
s cr e e ni n g a n al ys es w er e p erf or m e d). T h e Ti er -2 G W r a di o n u cli d e s cr e e ni n g of t h e I L V, L A W V, 
N R C D A G, N R C D A S a n d G e n eri c Tr e n c h ar e pr es e nt e d i n S e cti o n 3. 7 f or t h e P orfl o w P S G W 
s cr e e ni n g m o d el.  T h e c al c ul ati o n al as p e cts list e d i n S e cti o n 4. 2 w er e e m pl o y e d al o n g wit h as p e cts 
t h at ar e s p e cifi c t o Ti er-2 s cr e e ni n g.  F or t h e Ti er -2 G W s cr e e ni n g t h e f oll o wi n g a d diti o n al as p e cts 
w er e c o nsi d er e d:

• T h e s h ort -c h ai n of e a c h p ar e nt r a di o n u cli d e (i. e., 1-yr c ut off) w er e m o d el e d i n t h e 
P O R F L O W 1 D v a d os e z o n e;

• A q uif er dil uti o n w as i n cl u d e d ass u mi n g a first -or d er r at e c o nst a nt a p pr o a c h; a n d
• T h e s eri es of c o u pl e d O D Es r e pr es e nti n g t h e r a di o n u clid e b al a n c es of t h e s h ort c h ai n, wit h 

tr a nsi e nt fl u x es t o t h e W T, i n t h e a q uif er w er e s ol v e d effi ci e ntl y usi n g i nt e gr ati n g f a ct ors 
a n d t h e m atri x e x p o n e nti al m et h o d.  

B as e d o n t h e P orfl o w P S G W s cr e e ni n g m et h o d ol o g y wit h a q uif e r dil uti o n , t h e list of p ar e nt
n u cli d es t h at f ail t h e s cr e e ni n g crit eri o n (i. e., 0. 1 % S O F) ar e s u m m ari z e d i n T a bl e 4- 1 2 t hr o u g h 
T a bl e 4- 1 6 f or e a c h of t h e D U s cr e e ni n g m o d els.  T h es e ar e t h e a ct u al p ar e nt r a di o n u cli d es t h at 
fail e d t h e Ti er - 2 G W s cr e e ni n g pr o c ess.

4. 4. 1 Ti er -2 I L V R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -2 I L V G W s cr e e ni n g ar e s h o w n i n T a bl e 4- 1 2.  R e m ai n i n g 
r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – n o s cr e e ni n g p erf or m e d; a n d
• G r o u n d w at e r - 1 4 1 r e d u c e d t o 4 5.

T a bl e 4- 1 2 . R a di o n u cli d esa ( 4 5) t h at f ail e d Ti e r- 2 I L V g r o u n d w at e r s c r e e ni n g.

A g -1 0 8 m A m -2 4 1 A m -2 4 5 Ar -3 9 B e -1 0 B k -2 4 7 B k -2 4 9 C- 1 4

C a -4 1 C d -1 1 3 Cf -2 4 9 Cf -2 5 3 Cl -3 6 C m -2 4 5 C m -2 4 9 Cs -1 3 5

Cs -1 3 7 E s -2 5 3 F m -2 5 7 H- 3 I- 1 2 9 K- 4 0 Kr -8 1 M n -5 3

Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 P a -2 3 1 P d -1 0 7 Pt -1 9 0

P u -2 3 9 P u -2 4 1 R a -2 2 6 R b -8 7 R e -1 8 6 m R e -1 8 7 Si -3 2 Sr -9 0



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

1 0 4

T c -9 7 T c -9 8 T c -9 9 U- 2 3 5 U- 2 3 7

a T h e f o ur r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 4. 2 Ti er -2 L A W V R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -2 L A W V G W s cr e e ni n g ar e s h o w n i n T a bl e 4- 1 3.  R e m ai ni n g 
r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – n o s cr e e ni n g p erf or m e d; a n d
• G r o u n d w at e r - 1 3 4 r e d u c e d t o 3 9.

T a bl e 4- 1 3 . R a di o n u cli d esa ( 3 9) t h at f ail e d Ti e r-2 L A W V g r o u n d w at e r s c r e e ni n g.

A g -1 0 8 m A m -2 4 1 B e -1 0 B k -2 4 9 C- 1 4 C a -4 1 C d -1 1 3 Cf -2 5 3

Cl -3 6 C m -2 4 5 Cs -1 3 7 E s -2 5 3 F m -2 5 7 H- 3 I- 1 2 9 K- 4 0

Kr -8 1 M n -5 3 Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 P a -2 3 1

P d -1 0 7 Pt -1 9 0 P u -2 3 9 P u -2 4 1 R a -2 2 6 R b -8 7 R e -1 8 6 m R e -1 8 7

Si -3 2 Sr -9 0 T c -9 7 T c -9 8 T c -9 9 U- 2 3 5 U- 2 3 7

a T h e f o ur r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 4. 3 Ti er -2 N R C D A G R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -2 N R C D A ( g e n eri c) G W s cr e e ni n g ar e s h o w n i n T a bl e 4- 1 4.  
R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – n o s cr e e ni n g p erf or m e d; a n d
• G r o u n d w at e r - 1 5 7 r e d u c e d t o 3 8.

T a bl e 4- 1 4 . R a di o n u cli d esa ( 3 8) t h at f ail e d Ti e r-2 N R C D A ( g e n e ri c) g r o u n d w at e r
s c r e e ni n g.

A m -2 4 1 A m -2 4 5 Ar -3 9 B k -2 4 7 B k -2 4 9 C- 1 4 C a -4 1 C d -1 1 3

Cf -2 5 3 Cl -3 6 C m -2 4 9 Cs -1 3 5 E s -2 5 3 F m -2 5 7 H- 3 I- 1 2 9

K- 4 0 Kr -8 1 M n -5 3 Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7

P d -1 0 7 Pt -1 9 0 Pt -1 9 3 P u -2 4 1 R b -8 7 R e -1 8 6 m R e -1 8 7 Si -3 2

Sr -9 0 T c -9 7 T c -9 8 T c -9 9 U- 2 3 5 U- 2 3 7

a T h e f o ur r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 4. 4 Ti er -2 N R C D A S R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er -2 N R C D A (s p e ci al) G W s cr e e ni n g ar e s h o w n i n T a bl e 4- 1 5.  
R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• I n a d v e rt e nt I nt r u d e r – n o s cr e e ni n g p erf or m e d; a n d



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

1 0 5

• G r o u n d w at e r - 1 2 2 r e d u c e d t o 3 1.

T a bl e 4- 1 5 . R a di o n u cli d esa ( 3 1) t h at f ail e d Ti e r-2 N R C D A (s p e ci al) g r o u n d w at e r s c r e e ni n g.

A m -2 4 1 A m -2 4 5 Ar -3 9 B e -1 0 B k -2 4 7 C- 1 4 C a -4 1 Cf -2 5 3

Cl -3 6 C m -2 4 9 E s -2 5 3 F m -2 5 7 I-1 2 9 K- 4 0 Kr -8 1 Ni -5 9

Ni -6 3 N p -2 3 5 N p -2 3 6 N p -2 3 7 P a -2 3 1 Pt -1 9 0 P u -2 4 1 R b -8 7

R e -1 8 6 m R e -1 8 7 Si -3 2 T c -9 7 T c -9 8 T c -9 9 U- 2 3 5

a T h e t hr e e r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.

4. 4. 5 Ti er - 2 G e n eri c Tr e n c h R a di o n u cli d es t h at F ail e d S cr e e ni n g

R a di o n u cli d es t h at f ail e d Ti er-2 G e n eri c Tr e n c h G W s cr e e ni n g ar e s h o w n i n T a bl e 4- 1 6.  
R e m ai ni n g r a di o n u cli d es aft er s cr e e ni n g ar e:

• In a d v e rt e nt I nt r u d e r – n o s cr e e ni n g p erf or m e d; a n d
• G r o u n d w at e r - 1 6 3 r e d u c e d t o 4 3.

T a bl e 4- 1 6 . R a di o n u cli d esa ( 4 3) t h at f ail e d Ti e r-2 G e n e ri c T r e n c h g r o u n d w at e r s c r e e ni n g.

A g -1 0 8 m A m -2 4 1 A m -2 4 5 B e -1 0 B k -2 4 9 C- 1 4 Cf -2 4 9 Cf -2 5 3

Cl -3 6 C m -2 4 5 C m -2 4 9 Cs -1 3 5 Cs -1 3 7 E s -2 5 3 F m -2 5 7 H- 3

I-1 2 9 K- 4 0 Kr -8 1 M n -5 3 Ni -5 9 Ni -6 3 N p -2 3 5 N p -2 3 6

N p -2 3 7 P a -2 3 1 P d -1 0 7 Pt -1 9 0 P u -2 3 9 P u -2 4 1 R a -2 2 6 R b -8 7

R e -1 8 6 m R e -1 8 7 Si -3 2 Sr -9 0 T c -9 7 T c -9 8 T c -9 9 T h - 2 3 0

T h - 2 3 1  U-2 3 4 U- 2 3 5

a T h e f o ur r a di o n u cli d es s h a d e d i n or a n g e ar e h e a v y el e m e nts t h at c a n als o b e s cr e e n e d o ut b as e d o n t h e p ost -a n al ysis 
pr o vi d e d i n A p p e n di x L.



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0
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5. 0 I m pl e m e nt ati o n of T ri g g e r V al u es

As m e nti o n e d t hr o u g h o ut v ari o us s e cti o ns of t his r e p ort, t h e us e of tri g g er v al u es is n ot r e q uir e d; 
h o w e v er, its us e m a y b e d e e m e d us ef ul.  T h e c o m pl et e r a di o n u cli d e listi n gs i n S e cti o n 4. 3 f or 
I na d v ert e nt I ntr u d er a n d S e cti o n 4. 4 f or Gr o u n d w at er ar e a c c e pt a bl e a n d n o tri g g er-v al u e 
r a di o n u cli d es ar e r e q uire d.  Tri g g er -v al u e c a n di d at es ar e p ossi bl e o n t h e b asis of:

• Dis p os al U nit T y p e – I L V, L A W V, N R C D A G, N R C D A S or G e n eri c Tr e n c h ; a n d
• C at e g o r y – I n a d v ert e nt I ntr u d er or Gr o u n d w at er.

T h es e r e c o m m e n d e d tri g g er -v al u e r a di o n u cli d es c a n b e us e d i n di vi d u all y or b y c o m bi ni n g eit h er 
D U t y p e v al u es or c at e g or y v al u es.  N o m att er w hi c h o pti o ns ar e e m pl o y e d t h e r es ulti n g li mits 
s yst e m will b e a c c e pt a bl e fr o m a r a di ol o gi c al p ers p e cti v e.  T h e a ct u al tri g g er v al u es (i n Ci) 
pr o vi d e d d o n ot a d dr ess a n y c o - mi n gli n g of c o nt a mi n a nt pl u m es fr o m n ei g h b ori n g D Us; t h er ef or e, 
t h es e v al u es r e pr es e nt:

• “ pr eli mi n ar y ” tri g g er v al u es f or G W c o nsi d er ati o ns si n c e a q uif er pl u m e o v erl a p t y pi c all y 
o c c urs; a n d

• “fi n al ” tri g g er v al u es f or i n a d v ert e nt i ntr u d er c o nsi d er ati o ns si n c e e x p os ur e s c e n ari os d o 
n ot i n v ol v e eit h er t h e a q uif er or t h e at m os p h er e.

T ri g g er v al u es w er e cr e at e d f or e v er y r a di o n u cli d e c o nt ai n e d wit hi n t h e c o m pl et e listi n gs (i. e., 
S e cti o n 4. 3 a n d S e cti o n 4. 4 ) t h at d o es n ot c urr e ntl y h a v e a WI T S i n v e nt or y.  T h e G W tri g g er 
v al u es pr o vi d e d i n t his r e p ort ar e “ pr eli mi n ar y ” v al u es w h er e t h e i m p a cts ass o ci at e d wit h pl u m e 
o v erl a p (i. e., t h e c o -mi n gli n g of c o nt a mi n a nt pl u m es e m a n ati n g o ut fr o m n ei g h b ori n g D Us) h a v e 
n ot b e e n i n cl u d e d.  I n a f oll o w u p r e p ort a d dr essi n g pl u m e i nt er a cti o n f a ct ors ( PI F), t h es e 
pr eli mi n ar y tri g g er v al u es will b e a dj ust e d d o w n w ar d t o a c c o u nt f or pl u m e o v erl a p. S R N L 
r e c o m m e n ds usi n g all of t h es e tri g g er-v al u e r a di o n u cli d es a n d t h eir c orr es p o n di n g tri g g er v al u es 
o n c e a dj ust e d b y a p pr o pri at e PI Fs , si n c e t his r e d u c es t h e s u bs e q u e nt Ti er-3 a n d Ti er -4 a n al ys es
eff orts t o a mi ni m u m.  Si n c e all i n a d v ert e nt i ntr u d er e x p os ur e s c e n ari os d o n ot i n v ol v e eit h er t h e 
a q uif er or t h e at m os p h er e, t h e i n a d v ert e nt i ntr u d er tri g g er v al u es ar e fi n al v al u es.

I n t his c h a pt er t h e lists of r a di o n u cli d es a n d t h eir c orr es p o n di n g tri gg er v al u es ar e pr o vi d e d, al o n g 
wit h t h e r e d u c e d s cr e e ni n g lists w h er e all tri g g er- v al u e r a di o n u cli d es w er e r e m o v e d.

5. 1 T ri g g e r -v al u e r a di o n u cli d e lists b y Dis p os al U nit T y p e

F or e a c h of t h e fi v e D U t y p es (i. e., I L V, L A W V, N R C D A G, N R C D A S, a n d G e n eri c Tr e n c h) a n d 
e a c h c at e g or y (i. e., I n a d v ert e nt I ntr u d er a n d Gr o u n d w at er), t h e r e c o m m e n d e d r a di o n u cli d es t o 
h a v e tri g g er v al u es a n d t h eir i n v e nt or y v al u es ( Ci) ar e pr o vi d e d i n t h e f oll o wi n g s et of t e n t a bl es.

5. 1. 1 I n a d v ert e nt I ntr u d er Ti er -1 List R e d u cti o n

I n S e cti o ns 4. 3. 1 t hr o u g h 4. 3. 5 t h e r e c o m m e n d e d Ti er-1 r a di o n u cli d e lists f or I n a d v ert e nt I ntr u d er 
ar e pr o vi d e d o n a D U t y p e b asis.  T h e f oll o wi n g t a bl es (i. e., T a bl e 5- 1 t hr o u g h T a bl e 5- 5 ) h a v e t h e 
c orr es p o n di n g listi n g of r a di o n u cli d es wit h fi n al tri g g er v al u es i n C uri es.
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Table 5-1. Radionuclides (27) with trigger values for ILV inadvertent intruder screening.

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Ac-227 1.13E+05 Fe-60 1.79E+00 Nb-92 1.63E+01 Re-186m 1.21E+05

Al-26 6.90E-01 Hf-182 5.06E+00 Np-236 2.81E+00 Tb-158 3.58E+01

Bi-207 2.05E+02 Hg-194 3.36E+00 Pa-231 4.90E+02 Tc-98 3.35E+01

Bi-208 1.23E-01 Ho-166m 2.46E+01 Pa-232 3.69E+04 Th-229 6.30E+01

Bi-210m 2.98E+03 Ir-192n 1.28E+03 Pb-202 1.80E+04 Ti-44 3.67E+01

Cm-250 1.50E+02 La-138 2.92E+00 Po-209 1.19E+04 V-50 1.63E+00

Eu-150 3.79E+02 Nb-91 2.84E+05 Pu-236 4.44E+01

Table 5-2. Radionuclides (20) with trigger values for LAWV inadvertent intruder
screening.

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Ac-227 6.40E+05 Hf-182 2.87E+01 Nb-92 9.26E+01 Pu-236 2.52E+02

Al-26 3.91E+00 Hg-194 1.90E+01 Np-236 1.59E+01 Re-186m 6.87E+05

Bi-208 6.96E-01 Ho-166m 1.40E+02 Pa-231 2.78E+03 Tb-158 2.03E+02

Cm-250 8.48E+02 Ir-192n 7.24E+03 Pb-202 1.02E+05 Tc-98 1.90E+02

Fe-60 1.02E+01 La-138 1.65E+01 Po-209 6.72E+04 Ti-44 2.08E+02

Table 5-3. Radionuclides (28) with trigger values for NRCDAG inadvertent intruder 
screening.

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Al-26 5.73E-02 Eu-152 6.91E+03 La-138 2.22E-01 Pu-236 7.93E+00

Bi-207 3.65E+01 Fe-60 1.33E-01 Nb-91 2.52E+04 Re-186m 7.23E+03

Bi-208 1.20E-02 Hf-182 3.66E-01 Nb-92 1.05E+00 Tb-158 6.38E+00

Bi-210m 1.51E+02 Hg-194 5.99E-01 Np-236 2.72E-01 Tc-98 1.98E+00

Bk-247 1.79E+06 Ho-166m 2.24E+00 Pa-232 6.59E+03 Th-229 5.21E+00

Cm-250 1.08E+01 Ir-192n 2.28E+02 Pb-202 5.24E+02 Ti-44 6.54E+00

Eu-150 6.76E+01 K-40 1.29E+00 Po-209 2.12E+03 V-50 1.29E-01

Table 5-4. Radionuclides (62) with trigger values for NRCDAS inadvertent intruder 
screening.

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Ac-227 1.10E-01 Es-254 a 2.49E+02 Np-235 3.18E+05 Ra-226 1.01E-04
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Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Al-26 5.95E-05 Eu-150 2.87E-03 Np-236 5.93E-04 Ra-228 4.71E+04

Am-245 9.95E+04 Fe-60 6.39E-05 Np-238 5.13E+05 Re-186m 1.02E-02

Am-246m 4.46E+06 Fm-254 a 5.13E+05 Os-194 7.02E+05 Rn-222 2.02E+05

Bi-207 4.09E-03 Fm-257 a 1.04E+00 Pa-231 4.42E-04 Sm-145 6.28E+02

Bi-208 5.56E-05 Hf-182 1.14E-04 Pa-232 1.12E+01 Tb-157 1.22E+00

Bi-210m 7.49E-04 Hg-194 2.15E-04 Pa-233 1.40E+04 Tb-158 4.23E-04

Bk-247 1.76E-03 Ho-166m 1.21E-04 Pb-202 4.29E-04 Tc-97 1.78E+00

Bk-250 5.17E+05 Ir-192n 3.75E-04 Pb-210 9.52E+01 Tc-98 1.22E-04

Cf-248 3.20E+04 K-40 9.84E-04 Pm-145 3.49E+01 Te-123 1.22E+02

Cf-250 1.45E+01 Kr-81 2.37E-01 Pm-146 4.86E+05 Th-229 6.93E-04

Cf-252 1.63E+01 La-137 9.19E-02 Po-208 3.17E+05 Th-230 2.38E-04

Cf-253a 5.85E+00 La-138 1.30E-04 Po-209 9.44E-02 Ti-44 5.55E-04

Cm-249 2.34E+03 Lu-176 4.31E-04 Pu-236 1.35E-02 V-50 1.10E-04

Cm-250 1.90E-03 Nb-91 1.28E-01 Pu-243 1.52E+04

Es-253 a 5.09E+00 Nb-92 1.14E-04 Pu-246 7.14E+03

a Could also be eliminated based on the heavy element analyses presented in Appendix L.

Table 5-5. Radionuclides (56) with trigger values for Generic Trench inadvertent intruder 
screening.

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Radionuclide
Trigger 
Value
(Ci)

Bi-208 6.16E-04 Gd-148 4.18E+02 Mn-53 9.73E+01 Pu-243 1.73E+05

Bi-210m 7.78E-03 Gd-150 8.63E-01 Nb-91 1.84E+00 Re-186m 8.94E-02

Bk-249 a 5.70E+00 Gd-152 1.10E+00 Nb-92 1.26E-03 Re-187 3.23E+02

Cf-248 2.61E+04 Hf-174 2.41E+00 Nd-144 1.11E+00 Si-32 1.98E+01

Cf-253 a 1.06E+02 Hf-178m 3.20E+02 Np-235 3.36E+06 Sm-146 8.33E-01

Cm-249 4.23E+04 Hf-182 1.26E-03 Np-236 6.44E-03 Sm-147 9.13E-01

Cm-250 1.32E-02 Hg-194 3.55E-03 Os-186 9.09E-01 Sm-148 1.06E+00

Dy-154 8.04E-01 Ho-163 1.82E+04 Pa-232 1.57E+03 Tb-157 1.59E+02

Es-253 a 9.21E+01 In-115 2.68E+01 Pb-202 4.77E-03 Tb-158 1.24E-02

Es-254 a 2.92E+03 Ir-192n 8.59E-03 Pm-145 2.85E+06 Tc-97 1.51E-01

Eu-150 2.61E+00 Kr-81 2.62E+00 Po-208 3.51E+06 Tc-98 1.10E-03

Fe-60 7.03E-04 La-137 1.02E+00 Po-209 5.80E+00 Te-123 2.95E+00

Fm-254 a 5.97E+06 La-138 1.44E-03 Pt-190 4.84E+00 Ti-44 1.13E-01

Fm-257 a 1.88E+01 Lu-176 4.76E-03 Pu-236 1.89E+00 V-50 1.21E-03

a Could also be eliminated based on the heavy element analyses presented in Appendix L.



SRNL-STI-2020-00566
Revision 0

109

5.1.2 Groundwater Tier-2 List Reduction
In Sections 4.4.1 through 4.4.5 the recommended Tier-1 radionuclide lists for Groundwater are 
provided on a DU type basis.  The following tables (i.e., Table 5-6 through Table 5-10) have the 
corresponding listing of radionuclides with preliminary trigger values in Curies.

Table 5-6. Radionuclides (25) with preliminary trigger values for ILV groundwater 
screening.

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Am-245 1.52E+04 Cm-249 6.58E+04 Np-236 9.53E-08 Si-32 1.11E-07

Be-10 3.64E-06 Cs-135 3.50E-06 Pa-231 2.61E-08 Tc-97 5.68E-06

Bk-247 3.43E+04 Es-253 a 1.43E+02 Pd-107 1.07E-04 Tc-98 5.77E-07

Bk-249 a 8.91E+00 Fm-257 a 2.93E+01 Pt-190 5.75E-08 U-237 3.01E+00

Ca-41 1.92E-05 Kr-81 3.45E-01 Rb-87 1.17E-06

Cd-113 1.61E-06 Mn-53 1.02E-03 Re-186m 1.76E-07

Cf-253 a 1.65E+02 Np-235 2.99E+01 Re-187 8.52E-06

a Could also be eliminated based on the heavy element analyses presented in Appendix L.

Table 5-7. Radionuclides (20) with preliminary trigger values for LAWV groundwater 
screening.

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Be-10 2.45E-05 Fm-257 a 1.75E+02 Pa-231 9.62E-08 Re-187 5.74E-05

Bk-249 a 5.34E+01 Kr-81 2.33E+00 Pd-107 7.24E-04 Si-32 7.33E-07

Cd-113 1.76E-06 Mn-53 1.12E-03 Pt-190 3.88E-07 Tc-97 3.83E-05

Cf-253 a 9.86E+02 Np-235 1.10E+02 Rb-87 7.76E-06 Tc-98 3.89E-06

Es-253 a 8.58E+02 Np-236 3.55E-07 Re-186m 1.19E-06 U-237 1.12E+01

a Could also be eliminated based on the heavy element analyses presented in Appendix L.

Table 5-8. Radionuclides (25) with preliminary trigger values for NRCDAG groundwater 
screening.

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Radionuclide

Preliminary
Trigger 
Value
(Ci)

Am-245 1.04E+04 Cm-249 4.70E+04 Np-236 1.00E-07 Si-32 3.20E-08

Ar-39 1.89E-01 Es-253 a 1.02E+02 Pd-107 6.64E-05 Tc-97 3.51E-06

Bk-247 2.70E+04 Fm-257 a 2.09E+01 Pt-190 3.55E-08 Tc-98 3.56E-07

Bk-249 a 6.37E+00 K-40 4.27E-07 Pt-193 5.82E-02 U-237 3.16E+00
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1 1 0

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

C a -4 1 1. 1 9 E -0 5 Kr -8 1 2. 1 3 E -0 1 R b -8 7 7. 2 9 E -0 7

C d - 1 1 3 2. 9 7 E -0 6 M n -5 3 1. 8 8 E -0 3 R e -1 8 6 m 1. 0 9 E -0 7

Cf - 2 5 3 a 1. 1 8 E + 0 2 N p - 2 3 5 3. 1 7 E + 0 1 R e -1 8 7 5. 2 7 E -0 6

a C o ul d als o b e eli mi n at e d b as e d o n t h e h e a v y el e m e nt a n al ys es pr es e nt e d i n A p p e n di x L.

T a bl e 5- 9 . R a di o n u cli d es ( 2 0) wit h p r eli mi n a r y t ri g g e r v al u es f o r N R C D A S g r o u n d w at e r 
s c r e e ni n g.

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

A m -2 4 5 1. 1 3 E + 0 4 C m -2 4 9 5. 2 0 E + 0 4 N p - 2 3 5 4. 2 2 E + 0 1 R e -1 8 6 m 1. 2 2 E -0 7

Ar -3 9 1. 3 2 E + 0 0 Es - 2 5 3 a 1. 1 3 E + 0 2 N p - 2 3 6 1. 3 7 E -0 7 R e -1 8 7 5. 8 9 E -0 6

B k - 2 4 7 3. 1 2 E + 0 4 F m -2 5 7 a 2. 3 1 E + 0 1 P a - 2 3 1 3. 7 5 E -0 8 Si -3 2 1. 6 7 E -0 6

C a -4 1 3. 2 1 E -0 4 K- 4 0 1. 1 5 E -0 5 Pt - 1 9 0 3. 9 4 E -0 3 T c -9 7 3. 9 3 E -0 6

Cf - 2 5 3 a 1. 3 0 E + 0 2 Kr -8 1 2. 1 4 E -0 1 R b -8 7 2. 7 8 E + 0 5 T c -9 8 3. 9 9 E -0 7

a C o ul d als o b e eli mi n at e d b as e d o n t h e h e a v y el e m e nt a n al ys es pr es e nt e d i n A p p e n di x L.

T a bl e 5- 1 0. R a di o n u cli d es ( 1 6) wit h p r eli mi n a r y t ri g g e r v al u es f o r G e n e ri c T r e n c h 
g r o u n d w at e r s c r e e ni n g.

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

R a di o n u cli d e

P r eli mi n a r y
T ri g g e r 
V al u e
( Ci)

A m -2 4 5 1. 5 1 E + 0 4 Es - 2 5 3 a 1. 5 9 E + 0 2 N p - 2 3 5 2. 0 0 E + 0 1 R e -1 8 7 1. 1 0 E -0 5

B k - 2 4 9 a 9. 8 6 E + 0 0 F m -2 5 7 a 3. 2 4 E + 0 1 N p - 2 3 6 6. 7 3 E -0 8 Si -3 2 5. 2 2 E -0 8

Cf - 2 5 3 1. 8 2 E + 0 2 Kr -8 1 4. 4 6 E -0 1 Pt - 1 9 0 7. 4 2 E -0 8 T c -9 7 7. 3 3 E -0 6

C m -2 4 9 a 7. 2 8 E + 0 4 M n -5 3 1. 7 7 E -0 4 R e -1 8 6 m 2. 2 7 E -0 7 T c -9 8 7. 4 4 E -0 7

a C o ul d als o b e eli mi n at e d b as e d o n t h e h e a v y el e m e nt a n al ys es pr es e nt e d i n A p p e n di x L.

5. 2 R e d u c e d R a di o n u cli d e lists b y Dis p os al U nit T y p e

F or e a c h of t h e fi v e D U t y p es (i. e., I L V, L A W V, N R C D A G, N R C D A S, a n d G e n eri c Tr e n c h) a n d 
e a c h c at e g or y (i. e., I n a d v ert e nt I ntr u d er a n d Gr o u n d w at er), t h e r e c o m m e n d e d r a di o n u cli d e lists 
ar e pr o vi d e d w h er e e v er y tri g g er -v al u e r a di o n u cli d e h as b e e n r e m o v e d.  T h es e ar e t h e mi ni m u m 
listi n gs r e q uiri n g s u bs e q u e nt Ti er-3 a n d/ or Ti er -4 li mits a n al ys es.  T h e t ot al n u m b er of 
r a di o n u cli d es r e m ai ni n g for b ot h c at e g ori es a n d e a c h of t h e fi v e D U t y p es is pr o vi d e d i n 
T a bl e 5- 1 1.  T h e t hr e e lists pr es e nt e d i n T a bl e 5 -1 1 r ef er t o:

• C o m pl et e List – N u m b er of r a di o n u cli d es pri or t o r e m o v al of tri g g er -v al u e r a di o n u cli d es;
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• T ri g g e r List – N u m b er of r a di o n u cli d es wit h tri g g er v al u es (i. e., t h e n u m b er of 
r a di o n u cli d es wit h o ut WI T S i n v e nt ori es t hat w er e n ot s cr e e n e d o ut i n Ti er -1 f or 
I na d v ert e nt I ntr u d er or Ti er -2 f or Gr o u n d w at er); a n d

• R e d u c e d List - N u m b er of r a di o n u cli d es aft er r e m o v al of tri g g er -v al u e r a di o n u cli d es.

T a bl e 5- 1 1 . S u m m a r y of t h e t ot al n u m b e r of r a di o n u cli d es r e m ai ni n g aft e r r e m o vi n g t h e 
t ri g g e r-v al u e r a di o n u cli d es .

C at e g o r y D U T y p e
C o m pl et e 

List
T ri g g e r 

List
R e d u c e d 

List
I n a d v e rt e nt 

I nt r u d e r
I L V 2 9 2 7 2

L A W V 2 0 2 0 0

N R C D A G 2 9 2 8 1

N R C D A S 7 5 ( 7 0)a 6 2 ( 5 7) a 1 3 ( 1 3) a

T r e n c h 8 8 ( 8 2) a 5 6 ( 5 0) a 3 2 ( 3 2) a

G r o u n d w at e r I L V 4 5 ( 4 1) a 2 5 ( 2 1) a 2 0 ( 2 0) a

L A W V 3 9 ( 3 5) a 2 0 ( 1 6) a 1 9 ( 1 9) a

N R C D A G 3 8 ( 3 4) a 2 5 ( 2 1) a 1 3 ( 1 3) a

N R C D A S 3 1 ( 28) a 2 0 ( 1 7) a 1 1 ( 1 1) a

T r e n c h 4 3 ( 3 9) a 1 6 ( 1 2) a 2 7 ( 2 7) a

a T ot al n u m b er aft er eli mi n ati n g h e a v y el e m e nts c o nsist e nt wit h t h e a n al ys es pr es e nt e d i n A p p e n di x L.

As T a bl e 5- 1 1 i n di c at es, f or t h e G W c at e g or y t h e fi n al r e d u c e d list is n ot i m p a ct e d b y t h e 
eli mi n ati o n o f h e a v y el e m e nts, w hil e t h e tri g g er list is (si n c e t h es e h e a v y el e m e nts h a d alr e a d y 
b e e n s cr e e n e d o ut).

5. 2. 1 R e d u c e d I n a d v ert e nt I ntr u d er Ti er -1 Lists

I n S e cti o ns 4. 3. 1 t hr o u g h 4. 3. 5 t h e c o m pl et e Ti er-1 r a di o n u cli d e lists f or I n a d v ert e nt I ntr u d er ar e 
pr o vi d e d o n a D U t y p e b asis.  T h e f oll o wi n g t a bl es (i. e., T a bl e 5- 1 2 t hr o u g h T a bl e 5- 1 6 ) h a v e t h e 
c orr es p o n di n g r e d u c e d r a di o n u cli d es listi ngs w h er e e v er y tri g g er -v al u e r a di o n u cli d e h as b e e n 
r e m o v e d.

T a bl e 5- 1 2. R a di o n u cli d es ( 2) aft e r r e m o v al of t ri g g e r-v al u e r a di o n u cli d es f o r I L V 
i n a d v e rt e nt i nt r u d e r.

Cs -1 3 7 R a -2 2 6

T a bl e 5 - 1 3. R a di o n u cli d es ( 0) aft e r r e m o v al of t ri g g e r-v al u e r a di o n u cli d es f o r L A W V 
i n a d v e rt e nt i nt r u d e r s c r e e ni n g.

n o n e
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Table 5-14. Radionuclides (1) after removal of trigger-value radionuclides for NRCDAG 
inadvertent intruder screening.

Nb-94

Table 5-15. Radionuclides (13) after removal of trigger-value radionuclides for NRCDAS 
inadvertent intruder screening.

Am-241 Am-243 Co-60 Cs-137 Mo-93 Nb-93m Nb-94 Ni-59
Pu-241 Sn-121m Sn-126 Sr-90 Zr-93

Table 5-16. Radionuclides (32) after removal of trigger-value radionuclides for Generic 
Trench inadvertent intruder screening.

Ag-108m Am-241 Am-242m Am-243 C-14 Cf-249 Cf-251 Cm-247
Cm-248 Cs-137 I-129 K-40 Nb-94 Ni-59 Ni-63 Np-237
Pu-239 Pu-240 Pu-241 Ra-226 Sn-126 Sr-90 Tc-99 Th-229
Th-230 Th-232 U-232 U-233 U-234 U-235 U-236 U-238

5.2.2 Reduced Groundwater Tier-2 Lists
In Sections 4.4.1 through 4.4.5 the complete Tier-1 radionuclide lists for Groundwater are provided 
on a DU type basis.  The following tables (i.e., Table 5-17 through Table 5-21) have the 
corresponding reduced radionuclides listings where every trigger-value radionuclide has been 
removed.

Table 5-17. Radionuclides (20) after removal of trigger-value radionuclides for ILV 
groundwater screening.

Ag-108m Am-241 Ar-39 C-14 Cf-249 Cl-36 Cm-245 Cs-137
H-3 I-129 K-40 Ni-59 Ni-63 Np-237 Pu-239 Pu-241

Ra-226 Sr-90 Tc-99 U-235

Table 5-18. Radionuclides (19) after removal of trigger-value radionuclides for LAWV 
groundwater screening.

Ag-108m Am-241 C-14 Ca-41 Cl-36 Cm-245 Cs-137 H-3
I-129 K-40 Ni-59 Ni-63 Np-237 Pu-239 Pu-241 Ra-226
Sr-90 Tc-99 U-235

Table 5-19. Radionuclides (13) after removal of trigger-value radionuclides for NRCDAG 
groundwater screening.

Am-241 C-14 Cl-36 Cs-135 H-3 I-129 Ni-59 Ni-63
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Np-237 Pu-241 Sr-90 Tc-99 U-235

Table 5-20. Radionuclides (11) after removal of trigger-value radionuclides for NRCDAS 
groundwater screening.

Am-241 Be-10 C-14 Cl-36 I-129 Ni-59 Ni-63 Np-237
Pu-241 Tc-99 U-235

Table 5-21. Radionuclides (27) after removal of trigger-value radionuclides values for 
Generic Trench groundwater screening.

Ag-108m Am-241 Be-10 C-14 Cf-249 Cl-36 Cm-245 Cs-135
Cs-137 H-3 I-129 K-40 Ni-59 Ni-63 Np-237 Pa-231
Pd-107 Pu-239 Pu-241 Ra-226 Rb-87 Sr-90 Tc-99 Th-230
Th-231 U-234 U-235
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6. 0 C o n cl usi o ns, R e c o m m e n d ati o ns, P at h F o r w a r d , a n d F ut u r e W o r k

T h e Ti er -0 list of r a di o n u cli d es ar e r e c o m m e n d e d f or t h e Ti er -1 i n a d v ert e nt i ntr u d er a n d G W 
r a di o n u cli d e s cr e e ni n g f or all D Us.  T h e Ti er-1 lists of i n a d v ert e nt i ntr u d er r a di o n u cli d es t h at 
f ail e d s cr e e ni n g ar e r e c o m m e n d e d f or t h e n e xt r e visi o n of t h e E L L W F P A.  T h e Ti er -1 list f or t h e 
N R C D A i n cl u d es s e p ar at e lists f or g e n eri c a n d s p e ci al w ast e f or ms ( N R C D A G a n d N R C D A S).

B e c a us e t h e N C R P 1 2 3 s cr e e ni n g m o d el is t h e m et h o d ol o g y f or r a di o n u cli d e s cr e e ni n g c o m m o nl y 
us e d i n t h e D O E c o m pl e x, S R N L r e c o m m e n ds t h e e n h a n c e d v ersi o n of N C R P 1 2 3 d e v el o p e d i n 
t his st u d y f or G W s cr e e ni n g ( e. g., e n h a n c e d t o t a k e i nt o a c c o u nt sit e-s p e cifi c f e at ur es) .  S R N L 
r e c o m m e n d e d usi n g t his e n h a n c e d N C R P 1 2 3 m o d el f or est a blis hi n g t h e Ti er-1 G W a n d 
i n a d v ert e nt i ntr u d er r a di o n u cli d e lists for e v er y D U t y p e.

T o i n cl u d e f at e a n d tr a ns p ort as p e cts i nt o t h e s cr e e ni n g m o d el, S R N L c o m p ar e d:

• T h e N R C D W S M m o d el t h at pr o vi d es , b e y o n d t h e N C R P 1 2 3 m o d el, a d diti o n al st or a g e a n d 
l e a c hi n g m e c h a nis ms fr o m a si n gl e-c ell u ns at ur at e d -s oil z o n e b et w e e n t h e w ast e a n d 
a q uif er; a n d

• T h e P orfl o w P S m o d el t h at e x pli citl y a d ds a 1 D m ulti -c ell u ns at ur at e d -s oil z o n e b et w e e n 
t h e w ast e a n d a q uif er.

B e c a us e of t h e l ar g e n u m b er of r a di o n u cli d es r et ai n e d fr o m t h e G W Ti er -1 s cr e e ni n g eff ort, S R N L 
r e c o m m e n de d usi n g t h e P orfl o w P S m o d el f or t h e s u bs e q u e nt G W Ti er -2 s cr e e ni n g.  T h e r es ulti n g 
list of r a di o n u cli d es t h at f ail e d Ti er- 2 G W s cr e e ni n g , b as e d o n t h e P orfl o w P S m o d el, f or all D U s 
ar e r e c o m m e n d e d f or t h e Ti er -3 a n d Ti er - 4 G W a n al ys es i n t h e o n g oi n g P A 2 0 2 2 .

T h o u g h n ot r e q uir e d, S R N L r e c o m m e n ds f urt h er r e d u ci n g Ti er -3 a n d Ti er -4 P A lists b y c o nti n ui n g 
t h e us e of tri g g er v al u es f or t h e r e as o ns dis c uss e d i n S e cti o n 2. 6 f or t h e lists of r a di o n ucli d es 
pr o p os e d i n C h a pt er 5. 0 .  S W M c urr e ntl y is tr a c ki n g a s u bs et of P A 2 0 0 8 r a di o n u cli d es wit h 
tri g g er-v al u es.  I n t h e P A 2 0 2 2, S W M h as t h e o pti o n t o eli mi n at e us e of all, s o m e, or n o n e of t h e 
tri g g er-v al u e list pr o p os e d i n C h a pt er 5. 0 .  Pr a cti c al c o nsi d er ati o n w o ul d ar g u e a g ai nst e x p a n di n g 
t h e us e of tri g g er v al u es t o t h os e is ot o p es r o uti n el y g e n er at e d a n d r e c ei v e d i n E-Ar e a.  S R N L will 
pr o c e e d wit h Ti er -3 a n d/ or Ti er -4 a n al ys es of t h e lists of r a di o n u cli d es s el e ct e d b y S W M.

All r a di o n u cli d es r e q uiri n g e x pli cit tr a c ki n g, h a vi n g i n v e nt or y li mits or tri g g er v al u es , ar e 
c o nt ai n e d wit hi n t h e Ti er -1 lists f or I n a d v ert e nt I ntr u d er a n d Ti er -2 lists f or Gr o u n d w at er a s 
pr es e nt e d i n C h a pt er 4. 0.

6. 1 F ut u r e W o r k

T h e fi n al Ti er -1 a n d Ti er -2 r a di o n u cli d e listi n gs f or e a c h D U t y p e pr es e nt e d i n C h a pt er 4. 0 c a n 
p ot e nti all y b e f urt h er r e d u c e d if a d diti o n al “ pr o c ess k n o wl e d g e ” is c o nsi d er e d.  F or e x a m pl e, 

• N o bl e G as es – l o w s ol u bilit y wit hi n t h e li q ui d-p h as e;
• H e a v y El e m e nts – l o w pr o d u cti o n yi el ds i n w e a p o ns-gr a d e P u pr o d u cti o n r e a ct or 

o p er ati o ns (i. e., i niti al f o c us o n t his as p e ct r es ult e d i n a r e d u cti o n of si x h e a v y el e m e nts 
b ut ot h ers c o ul d als o b e c o nsi d er e d i n t h e f ut ur e if w arr a nt e d) ;

• Fissi o n P r o d u cts – l o w fissi o n yi el ds b y m ass n u m b er f or m a n y el e m e nts; a n d
• N e ut r o n A cti v ati o n P r o d u cts – s om e n e utr o n a cti v ati o n pr o d u cts r es ult fr o m tr a c e 

a m o u nts of v ari o us i m p uriti es.
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If warranted these potential list reductions can be considered and if reductions are possible, this 
report could be updated to reflect the reduced lists.  Some initial supporting material for addressing 
these aspects is provided in Appendix L where six heavy elements were found that could be 
eliminated from further considerations (i.e., be considered “screened out”).
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A p p e n di x A . D e ri v ati o n of W at e r a n d S oil R a di o n u cli d e B al a n c es i n S oils wit h L e a c hi n g

C o nsi d er a r e gi o n of p or o us s oil wit h v ol u m e V a n d cr oss -s e cti o n al ar e a A ill ustr at e d i n Fi g ur e A- 1 . 
T h e s oil c o nt ai ns w at e r a n d s oli d p h as es c o nt a mi n at e d wit h r a di o n u cli d es.  I nfiltr ati o n of cl e a n 
w at er o c c urs at r at e I ( v ol u m e/ ar e a/ti m e).  Wit hi n t h e v ol u m e, t h e c o n c e ntr ati o n of r a di o a cti v e 
s p e ci es j is w, jC ( t) i n t h e w at er p h as e a n d s, jC ( t) i n t h e s oil.  T h e fl u x of r a di o n u cli d e o ut of t h e 

v ol u m e is at t h e i nfiltr ati o n r at e I wit h c o n c e ntr ati o n w, j out{ c (t)} .

Fi g u r e A- 1 . V ol u m e of c o nt a mi n at e d s oil.

T a ki n g a l u m p e d p ar a m et er a p pr o a c h, t h e r at es of c h a n g e of r a di o n u cli d e i n t h e li q ui d a n d s oli d 
p h as es wit hi n t h e s oil v ol u m e ar e gi v e n b y t h e e q u ati o ns:

j 1
w w ,j

w j i i w, i w j w,j w, j out j
i 1

d( V C )
V b C V C I A { c (t)} F

dt

−

=

α
= α λ − α λ − +∑ ( A-1)

j 1
s s s, j

s s ji i s,i s s j s,j j
i 1

d( V C )
V b C V C F

dt

−

=

α ρ
= α ρ λ − α ρ λ −∑ ( A-2)

w h er e

w s,α α .................w at er a n d s oli d v ol u m e fr a cti o ns (-)

jλ ........................r a di o a cti v e d e c a y c o nst a nt ( 1/ y)

sρ ........................s oli d m at eri al d e nsit y ( g/ ml)

A .........................cr oss -s e cti o n al or pr oj e ct e d ar e a of s oil l a y er ( m 2 )

jib ........................eff e cti v e br a n c hi n g or r e g e n er ati o n fr a cti o ns ( • 1)

w, j out{ c (t)} ..........c o n c e ntr ati o n of r a di o n u cli d e j i n o utl et str e a m ( at o ms/ m3 )

w, jC ( t) ................c o n c e ntr ati o n of r a di o n u cli d e j i n w at er p h as e ( at o ms/ m 3 )

w, iC ( t) ................c o n c e ntr ati o n of pr e c urs or r a di o n u cli d e i i n w at er p h as e ( at o ms/ m 3 )

s, jC ( t) .................c o n c e ntr ati o n of r a di o n u cli d e j i n s oli d p h as e ( at o ms/ g)

s,iC ( t) ..................c o n c e ntr ati o n of pr e c urs or r a di o n u cli d e i i n s oli d p h as e ( at o ms/ g)

jF .........................r at e of tr a nsf er of r a di o n u cli d e j fr o m s oli d t o w at er p h as e ( at o ms/ yr)
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I ..........................i nfiltr ati o n r at e of cl e a n w at er, ( m/ y)
i ...........................i n d e x of r a di o n u cli d e pr e c urs ors i n t h e d e c a y c h ai n
j ..........................i n d e x of d e c a y c h ai n r a di o n u cli d e (j = 1 is t h e p ar e nt)

V .........................t ot al v ol u m e of s oil l a y er, s oli d + w at er + g as ( m3 )

D efi ni n g φ as s oli d p or osit y, w wSθ = φ , w h er e wθ is m oist ur e c o nt e nt a n d wS is w at er 

s at ur ati o n.  T h e s oli d fr a cti o n is t h e n s 1α = − φ .  W h e n w at er s at ur ati o n is l ess t h a n o n e, a g as 

p h as e is pr es e nt.  H o w e v er; t his g as p h as e r e pr es e nts a s m all m ass of m at eri al a n d is n e gl e ct e d s o 
t h at w wα = θ .  Usi n g a l u m p e d p ar a m et er a p pr o a c h, it is ass u m e d t h at t h e m at eri al v ol u m e is w ell 

mi x e d a n d t h e c o n c e ntr ati o n of r a di o n u cli d e i n t h e o utl et str e a m is t h e s a m e as t h e c o n c e ntr ati o n 
wit hi n t h e li q ui d v ol u m e :

w, j out w, j{ c (t)} C (t)= ( A- 3)

It is als o ass u m e d t h at t h e r a di o n u cli d e c o n c e ntr ati o n i n t h e s oli d p h as e is i n e q uili bri u m wit h t h e 
c o n c e ntr ati o n i n t h e li q ui d p h as e a n d t h e e q uili bri u m is r e pr es e nt e d b y a l i n e ar dk d e p e n d e n c e :

s, j d,j w, jC ( t) k C (t)= ( A- 4)

w h er e

d, jk ......................s oli d -li q ui d e q uili bri u m c o nst a nt f or r a di o n u cli d e j ( ml/ g)

I ntr o d u ci n g ass u m pti o ns (A- 3) a n d ( A- 4) i nt o ( A- 1) a n d ( A- 2) a n d a d di n g t h e r es ulti n g e q u ati o ns 
eli mi n at es t h e s oli d -w at er tr a nsf er r at e a n d gi v es a si n gl e e q u ati o n :

j 1
w s s d ,j w, j

w s s d ,i ji i w,i w s s d ,j j w,j
i 1

w, j

d( { k } V C )
{ k } V b C { k } V C

dt

I A C

−

=

θ + α ρ
= θ + α ρ λ − θ + α ρ λ

−

∑
( A- 5)

I ntr o d u ci n g t h e r et ar d ati o n f a ct or jR a n d d efi ni n g t h e eff e cti v e c o n c e ntr ati o n of r a di o n u cli d e j i n 

t h e p or o us m atri x p er t ot al v ol u m e of s oil e, jC , ( A-5) c a n b e e x pr ess e d as:

j 1
e, j

ji i e,i j e, j w, j
i 1

d( V C )
b V C V C I A C

dt

−

=

= λ − λ −∑ ( A- 6)

w h er e

s d ,j b d ,j
j

w w

( 1 ) k k
R 1 1

ρ − φ ρ
= +  = +

θ θ
( A- 7)

e, j w j w,jC R C= θ ( A- 8)

I n (A- 7 ), t h e pr o d u ct of s oli d d e nsit y a n d p or osit y is r e pl a c e d wit h t h e s oli d b ul k d e nsit y bρ .

T h e t ot al n u m b er of at o ms of r a di o n u cli d e j i n t h e p or o us m atri x is d efi n e d as

j e,jN V C= ( A- 9)
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A -3

T h e c o n c e ntr ati o n of r a di o n u cli d e j i n t h e w at er p h as e w, jC c a n n o w b e r el at e d t o t h e t ot al n u m b er 

of at o ms jN usi n g ( A- 8) a n d ( A- 9) as:

j
w, j

w j

N
C

R V
=

θ
( A- 1 0)

S u bstit uti n g t h e e x pr essi o ns i n ( A -9) a n d ( A -1 0) i nt o ( A -6) yi el ds:

j 1 j 1
j

ji i i j j j ji i i j j j
w j w ji 1 i 1

d N I A I
b N N N b N N N

dt R V R H

− −

= =

= λ − λ − = λ − λ −
θ θ

∑ ∑ ( A- 1 1)

w h er e
H .........................t hi c k n ess or h ei g ht of s oil l a y er ( m)

T h e l e a c h r at e i n ( A -1 1) is d efi n e d f or e a c h r a di o n u cli d e j as:

j
w j

I
L

R H
=

θ
( A- 1 2)

U p d at e of ( A -1 1) wit h t h e e x pr essi o n fr o m ( A -1 2) l e a ds t o:

j 1
j

ji i i j j j j
i 1

d N
b N N L N

dt

−

=

= λ − λ −∑ ( A- 1 3)

I n a m ultil a y er s oil m o d el, l e a c h at e fr o m a n o v erl yi n g s oil l a y er c a n e nt er a n ot h er u ns at ur at e d 
( v a d os e) or s at ur at e d s oil l a y er ( a q uif er).  T o a c c o m m o d at e s u c h a m ass tr a nsf er m e c h a nis m, w e 
a d d t h e l e a c h at e t er m as a s o ur c e t er m t o ( A -1 3).

I n t h e N C R P 1 2 3 m o d el, w e d esi g n at e t h e o v erl yi n g s oil l a y er as 1 a n d t h e s at ur at e d s oil l a y er 
( a q uif er) as 2.  T h e n e w s et of r a di o n u cli d e b al a n c e e q u ati o ns f or t h e N C R P 1 2 3 m o d el ar e writt e n 
as:

j 1
1j

ji i 1i j 1j 1 2 j 1j
i 1

d N
b N N L N

dt

−

=

= λ − λ −∑ ( A- 1 4)

j 1
2 j

ji i 2i 12 j 1j j 2 j
i 1

d N
b N L N N

dt

−

=

= λ + − λ∑ ( A- 1 5)

w h er e

1jN ...................... at o m c o u nt of r a di o n u cli d e j i n s oil l a y er 1

1iN .......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n s oil l a y er 1

2 jN ......................at o m c o u nt of r a di o n u cli d e j i n s oil l a y er 2 ( a q uif er)

2iN ......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n s oil l a y er 2 ( a q uif er)

1 2 jL .....................l e a c h r at e of r a di o n u cli d e j fr o m s oil 1 t o s oil 2 ( 1/ y)
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A -4

I n t h e N R C D W S M ( 3-b o x) m o d el, w e d esi g n at e t h e s urf a c e -s oil l a y er as 1, t h e u ns at ur at e d -s oil 
l a y er as 2 a n d t h e G W a q uif er as 3.  T h e n e w s et of r a di o n u cli d e b al a n c e e q u ati o ns f or N R C D W S M 
m o d el ar e writt e n as:

j 1
1j

ji i 1i j 1j 1 2 j 1j
i 1

d N
b N N L N

dt

−

=

= λ − λ −∑ ( A- 1 6)

j 1
2 j

ji i 2i 12 j 1j j 2 j 23j 2 j
i 1

d N
b N L N N L N

dt

−

=

= λ + − λ −∑ ( A- 1 7)

j 1
3j

ji i 3i 23j 2 j j 3j d 3j
i 1

d N
b N L N N w N

dt

−

=

= λ + − λ −∑ ( A- 1 8)

w h er e

1jN ...................... at o m c o u nt of r a di o n u cli d e j i n s urf a c e-s oil l a y er 1

1iN .......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n s urf a c e -s oil l a y er 1

2 jN ......................at o m c o u nt of r a di o n u cli d e j i n u ns at ur at e d -s oil l a y er 2

2iN ...................... at o m c o u nt of pr e c urs or r a di o n u cli d e i i n u ns at ur at e d-s oil l a y er 2

3jN ......................at o m c o u nt of r a di o n u cli d e j i n s oil l a y er 3 ( a q uif er)

3iN ......................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n s oil l a y er 3 ( a q uif er)

1 2 jL .....................l e a c h r at e of r a di o n u cli d e j fr o m s oil 1 t o s oil 2 ( 1/ y)

2 3 jL .....................l e a c h r at e of r a di o n u cli d e j fr o m s oil 2 t o s oil 3 ( 1/ y)

dw .......................r at e c o nst a nt f or a q uif er dil uti o n ( 1/ y)

I n t h e P orfl o w P S m o d el, a v ersi o n of ( A-1 8) is us e d w h er e t h e l e a c h at e t er m ( j jL N ) is r e pl a c e d 

b y t h e fl u x t o t h e w at ert a bl e c o m p ut e d b y P O R F L O W as:

j 1
j

ji i i j j d j j
i 1

d N
b N N w N f (t)

dt

−

=

= λ − λ − +∑ ( A- 1 9)

w h er e

jN ........................at o m c o u nt of r a di o n u cli d e j i n a q uif er, g m ol

iN ........................at o m c o u nt of pr e c urs or r a di o n u cli d e i i n a q uif er, g m ol

jf (t) .....................fl u x t o t h e w at ert a bl e ( P O R F L O W) of r a di o n u cli d e j, g m ol/ yr
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B -5

A p p e n di x B . N u m e ri c al S ol uti o n of R a di o n u cli d e B al a n c es i n M ultil a y e r S oils

T his g e n er al r a di o a cti v e d e c a y pr o bl e m d es cri b es t h e d e c a y of a n i niti al q u a ntit y , e. g. P u - 2 4 1,
w h er e t h e f ull c h ai n h as b e e n r e d u c e d t o a s h ort c h ai n wit h pr o g e n y h alf-li v es gr e at er t h a n 1 y e ar.  
T h e p ar e nt n u cli d e d e c a ys t hr o u g h t w o c h ai ns of f o ur pr o g e n y ( A m -2 4 1, N p -2 3 7, U -2 3 3 a n d T h -
2 2 9).  Gr e e n s h a di n g is t h e st a bl e n u cli d e, Bi -2 0 9.

T h e r a di oa cti v e d e c a y pr o bl e m f or t h e P u -2 4 1 d e c a y c a n b e r e pr es e nt e d as a l o w er -tri a n g ul ar 
m atri x as :

1 11

2 22 1 1 2

3 33 1 1 3 2 2 3

44 3 3 44

5 4 4 5 55

N ( t) N ( t)0 0 0 0

N ( t) N ( t)b 0 0 0

N ( t) N ( t)b b 0 0 N(t) N(t) 0

N ( t)0 0 b 0N ( t)

0 0 0 b N ( t)N ( t)

  λ   
    

− λ λ    
    − λ − λ λ+ = + Λ =
    

− λ λ    
     − λ λ    




 





( B- 1)

N C R P 1 2 3 S c r e e ni n g M o d el

T h e N C R P 1 2 3 m o d el c o nsists of first -or d er r e m o v al (l e a c hi n g) of r a di o n u cli d es fr o m t h e w ast e 
z o n e t o t h e a q uif er z o n e.  T h e r a di o n u cli d e s cr e e ni n g m o d el a p pr o a c h utili z es a s eri es of b a k e 
ti m es ( n o l e a c hi n g) f oll o w e d b y l e a c hi n g at a c o nst a nt i nfiltr ati o n of w at er t hr o u g h t h e w ast e z o n e.  
D uri n g t h e b a k e p eri o d i n t h e w ast e z o n e, t h e h o m o g e n o us ( B- 1) is s ol v e d f or at o m n u m b ers of 
t h e c h ai n wit h r a di o a cti v e d e c a y a n d br a n c hi n g.  O n c e l e a c hi n g h as st art e d, t h e l a m b d a m atri x Λ
is a u g m e nt e d o n t h e di a g o n al b y t h e l e a c h r at e of e a c h r a di o n u cli d e as:

1 2 1

1 2 2

1 2 31 2

1 2 4

1 2 5

L 0 0 0 0

0 L 0 0 0

0 0 L 0 0

0 0 0 L 0

0 0 0 0 L

 
 
 
 Λ =
 
 
 
 

 ( B- 2)

A d di n g t h e c o ntri b uti o n of ( B - 2) t o E q. ( B-1) wit h l e a c hi n g yi el ds:

1 1 2 1N ( t) ( ) N ( t) 0+ Λ + Λ =
   ( B- 3)

w h er e

1N ( t)


...................at o m c o u nt of s h ort c h ai n i n w ast e z o n e, s oil l a y er 1

Λ .........................r a di o a cti v e d e c a y a n d r e g e n er ati o n m atri x

1 2Λ ......................l e a c h r at e m atri x fr o m s oil l a y er 1 t o 2

T h e s ol uti o n of ( B -3) t h at i n c or p or at es a d el a y e d st art of l e a c hi n g, rt , is gi v e n b y t h e f oll o wi n g 

s et of e q u ati o ns

P u- 2 4 1  t 1 / 2 = 1. 4 3 5 E + 0 1 A m- 2 4 1  t 1 / 2 = 4. 3 2 2 E + 0 2 N p- 2 3 7  t 1 / 2 = 2. 1 4 4 E + 0 6 U- 2 3 3  t 1/ 2 = 1. 5 9 2 E + 0 5 T h- 2 2 9  t 1 / 2 = 7. 3 4 0 E + 0 3 Bi- 2 0 9

0. 9 9 9 9 7 5 5 1 1 1 1
N p- 2 3 7  t 1/ 2 = 2. 1 4 4 E + 0 6 U- 2 3 3  t 1/ 2 = 1. 5 9 2 E + 0 5 T h- 2 2 9  t 1 / 2 = 7. 3 4 0 E + 0 3 Bi- 2 0 9

0. 0 0 0 0 2 4 5 1 1 1
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B -6

( )( )

{ }

1 2 r

t
1 1 r

t t
1 1 r r

1 2
1 1

N ( t) e N ( 0) t t

N ( t) e N (t ) t t

N ( 0) 1 0 p Ci / 0 0 0 0

− Λ

− Λ + Λ −

= ≤

= >

= λ



 

 


( B- 4)

T h e m atri x e x p o n e nti al m et h o d H arr ( 2 0 0 7) is us e d t o s ol v e t h e s yst e m of li n e ar first or d er 
diff er e nti al e q u ati o ns wit h c o nst a nt c o effi ci e nts i n ( B -4).

T h e m e m b ers of t h e r a di o n u cli d e c h ai n f or m e d i n t h e a q uif er z o n e b y l e a c hi n g a n d d e c a y s atisf y 
t h e f oll o wi n g n o n h o m o g e ne o us diff er e nti al e q u ati o n

2 2 1 2 1N ( t) N ( t) N ( t)+ Λ = Λ
    ( B- 5)

w h er e

2N ( t)


.................. at o m c o u nt of s h ort c h ai n i n a q uif er z o n e, s oil l a y er 2

T h e g e n er al s ol uti o n of ( B -5) c o nsists of a h o m o g e n e o us a n d a p arti c ul ar s ol uti o n as

2 2 h 2 pN ( t) N ( t) N ( t)= +
  

( B- 6)

T h e h o m o g e n e o us s ol uti o n of ( B -5) is

( )r

2 h r

t t
2 h r

N ( t) 0 t t

N ( t) e C t t
− Λ −

= ≤

= >



 ( B- 7)

T h e p arti c ul ar s ol uti o n of ( B- 5 ) f or rt t> s h o ul d h a v e t h e f or m of t h e f or ci n g f u n cti o n o n t h e R H S 

(l e a c h at e s o ur c e t er m) as

( )( )1 2 rt t
2 p 1 rN ( t) A e N ( t )

− Λ + Λ −
=

 
( B- 8)

S u bstit uti o n of t h e p arti c ul ar s ol uti o n, ( B- 8), a n d t h e l e a c h at e s o ur c e t er m fr o m ( B- 4) i nt o ( B- 6)
yi el ds

( ) ( )( )

( )( ) ( )( )

( )( ) ( )( )

1 2 r

1 2 r 12 r

1 2 r 12 r

t t
1 2 1 r

t t t t
1 r 1 2 1 r

t t t t
1 2 1 r 1 2 1 r

A e N ( t )

A e N ( t ) e N (t )

A e N ( t ) e N (t )

A I

− Λ + Λ −

− Λ + Λ − − Λ + Λ −

− Λ + Λ − − Λ + Λ −

− Λ + Λ

+ Λ = Λ

− Λ = Λ

= −



 

 




 


 
 

( B- 9)

T h e g e n er al s ol uti o n of ( B -5) b e c o m es

r 12 r(t t ) ( )(t t )
2 1 rN ( t) e C e N (t )− Λ − − Λ + Λ −= −

 
( B- 1 0)

A p pl yi n g t h e i niti al c o n diti o n of ( B- 1 0) as 2 rN ( t ) 0=


yi el ds

1 rC N (t )=
 

( B- 1 1)

T h e g e n er al s ol uti o n of t h e n o n h o m o g e n e o us ( B -5) is
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( ) ( )( )1 2 rr

2 r

t tt t
2 1 r 1 r r

N ( t) 0 t t

N ( t) e N (t ) e N ( t ) t t
− Λ + Λ −− Λ −

= ≤

= − >




   ( B- 1 2)

1N ( t)


a n d 2N ( t)


ar e t h e at o m c o u nts of t h e s h ort c h ai n i n t h e w ast e a n d a q uif er z o n es, 

r es p e cti v el y.  T h e at o m c o u nts ar e c o n v ert e d t o a cti viti es as

1 1 2 2A ( t) N ( t), A (t) N ( t)= λ = λ
    

( B- 1 3)

w h er e

1A ( t)


...................s h ort c h ai n a cti viti es i n w ast e z o n e ( p Ci/ Ci)

2A ( t)


...................s h ort c h ai n a cti viti es i n a q uif er z o n e ( p Ci/ Ci)

λ


..........................s h ort c h ai n d e c a y c o nst a nts ( 1/ yr)

T h e s h ort c h ai n a cti viti es i n t h e w ast e z o n e ar e c o n v ert e d t o s oil c o n c e ntr ati o ns as

w z 1 1C ( t) A ( t) V=
 

( B- 1 4)

w h er e

w zC ( t)


.................s h ort c h ai n c o n c e ntr ati o ns i n w ast e z o n e ( p Ci/ m 3 / Ci)

1V ........................v ol u m e of w ast e z o n e, A × H ( m 3 )

T h e s h ort c h ai n c o n c e ntr ati o ns i n t h e w ast e z o n e ar e e x p a n d e d i nt o f ull c h ai n c o n c e ntr ati o ns w h er e 
t h e c o n c e ntr ati o n of a r a di o n u cli d e wit h a h alf-lif e l ess t h a n 1 y e ar is s et t o t h e c o n c e ntr ati o n of 
t h eir s h ort c h ai n pr e c urs or (s e c ul ar e q uili bri u m).  T h e f ull c h ai n c o n c e ntr ati o ns f or e a c h p ar e nt 
r a di o n u cli d e ar e us e d t o c o m p ut e i n a d v ert e nt i ntr u d er m a xi m u m d os e f a ct ors f or s cr e e ni n g.

T h e s h ort c h ai n a cti viti es i n t h e a q uif er z o n e ar e c o n v ert e d t o c o n c e ntr ati o ns as

2
a z

A ( t)
C ( t)

I A 1 y
=

× ×




( B- 1 5)

w h er e

a zC ( t)


.................. s h ort c h ai n c o n c e ntr ati o ns i n a q uif er z o n e ( p Ci/ m3 / Ci)

A .........................cr oss -s e cti o n al or pr oj e ct e d ar e a of s oil l a y er ( m2 )
I ..........................i nfiltr ati o n r at e of cl e a n w at er, ( m/ y)

T h e s h ort c h ai n c o n c e ntr ati o ns i n t h e a q uif er z o n e ar e e x p a n d e d i nt o f ull c h ai n c o n c e ntr ati o ns 
w h er e t h e c o n c e ntr ati o n of a r a di o n u cli d e wit h a h alf -lif e l ess t h a n 1 y e ar is s et t o t h e c o n c e ntr ati o n 
of t h eir s h ort c h ai n pr e c urs or (s e c ul ar e q uili bri u m) f or e a c h G W s cr e e ni n g s c e n ari o.  T h e 
m a xi m u m f ull c h ai n c o n c e ntr ati o ns f or e a c h p ar e nt r a di o n u cli d e o v er all G W scr e e ni n g s c e n ari os 
ar e us e d t o c o m p ut e G W p at h w a ys m a xi m u m d os e f a ct ors f or s cr e e ni n g.

N R C D ri n ki n g W ast e S c e n a ri o S c r e e ni n g M o d el

F or t h e N R C D W S m o d el (t hr e e b o x m o d el), t h er e is l e a c hi n g of r a di o n u cli d es fr o m a) t h e s urf a c e -
s oil l a y er (b o x 1) t o t h e u ns a t ur at e d-s oil l a y er (b o x 2) a n d b) t h e u ns at ur at e d -s oil l a y er ( B o x 2) t o 
t h e G W a q uif er ( b o x 3 ).



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

B -8

T h e s ol uti o n of t h e s urf a c e -s oil l a y er (b o x 1) at o m c o u nt i n ( B-3) wit h a d el a y e d st art of l e a c hi n g, 

rt , is gi v e n b y t h e f oll o wi n g s et of e q u ati o ns

( )( )

{ }

1 2 r

t
1 1 r

t t
1 1 r r

1 2
1 1

N ( t) e N ( 0) t t

N ( t) e N (t ) t t

N ( 0) 1 0 p Ci / 0 0 0 0

− Λ

− Λ + Λ −

= ≤

= >

= λ



 

 


( B- 1 6)

w h er e

1N ( t)


...................at o m c o u nt of s h ort c h ai n i n s oil -s urf a c e l a y er, b o x 1

Λ .........................r a di o a cti v e d e c a y a n d r e g e n er ati o n m atri x

1 2Λ ......................l e a c h r at e m atri x fr o m b o x 1 t o b o x 2

T h e m e m b ers of t h e r a di o n u cli d e c h ai n f or m e d i n t h e u ns at ur at e d -s oil l a y er (b o x 2) b y l e a c hi n g 
s atisf y t h e f oll o wi n g n o n h o m o g e n e o us diff er e nti al e q u ati o n

2 2 3 2 1 2 1N ( t) ( ) N ( t) N ( t)+ Λ + Λ = Λ
     ( B- 1 7)

w h er e

2N ( t)


..................at o m c o u nt of s h ort c h ai n i n t h e u ns at ur at e d-s oil l a y er , b o x 2

2 3Λ ......................l e a c h r at e m atri x fr o m b o x 2 t o b o x 3

T h e g e n er al s ol uti o n of ( B- 1 7 ) c o nsists of a h o m o g e n e o us a n d a p arti c ul ar s ol uti o n as

2 2 h 2 pN ( t) N ( t) N ( t)= +
  

( B- 1 8)

T h e h o m o g e n e o us s ol uti o n of ( B- 1 7 ) is

( )2 3 r

2 h r

( ) t t
2 h 1 r r

N ( t) 0 t t

N ( t) C e N ( t ) t t
− Λ + Λ −

= ≤

= >




  ( B- 1 9)

T h e p arti c ul ar s ol uti o n of ( B- 1 7 ) f or rt t> s h o ul d h a v e t h e f or m of t h e f or ci n g f u n cti o n o n t h e 

R H S (l e a c h at e s o ur c e t er m) as

( )( )1 2 rt t
2 p 1 rN ( t) A e N ( t )

− Λ + Λ −
=

 
( B- 2 0)

S u bstit uti o n of t h e p arti c ul ar s ol uti o n, ( B -2 0), a n d t h e l e a c h at e s o ur c e t er m fr o m ( B -1 6) i nt o ( B -
1 8) yi el ds

( ) ( )( ) ( )( )

( )( )

( )( ) ( )( )

1 2 r 12 r

1 2 r

1 2 r 12 r

t t t t
1 2 1 r 2 3 1 r

t t
1 2 1 r

t t t t
1 2 2 3 1 r 1 2 1 r

1
1 2 1 2 2 3

A e N ( t ) ( )A e N ( t )

e N (t )

A( ) e N ( t ) e N (t )

A ( )

− Λ + Λ − − Λ + Λ −

− Λ + Λ −

− Λ + Λ − − Λ + Λ −

−

− Λ + Λ + Λ + Λ

= Λ

− Λ − Λ = Λ

= − Λ Λ − Λ

 



 

 
 




 
  

  

( B- 2 1)

T h e g e n er al s ol uti o n of ( B- 1 7 ) b e c o m es
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( ) ( ) ( )( )1 2 r2 3 r
1 t t( ) t t

2 1 r 12 1 2 2 3 1 rN ( t) C e N ( t ) e N (t )
− − Λ + Λ −− Λ + Λ −

= − Λ Λ − Λ
  

   ( B- 2 2)

A p pl yi n g t h e i niti al c o n diti o n of ( B- 2 2 ) as 2 rN ( t ) 0=


yi el ds

1
1 2 1 2 2 3C ( )−= Λ Λ − Λ   ( B- 2 3)

T h e g e n er al s ol uti o n of t h e n o n h o m o g e n e o us ( B- 1 7 ) is

( ) ( )

( ) ( )( )

2 3 r

1 2 r

2 r

1 ( ) t t
2 1 2 1 2 2 3 1 r

r1 t t
1 2 1 2 2 3 1 r

N ( t) 0 t t

N ( t) e N (t )
t t

e N (t )

− − Λ + Λ −

− − Λ + Λ −

= ≤

= Λ Λ − Λ
>

− Λ Λ − Λ




 
  


  

( B- 2 4)

T h e m e m b ers of t h e r a d i o n u cli d e c h ai n f or m e d i n t h e G W a q uif er ( b o x 3) b y l e a c hi n g fr o m t h e 
u ns at ur at e d -s oil l a y er s atisf y t h e f oll o wi n g n o n h o m o g e n e o us diff er e nti al e q u ati o n

3 3 2 3 2N ( t) ( W) N (t) N ( t)+ Λ + = Λ
    ( B- 2 5)

w h er e t h e l a m b d a m atri x Λ is a u g m e nt e d o n t h e di a g o n al b y t h e a q uif er dil uti o n r at e c o nst a nt of 
e a c h r a di o n u cli d e as

d

d

d

d

d

w 0 0 0 0

0 w 0 0 0

0 0 w 0 0W

0 0 0 w 0

0 0 0 0 w

 
 
 
 =
 
 
 
 

( B- 2 6)

w h er e

3N ( t)


...................at o m c o u nt of s h ort c h ai n i n t h e G W a q uif er, b o x 3

W ........................r at e c o nst a nt f or a q uif er dil uti o n ( 1/ y)

T h e g e n er al s ol uti o n of ( B- 2 5 ) c o nsists of a h o m o g e n e o us a n d a p arti c ul ar s ol uti o n as

3 3 h 3 pN ( t) N ( t) N ( t)= +
  

( B- 2 7)

T h e h o m o g e n e o us s ol uti o n of ( B- 2 5 ) is

( )r

3 h r

( W ) t t
3 h 1 r r

N ( t) 0 t t

N ( t) C e N ( t ) t t
− Λ + −

= ≤

= >



  ( B- 2 8)

T h e p arti c ul ar s ol uti o n of ( B- 2 5 ) f or rt t> s h o ul d h a v e t h e f or m of t h e f or ci n g f u n cti o n o n t h e 

R H S (l e a c h at e s o ur c e t er m) as

( )( ) ( )( )2 3 r 12 rt t t t
3 p 1 r 1 rN ( t) A e N ( t ) B e N ( t )

− Λ + Λ − − Λ + Λ −
= +

   
( B- 2 9)

S u bstit uti o n of t h e p arti c ul ar s ol uti o n, ( B -2 9), a n d t h e l e a c h at e s o ur c e t er m fr o m ( B -2 4) i nt o ( B -
2 7) yi el ds
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( ) ( )( ) ( ) ( )( )

( )( ) ( )( )

( ) ( )

( ) ( )( )

2 3 r 12 r

2 3 r 12 r

2 3 r

1 2 r

t t t t
2 3 1 r 1 2 1 r

t t t t
1 r 1 r

1 ( ) t t
2 3 1 2 1 2 2 3 1 r

1 t t
2 3 1 2 1 2 2 3 1 r

A e N ( t ) B e N ( t )

( W) Ae N (t ) ( W) B e N (t )

e N (t )

e N (t )

− Λ + Λ − − Λ + Λ −

− Λ + Λ − − Λ + Λ −

− − Λ + Λ −

− − Λ + Λ −

− Λ + Λ − Λ + Λ

+ Λ + + Λ +

= Λ Λ Λ − Λ

− Λ Λ Λ − Λ

 

 



 
 

 


   


   

( B-3 0 a)

( )( ) ( ) ( )( )

( )( ) ( ) ( )( )

2 3 r 23 r

1 2 r 12 r

1t t t t
2 3 1 r 2 3 1 2 1 2 2 3 1 r

1 1
2 3 1 2 1 2 2 3 2 3

1t t t t
1 2 1 r 2 3 1 2 1 2 2 3 1 r

1
2 3 1 2 1 2 2 3 1 2

A( W) e N (t ) e N ( t )

A ( ) ( W)

B( W) e N (t ) e N ( t )

B ( ) (

−− Λ + Λ − − Λ + Λ −

− −

−− Λ + Λ − − Λ + Λ −

−

− Λ − = Λ Λ Λ − Λ

= − Λ Λ Λ − Λ Λ −

− Λ − = − Λ Λ Λ − Λ

= Λ Λ Λ − Λ Λ −

 

 

 
    

    

 
    

     1W) −

( B- 3 0 b)

T h e g e n er al s ol uti o n of ( B- 2 5 ) b e c o m es

( )( )

( )( ) ( )( )

r

2 3 r 12 r

W t t 1 1
3 1 r 23 1 2 1 2 2 3 2 3

t t t t1 1
1 r 2 3 1 2 1 2 2 3 1 2 1 r

N ( t) C e N ( t ) ( ) ( W)

e N (t ) ( ) ( W) e N (t )

− Λ + − − −

− Λ + Λ − − Λ + Λ −− −

= − Λ Λ Λ − Λ Λ −

+ Λ Λ Λ − Λ Λ −
 

 
    

 
    

( B- 3 1)

A p pl yi n g t h e i niti al c o n diti o n of ( B- 3 1 ) as 3 rN ( t ) 0=


yi el ds

{ }

1 1 1 1
2 3 1 2 1 2 2 3 2 3 2 3 1 2 1 2 2 3 1 2

1 1 1
2 3 1 2 1 2 2 3 2 3 1 2

C ( ) ( W) ( ) ( W)

( ) ( W) ( W)

− − − −

− − −

= Λ Λ Λ − Λ Λ − − Λ Λ Λ − Λ Λ −

= Λ Λ Λ − Λ Λ − − Λ −

         

     
( B- 3 2)

T h e g e n er al s ol uti o n of t h e n o n h o m o g e n e o us ( B- 2 5 ) is

{ }
( )( )

( )( )

( )( )

r

2 3 r

1 2 r

3 r

1 1 1
3 2 3 1 2 1 2 2 3 2 3 1 2

W t t 1 1
1 r 2 3 1 2 1 2 2 3 2 3

r
t t 1 1

1 r 2 3 1 2 1 2 2 3 1 2

t t
1 r

N ( t) 0 t t

N ( t) ( ) ( W) ( W)

e N (t ) ( ) ( W)
t t

e N (t ) ( ) ( W)

e N (t )

− − −

− Λ + − − −

− Λ + Λ − − −

− Λ + Λ −

= ≤

= Λ Λ Λ − Λ Λ − − Λ −

− Λ Λ Λ − Λ Λ −
>

+ Λ Λ Λ − Λ Λ −







     


    


    



( B- 3 3)

T h e c as e w h er e t h er e is n o a q uif er dil uti o n , W 0= , ( B- 3 3) b e c o m es

( ) ( )( )

( )( )

2 3 rr

1 2 r

3 r

t tt t 1
3 1 r 12 1 2 2 3 1 r

r
t t1

2 3 1 2 2 3 1 r

N ( t) 0 t t

N ( t) e N (t ) ( ) e N ( t )
t t

( ) e N (t )

− Λ + Λ −− Λ − −

− Λ + Λ −−

= ≤

= − Λ Λ − Λ
>

+ Λ Λ − Λ







  
  


  

( B- 3 4)
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1N ( t)


, 2N ( t)


a n d 3N ( t)


ar e t h e at o m c o u nts of t h e s h ort c h ai n i n t h e s urf a c e -s oil l a y er, 

u ns at ur at e d -s oil l a y er a n d G W a q uif er, r es p e cti v el y.  T h e at o m c o u nts ar e c o n v ert e d t o a cti viti es 
as

1 1 2 2 3 3A ( t) N ( t), A (t) N ( t), A (t) N ( t)= λ = λ = λ
       

( B- 3 5)

w h er e

1A ( t)


...................s h ort c h ai n a cti viti es i n s urf a c e -s oil l a y er ( p Ci/ Ci)

2A ( t)


...................s h ort c h ai n a cti viti es i n u ns at ur at e d -s oil l a y er ( p Ci/ Ci)

3A ( t)


...................s h ort c h ai n a cti viti es i n G W a q uif er ( p Ci/ Ci)

λ


.......................... s h ort c h ai n d e c a y c o nst a nts ( 1/ y)

T h e s h ort c h ai n a cti viti es i n t h e s urf a c e -s oil l a y er ar e c o n v ert e d t o s oil c o n c e ntr ati o ns as

w z 1 1C ( t) A ( t) V=
 

( B- 3 6)

w h er e

w zC ( t)


.................s h ort c h ai n c o n c e ntr ati o ns i n s urf a c e -s oil l a y er ( p Ci/ m 3 / Ci)

1V ........................v ol u m e of s urf a c e -s oil l a y er, A × H ( m 3 )

T h e s h ort c h ai n c o n c e ntr ati o ns i n t h e w ast e z o n e ar e e x p a n d e d i nt o f ull c h ai n c o n c e ntr ati o ns w h er e 
t h e c o n c e ntr ati o n of a r a di o nu cli d e wit h a h alf -lif e l ess t h a n 1 y e ar is s et t o t h e c o n c e ntr ati o n of 
t h eir s h ort c h ai n pr e c urs or (s e c ul ar e q uili bri u m).  T h e f ull c h ai n c o n c e ntr ati o ns f or e a c h p ar e nt 
r a di o n u cli d e ar e us e d t o c o m p ut e i n a d v ert e nt i ntr u d er m a xi m u m d os e f a ct ors f or s cr e e nin g.

T h e s h ort c h ai n a cti viti es i n t h e G W a q uif er ar e c o n v ert e d t o c o n c e ntr ati o ns as

3
a z

A ( t)
C ( t)

I A 1 y r
=

× ×




( B- 3 7)

w h er e

a zC ( t)


.................. s h ort c h ai n c o n c e ntr ati o ns i n a q uif er z o n e ( p Ci/ m3 / Ci)

A .........................cr oss -s e cti o n al or pr oj e ct e d ar e a of s oil l a y er ( m2 )
I ..........................i nfiltr ati o n r at e of cl e a n w at er, ( m/ y)

T h e s h ort c h ai n c o n c e ntr ati o ns i n t h e a q uif er z o n e ar e e x p a n d e d i nt o f ull c h ai n c o n c e ntr ati o ns 
w h er e t h e c o n c e ntr ati o n of a r a di o n u cli d e wit h a h alf -lif e l ess t h a n 1 y e ar is s et t o t h e c o n c e ntr ati o n 
of t h eir s h ort c h ai n pr e c urs or (s e c ul ar e q uili bri u m) f or e a c h G W s cr e e ni n g s c e n ari o.  T h e 
m a xi m u m f ull c h ai n c o n c e ntr ati o ns f or e a c h p ar e nt r a di o n u cli d e o v er all G W s cr e e ni n g s c e n ari os 
ar e us e d t o c o m p ut e G W p at h w a ys m a xi m u m d os e f a ct ors f or s cr e e ni n g.

P o rfl o w P S S c r e e ni n g M o d el

T h e P orfl o w P S m o d el c o nsists of fl u x es fr o m a P O R F L O W 1 D v a d os e z o n e tr a ns p ort m o d el t o a 
m o difi e d a q uif er s oil l a y er wit h r a di o a cti v e d e c a y, br a n c hi n g a n d a q uif er dil uti o n.

T h e or di n ar y diff er e nti al e q u ati o n f or m of t h e r a di o n u cli d e b al a n c e i n t h e a q uif er m o d el, ( A -1 9), 
i s
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j 1
j

ji i i j j d j j
i 1

d N
b N N w N f (t)

dt

−

=

= λ − λ − +∑ ( B- 3 8)

R e c asti n g ( B -3 8) i n v e ct or -m atri x f or m as

N(t) ( W) N(t) F( t), N( 0) 0+ Λ + = =
   

( B- 3 9)

w h er e

N(t)


....................at o m c o u nt of s h ort c h ai n i n t h e G W a q uif er, g m ol

Λ .........................r a di o a cti v e d e c a y a n d r e g e n er ati o n m atri x
W ........................r at e c o nst a nt f or a q uif er dil uti o n m atri x ( 1/ y)

F( t)


.....................fl u x t o t h e w at ert a bl e ( P O R F L O W), g m ol/ yr

S etti n g ( )G W= − Λ + , w e us e t h e f or m ul a f or t h e d eri v ati v e of Gte − a n d t h e c h ai n r ul e f or 

diff er e nti ati o n, o bs er v e t h at

{ }Gt Gt Gt

Gt

d
e N (t) e N (t) G e N(t)

dt

e N (t) G N (t) ,

− − −

−

= −

 = −  

  

 

m a ki n g us e of t h e f a ct t h e Gte − a n d G c o m m ut e.  H e n c e if w e pr e -m ulti pl y ( B -3 9) b y Gte − ( a n d 
r e arr a n g e), w e c a n writ e

( )Gt Gtd
e N (t) e F (t)

dt
− −=

 

a n d s o

tGt Gs

0
e N (t) N( 0 ) e F(s ) d s− −− = ∫

  

A p pl yi n g t h e i niti al c o n diti o n i n ( B -3 9) a n d r e arr a n gi n g

t G (t s)

0
N(t) e F (s) d s−= ∫
 

( B- 4 0)

T h e s ol uti o n of ( B -4 0) t h at i n c or p or at es a d el a y e d st art of l e a c hi n g, rt , is gi v e n b y t h e f oll o wi n g 

s et of e q u ati o ns

r

r

t G (t s)
rt

N(t) 0 t t

N(t) e F (s) d s t t−

= ≤

= >∫



  ( B- 4 1)

si n c e rF( t t) 0≤ =

.

B o ol e’s r ul e is t h e q u a dr at ur e r ul e us e d t o i nt e gr at e t h e p arti c ul ar s ol uti o n of t h e n o n h o m o g e n e o us 
fl u x t er m i n ( B-4 1).  T h e n u m eri c al i nt e gr ati o n o v er r[t , t] is s plit i nt o s m all er s u bi nt er v als t o 

m ai nt ai n a c c ur a c y b y a p pl yi n g B o ol e’s r ul e o v er a 1 -y e ar ti m e s u bi nt er v al a n d s u m mi n g u p t h e 
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r es ults t o t h e e n d of t h e si m ul ati o n.  T his c o m p osit e r ul e a p pli e d t o B o ol e’s r ul e a p pr o xi m at es t h e 
i nt e gr al i n ( B-4 1) as

( )
r

t G (t s)
r 0 1 2 3 4t

j

2 h
N(t) e F ( s) d s N(t ) 7f 32f 1 2f 3 2f 7f

4 5
−= ≈ + + + + +∑∫

      
( B- 4 2)

j iG (t s ) j j 1
i j 1

F( t ) F( t )
f e F( t ) i

4

− −
−

 −
= + 

  

 
 

( B-4 2 a)

j j 1
i j 1

t t
s t i

4

−
−

−
= + ( B- 4 2 b)

j j 1t t
h

4

−−
= ( B- 4 2 b)

w h er e
i ...........................e q u all y s p a c e d q u a dr at ur e p oi nts, 0 i 4≤ ≤
j .......................... 1-y e ar ti m e i nt er v al i n d e x

if


.........................i nt e gr a n d e v al u at e d at q u a dr at ur e p oi nt i

jt ......................... si m ul ati o n ti m e at j i n d e x, yr

T h e e x p o n e nti als ar e e v al u at e d usi n g m atri x e x p o n e nti al r o uti n es.  M atri x m ulti pli c ati o n i ntri nsi c 
r o uti n es ar e us e d c o m p ut e t h e i nt e gr a n d at e a c h q u a dr at ur e p oi nt.

N(t)


ar e t h e at o m c o u nts , i n g m ol, of t h e s h ort c h ai n i n t h e G W a q uif er.  T h e at o m c o u nts i n g m ol 

ar e c o n v ert e d t o a cti viti es as

mj j

m p

A N (t )p Ci1 2
j Ci A ( 1 g m ol )

A ( t) 1 0= ( B- 3 5)

w h er e

jA ( t)


...................a cti vit y of s h ort c h ai n r a di o n u cli d e j i n G W a q uif er ( p Ci/ Ci)

mjA ...................... m ol ar a cti vit y of s h ort c h ai n r a di o n u cli d e j, Ci/ g m ol

m pA .....................m ol ar a cti vit y of s h ort c h ai n p ar e nt r a di o n u cli d e, Ci/ g m ol

T h e s h ort c h a i n a cti viti es i n t h e G W a q uif er ar e c o n v ert e d t o c o n c e ntr ati o ns as

a z
F

A(t)
C ( t)

I A 1 y
=

× ×




( B- 3 7)

w h er e

a zC ( t)


.................. s h ort c h ai n c o n c e ntr ati o ns i n a q uif er z o n e ( p Ci/ m3 / Ci)

FA .......................cr oss -s e cti o n al or pr oj e ct e d ar e a of s oil l a y er ( m 2 )

I ..........................i nfiltr ati o n r at e of cl e a n w at er, ( m/ y)

T h e s h ort -c h ai n c o n c e ntr ati o ns i n t h e a q uif er z o n e ar e e x p a n d e d i nt o f ull c h ai n c o n c e ntr ati o ns 
w h er e t h e c o n c e ntr ati o n of a r a di o n u cli d e wit h a h alf -lif e l ess t h a n 1 y e ar is s et t o t h e c o n c e ntr ati o n 
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of their short chain precursor (secular equilibrium) for each GW screening scenario.  The 
maximum full chain concentrations for each parent radionuclide over all GW screening scenarios 
are used to compute GW pathways maximum dose factors for screening.
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A p p e n di x C . P r oj e ct e d 2 06 5 E L L W F Cl os u r e I n v e nt o ri es

T his a p p e n di x pr o vi d es d et ails ass o ci at e d wit h t h e cr e ati o n of a n u p p er b o u n d i n v e nt or y esti m at e 
f or e v er y p ar e nt r a di o n u cli d e t h at h as b e e n list e d i n WI T S as of M ar c h 2 0 2 0.  D uri n g t h e first p ass 
at G W a n d II s cr e e ni n g (s e e, Al e m a n a n d H a m m 2 0 2 0), 2 0 4 0 pr oj e ct e d i n v e nt ori es w er e o bt ai n e d 
fr o m a cl os ur e a n al ys es eff ort b y Si n k ( 2 0 1 6).  I n t his r e p ort w e h a v e u p d at e d t h e cl os ur e a n al ysis 
b y pr oj e cti n g cl os ur e i n v e nt ori es o ut t o 2 0 6 5 t o b e c o nsist e nt wit h t h e c urr e nt e x p e ct ati o n of SI C.  
D et ails of t his u p d at e d a n d e xt e n d e d cl os ur e a n al ysis ar e pr o vi d e d i n t his a p p e n di x.  T o a c c o u nt 
f or u n c ert ai nti es t h e u p p er b o u n d i n v e nt or y esti m at es f or t h e r a di o n u cli d es list e d i n WI T S ar e t h e n 
s c al e d u p b y:

pr ojU B
D U ,i m ult D U ,iI I= η × ( C- 1)

w h er e

U B
D U ,iI U p p er b o u n d i n v e nt or y esti m at e f or r a di o n u cli d e i i n a dis p os al u nit D U ( Ci)

pr oj
D U ,iI pr oj e ct e d cl os ur e i n v e nt or y esti m at e f or r a di o n u cli d e i i n a dis p os al u nit D U ( Ci)

m ultη m ulti pli er us e d t o a c c o u nt f or pr oj e cti o n u n c ert ai nti es (s et t o 1 0 )

T h es e s c al e d u p cl os ur e i n v e nt ori es ar e t h e n e m pl o y e d as i n p ut i nt o t h e Ti er -1 a n d Ti er - 2 a n al ysis 
eff orts.

C. 1  S p e ci al v e rs us G e n e ri c W ast e F o r m As p e cts

Pri or t o listi n g t h e m a xi m u m pr oj e ct e d 2 06 5 cl os ur e i n v e nt or y esti m a t es f or t h e v ari o us t y p es of 
D Us wit hi n E -Ar e a, a cl os er l o o k is pr o vi d e d of t h e c urr e nt e xisti n g i n v e nt ori es.  A WI T S 
i n v e nt or y q u er y w as p erf or m e d i n M ar c h 2 0 2 0.  T a bl e C- 1 b el o w lists t h e u ni q u e r a di o n u cli d es 
c o nt ai n e d wit hi n t h at q u er y w h er e t h e f oll o wi n g it e ms a p pl y:

• S p e ci al w ast e f or ms wit hi n WI T S ar e list e d as u ni q u e r a di o n u cli d es f oll o w e d b y s p e cifi c 
l ett ers ( e. g., H-3 T is H -3 ass o ci at e d wit h t h e s p e ci al w ast e f or m c all e d T P B A R). As of 
M ar c h 2 0 2 0 , t h er e ar e 1 1 2 u ni q u e r a di o n u cli d es t h at h a v e b e e n d esi g n at e d as e xisti n g 
wit hi n s p e ci al w ast e f or ms .  N ot e t h at f or a s p e ci al w ast e f or m s o m e s ort of e n gi n e er e d 
b arri er a n d/ or s p e ci al a bs or pti o n v al u e (i. e., K d ) is e m pl o y e d.  G e n eri c w ast e d o es n ot t a k e 
cr e dit f or a n y e n gi n e er e d b arri ers a n d ass u m es t h e a bs or pti o n v al u e (i. e., K d ) f or cl a y e y 
m at eri als ;

• C urr e ntl y t h er e ar e 2 1 s p e ci al w ast e f or ms i n E -Ar e a D Us;
• T h es e 1 1 2 s p e ci al w ast e f or m r a di o n u cli d es ar e a s u bs et of t h e 1 7 7 r a di o n u cli d es c urr e ntl y 

f o u n d i n WI T S.  T a bl e C- 2 b el o w i n cl u d es t h e l o c ati o ns of t h es e u ni q u e r a di o n u cli d es ( b ut 
e x cl u d es t h eir s p e ci al w ast e f or m d esi g n at i o ns);

• I n v e nt ori es o nl y e xist wit hi n 1 8 D Us as of M ar c h 2 0 2 0;
• O nl y a s u bs et of t h e t ot al 1 7 7 r a di o n u cli d es f o u n d i n WI T S s h o w u p i n a n y gi v e n D U;
• T h e e ntr y P -3 3 d o es n’t s h o w u p i n a n y D U t h us f ar b ut h as b e e n a d d e d t o t his list si n c e 

it’s a m e m b er of t h e N a v al R e a ct or pr o gr a m ’s w ast e str e a m e ar m ar k e d t o e nt er N C R D A -
2 6 E. P -3 3 is n ot a fissi o n pr o d u ct b ut c o m es fr o m n e utr o n a cti v ati o n pr o c ess es;
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• D U n a mi n g c o n v e nti o n pr o vi d e d i n t h e t a bl e is c o nsist e nt wit h t h e n a mi n g e m pl o y e d i n 
t h e P A 2 0 0 8.  Als o, N R C D A-7 E a n d N R C D A -2 6 E ar e r ef err e d t o as N R 0 a n d N R 1, 
r es p e cti v el y;

• D Us c o nt ai ni n g a gi v e n r a di o n u cli d e ar e s h o w n usi n g t h e s y m b ols W, X, Y, a n d Z.  T h es e 
s y m b ols i n di c at e h o w c o m m o n t h e r a di o n u cli d e is wit hi n E -Ar e a (i. e., X – pr es e nt i n all 
1 8 D Us, W – 1 t o 3 D Us, Y – 4 t o 1 0 D Us, a n d Z – 1 1 t o 1 7 D Us).

• Of t h e 1 8 D Us s h o w n 7 of t h e m ar e cl os e d (i. e., S T 0 1, S T 0 2, S T 0 3, S T 0 4, S T 0 5, E T 0 1, 
a n d N R C D A - 7 E) w hil e t h e r e m ai ni n g 1 1 ar e c urr e ntl y o p e n a n d a cti v e.
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Table C-1. List of unique radionuclides by disposal unit within the WITS database as of March 2020.
Nuclide 

List ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ET01 ET02 ET03 CIG01 LAWV ILV NR0 NR1

1 Ac-225 Z Z Z Z Z Z Z Z Z Z Z
2 Ac-227 Y Y Y Y Y Y Y
3 Ac-228 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
4 Ag-108 Y Y Y Y Y Y Y Y
5 Ag-108m Y Y Y Y Y Y Y
6 Ag-109m Y Y Y Y Y Y Y Y Y Y
7 Ag-110 Y Y Y Y Y Y
8 Ag-110m Y Y Y Y Y Y Y Y
9 Al-26 W W

10 Am-241 X X X X X X X X X X X X X X X X X X
11 Am-242 Y Y Y Y Y Y Y

12 Am-
242m X X X X X X X X X X X X X X X X X X

13 Am-243 X X X X X X X X X X X X X X X X X X
14 Ar-37 W
15 Ar-39 W W W
16 At-217 Z Z Z Z Z Z Z Z Z Z Z
17 Ba-133 Z Z Z Z Z Z Z Z Z Z Z Z Z
18 Ba-137m X X X X X X X X X X X X X X X X X X
19 Ba-140 W
20 Be-7 W
21 Be-10 Y Y Y Y
22 Bi-207 W
23 Bi-210 Z Z Z Z Z Z Z Z Z Z Z Z Z
24 Bi-211 Y Y Y Y Y Y Y
25 Bi-212 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
26 Bi-213 Z Z Z Z Z Z Z Z Z Z Z
27 Bi-214 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
28 Bk-247 Y Y Y Y
29 Bk-249 W
30 C-14 X X X X X X X X X X X X X X X X X X
31 Ca-41 W W
32 Ca-45 Y Y Y Y
33 Cd-109 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
34 Cd-113 Y Y Y Y Y
35 Cd-113m Y Y Y Y Y Y Y Y Y Y
36 Cd-115m W W
37 Ce-139 Y Y Y Y Y Y Y
38 Ce-141 W W W
39 Ce-144 X X X X X X X X X X X X X X X X X X
40 Cf-249 X X X X X X X X X X X X X X X X X X
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Nuclide 
List ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ET01 ET02 ET03 CIG01 LAWV ILV NR0 NR1

41 Cf-250 Z Z Z Z Z Z Z Z Z Z Z Z
42 Cf-251 X X X X X X X X X X X X X X X X X X
43 Cf-252 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
44 Cl-36 Z Z Z Z Z Z Z Z Z Z Z Z
45 Cm-242 X X X X X X X X X X X X X X X X X X
46 Cm-243 X X X X X X X X X X X X X X X X X X
47 Cm-244 X X X X X X X X X X X X X X X X X X
48 Cm-245 X X X X X X X X X X X X X X X X X X
49 Cm-246 X X X X X X X X X X X X X X X X X X
50 Cm-247 X X X X X X X X X X X X X X X X X X
51 Cm-248 X X X X X X X X X X X X X X X X X X
52 Co-57 Z Z Z Z Z Z Z Z Z Z Z Z
53 Co-58 X X X X X X X X X X X X X X X X X X
54 Co-60 X X X X X X X X X X X X X X X X X X
55 Cr-51 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
56 Cs-134 X X X X X X X X X X X X X X X X X X
57 Cs-135 Z Z Z Z Z Z Z Z Z Z Z
58 Cs-137 X X X X X X X X X X X X X X X X X X
59 Eu-152 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
60 Eu-154 X X X X X X X X X X X X X X X X X X
61 Eu-155 X X X X X X X X X X X X X X X X X X
62 Fe-55 X X X X X X X X X X X X X X X X X X
63 Fe-59 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
64 Fr-221 Z Z Z Z Z Z Z Z Z Z Z
65 H-3 X X X X X X X X X X X X X X X X X X
66 Hf-175 Y Y Y Y Y
67 Hf-181 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
68 Hg-203 Y Y Y Y Y Y Y Y Y Y
69 Ho-166m W
70 I-129 X X X X X X X X X X X X X X X X X X
71 In-113m Z Z Z Z Z Z Z Z Z Z Z Z
72 In-114 W
73 In-114m W
74 Ir-192 Y Y Y Y Y
75 Ir-192m W W
76 K-40 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
77 Kr-85 X X X X X X X X X X X X X X X X X X
78 La-140 W
79 Mn-54 X X X X X X X X X X X X X X X X X X
80 Mo-93 Z Z Z Z Z Z Z Z Z Z Z Z
81 Na-22 Y Y Y Y Y Y Y Y Y
82 Nb-93m Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
83 Nb-94 X X X X X X X X X X X X X X X X X X
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Nuclide 
List ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ET01 ET02 ET03 CIG01 LAWV ILV NR0 NR1

84 Nb-95 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
85 Nb-95m Z Z Z Z Z Z Z Z Z Z Z
86 Ni-59 X X X X X X X X X X X X X X X X X X
87 Ni-63 X X X X X X X X X X X X X X X X X X
88 Np-237 X X X X X X X X X X X X X X X X X X
89 Np-239 Z Z Z Z Z Z Z Z Z Z Z Z
90 P-33
91 Pa-231 Y Y Y Y Y Y
92 Pa-233 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
93 Pa-234 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
94 Pa-234m Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
95 Pb-205 W W
96 Pb-209 Z Z Z Z Z Z Z Z Z Z Z
97 Pb-210 Z Z Z Z Z Z Z Z Z Z Z Z Z
98 Pb-212 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
99 Pb-214 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

100 Pd-107 Y Y Y Y Y Y
101 Pm-146 W W W
102 Pm-147 X X X X X X X X X X X X X X X X X X
103 Po-210 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
104 Po-212 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
105 Po-213 Z Z Z Z Z Z Z Z Z Z Z
106 Po-214 Z Z Z Z Z Z Z Z Z Z Z Z
107 Po-216 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
108 Po-218 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
109 Pr-144 X X X X X X X X X X X X X X X X X X
110 Pr-144m Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
111 Pt-193 Y Y Y Y Y
112 Pu-238 X X X X X X X X X X X X X X X X X X
113 Pu-239 X X X X X X X X X X X X X X X X X X
114 Pu-240 X X X X X X X X X X X X X X X X X X
115 Pu-241 X X X X X X X X X X X X X X X X X X
116 Pu-242 X X X X X X X X X X X X X X X X X X
117 Pu-244 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
118 Ra-224 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
119 Ra-225 Z Z Z Z Z Z Z Z Z Z Z Z Z
120 Ra-226 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
121 Ra-228 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
122 Rb-86 W
123 Rb-87 Y Y Y Y Y Y
124 Rh-103m Y Y Y Y Y Y Y
125 Rh-106 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
126 Rn-220 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
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Nuclide 
List ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ET01 ET02 ET03 CIG01 LAWV ILV NR0 NR1

127 Rn-222 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
128 Ru-103 Y Y Y Y Y Y Y
129 Ru-106 X X X X X X X X X X X X X X X X X X
130 S-35 Y Y Y Y Y Y
131 Sb-124 Y Y Y Y
132 Sb-125 X X X X X X X X X X X X X X X X X X
133 Sb-126 Y Y Y Y Y Y Y Y Y
134 Sb-126m Z Z Z Z Z Z Z Z Z Z Z Z
135 Sc-46 Y Y Y Y Y
136 Se-75 Y Y Y Y Y Y
137 Se-79 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
138 Sm-151 X X X X X X X X X X X X X X X X X X
139 Sn-113 Z Z Z Z Z Z Z Z Z Z Z Z Z Z
140 Sn-119m Z Z Z Z Z Z Z Z Z Z Z
141 Sn-121 Y Y Y Y Y Y Y Y Y Y
142 Sn-121m Y Y Y Y Y Y Y Y Y Y
143 Sn-123 Y Y Y Y Y
144 Sn-126 X X X X X X X X X X X X X X X X X X
145 Sr-85 Y Y Y Y Y Y Y Y Y Y
146 Sr-89 Y Y Y Y Y Y Y Y Y
147 Sr-90 X X X X X X X X X X X X X X X X X X
148 Ta-182 Y Y Y Y Y Y Y Y Y Y
149 Tc-99 X X X X X X X X X X X X X X X X X X
150 Te-123m Y Y Y Y Y
151 Te-125m X X X X X X X X X X X X X X X X X X
152 Th-228 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
153 Th-229 Z Z Z Z Z Z Z Z Z Z Z
154 Th-230 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
155 Th-231 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
156 Th-232 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
157 Th-234 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
158 Tl-204 W
159 Tl-208 Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
160 Tl-209 Z Z Z Z Z Z Z Z Z Z Z
161 Tm-170 W W
162 Tm-171 W W
163 U-232 X X X X X X X X X X X X X X X X X X
164 U-233 X X X X X X X X X X X X X X X X X X
165 U-234 X X X X X X X X X X X X X X X X X X
166 U-235 X X X X X X X X X X X X X X X X X X
167 U-236 X X X X X X X X X X X X X X X X X X
168 U-237 Y Y Y Y Y
169 U-238 X X X X X X X X X X X X X X X X X X
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Nuclide 
List ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ET01 ET02 ET03 CIG01 LAWV ILV NR0 NR1

170 W-181 Y Y Y Y
171 W-185 W
172 W-188 W
173 Y-90 X X X X X X X X X X X X X X X X X X
174 Y-91 Y Y Y Y Y Y
175 Zn-65 X X X X X X X X X X X X X X X X X X
176 Zr-93 X X X X X X X X X X X X X X X X X X
177 Zr-95 X X X X X X X X X X X X X X X X X X
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T h e m aj orit y of t h e u ni q u e r a di o n u cli d es r esi d e pri m aril y wit hi n “ g e n eri c ” w ast e f or ms, w hil e t h e 
r e m ai n d er r esi d e wit hi n w h at is t er m e d “s p e ci al ” w ast e f or ms.  T h es e s p e ci al w ast e f or ms h a v e 
u ni q u e h y dr a uli c a n d/ or c h e mi c al pr o p erti es t h at ar e c o nsi d er e d wit hi n a P A ( e. g., c o nt ai n er 
h y dr a uli c i nt e grit y, eff e cti v e s or pti o n pr o p erti es of t h e w ast e f or m, et c. ).  G e n eri c r a di o n u cli d es 
t a k e n o s p e ci al cr e dit f or h y dr a uli c or c h e mi c al e n gi n e er e d b arri ers; i nst e a d, t h e y ass u m e t h e 
r a di o n u cli d e is i n i m mi n e nt c o nt a ct wit h n ei g h b ori n g s oil a n d ar e i n c h e mi c al e q uili bri u m wit h it 
at all ti m es. 

C urr e ntl y, wit hi n WI T S t h er e ar e 2 1 s p e ci al w ast e f or ms pr es e nt as list e d i n T a bl e C- 2.

T a bl e C - 2 b el o w lists t h es e s p e ci al w ast e f or ms w h er e t h e s y m b ol W i m pli es a u ni q u e w ast e f or m 
o nl y s h o wi n g u p i n o n e D U w hil e t h e s y m b ol X i m pli es m or e t h a n o n e D U.

N ot e t h at:

• T h er e ar e t w o s p e ci al w ast e f or ms list e d (i. e., “ F Ar e a C ar b o n ” a n d “ H Ar e a C ar b o n ”) t h at 
d o n ot c urr e ntl y s h o w u p wit hi n WI T S h a vi n g i n v e nt or y.  P A 2 0 0 8 i n v e nt or y li mits w er e 
cr e at e d f or t h es e t w o s p e ci al w ast e f or ms; h o w e v er, pri or t o t h eir b uri al, d u e t o t h eir hi g h 
i n v e nt or y v al u es, t h e y w er e s e nt t o off-sit e b uri al f a ciliti es; a n d

• All r a di o n u cli d es pr es e nt i n t h e N R 1 D U w er e m o d el e d as a N a v al R e a ct or w el d e d c as k 
s p e ci al w ast e f or m i n t h e P A 2 0 0 8 . N R 1 m o d eli n g w as us e d t o si m ul at e t h e N R 0 D U. I n 
t h e n e w P A 2 0 2 2 b ot h g e n eri c a n d o n e s p e ci al w ast e f or m will b e c o nsi d er e d a n d b ot h D U’s 
will b e e x pli citl y m o d el e d .  T h es e D Us c o nt ai n i n v e nt ori es t h at ar e wit hi n b olt e d c o nt ai n ers 
a n d w el d e d c as ks.  All i n v e nt ori es wit h i n t h e b olt e d c o nt ai n ers will b e h a n dl e d as g e n eri c 
w ast e, w hil e all i n v e nt ori es wit hi n t h e c as ks will b e h a n dl e d as a s p e ci al w ast e f or m (i. e., 
t h e w el d e d c as ks ar e h y dr a uli c all y is ol at e d fr o m t h e e n vir o n m e nt f or at l e ast + 7 5 0 y e ars).
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Table C-2. List of special waste forms by disposal unit within the WITS database as of March 2020.

Count Special Waste Form ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ET01 ET02 ET03 CIG1 LAWV ILV NR0 NR1

1 232-F Concrete W

2 285F Cooling Tower W

3 ETF Activated Carbon X X X

4 ETF GT-73 X X X X

5 F Area Carbon

6 F Area CG-8 X X

7 F Area Dowex 21K X X

8 F Area Filtercake X X X X X X X

9 H Area Carbon

10 H Area CG-8 X X X

11 H Area Dowex 21K X

12 H Area Filtercake W

13 HWCTR W

14 IP2 Tritium Box W

15 K/L Basin Resin X X

16 M Area Glass W

17 Mk 50A Targets W

18 NR Main Coolant Pumps X X X X X X X X

19 Paducah Cask W

20 Reactor Heat Exchangers W

21 TPBAR W



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

C -1 0

C. 2  Alt e r e d 2 0 4 0 P r oj e ct e d Cl os u r e I n v e nt o ri es b y Si n k ( 2 0 4 0)

Wit hi n t h e WI T S d at a b as e, dis c uss e d a b o v e, w e fi n d t h e f oll o wi n g r a di o n u cli d e t ot als:

• 1 7 7 g e n eri c r a di o n u cli d es; a n d
• 1 1 2 s p e ci al w ast e f or m r a di o n u cli d es;

gi vi n g a t ot al of 2 8 9 r a di o n u cli d es.  I n pr e p ar ati o n f or u p d ati n g t h e P A 2 0 0 8 S W M esti m at e d ( Si n k, 
2 0 1 6) cl os ur e i n v e nt ori es f or e v er y r a di o n u cli d e c o nt ai n e d wit hi n t h e WI T S d at a b as e , th eir 
i n v e nt or y esti m at es w er e pr oj e ct ed o ut t o t h e y e ar 2 0 4 0 w h er e pr o c ess k n o wl e d g e a n d w ast e 
g e n er at or pr oj e cti o ns w er e e m pl o y e d.  I n 2 0 1 6 E -Ar e a cl os ur e w as b ei n g esti m at e d t o b e i n t h e 
y e ar 2 0 4 0.  T h e cl os ur e i n v e nt ori es pr es e nt e d i n t his s e cti o n r efl e ct WI T S i n v e nt ori es as of M ar c h 
2 0 1 6 t h at ar e pr oj e ct e d o ut t o 2 0 4 0 b y Si n k ( 2 0 1 6) a n d d o n ot i n c or p or at e a d diti o n al i n cr e as es 
ass o ci at e d wit h t h e u p d at e d cl os ur e d at e of 2 0 6 5 t h at ar e i n cl u d e d i n t h e f oll o wi n g s e cti o n.

T h e ori gi n al 2 0 4 0 cl os ur e i n v e nt ori es pr o vi d e d b y Si n k ( 2 0 1 6) w er e alt er e d b as e d o n t h e f oll o wi n g 
t o pi cs:

• Wit h t h e e x c e pti o n n ot e d i n t h e n e xt t w o s u b -b ull et e d it e ms, cl os ur e i n v e nt ori es f or e a c h 
u ni q u e r a di o n u cli d e w er e g e n er at e d w h er e t h e g e n eri c a n d s p e ci al w ast e f or m c o ntri b uti o ns
t o a p arti c ul ar r a di o n u cli d e w er e s u m m e d u p.  F or G W s cr e e ni n g p ur p os es, n o cr e dit is 
c o nsi d er e d f or p ot e nti all y b e n efi ci al e n gi n e er e d b arri ers ( e x c e pt f or f a cilit y b arri ers s u c h 
as I L V, L A W V, a n d N R C D A S h y dr a uli c is ol ati o n ti mi n g); t h us, all s o ur c es of a p arti c ul ar 
r a di o n u cli d e ar e l u m p e d t o g et h er;

- Wit hi n t h e I L V , T P B A R c o ntri b uti o ns w er e n e gl e ct e d si n c e its c o nt e nts ar e 
c o nsi d er e d t o b e i m m o bil e b e y o n d t h e C P.  T h e o n e e x c e pti o n b ei n g H -3 d u e t o its 
l ar g e s oli d-p h as e diff usi o n c o effi ci e nt wit hi n t h e w all s of t h e s hi p pi n g/ b uri al c as k;

- I n ori gi n al s cr e e ni n g ( Al e m a n a n d H a m m 2 0 2 0), f or Ar -3 7 n o i n v e nt or y f or a n y 
D U w as pr o vi d e d.  T h at w as b as e d o n o nl y s o ur c e of Ar - 3 7 b ei n g wit hi n t h e 
T P B A Rs a n d as st at e d a b o v e its r el e as e fr o m t h e c as ks e x c e e ds t h e C P .  I n t his 
s cr e e ni n g eff ort it r e m ai ns i n ;

• T y p o’s i n r a di o n u cli d e n a mi n g w er e c orr e ct e d; a n d

N u m er o us cr oss -c h e c ki n g b et w e e n a v ail a bl e s o ur c es w er e p erf or m e d ( e. g., Si n k ( 2 0 1 6) v ers us 
WI T S i n v e nt ori es f or cl os e d D Us v ers us N a v al R e a ct or pr o gr a m’s cl os ur e esti m at es).  T a bl e C- 3
b el o w c o nt ai ns t h e esti m at e d 2 0 4 0 cl os ur e i n v e nt ori es f or t h e 1 7 7 r a di o n u cli d es t h at ar e tr a c k e d
b y WI T S.  F or e a c h u ni q u e r a di o n u cli d e t h e i n v e nt or y (i . e., a cti viti es i n Ci) v al u es pr o vi d e d h a v e 
b e e n gr o u p e d as f oll o ws:

• All U nits – S u m m e d o v er e v er y D U;
• All T r e n c h es – S u m m e d o v er o nl y t h e tr e n c h u nits (i. e., S Ts, E Ts, a n d CI Gs);
• L A W V – L A W V u nit o nl y;
• I L V – I L V u nit o nl y;
• All N R C D As – S u m m e d o v er b ot h N R C D A u nits (i. e., N R C D A-7 E a n d N R C D A -2 6 E);
• M a x T r e n c h es – M a xi m u m v al u e t a k e n o v er t h e tr e n c h u nits (i. e., S Ts, E Ts, a n d CI Gs); 

a n d
• All N R C D As – M a xi m u m v al u e t a k e n o v er b ot h N R C D A u nits (i. e., N R C D A-7 E a n d 

N R C D A -2 6 E).
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Table C-3. Estimated 2040 closure inventories for radionuclides by disposal type.

Nuclide
All

Units
(Ci)

All 
Trenches

(Ci)

LAWV
(Ci)

ILV
(Ci)

All NRCDAs
(Ci)

Max 
Trenches

(Ci)

Max NRCDA
(Ci)

1 Ac-225 6.46E-02 6.40E-02 5.82E-04 2.32E-02
2 Ac-227 1.31E-03 1.31E-03 1.03E-12 3.54E-04 1.03E-12
3 Ac-228 4.72E-02 4.53E-02 1.84E-03 3.20E-05 1.20E-02
4 Ag-108 1.50E+00 1.50E+00 1.15E-07 4.98E-01 1.15E-07
5 Ag-108m 1.83E+01 1.83E+01 2.49E-04 7.18E-05 1.32E-06 6.09E+00 1.32E-06
6 Ag-109m 4.47E-02 2.36E-02 2.11E-02 1.04E-02 2.11E-02
7 Ag-110 1.49E-04 5.20E-09 7.80E-07 1.48E-04 1.20E-09 1.48E-04
8 Ag-110m 4.94E-02 8.72E-06 7.97E-05 2.12E-05 4.92E-02 2.40E-06 4.92E-02
9 Al-26 4.97E-11 4.97E-11 4.97E-11

10 Am-241 1.82E+01 1.52E+01 1.36E+00 1.18E+00 4.86E-01 1.87E+00 3.52E-01
11 Am-242 1.03E-03 4.29E-08 1.03E-03 1.20E-08 1.03E-03
12 Am-242m 2.55E+00 2.54E+00 1.51E-03 1.89E-03 2.30E-03 3.94E-01 2.29E-03
13 Am-243 5.16E-01 5.01E-01 6.48E-03 3.11E-03 5.19E-03 1.67E-01 2.78E-03
14 Ar-37
15 Ar-39 1.07E-13 1.07E-13 1.07E-13
16 At-217 6.46E-02 6.40E-02 5.82E-04 2.32E-02
17 Ba-133 2.21E-01 8.58E-04 2.18E-01 2.09E-03 3.28E-04 2.09E-03
18 Ba-137m 3.64E+03 2.92E+03 2.19E+02 4.93E+02 1.21E+01 1.96E+03 6.81E+00
19 Ba-140 4.90E-08 4.90E-08 4.90E-08
20 Be-10 3.46E-05 1.30E-05 2.16E-05 2.17E-06 2.16E-05
21 B-E7 4.37E-06 4.37E-06 4.37E-06
22 Bi-207 7.82E-06 7.82E-06 7.82E-06
23 Bi-210 9.06E-02 9.06E-02 1.09E-06 4.43E-02
24 Bi-211 6.38E-04 5.75E-04 6.23E-05 5.65E-07 1.38E-04
25 Bi-212 3.25E-01 3.11E-01 1.42E-02 2.29E-04 2.60E-08 1.10E-01 2.60E-08
26 Bi-213 6.46E-02 6.40E-02 5.82E-04 2.32E-02
27 Bi-214 1.46E+00 9.24E-02 1.37E+00 2.02E-13 4.43E-02 2.02E-13
28 Bk-247 3.77E-07 3.77E-07 3.99E-08
29 Bk-249 2.07E-08 2.07E-08 2.07E-08
30 C-14 1.93E+03 7.61E+00 8.75E-01 1.69E+03 2.30E+02 6.32E+00 1.39E+02
31 Ca-41
32 Ca-45 1.51E-02 2.00E-09 1.51E-02 1.67E-10 1.49E-02
33 Cd-109 6.11E-02 2.09E-02 7.82E-06 4.02E-02 1.04E-02 4.02E-02
34 Cd-113 1.47E-13 1.47E-13 4.90E-14
35 Cd-113m 7.31E-01 7.18E-01 5.94E-05 1.50E-06 1.33E-02 2.96E-01 1.33E-02
36 Cd-115m 9.76E-04 9.76E-04 9.76E-04
37 Ce-139 1.28E-06 1.28E-06 8.50E-10 4.23E-07
38 Ce-141 4.94E-03 1.59E-08 4.94E-03 1.59E-08 4.94E-03
39 Ce-144 1.71E+01 1.39E+00 3.92E+00 7.94E-01 1.09E+01 3.61E-01 5.81E+00
40 Cf-249 4.42E-01 4.39E-01 6.05E-06 2.82E-03 3.21E-10 9.32E-02 1.96E-10
41 Cf-250 3.95E-01 3.92E-01 2.13E-03 7.22E-02
42 Cf-251 4.02E-01 4.01E-01 2.62E-05 1.63E-03 7.09E-12 8.47E-02 4.39E-12
43 Cf-252 8.83E-02 6.98E-02 1.85E-02 1.01E-02
44 Cl-36 1.78E-02 1.98E-04 4.77E-03 1.33E-04 1.27E-02 7.00E-05 1.27E-02
45 Cm-242 6.74E+00 1.05E-03 1.72E-04 1.49E-04 6.73E+00 1.65E-04 5.22E+00
46 Cm-243 4.14E-02 1.89E-02 5.76E-04 1.98E-02 2.14E-03 4.05E-03 2.13E-03
47 Cm-244 4.16E+01 3.35E+01 6.52E+00 1.13E+00 4.49E-01 4.19E+00 2.56E-01
48 Cm-245 2.19E-02 9.68E-03 7.73E-03 4.42E-03 2.67E-05 1.46E-03 1.65E-05
49 Cm-246 1.90E-02 5.33E-03 1.36E-02 5.18E-05 1.29E-05 7.33E-04 9.00E-06
50 Cm-247 3.76E-02 1.12E-02 2.76E-11 2.64E-02 1.64E-11 3.18E-03 8.39E-12
51 Cm-248 1.83E-03 1.82E-03 8.50E-12 1.04E-05 4.50E-11 4.55E-04 2.61E-11
52 Co-57 9.84E+00 9.84E+00 5.13E-08 9.06E-05 4.66E+00
53 Co-58 2.90E+04 2.49E+01 2.99E-01 6.59E+00 2.90E+04 5.04E+00 2.07E+04
54 Co-60 3.00E+05 1.28E+05 9.67E+01 1.50E+02 1.72E+05 1.27E+05 9.85E+04
55 Cr-51 7.58E+03 4.72E-01 8.45E-10 2.47E-02 7.58E+03 1.91E-01 7.47E+03
56 Cs-134 2.70E+01 1.14E+00 9.03E+00 1.66E+00 1.52E+01 2.02E-01 1.51E+01
57 Cs-135 9.23E-05 5.09E-06 1.52E-09 8.72E-05 4.48E-06 5.26E-05
58 Cs-137 4.90E+03 3.31E+03 9.47E+02 6.27E+02 1.25E+01 2.07E+03 7.22E+00



SRNL-STI-2020-00566
Revision 0

C-12

Nuclide
All

Units
(Ci)

All 
Trenches

(Ci)

LAWV
(Ci)

ILV
(Ci)

All NRCDAs
(Ci)

Max 
Trenches

(Ci)

Max NRCDA
(Ci)

59 Eu-152 3.69E+01 2.95E+01 7.44E+00 2.70E-02 6.23E-04 8.86E+00 6.23E-04
60 Eu-154 7.62E+01 6.87E+01 6.57E+00 4.13E-01 5.83E-01 2.24E+01 5.16E-01
61 Eu-155 9.11E+00 8.88E+00 4.93E-02 2.83E-02 1.57E-01 1.83E+00 1.18E-01
62 Fe-55 1.57E+05 2.08E+02 3.89E+02 2.33E+02 1.56E+05 3.69E+01 9.03E+04
63 Fe-59 7.49E+03 6.66E-01 1.15E-08 8.23E-02 7.49E+03 2.07E-01 7.48E+03
64 Fr-221 6.46E-02 6.40E-02 5.82E-04 2.32E-02
65 H-3 2.63E+08 5.58E+03 1.91E+08 7.17E+07 1.80E+02 5.56E+03 1.34E+02
66 Hf-175 4.04E+00 2.96E-05 3.34E-05 4.04E+00 4.93E-06 4.04E+00
67 Hf-181 7.53E+03 2.57E-01 3.70E-09 2.96E-02 7.53E+03 8.19E-02 7.46E+03
68 Hg-203 3.10E-05 3.10E-05 1.99E-16 1.29E-05
69 Ho-166m 7.31E-06 7.31E-06 6.65E-07
70 I-129 1.75E-01 1.41E-01 5.73E-04 3.38E-02 3.47E-05 2.28E-02 1.99E-05
71 In-113m 5.97E+03 2.55E-05 7.13E-17 8.95E-06 5.97E+03 9.84E-06 4.87E+03
72 In-114 2.02E+00 2.02E+00 2.02E+00
73 In-114m 3.80E+00 3.80E+00 3.80E+00
74 Ir-192 4.27E+01 4.27E+01 1.30E-02 1.22E+01 1.30E-02
75 Ir-192m 1.10E-06 8.51E-07 2.47E-07 7.74E-08 2.47E-07
76 K-40 1.17E-02 9.28E-03 1.88E-06 2.40E-03 4.12E-03
77 Kr-85 4.56E+01 1.03E+00 7.95E+00 3.63E+01 2.71E-01 1.55E-01 2.65E-01
78 La-140 5.65E-08 5.65E-08 5.65E-08
79 Mn-54 2.02E+03 4.01E+00 2.91E-01 1.04E+00 2.01E+03 9.98E-01 1.39E+03
80 Mo-93 2.24E+00 4.71E-02 8.38E-03 1.33E-03 2.18E+00 2.55E-02 1.43E+00
81 Na-22 1.97E-04 1.96E-04 1.33E-06 7.65E-05
82 Nb-93m 7.57E+03 1.06E+00 7.93E+00 2.63E+00 7.56E+03 1.74E-01 7.46E+03
83 Nb-94 1.32E+01 1.32E-01 3.43E-01 9.70E-02 1.26E+01 1.13E-01 6.54E+00
84 Nb-95 1.57E+05 9.79E-01 3.85E-02 1.57E-01 1.57E+05 1.96E-01 1.31E+05
85 Nb-95m 1.43E+03 1.29E-03 2.22E-05 1.73E-04 1.43E+03 4.70E-04 1.31E+03
86 Ni-59 3.33E+03 3.78E+01 4.88E+00 1.70E+00 3.29E+03 3.69E+01 1.74E+03
87 Ni-63 3.85E+05 3.30E+03 6.95E+02 2.07E+02 3.81E+05 3.26E+03 2.01E+05
88 Np-237 2.94E-01 1.41E-01 1.41E-01 1.15E-02 7.24E-06 3.97E-02 4.03E-06
89 Np-239 4.92E+01 4.92E+01 5.64E-06 1.51E-07 1.26E-03 1.61E+01 1.26E-03
90 P-33 6.32E-03 6.32E-03 6.32E-03
91 Pa-231 3.68E-09 3.68E-09 2.24E-12 5.35E-10 2.24E-12
92 Pa-233 1.80E-01 9.37E-02 8.63E-02 2.59E-04 3.14E-02
93 Pa-234 5.46E-01 3.15E-01 5.99E-05 2.31E-01 6.70E-11 1.45E-01 6.70E-11
94 Pa-234m 4.33E+01 4.02E+01 2.45E+00 6.60E-01 2.66E-06 1.19E+01 2.66E-06
95 Pb-205 5.68E-08 5.68E-08 5.68E-08
96 Pb-209 6.46E-02 6.40E-02 5.82E-04 2.32E-02
97 Pb-210 1.47E+00 9.66E-02 1.37E+00 4.43E-02
98 Pb-212 3.37E-01 3.23E-01 1.43E-02 2.29E-04 2.60E-08 1.10E-01 2.60E-08
99 Pb-214 1.46E+00 9.31E-02 1.37E+00 2.02E-13 4.43E-02 2.02E-13

100 Pd-107 1.13E-05 7.32E-06 3.99E-06 6.76E-06 3.99E-06
101 Pm-146 5.57E-05 5.57E-05 6.14E-06
102 Pm-147 5.14E+01 8.11E+00 2.94E+01 6.59E+00 7.28E+00 1.80E+00 4.23E+00
103 Po-210 9.69E-02 9.06E-02 5.03E-15 1.09E-06 6.24E-03 4.43E-02 6.24E-03
104 Po-212 1.91E-01 1.89E-01 2.47E-03 9.39E-07 1.66E-08 7.08E-02 1.66E-08
105 Po-213 6.22E-02 6.16E-02 5.58E-04 2.23E-02
106 Po-214 1.38E+00 9.81E-03 1.37E+00 2.02E-13 3.96E-03 2.02E-13
107 Po-216 3.36E-01 3.22E-01 1.43E-02 2.29E-04 2.60E-08 1.10E-01 2.60E-08
108 Po-218 1.47E+00 9.74E-02 1.37E+00 2.02E-13 4.43E-02 2.02E-13
109 Pr-144 1.07E+01 1.30E+00 3.76E+00 6.82E-01 4.95E+00 3.56E-01 4.73E+00
110 Pr-144m 7.87E-02 3.38E-03 3.31E-03 6.04E-03 6.60E-02 1.54E-03 6.60E-02
111 Pt-193 2.10E-03 4.42E-05 1.89E-03 5.07E-05 1.14E-04 5.28E-06 1.14E-04
112 Pu-238 2.07E+02 1.90E+02 9.70E+00 7.18E+00 5.37E-01 2.54E+01 2.69E-01
113 Pu-239 5.42E+01 4.87E+01 3.82E+00 1.40E+00 2.13E-01 8.31E+00 1.23E-01
114 Pu-240 1.51E+01 1.26E+01 1.02E+00 1.37E+00 1.73E-01 1.86E+00 1.11E-01
115 Pu-241 3.24E+02 2.31E+02 3.60E+01 7.58E+00 5.01E+01 2.97E+01 3.40E+01
116 Pu-242 5.45E-01 4.65E-01 5.40E-03 7.37E-02 7.38E-04 1.26E-01 4.07E-04
117 Pu-244 2.06E-02 4.64E-09 3.05E-15 2.06E-02 4.36E-11 1.71E-09 2.77E-11
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Nuclide
All

Units
(Ci)

All 
Trenches

(Ci)

LAWV
(Ci)

ILV
(Ci)

All NRCDAs
(Ci)

Max 
Trenches

(Ci)

Max NRCDA
(Ci)

118 Ra-224 3.36E-01 3.22E-01 1.43E-02 2.29E-04 2.60E-08 1.10E-01 2.60E-08
119 Ra-225 6.46E-02 6.40E-02 5.82E-04 3.82E-16 2.32E-02
120 Ra-226 8.22E-01 5.45E-02 2.01E-07 7.67E-01 2.02E-13 4.39E-02 2.02E-13
121 Ra-228 4.42E-02 4.31E-02 1.08E-03 3.20E-05 1.20E-02
122 Rb-86 4.65E-05 4.65E-05 4.65E-05
123 Rb-87 1.39E-10 1.39E-10 2.40E-11
124 Rh-103m 4.26E-02 4.84E-05 2.90E-03 1.22E-04 3.95E-02 7.89E-06 3.95E-02
125 Rh-106 7.62E+00 7.47E-01 1.41E-01 7.72E-02 6.65E+00 3.52E-01 6.65E+00
126 Rn-220 3.36E-01 3.22E-01 1.43E-02 2.29E-04 2.60E-08 1.10E-01 2.60E-08
127 Rn-222 1.47E+00 9.74E-02 1.37E+00 2.02E-13 4.43E-02 2.02E-13
128 Ru-103 5.18E-02 4.84E-05 2.90E-03 1.22E-04 4.87E-02 7.89E-06 4.87E-02
129 Ru-106 1.03E+01 9.86E-01 3.10E-01 1.95E-01 8.86E+00 3.54E-01 8.20E+00
130 S-35 1.91E-01 5.92E-03 1.85E-01 2.96E-03 1.82E-01
131 Sb-124 1.89E+00 1.19E-08 1.89E+00 1.13E-09 1.89E+00
132 Sb-125 6.12E+04 2.50E+00 7.22E+00 4.81E-01 6.11E+04 7.87E-01 4.07E+04
133 Sb-126 1.36E-05 1.13E-05 2.37E-06 1.08E-05 2.37E-06
134 Sb-126m 2.53E-03 2.51E-03 1.68E-05 1.19E-03 1.68E-05
135 Sc-46 5.99E-01 2.29E-21 5.99E-01 2.29E-21 5.96E-01
136 Se-75 3.30E-01 2.25E-03 3.27E-01 3.74E-04 3.27E-01
137 Se-79 3.32E-01 5.11E-02 2.79E-01 4.46E-04 1.44E-03 9.55E-03 1.22E-03
138 Sm-151 4.66E+00 4.45E+00 4.93E-04 6.89E-02 1.46E-01 1.29E+00 9.18E-02
139 Sn-113 5.97E+03 2.59E-05 3.21E-10 8.95E-06 5.97E+03 9.84E-06 4.87E+03
140 Sn-119m 1.16E+05 1.82E-04 7.77E-02 1.67E-04 1.16E+05 6.81E-05 8.08E+04
141 Sn-121 6.48E+00 2.30E-02 4.78E-02 1.23E-03 6.41E+00 9.40E-03 6.41E+00
142 Sn-121m 1.72E+01 2.98E-02 3.32E-02 6.29E-04 1.71E+01 1.22E-02 1.71E+01
143 Sn-123 2.65E+03 2.34E-11 1.05E-06 2.65E+03 1.95E-12 2.35E+03
144 Sn-126 5.08E-03 3.33E-03 6.88E-04 9.73E-04 9.20E-05 1.19E-03 8.34E-05
145 Sr-85 9.35E-03 7.52E-03 1.82E-03 1.54E-03
146 Sr-89 7.53E-01 4.51E-07 2.58E-03 7.50E-01 1.69E-07 7.50E-01
147 Sr-90 1.61E+03 6.48E+02 7.66E+02 1.91E+02 8.81E+00 1.07E+02 5.39E+00
148 Ta-182 2.21E+04 2.72E-02 6.14E-05 2.21E+04 5.10E-03 1.76E+04
149 Tc-99 1.64E+00 6.38E-01 3.91E-01 2.72E-01 3.41E-01 9.21E-02 1.95E-01
150 Te-123m 6.09E+02 9.71E-05 6.09E+02 1.62E-05 6.09E+02
151 Te-125m 2.84E+04 1.20E-01 1.64E+00 7.85E-02 2.84E+04 2.00E-02 2.54E+04
152 Th-228 3.25E-01 3.11E-01 1.43E-02 2.29E-04 2.59E-08 1.10E-01 2.59E-08
153 Th-229 6.46E-02 6.40E-02 5.82E-04 2.32E-02
154 Th-230 6.41E-02 6.39E-02 1.51E-04 3.25E-05 2.14E-11 4.66E-02 2.14E-11
155 Th-231 4.51E-01 4.33E-01 1.43E-02 3.46E-03 3.05E-08 1.14E-01 3.05E-08
156 Th-232 4.35E-02 4.24E-02 1.08E-03 8.79E-05 3.56E-08 1.20E-02 3.53E-08
157 Th-234 4.42E+01 4.05E+01 2.88E+00 8.91E-01 2.66E-06 1.19E+01 2.66E-06
158 Tl-204 5.20E-07 5.20E-07
159 Tl-208 1.04E-01 1.02E-01 1.40E-03 2.05E-07 3.97E-02
160 Tl-209 2.43E-03 2.40E-03 2.34E-05 8.59E-04
161 Tm-170 1.01E-04 1.01E-04 1.65E-05
162 Tm-171 5.27E-03 5.27E-03 8.71E-04
163 U-232 3.51E-01 3.38E-01 1.28E-02 1.90E-04 9.55E-06 1.06E-01 4.77E-06
164 U-233 3.19E+01 3.06E+01 9.20E-01 3.69E-01 8.63E-06 8.28E+00 7.85E-06
165 U-234 2.60E+01 2.38E+01 1.61E+00 5.77E-01 1.74E-04 7.05E+00 1.71E-04
166 U-235 1.25E+00 1.18E+00 5.14E-02 1.82E-02 7.57E-06 6.98E-01 7.37E-06
167 U-236 5.84E-01 4.49E-01 1.27E-01 7.45E-03 7.01E-05 1.82E-01 6.58E-05
168 U-237 6.88E-05 1.33E-07 6.87E-05 1.41E-08 6.87E-05
169 U-238 4.96E+01 4.57E+01 2.48E+00 1.37E+00 1.88E-04 1.52E+01 1.65E-04
170 W-181 3.31E+00 3.95E-07 3.31E+00 6.46E-08 3.31E+00
171 W-185 9.57E+00 9.57E+00 9.57E+00
172 W-188 2.79E-02 2.79E-02 2.79E-02
173 Y-90 1.56E+03 6.09E+02 7.62E+02 1.82E+02 8.81E+00 8.94E+01 5.39E+00
174 Y-91 3.69E+00 1.39E-57 3.69E+00 4.64E-58 3.69E+00
175 Zn-65 2.97E+01 6.87E-01 2.63E-01 7.48E-01 2.80E+01 1.14E-01 1.67E+01
176 Zr-93 7.47E+03 1.90E-03 1.12E-02 3.61E-04 7.47E+03 1.02E-03 7.46E+03
177 Zr-95 7.37E+04 4.28E-01 1.66E-02 4.34E-02 7.37E+04 8.89E-02 6.16E+04
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As T a bl e C- 3 i n di c at es, f or m a n y of t h e u ni q u e r a di o n u cli d es n o e ntr y is s e e n f or s o m e of t h e D U 
t y p es list e d.  T his is b as e d o n t h e hist ori c al WI T S i n v e nt ori es a n d e x p e cte d f ut ur e/ o n g oi n g w ast e 
g e n er at or w ast e str e a ms.

F or G W s cr e e ni n g p ur p os es a “ g e n eri c ” D U is c o nsi d er e d f or e a c h D U t y p e: ”

• T r e n c h ;
• L A W V ;
• I L V; a n d
• N R C D A (r e pr es e nt e d b y t w o m o d els: a m o d el f or g e n eri c N a v al R e a ct or w ast e

( N R C D A G) a n d a m o d el f or s p e ci al w as t e f or ms ( N R C D A S).  N ot e t h at N R C D A 
i n v e nt ori es ar e f urt h er br o k e n a p art f or g e n eri c v ers us s p e ci al w ast e f or m i n A p p e n di x H ).

F or D U t y p es c o nsisti n g of m ulti pl e u nits a d e cisi o n is n e e d e d t o e m pl o y eit h er m a xi m u m or 
a v er a g e i n v e nt or y v al u es.  F or s cr e e ni n g p ur p os es (i. e., f or Ti er -1 p ur p os es) m a xi m u m i n v e nt or y 
v al u es w er e d e e m e d m or e a p pr o pri at e.

T h e esti m at e d 2 0 4 0 cl os ur e i n v e nt ori es pr es e nt e d i n T a bl e C- 3 o nl y r efl e ct u p p er b o u n d esti m at es 
b as e d o n a v ail a bl e i nf or m ati o n o bt ai n e d fr o m w ast e g e n er at ors, WI T S hist ori c al i n v e nt ori es, a n d 
S W M s u bj e ct m att er e x p erts .  T h es e esti m at es w er e n ot c o nstr ai n e d wit h r es p e ct t o a n y 
p h ysi c al/r a di ol o gi c al c o nstr ai nts s u c h as:

• N e ar s urf a c e r a di ati o n l e v els ( R a ds/ hr) ass o ci at e d wit h f or e x a m pl e B- 2 5 b o x es; or
• P h ysi c al li mits o n t h e m a xi m u m a m o u nt of w ei g ht a B- 2 5 b o x c a n c o nt ai n.

O n c e t h es e a d diti o n al c o nstr ai nts ar e f a ct or e d i n p ot e nti all y l o w er cl os ur e esti m at es ar e o bt ai n e d 
f or s o m e or m a n y of t h e r a di o n u cli d es list e d i n T a bl e C- 3 .  T h es e a d diti o n al c o nstr ai nts ar e 
dis c uss e d i n A p p e n di x D a n d A p p e n di x E a n d als o a p pl y t o all 1, 2 5 2 r a di o n u cli d es.  T h es e 
p ot e nti al i n v e nt or y r e d u cti o ns ar e h a n dl e d d uri n g Ti er - 1 a n d Ti er - 2 pr o c essi n g.

C. 3 C o m p osit e d 2 0 6 5 P r oj e ct e d Cl os u r e I n v e nt o ri es

WI T S i n v e nt ori es ar e pr o vi d e d o n a D U b y D U b asis.    Pr o vi d es t h e c urr e nt st at us of e a c h E -Ar e a 
D U al o n g wit h its c urr e nt o p er ati o n al st at us, a n d p ast, n a mi n g c o n v e nti o n.
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T a bl e C- 4. E- A r e a d is p os al u nit n a mi n g c o n v e nti o n a n d c u r r e nt o p e r ati o n al s t at us.

As T a bl e C - 4 i n di c at es, t h e E-Ar e a D Us ar e i n v ari o us o p er ati n g st at es a n d c o nsists of tr e n c h es 
(slit a n d e n gi n e er e d), v a ults, a n d N a v al P a ds.  WI T S i n v e nt ori es ar e a v ail a bl e f or b ot h cl os e d a n d 
o p e n e d D Us.  T h e 2 0 6 5 pr oj e ct e d cl os ur e i n v e nt ori es w er e arri v e d at diff er e ntl y f or e a c h D U 
wi t hi n a gi v e n o p er ati o n al st at us:

• Cl os e d – D U is n o l o n g er r e c ei vi n g n e w w ast e p a c k a g es a n d t h er ef or e its i n v e nt ori es w er e 
fi x e d at t h eir WI T S v al u es as of M ar c h 2 0 2 0.  N ot e t h at n o a c c o u nt f or r a di o a cti v e d e c a y 
(f or p ar e nt or its pr o g e n y) w as c o nsi d er e d b a s e d o n w ast e hist or y .  Pr oj e ct e d i n v e nt or y w as 
s et e q u al t o t h e v al u es list e d i n WI T S ;

• O p e n e d – D U is c urr e ntl y i n o p er ati o ns a n d is ass u m e d t o b e r e c ei vi n g w ast e p a c k a g es .  
T w o m et h o ds of pr oj e cti o ns ar e a v ail a bl e: ( 1) pr oj e ct e d i n v e nt or y b as e d o n a w a st e 
g e n er at or r at es of c o ntri b uti o ns t er mi n at e d eit h er w h e n c urr e nt li mits r e a c h e d or ( 2) w h e n 
t h e 2 0 6 5 c al e n d ar y e ar is r e a c h e d; a n d

• F ut u r e – D U is s c h e d ul e d t o b e i n o p er ati o n pri or t o t h e SI C.  Cl os ur e i n v e nt ori es f or t h es e 
f ut ur e D Us ar e s et e q u al t o e xiti n g u nits t h at b est r e pr es e nt t h eir e x p e ct e d c o nt e nts.

S W M r el e as es, i n m o nt hl y r e p orts, t h e st at us of E -Ar e a o p er ati o ns w h er e f or e v er y e xisti n g D U 
its ( 1) dis p os e d v ol u m e a n d ( 2) P A st at us es ar e pr o vi d e d (s e e, Si m m o ns 2 0 2 0 b ). T h es e q u a ntiti es 
f or t h e m o nt h of M ar c h 2 0 2 0 ar e pr o vi d e d i n  T a bl e C- 5 a n d T a bl e C- 6 .

U nit

(I D)

Di s p o s al U nit 

( n ew n a m e )

Di s o p o s al U nit 

( prior n a m e )

U nit 

St at us

1 S T 0 1 cl o s e d

2 S T 0 2 cl o s e d

3 S T 0 3 cl o s e d

4 S T 0 4 cl o s e d

5 S T 0 5 cl o s e d

6 S T 0 6 o p e n e d

7 S T 0 7 o p e n e d

8 S T 0 8 o p e n e d

9 S T 0 9 o p e n e d

1 0 S T 1 0 o p e n e d

1 1 S T 1 1 o p e n e d

1 2 S T 1 4 o p e n e d

1 3 S T 1 7 F ut ur e

1 4 S T 1 8 F ut ur e

1 5 S T 1 9 F ut ur e

1 6 S T 2 0 F ut ur e

1 7 S T 2 1 F ut ur e

1 8 S T 2 2 F ut ur e

1 9 S T 2 3 CI G 1 o p e n e d

2 0 S T 2 4 CI G 2 F ut ur e

2 1 E T 0 1 cl o s e d

2 2 E T 0 2 o p e n e d

2 3 E T 0 3 S T 1 2 o p e n e d

2 4 E T 0 4 S T 1 3 F ut ur e

2 5 E T 0 5 S T 1 5 F ut ur e

2 6 E T 0 6 S T 1 6 F ut ur e

2 7 E T 0 7 D U 8 A F ut ur e

2 8 E T 0 8 D U 8 B F ut ur e

2 9 E T 0 9 D U 8 C F ut ur e

3 0 L A W V o p e n e d

3 1 I L V o p e n e d

3 2 N R C D A 7 E cl o s e d

3 3 N R C D A 2 6 E o p e n e d
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Table C-5. Disposal volume status of E-Area for March 2020.

EAV Facility Capacity Volume (m3)
Volume Status 

(m3)
Percent Filled

Volume 
Status (m3)

Percent Filled
Volume 

Remaining (m3)
Remarks

(02/27/20) (02/27/20) (03/31/20) (03/31/20) (03/31/20)
LAWV 30,600 9,784 32.0% 9,797 32.0% 20,803

ILV 4,284 2,494 58.2% 2,496 58.3% 1,788
ET01 35,660 35,660 100.0% 35,660 100.0% 0 Facility is closed.
ET02 35,500 27,911 78.6% 27,916 78.6% 7,584
ET03 27,000 21,335 79.0% 21,812 80.8% 5,188
ST01 14,264 14,264 100.0% 14,264 100.0% 0 Facility is closed.
ST02 15,560 15,560 100.0% 15,560 100.0% 0 Facility is closed.
ST03 16,953 16,953 100.0% 16,953 100.0% 0 Facility is closed.
ST04 19,193 19,193 100.0% 19,193 100.0% 0 Facility is closed.
ST05 28,125 28,125 100.0% 28,125 100.0% 0 Facility is closed.
ST06 23,000 20,848 90.6% 20,848 90.6% 2,152 Remaining trench space is within ET02 ramp boundary and is on hold.
ST07 15,900 10,555 66.4% 10,555 66.4% 5,345 Remaining trench space is within ET02 ramp boundary and is on hold.
ST08 16,275 15,461 95.0% 15,461 95.0% 814
ST09 21,000 19,617 93.4% 19,617 93.4% 1,383
ST14 19,500 15,469 79.3% 15,618 80.1% 3,882

NRC-7E 701 701 100.0% 701 100.0% 0 Facility is closed.
NRC-26E 6,000 689 11.5% 703 11.7% 5,297

CIG1 6,500 1,834 28.2% 1,834 28.2% 4,666

numbers being used in projection
number not used since Sink projection assumed
facility closed and not requiring projections
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Table C-6. PA status of E-Area for March 2020.

EAV Facility PA SOF Limit

Highest PA 
Limit

Group SOF% 
Status

(02/27/20)

Highest PA 
Limit

Group SOF% 
Status

(03/31/20)

Highest PA 
Group

Remarks

LAWV 95.0% 13.7% 13.7% BG
ILV 95.0% 9.6% 9.6% BG2

ET01 95.0% 91.3% 91.3% BG2 Facility is closed.
ET02 95% (75% for BG2 and AP2) 95.3% 95.4% BG2 Intermin measures were put into place during 7/18 that reduced the PA SOF for BG2 and AP2 from 95% to 75%.
ET03 95.0% 63.7% 64.9% BG2
ST01 95.0% 89.9% 89.9% BG2 Facility is closed.
ST02 95.0% 91.1% 91.1% BG2 Facility is closed.
ST03 90.0% 99.3% 99.3% BG2 Facility is closed.
ST04 95.0% 99.5% 99.5% BG2 Facility is closed.
ST05 100.0% 100.0% 100.0% BG2 Facility is closed. Acceptable for closure with high PA inventory, using Special Analysis SRNL-STI-2008-00520.
ST06 95.0% 86.6% 86.6% BG2
ST07 95.0% 58.4% 58.4% BG2
ST08 95.0% 93.3% 93.3% BG1
ST09 95.0% 88.8% 88.8% BG3
ST14 95% (65% for BG2 and AP2) 97.5% 98.1% BG2 Intermin measures were put into place during 7/18 that reduced the PA SOF for BG2 and AP2 from 95% to 65%.

NRC-7E 95.0% 3.3% 3.3% BG Facility is closed.
NRC-26E 95.0% 2.7% 2.8% BG

CIG1 95.0% 46.8% 46.8% BG2

numbers being used in projection
number not used since Sink projection assumed
facility closed and not requiring projections
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F or “ o p e n e d ” D Us t h e pr oj e ct e d i n v e nt or y is c o m p ut e d b as e d o n t h e D U r e a c hi n g its 
a d mi nistr ati v e li mit (i. e., 9 5 % S O F e x c e pt f or E T 0 2, S T 0 5, a n d S T 1 4 as s h o w n i n T a bl e C- 6 ).  
H er e t h e pr oj e cti o n is b ei n g m a d e b as e d o n t h e f oll o wi n g ass u m pti o ns:

• C o m p ositi o n al c h a n g es fr o m t h e M ar c h 2 0 2 0 WI T S i n v e nt ori es is s m all ( e. g. t h e Ci 
fr a cti o ns r e m ai n c o nst a nt o v er ti m e): a n d

• T h e dis p os e d v ol u m e li mit is n ot r e a c h e d pri or t o hitti n g t h e D U S O F a d mi nistr ati v e li mit.

T o us e t his str at e g y t h e f oll o wi n g e q u ati o n w as e m pl o y e d f or e v er y p ar e nt r a di o n u cli d e wit hi n 
e a c h D U:

A d mi n
pr oj WI T SD U

D U ,iD U ,i I M
D U

S 1
I I

S O FS

    
= ×          

( C- 2)

w h er e

pr oj
D U ,iI pr oj e ct e d i n v e nt or y esti m at e f or r a di o n u cli d e i i n a dis p os al u nit D U ( Ci)

WI T S
D U ,iI WI T S i n v e nt or y f or r a di o n u cli d e i i n a dis p os al u nit D U f or a s p e cifi e d m o nt h ( Ci)

D U

A d mi nS  A d mi nistr ati v e S O F li mit f or dis p os al u ni t D U (-)

D U

I MS I nt eri m M e as ur es S O F li mit f or dis p os al u nit D U (-)

S O F S O F f or dis p os al u nit D U (-)

C. 3 . 1 2 0 6 5 P r oj e ct e d T r e n c h Cl os u r e I n v e nt o ri es

B y w a y of a n e x a m pl e, f or t h e p ar e nt r a di o n u cli d e A m -2 2 5 w it hi n t h e D U S T 1 4 t h e f oll o wi n g 
f a ct ors a p pl y f or t h e WI T S i nf or m ati o n pr o vi d e d i n M ar c h 2 0 2 0:

• A d mi nistr ati o n Li mit – 9 5 %
• I nt eri m M e as ur es Li mit – 6 5 %
• D U S O F – 9 8. 1 % ( e n d of M ar c h)

T h e pr oj e ct e d A m -2 2 5 cl os ur e i n v e nt or y (i n Ci), b as e d o n its st at us as of M ar c h 2 0 2 0, b e c o m es:

[ ]1 1 1 1 1 19 5. 0 1
5. 9 8 x 1 0 4. 0 1 x 1 0 ( Ci) 1. 4 9 0 4. 0 1 x 1 0 ( Ci)

6 5. 0 0. 9 8 1
− − −    

= × = ×    
    

( C-3 a)

F oll o wi n g t his s a m e a p pr o a c h, t h e pr oj e ct e d A m -2 2 5 cl os ur e i n v e nt or y (i n Ci), b as e d o n its st at us 
as of M ar c h 2 0 1 6 ( Si n k 2 0 1 6 a ), yi el d e d :

1 17. 4 3 x 1 0 ( Ci)− ( C- 3 b)

T h es e diff er e n c es ar e m ost li k el y d u e t o c o m p ositi o n al c h a n g es fr o m M ar c h 2 0 1 6 t o M ar c h 2 0 2 0.  
H o w e v er, Si n k ( 2 0 1 6) m a y h a v e f a ct or e d ot h er as p e cts i n ( o n e a n u cli d e b y n u cli d e b asis) b ut n o 
d o c u m e nt ati o n w as pr o vi d e d.  T h us, t o all o w f or c o m p ositi o n al c h a n g es (a n d ot h er p ot e nti al 
as p e cts) t h e fi n al 2 0 6 5 pr oj e ct e d cl os ur e i n v e nt ori es ar e s et t o t h e m a xi m u m of t h es e t w o esti m at es:
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pr oj pr oj 2 0 1 6 pr oj 2 0 2 0
D U ,i D U ,i D U ,iI Ma x I , I− − =

 
( C- 4)

A p pl yi n g t h e a b o v e a p pr o a c h a n d m a ki n g us e of E q. ( C -4) (i. e., usi n g t h e pr oj e ct e d cl os ur e 
i n v e nt ori es f or M ar c h 2 0 1 6 a n d M ar c h 2 0 2 0), t h e “ c o m p osit e d ” 2 0 6 5 cl os ur e i n v e nt ori es w er e 
c o m p ut e d.  T h es e i n v e nt or y v al u es f or e a c h e xisti n g tr e n c h D U ar e list e d i n T a bl e C- 7 , al o n g wit h 
t h e m a xi m u m v al u e o v er all e xisti n g tr e n c h es.
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Table C-7. Composited 2065 closure inventories for radionuclides by existing trench disposal type.
Projected Max Max Max Max Max Max Max Max Max Max Max Max Max Max Max
Nuclide ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ST23 ET01 ET02 ET03 Max
Ac-225 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.43E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02
Ac-227 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E-05 4.01E-04 0.00E+00 2.47E-07 2.59E-10 0.00E+00 0.00E+00 1.96E-10 2.06E-07 4.01E-04
Ac-228 3.06E-03 2.37E-06 8.84E-04 2.79E-04 3.69E-05 1.25E-02 7.19E-05 3.31E-06 1.67E-04 7.03E-07 5.01E-08 4.86E-03 4.28E-03 1.97E-04 1.25E-02
Ag-108 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.77E-10 5.71E-06 0.00E+00 0.00E+00 0.00E+00 4.98E-01 0.00E+00 1.41E-08 4.09E-09 0.00E+00 4.98E-01

Ag-108m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.19E-09 6.51E-05 0.00E+00 0.00E+00 0.00E+00 6.09E+00 0.00E+00 1.51E-07 4.40E-08 0.00E+00 6.09E+00
Ag-109m 0.00E+00 0.00E+00 0.00E+00 3.50E-05 1.04E-02 2.77E-06 8.89E-06 0.00E+00 2.72E-07 7.06E-06 0.00E+00 4.20E-05 4.13E-06 1.51E-06 1.04E-02
Ag-110 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E-12 0.00E+00 1.29E-20 0.00E+00 0.00E+00 2.05E-09 0.00E+00 0.00E+00 0.00E+00 3.67E-10 2.05E-09

Ag-110m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.45E-10 0.00E+00 9.71E-19 0.00E+00 0.00E+00 5.79E-04 0.00E+00 2.40E-06 0.00E+00 2.76E-08 5.79E-04
Al-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.14E-12 0.00E+00 4.97E-11 0.00E+00 0.00E+00 4.97E-11

Am-241 3.79E-02 1.59E-01 4.04E-01 2.97E-01 6.57E-01 7.72E-01 1.01E+00 5.16E-01 1.12E+00 5.88E-01 1.53E-01 6.56E-01 2.12E+00 5.51E-01 2.12E+00
Am-242 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.30E-11 8.52E-10 0.00E+00 0.00E+00 0.00E+00 1.77E-08 0.00E+00 1.20E-08 1.08E-10 3.59E-16 1.77E-08

Am-242m 7.36E-03 3.11E-02 3.38E-03 1.55E-03 4.81E-02 4.09E-01 4.19E-04 3.83E-01 1.59E-02 1.18E-04 1.07E-06 5.31E-03 2.71E-01 1.95E-01 4.09E-01
Am-243 6.13E-05 1.69E-03 2.39E-03 1.58E-03 1.16E-02 1.74E-01 2.99E-03 4.55E-02 4.18E-04 4.73E-03 1.61E-03 2.00E-03 3.82E-02 8.05E-03 1.74E-01

Ar-37 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ar-39 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.23E-18 0.00E+00 0.00E+00 0.00E+00 8.79E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.79E-10

At-217 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.43E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02
Ba-133 0.00E+00 8.29E-06 4.99E-07 3.03E-05 8.36E-07 7.86E-08 2.35E-05 0.00E+00 4.39E-06 3.28E-04 0.00E+00 5.02E-06 3.10E-05 4.84E-06 3.28E-04

Ba-137m 5.26E+00 2.03E+01 1.64E+01 3.39E+01 2.09E+01 2.68E+01 4.43E+01 3.40E+01 4.91E+01 1.30E+02 4.19E+03 3.28E+01 7.13E+01 1.00E+02 4.19E+03
Ba-140 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Be-10 0.00E+00 0.00E+00 0.00E+00 4.78E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.17E-06 0.00E+00 0.00E+00 0.00E+00 9.65E-11 2.17E-06
Be-7 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.37E-06 0.00E+00 0.00E+00 4.37E-06

Bi-207 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.82E-06 0.00E+00 0.00E+00 7.82E-06
Bi-210 0.00E+00 1.30E-06 2.25E-05 1.01E-05 1.12E-07 4.60E-02 2.74E-06 0.00E+00 4.20E-11 5.94E-07 0.00E+00 9.76E-04 2.98E-05 2.03E-05 4.60E-02
Bi-211 2.47E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.57E-04 0.00E+00 0.00E+00 1.94E-13 0.00E+00 4.67E-07 7.32E-07 0.00E+00 1.57E-04
Bi-212 2.40E-03 1.42E-06 1.36E-03 6.54E-03 1.08E-03 1.97E-02 1.64E-03 3.31E-06 1.03E-03 7.04E-07 5.18E-10 3.24E-02 1.10E-01 2.00E-04 1.10E-01
Bi-213 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.43E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02
Bi-214 7.04E-05 6.49E-06 7.31E-07 2.01E-05 1.12E-07 4.60E-02 2.75E-06 0.00E+00 8.37E-09 5.96E-07 2.97E-10 3.97E-03 3.75E-05 2.03E-05 4.60E-02
Bk-247 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.79E-09 7.86E-09 0.00E+00 0.00E+00 3.11E-08 3.99E-08 3.99E-08
Bk-249 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

C-14 6.11E-02 1.22E-01 2.43E-02 6.13E-02 4.13E-02 9.09E-03 6.31E-02 2.07E-02 9.80E-01 7.81E+00 2.62E-01 1.31E-01 9.50E-02 3.57E-02 7.81E+00
Ca-41 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.16E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.16E-09
Ca-45 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.98E-07 0.00E+00 0.00E+00 0.00E+00 3.00E-09 4.98E-07

Cd-109 2.47E-04 0.00E+00 1.19E-05 3.61E-05 1.04E-02 3.18E-06 9.73E-06 0.00E+00 5.82E-06 7.74E-06 4.74E-08 5.52E-05 4.24E-06 1.08E-04 1.04E-02
Cd-113 0.00E+00 0.00E+00 0.00E+00 7.97E-20 0.00E+00 5.09E-14 0.00E+00 0.00E+00 9.05E-20 0.00E+00 0.00E+00 1.59E-19 1.06E-19 0.00E+00 5.09E-14

Cd-113m 0.00E+00 0.00E+00 2.24E-09 0.00E+00 7.58E-13 4.15E-06 0.00E+00 0.00E+00 9.73E-08 2.96E-01 0.00E+00 9.18E-14 1.25E-11 0.00E+00 2.96E-01
Cd-115m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.24E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.24E-11
Ce-139 0.00E+00 0.00E+00 4.23E-07 0.00E+00 0.00E+00 1.98E-09 0.00E+00 0.00E+00 3.39E-10 0.00E+00 0.00E+00 5.63E-11 1.89E-10 6.38E-10 4.23E-07
Ce-141 0.00E+00 1.59E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.63E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.59E-08
Ce-144 2.88E-03 1.89E-02 1.41E-01 4.84E-02 3.61E-01 4.87E-07 4.44E-03 1.62E-04 6.92E-03 2.32E-01 2.61E-01 5.23E-02 9.17E-02 1.38E-01 3.61E-01
Cf-249 6.66E-06 6.23E-04 3.32E-04 1.26E-04 1.16E-02 9.69E-02 4.92E-04 9.03E-02 2.90E-04 9.49E-07 1.88E-04 8.12E-06 5.75E-02 5.28E-06 9.69E-02
Cf-250 0.00E+00 3.50E-02 1.55E-02 2.70E-04 3.62E-02 7.50E-02 2.16E-02 8.69E-03 9.43E-03 0.00E+00 3.87E-06 1.40E-04 4.19E-04 0.00E+00 7.50E-02
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Projected Max Max Max Max Max Max Max Max Max Max Max Max Max Max Max
Nuclide ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ST23 ET01 ET02 ET03 Max
Cf-251 6.59E-05 6.68E-04 3.78E-04 1.67E-04 1.10E-02 8.80E-02 4.07E-04 8.21E-02 8.80E-05 7.62E-07 1.90E-04 5.74E-05 5.24E-02 6.80E-06 8.80E-02
Cf-252 1.43E-06 4.90E-03 2.34E-03 6.78E-05 5.06E-03 1.05E-02 3.02E-03 1.22E-03 1.69E-04 0.00E+00 2.04E-04 6.64E-04 9.38E-03 6.10E-08 1.05E-02
Cl-36 0.00E+00 1.05E-05 2.10E-06 0.00E+00 2.26E-06 1.90E-12 0.00E+00 0.00E+00 2.30E-06 6.27E-07 0.00E+00 7.00E-05 1.59E-08 0.00E+00 7.00E-05

Cm-242 6.06E-05 1.65E-04 2.60E-05 3.62E-05 5.29E-05 1.61E-09 8.55E-05 1.09E-05 1.08E-06 1.12E-04 1.60E-06 5.42E-05 7.48E-06 2.97E-05 1.65E-04
Cm-243 6.92E-06 3.90E-06 8.19E-04 1.30E-04 2.37E-03 4.21E-03 4.14E-04 1.79E-03 4.06E-05 1.33E-05 3.20E-04 2.19E-04 9.45E-04 2.48E-04 4.21E-03
Cm-244 3.84E-02 1.11E-01 3.27E-01 5.42E-01 1.42E+00 3.67E+00 2.55E-01 3.22E+00 3.85E-01 2.41E+00 4.20E-01 5.32E-01 4.35E+00 1.52E+00 4.35E+00
Cm-245 2.74E-07 2.92E-06 1.93E-04 2.40E-04 4.87E-04 1.37E-03 2.00E-04 1.56E-03 2.76E-05 1.53E-05 3.30E-05 2.93E-04 1.25E-03 1.20E-05 1.56E-03
Cm-246 1.53E-06 2.19E-05 9.14E-05 2.23E-04 7.33E-04 5.38E-04 2.41E-04 2.08E-05 3.70E-05 1.55E-05 1.87E-04 4.65E-04 6.15E-04 1.27E-05 7.33E-04
Cm-247 1.43E-06 2.48E-09 4.97E-05 5.95E-04 1.78E-04 1.37E-03 4.43E-04 3.41E-03 5.40E-06 8.25E-07 1.87E-04 6.81E-11 5.67E-04 4.49E-06 3.41E-03
Cm-248 1.43E-06 2.58E-05 6.09E-05 1.94E-07 3.53E-04 4.73E-04 5.59E-05 2.52E-05 1.18E-05 6.01E-15 1.87E-04 9.44E-15 5.01E-07 6.10E-08 4.73E-04
Co-57 0.00E+00 0.00E+00 2.46E-03 1.93E-09 0.00E+00 4.35E-09 7.14E-08 0.00E+00 1.64E-07 1.76E-06 1.37E-10 4.66E+00 6.77E-08 6.52E-06 4.66E+00
Co-58 2.88E-01 5.04E+00 5.00E-01 3.80E-01 6.34E-01 4.60E-06 4.11E+00 6.47E-01 1.89E-02 2.17E+00 1.61E-08 1.12E+00 1.39E-02 2.14E-01 5.04E+00
Co-60 4.69E+00 1.96E+01 1.18E+00 3.03E+00 1.27E+05 1.95E-01 5.00E+00 1.99E-01 1.97E+00 3.75E+02 3.61E-01 1.18E+01 8.93E-01 1.90E+00 1.27E+05
Cr-51 7.11E-05 1.23E-02 2.31E-03 9.27E-04 7.94E-03 2.77E-09 2.16E-01 3.64E-02 1.16E-04 8.27E-03 0.00E+00 8.57E-03 3.39E-03 1.11E-04 2.16E-01

Cs-134 4.19E-04 2.99E-04 1.97E-01 1.93E-02 7.80E-02 1.57E-04 3.65E-03 4.24E-03 1.05E-02 1.68E-01 8.98E-02 1.04E-01 2.08E-01 9.98E-02 2.08E-01
Cs-135 7.09E-08 1.18E-10 0.00E+00 0.00E+00 8.84E-14 6.84E-08 0.00E+00 0.00E+00 0.00E+00 1.13E-07 9.58E-06 1.33E-11 1.45E-12 0.00E+00 9.58E-06
Cs-137 7.09E+00 2.22E+01 1.77E+01 3.65E+01 2.94E+01 3.11E+01 6.00E+01 3.68E+01 7.00E+01 1.38E+02 4.42E+03 5.32E+01 1.00E+02 1.06E+02 4.42E+03
Eu-152 2.96E-04 8.08E-03 1.11E-02 1.13E-01 9.08E-05 2.57E-03 1.70E-01 9.95E-03 6.96E+00 1.14E-03 1.94E-01 1.95E-01 8.87E+00 1.77E-01 8.87E+00
Eu-154 1.00E-03 3.98E-02 8.05E-02 3.13E-01 2.24E+01 7.66E+00 8.51E-02 2.59E+00 2.22E+00 4.93E-05 1.10E-01 1.63E-01 3.56E+00 7.08E-02 2.24E+01
Eu-155 2.04E-05 8.90E-01 3.88E-01 6.82E-03 9.30E-01 1.91E+00 5.50E-01 2.21E-01 1.44E-01 1.83E-04 1.04E-02 2.39E-03 1.22E-01 1.55E-03 1.91E+00
Fe-55 7.80E+00 3.37E+01 2.08E+00 4.36E+00 1.29E+01 5.65E-04 3.92E+00 3.56E-01 7.77E-02 1.51E+01 6.47E-01 3.69E+01 7.95E-01 3.31E+00 3.69E+01
Fe-59 1.58E-03 3.60E-02 1.11E-02 5.52E-03 1.00E-02 3.35E-07 2.34E-01 3.88E-02 4.79E-04 4.34E-02 0.00E+00 3.08E-02 6.83E-04 1.02E-03 2.34E-01
Fr-221 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.43E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02

H-3 4.72E+00 1.07E+00 1.13E+00 8.55E+00 4.02E-01 2.27E-01 8.59E-01 2.90E-01 2.08E+02 4.00E-01 1.15E+04 2.21E+00 6.50E-01 4.60E-01 1.15E+04
Hf-175 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.93E-06 0.00E+00 5.13E-13 4.93E-06
Hf-181 4.65E-04 1.16E-02 3.88E-03 1.87E-03 2.65E-03 0.00E+00 9.26E-02 1.55E-02 1.70E-04 1.50E-02 0.00E+00 9.79E-03 2.93E-04 3.38E-04 9.26E-02
Hg-203 0.00E+00 0.00E+00 8.54E-07 9.21E-18 0.00E+00 3.88E-11 8.99E-13 0.00E+00 1.06E-13 7.89E-11 0.00E+00 1.29E-05 1.53E-17 1.12E-11 1.29E-05

Ho-166m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.65E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.65E-07
I-129 1.02E-04 5.03E-03 1.65E-02 1.39E-04 6.61E-05 8.37E-05 6.47E-03 9.68E-05 2.85E-05 2.50E-05 7.98E-04 2.35E-03 7.91E-05 7.26E-05 1.65E-02

In-113m 0.00E+00 0.00E+00 0.00E+00 3.52E-08 0.00E+00 1.82E-09 1.11E-05 0.00E+00 2.56E-10 3.43E-09 0.00E+00 1.44E-06 4.30E-09 7.95E-08 1.11E-05
In-114 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

In-114m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ir-192 0.00E+00 0.00E+00 0.00E+00 2.69E-08 0.00E+00 0.00E+00 2.22E-07 0.00E+00 0.00E+00 7.74E-08 0.00E+00 0.00E+00 1.22E+01 0.00E+00 1.22E+01

Ir-192m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.74E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.74E-08
K-40 4.12E-03 3.21E-06 5.31E-06 6.55E-06 2.89E-04 4.95E-08 0.00E+00 0.00E+00 1.58E-05 5.46E-06 2.88E-09 1.37E-04 5.76E-05 1.38E-04 4.12E-03
Kr-85 7.76E-05 2.18E-03 4.63E-03 9.88E-03 2.60E-02 8.71E-04 9.20E-02 7.10E-03 1.18E-02 1.05E-03 7.41E-02 1.30E-01 1.75E-01 8.41E-02 1.75E-01

La-140 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Mn-54 1.94E-01 9.98E-01 5.47E-02 1.42E-01 1.54E-01 1.94E-08 1.57E-01 1.73E-02 1.97E-03 3.43E-01 4.12E-04 2.63E-01 2.89E-03 9.03E-02 9.98E-01
Mo-93 1.15E-05 3.40E-07 0.00E+00 0.00E+00 0.00E+00 1.18E-03 0.00E+00 0.00E+00 8.57E-03 2.52E-02 0.00E+00 2.08E-03 1.60E-03 9.41E-09 2.52E-02
Na-22 7.92E-07 0.00E+00 2.59E-07 2.00E-06 0.00E+00 0.00E+00 2.86E-11 0.00E+00 6.56E-06 4.47E-07 0.00E+00 3.46E-07 7.65E-05 0.00E+00 7.65E-05

Nb-93m 7.45E-02 1.62E-01 1.39E-02 4.86E-02 4.77E-02 3.25E-05 3.39E-02 2.60E-03 1.32E-02 1.02E-01 0.00E+00 8.12E-02 2.24E-02 4.90E-03 1.62E-01
Nb-94 1.08E-03 2.26E-03 6.64E-04 9.76E-04 8.70E-04 2.39E-06 4.70E-04 3.47E-05 1.90E-04 1.64E-01 2.95E-04 3.23E-03 1.76E-03 4.79E-04 1.64E-01
Nb-95 9.92E-03 9.14E-02 2.34E-02 1.52E-02 2.57E-02 0.00E+00 2.21E-01 3.53E-02 2.13E-03 9.47E-02 4.79E-03 5.27E-02 2.27E-03 3.02E-03 2.21E-01
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Projected Max Max Max Max Max Max Max Max Max Max Max Max Max Max Max
Nuclide ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ST23 ET01 ET02 ET03 Max
Nb-95m 0.00E+00 3.00E-10 3.86E-06 0.00E+00 0.00E+00 0.00E+00 7.90E-07 0.00E+00 0.00E+00 7.52E-05 0.00E+00 1.09E-05 4.70E-04 8.98E-12 4.70E-04

Ni-59 2.25E-02 3.65E-02 1.41E-02 1.93E-02 1.13E-02 2.38E-02 1.83E-01 4.93E-02 1.80E-02 5.48E+01 4.07E-03 1.17E-01 8.11E-02 8.71E-03 5.48E+01
Ni-63 1.58E+00 6.51E+00 5.70E-01 1.28E+00 2.72E+00 6.74E-02 8.64E-01 5.97E-02 9.49E-02 4.84E+03 4.13E-01 7.45E+00 1.32E+00 8.09E-01 4.84E+03

Np-237 1.19E-03 2.07E-03 1.87E-02 7.58E-03 5.55E-03 4.60E-03 8.10E-03 4.69E-04 7.26E-03 9.43E-03 2.73E-03 7.69E-03 4.28E-02 1.27E-02 4.28E-02
Np-239 0.00E+00 0.00E+00 0.00E+00 1.38E-01 1.61E+01 5.51E+00 0.00E+00 1.85E+00 1.03E-06 1.13E-09 0.00E+00 5.87E-05 6.89E-04 4.54E-05 1.61E+01

P-33 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pa-231 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.25E-10 0.00E+00 0.00E+00 1.89E-12 5.35E-10 0.00E+00 0.00E+00 1.96E-10 2.06E-07 2.06E-07
Pa-233 7.67E-06 1.06E-05 3.51E-03 3.32E-03 4.25E-04 2.49E-03 3.76E-03 2.81E-05 5.23E-03 1.69E-03 2.97E-04 1.52E-03 3.14E-02 1.64E-05 3.14E-02
Pa-234 3.98E-03 1.41E-02 3.14E-03 1.08E-02 4.26E-09 1.22E-05 1.84E-04 1.14E-08 2.05E-05 1.25E-05 1.17E-06 1.45E-01 9.23E-04 5.42E-06 1.45E-01

Pa-234m 1.41E-01 1.19E+01 1.44E+00 3.55E-01 2.27E-01 7.99E-01 6.88E-02 4.05E-01 4.28E-01 1.08E-02 1.79E-01 2.35E-01 5.12E-01 3.98E+00 1.19E+01
Pb-205 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-14
Pb-209 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.43E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02
Pb-210 0.00E+00 0.00E+00 2.25E-05 1.01E-05 3.56E-04 4.60E-02 2.74E-06 0.00E+00 4.20E-11 5.94E-07 1.85E-11 3.60E-03 2.98E-05 2.10E-05 4.60E-02
Pb-212 2.62E-03 1.85E-06 1.35E-03 6.55E-03 1.08E-03 1.97E-02 1.80E-03 3.31E-06 1.03E-03 7.22E-07 4.98E-10 3.22E-02 1.10E-01 2.00E-04 1.10E-01
Pb-214 7.42E-05 6.49E-06 2.31E-05 1.95E-05 3.56E-04 4.60E-02 2.74E-06 0.00E+00 8.56E-09 5.95E-07 3.07E-10 3.97E-03 3.75E-05 2.03E-05 4.60E-02
Pd-107 1.10E-07 1.83E-10 0.00E+00 0.00E+00 0.00E+00 1.90E-08 0.00E+00 0.00E+00 0.00E+00 3.14E-08 1.44E-05 0.00E+00 0.00E+00 0.00E+00 1.44E-05
Pm-146 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.08E-06 1.63E-06 0.00E+00 0.00E+00 6.14E-06 0.00E+00 6.14E-06
Pm-147 5.92E-02 8.84E-02 7.46E-01 3.46E-01 1.80E+00 2.90E-02 1.73E-01 1.60E-02 1.91E-02 6.48E-01 3.19E-01 5.22E-01 7.24E-01 3.86E-01 1.80E+00
Po-210 0.00E+00 1.30E-06 2.25E-05 1.01E-05 1.12E-07 4.60E-02 2.74E-06 1.97E-06 4.20E-11 5.94E-07 0.00E+00 9.82E-04 2.96E-05 2.03E-05 4.60E-02
Po-212 1.50E-03 0.00E+00 3.29E-04 4.18E-03 6.94E-04 4.83E-03 1.05E-03 2.11E-06 6.59E-04 1.60E-08 0.00E+00 1.92E-02 7.08E-02 1.28E-04 7.08E-02
Po-213 0.00E+00 0.00E+00 9.78E-05 1.21E-03 2.14E-04 1.37E-03 3.20E-04 0.00E+00 1.79E-04 7.17E-11 0.00E+00 5.21E-03 2.23E-02 5.06E-07 2.23E-02
Po-214 0.00E+00 6.49E-06 0.00E+00 0.00E+00 3.56E-04 1.46E-08 2.74E-06 0.00E+00 4.20E-11 5.94E-07 0.00E+00 3.96E-03 3.75E-05 2.03E-05 3.96E-03
Po-216 2.34E-03 0.00E+00 1.34E-03 6.54E-03 1.07E-03 1.97E-02 1.80E-03 3.31E-06 1.03E-03 7.02E-07 0.00E+00 3.24E-02 1.10E-01 2.00E-04 1.10E-01
Po-218 0.00E+00 6.49E-06 2.25E-05 2.02E-05 3.56E-04 4.60E-02 2.74E-06 0.00E+00 4.20E-11 5.94E-07 0.00E+00 3.96E-03 3.75E-05 2.03E-05 4.60E-02
Pr-144 3.09E-03 1.81E-02 1.15E-01 4.50E-02 3.56E-01 4.87E-07 4.44E-03 1.62E-04 6.92E-03 2.32E-01 2.61E-01 3.61E-02 9.10E-02 1.38E-01 3.56E-01

Pr-144m 7.99E-07 9.08E-07 1.54E-03 4.35E-06 1.52E-06 0.00E+00 4.25E-05 0.00E+00 6.85E-09 1.16E-05 1.42E-06 7.98E-05 2.47E-05 0.00E+00 1.54E-03
Pt-193 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.28E-06 4.93E-06 0.00E+00 0.00E+00 0.00E+00 1.30E-10 5.28E-06
Pu-238 3.31E-01 6.51E-01 3.94E+00 3.25E+00 2.54E+01 2.50E+01 9.25E+00 3.18E+00 9.11E+00 5.59E+00 5.41E-01 3.33E+00 1.28E+01 6.01E+00 2.54E+01
Pu-239 2.57E-02 1.98E-01 9.83E-01 1.01E+00 1.70E+00 1.14E+00 3.79E+00 1.40E+00 2.90E+00 8.17E-01 6.50E-01 1.45E+00 8.60E+00 2.69E+00 8.60E+00
Pu-240 7.30E-03 7.68E-02 2.74E-01 2.64E-01 4.76E-01 3.14E-01 8.68E-01 3.68E-01 6.68E-01 2.13E-01 6.25E-02 3.84E-01 1.95E+00 9.22E-01 1.95E+00
Pu-241 2.24E-01 2.24E+00 8.85E+00 6.26E+00 8.49E+00 6.24E+00 2.33E+01 4.58E+00 1.75E+01 5.89E+00 1.98E+00 8.95E+00 3.09E+01 7.06E+00 3.09E+01
Pu-242 1.11E-04 1.03E-03 7.64E-03 1.98E-02 5.05E-03 1.57E-02 3.37E-02 1.35E-01 7.10E-03 2.54E-03 2.90E-04 1.19E-02 3.63E-02 1.69E-03 1.35E-01
Pu-244 2.35E-15 5.10E-15 3.78E-16 1.79E-15 1.49E-15 4.05E-20 1.93E-09 7.80E-17 8.15E-17 2.84E-15 0.00E+00 4.69E-15 9.12E-10 1.81E-16 1.93E-09
Ra-224 2.34E-03 0.00E+00 1.34E-03 6.54E-03 1.07E-03 1.97E-02 1.80E-03 3.31E-06 1.03E-03 7.02E-07 0.00E+00 3.24E-02 1.10E-01 2.00E-04 1.10E-01
Ra-225 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.43E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02
Ra-226 3.18E-03 6.49E-06 2.25E-05 2.82E-05 3.58E-04 4.61E-02 2.75E-06 0.00E+00 6.64E-05 1.24E-04 1.67E-11 4.02E-03 1.12E-04 5.92E-05 4.61E-02
Ra-228 2.34E-03 0.00E+00 5.44E-05 2.78E-04 3.69E-05 1.25E-02 4.41E-05 3.31E-06 1.67E-04 7.02E-07 0.00E+00 4.31E-03 4.28E-03 1.97E-04 1.25E-02
Rb-86 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.65E-05 0.00E+00 0.00E+00 4.65E-05
Rb-87 8.59E-14 1.42E-16 0.00E+00 0.00E+00 0.00E+00 1.46E-11 0.00E+00 0.00E+00 0.00E+00 2.40E-11 1.12E-11 0.00E+00 0.00E+00 1.73E-05 1.73E-05

Rh-103m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.92E-06 0.00E+00 0.00E+00 2.25E-11 0.00E+00 1.70E-07 0.00E+00 1.29E-07 8.92E-06
Rh-106 6.77E-05 1.93E-04 1.87E-02 6.36E-04 3.52E-01 5.10E-07 4.37E-04 0.00E+00 6.60E-04 9.90E-04 2.09E-02 1.09E-02 2.11E-03 2.43E-05 3.52E-01
Rn-220 2.34E-03 0.00E+00 1.34E-03 6.54E-03 1.07E-03 1.97E-02 1.80E-03 3.31E-06 1.03E-03 7.02E-07 0.00E+00 3.24E-02 1.10E-01 2.00E-04 1.10E-01
Rn-222 0.00E+00 6.49E-06 2.25E-05 2.02E-05 3.56E-04 4.60E-02 2.74E-06 0.00E+00 4.11E-11 5.94E-07 0.00E+00 3.96E-03 3.75E-05 2.03E-05 4.60E-02
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C-23

Projected Max Max Max Max Max Max Max Max Max Max Max Max Max Max Max
Nuclide ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ST23 ET01 ET02 ET03 Max
Ru-103 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.92E-06 0.00E+00 0.00E+00 2.25E-11 0.00E+00 1.70E-07 0.00E+00 1.29E-07 8.92E-06
Ru-106 2.34E-03 1.32E-02 5.68E-02 2.96E-03 3.54E-01 3.36E-15 2.06E-03 1.69E-04 9.44E-02 2.10E-03 2.10E-02 2.24E-02 2.14E-03 1.50E-04 3.54E-01

S-35 0.00E+00 2.96E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.99E-07 0.00E+00 3.59E-21 0.00E+00 6.22E-09 2.96E-03
Sb-124 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.93E-10 0.00E+00 0.00E+00 0.00E+00 1.58E-10 0.00E+00 0.00E+00 0.00E+00 1.89E-08 1.89E-08
Sb-125 4.63E-02 1.35E-01 5.11E-02 1.77E-01 7.87E-01 1.87E-06 2.19E-02 2.35E-03 1.87E-02 6.13E-02 1.46E-02 1.13E-01 3.62E-03 2.62E-03 7.87E-01
Sb-126 1.76E-07 2.92E-10 0.00E+00 2.85E-09 1.63E-14 0.00E+00 0.00E+00 0.00E+00 1.11E-08 0.00E+00 2.30E-05 9.73E-09 1.30E-08 0.00E+00 2.30E-05

Sb-126m 1.76E-07 2.92E-10 6.50E-08 2.03E-08 3.13E-05 1.24E-03 8.14E-06 0.00E+00 3.71E-19 0.00E+00 2.67E-05 1.01E-05 6.52E-06 0.00E+00 1.24E-03
Sc-46 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.51E-07 0.00E+00 2.29E-21 0.00E+00 6.26E-09 2.51E-07
Se-75 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.19E-08 0.00E+00 3.74E-04 1.45E-04 2.69E-10 3.74E-04
Se-79 3.21E-04 6.23E-04 6.33E-03 7.78E-04 3.97E-04 9.92E-03 1.50E-03 1.36E-05 1.33E-05 2.99E-06 4.78E-04 9.28E-03 1.14E-04 1.10E-07 9.92E-03

Sm-151 1.32E-04 2.12E-07 4.32E-03 3.21E-06 1.29E+00 1.22E+00 2.92E-02 1.22E-04 4.44E-04 9.02E-04 1.62E-02 1.60E-04 1.97E-03 5.51E-03 1.29E+00
Sn-113 0.00E+00 0.00E+00 7.25E-07 3.52E-08 0.00E+00 1.82E-09 1.11E-05 0.00E+00 2.56E-10 3.43E-09 6.41E-13 1.44E-06 2.07E-07 7.95E-08 1.11E-05

Sn-119m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.62E-12 2.80E-20 0.00E+00 0.00E+00 6.81E-05 8.00E-12 0.00E+00 6.34E-07 6.17E-06 1.90E-07 6.81E-05
Sn-121 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.99E-15 3.70E-07 0.00E+00 0.00E+00 6.16E-05 9.40E-03 0.00E+00 7.19E-16 1.98E-13 4.36E-10 9.40E-03

Sn-121m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.11E-15 4.93E-07 0.00E+00 0.00E+00 7.89E-05 1.22E-02 0.00E+00 9.21E-16 2.29E-06 5.63E-10 1.22E-02
Sn-123 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.86E-13 0.00E+00 0.00E+00 0.00E+00 1.01E-10 1.01E-10
Sn-126 1.83E-04 2.14E-06 2.03E-04 2.66E-05 3.24E-05 1.24E-03 1.41E-05 7.35E-07 1.15E-09 4.61E-04 9.24E-05 6.39E-05 4.30E-04 5.03E-09 1.24E-03
Sr-85 9.23E-06 2.47E-04 1.25E-03 0.00E+00 1.37E-07 0.00E+00 8.21E-07 0.00E+00 0.00E+00 0.00E+00 1.01E-04 1.54E-03 3.37E-05 1.81E-04 1.54E-03
Sr-89 0.00E+00 0.00E+00 1.69E-07 3.32E-70 4.05E-74 0.00E+00 0.00E+00 0.00E+00 1.85E-80 9.71E-11 0.00E+00 1.02E-69 2.65E-65 0.00E+00 1.69E-07
Sr-90 3.25E+00 4.70E+00 3.14E+01 1.73E+01 4.88E+01 4.00E+01 1.00E+01 3.94E+00 1.48E+01 5.73E+01 1.89E+01 2.52E+01 1.44E+02 2.34E+01 1.44E+02

Ta-182 1.59E-07 5.10E-03 9.43E-06 0.00E+00 5.10E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.15E-06 0.00E+00 1.56E-06 0.00E+00 7.47E-06 5.10E-03
Tc-99 5.32E-03 2.02E-02 3.86E-02 5.12E-02 4.72E-02 2.55E-02 2.00E-02 5.24E-03 3.10E-02 3.68E-02 3.76E-02 3.93E-02 9.03E-02 2.95E-02 9.03E-02

Te-123m 0.00E+00 0.00E+00 0.00E+00 1.62E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.97E-15 3.79E-13 0.00E+00 0.00E+00 2.11E-11 0.00E+00 1.62E-05
Te-125m 8.85E-03 2.00E-02 2.85E-03 5.20E-03 6.18E-03 5.43E-08 4.64E-03 1.02E-03 1.13E-04 1.38E-02 6.50E-04 5.20E-03 5.51E-04 5.97E-04 2.00E-02
Th-228 2.34E-03 3.10E-06 1.34E-03 6.54E-03 1.07E-03 1.97E-02 1.80E-03 3.31E-06 1.03E-03 7.02E-07 3.04E-11 3.24E-02 1.10E-01 2.00E-04 1.10E-01
Th-229 0.00E+00 0.00E+00 1.02E-04 1.26E-03 2.22E-04 1.42E-03 3.33E-04 0.00E+00 1.86E-04 7.44E-11 0.00E+00 5.42E-03 2.32E-02 5.18E-07 2.32E-02
Th-230 2.87E-04 0.00E+00 4.10E-05 2.76E-04 3.93E-04 4.63E-02 4.37E-05 3.31E-06 2.03E-04 6.17E-07 0.00E+00 6.75E-03 4.87E-03 1.85E-04 4.63E-02
Th-231 1.74E-03 5.63E-03 3.60E-02 1.14E-01 3.51E-02 2.70E-02 1.15E-03 9.11E-03 2.69E-03 7.21E-04 1.61E-04 6.40E-03 6.36E-03 1.22E-03 1.14E-01
Th-232 2.34E-03 3.53E-06 5.44E-05 2.94E-04 3.69E-05 1.25E-02 2.26E-04 1.63E-05 1.68E-04 9.75E-07 0.00E+00 4.52E-03 4.28E-03 1.98E-04 1.25E-02
Th-234 1.45E-01 1.19E+01 1.45E+00 3.66E-01 2.27E-01 7.99E-01 6.88E-02 4.05E-01 4.28E-01 1.08E-02 1.79E-01 3.80E-01 5.12E-01 3.98E+00 1.19E+01
Tl-204 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tl-208 8.57E-04 1.09E-07 1.85E-04 2.35E-03 3.86E-04 2.71E-03 5.95E-04 1.19E-06 3.68E-04 9.01E-09 1.49E-08 1.08E-02 3.97E-02 7.19E-05 3.97E-02
Tl-209 0.00E+00 0.00E+00 4.08E-06 5.09E-05 8.72E-06 5.79E-05 1.28E-05 0.00E+00 7.15E-06 2.60E-12 0.00E+00 2.08E-04 8.59E-04 1.16E-08 8.59E-04

Tm-170 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.61E-07 1.65E-05 0.00E+00 1.65E-05
Tm-171 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.81E-06 0.00E+00 0.00E+00 8.71E-04 0.00E+00 8.71E-04
U-232 1.18E-06 1.68E-07 3.90E-02 7.82E-03 1.03E-03 7.49E-03 1.78E-03 4.65E-08 9.08E-04 3.22E-05 6.99E-08 2.78E-02 1.06E-01 4.43E-05 1.06E-01
U-233 6.22E-03 2.72E-02 1.12E-01 4.47E-01 2.03E+00 5.29E-01 1.55E-01 1.87E-01 2.48E-01 6.88E-03 3.45E-02 2.08E+00 8.28E+00 2.06E+00 8.28E+00
U-234 7.69E-02 3.16E+00 1.75E+00 4.25E+00 1.82E+00 3.02E-01 1.42E-01 2.00E-01 2.19E-01 4.85E-02 8.30E-02 4.33E-01 6.60E-01 1.09E+00 4.25E+00
U-235 6.15E-03 2.19E-01 5.83E-02 1.18E-01 4.31E-01 2.90E-02 5.65E-03 9.22E-03 6.50E-03 3.00E-03 2.06E-03 1.51E-02 1.13E-02 5.16E-03 4.31E-01
U-236 3.27E-03 1.53E-01 3.93E-02 2.58E-02 2.57E-02 1.05E-02 4.27E-03 4.61E-04 2.47E-03 5.78E-04 2.11E-03 2.61E-02 2.38E-02 6.01E-05 1.53E-01
U-237 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.52E-09 0.00E+00 0.00E+00 2.02E-09 1.41E-08 0.00E+00 0.00E+00 0.00E+00 9.06E-08 9.06E-08
U-238 1.49E-01 1.19E+01 1.45E+00 3.75E-01 3.28E+00 8.05E-01 9.40E-02 4.08E-01 4.28E-01 1.10E-02 2.98E-01 4.71E+00 5.56E-01 3.98E+00 1.19E+01
W-181 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.71E-08 0.00E+00 0.00E+00 0.00E+00 1.99E-09 0.00E+00 0.00E+00 0.00E+00 1.72E-08 6.71E-08
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Projected Max Max Max Max Max Max Max Max Max Max Max Max Max Max Max
Nuclide ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST14 ST23 ET01 ET02 ET03 Max
W-185 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
W-188 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Y-90 3.19E+00 4.61E+00 3.04E+01 1.72E+01 4.89E+01 3.15E+01 1.01E+01 3.98E+00 1.39E+01 5.73E+01 1.85E+01 2.49E+01 1.44E+02 2.34E+01 1.44E+02
Y-91 0.00E+00 0.00E+00 0.00E+00 5.81E-63 7.10E-67 0.00E+00 0.00E+00 0.00E+00 2.58E-71 1.93E-10 0.00E+00 1.78E-62 4.64E-58 0.00E+00 1.93E-10

Zn-65 4.78E-02 1.33E-02 1.51E-02 4.41E-02 2.67E-02 1.88E-06 7.36E-02 8.49E-03 8.47E-04 1.40E-01 3.55E-07 4.37E-02 9.14E-04 5.75E-03 1.40E-01
Zr-93 2.71E-05 2.26E-05 2.02E-06 8.00E-06 6.63E-06 7.96E-07 3.29E-05 3.47E-07 2.97E-05 1.46E-04 2.17E-03 2.02E-05 4.84E-05 1.21E-04 2.17E-03
Zr-95 4.54E-03 4.23E-02 1.08E-02 6.91E-03 1.18E-02 5.91E-11 1.00E-01 1.61E-02 1.02E-03 4.33E-02 3.03E-03 2.17E-02 1.03E-03 1.37E-03 1.00E-01
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C. 3. 2 2 0 6 5 P r oj e ct e d V a ult Cl os u r e I n v e nt o ri es

F or pr oj e cti n g i n v e nt ori es ass o ci at e d wit h t h e v a ults (i. e., L A W V a n d I L V) t h e sit u ati o n w h er e a 
f a cilit y b e c o m es v ol u m etri c all y f ull pri or t o filli n g b as e d o n a cti vit y w as i n cl u d e d i n t h e a n al ys es.  
B as e d o n t h e S W M m o nt hl y st at us r e p orts pr oj e cti o ns of D U v ol u m e a n d S O F w er e p erf or m e d 
ass u mi n g li n e ar r el ati o ns hi ps b et w e e n t h es e v ari a bl es a n d c al e n d ar y e ar.  A s u m m ar y of t h es e 
pr e di cti o ns is s h o w n i n Fi g ur e C- 1.

Fi g u r e C- 1 . P r oj e cti o ns of t ot al v ol u m e a n d S O F v e rs us c al e n d a r y e a r f o r t h e E-A r e a 
v a ults.

T h e d at a p oi nts w er e c o m p ut e d fr o m t w o S W M m o nt hl y r e p orts (i. e., M ar c h 2 0 1 6 a n d M ar c h 
2 0 2 0).  T h e li n es r e pr es e nt t h e li n e ar pr oj e cti o ns p assi n g t hr o u g h t h es e p oi nts (i. e., d as h e d li n es 
b ei n g v ol u m e pr oj e cti o ns w hil e s oli d li n es b ei n g S O F pr oj e cti o ns).

As s h o w n i n Fi g ur e C- 1:

• t h e I L V is pr oj e ct e d t o b e v ol u m etri c all y f ull pri or t o r e a c hi n g a S O F li mit.  It b e c o m es 
v ol u m etri c all y fill e d b y t h e y e ar ~ 2 0 3 3. 3 wit h a n esti m at e d S O F of ~ 1 4. 8 %; w hil e

• t h e L A W V is pr oj e ct e d t o still b e u nli mit e d b y 2 0 6 5 wit h a S O F of ~ 4 0. 7 % a n d a v ol u m e % 
of ~ 9 6. 1 % .

L A W V D et ails

F or t h e L A W V, b as e d o n t h e M ar c h 2 0 2 0 d at a pr o vi d e d i n T a bl e C- 6 , w e h a v e t h e s etti n gs:

• A d mi nistr ati o n Li mit – 9 5 %
• I nt eri m M e as ur es Li mit – 9 5 %
• D U S O F – 1 3. 7 % ( e n d of M ar c h)
• M a x S O F at 2 0 6 5 – 4 0. 7 %

T h e pr oj e ct e d cl os ur e i n v e nt ori es f or t h e L A W V, b as e d o n its st at us as of M ar c h 2 0 2 0, b e c o m es:
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( ) [ ]pr oj 2 0 2 0 WI T S W I TS
L A W V ,i L A W V ,iL A W V ,i

9 5. 0 1
I 0. 4 0 7 I 2. 9 7 1 I

9 5. 0 0. 1 3 7
−     

= × = ×    
    

( C- 5)

a n d a g ai n, t h e m a x of b ot h pr oj e cti o ns is e m pl o y e d:

pr oj pr oj 2 0 1 6 pr oj 2 0 2 0
L A W V ,i L A W V ,i L A W V ,iI Ma x I , I− − =

 
( C- 6)

I L V D et ails

F or t h e I L V, b as e d o n t h e M ar c h 2 0 2 0 d at a pr o vi d e d i n T a bl e C- 6 , w e h a v e t h e s etti n gs:

• A d mi nistr ati o n Li mit – 9 5 %
• I nt eri m M e as ur es Li mit – 9 5 %
• D U S O F – 9. 6 % ( e n d of M ar c h)
• M a x S O F at 2 0 6 5 – 1 4. 8 %

T h e pr oj e ct e d cl os ur e i n v e nt ori es f or t h e I L V, b as e d o n its st at us as of M ar c h 2 0 2 0, b e c o m es:

( ) [ ]pr oj 2 0 2 0 WI T S WI T S
I L V,i I L V,iI L V,i

9 5. 0 1
I 0. 1 4 8 I 1. 5 4 2 I

9 5. 0 0. 0 9 6
−     

= × = ×    
    

( C- 7)

a n d a g ai n, t h e m a x of b ot h pr oj e cti o ns is e m pl o y e d:

pr oj pr oj 2 0 1 6 pr oj 2 0 2 0
I L V,i I L V,i I L V,iI Ma x I , I− − =

 
( C- 8)

T h e m a xi m u m 2 0 6 5 pr oj e ct e d i n v e nt ori es f or t h e v a ults (i. e., L A W V a n d I L V), al o n g wit h t h e 
v al u es f or t h e N a v al p a ds (i. e., N R C D A G a n d N R C D A G) ar e list e d i n T a bl e C- 8.

N a v al P a d D et ails

F or t h e N a v al P a ds, t h e d et ails ar e pr o vi d e d i n A p p e n di x H .  V er y diff er e nt l o gi c a p pli es t o t h e 
N a v al P a ds, a n d as s u c h, t h eir dis c ussi o n w as pl a c e d i n a s e p ar at e a p p e n di x.  T h e pr oj e ct e d 
i n v e nt ori es list e d i n T a bl e C- 8 c orr es p o n d t o t h os e v al u es list e d i n T a bl e H- 5 .  T h e o nl y diff er e n c e 
b et w e e n t h e t w o s e p ar at e listi n gs is t h at A p p e n di x H o nl y lists p ar e nt r a di o n u c li d es ass o ci at e d 
wit h t h e N a v al P a ds v ers us t h e e ntir e WI T S list of r a di o n u cli d es

T a bl e C- 8 . C o m p osit e d 2 0 6 5 cl os u r e i n v e nt o ri es f o r r a di o n u cli d es b y e xisti n g v a ult a n d 
N a v al p a d dis p os al t y p es.

Pr oj e ct e d M a x M a x M a x M a x

N u cli d e L A W V I L V N R C -S N R C -G

A c -2 2 5 5. 8 2 E -0 4 0. 0 0 E + 0 0 0. 0 0 E + 0 0 0. 0 0 E + 0 0

A c -2 2 7 0. 0 0 E + 0 0 0. 0 0 E + 0 0 0. 0 0 E + 0 0 1. 0 3 E -1 2

A c -2 2 8 1. 8 4 E -0 3 3. 2 0 E -0 5 0. 0 0 E + 0 0 0. 0 0 E + 0 0

A g -1 0 8 5. 5 3 E -0 7 0. 0 0 E + 0 0 1. 1 5 E -0 7 1. 8 9 E -1 0

A g -1 0 8 m 2. 4 9 E -0 4 7. 1 8 E -0 5 1. 3 2 E -0 6 2. 1 7 E -0 9

A g -1 0 9 m 0. 0 0 E + 0 0 0. 0 0 E + 0 0 2. 1 1 E -0 2 0. 0 0 E + 0 0

A g -1 1 0 7. 8 0 E -0 7 0. 0 0 E + 0 0 1. 4 8 E -0 4 4. 1 7 E -0 9

A g -1 1 0 m 7. 9 7 E -0 5 2. 1 2 E -0 5 4. 9 2 E -0 2 3. 0 7 E -0 7

Al -2 6 0. 0 0 E + 0 0 0. 0 0 E + 0 0 0. 0 0 E + 0 0 0. 0 0 E + 0 0

A m -2 4 1 1. 3 6 E + 0 0 1. 1 8 E + 0 0 3. 5 2 E -0 1 4. 9 8 E -0 4

A m -2 4 2 0. 0 0 E + 0 0 0. 0 0 E + 0 0 1. 0 3 E -0 3 0. 0 0 E + 0 0
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Projected Max Max Max Max
Nuclide LAWV ILV NRC-S NRC-G

Am-242m 1.51E-03 1.89E-03 2.29E-03 2.61E-06
Am-243 6.48E-03 3.11E-03 2.78E-03 2.41E-03

Ar-37 0.00E+00 2.54E-07 0.00E+00 0.00E+00
Ar-39 2.92E-05 7.35E+00 0.00E+00 0.00E+00

At-217 5.82E-04 0.00E+00 0.00E+00 0.00E+00
Ba-133 2.18E-01 0.00E+00 2.09E-03 0.00E+00

Ba-137m 2.24E+02 4.93E+02 6.73E+00 8.36E-02
Ba-140 0.00E+00 0.00E+00 4.90E-08 0.00E+00
Be-10 0.00E+00 0.00E+00 2.16E-05 5.07E-12
Be-7 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Bi-207 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bi-210 9.30E-02 1.09E-06 0.00E+00 0.00E+00
Bi-211 6.23E-05 5.65E-07 0.00E+00 0.00E+00
Bi-212 1.42E-02 2.29E-04 2.60E-08 0.00E+00
Bi-213 5.82E-04 0.00E+00 0.00E+00 0.00E+00
Bi-214 1.17E-01 1.37E+00 0.00E+00 2.02E-13
Bk-247 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bk-249 0.00E+00 0.00E+00 2.07E-08 0.00E+00

C-14 8.75E-01 1.69E+03 1.39E+02 1.43E+00
Ca-41 4.25E-05 0.00E+00 0.00E+00 0.00E+00
Ca-45 0.00E+00 0.00E+00 1.49E-02 2.49E-07

Cd-109 7.82E-06 0.00E+00 4.02E-02 0.00E+00
Cd-113 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Cd-113m 8.12E-05 1.50E-06 1.33E-02 0.00E+00
Cd-115m 0.00E+00 0.00E+00 9.76E-04 0.00E+00
Ce-139 8.50E-10 0.00E+00 0.00E+00 0.00E+00
Ce-141 0.00E+00 0.00E+00 4.94E-03 0.00E+00
Ce-144 6.21E+00 7.94E-01 5.80E+00 5.05E-03
Cf-249 6.05E-06 2.82E-03 1.95E-10 9.70E-13
Cf-250 2.13E-03 0.00E+00 0.00E+00 0.00E+00
Cf-251 2.62E-05 1.63E-03 4.35E-12 2.62E-14
Cf-252 1.85E-02 0.00E+00 0.00E+00 0.00E+00
Cl-36 5.47E-03 1.33E-04 1.27E-02 6.77E-08

Cm-242 2.06E-04 1.49E-04 5.22E+00 9.48E-01
Cm-243 5.90E-04 1.98E-02 2.13E-03 3.24E-06
Cm-244 6.52E+00 1.13E+00 2.55E-01 1.92E-01
Cm-245 7.73E-03 4.42E-03 1.64E-05 1.01E-07
Cm-246 1.36E-02 5.18E-05 8.98E-06 3.06E-06
Cm-247 2.76E-11 2.64E-02 8.33E-12 3.93E-14
Cm-248 8.50E-12 1.04E-05 2.59E-11 1.89E-11
Co-57 5.13E-08 9.06E-05 0.00E+00 0.00E+00
Co-58 2.99E-01 6.59E+00 2.07E+04 2.07E+04
Co-60 1.51E+02 1.50E+02 9.85E+04 9.85E+04
Cr-51 3.45E-06 2.47E-02 7.47E+03 7.47E+03

Cs-134 1.16E+01 1.66E+00 1.51E+01 5.33E-02
Cs-135 1.52E-09 0.00E+00 5.26E-05 5.14E-07
Cs-137 9.47E+02 6.27E+02 7.14E+00 5.60E-02
Eu-152 7.44E+00 2.70E-02 6.23E-04 0.00E+00
Eu-154 6.57E+00 4.13E-01 5.16E-01 3.18E-04
Eu-155 6.53E-02 2.83E-02 1.18E-01 5.97E-06
Fe-55 4.57E+02 2.33E+02 9.03E+04 2.46E+02
Fe-59 6.93E-08 8.23E-02 7.48E+03 1.90E+00
Fr-221 5.82E-04 0.00E+00 0.00E+00 0.00E+00

H-3 1.91E+08 7.17E+07 1.34E+02 3.24E-01
Hf-175 0.00E+00 3.34E-05 7.46E+03 7.46E+03
Hf-181 3.70E-09 2.96E-02 6.58E+01 6.58E-01
Hg-203 1.99E-16 0.00E+00 0.00E+00 0.00E+00

Ho-166m 0.00E+00 0.00E+00 0.00E+00 0.00E+00
I-129 5.73E-04 3.37E-02 1.48E-05 1.48E-05

In-113m 7.13E-17 2.59E+01 4.87E+03 4.87E+03
In-114 0.00E+00 0.00E+00 2.02E+00 0.00E+00
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Projected Max Max Max Max
Nuclide LAWV ILV NRC-S NRC-G
In-114m 0.00E+00 0.00E+00 3.80E+00 0.00E+00

Ir-192 0.00E+00 0.00E+00 1.30E-02 0.00E+00
Ir-192m 0.00E+00 0.00E+00 2.47E-07 0.00E+00

K-40 1.88E-06 7.51E-03 0.00E+00 0.00E+00
Kr-85 8.24E+00 3.63E+01 2.61E-01 5.71E-03

La-140 0.00E+00 0.00E+00 5.65E-08 0.00E+00
Mn-54 3.21E-01 1.04E+00 1.39E+03 1.39E+03
Mo-93 9.29E-03 1.33E-03 1.43E+00 1.43E+00
Na-22 1.33E-06 0.00E+00 0.00E+00 0.00E+00

Nb-93m 7.93E+00 2.63E+00 7.46E+03 7.46E+03
Nb-94 3.43E-01 9.70E-02 6.54E+00 6.54E+00
Nb-95 8.37E-02 1.57E-01 1.31E+05 1.72E+02

Nb-95m 2.22E-05 1.73E-04 1.31E+03 8.30E-01
Ni-59 4.88E+00 1.70E+00 1.73E+03 8.23E-01
Ni-63 7.88E+02 2.07E+02 2.01E+05 1.53E+02

Np-237 1.41E-01 2.15E-02 4.03E-06 4.79E-09
Np-239 5.64E-06 1.51E-07 1.26E-03 0.00E+00

P-33 0.00E+00 0.00E+00 6.32E-03 0.00E+00
Pa-231 0.00E+00 0.00E+00 0.00E+00 2.24E-12
Pa-233 8.63E-02 2.59E-04 0.00E+00 0.00E+00
Pa-234 5.99E-05 2.31E-01 0.00E+00 6.70E-11

Pa-234m 2.45E+00 6.60E-01 2.61E-06 5.16E-08
Pb-205 0.00E+00 0.00E+00 5.68E-08 0.00E+00
Pb-209 5.82E-04 0.00E+00 0.00E+00 0.00E+00
Pb-210 9.30E-02 1.37E+00 0.00E+00 0.00E+00
Pb-212 1.43E-02 2.29E-04 2.60E-08 0.00E+00
Pb-214 1.17E-01 1.37E+00 0.00E+00 2.02E-13
Pd-107 0.00E+00 0.00E+00 3.99E-06 0.00E+00
Pm-146 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pm-147 3.32E+01 6.59E+00 4.23E+00 3.05E+00
Po-210 9.30E-02 1.09E-06 6.24E-03 0.00E+00
Po-212 2.47E-03 9.39E-07 1.66E-08 0.00E+00
Po-213 5.58E-04 0.00E+00 0.00E+00 0.00E+00
Po-214 1.17E-01 1.37E+00 0.00E+00 2.02E-13
Po-216 1.43E-02 2.29E-04 2.60E-08 0.00E+00
Po-218 1.17E-01 1.37E+00 0.00E+00 2.02E-13
Pr-144 6.06E+00 6.82E-01 4.73E+00 2.20E-01

Pr-144m 3.31E-03 6.04E-03 6.60E-02 0.00E+00
Pt-193 1.89E-03 5.07E-05 1.14E-04 0.00E+00
Pu-238 9.70E+00 7.18E+00 2.69E-01 1.18E-02
Pu-239 4.81E+00 1.40E+00 1.23E-01 1.23E-01
Pu-240 1.02E+00 1.37E+00 1.11E-01 1.82E-03
Pu-241 3.60E+01 7.58E+00 3.40E+01 1.37E-02
Pu-242 5.40E-03 7.37E-02 4.07E-04 3.00E-06
Pu-244 5.12E-15 2.06E-02 2.77E-11 2.77E-11
Ra-224 1.43E-02 2.29E-04 2.60E-08 0.00E+00
Ra-225 5.82E-04 3.82E-16 0.00E+00 0.00E+00
Ra-226 1.17E-01 1.18E+00 0.00E+00 2.02E-13
Ra-228 1.08E-03 3.20E-05 0.00E+00 0.00E+00
Rb-86 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-87 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Rh-103m 2.90E-03 1.22E-04 3.95E-02 0.00E+00
Rh-106 3.70E-01 7.72E-02 6.65E+00 4.85E-03
Rn-220 1.43E-02 2.29E-04 2.60E-08 0.00E+00
Rn-222 1.17E-01 1.37E+00 0.00E+00 2.02E-13
Ru-103 2.90E-03 1.22E-04 4.87E-02 0.00E+00
Ru-106 5.20E-01 1.95E-01 8.19E+00 6.60E-01

S-35 0.00E+00 0.00E+00 1.82E-01 2.68E-03
Sb-124 0.00E+00 0.00E+00 1.89E+00 6.23E-07
Sb-125 1.77E+01 4.81E-01 4.07E+04 4.07E+04
Sb-126 0.00E+00 0.00E+00 2.37E-06 0.00E+00
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Projected Max Max Max Max
Nuclide LAWV ILV NRC-S NRC-G

Sb-126m 0.00E+00 0.00E+00 1.68E-05 0.00E+00
Sc-46 0.00E+00 0.00E+00 5.96E-01 3.26E-03
Se-75 0.00E+00 0.00E+00 3.27E-01 3.15E-11
Se-79 2.79E-01 4.46E-04 1.22E-03 1.96E-07

Sm-151 5.63E-04 6.89E-02 9.18E-02 8.11E-06
Sn-113 3.21E-10 8.95E-06 4.87E+03 1.75E-08

Sn-119m 4.76E-01 1.67E-04 8.09E+04 1.68E-07
Sn-121 7.01E-02 1.23E-03 6.41E+00 1.94E-10

Sn-121m 6.51E-02 6.29E-04 1.71E+01 2.50E-10
Sn-123 0.00E+00 1.05E-06 2.35E+03 2.36E-11
Sn-126 6.88E-04 9.73E-04 8.25E-05 5.89E-07
Sr-85 1.82E-03 0.00E+00 0.00E+00 0.00E+00
Sr-89 2.58E-03 0.00E+00 7.50E-01 1.20E-13
Sr-90 7.66E+02 1.91E+02 5.39E+00 5.57E-02

Ta-182 0.00E+00 6.14E-05 1.76E+04 5.54E-02
Tc-99 3.91E-01 2.72E-01 1.93E-01 1.44E-03

Te-123m 0.00E+00 0.00E+00 6.09E+02 0.00E+00
Te-125m 4.27E+00 7.85E-02 2.54E+04 2.82E-01
Th-228 1.43E-02 2.29E-04 2.59E-08 0.00E+00
Th-229 5.82E-04 0.00E+00 0.00E+00 0.00E+00
Th-230 1.51E-04 3.25E-05 0.00E+00 2.14E-11
Th-231 1.43E-02 3.46E-03 2.81E-08 2.41E-09
Th-232 1.08E-03 8.79E-05 3.52E-08 1.24E-10
Th-234 2.88E+00 8.91E-01 2.61E-06 5.16E-08
Tl-204 5.20E-07 0.00E+00 0.00E+00 0.00E+00
Tl-208 1.40E-03 2.05E-07 0.00E+00 0.00E+00
Tl-209 2.34E-05 0.00E+00 0.00E+00 0.00E+00

Tm-170 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tm-171 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U-232 1.28E-02 1.90E-04 4.77E-06 1.95E-06
U-233 9.20E-01 3.69E-01 7.84E-06 7.94E-09
U-234 1.61E+00 5.77E-01 2.56E-05 1.45E-04
U-235 5.14E-02 1.82E-02 6.94E-07 6.67E-06
U-236 1.27E-01 7.45E-03 6.58E-05 3.23E-11
U-237 0.00E+00 0.00E+00 6.87E-05 0.00E+00
U-238 2.48E+00 1.37E+00 2.32E-05 1.43E-04
W-181 0.00E+00 0.00E+00 3.31E+00 0.00E+00
W-185 0.00E+00 0.00E+00 9.57E+00 0.00E+00
W-188 0.00E+00 0.00E+00 2.79E-02 0.00E+00
Y-90 7.62E+02 1.82E+02 5.39E+00 5.55E-02
Y-91 0.00E+00 0.00E+00 3.69E+00 4.34E-13

Zn-65 2.63E-01 7.48E-01 1.13E+01 4.05E+00
Zr-93 1.63E-02 3.61E-04 7.46E+03 2.62E-04
Zr-95 5.03E-02 6.68E-02 6.16E+04 1.82E+00
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A p p e n di x D . G a m m a-R a y F a ct o rs Li miti n g T r e n c h es a n d L A W V I n v e nt o ri es

D uri n g dis p os al o p er ati o ns at t h e E L L W F dis p os al u nits, w or k er pr ot e cti o n fr o m a r a di ol o gi c al 
p ers p e cti v e is m ai nt ai n e d b y li miti n g t h e a m o u nt of s urf a c e r a di ati o n e x p os ur e t h at w or k ers c a n 
r e c ei v e.  R a di ati o n l e v els (i. e., m R a ds/ hr or m R/ hr) ar e m o nit or e d o utsi d e of s p e cifi c w ast e 
p a c k a g es.  F or e x a m pl e, B -2 5 b o x es ar e r o uti n el y dis p os e d of i n S Ts, E Ts, a n d t h e L A W V.  B as e d 
o n c o ns er v ati v e ass u m pti o ns, f or g a m m a -r a y e mitti n g r a di o n u cli d es i n v e nt or y li mits h a v e b e e n 
c o m p ut e d a n d ar e dis c uss e d i n t his a p p e n d i x.

D. 1  R a di ati o n P a c k a g e P r ot e cti o n Li mits

F or w or k er pr ot e cti o n, pr o c e d ur es ar e i n pl a c e ( M a n u al 1 S, 5. 1. 1 ) t h at d efi n e s p e cifi c R a d li mits 
f or e a c h D U t y p e s u c h as (i. e., t h e f oll o wi n g b ull ets w er e dir e ctl y e xtr a ct e d fr o m M a n u al 1 S, 5. 1. 1):

• E T – Dri v e -i n e x c a v at e d tr e n c h pri m aril y f or c o nt ai n eri z e d B-2 5, B -1 2, S e a L a n d, a n d ot h er 
st a c k a bl e c o nt ai n ers or c o m p o n e nts. T his D U is r estri ct e d t o w ast es r a di ati n g l ess t h a n or 
e q u al t o 2 0 0 m R/ hr at 5 c m fr o m t h e u ns hi el d e d fi n al dis p os al c o nt ai n er;

• S T – E x c a v at e d r o ws of tr e n c h es w h er e w ast e c o nt ai n ers ar e pl a c e d b y cr a n e, or w h er e 
l o os e w ast e is d u m p e d at gr a d e a n d p us h e d i nt o tr e n c h b y d o z er. T his dis p os al u nit w ast e 
is c o m pris e d of a p pr o v e d c o nt ai n ers a n d/ or r a di ol o gi c all y c o nt a mi n at e d s oil, 
d e c o nt a mi n ati o n a n d d e c o m missi o ni n g d e bris, r u b bl e, w o o d, a ni m al c ar c ass es, s p e nt m et al 
c o m p o n e nts, e q ui p m e nt a n d ot h er n o n -pr o hi bit e d w ast e. P er c o n v ers ati o n wit h S W E, t his 
D U is r estri ct e d t o w ast es r a di ati n g l ess t h a n or e q u al t o 3 0 0 m R/ hr at 5 c m fr o m t h e 
u ns hi el d e d fi n al dis p os al c o nt ai n er ;

• CI G – Is a tr e n c h si mil ar t o a Slit Tr e n c h; f or dis p os al of r a di ol o gi c all y c o nt a mi n at e d 
e q ui p m e nt a n d ot h er c o nt ai n eri z e d n o n -pr o hi bit e d w ast e t h at is e n c a ps ul at e d i n gr o ut. T his 
dis p os al u nit is pri m aril y f or w ast e t h at e x c e e ds Slit Tr e n c h r a di ol o gi c al dis p os al li mits b ut
d e m o nstr at e d t o b e a c ost -eff e cti v e alt er n ati v e t o L A W V or I L V dis p os al. T his D U i s 
r estri ct e d t o w ast es r a di ati n g l ess t h a n or e q u al t o 3 0 0 m R/ hr at 5 c m fr o m t h e u ns hi el d e d 
fi n al dis p os al c o nt ai n er;

• L A W V – A b o v e gr a d e c o n cr et e v a ult is f or dis p os al of st a c k a bl e L L W c o nt ai n ers t h at 
e x c e e ds tr e n c h r a di o n u cli d e dis p os al li mits; r estri ct e d t o w ast e r a di ati n g l ess t h a n or e q u al 
t o 1 0 0 m R/ hr at 3 0 c m fr o m t h e u ns hi el d e d fi n al dis p os al c o nt ai n er ;

• I L V – n o dir e c t w or k er c o nt a ct; a n d
• N R C D A – n o dir e ct w or k er c o nt a ct.

B as e d o n t h e a b o v e o p er ati n g c o nstr ai nts, u p p er l e v el i n v e nt or y b o u n ds f or g a m m a -r a y e mitti n g 
r a di o n u cli d es c a n b e c o m p ut e d a n d e m pl o y e d t o li mit p ot e nti al cl os ur e i n v e nt or y v al u es.

D. 2  G a m m a -R a y F a c t o rs

F or a t y pi c al B - 2 5, b o x V erst ( 2 0 2 0) c o m p ut e d g a m m a -r a y f a ct ors ( m R a d/ hr-Ci) b as e d o n t h e 
f oll o wi n g ass u m pti o ns:

• I nsi d e di m e nsi o ns s et t o 6. 0 ft l o n g b y 3. 8 3 ft wi d e b y 3. 9 1 7 ft hi g h;
•  B-2 5 b o x es c a n b e eit h er 1 2 or 1 4 g a u g e t hi c k.  T o b e c o ns er v ati v e , us e of 1 2- g a u g e 

w alls w er e c h os e n (i. e., 0. 1 0 4 6 i n c h es t hi c k);
• A v er a g e d e nsit y of B -2 5 m et al w alls = 8. 0 g/ ml;
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• M e di a n d e nsit y of S R S U n c o m p a ct e d B -2 5 B o x es = 0. 1 3 5 7 g/ ml a n d u nif or ml y 
distri b ut e d t hr o u g h o ut t h e e ntir e b o x.  T his n u m b er w as c o m p ut e d b as e d o n a v ail a bl e 
S W M m e as ur e m e nts t a k e n f or 3 7 6 7 B -2 5 b o x es ( P hif er a n d Wil hit e 2 0 0 1);

• 1 S M a n u al, C h a pt er 5 ( S R N S 2 0 1 4) i n di c at es t h at e a c h of t h e f o ur si d es of a B-2 5 b o x 
ar e t o b e m e as ur e d.  D et e ct or l o c ati o ns t o b e at t h e v erti c al mi d p oi nt at 5 a n d at 3 0 c m 
fr o m o ut er w all; a n d

• D u e t o s y m m etr y t h er e ar e t w o u ni q u e l o c ati o ns.  T h e l o c ati o n ass o ci at e d wit h t h e 
mi d p oi nt o n t h e B -2 5’s l o n g si d e (i. e., t h e 6 ft l o n g w all) w as c h os e n.

V erst ( 2 0 2 0) r a n S C A L E c al c ul ati o ns t o c o m p ut e g a m m a -r a y f a ct ors f or all a v ail a bl e r a di o n u cli d es 
i n t h e S C A L E d at a b as e (i. e., 1 2 7 7 r a di o n u cli d es).  N ot all of t h e 1, 2 5 2 r a di o n u cli d es b ei n g 
e m pl o y e d i n t h e G W s cr e e ni n g w er e a v ail a bl e, b ut t h e m aj orit y of g a m m a -r a y e mitti n g o n es w er e.  
V erst ( 2 0 2 0) r a n t w o s ets of c as es:

• D et e ct or at 5 c m fr o m w all s urf a c e (r efl e cts t h e tr e n c h r e q uir e m e nts); a n d
• D et e ct or at 3 0 c m fr o m w all s urf a c e (r efl e cts t h e L A W V r e q uir e m e nts).

D. 3  M a xi m u m N u m b e r of B -2 5 B o x es p e r D U T y p e

T h e m a xi m u m n u m b er of B -2 5 b o x es t h at c a n fit i nt o a gi v e n D U g e n er all y r e q uir es us e of a 
p a c ki n g al g orit h m.  I nst e a d, a n u p p er b o u n d esti m at e c a n b e q ui c kl y a c hi e v e d b y c o m p uti n g t h e 
r ati o of t h e t ot al w ast e v ol u m e of a D U v ers us t h e w ast e v ol u m e of a n i n di vi d u al B-2 5 b o x.  B as e d 
o n t h e g e o m etr y f or a st a n d ar d B - 2 5 b o x t h e i nsi d e fr e e v ol u m e of a b o x is ~ 9 0. 0 ft 3 .  Gi v e n t h e 
u n c o m p a ct e d h ei g ht of a D U’s w ast e z o n e a n d t h e a eri al e xt e nt of its w ast e z o n e f o ot pri nt (s e e 
H a m m 2 0 1 9, f or c urr e nt D U f o ot pri nt si z es), t ot al a v ail a bl e w ast e z o n e v ol u m es f or e v er y D U 
wit hi n E -Ar e a c a n b e esti m at e d.  T h e c o or di n at es a n d f o ot pri nt ar e as pr o vi d e d i n H a m m ( 2 0 1 9), 
al o n g wit h u n c o m p a ct e d w ast e z o n es h ei g hts, ar e us e d t o c o m p ut e t ot al w ast e z o n e v ol u m es f or 
e a c h D U t y p e (i. e., Tr e n c h es a n d L A W V).  T h e r es ulti n g n u m b ers ar e list e d i n T a bl e D- 1.

T a bl e D - 1. M a xi m u m n u m b e r of B-2 5 b o x es a n d r a di ati o n li mits b y dis p os al u nit t y p e.

Dis p os al 
U nit T y p e

N o mi n al D U 
V ol u m e ft 3

T ot al E -A r e a 
V ol u m e b y 

D U T y p e, ft 3

N u m b e r 
of D Us

A v g G e n e ri c D U 
v ol u m e (ft 3)

M a x n u m b e r of 
B- 2 5 p e r g e n e ri c 

D U

E T 1, 7 0 0, 0 0 0 1 4, 0 5 2, 8 0 0 9 1, 5 6 1, 4 2 2 1 7, 3 4 7

S T & CI G 1, 0 4 0, 0 0 0 3 0, 8 6 1, 3 9 0 2 0 1, 5 4 3, 0 6 9 1 7, 1 4 3

L A W V 1, 1 0 0, 0 0 0 1, 1 0 0, 0 0 0 1 1, 1 0 0, 0 0 0 1 2, 2 2 1

D. 4  T r e n c h a n d L A W V I n v e nt o r y Li mits

T h e a p pli c ati o n of a n e ar -s urf a c e r a di ati o n c o nstr ai nt o n p a c k a g es t o b e b uri e d o nl y a p pli es t o 
tr e n c h a n d L A W V o p er ati o ns.  T h e f oll o wi n g p ar a m et er s etti n gs w er e us e d f or c o m p uti n g 
i n v e nt or y li mits b as e d o n t h e a b o v e c o m p ut e d g a m m a-r a y f a ct ors (s e e T a bl e D- 2 ):

• F or tr e n c h es (i. e., S Ts, E Ts, a n d CI Gs) – 3 0 0 m R a d/ hr li mit b as e d o n a 5 c m d et e ct or 
dist a n c e fr o m t h e B -2 5 w alls ( c o ns er v ati v el y l ar g er r a di ati o n li mit us e d f or t h e g e n eri c 
tr e n c h m o d el) a n d 1 7, 1 4 3 B-2 5 b o x es; a n d

• F or L A W V – 1 0 0 m R a d/ hr li mit b as e d o n a 3 0 c m d et e ct or dist a n c e fr o m t h e B -2 5 
w alls a n d 1 2, 2 2 1 B -2 5 b o x es.
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Table D-2. Maximum number of B-25 boxes and radiation limits by disposal unit type.

Disposal Unit Type Max Number of B-25 
Boxes

Rad Limit per B-25 
Box (mR/hr-box)

Max Rad Limit per 
DU Type (R/hr) 

ET 17,347 200 3,469.4
ST & CIG 17,143 300 5,142.9

LAWV 12,221 100 1,222.1

As shown in Table D-2, the maximum radiation trench limit is for ST & CIG trenches versus ET 
trenches.  For the generic trench screening model this maximum value was chosen.  The value 
shown in Table D-2 for the LAWV was chosen for the LAWV screening model.
As such, for each screening DU model (i.e., generic Trench and LAWV), inventory limits based 
on gamma-ray factors can be computed for each gamma-ray emitting radionuclide, by the 
following equation:

gam DU DU
DU,i gam

i

R NI
F

= (D-1)

where
gam
DU,iI ....................Gamma-ray emitting radionuclide i inventory limit based on 

gamma-ray factors for a specific DU type (Ci)
DUR ....................Rad limit for specific DU type (mRad/hr)

DUN ....................Maximum number of B-25 boxes within a specific DU type (-)
gam
iF ....................Gamma-ray factor for radionuclide i (mRad/hr-Ci)

These limits are considered to be “very” conservative based on the assumptions that:
• The entire radiation source is assumed to be coming from a single radionuclide (i.e., 

within a given B-25 for every B-25 box within the DU); and
• Maximum number of B-25 boxes within a DU not accounting for spacing (i.e., physical 

packing limitations are not being considered).
Based on Eq. (D-1) 2,554 gamma-ray factors were computed (i.e., 2x1277 – SCALE entries; two 
units, Trench and LAWV, for 1277 radionuclides) and are not being listed in this report.  These 
computed factors are maintained within an Excel Spreadsheet that was placed in a key secure 
PA2022 folder.
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A p p e n di x E. C o nt ai n e r W ei g ht Li miti n g T r e n c h es a n d L A W V I n v e nt o ri es

D ur i n g dis p os al o p er ati o ns at t h e E-Ar e a L o w -L e v el -W ast e dis p os al u nits, p a c k a g es s u c h as B - 2 5 
b o x es hist ori c all y h a v e h a d a t ot al w ast e w ei g ht (i. e., w ei g ht of w ast e c o nt e nts e x cl u di n g m et al 
b o x w ei g ht) t h at v ari e d si g nifi c a ntl y.  A B -2 5 b o x h as t h e n o mi n al g e o m etr y ( P hif er a n d Wil hit e, 
2 0 0 1 ) as list e d i n T a bl e E - 1.  T h e n o mi n al i nsi d e fr e e v ol u m e is 9 0. 0 ft3 .

T a bl e E - 1. N o mi n al di m e nsi o ns of a B-2 5 b o x.

L e n gt h (ft) Wi dt h (ft) H ei g ht (ft)

I n si d e Di m e n si o n s 6. 0 0 0 3. 8 3 0 3. 9 1 7

O ut si d e Di m e n si o n s 6. 0 7 8 3. 9 1 1 4. 3 2 3

T o c o m p ut e t h e t y pi c al w ei g ht of w ast e c o nt e nt c o nt ai n e d wit hi n a B -2 5 b o x, d e nsit y d at a pr o vi d e d 
b y P hif er a n d Wil hit e ( 2 0 0 1) w as e m pl o y e d.  A l ar g e n u m b er of B -2 5 b o x es h a v e b e e n w ei g h e d 
a n d t h e r es ulti n g d at a, as r e p ort e d i n t er ms of u n c o m p a ct e d d e nsiti es b y P hif er a n d Wil hit e ( 2 0 0 1), 
ar e s u m m ari z e d i n T a bl e E - 2.

T a bl e E - 2. M e as u r e d w ei g ht of w ast e c o nt ai n e d wit hi n B -2 5 b o x es.

E T / L A W V C o nt ai n er 
C at e g or y

N u m b er 
of B o x e s 
i n S a m pl e

A v er a g e 
D e n sit y
(g / ml)

St a n d ar d 
D e vi ati o n

(g / ml)

Mi ni m u m 
D e n sit y
(g / ml)

M a xi m u m 
D e n sit y
(g / ml)

M e di a n 
D e n sit y
(g / ml)

A v er a g e 
W ei g ht

( g)

S R S U n c o m p a ct e d B -2 5 
B o x es

3 7 6 7 1. 6 7 3 E -0 1 1. 2 9 1 E -0 1 3. 0 2 4 E -0 3 1. 1 8 3 E + 0 0 1. 3 5 7 E -0 1 4. 2 6 4 E + 0 5

Gi v e n t h e a v er a g e w ast e d e nsit y a n d t h e n o mi n al i nsi d e v ol u m e of a t y pi c al B -2 5 b o x, t h e a v er a g e 
w ei g ht ( g) of w ast e c o nt e nt is als o pr o vi d e d i n T a bl e E- 2 .  As t h e d at a i n T a bl e E - 2 i n di c at es, a n 
a p pr o xi m at el y 7 7 % v ari ati o n i n w ast e w ei g ht w as o bs er v e d (i. e., at t h e o n e -si g m a l e v el).  T h e 
a v er a g e v al u e is c h os e n h er e si n c e a l ar g e n u m b er of B -2 5 b o x es ( as s h o w n i n T a bl e E- 3 ) i s 
r e q uir e d t o fill u p a n y gi v e n D U a n d as st at e d bel o w ot h er c o ns er v ati v e ass u m pti o ns ar e c o nsi d er e d.

T a bl e E- 3 . M a xi m u m n u m b e r of B-2 5 b o x es t h at c a n b e b u ri e d wit hi n a D U b y D U t y p e.

D U T y p e
M a x N u m b er 
of B -2 5 B o x e s

E n gi n e er e d Tr e n c h 1 7, 3 4 7

Slit Tr e n c h 1 7, 1 4 3

CI G Tr e n c h
( c urr e nt l o a di n g)

4, 5 4 9

L A W V a ult 1 2, 2 2 1

B y m a ki n g t h e c o ns er v ati v e ass u m pti o ns t h at:

• e v er y p a c k a g e e nt eri n g a gi v e n D U c o nt ai ns t h e m a xi m u m a m o u nt of a s p e cifi c 
r a di o n u cli d e (i. e., a n u p p er b o u n d esti m at e of t h e w ei g ht fr a cti o n wit hi n a B -2 5 b o x 
c orr es p o n di n g t o a s p e cifi c r a di o n u cli d e is i m p os e d); a n d

• t h e m a xi m u m n u m b er of B-2 5 b o x es ar e pl a c e d wit hi n a t his gi v e n D U; t h e n

a n u p p er li mit o n t h e a m o u nt of a s p e cifi c r a di o n u cli d e t h at c a n e xist wit hi n a gi v e n D U c a n b e 
esti m at e d.  R a di o n u cli d e w ei g ht li mits i m p os e d o n all D Us t h at r o uti n el y a c c e pt B -2 5 b o x es (i. e., 
tr e n c h es a n d L A W V) h a v e b e e n c o m p ut e d f or t h e ori gi n al list of 1, 2 5 2 r a di o n u cli d es.  D et ails o n 
t h e w ei g ht li mits ar e dis c uss e d b el o w.
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E.1 Package Weight Limits
For each GW screening DU model (i.e., generic Trench and LAWV), inventory limits based on 
weight can be computed for each radionuclide of interest, by the following equations:

wt
DU,i sp,i DU,iI A W= (E-1)

given

DU,i i DUW X W= (E-2a)

DU DU B25W N W= (E-2b)

where
wt
DU,iI ....................Weight-based inventory limit for radionuclide i for a specific DU 

type (Ci)
sp,iA ....................Specific activity for radionuclide i (Ci/g)

DUN ....................Maximum number of B-25 boxes within a specific DU type (-)

DUW ....................Total weight of waste only within a given DU type (g)

DU,iW ..................Total weight of radionuclide i within a given DU type (g)

B25W ...................Total allowed weight of waste only within a B-25 box (g)

iX ........................Weight fraction of radionuclide i within a B-25 box (-)

In the above equations the weight fraction assumed for radionuclide i within a given B-25 box (Xi) 
must be established.  To estimate this weight-fraction a series of runs were made where assumed 
values were employed to compute inventory limits by Eq. (E-1) for each of the 1,252 radionuclides 
for both the trench and LAWV models.  These limits were then compared to the 177-radionuclide 
list given by Sink’s (2016) 2040 projection inventory limits (note that for the trench the maximum 
value taken from all of the trenches was employed).  The results from this study were then used to 
create a histogram plot as shown in Figure E-1.
As Figure E-1 indicates, over 99% of Sink’s 2040 inventory projections have weight fractions less 
than 0.01%.  There is little difference between the trench results and the LAWV results.  Therefore, 
the recommended weight fraction for all 1,252 radionuclides and both DU types is set to 0.01%.
Based on Eq. (E-1) and using the weight faction of 0.01% 1,252 weight-based inventories were 
computed for the trench and the LAWV GW screening models.  The total number of B-25 boxes 
used for each DU type have been highlighted in orange in Table E-3.  The maximum number of 
B-25 boxes for a ST was chosen to represent the trench value. It is conservative with respect to 
ETs, and the CIG value shown only applies to the existing CIG components since no new CIG 
components are planned.
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Figure E-1. Histogram plot of weight-based inventory limit versus Sink (2016) 2040 
projection.

These computed factors (2x1,252) are maintained within an Excel Spreadsheet that was placed in 
a key secure PA2022 folder.



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

F -1

A p p e n di x F. Mi ni m u m T r a v el Ti m es f r o m W ast e Z o n e t o 1 0 0 -m P O A

Wit hi n t h e m et h o d ol o g y e m pl o y e d t o p erf or m a N C R P “li k e ” G W s cr e e ni n g a n al ysis ( N C R P, 
1 9 9 6), a r a n g e of “ b a k e ” ti m es ar e us e d.  F or e a c h b a k e ti m e t h e i niti all y b uri e d w ast e i n v e nt or y 
f or a p arti c ul ar p ar e nt n u cli d e is all o w e d t o d e c a y, b uil di n g u p its pr o g e n y wit h i n its d e c a y c h ai ns, 
w hil e n o l e a c hi n g o ut of t h e w ast e z o n e is c o nsi d er e d.  Als o, t h e N C R P m et h o d ol o g y ass u m es a 
c o nst a nt i nfiltr ati o n r at e a p pli es o v er all ti m e p eri o ds.  T o a c c o u nt f or t h e a ct u al ti m e v ari ati o n of 
i nfiltr ati o n r at es ( d u e t o h o w s urf a c e c o n diti o ns ar e c h a n gi n g: u n c o v er e d v ers us c o v er e d a n d t h e n 
c o v er d e gr a d ati o n), a r a n g e of diff er e nt fi x e d v al u e s of i nfiltr ati o n r at e s ar e c o nsi d er e d.

F or e a c h E -Ar e a D U t h er e is a mi ni m u m a m o u nt of ti m e r e q uir e d f or G W tr a ns p ort t o t a k e pl a c e 
fr o m l e a vi n g t h e w ast e z o n e a n d t h e n r e a c hi n g t h e d o w nstr e a m 1 0 0-m P O A.  T his mi ni m u m 
a m o u nt of ti m e c a n b e esti m at e d b as e d o n t h e tr a ns p ort of a n o n -diff usi n g c o ns er v ati v e tr a c er (i. e., 
n o n- a bs or bi n g a n d n o n -d e c a yi n g s p e ci es).  T h es e mi ni m u m tr a v el ti m es ar e m a d e u p of t w o 
c o ntri b uti o ns:

• Tr a ns p ort ti m e t hr o u g h t h e v a d os e z o n e ( V Z ) (i. e., fr o m b ott o m of W Z t o s urf a c e of w at er 
t a bl e); a n d

• Tr a ns p ort ti m e t hr o u g h t h e a q uif er (i. e., fr o m s urf a c e of w at er t a bl e t o t h e 1 0 0 -m P O A).

T h e v ari o us as p e cts ass o ci at e d wit h c o m p uti n g t h es e mi ni m u m tr a ns p ort ti m es is pr o vi d e d b el o w.

F. 1  V a d os e Z o n e Mi ni m u m T r a ns p o rt Ti m es

Wit hi n t h e V Z, b e n e at h m ost E-Ar e a D Us, t h er e is b ot h s a n d a n d cl a y l a y ers pr es e nt.  T h e p or e 
v el o citi es t hr o u g h t h es e m at eri al l a y ers c a n b e e x pr ess e d as:

( )
D ar c y

S a n d
S a n d w S a n d

U I
u

S
= =

α φ
( F-1 a)

( )
D ar c y

Cl a y
Cl a y w Cl a y

U I
u

S
= =

α φ
( F-1 b)

w h er e

iu .........................P or e v el o cit y of G W t hr o u g h m at eri al i ( c m/ yr)

D ar c yU .................V Z D ar c y v el o cit y ( c m/ yr)

I ..........................S urf a c e I nfiltr ati o n ( c m/ yr)

iα ........................V oi d fr a cti o n of m at eri al i wit hi n t h e V Z ( -)

iφ ......................... P or osit y of m at eri al i (-)

w, iS ......................W at er s at ur ati o n of m at eri al i wit hi n t h e V Z ( -)

T h e t ot al tr a v el ti m e t hr o u g h t h e V Z c a n b e c o m p ut e d b as e d o n t h e a b o v e e q u ati o ns as:

D U D U
V Z S a n d Cl a y

w wS a n d Cl a y

z z
t t t I

S S

    ∆ ∆
 ∆ ≡ ∆ + ∆ = +   

φ φ     

( F-2)

w h er e
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. D U ,iz∆ . ...............V erti c al dist a n c e t hr o u g h m at eri al i wit hi n a s p e cifi c D U ( c m)

it∆ ....................... Tr a v el ti m e t hr o u g h m at eri al i ( yr)

V Zt∆ ....................Tr a v el ti m e t hr o u g h V Z f or a s p e cifi c D U ( yr)

A s eri es of V Z P O R F L O W r u ns w er e m a d e w h er e t h e i nfiltr ati o n r at e w as v ari e d o v er t h e e ntir e 
r a n g e e x p e ct e d d uri n g E-Ar e a o p er ati o ns a n d t o t h e e n d of P O P .  A v er a g e v al u es of w at er 
s at ur ati o n wit hi n b ot h t h e S a n d y a n d Cl a y e y m at eri al w er e c o m p ut e d al o n g wit h t h e c orr es p o n di n g 
p or e v el o citi es as s h o w n i n T a bl e F- 1.  T h e i nfiltr ati o n r at es list ed i n T a bl e F- 1 r a n g e fr o m t h e 
l o w est v al u e pr es e nti n g a c o v er e d D U u p t o t h e hi g h est v al u e t h at sli g htl y e x c e e ds t h e esti m at e d 
a v er a g e y e arl y u n c o v er e d v al u e of 4 0 c m/ yr.  T his u n c o v er e d i nfiltr ati o n r at e is b as e d o n o bs er v e d 
a n d pr e di ct e d v al u es as dis c uss e d i n M c D o w ell -B o y er et al. ( 2 0 0 0, s e e S e cti o n C. 1. 1. 1).

T a bl e F- 1 . P O R F L O W-b as e d v a d o z e z o n e w at e r s at u r ati o n a n d p o r e v el o cit y v al u es.

I nfiltr ati o n 
R at e

( c m / yr)

W at er 
S at ur ati o n 
( S A N D Y)

W at er 
S at ur ati o n 
( C L A Y E Y)

S a n d P or e 
V el o cit y 
( c m / yr)

Cl a y P or e 
V el o cit y 
( c m / yr)

0. 0 0 3 5 0. 6 3 6 0 0. 7 6 3 0 0. 0 1 4 0. 0 1 2

0. 0 2 2 0. 6 1 2 4 0. 7 4 1 8 0. 0 9 2 0. 0 7 6

1 0. 0 2 0. 6 3 3 3 0. 7 5 9 8 4 0. 5 6 8 3 3. 8 1 4

2. 2 0. 6 6 0 0 0. 7 9 0 5 8. 5 4 6 7. 1 3 6

2 2 0. 7 2 2 6 0. 8 5 9 2 7 8. 0 6 1 6 5. 6 5 5

4 0. 5 0. 7 7 0 0 0. 9 0 5 0 1 3 4. 8 6 5 1 1 4. 7 4 7

T h e v erti c al tr a v el dist a n c es ar e D U s p e cifi c ( B a g w ell a n d B e n n ett 2 0 1 7 ) a n d ar e list e d i n 
T a bl e F- 2.

T a bl e F - 2. T r a v el dist a n c es t h r o u g h s a n d a n d cl a y o n a dis p os al u nit b asis.

Di s p o s al U nit
( ol d n a mi n g)

Di s p o s al U nit
( n e w n a mi n g)

A v g D e pt h 
t o W T (ft)

W Z t o W T 
d e pt h (ft)

A v g S a n d 
T hi c k n e s s 

(ft)

A v g Cl a y 
T hi c k n e s s 

(ft)

S T 0 8 S T 0 8 7 5. 8 0 5 5. 8 0 4 4. 6 1 1 1. 2 0

S T 0 9 S T 0 9 7 8. 0 5 5 8. 0 5 4 4. 2 3 1 3. 8 3

S T 1 0 S T 1 0 7 7. 0 6 5 7. 0 6 4 2. 8 8 1 4. 1 9

S T 1 1 S T 1 1 7 5. 4 2 5 5. 4 2 4 2. 9 5 1 2. 4 7

E T 0 4 E T 0 4 7 5. 1 8 5 5. 1 8 4 3. 7 3 1 1. 4 6

S T 0 1 S T 0 1 7 6. 3 2 5 6. 3 2 4 3. 6 3 1 2. 6 8

S T 0 2 S T 0 2 7 6. 5 9 5 6. 5 9 4 5. 3 1 1 1. 2 9

S T 0 3 S T 0 3 7 2. 9 3 5 2. 9 3 4 5. 2 3 7. 7 0

E T 0 3 E T 0 3 7 2. 1 4 5 2. 1 4 4 5. 0 1 7. 1 3

S T 0 4 S T 0 4 6 8. 6 1 4 8. 6 1 4 2. 9 0 5. 7 0

CI G 1 S T 2 3 6 4. 3 1 4 4. 3 1 4 0. 2 2 4. 0 9

CI G 2 S T 2 4 6 1. 1 4 4 1. 1 4 3 9. 2 1 1. 9 3

S T 0 5 S T 0 5 5 9. 7 3 3 9. 7 3 3 7. 8 5 1. 8 8

S T 0 6 S T 0 6 5 8. 2 5 3 8. 2 5 3 5. 1 7 3. 0 8

S T 0 7 S T 0 7 5 5. 4 6 3 5. 4 6 3 2. 8 4 2. 6 2

E T 0 1 E T 0 1 5 7. 6 4 3 7. 6 4 2 0. 8 8 1 6. 7 6

S T 1 4 S T 1 4 5 5. 0 4 3 5. 0 4 1 9. 5 7 1 5. 4 6

S T 1 5 E T 0 5 5 0. 8 0 3 0. 8 0 2 0. 6 1 1 0. 1 9

S T 1 6 E T 0 6 4 6. 1 2 2 6. 1 2 1 5. 5 6 1 0. 5 7
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Disposal Unit
(old naming)

Disposal Unit
(new naming)

Avg Depth 
to WT (ft)

WZ to WT 
depth (ft)

Avg Sand 
Thickness 

(ft)

Avg Clay 
Thickness 

(ft)
ST17 ST17 49.18 29.18 15.84 13.35
ST18 ST18 48.13 28.13 15.95 12.18
ST19 ST19 49.33 29.33 16.05 13.29
ST20 ST20 48.70 28.70 16.10 12.59
ST21 ST21 49.75 29.75 17.12 12.63
ST22 ST22 49.75 29.75 17.12 12.63
ET02 ET02 47.87 27.87 21.98 5.89
ET07 ET07 65.20 45.20 40.07 5.14
ET08 ET08 65.38 45.38 40.29 5.09
ET09 ET09 58.86 38.86 33.07 5.79

LAWV LAWV 45.50 45.50 35.12 10.38
ILV ILV 53.48 53.48 40.56 12.92

NR26E NR26E 74.94 74.94 65.01 9.93
NR7E NR7E 62.82 62.82 50.20 12.62

Given the above parameter settings travel time through the VZ for each DU over a range in 
infiltration rates were computed and are listed in Table F-3.  The travel times through the aquifer 
are also provided in the last column.  These travel times correspond to conditions where E-Area 
was uncovered and reflect the more conservative estimates.

Table F-3. Travel times through vadose zone and aquifer on a disposal unit basis for a 
range of infiltration rates.

I (cm/yr) = 0.0035 0.022 10.02 2.2 22 40.5 Uncovered

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

Aq Travel 
Time (yr)

ST08 125371 19249 44 207 23 13.1 5.7
ST09 131357 20176 46 217 24 13.7 5.8
ST10 129379 19874 45 214 23 13.5 5.7
ST11 125083 19210 44 206 23 13.0 7.1
ET04 124145 19062 43 205 22 12.9 12.1
ST01 127115 19522 44 210 23 13.2 7.4
ST02 127114 19516 44 210 23 13.2 8.1
ST03 117661 18055 41 194 21 12.3 8.0
ET03 115700 17752 40 191 21 12.1 5.1
ST04 107449 16482 37 177 19 11.2 8.7
ST23 97466 14947 34 161 18 10.2 8.6
ST24 89697 13749 31 148 16 9.4 8.8
ST05 86624 13278 30 143 16 9.1 9.8
ST06 83944 12872 29 139 15 8.8 11.6
ST07 77726 11917 27 128 14 8.1 10.8
ET01 88527 13626 31 146 16 9.2 15.8
ST14 82348 12674 29 136 15 8.5 12.5
ET05 70924 10904 25 117 13 7.4 14.5
ET06 60988 9383 21 101 11 6.3 14.4
ST17 68790 10589 24 113 12 7.1 14.7
ST18 66016 10160 23 109 12 6.8 15.8
ST19 69092 10635 24 114 12 7.2 16.9
ST20 67426 10377 23 111 12 7.0 19.9
ST21 69709 10727 24 115 13 7.2 25.7



SRNL-STI-2020-00566
Revision 0

F-4

I (cm/yr) = 0.0035 0.022 10.02 2.2 22 40.5 Uncovered

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

VZ Travel 
Time (yr)

Aq Travel 
Time (yr)

ST22 69709 10727 24 115 13 7.2 29.5
ET02 62743 9634 22 104 11 6.5 11.8
ET07 99859 15318 35 165 18 10.4 4.2
ET08 100222 15373 35 165 18 10.5 3.9
ET09 86435 13264 30 143 16 9.0 3.8

LAWV 102760 15782 36 170 19 10.7 13.6
ILV 121094 18600 42 200 22 12.6 10.8

NR26E 166159 25493 58 274 30 17.3 6.6
NR7E 141139 21670 49 233 25 14.7 7.0

F.2  Aquifer Minimum Transport Times
A GSA2018 PORFLOW-based aquifer flow model exists (Flach 2018) where four cutouts were 
created for computing aquifer travel times for each DU (i.e., includes all closed, open, or future 
units) within E-Area.  Both uncovered and E-Area covered flow models were considered.  No 
transport analyses are required.  Only 3D streamtracing analysis was required and was performed 
within TecPlot.  The four aquifer cutouts employed were:

 -  Center (CIG1, CIG2, ST01, ST02, ST03, ST04, ST05, ST06, ST07)
 -  East1 (ET01, ET02, LAWV, ST14, ST15, ST16, ST17, ST18, ST19, ST20, ST21, ST22)
 -  East2 (NRCDA-7E, NRCDA-26E)
 -  West (ET03, ET04, ET07, ET08, ET09, ILV, NRCDA26E, ST08, ST09, ST10, ST11)

The 3D streamtraces generated in TecPlot for each DU within these four cutouts are shown in 
Figure F-1 through Figure F-4.
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Figure F-1. 3D streamtraces for DUs within the Center cutout.

Figure F-2. 3D streamtraces for DUs within the East1 cutout.
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Fi g u r e F- 3 . 3 D st r e a mt r a c es f o r D Us wit hi n t h e E ast 2 c ut o ut.

Fi g u r e F- 4 . 3 D st r e a mt r a c es f o r D Us wit hi n t h e W est c ut o ut.

T h e t ot al tr a v el ti m e t o t h e 1 0 0 -m P O A c a n b e c o m p ut e d b as e d o n:

T ot V Z A qt t t∆ = ∆ + ∆ ( F-3)

w h er e

T ott∆ ....................T ot al tr a v el ti m e f or a s p e cifi c D U ( yr)

V Zt∆ ....................Tr a v el ti m e t hr o u g h V Z f o r a s p e cifi c D U ( yr)

A qt∆ ....................Tr a v el ti m e t hr o u g h A q uif er f or a s p e cifi c D U ( yr)

T h e A q uif er tr a v el ti m es f or e a c h D U ar e list e d i n T a bl e F- 3 .  B as e d o n E q. ( F-3) t h e t ot al tr a v el 
ti m e (i. e., mi ni m u m ti m e) fr o m t h e b ott o m of a W Z t o t h e 1 0 0-m P O A is list e d i n T a bl e F- 4 .  T h e 
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mi ni m u m v al u es a cr oss all of t h e t r e n c h u nits is als o h ei g ht e d i n or a n g e i n T a bl e F- 4 a n d f or t h e 
N R C D A D Us i n c y a n.

T a bl e F- 4 . T ot al t r a v el ti m es o n a dis p os al u nit b asis f o r a r a n g e of i nfilt r ati o n r at es.

I ( c m / yr) = 0. 0 0 3 5 1 0. 0 2 4 0. 5

Di s p o s al U nit
( n e w n a mi n g)

T ot al Tr a v el 
Ti m e ( yr)

T ot al Tr a v el 
Ti m e ( yr)

T ot al Tr a v el 
Ti m e ( yr)

S T 0 8 1 2 5 3 7 6 4 9 1 8. 8

S T 0 9 1 3 1 3 6 3 5 1 1 9. 5

S T 1 0 1 2 9 3 8 5 5 1 1 9. 2

S T 1 1 1 2 5 0 9 0 5 1 2 0. 1

E T 0 4 1 2 4 1 5 7 5 5 2 5. 0

S T 0 1 1 2 7 1 2 3 5 2 2 0. 6

S T 0 2 1 2 7 1 2 2 5 2 2 1. 3

S T 0 3 1 1 7 6 6 9 4 9 2 0. 3

E T 0 3 1 1 5 7 0 5 4 5 1 7. 2

S T 0 4 1 0 7 4 5 8 4 6 1 9. 9

S T 2 3 9 7 4 7 5 4 3 1 8. 8

S T 2 4 8 9 7 0 5 4 0 1 8. 2

S T 0 5 8 6 6 3 4 4 0 1 8. 9

S T 0 6 8 3 9 5 5 4 1 2 0. 4

S T 0 7 7 7 7 3 7 3 8 1 8. 9

E T 0 1 8 8 5 4 3 4 7 2 5. 0

S T 1 4 8 2 3 6 1 4 1 2 1. 0

E T 0 5 7 0 9 3 9 3 9 2 1. 9

E T 0 6 6 1 0 0 2 3 6 2 0. 7

S T 1 7 6 8 8 0 5 3 9 2 1. 8

S T 1 8 6 6 0 3 2 3 9 2 2. 6

S T 1 9 6 9 1 0 9 4 1 2 4. 1

S T 2 0 6 7 4 4 6 4 3 2 6. 9

S T 2 1 6 9 7 3 5 5 0 3 2. 9

S T 2 2 6 9 7 3 9 5 4 3 6. 7

E T 0 2 6 2 7 5 5 3 4 1 8. 3

E T 0 7 9 9 8 6 3 3 9 1 4. 6

E T 0 8 1 0 0 2 2 6 3 9 1 4. 4

E T 0 9 8 6 4 3 9 3 4 1 2. 8

L A W V 1 0 2 7 7 4 4 9 2 4. 3

I L V 1 2 1 1 0 5 5 3 2 3

N R 2 6 E 1 6 6 1 6 5 6 4 2 4

N R 7 E 1 4 1 1 4 6 5 6 2 2

F or G W s cr e e ni n g p ur p os es o nl y t hr e e of t h e si x i nfiltr ati o n r at es ar e b ei n g e m pl o y e d (i. e., 0. 0 0 3 5, 
1 0. 2, a n d 4 0. 5 c m/ yr).  T h es e t hr e e v al u es c o v er t h e e ntir e r a n g e a n d ar e b as e d o n:

• 0. 0 0 3 5 c m/ y r – r e pr es e nts a n i nt a ct c o v er;
• 1 0. 2 c m/ y r – r e pr es e nts a n a v er a g e v al u e o v er t h e e ntir e C P; a n d
• 4 0. 5 c m/ y r – r e pr es e nts u n c o v er e d n at ur al c o n diti o ns.

T h e r e c o m m e n d e d v al u es f or e a c h G W s cr e e ni n g m o d el ar e list e d i n T a bl e F- 5.
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Table F-5. Recommended minimum total travel times for the Tier-1 screening models for a 
range of infiltration rates.

I (cm/yr) = 0.0035 10.02 40.5

Tier-1 GW 
Screening 

Model

Total Travel 
Time (yr)

Total Travel 
Time (yr)

Total Travel 
Time (yr)

Trench 61002 34 12.8

ILV 121105 53 23

LAWV 102774 49 24

NRCDA 141146 56 22
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A p p e n di x G . A q uif e r Dil uti o n As p e cts

C o nt a mi n a nt tr a ns p ort f or a s p e cifi c D U tr a v els ess e nti all y v erti c all y d o w n w ar d s t hr o u g h t h e V Z 
a n d e n ds u p r e a c hi n g t h e t o p s urf a c e of t h e w at er t a bl e dir e ctl y u n d er n e at h t his D U’s f o ot pri nt
( n ot e t h at o nl y a sli g ht d o w n gr a di e nt drift of c o nt a mi n a nt o c c urs wit hi n t h e c a pill ar y fri n g e or 
“tr a nsiti o n ” r e gi o n) .  T h e c o nt a mi n a nt fl u x (i. e., v ol u m etri c fl o wr at e ti m es its li q ui d-p h as e 
c o n c e ntr ati o n) l o c all y mi x es wit h t h e a q uif er a n d is t h e n c arri e d d o w nstr e a m t o w ar ds t h e 1 0 0 -m 
P O A.  D uri n g its tr a v el its pl u m e dis p ers es r es ulti n g i n a p ot e nti all y si g nifi c a nt r e d u cti o n i n 
c o n c e ntr ati o n v al u es.  T his r e d u cti o n i n c o n c e ntr ati o n is r ef err e d t o i n t his r e p ort as a Dil uti o n 
F a ct or ( D F).  T h e e q u ati o ns r e q uir e d t o c o m p ut e t h e m a g nit u d e of a q uif er dil uti o n is pr o vi d e d 
wit hi n t h e n e xt s e cti o n, w hil e t h e f oll o wi n g s e cti o n pr es e nts t h e a p pli c ati o n of t h es e e q u ati o ns t o 
e v er y D U wit hi n E -Ar e a.

G . 1  D e ri v ati o n of E q u ati o ns a n d R es ults f o r Esti m ati n g A q uif e r Dil u ti o n

F oll o wi n g t h e b asi c N C R P 1 2 3 m et h o d ol o g y, a si m pl e 2 -b o x m o d eli n g d o m ai n is c o nsi d er e d as 
s h o w n i n Fi g ur e 1 (i. e., a 2 D v erti c al sli c e t hr o u g h t h e D U).  I n t h e 2-b o x m o d el t h e v a d os e z o n e 
is n ot a d dr ess e d e x pli citl y.  N ot ati o n e m pl o y e d b el o w is c o nsiste nt wit h A p p e n di x A a n d 
A p p e n di x B.

Fi g u r e G- 1 . M o d el d o m ai n ( w ast e z o n e pl us a q uif e r) f o r t h e b asi c N C R P 1 2 3 2 -b o x m o d el .

N ot e t h at t h e fl o wr at e e nt eri n g t h e a q uif er fr o m t h e D U f o ot pri nt r e pr es e nts a str e a mt u b e as s h o w n 
i n Fi g ur e G- 1 b y t w o bl u e str e a mli n es e m a n ati n g d o w n (i. e., t o w ar ds t h e ulti m at e dr ai n a g e s e e p a g e 
f a c e) fr o m t h e t w o D U f o ot pri nt e d g es.  T h e or a n g e s h a d e d r e gi o n r e pr es e nts t h e pl u m e w h er e 
l at er al dis p ersi o n all o ws it t o e xt e n d o ut b e y o n d t h e str e a mt u b e.  T h e a q uif er fl o w ass o ci at e d wit h 
t h e dil uti o n pr o c ess (i. e., mi xi n g) c o m es i nt o t h e “ a q uif er v ol u m e ass o ci at e d wit h t h e dil uti o n 
pr o c ess ” fr o m t w o diff er e nt s o ur c es ( as s h o w n i n Fi g ur e G- 1 ):

• Cl e a n u pstr e a m a q uif er w at er; a n d
• Cl e a n r ai n w at er d o w nstr e a m of t h e D U f o ot pri nt u p t o t h e P O A.
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T h e v ari o us w at er s o ur c es b ei n g c o nsi d er e d ar e s h o w n i n Fi g ur e G- 1 wit h a c c o m p a n yi n g bl a c k 
arr o ws (i. e., v ol u m etri c fl o wr at es Q wit h t h e s u bs cri pts I, a q, P O A, a n d p).

T h e t w o t ot al m ol ar b al a n c e (i. e., tr a ns p ort) e q u ati o ns f or b o x -1 (i. e., w ast e z o n e) a n d b o x -2 (i. e., 
a q uif er z o n e) b e c o m e:

( b o x- 1)
j 1

1 e 1, j
ji i 1 e 1, i j 1 e 1, j I w 1 ,j

i 1

d( V c )
b V c V c Q c

dt

−

=

= λ − λ −∑ ( G- 1)

( b o x- 2)
j 1

2 e 2, j
ji i 2 e 2 ,i j 2 e 2 ,j I w1, j PO A p w 2, j

i 1

d( V c )
b V c V c Q c Q Q c

dt

−

=

 = λ − λ + − + ∑ ( G- 2)

A p pl yi n g t h e d efi niti o ns as pr o vi d e d i n A p p e n di x A , E qs. ( G-1) a n d ( G -2 2) c a n b e f urt h er 
e x pr ess e d as:

( b o x- 1)
j 1

1, j
ji i 1,i j 1,j 1 2, j 1,j

i 1

d( N )
b N N L N

dt

−

=

= λ − λ −∑ ( G- 3)

( b o x- 2)
j 1

2, j PO A p
ji 2,i j 2,j 1 2, j 1,j 2, j

2 2 ,j 2i 1

d( N ) Q Q
b N N L N N

dt R V

−

=

 +
= − λ + −  

φ  
∑ ( G- 4)

As s h o w n i n Fi g ur e G - 1, a n o v er all a q uif er w at er b al a n c e b e c o m es:

2 2
a q I p P O A

d( V )
Q Q Q Q

dt

φ
 = + − +  ( G- 5)

w h er e t h e a q uif er is ass u m e d t o b e f ull y s at ur at e d a n d

w h er e

2V -  a q uif er dil uti o n v ol u m e ass o ci at e d wit h t h e dil uti o n pr o c ess ( m 3 )

a qQ -  a q uif er dil uti o n fl o wr at e ass o ci at e d wit h t h e dil uti o n pr o c ess ( m 3 / yr)

-  i nfiltr ati o n fl o wr at e ass o ci at e d wit h t h e D U of i nt er est ( m3 / yr)

pQ -  w ell p u m pi n g fl o wr at e f or a r e c e pt or l o c at e d at t h e 1 0 0 -m P O A ( m 3 / yr)

P O AQ -  a q uif er fl o wr at e wit hi n pl u m e b e y o n d t h e 1 0 0 -m P O A c urt ai n ( m 3 / yr)

N ot e t h at t h e a q uif er v ol u m e b ei n g c o nsi d er e d i n E q. ( G -5) r e pr es e nts t h e st e a d y-st at e tr a c er pl u m e 
as s h a d e d i n or a n g e i n Fi g ur e G- 1 .  F urt h er, if w e als o ass u m e t h at t h e p ot e nti al f or 
e x p a nsi o n/ c o ntr a cti o n of t h e a q uif er ( e. g. , r aisi n g or l o w eri n g of t h e w at er t a bl e) ar e mi ni m al t h e n:

P O A p a q IQ Q Q Q+ ≈ + ( G- 6)

M a ki n g us e of t h e a b o v e ass u m pti o ns, E q. ( G -4) b e c o m es:

( b o x- 2)
j 1

2, j F I
ji 2,i j 2,j 1 2, j 1,j 2, j

2 2 ,j 2i 1

d( N ) D Q
b N N L N N

dt R V

−

=

 
= − λ + −  

φ  
∑ ( G- 7)

gi v e n
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a q I

F

I

Q Q
D

Q

+ 
≡  

 
( G- 8)

A si m pl e st e a d y -st at e tr a c er m ass b al a n c e, c o nsist e nt wit h t h e Fi g ur e G- 1 n o m e n cl at ur e, c a n b e 
e x pr ess e d as:

a q a q I PO A pI PO A
Q c Q c Q Q c + = +  ( G- 9)

w h er e

a qc -  ass u m e d t o b e z er o (i. e., cl e a n u pstr e a m a q uif er) ( g m ol/ m 3 )

I
c -  a v er a g e tr a c er c o n c e ntr ati o n fr o m D U at t h e s urf a c e of t h e w at er t a bl e ( g m ol/ m 3 )

P O A
c -  a v er a g e tr a c er c o n c e ntr ati o n at t h e 0 0- m P O A ( g m ol/ m 3 )

M a ki n g us e of E q. ( G -6), w hil e ass u mi n g a cl e a n u pstr e a m a q uif er a n d t h e P O A a n d p u m pi n g 
c o n c e ntr ati o ns b ei n g a p pr o xi m at el y e q ui v al e nt, yi el ds:

I aq I
F

I P O A

Q Q c
D

Q c

 + ≈ = ( G- 1 0)

As E q. ( G -1 0) i n di c at es, t h e dil uti o n f a ct or is r el at e d t o b ot h mi xi n g v ol u m es a n d st e a d y -st at e 
tr a c er c o n c e ntr ati o ns.  S ol uti o n of t h e c o u pl e d s et of E qs. ( G-3) a n d ( G -7) ar e r e q uir e d.  H o w e v er, 
t hr e e p ar a m et ers t h at ar e n ot e x pli citl y d efi n e d ar e:

2V -  a q uif er dil uti o n v ol u m e ass o ci at e d wit h t h e dil uti o n pr o c ess ( m 3 )

a qQ -  a q uif er dil uti o n fl o wr at e ass o ci at e d wit h t h e dil uti o n pr o c ess ( m 3 / yr)

FD -  a q uif er dil uti o n f a ct or ass o ci at e d wit h e a c h D U of i nt er est ( -)

F or e a c h D U wit hi n E -Ar e a ( i. e., 3 3 i n t ot al), a q uif er 3 D P O R F L O W st e a d y-st at e tr a c er tr a ns p ort 
r u ns w er e m a d e b as e d o n ( as dis c uss e d wit hi n t his a p p e n di x):

• A c o nst a nt tr a c er s o ur c e b ei n g a p pli e d at e a c h D U i n di vi d u all y;
• S o ur c e str e n gt h w as s et s u c h t h at t h e p e a k tr a c er c o n c e ntr ati o n at t h e 1 0 0 -m P O A yi el d e d 

a c o n c e ntr ati o n v al u e of 1 x 1 0 - 8 g m ol/ L;
• A q uif er fl o w fi el ds f or a c o m pl et el y u n c o v er e d v ers us a fi n al f a cilit y c o v er w er e c o nsi d er e d 

w h er e t h es e fl o w fi el ds w er e o bt ai n e d fr o m t h e G S A 2 0 1 8 P O R F L O W fl o w m o d el ( Fl a c h 
2 0 1 8); a n d

• A q uif er dil uti o n f a ct ors a n d dil uti o n v ol u m es w er e c o m p ut e d f or e a c h D U.

T h e d et ails ass o ci at e d wit h c o m p uti n g t h e a q uif er dil uti o n f a ct or a n d t h e g e o m etri c al esti m at e of 
t h e a q uif er dil uti o n v ol u m e i n v ol v e d i n t h e o v er all dil uti o n pr o c ess ar e pr o vi d e d wit hi n t h e 
f oll o wi n g s e cti o n.

T h e dil uti o n f a ct or c a n b e c o m p ut e d fr o m E q. ( G -1 0) b as e d o n P O R F L O W esti m at e d a v er a g e 
tr a c er c o n c e ntr ati o ns f or e a c h D U.  T h e a q uif er dil uti o n fl o w r at e c a n t h e n b e c o m p ut e d fr o m E q. 
( G-8) o n c e a s p e cifi c i nfiltr ati o n r a t e is s p e cifi e d usi n g:

[ ]a q F IQ 1 D Q= − ( G- 1 1)
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T h us, all t h e p ar a m et er s etti n gs r e q uir e d i n E qs. ( G -3) a n d ( G -7) ar e a v ail a bl e f or e a c h s p e cifi c 
s c e n ari o c as e of i nt er est.

M a ki n g us e of t h e a b o v e ass u m pti o ns, E q. ( G -7) c a n b e r e writt e n as:

( b o x- 2)
j 1

2, j
ji 2,i j 2,j 1 2, j 1,j d, j 2,j

i 1

d( N )
b N N L N w N

dt

−

=

 = − λ + −  ∑ ( G- 1 2)

w h er e

F I F I
d, j

2 2 ,j 2 2 2, j 2 2 2 ,j

D Q D Q1
w

R V R V R

        η
= = =       

φ φ φ             
( G- 1 3)

I n E q. ( G - 1 3) a dil uti o n ti m e c o nst a nt h as b e e n d efi n e d as:

F I

2

D Q

V

 
η =  

 
( G- 1 4)

w h er e
η -  a q uif er dil uti o n ti m e c o nst a nt ass o ci at e d wit h e a c h D U of i nt er est ( yr -1 )

G. 2  A q uif e r Dil uti o n F a ct o r R es ults

N ot e t h at t h e n a mi n g c o n v e nti o n f or D Us h a v e c h a n g e d s o m e si n c e t h e P A 2 0 0 8 d u e t o u nit 
c o n v ersi o ns a n d a d diti o n al u nit s a d d e d.  T o h el p eli mi n at e c o nf usi o n as t o w hi c h D U is b e i n g 
a d dr ess e d , b ot h t h e ol d a n d n e w n a mi n g c o n v e nti o n is t a b ul at e d i n T a bl e G- 1.

T a bl e G - 1. N e w v e rs us ol d n a mi n g c o n v e nti o n f o r E-A r e a d is p os al u nits.

A G S A 2 0 1 8 P O R F L O W -b as e d a q uif er fl o w m o d el e xists ( Fl a c h 2 0 1 8) w h er e f o ur c ut o uts w er e 
cr e at e d f or c o m p uti n g t h es e D F v al u es f or e a c h D U (i. e., i n cl u d es all cl os e d, o p e n, a n d f ut ur e 
u nits) wit hi n E -Ar e a.  B ot h u n c o v er e d a n d E -Ar e a c o v er e d fl o w m o d els w er e c o nsi d er e d (i. e., o nl y 
s m all diff er e n c es w er e o bs er v e d b et w e e n t h e t w o s urf a c e c o n diti o n c as es) .  P O R F L O W-b as e d 
a q uif er st e a d y-st at e tr a c er r u ns w er e p erf or m e d f o r all D Us b as e d o n t h e f oll o wi n g G S A a q uif er 
fl o w c ut o uts:

• C e nt e r (S T 2 3 , S T 2 4 , S T 0 1, S T 0 2, S T 0 3, S T 0 4, S T 0 5, S T 0 6, S T 0 7)

A q uif e r

C ut o ut

D U

( Ol d N am e)

D U

( Ne w N a m e)

A q uif e r

C ut o ut

D U

( Ol d N am e)

D U

( Ne w N a m e)

A q uif e r

C ut o ut

D U

( Ol d N am e)

D U

( Ne w N a m e)

C e nt e r CI G 1 S T 2 3 E as t 1 E T 0 1 E T 0 1 W e st D U 8 A E T 0 7

C e nt e r CI G 2 S T 2 4 E as t 1 E T 0 2 E T 0 2 W e st D U 8 B E T 0 8

C e nt e r S T 0 1 S T 0 1 E as t 1 L A W V L A W V W e st D U 8 C E T 0 9

C e nt e r S T 0 2 S T 0 2 E as t 1 S T 1 4 S T 1 4 W e st E T 0 3 E T 0 3

C e nt e r S T 0 3 S T 0 3 E as t 1 S T 1 5 E T 0 5 W e st E T 0 4 E T 0 4

C e nt e r S T 0 4 S T 0 4 E as t 1 S T 1 6 E T 0 6 W e st I LV I LV

C e nt e r S T 0 5 S T 0 5 E as t 1 S T 1 7 S T 1 7 W e st N R C D A 2 6 E N R C D A 2 6 E

C e nt e r S T 0 6 S T 0 6 E as t 1 S T 1 8 S T 1 8 W e st S T 0 8 S T 0 8

C e nt e r S T 0 7 S T 0 7 E as t 1 S T 1 9 S T 1 9 W e st S T 0 9 S T 0 9

E as t 1 S T 2 0 S T 2 0 W e st S T 1 0 S T 1 0

E as t 1 S T 2 1( N or t h) S T 2 1 W e st S T 1 1 S T 1 1

E as t 1 S T 2 1( S o ut h) S T 2 2

E as t 2  N R C D A7 E N R C D A 7 E
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• E ast 1 (E T 0 1, E T 0 2, L A W V, S T 1 4, E T 0 5 , E T 0 6 , E T 0 7 , S T 1 8, S T 1 9, S T 2 0, S T 2 1, S T 2 2)
• E ast 2 (N R C D A -7 E )
• W est (E T 0 7 , E T 0 8 , E T 0 9 , E T 0 3, E T 0 4, I L V, N R C D A 2 6 E, S T 0 8, S T 0 9, S T 1 0, S T 1 1 )

F or e a c h D U a u nif or m str e n gt h s o ur c e t er m w as a p pli e d (i. e., c o nst a nt r at e of g m ol/ yr) w h os e 
n u m eri c al v al u e w as s et s u c h t h at t h e “ m a xi m u m ” tr a c er c o n c e ntr ati o n r e a c hi n g t h e 1 0 0 -m P O A 
w as 1 x 1 0 - 8 g m ol/ft 3 ).  F or e x a m pl e, P O R F L O W r es ults ar e s h o w n i n Fi g ur e G- 2 t hr o u g h
Fi g ur e G- 4 f or t he E T 0 4 , I L V, S T 0 2, S T 0 6, E T 0 1, a n d S T 1 8 D Us, r es p e cti v el y (t h es e u nits 
ill ustr at e t h e b asi c pl u m e b e h a vi or t hr o u g h o ut t h e e ntir e E-Ar e a) .

I n e a c h fi g ur e tr a c er c o nt o urs ar e pr o vi d e d at c o n c e ntr ati o n l e v els of 1 x 1 0 - 6, 1 x 1 0 - 7, 1 x 1 0 - 8, 1 x 1 0 -

9 , 1 x 1 0 -1 0 , a n d 1 x 1 0 -1 1 g m ol/ L. T h e 1 x 1 0 - 8 g m ol/ L c o nt o ur r e pr es e nts t h e ar bitr ar y c o n c e ntr ati o n 
li mit a n d t h e s o ur c e str e n gt hs at t h e D U f o ot pri nt w er e s et s u c h t h at t his c o nt o ur j ust t o u c h es t h e 
1 0 0 -m P O A.

Fi g u r e G- 2 . P O R F L O W-b as e d st e a d y -st at e t r a c e r pl u m e s f o r E T 0 4 a n d I L V .

Fi g u r e G- 3 . P O R F L O W-b as e d st e a d y -st at e t r a c e r pl u m e s f o r S T 0 2 a n d S T 0 6 .

X

Y

Z

c

1 E- 0 6
1 E- 0 7
1 E- 0 8
1 E- 0 9
1 E- 1 0
1 E- 1 1

E T 0 4
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Figure G-4. PORFLOW-based steady-state tracer plumes for ET01 and ST18.
One-order in magnitude concentration contours are shown where the 1x10-8 value seats in between 
the orange and yellow regions.  As these figures indicate, this concentration value just touches the 
100-m POA.  The contouring cutoff value was set to 1x10-12 (i.e., outer blue edge of the plume 
presented).  Thus, these plumes span over a 10,000 factor in concentrations.  The majority of tracer 
mass residing within these plumes is within the yellow-to-orange contour regions.  Also note for 
ST06, ET01, and ST18 their plumes drop below the Green Clay confining unit and start traveling 
northwest within the Gordon Aquifer Unit.
Average concentrations associated with the surface of the water table just beneath each footprint 
were also computed.  Dilution factors were then computed for each DU using the following 
expression:

DU
DU

POA

c
DF

c
= (G-15)

where
DUDF -  Dilution Factor for a specific DU (-)

DUc -  Average water table surface concentration within the given DU t (gmol/ft3)

POAc -  Average aquifer concentration along the 100-m POA (gmol/ft3)

Dilution Factors were computed using Eq. (G-15).  A summary of these DF values for the 
uncovered case are listed in Table G-1.
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T a bl e G- 1 . S u m m a r y of d il uti o n fa ct o r esti m at es f o r u n c o v e r e d E-A r e a c as e.

F or G W s cr e e ni n g p ur p os es t h e mi ni m u m v al u e f or all of t h e S T, E T, a n d CI G u nits w as e m pl o y e d 
f or t h e g e n eri c tr e n c h m o d el (i. e., a v er a g e v al u e of 1 8 6 v ers us its mi ni m u m v al u e of 1 0 7).  I n 
s u m m ar y, t h e r e c o m m e n d e d D F v al u es f or G W s cr e e ni n g p ur p os es ar e list e d i n T a bl e G- 2.

T a bl e G - 2. S u m m a r y of d il uti o n fa ct o r v al u es f o r g r o u n d w at e r s c r e e ni n g p u r p os es.

N ot e t h e v ar y l ar g e D F v al u e f or t h e I L V.  T his is a dir e ct r es ult of its f o ot pri nt g e o m etr y wit h 
r es p e ct t o its ori e nt ati o n t o t h e a q uif er fl o w dir e cti o n.  Als o, n ot e t h at dil uti o n f a ct ors w er e 
e m pl o y e d f or Ti er -1 s cr e e ni n g i n t h e pr e vi o us eff ort ( Al e m a n a n d H a m m 2 0 2 0).  I n t his u p d at e d 
s cr e e ni n g eff ort Ti er -1 d o es n ot e m pl o y a n y a q uif er dil uti o n as p e cts.  I n t his s cr e e ni n g eff ort 
a q uif er dil uti o n is o nl y b ei n g a d dr ess e d wit hi n t h e Ti er- 2 s cr e e ni n g eff orts.

G. 3  A q uif e r Pl u m e V ol u m e R es ults

T o c o m p ut e a q uif er dil uti o n f or e a c h D U, a n esti m at e d pl u m e v ol u m e r esi di n g fr o m t h e D U 
f o ot pri nt at t h e t o p s urf a c e of t h e w at er t a bl e d o w nstr e a m t o t h e 1 0 0 -m P O A is r e q uir e d.  T o 
esti m at e t h e si z e of a pl u m e r e q uir es s o m e m ass c o nt e nt c ut off v al u e si n c e i n t h e or y t h e v ol u m e 
c o ul d b e i nfi nit e.  T h us, t h e v ol u m e f or e a c h D U w as c o m p ut e d fr o m a P O R F L O W -b as e d st e a d y -
st at e tr a c er r u n w h er e t h e f oll o wi n g l o gi c w as a p pli e d:

• C u m ul ati v e fl ui d-p h as e o nl y v ol u m e v ers us m ass c o nt e nt w as d et er mi n e d.  H er e t h e tr a c er 
m ass c o nt e nt p er P O R F L O W c ell w as d et er mi n e d a n d t h e m s ort e d fr o m l ar g est t o s m all est 
i n v al u e; a n d

• T h e esti m at e d pl u m e v ol u m e w as t h e n f o u n d fr o m t his c u m ul ati v e c ur v e b as e d o n a m ass 
fr a cti o n c ut off v al u e.

C e nt e r U n c o v e r ed E ast 1 U n c o v e r ed W e s t U n c o v e r ed E as t 2 U n c o v e r ed

D U
D F

(-)
D U

D F

(-)
D U

D F

(-)
D U

D F

(-)

S T 0 1 1 6 5. 8 E T 0 1 6 8. 4 E T 0 7 1 4 5. 5 N R C D A 7 E N A

S T 0 2 1 6 1. 2 E T 0 2 7 1. 9 E T 0 8 1 0 9. 8

S T 0 3 1 5 3. 8 L A W V 1 1 0. 7 E T 0 9 9 4. 6

S T 0 4 1 1 6. 1 S T 1 4 7 5. 2 E T 0 3 1 2 1. 4

S T 2 3 1 3 0. 1 E T 0 5 7 6. 0 E T 0 4 1 7 6. 8

S T 2 4 1 1 4. 7 E T 0 6 1 2 6. 9 I LV 1 2 6 6. 0

S T 0 5 1 1 6. 1 S T 1 7 1 2 6. 8 N R C D A 2 6 E 2 9 9. 9

S T 0 6 1 1 2. 7 S T 1 8 1 2 0. 7 S T 0 8 1 1 2. 3

S T 0 7 1 1 0. 7 S T 1 9 1 0 7. 1 S T 0 9 1 5 3. 7

S T 1 1 1 9 5. 0 S T 2 0 1 0 2. 1 S T 1 0 1 8 2. 1

S T 2 1 1 2 4. 8

S T 2 2 1 1 7. 1

D U
D F ( mi n)

(-)

D F ( av g)

(-)

G e n er i c Tr e n c h 6 8. 4 1 2 3. 8

L A W V 1 1 0. 7 n a

I LV 1 2 6 6. 0 n a

N R C D A G 2 9 9. 9 n a

N R C D A S 2 9 9. 9 n a
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For all of the DUs a mass fraction cutoff value of 95% was employed.  The cumulative plume 
volume curves for every DU are shown in Figure G-5 through Figure G-8 where the DU curves 
are grouped based on aquifer cutouts.

Figure G-5. Cumulative plume volume versus mass fraction for West cutout disposal units.

Figure G-6. Cumulative plume volume versus mass fraction for Center cutout disposal 
units.
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Figure G-7. Cumulative plume volume versus mass fraction for East1 cutout disposal units.

Figure G-8. Cumulative plume volume versus mass fraction for East2 cutout disposal unit.
Based on a mass fraction cutoff value of 95%, the resulting liquid-phase plume volume for each 
DU is listed in Table G-3.  The average and minimum volumes are also listed in Table G-3.
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T a bl e G- 3 . Esti m at e d li q ui d -p h as e t r a c e r pl u m e v ol u m es p e r dis p os al u nit .

G. 4  R at e C o nst a nt f o r A q uif e r D il uti o n

I n E q. ( G-1 2) t h e l ast t er m r e pr es e nts a n eff e cti v e a q uif er dil uti o n t er m w h os e u nits ar e yr - 1 a n d 
b e h a v es as a first - or d er l oss t er m.  C o ns er v ati v el y n e gl e cti n g a bs or pti o n as p e cts wit hi n t h e a q uif er, 
t h e first-or d er r at e c o nst a nt b e c o m es:

F I
d d ,j

2 2

D Q
w w

V

 
= =  

φ 
( G- 1 6)

w h er e f or P O R F L O W a q uif er a n al ys es t h e f oll o wi n g t w o p ar a m et er s etti n gs ar e fi x e d:

2 0. 2 5φ = ( G-1 7 a)

C ut o ut D U
A q uif er

V o l u me ( ft3)

A v g

(ft3)

Mi n

(ft3)

C e nt er S T 2 3 3, 3 1 1, 3 5 1

C e nt er S T 2 4 3, 2 6 6, 9 2 3

C e nt er S T 0 1 3, 1 7 4, 0 7 4

C e nt er S T 0 2 3, 1 0 6, 6 7 5

C e nt er S T 0 3 3, 1 1 0, 1 2 3

C e nt er S T 0 4 3, 1 8 5, 5 3 5

C e nt er S T 0 5 3, 0 9 9, 7 3 1

C e nt er S T 0 6 3, 0 6 0, 2 5 9

C e nt er S T 0 7 2, 9 7 7, 4 0 9

E ast 1 E T 0 1 7, 8 6 9, 0 6 4

E ast 1 E T 0 2 7, 7 2 2, 3 9 3

E ast 1 S T 1 4 7, 7 3 7, 0 8 4

E ast 1 E T 0 5 7, 9 1 6, 5 2 4

E ast 1 E T 0 6 8, 9 1 7, 3 1 0

E ast 1 S T 1 7 9, 8 9 6, 2 9 0

E ast 1 S T 1 8 1 1, 3 6 0, 4 5 4

E ast 1 S T 1 9 1 3, 7 4 4, 3 1 0

E ast 1 S T 2 0 1 7, 0 8 4, 2 4 5

E ast 1 S T 2 1 2 1, 7 6 1, 6 2 4

E ast 1 S T 2 2 2 9, 4 9 2, 4 2 4

W e st E T 0 7 3, 3 6 4, 8 7 0

W e st E T 0 8 3, 6 9 0, 3 2 2

W e st E T 0 9 2, 6 3 3, 5 9 5 2, 6 3 3, 5 9 5

W e st E T 0 3 6, 3 2 9, 7 2 4

W e st E T 0 4 9, 4 9 2, 7 9 9

W e st S T 0 8 4, 7 9 7, 0 0 0

W e st S T 0 9 3, 8 9 3, 1 1 7

W e st S T 1 0 3, 0 7 2, 2 6 2

W e st S T 1 1 3, 1 0 1, 0 0 1 7, 3 1 6, 1 5 5

W e st I LV 5, 8 4 5, 8 2 8 5, 8 4 5, 8 2 8 5, 8 4 5, 8 2 8

E ast 1 L A W V 8, 1 5 4, 0 8 0 8, 1 5 4, 0 8 0 8, 1 5 4, 0 8 0

E ast 2 N R C D A 7 E 1 9, 8 6 4, 0 8 3

W e st N R C D A 2 6 E 5, 3 8 5, 1 7 5 1 2, 6 2 4, 6 2 9 5, 3 8 5, 1 7 5
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a n d
4 0. 0 8 1

I
1 0 0

= ( m/ yr) ( G- 1 7 b)

T h e v ol u m etri c i nfiltr ati o n fl o wr at es ar e c o m p ut e d b y:

I DUQ I A= × ( G- 1 8)

D UA -  dis p os al u nit f o ot pri nt ( m 2 )

IQ -  i nfiltr ati o n fl o wr at e ass o ci at e d wit h t h e D U of i nt er est ( m3 / yr)

N ot e t h at t his r at e first-or d er r at e c o nst a nt c a n als o b e e x pr ess e d i n t er ms of a n eff e cti v e h alf -li k e 
as w ell:

( )
w d

d

l n 2

w
τ = ( G- 1 9)

T h e r at e c o nst a nt v al u es f or a q uif er diluti o n f or e a c h dis p os al u nit, al o n g wit h its c orr es p o n di n g 
k e y i n p uts, ar e list e d i n T a bl e G- 4 t hr o u g h T a bl e G- 6.

T a bl e G - 4. R at e c o nst a nts f o r a q uif e r dil uti o n f o r C e nt e r s e cti o n dis p os al u nits.

D U
D F

(-)

Fl o w Ar e a

(ft2/ 1 0 0 0)

QI

( m 3/ yr)

V 2

( m3)

w p

( yr-1)

h al f-lif e

w p

( yr)

S T 2 3 1 3 0. 1 1 1 0 3. 0 1 4 7 9 5. 2 1 3 1 0 7 0. 2 1 9. 0 0. 0 3 6

S T 2 4 1 1 4. 7 0 1 0 2. 9 7 4 7 9 3. 4 1 2 9 3 1 1. 7 1 7. 0 0. 0 4 1

S T 0 1 1 6 5. 8 3 1 0 3. 4 7 4 8 1 6. 5 1 2 5 6 3 6. 5 2 5. 4 0. 0 2 7

S T 0 2 1 6 1. 1 8 1 0 3. 3 7 4 8 1 1. 9 1 2 2 9 6 8. 7 2 5. 2 0. 0 2 7

S T 0 3 1 5 3. 8 4 1 0 3. 0 0 4 7 9 4. 8 1 2 3 1 0 5. 2 2 4. 0 0. 0 2 9

S T 0 4 1 5 2. 3 8 1 0 3. 0 0 4 7 9 4. 8 1 2 6 0 9 0. 1 2 3. 2 0. 0 3 0

S T 0 5 1 1 6. 1 2 1 0 2. 9 7 4 7 9 3. 4 1 2 2 6 9 3. 8 1 8. 1 0. 0 3 8

S T 0 6 1 1 2. 6 6 1 0 3. 0 1 4 7 9 5. 2 1 2 1 1 3 1. 5 1 7. 8 0. 0 3 9

S T 0 7 1 1 0. 6 7 1 0 2. 9 7 4 7 9 3. 4 1 1 7 8 5 2. 1 1 8. 0 0. 0 3 8

S T 1 1 1 9 4. 9 8 8 0. 2 6 3 7 3 6. 2 1 2 2 7 4 4. 1 2 3. 7 0. 0 2 9

a v g = 2 1. 2

mi n = 1 7. 0
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Table G-5. Rate constants for aquifer dilution for East1 section disposal units.

Table G-6. Rate constants for aquifer dilution for West section disposal units.

For GW screening purposes the minimum value for all of the ST and ET units was employed for 
the generic trench model (i.e., average value of 13.1 versus its minimum value of 1.3).  In summary, 
the recommended values of rate constants for aquifer dilution for GW screening purposes are listed 
in Table G-7.

DU
DF
(-)

Flow Area
(ft2/1000)

QI
(m3/yr)

V2
(m3)

wp
(yr-1)

half-life
wp
(yr)

ET01 68.45 96.84 4508.2 311474.0 4.0 0.175
ET02 71.89 104.59 4869.0 305668.5 4.6 0.151

LAWV 110.70 89.96 4187.7 231390.1 8.0 0.086
ST14 75.23 102.99 4794.5 306250.0 4.7 0.147
ET05 75.99 102.99 4794.5 313352.6 4.7 0.149
ET06 126.92 101.70 4734.5 352965.8 6.8 0.102
ST17 126.81 101.70 4734.5 391715.9 6.1 0.113
ST18 120.71 101.70 4734.5 449670.6 5.1 0.136
ST19 107.12 101.70 4734.5 544028.5 3.7 0.186
ST20 102.11 101.70 4734.5 676230.2 2.9 0.242
ST21 124.76 84.78 3946.7 861370.6 2.3 0.303
ST22 117.13 70.65 3288.9 1167371.9 1.3 0.525

avg = 4.5
min = 1.3

DU
DF
(-)

Flow Area
(ft2/1000)

QI
(m3/yr)

V2
(m3)

wp
(yr-1)

half-life
wp
(yr)

ET07 145.45 96.00 4469.0 133188.6 19.5 0.036
ET08 109.82 96.00 4469.1 146070.7 13.4 0.052
ET09 94.58 96.00 4469.0 104243.2 16.2 0.043
ET03 121.42 80.85 3763.7 250543.7 7.3 0.095
ILV 1266.02 10.48 487.9 231390.1 10.7 0.065

ET04 176.81 103.30 4808.8 375744.9 9.1 0.077
NRCDA26E 299.87 47.69 2219.9 213156.5 12.5 0.055

ST08 112.30 102.98 4793.8 189875.3 11.3 0.061
ST09 153.75 102.98 4793.8 154097.7 19.1 0.036
ST10 182.05 93.56 4355.4 121606.6 26.1 0.027

avg = 14.5
min = 7.3
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Table G-7. Summary of rate constant values for aquifer dilution for groundwater screening 
purposes.

DU
wp (min)

(yr-1)
wp (avg)

(yr-1)
Generic Trench 1.3 13.1

LAWV 8.0 na
ILV 10.7 na

NRCDAG 12.5 na
NRCDAS 12.5 na
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A p p e n di x H . N R C D A In v e nt o ri es a n d W ast e A g e

T h e N R C D A D Us ar e u ni q u e wit hi n t h e E -Ar e a f a cilit y si n c e t h e w ast e s b ei n g b uri e d wit hi n t h e m
all c o m e fr o m t h e d e c o m missi o ni n g c o m p o n e nts t a k e n fr o m U S n u cl e ar N a v y s hi ps (i. e., b ot h 
s urf a c e v ess els a n d s u b m ari n es).  D et ails ass o c i at e d wit h t h e s o ur c e t er ms a n d o p er ati o n al as p e cts 
of t h e N R C D A’s c a n b e f o u n d i n W o hl w e n d a n d B ut c h er ( 2 0 1 8).  T h e d et ails ass o ci at e d wit h 
esti m at e d cl os ur e i n v e nt ori es f or t h es e D Us as pr o vi d e d b y S W M ( Si m m o ns 2 0 2 0 a) ar e a d dr ess e d, 
al o n g wit h a n esti m at e d a v er a g e a g e f or t h e d e c o m missi o n e d r e a ct or c o m p o n e nts of ~ 2 7 y e ars.

T w o D Us c urr e ntl y e xist:

• N R C D A - 7 E – ( als o r ef err e d t o as N R 0) t h at is a cl os e d u nit; a n d
• N R C D A - 2 6 E – ( als o r ef err e d t o as N R 1) t h at is c urr e ntl y i n o p er ati o n.

T h e o p er ati o n al ti m eli n es f or t h e t w o N R C D As ar e list e d i n T a bl e H- 1.

T a bl e H - 1. Ti m eli n es f o r t h e N R C D A d is p os al u nits.

Di s p o s al U nit Fir st W a st e P a c k a g e L a st W a st e P a c k a g e

N R 0 1/ 1/ 1 9 8 7 5/ 2 1/ 2 0 0 4

N R 1 2/ 6/ 1 9 9 7 9/ 3 0/ 2 0 6 5

T h e N R 0 D U w as cl os e d t o n e w b uri als as of 5/ 2 1/ 2 0 0 4, w hil e t h e n e w er N R 1 D U is e x p e ct e d t o 
r e m ai n o p er ati o n al t o t h e SI C (i. e., 9/ 3 0/ 2 0 6 5).

Cl os ur e i n v e nt ori es f or t h es e D Us ar e b as e d o n t h e f oll o wi n g:

• F or N R 0 t h e c urr e nt i n v e nt or y v al u es c o nt ai n e d wit hi n WI T S r efl e ct its cl os ur e i n v e nt or y 
v al u es; a n d

• F or N R 1 cl os ur e i n v e nt or y esti m at es, i nf or m ati o n o bt ai n e d fr o m N a v al R e a ct or s o ur c es 
a n d fr o m S W M S M Es pr oj e cti o ns t o 2 0 4 0 w er e e m pl o y e d ( Si n k 2 0 1 6 b ).

H. 1  N u cl e a r N a v y D e c o m missi o ni n g B a c k g r o u n d

Si n c e its i n c e pti o n i n 1 9 4 8, t h e U. S. N a v al R e a ct or pr o gr a m h as d e v el o p e d 2 7 diff er e nt pl a nt 
d esi g ns, i nst all e d t h e m i n 2 1 0 n u cl e ar -p o w er e d s hi ps, t a k e n 5 2 6 + r e a ct or c or es i nt o o p er ati o n, a n d 
a c c u m ul at e d o v er 6, 0 0 0 + r e a ct or y e ars of o p er ati o n.  T h e first n u cl e ar-p o w er e d v ess el w e nt 
o p er ati o n al pri or t o 1 9 5 0.  Ess e n ti all y, all of t h e N a v y’s s u b m ari n es a n d all of its air cr aft c arri ers 
ar e n u cl e ar -p o w er e d wit h a b o ut 8 3 o p er ati n g n u cl e ar -p o w er e d s hi ps: 7 2 s u b m ari n es, 1 0 air cr aft 
c arri ers a n d o n e r es e ar c h v ess el.

I n or d er t o esti m at e t h e a v er a g e a g e of d e c o m missi o n e d r e act or c o m p o n e nts (t h er m al s hi el ds [ T S], 
c or e b arr els [ C B], r e a ct or h e a ds [ R H], et c.) k e y i nf or m ati o n a n d ass u m pti o ns w er e e xtr a ct e d fr o m 
t h e o p e n lit er at ur e ( G o o gl e 2 0 2 0).  T his i nf or m ati o n is list e d i n T a bl e H- 2.
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Table H-2. Key reactor construction and decommissioning aspects.

Aspect Value 
Assumed

Total # of Naval Reactors built 526
Total # of ships deployed in 210

Avg # reactors per ship 2.50
avg service life (yrs) 35
First Reactor built in 1950

First Decommissioned Reactor 1985
Current time Reactor built 2020

Time period of interest 70
Uniform rate of construction (yr-1) 7.51

Uniform rate of decommission (yr-1) 7.51
Average age of Decommissioned Reactors (yrs) 26.7

The first decommissioned reactor started in 1985 and is envisioned to continue well beyond the 
closure of E-Area.  Historically, decommissioned naval reactor components were sent to two 
different sites: the Hanford site and the SRS.  In Figure H-1 an overhead photo of the Naval 
Reactor Disposal Site at Hanford is shown.  

Figure H-1. The Naval Reactor Disposal Site, Trench 94 200 Area East Hanford Site.
In Figure H-2 an overhead photo of NR1 at E-Area within the SRS is shown.
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Fi g u r e H- 2 . T h e N a v al R e a ct o r C o m p o n e nt Dis p os al A r e a ( N R C D A -2 6 E ), S a v a n n a h Ri v e r 
Sit e.

H. 2  A v e r a g e A g e of D e c o m missi o n e d R e a ct o r C o m p o n e nts

T o p ot e nti all y assist i n t h e Ti er -0 pr o c ess (i. e., r e d u cti o n i n r a di o n u cli d es c o nsi d er e d i n t h e Ti er -1 
pr o c ess) f or N R C D A D Us, t h e a v er a g e a g e of d e c o m missi o n e d r e a ct or c o m p o n e nts w as esti m at e d.  
T h e m aj orit y of s oli d l o w -l e v el w ast e g e n er at e d at S R S c o m es fr o m v ari o us c h e mi c al pr o c essi n g 
st e ps ass o ci at e d wit h S R S r e a ct or c or e m at eri als a n d ot h er S R S r e a ct or s u p p ort c o m p o n e nts.  
O utsi d e of n a v al r e a ct or w ast e, o nl y a mi n or a m o u nt of w ast e c o m es fr o m ot h er off -sit e f a ciliti es 
s u c h as O R N L a n d f or ei g n s o ur c es.  Si n c e all S R S r e a ct or o p er ati o ns c e as e d i n 1 9 8 9 a n d E -Ar e a 
o p er ati o ns st art e d i n 1 9 9 5, t h e a v er a g e a g e of S R S w ast e w as esti m at e d t o b e ~ 2 3 y e ars ol d b y 
1 9 9 5.  As ti m e pr o gr ess es t h e a v er a g e a g e of t h e S R S w ast e i n cr e as es wit h ti m e.  T h er ef or e, a 
mi ni m u m a v er a g e w ast e a g e c a n b e c o m p ut e d a n d e m pl o y e d i n a r e as o n a bl y c o ns er v ati v e f as hi o n.

D e c o m mis s i o ni n g of N a v al R e a ct ors st art e d i n 1 9 8 5 a n d w ast es will b e c o nti n u all y g e n er at e d 
t hr o u g h o ut t h e e xist e n c e of E-Ar e a (i. e., SI C i n 2 0 6 5).  Gi v e n t his , n o si n gl e c o ns er v ati v e a g e c a n 
b e c o m p ut e d; h o w e v er, a n esti m at e d o v er all a v er a g e a g e m a y pr o vi d e i nsi g ht a n d is c o m p ut e d 
b el o w.

T his esti m at e ass u m es t h at a u nif or m r at e of r e a ct or d e c o m missi o ni n g o c c urs t h at c a n b e r el at e d 
t o a unif or m r e a ct or c o nstr u cti o n ass u m pti o n a n d a 3 5 -y e ar r e a ct or lif e.  T h e r at e of r e a ct or 
d e c o m missi o ni n g c a n b e e x pr ess e d as:

( )d oR m t T= − ( H-1)

w h er e

dR .......................N u m b er of d e c o m missi o n e d r e a ct ors ( #)

m .........................R at e c o nst a nt f or t h e d e c o m missi o ni n g of r e a ct ors ( #/ yr)

oT ........................D at e of first r e a ct or d e c o m missi o ni n g ( 1 9 8 5)

t ..........................C al e n d ar ti m e ( y e ar)
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T h e r at e c o nst a nt is c o m p ut e d fr o m T a bl e H- 2 as:

5 2 6
m 7 . 5 1

2 0 2 0 1 9 5 0
= =

−
( H- 2)

T o c o m p ut e a n a v er a g e a g e of d e c o m missi o n e d r e a ct ors at s o m e p oi nt i n ti m e ( T), t h e f o ll o wi n g 
i nt e gr al w as d e v el o p e d:

( )
( ) ( )

o

T
2

o d o
d o o T

1 m
T t T R dt T T

R T T T 3
= − = −

− ∫ ( H- 3)

w h er e

T ......................A v er a g e a g e of d e c o m missi o n e d r e a ct ors ( yr)

As s h o w n i n E q. ( H -3), a si m pl e e x pr essi o n is g e n er at e d.  T h e r es ults of t his a n al ysis ar e pr o vi d e d 
i n T a bl e H- 3 .  As T a bl e H - 3 i n di c at es, ~ 2 7 y e ars a v er a g e a g e o c c urs at t h e SI C.

T a bl e H- 3 . A v e r a g e a g e of d e c o m missi o n e d r e a ct o rs o v e r t h e lif e e x p e ct a n c y of E-A r e a 
o p e r ati o ns.

K e y Ti m e Y e ar
N u m b er of 
R e a ct or s 

B uilt

N u m b er of 
R e a ct or s

D e c o m mi s si o n e d

C o m p o sit e A g e of 
D e c o m mi s si o n e d

R e a ct or s
1 9 8 5 2 6 4 0 0. 0

1 9 8 6 2 7 2 8 0. 3

(fir st b uri al i n N R 0) 1 9 8 7 2 7 9 1 5 0. 7

1 9 8 8 2 8 7 2 3 1. 0

1 9 8 9 2 9 4 3 0 1. 3

1 9 9 0 3 0 2 3 8 1. 7

1 9 9 1 3 0 9 4 5 2. 0

1 9 9 2 3 1 7 5 3 2. 3

1 9 9 3 3 2 4 6 0 2. 7

1 9 9 4 3 3 2 6 8 3. 0

1 9 9 5 3 3 9 7 5 3. 3

1 9 9 6 3 4 7 8 3 3. 7

(fir st b uri al i n N R 1) 1 9 9 7 3 5 4 9 0 4. 0

1 9 9 8 3 6 2 9 8 4. 3

1 9 9 9 3 6 9 1 0 5 4. 7

2 0 0 0 3 7 7 1 1 3 5. 0

2 0 0 1 3 8 4 1 2 0 5. 3

2 0 0 2 3 9 2 1 2 8 5. 7

2 0 0 3 3 9 9 1 3 5 6. 0

(l a st b uri al i n N R 0) 2 0 0 4 4 0 7 1 4 3 6. 3

2 0 0 5 4 1 4 1 5 0 6. 7

2 0 0 6 4 2 2 1 5 8 7. 0

2 0 0 7 4 2 9 1 6 5 7. 3

2 0 0 8 4 3 7 1 7 3 7. 7

2 0 0 9 4 4 4 1 8 0 8. 0

2 0 1 0 4 5 2 1 8 8 8. 3

2 0 1 1 4 5 9 1 9 5 8. 7

2 0 1 2 4 6 7 2 0 3 9. 0

2 0 1 3 4 7 4 2 1 0 9. 3

2 0 1 4 4 8 2 2 1 8 9. 7

2 0 1 5 4 8 9 2 2 5 1 0. 0

2 0 1 6 4 9 7 2 3 3 1 0. 3

2 0 1 7 5 0 4 2 4 0 1 0. 7

2 0 1 8 5 1 2 2 4 8 1 1. 0
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K e y Ti m e Y e ar
N u m b er of 
R e a ct or s 

B uilt

N u m b er of 
R e a ct or s

D e c o m mi s si o n e d

C o m p o sit e A g e of 
D e c o m mi s si o n e d

R e a ct or s
2 0 1 9 5 1 9 2 5 5 1 1. 3

2 0 2 0 5 2 7 2 6 3 1 1. 7

2 0 2 1 5 3 5 2 7 1 1 2. 0

2 0 2 2 5 4 2 2 7 8 1 2. 3

2 0 2 3 5 5 0 2 8 6 1 2. 7

2 0 2 4 5 5 7 2 9 3 1 3. 0

2 0 2 5 5 6 5 3 0 1 1 3. 3

2 0 2 6 5 7 2 3 0 8 1 3. 7

2 0 2 7 5 8 0 3 1 6 1 4. 0

2 0 2 8 5 8 7 3 2 3 1 4. 3

2 0 2 9 5 9 5 3 3 1 1 4. 7

2 0 3 0 6 0 2 3 3 8 1 5. 0

2 0 3 1 6 1 0 3 4 6 1 5. 3

2 0 3 2 6 1 7 3 5 3 1 5. 7

2 0 3 3 6 2 5 3 6 1 1 6. 0

2 0 3 4 6 3 2 3 6 8 1 6. 3

2 0 3 5 6 4 0 3 7 6 1 6. 7

2 0 3 6 6 4 7 3 8 3 1 7. 0

2 0 3 7 6 5 5 3 9 1 1 7. 3

2 0 3 8 6 6 2 3 9 8 1 7. 7

2 0 3 9 6 7 0 4 0 6 1 8. 0

2 0 4 0 6 7 7 4 1 3 1 8. 3

2 0 4 1 6 8 5 4 2 1 1 8. 7

2 0 4 2 6 9 2 4 2 8 1 9. 0

2 0 4 3 7 0 0 4 3 6 1 9. 3

2 0 4 4 7 0 7 4 4 3 1 9. 7

2 0 4 5 7 1 5 4 5 1 2 0. 0

2 0 4 6 7 2 2 4 5 8 2 0. 3

2 0 4 7 7 3 0 4 6 6 2 0. 7

2 0 4 8 7 3 7 4 7 3 2 1. 0

2 0 4 9 7 4 5 4 8 1 2 1. 3

2 0 5 0 7 5 2 4 8 8 2 1. 7

2 0 5 1 7 6 0 4 9 6 2 2. 0

2 0 5 2 7 6 7 5 0 3 2 2. 3

2 0 5 3 7 7 5 5 1 1 2 2. 7

2 0 5 4 7 8 2 5 1 8 2 3. 0

2 0 5 5 7 9 0 5 2 6 2 3. 3

2 0 5 6 7 9 8 5 3 4 2 3. 7

2 0 5 7 8 0 5 5 4 1 2 4. 0

2 0 5 8 8 1 3 5 4 9 2 4. 3

2 0 5 9 8 2 0 5 5 6 2 4. 7

2 0 6 0 8 2 8 5 6 4 2 5. 0

2 0 6 1 8 3 5 5 7 1 2 5. 3

2 0 6 2 8 4 3 5 7 9 2 5. 7

2 0 6 3 8 5 0 5 8 6 2 6. 0

2 0 6 4 8 5 8 5 9 4 2 6. 3

( SI C a n d l a st b uri al i n N R1 ) 2 0 6 5 8 6 5 6 0 1 2 6. 7

H. 3  D e c o m missi o n e d R e a ct o r C o m p o n e nt W ast e T y p es

As dis c uss e d i n W o hl w e n d a n d B ut c h er ( 2 0 1 8) t h e w ast e p a c k a g es b ei n g d eli v er e d b y t h e N a v al 
R e a ct or pr o gr a m f or E- Ar e a b uri al ar e of t w o diff er e nt f or ms of c o nt a mi n a nts:

• N e utr o n a cti v ati o n pr o d u cts t h at r esi d e o n t h e s urf a c e or e m b e d d e d wit hi n t h e m et al 
c o m p o n e nts.  T h e m ai n r el e as e m e c h a nis m f or t h es e c o m p o n e nts is s urf a c e c orr osi o n.  K e y 
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e x a m pl es of c o m p o n e nts wit h t his pr e d o mi n a nt t y p e of c o nt a mi n ati o n ar e r e a ct or t h er m al 
s hi el ds a n d c or e b arr els; a n d

• L o os el y b o u n d s urf a c e c o nt a mi n at i o n (r ef err e d t o as “cr u d ” b y t h e N a v al R e a ct or pr o gr a m ) 
w h os e r el e as e m e c h a nis ms ar e c o nsi d er e d t o b e r a pi d. K e y e x a m pl es of c o m p o n e nts wit h 
t his pr e d o mi n a nt t y p e of c o nt a mi n ati o n ar e s hi el d bl o c ks a n d r e a ct or cl os ur e h e a ds.

B e c a us e of t h e v ari et y of n a v al r e a ct or c o m p o n e nts a n d l e v els of c o nt a mi n ati o n , a st a n d ar d w ast e 
t y p e h as b e e n s el e ct e d t o r e pr es e nt e a c h f or m of c o nt a mi n ati o n i n t h e P A: 

• K A P L c o r e b a r r el t h e r m al s hi el d ( C B/ T S) i n a h e a vil y s hi el d e d, w el d e d c as k – T h es e 
c as ks c o nt ai n n e utr o n a cti v at e d m et al c o m p o n e nts a n d ar e pr oj e ct e d t o h ol d 9 9. 8 % of t h e 
esti m at e d N R C D A i n v e nt or y at cl os ur e .  T h e C B/ T S c as k is 1 8 f e et t all a n d h as a 
c o nti n u o usl y w el d e d cl os ur e .  It is esti m at e d t o r e m ai n h y dr a uli c all y is ol at e d fr o m 
s urr o u n di n g e n vir o n m e nt f o r h u n dr e ds of y e ars; a n d

• S h e a r bl o c ks i n t hi n n e r -w all e d, b olt e d c o nt ai n e rs – T h es e b o x es c o nt ai n s urf a c e-
c o nt a mi n at e d r e a ct or s hi el di n g bl o c ks a n d ar e pr oj e ct e d t o h ol d 0. 2 % of t h e esti m at e d 
N R C D A i n v e nt or y at cl os ur e.  T h e l ar g est s h e ar bl o c k b o x is 4. 1 f e et t all a n d s e al e d wit h 
a g as k et t h at is b olt e d i n pl a c e. It is c o ns er v ati v el y ass u m e d t o b e c o m e h y dr a uli c all y 
c o n n e ct e d wit h its s urr o u n di n g e n vir o n m e nt i m m e di at el y aft er b ei n g c o v er e d wit h s oil at 
t h e first st a g e of cl os ur e).

B ot h f or ms of c o nt a mi n ati o n ar e f o u n d b uri e d i n N R 0 ( cl os e d) a n d N R 1 ( c urr e ntl y a cti v e) D Us.  
B as e d o n t h e WI T S i n v e nt or y f or N R 0 t h e C uri e fr a cti o n of its w ast e is + 9 9. 8 % of t h e n e utr o n 
a cti v at e d pr o d u ct w ast e f or m.  M or e r e c e nt N a v al R e a ct or o p er ati o ns i n di c at e t his C uri e fr a cti o n
is hi g h er f or m or e r e c e nt a n d pr oj e ct e d f ut ur es i n v e nt ori es.  T h us, N R 1 i n v e nt ori es ar e als o + 9 9. 8 % 
of t h e n e utr o n a cti v ati o n pr o d u ct f or m.

Gi v e n t h e si g nifi c a nt diff er e n c e i n e a c h w ast e t y p e r el e as e m e c h a nis m, c o nt ai n ers h y dr a uli c 
i nt e grit y, a n d c o nt e nts ; b uri al i n v e nt or y li mits f or e a c h w ast e t y p e ar e pl a n n e d f or t h e n e w P A 2 0 2 2.

T h us, r e a ct or c o m p o n e nt i n v e nt or y fr o m t h e N a v y is br o k e n u p i nt o t w o b asi c c at e g ori es:

• G e n e ri c – all i n v e nt or y i d e ntifi e d as cr u d m at eri al; a n d
• S p e ci al – all i n v e nt or y i d e ntifi e d as n e utr o n a cti v ati o n pr o d u ct.

H. 4  N R 0 a n d N R 1 p r oj e ct e d 2 0 4 0 cl os u r e I n v e nt o ri es

Si n k ( 2 0 1 6) pr oj e ct e d i n v e nt ori es o ut t o 2 0 4 0 f or N R 1, w hil e t h e c urr e nt WI T S N R 0 i n v e nt ori es 
r efl e ct a p er m a n e ntl y cl os e d u nit.  Si n k’s N R 1 2 0 4 0 pr oj e cti o n w as m a d e b as e d o n i nf or m ati o n 
pr o vi d e d b y B ettis a n d K A P L ( Si n k 2 0 1 6 b ) w h er e i n v e nt ori es f or b ot h cr u d a n d a cti v at e d m et al 
c o m p o n e nts w er e br o k e n o ut s e p ar at el y.  T h e distri b uti o n of a cti vit y b et w e e n t h es e t w o f or ms of 
c o nt a mi n ati o n ass o ci at e d wit h t h e i n v e nt ori es o n N R 0 ar e n ot a v ail a bl e.  H o w e v er, K A P L 
i n v e nt ori es of a r e pr es e nt ati v e s hi p m e nt w er e pr o vi d e d t o S R S a n d e m pl o y e d i n a n e arli er S A b y 
Y u et al. ( 2 0 0 2).

Fr o m T a bl e 2. 4 -1 i n Y u et al. ( 2 0 0 2) u p p er -b o u n d i n v e nt ori es of cr u d a n d a cti v at e d m et al 
c o m p o n e nts f or 6 5 r a di o n u cli d es w er e list e d.  Fr o m t his d at a cr u d fr a cti o ns (i. e., fr a cti o n of a cti vit y 
v ers us t ot al) w er e c o m p ut e d.  Fr o m Si n k’s 2 0 1 6 cl os ur e pr oj e cti o ns cr u d fr a cti o ns f or 1 3 8 
r a di o n u cli d es w er e c o m p ut e d.  A c o m p aris o n of t h es e c o m p ut e d cr u d fr a cti o ns is pr o vi d e d i n 
T a bl e H- 4 al o n g wit h t h e m a xi m u m v al u e s el e ct e d f or us e i n t h e N R C D A s cr e e ni n g .
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Table H-4. Computed crud fractions for NR0 and NR1 waste packages.

NR1 2040 
Forecast

Representative 
Sample Cask Max Value

Fraction Crud Fraction Crud Fraction Crud

Isotope (%) (%) (%)

AC227 100.0000% 100.0000% 100.0000%
AG108 0.1639% 100.0000% 100.0000%

AG108M 0.1640% 100.0000% 100.0000%
AG109M 0.0000% 100.0000% 100.0000%
AG110 0.0028% 100.0000% 100.0000%

AG110M 0.0006% 100.0000% 100.0000%
AM241 0.3695% 0.0710% 0.3695%
AM242 0.0000% 100.0000% 100.0000%

AM242M 0.1140% 100.0000% 100.0000%
AM243 0.1415% 0.0908% 0.1415%
BA133 0.0000% 100.0000% 100.0000%

BA137M 0.8146% 0.5578% 0.8146%
BA140 0.0000% 100.0000% 100.0000%
BE10 0.0000% 100.0000% 100.0000%
BI212 0.0000% 100.0000% 100.0000%
BI214 100.0000% 100.0000% 100.0000%
BK249 0.0000% 100.0000% 100.0000%

C14 1.5840% 0.5386% 1.5840%
CA45 0.0000% 100.0000% 100.0000%

CD109 0.0000% 100.0000% 100.0000%
CD113M 0.0000% 100.0000% 100.0000%
CD115M 0.0000% 100.0000% 100.0000%

CE141 0.0000% 100.0000% 100.0000%
CE144 0.0870% 0.0000% 0.0870%
CF249 0.3348% 0.2943% 0.3348%
CF251 0.5982% 0.5504% 0.5982%
CL36 0.0000% 100.0000% 100.0000%

CM242 0.2661% 0.0672% 0.2661%
CM243 0.1520% 100.0000% 100.0000%
CM244 0.1872% 0.0872% 0.1872%
CM245 0.1991% 0.1792% 0.1991%
CM246 0.1455% 0.1857% 0.1857%
CM247 0.4701% 0.2764% 0.4701%
CM248 0.4779% 0.3723% 0.4779%
CO58 1.0822% 0.9176% 1.0822%
CO60 0.1805% 0.0717% 0.1805%
CR51 0.2880% 0.1507% 0.2880%
CS134 0.1458% 100.0000% 100.0000%
CS135 0.0000% 0.0000% 0.0000%
CS137 0.7782% 0.5578% 0.7782%
EU152 0.0000% 100.0000% 100.0000%
EU154 0.0000% 0.0000% 0.0000%
EU155 0.0000% 0.0000% 0.0000%
FE55 0.3761% 0.1518% 0.3761%
FE59 18.1738% 0.1520% 18.1738%
H3 0.0074% 0.0005% 0.0074%

HF175 0.0000% 100.0000% 100.0000%
HF181 0.9900% 0.0606% 0.9900%
I129 33.5379% 77.4536% 77.4536%

IN113M 0.0000% 0.0000% 0.0000%
IN114 0.0000% 100.0000% 100.0000%

IN114M 0.0000% 100.0000% 100.0000%
IR192 0.0000% 100.0000% 100.0000%

IR192M 0.0000% 100.0000% 100.0000%
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NR1 2040 
Forecast

Representative 
Sample Cask Max Value

Fraction Crud Fraction Crud Fraction Crud

Isotope (%) (%) (%)

KR85 0.9612% 100.0000% 100.0000%
LA140 0.0000% 100.0000% 100.0000%
MN54 1.4882% 0.4397% 1.4882%
MO93 0.0000% 0.0000% 0.0000%

NB93M 2.0276% 47.4401% 47.4401%
NB94 0.4729% 0.2244% 0.4729%
NB95 0.0156% 0.0077% 0.0156%

NB95M 0.0000% 0.0001% 0.0001%
NI59 0.0250% 0.0140% 0.0250%
NI63 0.0215% 0.0121% 0.0215%

NP237 0.1233% 0.2414% 0.2414%
NP239 0.0000% 100.0000% 100.0000%

P33 0.0000% 100.0000% 100.0000%
PA231 100.0000% 100.0000% 100.0000%
PA234 100.0000% 100.0000% 100.0000%

PA234M 1.9387% 100.0000% 100.0000%
PB205 0.0000% 100.0000% 100.0000%
PB212 0.0000% 100.0000% 100.0000%
PB214 100.0000% 100.0000% 100.0000%
PD107 0.0000% 100.0000% 100.0000%
PM147 0.0162% 0.0000% 0.0162%
PO210 0.0000% 100.0000% 100.0000%
PO212 0.0000% 100.0000% 100.0000%
PO214 100.0000% 100.0000% 100.0000%
PO216 0.0000% 100.0000% 100.0000%
PO218 100.0000% 100.0000% 100.0000%
PR144 0.1068% 100.0000% 100.0000%

PR144M 0.0000% 100.0000% 100.0000%
PT193 0.0000% 100.0000% 100.0000%
PU238 0.1314% 0.0680% 0.1314%
PU239 0.0634% 0.0235% 0.0634%
PU240 0.0530% 0.0165% 0.0530%
PU241 0.0850% 0.0214% 0.0850%
PU242 0.1188% 0.0538% 0.1188%
PU244 0.3731% 0.1186% 0.3731%
RA224 0.0000% 100.0000% 100.0000%
RA226 100.0000% 100.0000% 100.0000%

RH103M 0.0000% 100.0000% 100.0000%
RH106 0.0729% 0.0000% 0.0729%
RN220 0.0000% 100.0000% 100.0000%
RN222 100.0000% 100.0000% 100.0000%
RU103 0.0000% 100.0000% 100.0000%
RU106 0.0763% 100.0000% 100.0000%

S35 0.0000% 100.0000% 100.0000%
SB124 0.0000% 100.0000% 100.0000%
SB125 0.0060% 0.0017% 0.0060%
SB126 0.0000% 100.0000% 100.0000%

SB126M 0.0000% 100.0000% 100.0000%
SC46 0.0000% 100.0000% 100.0000%
SE75 0.0000% 100.0000% 100.0000%
SE79 0.0923% 0.0089% 0.0923%

SM151 0.0000% 0.0000% 0.0000%
SN113 0.0000% 0.0000% 0.0000%

SN119M 0.0000% 0.0000% 0.0000%
SN121 0.0000% 100.0000% 100.0000%

SN121M 0.0000% 100.0000% 100.0000%
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N R 1 2 0 4 0 
F or e c a st

R e pr e s e nt ati v e 
S a m pl e C a s k

M a x V al u e

Fr a ct i o n Cr u d Fr a ct i o n Cr u d Fr a ct i o n Cr u d

I s ot o p e ( %) ( %) ( %)

S N 1 2 3 0. 0 0 0 0 % 0. 0 0 0 0 % 0. 0 0 0 0 %

S N 1 2 6 0. 7 0 9 3 % 4. 3 8 1 4 % 4. 3 8 1 4 %

S R 8 9 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

S R 9 0 1. 6 4 0 9 % 0. 5 4 7 3 % 1. 6 4 0 9 %

T A 1 8 2 0. 0 0 1 2 % 0. 0 0 0 0 % 0. 0 0 1 2 %

T C 9 9 0. 7 3 8 5 % 0. 5 0 8 6 % 0. 7 3 8 5 %

T E 1 2 3 M 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

T E 1 2 5 M 0. 0 0 9 6 % 0. 0 0 0 7 % 0. 0 0 9 6 %

T H 2 2 8 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

T H 2 3 0 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

T H 2 3 1 7. 8 9 3 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

T H 2 3 2 0. 3 5 2 8 % 9 9. 9 9 6 8 % 9 9. 9 9 6 8 %

T H 2 3 4 1. 9 3 8 7 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

U 2 3 2 4 0. 9 9 0 5 % 9 8. 1 4 8 5 % 9 8. 1 4 8 5 %

U 2 3 3 0. 1 0 1 1 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

U 2 3 4 8 4. 9 7 1 3 % 0. 0 0 0 0 % 8 4. 9 7 1 3 %

U 2 3 5 9 0. 5 8 3 8 % 0. 0 0 0 0 % 9 0. 5 8 3 8 %

U 2 3 6 0. 0 0 0 0 % 0. 0 0 0 0 % 0. 0 0 0 0 %

U 2 3 7 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

U 2 3 8 8 6. 6 8 6 5 % 0. 0 0 0 0 % 8 6. 6 8 6 5 %

W 1 8 1 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

W 1 8 5 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

W 1 8 8 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

Y 9 0 1. 6 3 3 9 % 0. 5 4 7 3 % 1. 6 3 3 9 %

Y 9 1 0. 0 0 0 0 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

Z N 6 5 2 7. 6 0 4 5 % 1 0 0. 0 0 0 0 % 1 0 0. 0 0 0 0 %

Z R 9 3 0. 0 0 2 2 % 0. 0 0 0 0 % 0. 0 0 2 2 %

Z R 9 5 0. 0 1 5 1 % 0. 0 0 7 5 % 0. 0 1 5 1 %

N ot e t h at t ot al a cti viti es wit hi n b ot h N R 0 a n d N R 1 ar e pri m aril y fr o m a cti v at e d m et al c o m p o n e nts 
(i. e., o v er + 9 9. 8 %).  Als o, b as e d o n o p er ati o n al c h a n g es b y t h e N a v y l ess cr u d a cti vit y will b e 
c o nt ai n e d wit hi n f ut ur e w ast e p a c k a g es.

Esti m at e d cl os ur e i n v e nt ori es f or b ot h cr u d a n d a cti v at e d m et al c o m p o n e nts ar e r e q uir e d f or b ot h 
t h e N R C D A G a n d N R C D A S s cr e e ni n g m o d els.  T h es e esti m at e d i n ve nt ori es ar e b as e d o n t h e 
f oll o wi n g:

• N R 0 c r u d c o m p o n e nts – i n v e nt or y c o m p ut e d usi n g t h e m a xi m u m cr u d fr a cti o n v al u es 
pr o vi d e d i n T a bl e H- 4 a n d t h e t ot al i n v e nt or y a cti viti es pr o vi d e d i n WI T S f or N R 0;

• N R 0 a cti v at e d c o m p o n e nts – i n v e nt or y ( “sli g htl y ” c o ns er v ati v e) s et t o t h e t ot al a cti vit y 
pr o vi d e d i n WI T S f or N R 0;

• N R 1 c r u d c o m p o n e nts – s et t o t h e cr u d v al u es pr o vi d e d t h e N a v al R e a ct or pr o gr a m a n d 
pr oj e ct e d t o 2 0 4 0 b y Si n k ( 2 0 1 6); a n d

• N R 1 a cti v at e d c o m p o n e nts – s et t o t h e a cti v at e d v al u es pr o vi d e d t h e N a v al R e a ct or 
pr o gr a m a n d pr oj e ct e d t o 2 0 4 0 b y Si n k ( 2 0 1 6).

B as e d o n t h e a b o v e f o ur i n v e nt or y gr o u ps, t h e i n v e nt or y v al u es f or us e i n t h e G W s cr e e ni n g 
m o d els b e c o m e:

• N R C D A G – M a xi m u m i n v e nt or y v al u es f or cr u d wit hi n eit h er N R 0 or N R 1; a n d
• N R C D A S – M a xi m u m i n v e nt or y v al u es f or a cti v at e d m et al wit hi n eit h er N R 0 or N R 1.
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Table H-5 contains the 138 radionuclide 2040 inventory projections for use in the NRCDAG and 
NRCDAS GW screening models.

Table H-5. 2040 Projected Closure Inventories for NRCDAG and NRCDAS.
138 List NRCDAS NRCDAG

Nuclide Max Act. (Ci) Max Act. (Ci)

Ac-227 0.0000E+00 1.0320E-12
Ag-108 1.1500E-07 1.8880E-10

Ag-108m 1.3200E-06 2.1680E-09
Ag-109m 2.1100E-02 0.0000E+00
Ag-110 1.4800E-04 4.1680E-09

Ag-110m 4.9247E-02 3.0720E-07
Am-241 3.5193E-01 4.9793E-04
Am-242 1.0344E-03 0.0000E+00

Am-242m 2.2891E-03 2.6134E-06
Am-243 2.7760E-03 2.4067E-03
Ba-133 2.0900E-03 0.0000E+00

Ba-137m 6.7251E+00 8.3649E-02
Ba-140 4.9000E-08 0.0000E+00
Be-10 2.1600E-05 5.0720E-12
Bi-212 2.6000E-08 0.0000E+00
Bi-214 0.0000E+00 2.0240E-13
Bk-249 2.0700E-08 0.0000E+00

C-14 1.3851E+02 1.4349E+00
Ca-45 1.4920E-02 2.4878E-07

Cd-109 4.0224E-02 0.0000E+00
Cd-113m 1.3280E-02 0.0000E+00
Cd-115m 9.7600E-04 0.0000E+00
Ce-141 4.9400E-03 0.0000E+00
Ce-144 5.8027E+00 5.0500E-03
Cf-249 1.9513E-10 9.7007E-13
Cf-251 4.3537E-12 2.6199E-14
Cl-36 1.2702E-02 6.7692E-08

Cm-242 5.2157E+00 9.4790E-01
Cm-243 2.1262E-03 3.2362E-06
Cm-244 2.5542E-01 1.9242E-01
Cm-245 1.6422E-05 1.0134E-07
Cm-246 8.9802E-06 3.0555E-06
Cm-247 8.3291E-12 3.9340E-14
Cm-248 2.5920E-11 1.8866E-11
Co-58 2.0727E+04 2.0727E+04
Co-60 9.8477E+04 9.8477E+04
Cr-51 7.4654E+03 7.4654E+03

Cs-134 1.5113E+01 5.3302E-02
Cs-135 5.2634E-05 5.1401E-07
Cs-137 7.1351E+00 5.5964E-02
Eu-152 6.2335E-04 0.0000E+00
Eu-154 5.1611E-01 3.1784E-04
Eu-155 1.1838E-01 5.9653E-06
Fe-55 9.0297E+04 2.4622E+02
Fe-59 7.4754E+03 1.9008E+00
H-3 1.3421E+02 3.2392E-01

Hf-175 7.4645E+03 7.4645E+03
Hf-181 6.5841E+01 6.5836E-01
I-129 1.4808E-05 1.4808E-05

In-113m 4.8730E+03 4.8730E+03
In-114 2.0200E+00 0.0000E+00

In-114m 3.8000E+00 0.0000E+00
Ir-192 1.3040E-02 0.0000E+00

Ir-192m 2.4700E-07 0.0000E+00
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138 List NRCDAS NRCDAG

Nuclide Max Act. (Ci) Max Act. (Ci)

Kr-85 2.6129E-01 5.7072E-03
La-140 5.6500E-08 0.0000E+00
Mn-54 1.3907E+03 1.3907E+03
Mo-93 1.4301E+00 1.4301E+00

Nb-93m 7.4623E+03 7.4623E+03
Nb-94 6.5434E+00 6.5434E+00
Nb-95 1.3092E+05 1.7199E+02

Nb-95m 1.3090E+03 8.2963E-01
Ni-59 1.7346E+03 8.2349E-01
Ni-63 2.0068E+05 1.5288E+02

Np-237 4.0347E-06 4.7940E-09
Np-239 1.2590E-03 0.0000E+00

P-33 6.3200E-03 0.0000E+00
Pa-231 0.0000E+00 2.2400E-12
Pa-234 0.0000E+00 6.7040E-11

Pa-234m 2.6100E-06 5.1600E-08
Pb-205 5.6800E-08 0.0000E+00
Pb-212 2.6000E-08 0.0000E+00
Pb-214 0.0000E+00 2.0240E-13
Pd-107 3.9900E-06 0.0000E+00
Pm-147 4.2284E+00 3.0541E+00
Po-210 6.2400E-03 0.0000E+00
Po-212 1.6600E-08 0.0000E+00
Po-214 0.0000E+00 2.0160E-13
Po-216 2.6000E-08 0.0000E+00
Po-218 0.0000E+00 2.0240E-13
Pr-144 4.7252E+00 2.2023E-01

Pr-144m 6.6001E-02 0.0000E+00
Pt-193 1.1400E-04 0.0000E+00
Pu-238 2.6915E-01 1.1792E-02
Pu-239 1.2334E-01 1.2334E-01
Pu-240 1.1117E-01 1.8242E-03
Pu-241 3.4020E+01 1.3697E-02
Pu-242 4.0677E-04 3.0038E-06
Pu-244 2.7741E-11 2.7741E-11
Ra-224 2.6000E-08 0.0000E+00
Ra-226 0.0000E+00 2.0240E-13

Rh-103m 3.9510E-02 0.0000E+00
Rh-106 6.6485E+00 4.8500E-03
Rn-220 2.6000E-08 0.0000E+00
Rn-222 0.0000E+00 2.0240E-13
Ru-103 4.8680E-02 0.0000E+00
Ru-106 8.1903E+00 6.5995E-01

S-35 1.8240E-01 2.6786E-03
Sb-124 1.8930E+00 6.2320E-07
Sb-125 4.0703E+04 4.0703E+04
Sb-126 2.3700E-06 0.0000E+00

Sb-126m 1.6800E-05 0.0000E+00
Sc-46 5.9600E-01 3.2600E-03
Se-75 3.2740E-01 3.1520E-11
Se-79 1.2227E-03 1.9642E-07

Sm-151 9.1793E-02 8.1069E-06
Sn-113 4.8730E+03 1.7520E-08

Sn-119m 8.0850E+04 1.6800E-07
Sn-121 6.4100E+00 1.9440E-10

Sn-121m 1.7110E+01 2.5040E-10
Sn-123 2.3540E+03 2.3600E-11
Sn-126 8.2483E-05 5.8921E-07
Sr-89 7.5000E-01 1.2000E-13
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H-12

138 List NRCDAS NRCDAG

Nuclide Max Act. (Ci) Max Act. (Ci)

Sr-90 5.3854E+00 5.5708E-02
Ta-182 1.7603E+04 5.5350E-02
Tc-99 1.9294E-01 1.4354E-03

Te-123m 6.0938E+02 0.0000E+00
Te-125m 2.5411E+04 2.8185E-01
Th-228 2.5900E-08 0.0000E+00
Th-230 0.0000E+00 2.1360E-11
Th-231 2.8100E-08 2.4080E-09
Th-232 3.5156E-08 1.2448E-10
Th-234 2.6100E-06 5.1600E-08
U-232 4.7729E-06 1.9540E-06
U-233 7.8436E-06 7.9400E-09
U-234 2.5649E-05 1.4502E-04
U-235 6.9360E-07 6.6724E-06
U-236 6.5849E-05 3.2300E-11
U-237 6.8700E-05 0.0000E+00
U-238 2.3224E-05 1.4305E-04
W-181 3.3100E+00 0.0000E+00
W-185 9.5700E+00 0.0000E+00
W-188 2.7900E-02 0.0000E+00

Y-90 5.3854E+00 5.5468E-02
Y-91 3.6900E+00 4.3440E-13

Zn-65 1.1294E+01 4.0479E+00
Zr-93 7.4580E+03 2.6199E-04
Zr-95 6.1611E+04 1.8228E+00



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

I-1

A p p e n di x I. D et ails / R es ults Ass o ci at e d wit h Ti e r -1 R a di o n u cli d e Lists

F or e a c h of t h e fi v e D U t y p es, a v ari et y of s cr e e ni n g m o d els a n d i niti al r a di o n u cli d e lists w er e 
us e d t o as c ert ai n t h eir i m p a ct o n t h e Ti er -1 list of r a di o n u cli d es p assi n g t hr o u g h t his l e v el of G W
a n d i n a d v ert e nt i ntr u d er p at h w a y s cr e e ni n g.  T h e m o d els, n u cli d e lists a n d p at h w a ys c o nsi d er e d 
w er e:

• G W m o d el – t h e tr a diti o n al G W N C R P m o d el a n d t h e 3 -B o x m o d el;
• II m o d el – R a d S cr e e n i n a d v ert e nt i ntr u d er m o d el;
• I niti al n u cli d e list – t h e f ull list of I C R P-0 7 1, 2 5 2 r a di o n u cli d es, Ti er -0 list b as e d o n S R S 

w ast e ( a p pli c a bl e t o t h e Tr e n c h, I L V, a n d L A W V m o d els), a n d Ti er-0 list b as e d o n N a v al 
R e a ct or w ast e ( a p pli c a bl e t o t h e N R C D A -G a n d N R C D A -S m o d els).

• P at h w a ys – G W a n d i n a d v ert e nt i ntr u d er p at h w a ys

F or e a c h D U t y p e t hr e e t a bl es ar e pr o vi d e d b el o w:  

• T h e first t a b l e c o nt ai ns t h e Ti er-1 r a di o n u cli d e lists f or e a c h s cr e e ni n g m o d el, i niti al 
n u cli d e list a n d p at h w a y.

• T h e s e c o n d t a bl e c o nt ai ns t h e Ti er -1 N C R P 1 2 3 G W S O F hist o gr a m bi ns (r o w 2), c o u nts 
(r o w 3) a n d r u n ni n g t ot als of r a di o n u cli d es r e m ai ni n g (r o w 4).  T h e r a ng e of hist o gr a m 
bi ns v ari es fr o m < 1 E -6 t o > 1 E + 2.  T h e s cr e e ni n g crit eri a is a S O F e q u al t o 1 E -3 ( 0. 1 %).  
F or e x a m pl e, t h e c o u nt i n t h e S O F bi n 1 E -3 r e pr es e nts all r a di o n u cli d es wit h a S O F • 1 E-
4 a n d < 1 E -3.  A n y r a di o n u cli d es i n bi ns b e y o n d 1 E -3 f ail e d T i er-1 s cr e e ni n g.

• T h e t hir d t a bl e c o nt ai ns t h e Ti er -1 R a d S cr e e n II S O F hist o gr a m bi ns, c o u nts a n d r u n ni n g 
t ot als of r a di o n u cli d es r e m ai ni n g.  T his t a bl e r efl e cts t h e s e c o n d t a bl e as f ar as str u ct ur e 
b ut a p pli es o nl y t o t h e i n a d v ert e nt i ntr u d er.

I. 1  G e n e ri c T r e n c h M o d el

T a bl e I- 1, T a bl e I- 2 a n d T a bl e I- 3 ar e t h e r es ults f or t h e g e n eri c tr e n c h m o d el t h at a p pl y t o all S T, 
E T, a n d CI G u nits.

T a bl e I- 1 . Ti e r-1 r a di o n u cli d e listi n g f o r t h e G e n e ri c Tr e n c h d is p os al u nit.

M o d el N C R P N C R P 3 -B o x 3 -B o x R a d S c r e e n R a d S c r e e n
I niti al Li st 1, 2 5 2 2 7 1 1, 2 5 2 2 7 1 1, 2 5 2 2 7 1
P at h w a y G W G W G W G W II II

Ti e r -1 List 3 4 8 1 6 3 2 7 6 1 3 8 1 2 8 8 8
A c -2 2 6 A c -2 2 6 A c -2 2 6
A c -2 2 7 A c -2 2 7
A c -2 3 0 A c -2 3 0
A c -2 3 1 A c -2 3 1
A c -2 3 3 A c -2 3 3
A g -1 0 1

A g -1 0 8 m A g -1 0 8 m A g -1 0 8 m A g -1 0 8 m A g -1 0 8 m A g -1 0 8 m
A g -1 1 3 A g -1 1 3

A g -1 1 3 m
A m -2 3 7 A m -2 3 7
A m -2 3 8 A m -2 3 8
A m -2 3 9 A m -2 3 9
A m -2 4 0 A m -2 4 0
A m -2 4 1 A m -2 4 1 A m -2 4 1 A m -2 4 1 A m -2 4 1 A m -2 4 1

A m -2 4 2 m A m -2 4 2 m A m -2 4 2 m A m -2 4 2 m A m -2 4 2 m A m -2 4 2 m
A m -2 4 3 A m -2 4 3 A m -2 4 3 A m -2 4 3 A m -2 4 3 A m -2 4 3
A m -2 4 4 A m -2 4 4

A m -2 4 4 m A m -2 4 4 m
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I-2

Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 348 163 276 138 128 88
Am-245 Am-245 Am-245 Am-245
Am-246 Am-246

Am-246m Am-246m Am-246m Am-246m
Am-247
Ar-42 Ar-42 Ar-42
As-79
At-206 At-206
At-207 At-207 At-207
At-208 At-208
At-209 At-209 At-209
At-211 At-211 At-211
At-218 At-218
Au-193 Au-193

Au-193m Au-193m
Au-195 Au-195
Ba-133 Ba-133 Ba-133 Ba-133

Ba-133m Ba-133m
Be-10 Be-10 Be-10 Be-10
Bi-202 Bi-202 Bi-202
Bi-208 Bi-208 Bi-208 Bi-208 Bi-208 Bi-208

Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m
Bk-245 Bk-245 Bk-245
Bk-246 Bk-246
Bk-247 Bk-247

Bk-248m Bk-248m
Bk-249 Bk-249 Bk-249 Bk-249 Bk-249 Bk-249
Bk-250 Bk-250 Bk-250 Bk-250
Bk-251 Bk-251
C-14 C-14 C-14 C-14 C-14 C-14

Cd-101
Cd-113m Cd-113m Cd-113m Cd-113m
Ce-133 Ce-133

Ce-133m Ce-133m
Ce-137

Ce-137m
Cf-244 Cf-244 Cf-244
Cf-246 Cf-246
Cf-247 Cf-247 Cf-247
Cf-248 Cf-248 Cf-248 Cf-248 Cf-248 Cf-248
Cf-249 Cf-249 Cf-249 Cf-249 Cf-249 Cf-249
Cf-250 Cf-250 Cf-250 Cf-250
Cf-251 Cf-251 Cf-251 Cf-251 Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253 Cf-253 Cf-253 Cf-253 Cf-253
Cf-254 Cf-254 Cf-254
Cf-255 Cf-255 Cf-255
Cl-36 Cl-36 Cl-36 Cl-36
Cl-39 Cl-39

Cm-238 Cm-238
Cm-239 Cm-239
Cm-240 Cm-240 Cm-240
Cm-241 Cm-241 Cm-241
Cm-242 Cm-242
Cm-243 Cm-243 Cm-243 Cm-243
Cm-244 Cm-244 Cm-244 Cm-244
Cm-245 Cm-245 Cm-245 Cm-245
Cm-246 Cm-246 Cm-246 Cm-246
Cm-247 Cm-247 Cm-247 Cm-247 Cm-247 Cm-247
Cm-248 Cm-248 Cm-248 Cm-248 Cm-248 Cm-248
Cm-249 Cm-249 Cm-249 Cm-249 Cm-249 Cm-249
Cm-250 Cm-250 Cm-250 Cm-250 Cm-250 Cm-250
Cm-251 Cm-251
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I-3

Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 348 163 276 138 128 88
Co-55
Co-60 Co-60 Co-60 Co-60

Co-60m Co-60m Co-60m Co-60m
Cs-134 Cs-134 Cs-134 Cs-134

Cs-134m Cs-134m
Cs-135 Cs-135 Cs-135 Cs-135
Cs-137 Cs-137 Cs-137 Cs-137 Cs-137 Cs-137
Cu-59 Cu-59

Dy-148 Dy-148
Dy-149
Dy-150 Dy-150
Dy-152 Dy-152
Dy-154 Dy-154 Dy-154 Dy-154 Dy-154 Dy-154
Dy-157
Er-154 Er-154
Er-163
Er-171
Es-249 Es-249 Es-249
Es-250 Es-250 Es-250

Es-250m Es-250m Es-250m
Es-251 Es-251 Es-251
Es-253 Es-253 Es-253 Es-253 Es-253 Es-253
Es-254 Es-254 Es-254 Es-254 Es-254 Es-254

Es-254m Es-254m Es-254m
Es-255 Es-255 Es-255
Es-256 Es-256
Eu-145
Eu-146
Eu-150 Eu-150 Eu-150 Eu-150 Eu-150 Eu-150

Eu-150m Eu-150m
Eu-152 Eu-152 Eu-152 Eu-152

Eu-152n Eu-152n
Eu-154 Eu-154 Eu-154 Eu-154

Eu-154m Eu-154m
Eu-155 Eu-155
Fe-53
Fe-55 Fe-55 Fe-55 Fe-55
Fe-60 Fe-60 Fe-60 Fe-60 Fe-60 Fe-60

Fm-251 Fm-251 Fm-251
Fm-252 Fm-252 Fm-252
Fm-253 Fm-253 Fm-253
Fm-254 Fm-254 Fm-254 Fm-254 Fm-254 Fm-254
Fm-255 Fm-255 Fm-255
Fm-256 Fm-256
Fm-257 Fm-257 Fm-257 Fm-257 Fm-257 Fm-257
Fr-212 Fr-212
Fr-222 Fr-222
Fr-227 Fr-227
Gd-145

Gd-145m
Gd-146 Gd-146
Gd-148 Gd-148 Gd-148 Gd-148 Gd-148 Gd-148
Gd-150 Gd-150 Gd-150 Gd-150 Gd-150 Gd-150
Gd-152 Gd-152 Gd-152 Gd-152 Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3 H-3 H-3

Hf-172 Hf-172 Hf-172 Hf-172
Hf-173
Hf-174 Hf-174 Hf-174 Hf-174 Hf-174 Hf-174

Hf-178m Hf-178m Hf-178m Hf-178m Hf-178m Hf-178m
Hf-182 Hf-182 Hf-182 Hf-182 Hf-182 Hf-182
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I-4

Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 348 163 276 138 128 88
Hf-182m
Hg-193 Hg-193

Hg-193m Hg-193m
Hg-194 Hg-194 Hg-194 Hg-194 Hg-194 Hg-194
Ho-150
Ho-154 Ho-154

Ho-154m Ho-154m
Ho-157
Ho-163 Ho-163 Ho-163 Ho-163 Ho-163 Ho-163
I-129 I-129 I-129 I-129 I-129 I-129
I-135

In-109
In-109m
In-115 In-115 In-115 In-115 In-115 In-115
Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n
K-40 K-40 K-40 K-40 K-40 K-40
Kr-81 Kr-81 Kr-81 Kr-81 Kr-81 Kr-81

La-133 La-133
La-137 La-137 La-137 La-137 La-137 La-137
La-138 La-138 La-138 La-138 La-138 La-138
Lu-173 Lu-173
Lu-174 Lu-174 Lu-174 Lu-174

Lu-174m Lu-174m Lu-174m Lu-174m
Lu-176 Lu-176 Lu-176 Lu-176 Lu-176 Lu-176
Mn-53 Mn-53 Mn-53 Mn-53 Mn-53 Mn-53
Mn-54 Mn-54

Mo-91m
Mo-93 Mo-93 Mo-93 Mo-93

Mo-93m Mo-93m
Mo-99 Mo-99
Na-22 Na-22
Nb-91 Nb-91 Nb-91 Nb-91 Nb-91 Nb-91

Nb-91m Nb-91m Nb-91m
Nb-92 Nb-92 Nb-92 Nb-92 Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94 Nb-94 Nb-94 Nb-94 Nb-94

Nb-94m Nb-94m
Nb-99m
Nd-137
Nd-144 Nd-144 Nd-144 Nd-144 Nd-144 Nd-144
Nd-147
Nd-151
Ni-59 Ni-59 Ni-59 Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63 Ni-63 Ni-63 Ni-63

Np-232 Np-232 Np-232
Np-233 Np-233
Np-234 Np-234
Np-235 Np-235 Np-235 Np-235 Np-235 Np-235
Np-236 Np-236 Np-236 Np-236 Np-236 Np-236

Np-236m Np-236m Np-236m
Np-237 Np-237 Np-237 Np-237 Np-237 Np-237
Np-238 Np-238 Np-238 Np-238
Np-239 Np-239 Np-239 Np-239
Np-240 Np-240 Np-240 Np-240

Np-240m Np-240m Np-240m Np-240m
Np-241 Np-241
Np-242 Np-242

Np-242m Np-242m
Os-186 Os-186 Os-186 Os-186 Os-186 Os-186
Os-194 Os-194 Os-194 Os-194
Pa-228
Pa-229 Pa-229 Pa-229
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 348 163 276 138 128 88
Pa-230 Pa-230 Pa-230
Pa-231 Pa-231 Pa-231 Pa-231
Pa-232 Pa-232 Pa-232 Pa-232 Pa-232 Pa-232
Pa-233 Pa-233
Pa-235 Pa-235
Pa-236
Pa-237 Pa-237
Pb-194 Pb-194 Pb-194
Pb-202 Pb-202 Pb-202 Pb-202 Pb-202 Pb-202

Pb-202m Pb-202m Pb-202m
Pb-210 Pb-210 Pb-210 Pb-210
Pd-97 Pd-97

Pd-101
Pd-107 Pd-107 Pd-107 Pd-107

Pm-137m
Pm-144 Pm-144
Pm-145 Pm-145 Pm-145 Pm-145 Pm-145 Pm-145
Pm-147 Pm-147
Pm-151 Pm-151
Po-205
Po-206
Po-207
Po-208 Po-208 Po-208 Po-208 Po-208 Po-208
Po-209 Po-209 Po-209 Po-209 Po-209 Po-209
Pr-137 Pr-137
Pt-190 Pt-190 Pt-190 Pt-190 Pt-190 Pt-190
Pt-193 Pt-193

Pt-193m Pt-193m
Pu-232 Pu-232 Pu-232
Pu-234 Pu-234
Pu-235 Pu-235
Pu-236 Pu-236 Pu-236 Pu-236 Pu-236 Pu-236
Pu-237 Pu-237 Pu-237
Pu-238 Pu-238 Pu-238 Pu-238
Pu-239 Pu-239 Pu-239 Pu-239 Pu-239 Pu-239
Pu-240 Pu-240 Pu-240 Pu-240 Pu-240 Pu-240
Pu-241 Pu-241 Pu-241 Pu-241 Pu-241 Pu-241
Pu-242 Pu-242 Pu-242 Pu-242
Pu-243 Pu-243 Pu-243 Pu-243 Pu-243 Pu-243
Pu-245 Pu-245
Pu-246 Pu-246 Pu-246 Pu-246
Ra-222 Ra-222
Ra-226 Ra-226 Ra-226 Ra-226 Ra-226 Ra-226
Ra-227 Ra-227
Ra-228 Ra-228 Ra-228 Ra-228
Ra-230 Ra-230 Ra-230
Rb-87 Rb-87 Rb-87 Rb-87
Rb-90 Rb-90

Rb-90m Rb-90m
Re-179 Re-179

Re-184m Re-184m
Re-186m Re-186m Re-186m Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187 Re-187 Re-187 Re-187
Rh-97 Rh-97

Rh-97m Rh-97m
Rh-101 Rh-101 Rh-101 Rh-101

Rh-101m
Rh-102m Rh-102m Rh-102m Rh-102m
Rn-207 Rn-207 Rn-207
Rn-209 Rn-209
Rn-210 Rn-210
Rn-211 Rn-211 Rn-211
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 348 163 276 138 128 88
Rn-212 Rn-212
Rn-218 Rn-218
Rn-222 Rn-222
Ru-97 Ru-97
Ru-106 Ru-106 Ru-106 Ru-106
Sb-125 Sb-125
Sb-129 Sb-129
Se-79 Se-79 Se-79 Se-79

Se-79m
Si-32 Si-32 Si-32 Si-32 Si-32 Si-32

Sm-145 Sm-145 Sm-145 Sm-145
Sm-146 Sm-146 Sm-146 Sm-146 Sm-146 Sm-146
Sm-147 Sm-147 Sm-147 Sm-147 Sm-147 Sm-147
Sm-148 Sm-148 Sm-148 Sm-148 Sm-148 Sm-148
Sm-151 Sm-151 Sm-151 Sm-151
Sm-155
Sn-109 Sn-109

Sn-121m Sn-121m
Sn-125
Sn-126 Sn-126 Sn-126 Sn-126 Sn-126 Sn-126
Sn-129 Sn-129
Sr-90 Sr-90 Sr-90 Sr-90 Sr-90 Sr-90

Ta-172
Ta-173
Ta-179 Ta-179 Ta-179 Ta-179
Tb-148 Tb-148

Tb-148m Tb-148m
Tb-149
Tb-150 Tb-150

Tb-150m Tb-150m
Tb-157 Tb-157 Tb-157 Tb-157 Tb-157 Tb-157
Tb-158 Tb-158 Tb-158 Tb-158 Tb-158 Tb-158
Tc-91 Tc-91

Tc-91m Tc-91m
Tc-93

Tc-93m Tc-93m
Tc-97 Tc-97 Tc-97 Tc-97 Tc-97 Tc-97

Tc-97m Tc-97m Tc-97m
Tc-98 Tc-98 Tc-98 Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99 Tc-99 Tc-99 Tc-99

Tc-99m Tc-99m
Te-123 Te-123 Te-123 Te-123 Te-123 Te-123
Te-129 Te-129

Te-129m Te-129m
Th-226 Th-226
Th-228 Th-228
Th-229 Th-229 Th-229 Th-229 Th-229 Th-229
Th-230 Th-230 Th-230 Th-230 Th-230 Th-230
Th-231 Th-231 Th-231 Th-231
Th-232 Th-232 Th-232 Th-232 Th-232 Th-232
Th-233 Th-233
Th-234 Th-234 Th-234 Th-234
Th-235 Th-235
Th-236 Th-236
Ti-44 Ti-44 Ti-44 Ti-44 Ti-44 Ti-44

Tl-194 Tl-194 Tl-194
Tl-194m Tl-194m Tl-194m
Tl-204 Tl-204 Tl-204 Tl-204
Tl-210 Tl-210

Tm-163 Tm-163
U-228
U-230 U-230 U-230
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 348 163 276 138 128 88
U-231 U-231 U-231
U-232 U-232 U-232 U-232 U-232 U-232
U-233 U-233 U-233 U-233 U-233 U-233
U-234 U-234 U-234 U-234 U-234 U-234
U-235 U-235 U-235 U-235 U-235 U-235

U-235m U-235m U-235m U-235m
U-236 U-236 U-236 U-236 U-236 U-236
U-238 U-238 U-238 U-238 U-238 U-238
U-239 U-239
U-240 U-240 U-240 U-240
U-242 U-242
V-49 V-49
V-50 V-50 V-50 V-50 V-50 V-50

W-179 W-179
W-179m W-179m
Xe-135 Xe-135
Xe-137 Xe-137
Y-93

Yb-163
Zr-93 Zr-93 Zr-93 Zr-93

Table I-2. Tier-1 NCRP123 groundwater pathway SOF histogram for the Generic Trench 
disposal unit.

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 7 6 8 9 12 12 13 10 107
271 184 177 171 163 154 142 130 117 107 0

Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243

Am-245 Am-
245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214



SRNL-STI-2020-00566
Revision 0

I-8

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 7 6 8 9 12 12 13 10 107
271 184 177 171 163 154 142 130 117 107 0

Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Ce-139 Ce-139
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242

Cm-243 Cm-
243

Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 7 6 8 9 12 12 13 10 107
271 184 177 171 163 154 142 130 117 107 0

Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-115 In-115
Ir-192 Ir-192
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 7 6 8 9 12 12 13 10 107
271 184 177 171 163 154 142 130 117 107 0

Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-106 Ru-106

S-35 S-35
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 7 6 8 9 12 12 13 10 107
271 184 177 171 163 154 142 130 117 107 0

Sn-113 Sn-113
Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44

Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
Y-88 Y-88
Y-90 Y-90
Zn-65 Zn-65
Zr-93 Zr-93
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Table I-3. Tier-1 RadScreen II pathway SOF histogram for the Generic Trench disposal 
unit.

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

163 6 5 9 17 12 9 6 5 39
271 108 102 97 88 71 59 50 44 39 0

Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-
108m

Ag-110 Ag-110
Ag-110m Ag-110m

Al-26 Al-26
Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Ce-139 Ce-139
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

163 6 5 9 17 12 9 6 5 39
271 108 102 97 88 71 59 50 44 39 0

Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-115 In-115
Ir-192 Ir-192
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

163 6 5 9 17 12 9 6 5 39
271 108 102 97 88 71 59 50 44 39 0

Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

163 6 5 9 17 12 9 6 5 39
271 108 102 97 88 71 59 50 44 39 0

Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-106 Ru-106

S-35 S-35
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

163 6 5 9 17 12 9 6 5 39
271 108 102 97 88 71 59 50 44 39 0

Ti-44 Ti-44
Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
Y-88 Y-88
Y-90 Y-90
Zn-65 Zn-65
Zr-93 Zr-93

I.2  ILV Model
Table I-4, Table I-5 and Table I-6 are the results for the ILV model that apply to only the ILV unit.

Table I-4. Tier-1 radionuclide listing for the ILV disposal unit.
Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen

Initial List 1,252 272 1,252 272 1,252 272
Pathway GW GW GW GW II II

Tier-1 List 313 141 280 133 38 29
Ac-226 Ac-226 Ac-226
Ac-227 Ac-227 Ac-227 Ac-227 Ac-227 Ac-227
Ac-230 Ac-230
Ac-231 Ac-231
Ac-233 Ac-233

Ag-108m Ag-108m Ag-108m Ag-108m
Ag-113 Ag-113

Ag-113m
Al-26 Al-26 Al-26 Al-26 Al-26 Al-26

Am-237 Am-237
Am-238 Am-238
Am-239 Am-239
Am-240 Am-240
Am-241 Am-241 Am-241 Am-241
Am-242 Am-242 Am-242 Am-242

Am-242m Am-242m Am-242m Am-242m
Am-243 Am-243 Am-243 Am-243
Am-244 Am-244

Am-244m Am-244m
Am-245 Am-245 Am-245 Am-245
Am-246 Am-246

Am-246m Am-246m Am-246m Am-246m
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 272 1,252 272 1,252 272
Pathway GW GW GW GW II II

Tier-1 List 313 141 280 133 38 29
Am-247 Am-247
Ar-39 Ar-39 Ar-39 Ar-39
Ar-42 Ar-42 Ar-42
As-79 As-79
At-206 At-206
At-207 At-207
At-209 At-209
At-211 At-211
At-218 At-218
Au-193 Au-193

Au-193m Au-193m
Ba-133 Ba-133 Ba-133 Ba-133

Ba-133m Ba-133m
Be-10 Be-10 Be-10 Be-10
Bi-202 Bi-202
Bi-205 Bi-205
Bi-207 Bi-207 Bi-207 Bi-207 Bi-207 Bi-207
Bi-208 Bi-208 Bi-208 Bi-208 Bi-208 Bi-208

Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m
Bk-245 Bk-245
Bk-246 Bk-246
Bk-247 Bk-247 Bk-247 Bk-247

Bk-248m Bk-248m
Bk-249 Bk-249 Bk-249 Bk-249
Bk-250 Bk-250 Bk-250 Bk-250
Bk-251 Bk-251
C-14 C-14 C-14 C-14
Ca-41 Ca-41 Ca-41 Ca-41

Cd-113 Cd-113 Cd-113 Cd-113
Ce-133

Ce-133m Ce-133m
Ce-137 Ce-137

Ce-137m Ce-137m
Cf-244 Cf-244 Cf-244
Cf-246 Cf-246
Cf-247 Cf-247
Cf-248 Cf-248 Cf-248 Cf-248
Cf-249 Cf-249 Cf-249 Cf-249
Cf-250 Cf-250 Cf-250 Cf-250
Cf-251 Cf-251 Cf-251 Cf-251
Cf-252 Cf-252 Cf-252 Cf-252
Cf-253 Cf-253 Cf-253 Cf-253
Cf-254 Cf-254
Cf-255 Cf-255
Cl-36 Cl-36 Cl-36 Cl-36
Cl-39 Cl-39

Cm-238 Cm-238
Cm-239 Cm-239
Cm-240 Cm-240 Cm-240
Cm-241 Cm-241
Cm-242 Cm-242
Cm-243 Cm-243 Cm-243 Cm-243
Cm-244 Cm-244 Cm-244 Cm-244
Cm-245 Cm-245 Cm-245 Cm-245
Cm-246 Cm-246 Cm-246 Cm-246
Cm-247 Cm-247 Cm-247 Cm-247
Cm-248 Cm-248 Cm-248 Cm-248
Cm-249 Cm-249 Cm-249 Cm-249
Cm-250 Cm-250 Cm-250 Cm-250 Cm-250 Cm-250
Cm-251 Cm-251
Cs-135 Cs-135 Cs-135 Cs-135

Cs-135m Cs-135m
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 272 1,252 272 1,252 272
Pathway GW GW GW GW II II

Tier-1 List 313 141 280 133 38 29
Cs-137 Cs-137 Cs-137 Cs-137 Cs-137 Cs-137
Cu-59 Cu-59

Dy-148 Dy-148
Dy-150 Dy-150
Dy-152 Dy-152
Dy-154 Dy-154 Dy-154 Dy-154
Dy-157 Dy-157
Er-154 Er-154
Er-163
Es-249 Es-249
Es-250 Es-250

Es-250m Es-250m
Es-251 Es-251
Es-253 Es-253 Es-253 Es-253
Es-254 Es-254 Es-254 Es-254

Es-254m Es-254m
Es-255 Es-255
Es-256 Es-256
Eu-145
Eu-146 Eu-146
Eu-147
Eu-150 Eu-150 Eu-150 Eu-150 Eu-150 Eu-150

Eu-150m Eu-150m
Eu-152n

Fe-53 Fe-53
Fe-53m
Fe-60 Fe-60 Fe-60 Fe-60 Fe-60 Fe-60

Fm-251 Fm-251
Fm-252 Fm-252
Fm-253 Fm-253
Fm-254 Fm-254 Fm-254 Fm-254
Fm-255 Fm-255
Fm-256 Fm-256
Fm-257 Fm-257 Fm-257 Fm-257
Fr-222 Fr-222
Fr-227
Gd-145
Gd-146 Gd-146
Gd-147
Gd-148 Gd-148 Gd-148 Gd-148
Gd-150 Gd-150 Gd-150 Gd-150
Gd-152 Gd-152 Gd-152 Gd-152

H-3 H-3 H-3 H-3
Hf-174 Hf-174 Hf-174 Hf-174

Hf-178m Hf-178m Hf-178m Hf-178m
Hf-182 Hf-182 Hf-182 Hf-182 Hf-182 Hf-182

Hf-182m
Hg-193 Hg-193

Hg-193m Hg-193m
Hg-194 Hg-194 Hg-194 Hg-194 Hg-194 Hg-194
Ho-150
Ho-154 Ho-154

Ho-154m Ho-154m
Ho-157
Ho-163 Ho-163 Ho-163 Ho-163

Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m
I-129 I-129 I-129 I-129
I-135 I-135

In-115 In-115 In-115 In-115
Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n
K-40 K-40 K-40 K-40
Kr-81 Kr-81 Kr-81 Kr-81
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 272 1,252 272 1,252 272
Pathway GW GW GW GW II II

Tier-1 List 313 141 280 133 38 29
La-133 La-133
La-137 La-137 La-137 La-137
La-138 La-138 La-138 La-138 La-138 La-138
Lu-176 Lu-176 Lu-176 Lu-176
Mn-53 Mn-53 Mn-53 Mn-53
Mo-91 Mo-91

Mo-91m
Mo-93 Mo-93 Mo-93 Mo-93

Mo-93m Mo-93m
Mo-99 Mo-99
Nb-91 Nb-91 Nb-91 Nb-91 Nb-91 Nb-91

Nb-91m Nb-91m
Nb-92 Nb-92 Nb-92 Nb-92 Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94 Nb-94 Nb-94

Nb-94m Nb-94m
Nb-99 Nb-99

Nb-99m Nb-99m
Nd-137 Nd-137
Nd-144 Nd-144 Nd-144 Nd-144
Nd-147
Nd-151 Nd-151
Ni-59 Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63 Ni-63

Np-232 Np-232 Np-232
Np-233 Np-233
Np-234 Np-234
Np-235 Np-235 Np-235 Np-235
Np-236 Np-236 Np-236 Np-236 Np-236 Np-236

Np-236m Np-236m Np-236m
Np-237 Np-237 Np-237 Np-237
Np-238 Np-238 Np-238 Np-238
Np-240 Np-240 Np-240 Np-240

Np-240m Np-240m Np-240m Np-240m
Np-241 Np-241
Np-242 Np-242

Np-242m Np-242m
Os-186 Os-186 Os-186 Os-186
Os-194 Os-194
Pa-229 Pa-229
Pa-230 Pa-230 Pa-230
Pa-231 Pa-231 Pa-231 Pa-231 Pa-231 Pa-231
Pa-232 Pa-232 Pa-232 Pa-232 Pa-232 Pa-232
Pa-235 Pa-235
Pa-236
Pa-237 Pa-237
Pb-194 Pb-194
Pb-202 Pb-202 Pb-202 Pb-202 Pb-202 Pb-202

Pb-202m Pb-202m
Pb-205 Pb-205 Pb-205 Pb-205
Pb-210 Pb-210 Pb-210 Pb-210
Pd-97 Pd-97

Pd-107 Pd-107 Pd-107 Pd-107
Pm-137m
Pm-145 Pm-145 Pm-145 Pm-145
Pm-146 Pm-146 Pm-146 Pm-146
Pm-151 Pm-151
Po-205
Po-206 Po-206
Po-207 Po-207
Po-208 Po-208 Po-208 Po-208
Po-209 Po-209 Po-209 Po-209 Po-209 Po-209
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 272 1,252 272 1,252 272
Pathway GW GW GW GW II II

Tier-1 List 313 141 280 133 38 29
Pr-137 Pr-137
Pt-190 Pt-190 Pt-190 Pt-190
Pt-193 Pt-193

Pt-193m Pt-193m
Pu-232 Pu-232 Pu-232
Pu-234 Pu-234
Pu-235 Pu-235
Pu-236 Pu-236 Pu-236 Pu-236 Pu-236 Pu-236
Pu-237 Pu-237
Pu-238 Pu-238 Pu-238 Pu-238
Pu-239 Pu-239 Pu-239 Pu-239
Pu-240 Pu-240 Pu-240 Pu-240
Pu-241 Pu-241 Pu-241 Pu-241
Pu-242 Pu-242 Pu-242 Pu-242
Pu-243 Pu-243 Pu-243 Pu-243
Pu-244 Pu-244 Pu-244 Pu-244
Pu-245 Pu-245
Pu-246 Pu-246 Pu-246 Pu-246
Ra-222
Ra-226 Ra-226 Ra-226 Ra-226 Ra-226 Ra-226
Ra-227 Ra-227
Ra-230 Ra-230
Rb-81
Rb-87 Rb-87 Rb-87 Rb-87
Rb-90 Rb-90

Rb-90m Rb-90m
Re-186m Re-186m Re-186m Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187 Re-187
Rh-97 Rh-97

Rh-97m Rh-97m
Rh-107 Rh-107
Rn-207
Rn-209 Rn-209
Rn-210 Rn-210
Rn-211 Rn-211 Rn-211
Rn-222 Rn-222
Ru-97 Ru-97
Ru-107 Ru-107
Sb-129 Sb-129
Se-79 Se-79 Se-79 Se-79

Se-79m Se-79m
Si-32 Si-32 Si-32 Si-32

Sm-145 Sm-145 Sm-145 Sm-145
Sm-146 Sm-146 Sm-146 Sm-146
Sm-147 Sm-147 Sm-147 Sm-147
Sm-148 Sm-148 Sm-148 Sm-148
Sm-151 Sm-151 Sm-151 Sm-151
Sn-126 Sn-126 Sn-126 Sn-126
Sn-129 Sn-129
Sr-90 Sr-90 Sr-90 Sr-90
Sr-93

Tb-148 Tb-148
Tb-148m Tb-148m
Tb-149
Tb-150 Tb-150

Tb-150m Tb-150m
Tb-157 Tb-157 Tb-157 Tb-157
Tb-158 Tb-158 Tb-158 Tb-158 Tb-158 Tb-158
Tc-91 Tc-91

Tc-91m Tc-91m
Tc-93 Tc-93

Tc-93m Tc-93m
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 272 1,252 272 1,252 272
Pathway GW GW GW GW II II

Tier-1 List 313 141 280 133 38 29
Tc-97 Tc-97 Tc-97 Tc-97

Tc-97m Tc-97m
Tc-98 Tc-98 Tc-98 Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99 Tc-99

Tc-99m Tc-99m
Te-123 Te-123 Te-123 Te-123
Te-129 Te-129

Te-129m Te-129m
Th-226 Th-226
Th-229 Th-229 Th-229 Th-229 Th-229 Th-229
Th-230 Th-230 Th-230 Th-230
Th-231 Th-231 Th-231 Th-231
Th-232 Th-232 Th-232 Th-232
Th-233 Th-233
Th-234 Th-234
Th-235 Th-235
Th-236 Th-236
Ti-44 Ti-44 Ti-44 Ti-44 Ti-44 Ti-44

Tl-194 Tl-194
Tl-194m Tl-194m
Tl-210 Tl-210

Tm-163 Tm-163
U-230 U-230
U-231 U-231
U-232 U-232 U-232 U-232
U-233 U-233 U-233 U-233
U-234 U-234 U-234 U-234
U-235 U-235 U-235 U-235

U-235m U-235m U-235m U-235m
U-236 U-236 U-236 U-236
U-237 U-237 U-237 U-237
U-238 U-238 U-238 U-238
U-239 U-239
U-240 U-240 U-240 U-240
U-242 U-242
V-50 V-50 V-50 V-50 V-50 V-50

W-187
Xe-135 Xe-135

Xe-135m Xe-135m
Xe-137 Xe-137
Y-93 Y-93

Yb-163
Zr-93 Zr-93 Zr-93 Zr-93

Table I-5. Tier-1 NCRP123 groundwater pathway SOF histogram for the ILV disposal 
unit.

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

116 5 8 2 3 6 1 12 7 112
272 156 151 143 141 138 132 131 119 112 0

Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

116 5 8 2 3 6 1 12 7 112
272 156 151 143 141 138 132 131 119 112 0

Am-242 Am-242
Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-37 Ar-37
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Ce-139 Ce-139
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

116 5 8 2 3 6 1 12 7 112
272 156 151 143 141 138 132 131 119 112 0

Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-115 In-115
Ir-192 Ir-192
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

116 5 8 2 3 6 1 12 7 112
272 156 151 143 141 138 132 131 119 112 0

Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

116 5 8 2 3 6 1 12 7 112
272 156 151 143 141 138 132 131 119 112 0

Rh-102m Rh-102m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-106 Ru-106

S-35 S-35
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44

Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

116 5 8 2 3 6 1 12 7 112
272 156 151 143 141 138 132 131 119 112 0

U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
Y-88 Y-88
Y-90 Y-90
Zn-65 Zn-65
Zr-93 Zr-93

Table I-6. Tier-1 RadScreen II pathway SOF histogram for the ILV disposal unit.
Tier-0 SOF bins

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >
229 6 6 2 2 3 3 2 4 15

272 43 37 31 29 27 24 21 19 15 0
Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-37 Ar-37
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250

C-14 C-14
Ca-41 Ca-41
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

229 6 6 2 2 3 3 2 4 15
272 43 37 31 29 27 24 21 19 15 0

Ca-45 Ca-45
Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Ce-139 Ce-139
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-115 In-115



SRNL-STI-2020-00566
Revision 0

I-28

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

229 6 6 2 2 3 3 2 4 15
272 43 37 31 29 27 24 21 19 15 0

Ir-192 Ir-192
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

229 6 6 2 2 3 3 2 4 15
272 43 37 31 29 27 24 21 19 15 0

Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-106 Ru-106

S-35 S-35
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-90 Sr-90
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

229 6 6 2 2 3 3 2 4 15
272 43 37 31 29 27 24 21 19 15 0

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
Y-88 Y-88
Y-90 Y-90
Zn-65 Zn-65
Zr-93 Zr-93

I.3  LAWV Model
Table I-7, Table I-8 and Table I-9 are the results for the LAWV model that apply to only the 
LAWV unit.
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Table I-7. Tier-1 radionuclide listing for the LAWV disposal unit.
Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen

Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 280 134 221 120 22 20
Ac-226 Ac-226
Ac-227 Ac-227 Ac-227 Ac-227 Ac-227 Ac-227
Ac-230 Ac-230
Ac-231 Ac-231
Ac-233 Ac-233

Ag-108m Ag-108m Ag-108m Ag-108m
Al-26 Al-26 Al-26 Al-26 Al-26 Al-26

Am-237 Am-237
Am-238 Am-238
Am-239 Am-239
Am-240 Am-240
Am-241 Am-241 Am-241 Am-241
Am-242 Am-242 Am-242 Am-242

Am-242m Am-242m Am-242m Am-242m
Am-243 Am-243 Am-243 Am-243
Am-244 Am-244

Am-244m Am-244m
Am-245 Am-245 Am-245 Am-245
Am-246

Am-246m Am-246m
Ar-42 Ar-42 Ar-42
At-206 At-206
At-207 At-207
At-209 At-209
At-211 At-211
Au-193 Au-193

Au-193m Au-193m
Ba-133m

Be-10 Be-10 Be-10 Be-10
Bi-202 Bi-202
Bi-207 Bi-207 Bi-207 Bi-207
Bi-208 Bi-208 Bi-208 Bi-208 Bi-208 Bi-208

Bi-210m Bi-210m Bi-210m Bi-210m
Bk-245 Bk-245
Bk-246 Bk-246
Bk-247 Bk-247 Bk-247 Bk-247

Bk-248m Bk-248m
Bk-249 Bk-249 Bk-249 Bk-249
Bk-250 Bk-250 Bk-250 Bk-250
Bk-251 Bk-251
C-14 C-14 C-14 C-14
Ca-41 Ca-41 Ca-41 Ca-41

Cd-113 Cd-113 Cd-113 Cd-113
Ce-133

Ce-133m
Ce-137

Ce-137m
Cf-244 Cf-244
Cf-246 Cf-246
Cf-247 Cf-247
Cf-248 Cf-248 Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250 Cf-250 Cf-250
Cf-251 Cf-251 Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253 Cf-253 Cf-253
Cf-254 Cf-254
Cf-255 Cf-255
Cl-36 Cl-36 Cl-36 Cl-36
Cl-39 Cl-39
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 280 134 221 120 22 20
Cm-238 Cm-238
Cm-239 Cm-239
Cm-240 Cm-240 Cm-240
Cm-241 Cm-241
Cm-243 Cm-243
Cm-244 Cm-244 Cm-244 Cm-244
Cm-245 Cm-245 Cm-245 Cm-245
Cm-246 Cm-246 Cm-246 Cm-246
Cm-249 Cm-249 Cm-249 Cm-249
Cm-250 Cm-250 Cm-250 Cm-250 Cm-250 Cm-250
Cm-251 Cm-251
Cs-137 Cs-137 Cs-137 Cs-137
Cu-59 Cu-59

Dy-148 Dy-148
Dy-150 Dy-150
Dy-152 Dy-152
Dy-154 Dy-154 Dy-154 Dy-154
Er-154
Er-163
Es-249 Es-249
Es-250 Es-250

Es-250m Es-250m
Es-251 Es-251
Es-253 Es-253 Es-253 Es-253
Es-254 Es-254 Es-254 Es-254

Es-254m Es-254m
Es-255 Es-255
Es-256 Es-256
Eu-150 Eu-150 Eu-150 Eu-150

Eu-150m
Eu-152 Eu-152

Eu-152n
Fe-53
Fe-60 Fe-60 Fe-60 Fe-60 Fe-60 Fe-60

Fm-251 Fm-251
Fm-252 Fm-252
Fm-253 Fm-253
Fm-254 Fm-254 Fm-254 Fm-254
Fm-255 Fm-255
Fm-256 Fm-256
Fm-257 Fm-257 Fm-257 Fm-257
Fr-222
Fr-227
Gd-146
Gd-148 Gd-148 Gd-148 Gd-148
Gd-150 Gd-150 Gd-150 Gd-150
Gd-152 Gd-152 Gd-152 Gd-152

H-3 H-3 H-3 H-3
Hf-174 Hf-174 Hf-174 Hf-174

Hf-178m Hf-178m Hf-178m Hf-178m
Hf-182 Hf-182 Hf-182 Hf-182 Hf-182 Hf-182

Hf-182m
Hg-193 Hg-193

Hg-193m Hg-193m
Hg-194 Hg-194 Hg-194 Hg-194 Hg-194 Hg-194
Ho-150
Ho-154 Ho-154

Ho-154m
Ho-157
Ho-163 Ho-163 Ho-163 Ho-163

Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m
I-129 I-129 I-129 I-129
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 280 134 221 120 22 20
In-115 In-115 In-115 In-115
Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n
K-40 K-40 K-40 K-40
Kr-81 Kr-81 Kr-81 Kr-81

La-137 La-137 La-137 La-137
La-138 La-138 La-138 La-138 La-138 La-138
Lu-176 Lu-176 Lu-176 Lu-176
Mn-53 Mn-53 Mn-53 Mn-53

Mo-91m
Mo-93 Mo-93 Mo-93 Mo-93

Mo-93m
Mo-99 Mo-99
Nb-91 Nb-91 Nb-91 Nb-91

Nb-91m Nb-91m
Nb-92 Nb-92 Nb-92 Nb-92 Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94 Nb-94 Nb-94

Nb-94m
Nd-137
Nd-144 Nd-144 Nd-144 Nd-144
Ni-59 Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63 Ni-63

Np-232 Np-232
Np-233 Np-233
Np-234 Np-234
Np-235 Np-235 Np-235 Np-235
Np-236 Np-236 Np-236 Np-236 Np-236 Np-236

Np-236m Np-236m
Np-237 Np-237 Np-237 Np-237
Np-238 Np-238 Np-238 Np-238
Np-240 Np-240 Np-240 Np-240

Np-240m Np-240m
Np-241 Np-241
Np-242 Np-242

Np-242m Np-242m
Os-186 Os-186 Os-186 Os-186
Os-194 Os-194
Pa-229 Pa-229
Pa-230 Pa-230
Pa-231 Pa-231 Pa-231 Pa-231 Pa-231 Pa-231
Pa-232 Pa-232 Pa-232 Pa-232
Pa-233 Pa-233
Pa-235 Pa-235
Pa-236
Pa-237 Pa-237
Pb-194 Pb-194
Pb-202 Pb-202 Pb-202 Pb-202 Pb-202 Pb-202

Pb-202m Pb-202m
Pb-205 Pb-205 Pb-205 Pb-205
Pb-210 Pb-210
Pd-97 Pd-97

Pd-107 Pd-107 Pd-107 Pd-107
Pm-137m
Pm-145 Pm-145 Pm-145 Pm-145
Pm-146 Pm-146 Pm-146 Pm-146
Pm-151
Po-205
Po-206
Po-207
Po-208 Po-208 Po-208 Po-208
Po-209 Po-209 Po-209 Po-209 Po-209 Po-209
Pr-137 Pr-137
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 280 134 221 120 22 20
Pt-190 Pt-190 Pt-190 Pt-190
Pt-193 Pt-193 Pt-193 Pt-193

Pt-193m Pt-193m
Pu-232 Pu-232
Pu-234 Pu-234
Pu-235 Pu-235
Pu-236 Pu-236 Pu-236 Pu-236 Pu-236 Pu-236
Pu-237 Pu-237
Pu-238 Pu-238 Pu-238 Pu-238
Pu-239 Pu-239 Pu-239 Pu-239
Pu-240 Pu-240 Pu-240 Pu-240
Pu-241 Pu-241 Pu-241 Pu-241
Pu-242 Pu-242 Pu-242 Pu-242
Pu-243 Pu-243 Pu-243 Pu-243
Pu-245 Pu-245
Pu-246 Pu-246 Pu-246 Pu-246
Ra-222
Ra-226 Ra-226 Ra-226 Ra-226
Ra-227
Ra-230 Ra-230
Rb-87 Rb-87 Rb-87 Rb-87
Rb-90 Rb-90

Rb-90m Rb-90m
Re-186m Re-186m Re-186m Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187 Re-187
Rh-97 Rh-97

Rh-97m Rh-97m
Rn-207
Rn-209 Rn-209
Rn-210 Rn-210
Rn-211 Rn-211
Ru-97 Ru-97
Sb-129 Sb-129
Se-79 Se-79 Se-79 Se-79

Se-79m
Si-32 Si-32 Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146 Sm-146 Sm-146
Sm-147 Sm-147 Sm-147 Sm-147
Sm-148 Sm-148 Sm-148 Sm-148
Sm-151 Sm-151
Sn-121m Sn-121m
Sn-126 Sn-126 Sn-126 Sn-126
Sn-129
Sr-90 Sr-90 Sr-90 Sr-90

Tb-148 Tb-148
Tb-148m Tb-148m
Tb-149
Tb-150 Tb-150

Tb-150m Tb-150m
Tb-157 Tb-157 Tb-157 Tb-157
Tb-158 Tb-158 Tb-158 Tb-158 Tb-158 Tb-158
Tc-91

Tc-91m
Tc-93

Tc-93m Tc-93m
Tc-97 Tc-97 Tc-97 Tc-97

Tc-97m Tc-97m
Tc-98 Tc-98 Tc-98 Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99 Tc-99

Tc-99m Tc-99m
Te-123 Te-123 Te-123 Te-123
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 271 1,252 271 1,252 271
Pathway GW GW GW GW II II

Tier-1 List 280 134 221 120 22 20
Te-129 Te-129

Te-129m Te-129m
Th-226
Th-229 Th-229 Th-229 Th-229
Th-230 Th-230 Th-230 Th-230
Th-231 Th-231 Th-231 Th-231
Th-232 Th-232 Th-232 Th-232
Th-233 Th-233
Th-234 Th-234
Th-235
Th-236
Ti-44 Ti-44 Ti-44 Ti-44 Ti-44 Ti-44

Tl-194 Tl-194
Tl-194m Tl-194m
Tm-163
U-230 U-230
U-231 U-231
U-232 U-232 U-232 U-232
U-233 U-233 U-233 U-233
U-234 U-234 U-234 U-234
U-235 U-235 U-235 U-235

U-235m U-235m U-235m U-235m
U-236 U-236 U-236 U-236
U-237 U-237 U-237 U-237
U-238 U-238 U-238 U-238
U-239 U-239
U-240 U-240 U-240 U-240
U-242 U-242
V-50 V-50 V-50 V-50

Xe-135
Xe-137
Y-93

Yb-163
Zr-93 Zr-93 Zr-93 Zr-93

Table I-8. Tier-1 NCRP123 groundwater pathway SOF histogram for the LAWV disposal 
unit.

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

123 4 6 4 6 9 9 4 10 96
271 148 144 138 134 128 119 110 106 96 0

Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

123 4 6 4 6 9 9 4 10 96
271 148 144 138 134 128 119 110 106 96 0

Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250

C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Ce-139 Ce-139
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

123 4 6 4 6 9 9 4 10 96
271 148 144 138 134 128 119 110 106 96 0

Ga-68 Ga-68
Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-115 In-115
Ir-192 Ir-192

Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
Pa-231 Pa-231
Pa-232 Pa-232
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

123 4 6 4 6 9 9 4 10 96
271 148 144 138 134 128 119 110 106 96 0

Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-106 Ru-106

S-35 S-35
Sb-125 Sb-125
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

123 4 6 4 6 9 9 4 10 96
271 148 144 138 134 128 119 110 106 96 0

Sb-126 Sb-126
Sb-126m Sb-126m

Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

123 4 6 4 6 9 9 4 10 96
271 148 144 138 134 128 119 110 106 96 0

W-181 W-181
Y-88 Y-88
Y-90 Y-90
Zn-65 Zn-65
Zr-93 Zr-93

Table I-9. Tier-1 RadScreen II pathway SOF histogram for the LAWV disposal unit.
Tier-0 SOF bins

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >
233 7 4 7 6 4 4 2 2 2

271 38 31 27 20 14 10 6 4 2 0
Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Ce-139 Ce-139
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

233 7 4 7 6 4 4 2 2 2
271 38 31 27 20 14 10 6 4 2 0

Cl-36 Cl-36
Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-115 In-115
Ir-192 Ir-192
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
Lu-172 Lu-172
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

233 7 4 7 6 4 4 2 2 2
271 38 31 27 20 14 10 6 4 2 0

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

233 7 4 7 6 4 4 2 2 2
271 38 31 27 20 14 10 6 4 2 0

Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-106 Ru-106

S-35 S-35
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

233 7 4 7 6 4 4 2 2 2
271 38 31 27 20 14 10 6 4 2 0

Te-127 Te-127
Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44

Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
Y-88 Y-88
Y-90 Y-90
Zn-65 Zn-65
Zr-93 Zr-93

I.4  NRCDAG Model
Table I-10, Table I-11 and Table I-12 are the results for the NRCDAG model that apply to only 
the NRCDAG unit.

Table I-10. Tier-1 radionuclide listing for the NRCDAG disposal unit.
Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen

Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Ac-226 Ac-226 Ac-226
Ac-228 Ac-228 Ac-228 Ac-228
Ac-230 Ac-230
Ac-231 Ac-231
Ac-233 Ac-233
Ag-101
Ag-113 Ag-113

Ag-113m Ag-113m
Al-26 Al-26 Al-26 Al-26 Al-26 Al-26

Am-237 Am-237
Am-238 Am-238
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Am-239 Am-239
Am-240 Am-240
Am-241 Am-241 Am-241 Am-241
Am-242 Am-242 Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243 Am-243 Am-243
Am-244 Am-244

Am-244m Am-244m
Am-245 Am-245 Am-245 Am-245
Am-246 Am-246

Am-246m Am-246m Am-246m Am-246m
Am-247 Am-247
Ar-39 Ar-39 Ar-39 Ar-39
Ar-42 Ar-42 Ar-42
As-79 As-79
At-205
At-206 At-206
At-207 At-207 At-207
At-208 At-208
At-209 At-209
At-211 At-211 At-211
At-218 At-218 At-218 At-218
Au-190
Au-193 Au-193

Au-193m Au-193m
Ba-133 Ba-133 Ba-133 Ba-133

Ba-133m Ba-133m
Bi-202 Bi-202
Bi-205 Bi-205
Bi-207 Bi-207 Bi-207 Bi-207 Bi-207 Bi-207
Bi-208 Bi-208 Bi-208 Bi-208 Bi-208 Bi-208

Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m
Bk-245 Bk-245
Bk-246 Bk-246
Bk-247 Bk-247 Bk-247 Bk-247 Bk-247 Bk-247

Bk-248m Bk-248m
Bk-249 Bk-249 Bk-249 Bk-249
Bk-250 Bk-250 Bk-250 Bk-250
Bk-251 Bk-251
C-14 C-14 C-14 C-14
Ca-41 Ca-41 Ca-41 Ca-41

Cd-101
Cd-109 Cd-109 Cd-109 Cd-109
Cd-113 Cd-113 Cd-113 Cd-113

Cd-113m Cd-113m Cd-113m Cd-113m
Ce-133 Ce-133

Ce-133m Ce-133m
Ce-137 Ce-137

Ce-137m Ce-137m
Cf-244 Cf-244 Cf-244
Cf-246 Cf-246
Cf-247 Cf-247
Cf-248 Cf-248 Cf-248 Cf-248
Cf-250 Cf-250 Cf-250 Cf-250
Cf-252 Cf-252 Cf-252 Cf-252
Cf-253 Cf-253 Cf-253 Cf-253
Cf-254 Cf-254
Cf-255 Cf-255
Cl-36 Cl-36 Cl-36 Cl-36
Cl-39 Cl-39

Cm-238 Cm-238
Cm-239 Cm-239
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Cm-240 Cm-240 Cm-240
Cm-241 Cm-241
Cm-242 Cm-242 Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244 Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246 Cm-246 Cm-246
Cm-249 Cm-249 Cm-249 Cm-249
Cm-250 Cm-250 Cm-250 Cm-250 Cm-250 Cm-250
Cm-251 Cm-251
Co-55 Co-55
Co-57 Co-57
Co-60 Co-60 Co-60 Co-60

Co-60m Co-60m Co-60m Co-60m
Cs-134 Cs-134

Cs-134m Cs-134m
Cs-135 Cs-135 Cs-135 Cs-135

Cs-135m Cs-135m
Cs-137 Cs-137 Cs-137 Cs-137
Cu-59 Cu-59

Dy-148 Dy-148
Dy-149
Dy-150 Dy-150
Dy-152 Dy-152
Dy-154 Dy-154 Dy-154 Dy-154
Dy-157 Dy-157
Er-154 Er-154
Er-163 Er-163
Er-171
Es-249 Es-249
Es-250 Es-250

Es-250m Es-250m
Es-251 Es-251
Es-253 Es-253 Es-253 Es-253
Es-254 Es-254 Es-254 Es-254

Es-254m Es-254m
Es-255 Es-255
Es-256 Es-256
Eu-145 Eu-145
Eu-146 Eu-146
Eu-147 Eu-147
Eu-150 Eu-150 Eu-150 Eu-150 Eu-150 Eu-150

Eu-150m Eu-150m
Eu-152 Eu-152 Eu-152 Eu-152 Eu-152 Eu-152

Eu-152n Eu-152n
Eu-154 Eu-154

Eu-154m Eu-154m
Fe-53 Fe-53

Fe-53m
Fe-55 Fe-55 Fe-55 Fe-55
Fe-60 Fe-60 Fe-60 Fe-60 Fe-60 Fe-60

Fm-251 Fm-251
Fm-252 Fm-252
Fm-253 Fm-253
Fm-254 Fm-254 Fm-254 Fm-254
Fm-255 Fm-255
Fm-256 Fm-256
Fm-257 Fm-257 Fm-257 Fm-257
Fr-212
Fr-222 Fr-222
Fr-227 Fr-227
Gd-145
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Gd-145m
Gd-146 Gd-146
Gd-147
Gd-148 Gd-148 Gd-148 Gd-148
Gd-150 Gd-150 Gd-150 Gd-150
Gd-152 Gd-152 Gd-152 Gd-152
Ge-68 Ge-68
H-3 H-3 H-3 H-3

Hf-172 Hf-172 Hf-172 Hf-172
Hf-173
Hf-174 Hf-174 Hf-174 Hf-174

Hf-178m Hf-178m Hf-178m Hf-178m
Hf-182 Hf-182 Hf-182 Hf-182 Hf-182 Hf-182

Hf-182m
Hg-193 Hg-193

Hg-193m Hg-193m
Hg-194 Hg-194 Hg-194 Hg-194 Hg-194 Hg-194
Ho-150 Ho-150
Ho-154 Ho-154

Ho-154m Ho-154m
Ho-157 Ho-157
Ho-163 Ho-163 Ho-163 Ho-163

Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m
I-129 I-129 I-129 I-129
I-135 I-135

In-109
In-109m
In-115 In-115 In-115 In-115
In-121

In-121m
Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n
K-40 K-40 K-40 K-40 K-40 K-40
Kr-81 Kr-81 Kr-81 Kr-81
Kr-87

La-133 La-133
La-137 La-137 La-137 La-137
La-138 La-138 La-138 La-138 La-138 La-138
Lu-173 Lu-173
Lu-174 Lu-174 Lu-174 Lu-174

Lu-174m Lu-174m Lu-174m Lu-174m
Lu-176 Lu-176 Lu-176 Lu-176
Mn-53 Mn-53 Mn-53 Mn-53
Mn-54 Mn-54
Mo-91 Mo-91

Mo-91m Mo-91m
Mo-93 Mo-93 Mo-93 Mo-93

Mo-93m Mo-93m
Mo-99 Mo-99
Na-22 Na-22 Na-22 Na-22
Nb-91 Nb-91 Nb-91 Nb-91 Nb-91 Nb-91

Nb-91m Nb-91m
Nb-92 Nb-92 Nb-92 Nb-92 Nb-92 Nb-92

Nb-93m Nb-93m Nb-93m Nb-93m
Nb-94 Nb-94 Nb-94 Nb-94 Nb-94 Nb-94

Nb-94m Nb-94m
Nb-99 Nb-99

Nb-99m Nb-99m
Nd-137 Nd-137
Nd-144 Nd-144 Nd-144 Nd-144
Nd-147 Nd-147
Nd-151 Nd-151
Ni-59 Ni-59 Ni-59 Ni-59
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Ni-63 Ni-63 Ni-63 Ni-63

Np-232 Np-232 Np-232
Np-233 Np-233
Np-234 Np-234
Np-235 Np-235 Np-235 Np-235
Np-236 Np-236 Np-236 Np-236 Np-236 Np-236

Np-236m Np-236m Np-236m
Np-237 Np-237 Np-237 Np-237
Np-238 Np-238 Np-238 Np-238
Np-239 Np-239 Np-239 Np-239
Np-240 Np-240 Np-240 Np-240

Np-240m Np-240m Np-240m Np-240m
Np-241 Np-241
Np-242 Np-242

Np-242m Np-242m
Os-186 Os-186 Os-186 Os-186
Os-194 Os-194 Os-194 Os-194
Pa-228 Pa-228
Pa-229 Pa-229 Pa-229
Pa-230 Pa-230 Pa-230
Pa-232 Pa-232 Pa-232 Pa-232 Pa-232 Pa-232
Pa-233 Pa-233 Pa-233 Pa-233
Pa-235 Pa-235
Pa-236
Pa-237 Pa-237
Pb-194 Pb-194
Pb-202 Pb-202 Pb-202 Pb-202 Pb-202 Pb-202

Pb-202m Pb-202m
Pb-205 Pb-205 Pb-205 Pb-205
Pb-210 Pb-210 Pb-210 Pb-210
Pd-97 Pd-97

Pd-101
Pd-107 Pd-107 Pd-107 Pd-107

Pm-137m
Pm-144 Pm-144
Pm-145 Pm-145 Pm-145 Pm-145
Pm-146 Pm-146 Pm-146 Pm-146
Pm-147 Pm-147
Pm-151 Pm-151
Po-205
Po-206 Po-206
Po-207 Po-207 Po-207
Po-208 Po-208 Po-208 Po-208
Po-209 Po-209 Po-209 Po-209 Po-209 Po-209
Pr-137 Pr-137
Pr-147
Pt-190 Pt-190 Pt-190 Pt-190
Pt-193 Pt-193 Pt-193 Pt-193

Pt-193m Pt-193m
Pu-232 Pu-232 Pu-232
Pu-234 Pu-234
Pu-235 Pu-235
Pu-236 Pu-236 Pu-236 Pu-236 Pu-236 Pu-236
Pu-237 Pu-237
Pu-238 Pu-238 Pu-238 Pu-238
Pu-239 Pu-239 Pu-239 Pu-239
Pu-240 Pu-240 Pu-240 Pu-240
Pu-241 Pu-241 Pu-241 Pu-241
Pu-242 Pu-242 Pu-242 Pu-242
Pu-243 Pu-243 Pu-243 Pu-243
Pu-245 Pu-245
Pu-246 Pu-246 Pu-246 Pu-246
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Ra-222 Ra-222
Ra-227 Ra-227
Ra-228 Ra-228 Ra-228 Ra-228
Ra-230 Ra-230
Rb-81 Rb-81

Rb-81m
Rb-87 Rb-87 Rb-87 Rb-87
Rb-90 Rb-90

Rb-90m Rb-90m
Re-179 Re-179

Re-186m Re-186m Re-186m Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187 Re-187
Rh-97 Rh-97

Rh-97m Rh-97m
Rh-101 Rh-101 Rh-101 Rh-101

Rh-101m
Rh-102m Rh-102m Rh-102m Rh-102m
Rh-107 Rh-107
Rn-207 Rn-207
Rn-209 Rn-209
Rn-210 Rn-210
Rn-211 Rn-211 Rn-211
Rn-212
Rn-218 Rn-218 Rn-218 Rn-218
Ru-97 Ru-97
Ru-106 Ru-106
Ru-107 Ru-107
Sb-125 Sb-125 Sb-125 Sb-125
Sb-129 Sb-129
Se-79 Se-79

Se-79m Se-79m
Si-32 Si-32 Si-32 Si-32

Sm-145 Sm-145 Sm-145 Sm-145
Sm-146 Sm-146 Sm-146 Sm-146
Sm-147 Sm-147 Sm-147 Sm-147
Sm-148 Sm-148 Sm-148 Sm-148
Sm-151 Sm-151
Sm-155
Sn-109
Sn-125 Sn-125

Sn-125m
Sn-126 Sn-126
Sn-129 Sn-129
Sr-81
Sr-90 Sr-90 Sr-90 Sr-90
Sr-93

Ta-172
Ta-173
Ta-179 Ta-179 Ta-179 Ta-179
Tb-146
Tb-148 Tb-148

Tb-148m Tb-148m
Tb-149 Tb-149
Tb-150 Tb-150

Tb-150m Tb-150m
Tb-157 Tb-157 Tb-157 Tb-157
Tb-158 Tb-158 Tb-158 Tb-158 Tb-158 Tb-158
Tc-91 Tc-91

Tc-91m Tc-91m
Tc-93 Tc-93

Tc-93m Tc-93m
Tc-97 Tc-97 Tc-97 Tc-97
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 365 157 310 139 44 29
Tc-97m Tc-97m
Tc-98 Tc-98 Tc-98 Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99 Tc-99

Tc-99m Tc-99m
Te-123 Te-123 Te-123 Te-123
Te-129 Te-129

Te-129m Te-129m
Th-226 Th-226
Th-228 Th-228 Th-228 Th-228
Th-229 Th-229 Th-229 Th-229 Th-229 Th-229
Th-233 Th-233
Th-235 Th-235
Th-236 Th-236
Ti-44 Ti-44 Ti-44 Ti-44 Ti-44 Ti-44

Tl-194 Tl-194 Tl-194
Tl-194m Tl-194m Tl-194m
Tl-204 Tl-204 Tl-204 Tl-204
Tl-210 Tl-210 Tl-210 Tl-210

Tm-163 Tm-163
Tm-171 Tm-171 Tm-171 Tm-171
U-228
U-230 U-230
U-231 U-231
U-232 U-232
U-233 U-233
U-234 U-234 U-234 U-234
U-235 U-235 U-235 U-235

U-235m U-235m U-235m U-235m
U-237 U-237 U-237 U-237
U-238 U-238 U-238 U-238
U-239 U-239
U-240 U-240 U-240 U-240
U-242 U-242
V-49 V-49
V-50 V-50 V-50 V-50 V-50 V-50

W-179 W-179
W-179m
W-187 W-187
Xe-135 Xe-135

Xe-135m Xe-135m
Xe-137 Xe-137
Y-93 Y-93

Yb-163
Zr-93 Zr-93 Zr-93 Zr-93

Table I-11. Tier-1 NCRP123 groundwater pathway SOF histogram for the NRCDAG
disposal unit.

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

121 8 3 6 6 11 6 3 7 124
295 174 166 163 157 151 140 134 131 124 0

Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-109m Ag-109m
Ag-110 Ag-110

Ag-110m Ag-110m
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

121 8 3 6 6 11 6 3 7 124
295 174 166 163 157 151 140 134 131 124 0

Al-26 Al-26

Am-241 Am-
241

Am-242 Am-242
Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Ba-140 Ba-140
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Cd-115m Cd-115m
Ce-139 Ce-139
Ce-141 Ce-141
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-
242

Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-58 Co-58
Co-60 Co-60

Co-60m Co-60m
Cr-51 Cr-51
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

121 8 3 6 6 11 6 3 7 124
295 174 166 163 157 151 140 134 131 124 0

Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-59 Fe-59
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174
Hf-175 Hf-175

Hf-178m Hf-178m
Hf-181 Hf-181
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-114 In-114

In-114m In-114m
In-115 In-115
Ir-192 Ir-192

Ir-192m Ir-192m
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
La-140 La-140
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

121 8 3 6 6 11 6 3 7 124
295 174 166 163 157 151 140 134 131 124 0

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94
Nb-95 Nb-95

Nb-95m Nb-95m
Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
P-33 P-33

Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

121 8 3 6 6 11 6 3 7 124
295 174 166 163 157 151 140 134 131 124 0

Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-103m Rh-103m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-103 Ru-103
Ru-106 Ru-106

S-35 S-35
Sb-124 Sb-124
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-89 Sr-89
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

121 8 3 6 6 11 6 3 7 124
295 174 166 163 157 151 140 134 131 124 0

Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44

Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
W-185 W-185
W-188 W-188
Y-88 Y-88
Y-90 Y-90
Y-91 Y-91
Zn-65 Zn-65
Zr-93 Zr-93
Zr-95 Zr-95

Table I-12. Tier-1 RadScreen II pathway SOF histogram for the NRCDAG disposal unit.
Tier-0 SOF bins

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >
256 2 3 5 1 1 1 4 3 19

295 39 37 34 29 28 27 26 22 19 0
Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-109m Ag-109m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

256 2 3 5 1 1 1 4 3 19
295 39 37 34 29 28 27 26 22 19 0

Am-245 Am-245
Am-246m Am-246m

Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Ba-140 Ba-140
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250

C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Cd-115m Cd-115m
Ce-139 Ce-139
Ce-141 Ce-141
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-58 Co-58
Co-60 Co-60

Co-60m Co-60m
Cr-51 Cr-51

Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

256 2 3 5 1 1 1 4 3 19
295 39 37 34 29 28 27 26 22 19 0

Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-59 Fe-59
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174
Hf-175 Hf-175

Hf-178m Hf-178m
Hf-181 Hf-181
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-114 In-114

In-114m In-114m
In-115 In-115
Ir-192 Ir-192

Ir-192m Ir-192m
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
La-140 La-140
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

256 2 3 5 1 1 1 4 3 19
295 39 37 34 29 28 27 26 22 19 0

Nb-93m Nb-93m
Nb-94 Nb-94
Nb-95 Nb-95

Nb-95m Nb-95m
Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
P-33 P-33

Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

256 2 3 5 1 1 1 4 3 19
295 39 37 34 29 28 27 26 22 19 0

Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-103m Rh-103m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-103 Ru-103
Ru-106 Ru-106

S-35 S-35
Sb-124 Sb-124
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-89 Sr-89
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

256 2 3 5 1 1 1 4 3 19
295 39 37 34 29 28 27 26 22 19 0

Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
W-185 W-185
W-188 W-188
Y-88 Y-88
Y-90 Y-90
Y-91 Y-91
Zn-65 Zn-65
Zr-93 Zr-93
Zr-95 Zr-95

I.5  NRCDAS Model
Table I-13, Table I-14 and Table I-15 are the results for the NRCDAS model that apply to only 
the NRCDAS unit.

Table I-13. Tier-1 radionuclide listing for the NRCDAS disposal unit.
Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen

Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 270 122 221 112 148 75
Ac-226 Ac-226 Ac-226
Ac-227 Ac-227 Ac-227 Ac-227
Ac-230 Ac-230 Ac-230
Ac-231 Ac-231 Ac-231
Ac-233 Ac-233

Ag-108m Ag-108m Ag-108m Ag-108m
Al-26 Al-26 Al-26 Al-26 Al-26 Al-26

Am-237 Am-237
Am-238 Am-238
Am-239 Am-239
Am-240 Am-240
Am-241 Am-241 Am-241 Am-241 Am-241 Am-241

Am-242m Am-242m Am-242m Am-242m
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 270 122 221 112 148 75
Am-243 Am-243 Am-243 Am-243 Am-243 Am-243
Am-244 Am-244

Am-244m Am-244m
Am-245 Am-245 Am-245 Am-245 Am-245 Am-245
Am-246 Am-246 Am-246

Am-246m Am-246m Am-246m Am-246m Am-246m Am-246m
Am-247
Ar-39 Ar-39 Ar-39 Ar-39
Ar-42 Ar-42 Ar-42
As-79
At-206 At-206

At-207
At-209 At-209 At-209

At-211
Au-193 Au-193

Ba-133m
Be-10 Be-10 Be-10 Be-10
Bi-202 Bi-202 Bi-202
Bi-205
Bi-207 Bi-207 Bi-207 Bi-207 Bi-207 Bi-207
Bi-208 Bi-208 Bi-208 Bi-208 Bi-208 Bi-208

Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m Bi-210m
Bk-245 Bk-245 Bk-245
Bk-246 Bk-246 Bk-246
Bk-247 Bk-247 Bk-247 Bk-247 Bk-247 Bk-247

Bk-248m Bk-248m Bk-248m
Bk-250 Bk-250 Bk-250 Bk-250 Bk-250 Bk-250
Bk-251 Bk-251 Bk-251
C-14 C-14 C-14 C-14
Ca-41 Ca-41 Ca-41 Ca-41

Cd-113 Cd-113 Cd-113 Cd-113
Ce-133

Ce-133m
Ce-137 Ce-137 Ce-137

Ce-137m Ce-137m Ce-137m
Cf-244 Cf-244 Cf-244
Cf-246 Cf-246 Cf-246
Cf-247 Cf-247 Cf-247
Cf-248 Cf-248 Cf-248 Cf-248 Cf-248 Cf-248
Cf-250 Cf-250 Cf-250 Cf-250 Cf-250 Cf-250
Cf-252 Cf-252 Cf-252 Cf-252 Cf-252 Cf-252
Cf-253 Cf-253 Cf-253 Cf-253 Cf-253 Cf-253
Cf-254 Cf-254 Cf-254
Cf-255 Cf-255 Cf-255
Cl-36 Cl-36 Cl-36 Cl-36
Cl-39 Cl-39

Cm-238 Cm-238
Cm-239 Cm-239
Cm-240 Cm-240 Cm-240
Cm-241 Cm-241 Cm-241
Cm-242 Cm-242 Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244 Cm-244 Cm-244
Cm-245 Cm-245 Cm-245 Cm-245
Cm-246 Cm-246
Cm-249 Cm-249 Cm-249 Cm-249 Cm-249 Cm-249
Cm-250 Cm-250 Cm-250 Cm-250 Cm-250 Cm-250
Cm-251 Cm-251 Cm-251

Co-60 Co-60
Cs-135 Cs-135 Cs-135 Cs-135

Cs-135m Cs-135m
Cs-137 Cs-137 Cs-137 Cs-137
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 270 122 221 112 148 75
Cu-59 Cu-59

Dy-148
Dy-150
Dy-152
Dy-154 Dy-154 Dy-154 Dy-154
Dy-157 Dy-157
Er-154
Er-163
Es-249 Es-249 Es-249
Es-250 Es-250 Es-250

Es-250m Es-250m Es-250m
Es-251 Es-251 Es-251
Es-253 Es-253 Es-253 Es-253 Es-253 Es-253
Es-254 Es-254 Es-254 Es-254 Es-254 Es-254

Es-254m Es-254m Es-254m
Es-255 Es-255 Es-255
Es-256 Es-256

Eu-145
Eu-146 Eu-146
Eu-147
Eu-150 Eu-150 Eu-150 Eu-150 Eu-150 Eu-150

Eu-150m Eu-150m
Eu-152n

Fe-53
Fe-53m
Fe-60 Fe-60 Fe-60 Fe-60 Fe-60 Fe-60

Fm-251 Fm-251 Fm-251
Fm-252 Fm-252
Fm-253 Fm-253 Fm-253
Fm-254 Fm-254 Fm-254 Fm-254 Fm-254 Fm-254
Fm-255 Fm-255 Fm-255
Fm-256 Fm-256 Fm-256
Fm-257 Fm-257 Fm-257 Fm-257 Fm-257 Fm-257

Fr-227
Gd-146 Gd-146
Gd-147
Gd-148 Gd-148 Gd-148 Gd-148
Gd-150 Gd-150 Gd-150 Gd-150
Gd-152 Gd-152 Gd-152 Gd-152
Hf-174 Hf-174 Hf-174 Hf-174

Hf-178m Hf-178m Hf-178m Hf-178m
Hf-182 Hf-182 Hf-182 Hf-182 Hf-182 Hf-182

Hf-182m
Hg-193 Hg-193

Hg-193m Hg-193m
Hg-194 Hg-194 Hg-194 Hg-194 Hg-194 Hg-194
Ho-150
Ho-154

Ho-154m
Ho-157

Ho-163 Ho-163 Ho-163 Ho-163
Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m Ho-166m

I-129 I-129 I-129 I-129
I-135 I-135

In-115 In-115 In-115 In-115
Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n Ir-192n
K-40 K-40 K-40 K-40 K-40 K-40
Kr-81 Kr-81 Kr-81 Kr-81 Kr-81 Kr-81

La-133
La-137 La-137 La-137 La-137 La-137 La-137
La-138 La-138 La-138 La-138 La-138 La-138
Lu-176 Lu-176 Lu-176 Lu-176 Lu-176 Lu-176
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 270 122 221 112 148 75
Mn-53 Mn-53 Mn-53 Mn-53
Mo-91 Mo-91 Mo-91

Mo-91m
Mo-93 Mo-93 Mo-93 Mo-93 Mo-93 Mo-93

Mo-93m Mo-93m
Mo-99 Mo-99
Nb-91 Nb-91 Nb-91 Nb-91 Nb-91 Nb-91

Nb-91m Nb-91m Nb-91m
Nb-92 Nb-92 Nb-92 Nb-92 Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94 Nb-94 Nb-94 Nb-94 Nb-94

Nb-94m Nb-94m Nb-94m
Nb-99 Nb-99

Nb-99m Nb-99m
Nd-137
Nd-144 Nd-144 Nd-144 Nd-144
Nd-147
Nd-151
Ni-59 Ni-59 Ni-59 Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63 Ni-63

Np-232 Np-232 Np-232
Np-233 Np-233
Np-234 Np-234 Np-234
Np-235 Np-235 Np-235 Np-235 Np-235 Np-235
Np-236 Np-236 Np-236 Np-236 Np-236 Np-236

Np-236m Np-236m Np-236m
Np-237 Np-237 Np-237 Np-237
Np-238 Np-238 Np-238 Np-238 Np-238 Np-238
Np-240 Np-240 Np-240 Np-240

Np-240m Np-240m Np-240m Np-240m
Np-241 Np-241 Np-241
Np-242 Np-242

Np-242m Np-242m
Os-186 Os-186 Os-186 Os-186

Os-194 Os-194
Pa-229 Pa-229 Pa-229
Pa-230 Pa-230 Pa-230
Pa-231 Pa-231 Pa-231 Pa-231 Pa-231 Pa-231
Pa-232 Pa-232 Pa-232 Pa-232 Pa-232 Pa-232
Pa-233 Pa-233 Pa-233 Pa-233 Pa-233 Pa-233
Pa-234 Pa-234 Pa-234 Pa-234
Pa-235 Pa-235
Pa-236
Pa-237 Pa-237
Pb-194 Pb-194 Pb-194
Pb-202 Pb-202 Pb-202 Pb-202 Pb-202 Pb-202

Pb-202m Pb-202m Pb-202m
Pb-210 Pb-210 Pb-210 Pb-210
Pd-97 Pd-97

Pd-107 Pd-107 Pd-107 Pd-107
Pm-137m

Pm-145 Pm-145
Pm-146 Pm-146 Pm-146 Pm-146 Pm-146 Pm-146
Pm-151 Pm-151
Po-205
Po-206 Po-206 Po-206

Po-207
Po-208 Po-208 Po-208 Po-208
Po-209 Po-209 Po-209 Po-209 Po-209 Po-209
Pr-137
Pt-190 Pt-190 Pt-190 Pt-190

Pt-193m Pt-193m
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 270 122 221 112 148 75
Pu-232 Pu-232 Pu-232
Pu-234 Pu-234
Pu-235 Pu-235
Pu-236 Pu-236 Pu-236 Pu-236 Pu-236 Pu-236
Pu-237 Pu-237 Pu-237
Pu-238 Pu-238 Pu-238 Pu-238
Pu-239 Pu-239 Pu-239 Pu-239
Pu-240 Pu-240 Pu-240 Pu-240
Pu-241 Pu-241 Pu-241 Pu-241 Pu-241 Pu-241
Pu-242 Pu-242 Pu-242 Pu-242
Pu-243 Pu-243 Pu-243 Pu-243 Pu-243 Pu-243
Pu-245 Pu-245 Pu-245
Pu-246 Pu-246 Pu-246 Pu-246 Pu-246 Pu-246
Ra-226 Ra-226 Ra-226 Ra-226 Ra-226 Ra-226

Ra-227
Ra-228 Ra-228

Ra-230 Ra-230 Ra-230
Rb-81 Rb-81
Rb-87 Rb-87 Rb-87 Rb-87
Rb-90 Rb-90

Rb-90m Rb-90m
Re-186m Re-186m Re-186m Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187 Re-187
Rh-97 Rh-97

Rh-97m Rh-97m
Rh-107 Rh-107

Rn-207
Rn-209 Rn-209 Rn-209
Rn-210 Rn-210 Rn-210

Rn-211
Rn-222 Rn-222

Ru-97 Ru-97
Ru-107
Sb-129 Sb-129
Se-79 Se-79 Se-79 Se-79

Se-79m
Si-32 Si-32 Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146 Sm-146 Sm-146
Sm-147 Sm-147 Sm-147 Sm-147
Sm-148 Sm-148 Sm-148 Sm-148
Sm-151 Sm-151
Sn-121m Sn-121m Sn-121m Sn-121m
Sn-126 Sn-126 Sn-126 Sn-126
Sn-129 Sn-129
Sr-90 Sr-90 Sr-90 Sr-90 Sr-90 Sr-90
Sr-93

Tb-148 Tb-148
Tb-148m

Tb-149
Tb-150 Tb-150

Tb-150m
Tb-157 Tb-157 Tb-157 Tb-157 Tb-157 Tb-157
Tb-158 Tb-158 Tb-158 Tb-158 Tb-158 Tb-158
Tc-91

Tc-91m
Tc-93 Tc-93

Tc-93m Tc-93m
Tc-97 Tc-97 Tc-97 Tc-97 Tc-97 Tc-97

Tc-97m Tc-97m
Tc-98 Tc-98 Tc-98 Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99 Tc-99
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Model NCRP NCRP 3-Box 3-Box RadScreen RadScreen
Initial List 1,252 295 1,252 295 1,252 295
Pathway GW GW GW GW II II

Tier-1 List 270 122 221 112 148 75
Tc-99m Tc-99m
Te-123 Te-123 Te-123 Te-123 Te-123 Te-123
Te-129 Te-129

Te-129m Te-129m
Th-229 Th-229 Th-229 Th-229 Th-229 Th-229
Th-230 Th-230 Th-230 Th-230 Th-230 Th-230
Th-232 Th-232
Th-233 Th-233
Th-235 Th-235
Th-236
Ti-44 Ti-44 Ti-44 Ti-44 Ti-44 Ti-44

Tl-194 Tl-194 Tl-194
Tl-194m Tl-194m Tl-194m
Tm-163

U-230
U-231 U-231 U-231
U-233 U-233 U-233 U-233
U-234 U-234 U-234 U-234
U-235 U-235 U-235 U-235

U-235m U-235m U-235m U-235m
U-236 U-236 U-236 U-236
U-238 U-238 U-238 U-238
U-239 U-239
U-240 U-240 U-240 U-240
U-242 U-242
V-50 V-50 V-50 V-50 V-50 V-50

W-187
Xe-135 Xe-135

Xe-135m Xe-135m
Xe-137

Y-93 Y-93
Yb-163
Zr-93 Zr-93 Zr-93 Zr-93 Zr-93 Zr-93

Table I-14. Tier-1 NCRP123 groundwater pathway SOF histogram for the NRCDAS 
disposal unit.

Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

162 7 2 2 2 6 11 8 6 89
295 133 126 124 122 120 114 103 95 89 0

Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-109m Ag-109m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

162 7 2 2 2 6 11 8 6 89
295 133 126 124 122 120 114 103 95 89 0

At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
Ba-140 Ba-140
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250

C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Cd-115m Cd-115m
Ce-139 Ce-139
Ce-141 Ce-141
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-58 Co-58
Co-60 Co-60

Co-60m Co-60m
Cr-51 Cr-51

Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

162 7 2 2 2 6 11 8 6 89
295 133 126 124 122 120 114 103 95 89 0

Fe-55 Fe-55
Fe-59 Fe-59
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174
Hf-175 Hf-175

Hf-178m Hf-178m
Hf-181 Hf-181
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-114 In-114

In-114m In-114m
In-115 In-115
Ir-192 Ir-192

Ir-192m Ir-192m
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
La-140 La-140
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94
Nb-95 Nb-95

Nb-95m Nb-95m
Nd-144 Nd-144
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

162 7 2 2 2 6 11 8 6 89
295 133 126 124 122 120 114 103 95 89 0

Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
P-33 P-33

Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

162 7 2 2 2 6 11 8 6 89
295 133 126 124 122 120 114 103 95 89 0

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-103m Rh-103m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-103 Ru-103
Ru-106 Ru-106

S-35 S-35
Sb-124 Sb-124
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-89 Sr-89
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
Tl-202 Tl-202
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

162 7 2 2 2 6 11 8 6 89
295 133 126 124 122 120 114 103 95 89 0

Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
W-185 W-185
W-188 W-188
Y-88 Y-88
Y-90 Y-90
Y-91 Y-91
Zn-65 Zn-65
Zr-93 Zr-93
Zr-95 Zr-95

Table I-15. Tier-1 RadScreen II pathway SOF histogram for the NRCDAS disposal unit.
Tier-0 SOF bins

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >
188 11 11 10 5 11 7 5 3 44

295 107 96 85 75 70 59 52 47 44 0
Ac-225 Ac-225
Ac-227 Ac-227
Ac-228 Ac-228
Ag-108 Ag-108

Ag-108m Ag-108m
Ag-109m Ag-109m
Ag-110 Ag-110

Ag-110m Ag-110m
Al-26 Al-26

Am-241 Am-
241

Am-242 Am-242
Am-242m Am-242m
Am-243 Am-243

Am-245 Am-
245

Am-246m Am-246m
Ar-39 Ar-39
At-217 At-217
At-218 At-218
At-219 At-219
Au-194 Au-194
Au-195 Au-195
Ba-133 Ba-133

Ba-137m Ba-137m
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

188 11 11 10 5 11 7 5 3 44
295 107 96 85 75 70 59 52 47 44 0

Ba-140 Ba-140
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208
Bi-210 Bi-210

Bi-210m Bi-210m
Bi-211 Bi-211
Bi-212 Bi-212
Bi-213 Bi-213
Bi-214 Bi-214
Bi-215 Bi-215
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41
Ca-45 Ca-45

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Cd-115m Cd-115m
Ce-139 Ce-139
Ce-141 Ce-141
Ce-144 Ce-144
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248

Cm-249 Cm-
249

Cm-250 Cm-250
Co-57 Co-57
Co-58 Co-58
Co-60 Co-60

Co-60m Co-60m
Cr-51 Cr-51

Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Dy-159 Dy-159
Es-253 Es-253
Es-254 Es-254
Eu-149 Eu-149
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-59 Fe-59
Fe-60 Fe-60

Fm-254 Fm-254
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

188 11 11 10 5 11 7 5 3 44
295 107 96 85 75 70 59 52 47 44 0

Fm-257 Fm-257
Fr-221 Fr-221
Fr-223 Fr-223
Ga-68 Ga-68

Gd-148 Gd-148
Gd-150 Gd-150
Gd-151 Gd-151
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174
Hf-175 Hf-175

Hf-178m Hf-178m
Hf-181 Hf-181
Hf-182 Hf-182
Hg-194 Hg-194
Hg-206 Hg-206
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-113m In-113m
In-114 In-114

In-114m In-114m
In-115 In-115
Ir-192 Ir-192

Ir-192m Ir-192m
Ir-192n Ir-192n
Ir-194 Ir-194

Ir-194m Ir-194m
K-40 K-40
K-42 K-42
Kr-81 Kr-81

Kr-83m Kr-83m
Kr-85 Kr-85

La-137 La-137
La-138 La-138
La-140 La-140
Lu-172 Lu-172

Lu-172m Lu-172m
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Lu-177 Lu-177

Lu-177m Lu-177m
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94
Nb-95 Nb-95

Nb-95m Nb-95m
Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

188 11 11 10 5 11 7 5 3 44
295 107 96 85 75 70 59 52 47 44 0

Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-185 Os-185
Os-186 Os-186
Os-194 Os-194

P-32 P-32
P-33 P-33

Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234

Pa-234m Pa-234m
Pb-202 Pb-202
Pb-205 Pb-205
Pb-209 Pb-209
Pb-210 Pb-210
Pb-211 Pb-211
Pb-212 Pb-212
Pb-214 Pb-214
Pd-107 Pd-107
Pm-143 Pm-143
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Po-210 Po-210
Po-211 Po-211
Po-212 Po-212
Po-213 Po-213
Po-214 Po-214
Po-215 Po-215
Po-216 Po-216
Po-218 Po-218
Pr-144 Pr-144

Pr-144m Pr-144m
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-223 Ra-223
Ra-224 Ra-224
Ra-225 Ra-225
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87
Re-184 Re-184

Re-184m Re-184m
Re-186 Re-186

Re-186m Re-186m
Re-187 Re-187
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

188 11 11 10 5 11 7 5 3 44
295 107 96 85 75 70 59 52 47 44 0

Rh-101 Rh-101
Rh-102 Rh-102

Rh-102m Rh-102m
Rh-103m Rh-103m
Rh-106 Rh-106
Rn-217 Rn-217
Rn-218 Rn-218
Rn-219 Rn-219
Rn-220 Rn-220
Rn-222 Rn-222
Ru-103 Ru-103
Ru-106 Ru-106

S-35 S-35
Sb-124 Sb-124
Sb-125 Sb-125
Sb-126 Sb-126

Sb-126m Sb-126m
Sc-44 Sc-44
Sc-46 Sc-46
Se-75 Se-75
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-
145

Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-113 Sn-113

Sn-119m Sn-119m
Sn-121 Sn-121

Sn-121m Sn-121m
Sn-123 Sn-123
Sn-126 Sn-126
Sr-89 Sr-89
Sr-90 Sr-90

Ta-179 Ta-179
Ta-182 Ta-182
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-121 Te-121
Te-121m Te-121m
Te-123 Te-123

Te-123m Te-123m
Te-125m Te-125m
Te-127 Te-127

Te-127m Te-127m
Th-227 Th-227
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44

Tl-202 Tl-202
Tl-204 Tl-204
Tl-206 Tl-206
Tl-207 Tl-207
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Tier-0 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

188 11 11 10 5 11 7 5 3 44
295 107 96 85 75 70 59 52 47 44 0

Tl-208 Tl-208
Tl-209 Tl-209
Tl-210 Tl-210

Tm-168 Tm-168
Tm-170 Tm-170
Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-49 V-49
V-50 V-50

W-181 W-181
W-185 W-185
W-188 W-188
Y-88 Y-88
Y-90 Y-90
Y-91 Y-91
Zn-65 Zn-65
Zr-93 Zr-93
Zr-95 Zr-95



S R N L -S TI - 2 0 2 0- 0 0 5 6 6
R e visi o n 0

J-1

A p p e n di x J. D et ails / R es ults Ass o ci at e d wit h Ti e r -2 R a di o n u cli d e Lists 

F or e a c h of t h e fi v e D U t y p es, t h e P orfl o w P S s cr e e ni n g m o d el usi n g t h e Ti er -1 r a di o n u cli d e lists 
w er e us e d t o as c ert ai n t h e i m p a ct of a q uif er dil uti o n o n t h e Ti er -2 G W p at h w a y s cr e e ni n g.  T h e 
m o d el, n u cli d e lists a n d p at h w a ys c o nsi d er e d w er e:

• G W m o d el – P orfl o w P S s cr e e ni n g m o d el;

• I niti al n u cli d e list – Ti er -1 r a di o n u cli d e lists c o m p ut e d fr o m t h e N C R P 1 2 3 s cr e e ni n g 
m o d el wit h t h e Ti er -0 r a di o n u cli d e lists;

• P at h w a ys – G W p at h w a ys

F or e a c h D U t y p e t w o t a bl es ar e pr o vi d e d b el o w:  

• T h e first t a bl e c o nt ai ns t h e Ti er -2 r a di o n u cli d e list a n d t h e i niti al Ti er -1 r a di o n u cli d e list 
us e d i n t h e P orfl o w P S s cr e e ni n g m o d el wit h a n d wit h o ut a q uif er dil uti o n.  T h e r at e c o nst a nt 
f or a q uif er dil uti o n, wd , is dis c uss e d i n A p p e n di x G.

• T h e s e c o n d t a bl e c o nt ai ns t h e Ti er -2 P orfl o w P S G W S O F hist o gr a m bi ns (r o w 2), c o u nts 
(r o w 3) a n d r u n ni n g t ot als of r a di o n u cli d es r e m ai ni n g (r o w 4).  T h e r a n g e of hist o gr a m 
bi ns v ari es fr o m < 1 E -6 t o > 1 E + 2.  T h e s cr e e ni n g crit eri a is a S O F e q u al t o 1 E -3 ( 0. 1 %).  
F or e x a m pl e, t h e c o u nt i n t h e S O F bi n 1 E -3 r e pr es e nts all r a di o n u cli d es wit h a S O F • 1 E-
4 a n d < 1 E -3.  A n y r a di o n u cli d es i n bi ns b e y o n d 1 E -3 f ail e d Ti er -2 s cr e e ni n g.

J. 1  G e n e ri c T r e n c h M o d el

T a bl e J- 1 a n d T a bl e J- 2 ar e t h e r es ults f or t h e g e n eri c tr e n c h m o d el t h at a p pl y t o all S T, E T, a n d 
CI G u nits.

T a bl e J- 1 . Ti e r- 2 ra di o n u cli d e listi n g f o r t h e G e n e ri c T r e n c h d is p os al u nit.

Ti e r -1 P o rfl o w P S P o rfl o w P S
P at h w a y G W G W

w d 0 1. 3
1 6 3 4 4 4 3

A c -2 2 7
A g -1 0 8 m A g -1 0 8 m A g -1 0 8 m
A m -2 4 1 A m -2 4 1 A m -2 4 1

A m -2 4 2 m
A m -2 4 3
A m -2 4 5 A m -2 4 5 A m -2 4 5

A m -2 4 6 m
At -2 1 8
A u -1 9 5
B a -1 3 3
B e -1 0 B e -1 0 B e -1 0
Bi -2 0 8

Bi -2 1 0 m
B k -2 4 7
B k -2 4 9 B k -2 4 9 B k -2 4 9
B k -2 5 0
C -1 4 C -1 4 C -1 4

C d -1 1 3 m
Cf -2 4 8
Cf -2 4 9 Cf -2 4 9 Cf -2 4 9
Cf -2 5 0
Cf -2 5 1
Cf -2 5 2



SRNL-STI-2020-00566
Revision 0

J-2

Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 1.3
163 44 43

Cf-253 Cf-253 Cf-253
Cl-36 Cl-36 Cl-36

Cm-242
Cm-243
Cm-244
Cm-245 Cm-245 Cm-245
Cm-246
Cm-247
Cm-248
Cm-249 Cm-249 Cm-249
Cm-250
Co-60

Co-60m
Cs-134
Cs-135 Cs-135 Cs-135
Cs-137 Cs-137 Cs-137
Dy-154
Es-253 Es-253 Es-253
Es-254
Eu-150
Eu-152
Eu-154
Eu-155
Fe-55
Fe-60

Fm-254
Fm-257 Fm-257 Fm-257
Gd-148
Gd-150
Gd-152
Gd-153
Ge-68
H-3 H-3 H-3

Hf-172
Hf-174

Hf-178m
Hf-182
Hg-194
Ho-163
I-129 I-129 I-129

In-115
Ir-192n
K-40 K-40 K-40
Kr-81 Kr-81 Kr-81

La-137
La-138
Lu-173
Lu-174

Lu-174m
Lu-176
Mn-53 Mn-53 Mn-53
Mn-54
Mo-93
Na-22
Nb-91
Nb-92

Nb-93m
Nb-94

Nd-144
Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63

Np-235 Np-235 Np-235
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J-3

Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 1.3
163 44 43

Np-236 Np-236 Np-236
Np-237 Np-237 Np-237
Np-238
Np-239
Np-240

Np-240m
Os-186
Os-194
Pa-231 Pa-231 Pa-231
Pa-232
Pa-233
Pb-202
Pb-210
Pd-107 Pd-107 Pd-107
Pm-144
Pm-145
Pm-147
Po-208
Po-209
Pt-190 Pt-190 Pt-190
Pt-193
Pu-236
Pu-238 Pu-238
Pu-239 Pu-239 Pu-239
Pu-240
Pu-241 Pu-241 Pu-241
Pu-242
Pu-243
Pu-246
Ra-226 Ra-226 Ra-226
Ra-228
Rb-87 Rb-87 Rb-87

Re-184m
Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187
Rh-101

Rh-102m
Rn-218
Rn-222
Ru-106
Sb-125
Se-79
Si-32 Si-32 Si-32

Sm-145
Sm-146
Sm-147
Sm-148
Sm-151
Sn-121m
Sn-126
Sr-90 Sr-90 Sr-90

Ta-179
Tb-157
Tb-158
Tc-97 Tc-97 Tc-97
Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99

Te-123
Th-228
Th-229
Th-230 Th-230 Th-230
Th-231 Th-231 Th-231
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J-4

Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 1.3
163 44 43

Th-232
Th-234
Ti-44

Tl-204
Tl-210
U-232
U-233
U-234 U-234 U-234
U-235 U-235 U-235

U-235m
U-236
U-238
U-240
V-49
V-50
Zr-93

Table J-2. Tier-2 PorflowPS groundwater pathway SOF histogram for the Generic Trench 
disposal unit.

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 1 3 3 6 3 1 4 26
163 50 47 46 43 40 34 31 30 26 0

Ac-227 Ac-227
Ag-108m Ag-108m
Am-241 Am-241

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
At-218 At-218
Au-195 Au-195
Ba-133 Ba-133
Be-10 Be-10
Bi-208 Bi-208

Bi-210m Bi-210m
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250

C-14 C-14
Cd-113m Cd-113m
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Co-60 Co-60

Co-60m Co-60m
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 1 3 3 6 3 1 4 26
163 50 47 46 43 40 34 31 30 26 0

Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Es-253 Es-253
Es-254 Es-254
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Eu-155 Eu-155
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Gd-148 Gd-148
Gd-150 Gd-150
Gd-152 Gd-152
Gd-153 Gd-153
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Ho-163 Ho-163
I-129 I-129

In-115 In-115
Ir-192n Ir-192n
K-40 K-40
Kr-81 Kr-81

La-137 La-137
La-138 La-138
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-186 Os-186
Os-194 Os-194
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pb-202 Pb-202
Pb-210 Pb-210
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J-6

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 1 3 3 6 3 1 4 26
163 50 47 46 43 40 34 31 30 26 0

Pd-107 Pd-107
Pm-144 Pm-144
Pm-145 Pm-145
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-246 Pu-246
Ra-226 Ra-226
Ra-228 Ra-228
Rb-87 Rb-87

Re-184m Re-184m
Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101

Rh-102m Rh-102m
Rn-218 Rn-218
Rn-222 Rn-222
Ru-106 Ru-106
Sb-125 Sb-125
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151

Sn-121m Sn-121m
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-123 Te-123
Th-228 Th-228
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
Tl-204 Tl-204
Tl-210 Tl-210
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-238 U-238
U-240 U-240
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 1 3 3 6 3 1 4 26
163 50 47 46 43 40 34 31 30 26 0

V-49 V-49
V-50 V-50
Zr-93 Zr-93

J.2  ILV Model
Table J-3 and Table J-4 are the results for the ILV model that apply to only the ILV unit.

Table J-3. Tier-2 radionuclide listing for the ILV disposal unit.
Tier-1 PorflowPS PorflowPS

Pathway GW GW
wd 0 10.7
141 47 45

Ac-227
Ag-108m Ag-108m Ag-108m

Al-26
Am-241 Am-241 Am-241
Am-242

Am-242m
Am-243
Am-245 Am-245 Am-245

Am-246m
Ar-39 Ar-39 Ar-39
At-218
Ba-133
Be-10 Be-10 Be-10
Bi-207
Bi-208

Bi-210m
Bk-247 Bk-247 Bk-247
Bk-249 Bk-249 Bk-249
Bk-250

C-14 C-14 C-14
Ca-41 Ca-41 Ca-41

Cd-113 Cd-113 Cd-113
Cf-248
Cf-249 Cf-249 Cf-249
Cf-250
Cf-251
Cf-252
Cf-253 Cf-253 Cf-253
Cl-36 Cl-36 Cl-36

Cm-242
Cm-243
Cm-244
Cm-245 Cm-245 Cm-245
Cm-246
Cm-247
Cm-248
Cm-249 Cm-249 Cm-249
Cm-250
Cs-135 Cs-135 Cs-135
Cs-137 Cs-137 Cs-137
Dy-154
Es-253 Es-253 Es-253
Es-254
Eu-150
Fe-60

Fm-254
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Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 10.7
141 47 45

Fm-257 Fm-257 Fm-257
Gd-148
Gd-150
Gd-152

H-3 H-3 H-3
Hf-174

Hf-178m
Hf-182
Hg-194
Ho-163

Ho-166m
I-129 I-129 I-129

In-115
Ir-192n
K-40 K-40 K-40
Kr-81 Kr-81 Kr-81

La-137
La-138
Lu-176
Mn-53 Mn-53 Mn-53
Mo-93
Nb-91
Nb-92

Nb-93m
Nb-94

Nd-144
Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63

Np-235 Np-235 Np-235
Np-236 Np-236 Np-236
Np-237 Np-237 Np-237
Np-238
Np-240

Np-240m
Os-186
Os-194
Pa-231 Pa-231 Pa-231
Pa-232
Pb-202
Pb-205
Pb-210
Pd-107 Pd-107 Pd-107
Pm-145
Pm-146
Po-208
Po-209
Pt-190 Pt-190 Pt-190
Pt-193
Pu-236
Pu-238
Pu-239 Pu-239 Pu-239
Pu-240
Pu-241 Pu-241 Pu-241
Pu-242
Pu-243
Pu-244
Pu-246
Ra-226 Ra-226 Ra-226
Rb-87 Rb-87 Rb-87

Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187
Rn-222



SRNL-STI-2020-00566
Revision 0

J-9

Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 10.7
141 47 45

Se-79
Si-32 Si-32 Si-32

Sm-145
Sm-146
Sm-147
Sm-148
Sm-151
Sn-126
Sr-90 Sr-90 Sr-90

Tb-157
Tb-158
Tc-97 Tc-97 Tc-97
Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99

Te-123
Th-229
Th-230
Th-231 Th-231
Th-232
Th-234
Ti-44
Tl-210
U-232
U-233
U-234
U-235 U-235 U-235

U-235m U-235m
U-236
U-237 U-237 U-237
U-238
U-240
V-50
Zr-93

Table J-4. Tier-2 PorflowPS groundwater pathway SOF histogram for the ILV disposal 
unit.

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

91 3 0 2 2 3 5 2 4 29
141 50 47 47 45 43 40 35 33 29 0

Ac-227 Ac-227
Ag-108m Ag-108m

Al-26 Al-26
Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-218 At-218
Ba-133 Ba-133
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208

Bi-210m Bi-210m
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

91 3 0 2 2 3 5 2 4 29
141 50 47 47 45 43 40 35 33 29 0
C-14 C-14
Ca-41 Ca-41

Cd-113 Cd-113
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-247 Cm-247
Cm-248 Cm-248
Cm-249 Cm-249
Cm-250 Cm-250
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Es-253 Es-253
Es-254 Es-254
Eu-150 Eu-150
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Gd-148 Gd-148
Gd-150 Gd-150
Gd-152 Gd-152

H-3 H-3
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-115 In-115
Ir-192n Ir-192n
K-40 K-40
Kr-81 Kr-81

La-137 La-137
La-138 La-138
Lu-176 Lu-176
Mn-53 Mn-53
Mo-93 Mo-93
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-240 Np-240

Np-240m Np-240m
Os-186 Os-186



SRNL-STI-2020-00566
Revision 0

J-11

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

91 3 0 2 2 3 5 2 4 29
141 50 47 47 45 43 40 35 33 29 0

Os-194 Os-194
Pa-231 Pa-231
Pa-232 Pa-232
Pb-202 Pb-202
Pb-205 Pb-205
Pb-210 Pb-210
Pd-107 Pd-107
Pm-145 Pm-145
Pm-146 Pm-146
Po-208 Po-208
Po-209 Po-209
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-244 Pu-244
Pu-246 Pu-246
Ra-226 Ra-226
Rb-87 Rb-87

Re-186m Re-186m
Re-187 Re-187
Rn-222 Rn-222
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-126 Sn-126
Sr-90 Sr-90

Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-123 Te-123
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
Tl-210 Tl-210
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-50 V-50
Zr-93 Zr-93
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J.3  LAWV Model
Table J-5 and Table J-6 are the results for the LAWV model that apply to only the LAWV unit.

Table J-5. Tier-2 radionuclide listing for the LAWV disposal unit.
Tier-1 PorflowPS PorflowPS

Pathway GW GW
wd 0 8
134 43 39

Ac-227
Ag-108m Ag-108m Ag-108m

Al-26
Am-241 Am-241 Am-241
Am-242

Am-242m
Am-243
Am-245 Am-245

Am-246m
Be-10 Be-10 Be-10
Bi-207
Bi-208

Bi-210m
Bk-247
Bk-249 Bk-249 Bk-249
Bk-250

C-14 C-14 C-14
Ca-41 Ca-41 Ca-41

Cd-113 Cd-113 Cd-113
Cf-248
Cf-249
Cf-250
Cf-251
Cf-252
Cf-253 Cf-253 Cf-253
Cl-36 Cl-36 Cl-36

Cm-243
Cm-244
Cm-245 Cm-245 Cm-245
Cm-246
Cm-249 Cm-249
Cm-250
Cs-137 Cs-137 Cs-137
Dy-154
Es-253 Es-253 Es-253
Es-254
Eu-150
Eu-152
Fe-60

Fm-254
Fm-257 Fm-257 Fm-257
Gd-148
Gd-150
Gd-152

H-3 H-3 H-3
Hf-174

Hf-178m
Hf-182
Hg-194
Ho-163

Ho-166m
I-129 I-129 I-129

In-115
Ir-192n
K-40 K-40 K-40
Kr-81 Kr-81 Kr-81
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Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 8
134 43 39

La-137
La-138
Lu-176
Mn-53 Mn-53 Mn-53
Mo-93
Nb-91
Nb-92

Nb-93m
Nb-94

Nd-144
Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63

Np-235 Np-235 Np-235
Np-236 Np-236 Np-236
Np-237 Np-237 Np-237
Np-238
Np-240

Np-240m
Os-186
Os-194
Pa-231 Pa-231 Pa-231
Pa-232
Pa-233
Pb-202
Pb-205
Pb-210
Pd-107 Pd-107 Pd-107
Pm-145
Pm-146
Po-208
Po-209
Pt-190 Pt-190 Pt-190
Pt-193
Pu-236
Pu-238
Pu-239 Pu-239 Pu-239
Pu-240
Pu-241 Pu-241 Pu-241
Pu-242
Pu-243
Pu-246
Ra-226 Ra-226 Ra-226
Rb-87 Rb-87 Rb-87

Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187
Se-79
Si-32 Si-32 Si-32

Sm-145
Sm-146
Sm-147
Sm-148
Sm-151

Sn-121m
Sn-126
Sr-90 Sr-90 Sr-90

Tb-157
Tb-158
Tc-97 Tc-97 Tc-97
Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99

Te-123
Th-229
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Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 8
134 43 39

Th-230
Th-231 Th-231
Th-232
Th-234
Ti-44
U-232
U-233
U-234 U-234
U-235 U-235 U-235

U-235m
U-236
U-237 U-237 U-237
U-238
U-240
V-50
Zr-93

Table J-6. Tier-2 PorflowPS groundwater pathway SOF histogram for the LAWV disposal 
unit.

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 0 4 4 3 3 1 2 7 23
134 47 47 43 39 36 33 32 30 23 0

Ac-227 Ac-227
Ag-108m Ag-108m

Al-26 Al-26
Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208

Bi-210m Bi-210m
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41

Cd-113 Cd-113
Cf-248 Cf-248
Cf-249 Cf-249
Cf-250 Cf-250
Cf-251 Cf-251
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-249 Cm-249
Cm-250 Cm-250
Cs-137 Cs-137
Dy-154 Dy-154
Es-253 Es-253
Es-254 Es-254
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 0 4 4 3 3 1 2 7 23
134 47 47 43 39 36 33 32 30 23 0

Eu-150 Eu-150
Eu-152 Eu-152
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Gd-148 Gd-148
Gd-150 Gd-150
Gd-152 Gd-152

H-3 H-3
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-115 In-115
Ir-192n Ir-192n
K-40 K-40
Kr-81 Kr-81

La-137 La-137
La-138 La-138
Lu-176 Lu-176
Mn-53 Mn-53
Mo-93 Mo-93
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-240 Np-240

Np-240m Np-240m
Os-186 Os-186
Os-194 Os-194
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pb-202 Pb-202
Pb-205 Pb-205
Pb-210 Pb-210
Pd-107 Pd-107
Pm-145 Pm-145
Pm-146 Pm-146
Po-208 Po-208
Po-209 Po-209
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-246 Pu-246
Ra-226 Ra-226
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 0 4 4 3 3 1 2 7 23
134 47 47 43 39 36 33 32 30 23 0

Rb-87 Rb-87
Re-186m Re-186m
Re-187 Re-187
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-121m Sn-121m
Sn-126 Sn-126
Sr-90 Sr-90

Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-123 Te-123
Th-229 Th-229
Th-230 Th-230
Th-231 Th-231
Th-232 Th-232
Th-234 Th-234
Ti-44 Ti-44
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-237 U-237
U-238 U-238
U-240 U-240
V-50 V-50
Zr-93 Zr-93

J.4  NRCDAG Model
Table J-7 and Table J-8 are the results for the NRCDAG model that apply to only the NRCDAG 
unit.

Table J-7. Tier-2 radionuclide listing for the NRCDAG disposal unit.
Tier-1 PorflowPS PorflowPS

Pathway GW GW
wd 0 12.5
157 41 38

Ac-228
Al-26

Am-241 Am-241 Am-241
Am-242

Am-242m
Am-243
Am-245 Am-245 Am-245

Am-246m
Ar-39 Ar-39 Ar-39
At-218
Ba-133
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Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 12.5
157 41 38

Bi-207
Bi-208

Bi-210m
Bk-247 Bk-247 Bk-247
Bk-249 Bk-249 Bk-249
Bk-250

C-14 C-14 C-14
Ca-41 Ca-41 Ca-41

Cd-109
Cd-113 Cd-113 Cd-113

Cd-113m
Cf-248
Cf-250
Cf-252
Cf-253 Cf-253 Cf-253
Cl-36 Cl-36 Cl-36

Cm-242
Cm-243
Cm-244
Cm-245
Cm-246
Cm-249 Cm-249 Cm-249
Cm-250
Co-57
Co-60

Co-60m
Cs-134
Cs-135 Cs-135 Cs-135
Cs-137
Dy-154
Es-253 Es-253 Es-253
Es-254
Eu-150
Eu-152
Eu-154
Fe-55
Fe-60

Fm-254
Fm-257 Fm-257 Fm-257
Gd-148
Gd-150
Gd-152
Ge-68
H-3 H-3 H-3

Hf-172
Hf-174

Hf-178m
Hf-182
Hg-194
Ho-163

Ho-166m
I-129 I-129 I-129

In-115
Ir-192n
K-40 K-40 K-40
Kr-81 Kr-81 Kr-81

La-137
La-138
Lu-173
Lu-174

Lu-174m
Lu-176



SRNL-STI-2020-00566
Revision 0

J-18

Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 12.5
157 41 38

Mn-53 Mn-53 Mn-53
Mn-54
Mo-93
Na-22
Nb-91
Nb-92

Nb-93m
Nb-94

Nd-144
Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63

Np-235 Np-235 Np-235
Np-236 Np-236 Np-236
Np-237 Np-237 Np-237
Np-238
Np-239 Np-239
Np-240

Np-240m
Os-186
Os-194
Pa-232
Pa-233
Pb-202
Pb-205
Pb-210
Pd-107 Pd-107 Pd-107
Pm-144
Pm-145
Pm-146
Pm-147
Po-208
Po-209
Pt-190 Pt-190 Pt-190
Pt-193 Pt-193 Pt-193
Pu-236
Pu-238
Pu-239 Pu-239
Pu-240
Pu-241 Pu-241 Pu-241
Pu-242
Pu-243
Pu-246
Ra-228
Rb-87 Rb-87 Rb-87

Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187
Rh-101

Rh-102m
Rn-218
Ru-106
Sb-125
Se-79
Si-32 Si-32 Si-32

Sm-145
Sm-146
Sm-147
Sm-148
Sm-151
Sn-126
Sr-90 Sr-90 Sr-90

Ta-179
Tb-157
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Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 12.5
157 41 38

Tb-158
Tc-97 Tc-97 Tc-97
Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99

Te-123
Th-228
Th-229
Ti-44
Tl-204
Tl-210

Tm-171
U-232
U-233
U-234
U-235 U-235 U-235

U-235m U-235m
U-237 U-237 U-237
U-238
U-240
V-49
V-50
Zr-93

Table J-8. Tier-2 PorflowPS groundwater pathway SOF histogram for the NRCDAG
disposal unit.

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 0 3 3 3 4 1 3 24
157 44 41 41 38 35 32 28 27 24 0

Ac-228 Ac-228
Al-26 Al-26

Am-241 Am-241
Am-242 Am-242

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
At-218 At-218
Ba-133 Ba-133
Bi-207 Bi-207
Bi-208 Bi-208

Bi-210m Bi-210m
Bk-247 Bk-247
Bk-249 Bk-249
Bk-250 Bk-250
C-14 C-14
Ca-41 Ca-41

Cd-109 Cd-109
Cd-113 Cd-113

Cd-113m Cd-113m
Cf-248 Cf-248
Cf-250 Cf-250
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 0 3 3 3 4 1 3 24
157 44 41 41 38 35 32 28 27 24 0

Cm-245 Cm-245
Cm-246 Cm-246
Cm-249 Cm-249
Cm-250 Cm-250
Co-57 Co-57
Co-60 Co-60

Co-60m Co-60m
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Es-253 Es-253
Es-254 Es-254
Eu-150 Eu-150
Eu-152 Eu-152
Eu-154 Eu-154
Fe-55 Fe-55
Fe-60 Fe-60

Fm-254 Fm-254
Fm-257 Fm-257
Gd-148 Gd-148
Gd-150 Gd-150
Gd-152 Gd-152
Ge-68 Ge-68
H-3 H-3

Hf-172 Hf-172
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-115 In-115
Ir-192n Ir-192n
K-40 K-40
Kr-81 Kr-81

La-137 La-137
La-138 La-138
Lu-173 Lu-173
Lu-174 Lu-174

Lu-174m Lu-174m
Lu-176 Lu-176
Mn-53 Mn-53
Mn-54 Mn-54
Mo-93 Mo-93
Na-22 Na-22
Nb-91 Nb-91
Nb-92 Nb-92

Nb-93m Nb-93m
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-239 Np-239
Np-240 Np-240

Np-240m Np-240m
Os-186 Os-186
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 0 3 3 3 4 1 3 24
157 44 41 41 38 35 32 28 27 24 0

Os-194 Os-194
Pa-232 Pa-232
Pa-233 Pa-233
Pb-202 Pb-202
Pb-205 Pb-205
Pb-210 Pb-210
Pd-107 Pd-107
Pm-144 Pm-144
Pm-145 Pm-145
Pm-146 Pm-146
Pm-147 Pm-147
Po-208 Po-208
Po-209 Po-209
Pt-190 Pt-190
Pt-193 Pt-193
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-246 Pu-246
Ra-228 Ra-228
Rb-87 Rb-87

Re-186m Re-186m
Re-187 Re-187
Rh-101 Rh-101

Rh-102m Rh-102m
Rn-218 Rn-218
Ru-106 Ru-106
Sb-125 Sb-125
Se-79 Se-79
Si-32 Si-32

Sm-145 Sm-145
Sm-146 Sm-146
Sm-147 Sm-147
Sm-148 Sm-148
Sm-151 Sm-151
Sn-126 Sn-126
Sr-90 Sr-90

Ta-179 Ta-179
Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-123 Te-123
Th-228 Th-228
Th-229 Th-229
Ti-44 Ti-44

Tl-204 Tl-204
Tl-210 Tl-210

Tm-171 Tm-171
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-237 U-237
U-238 U-238
U-240 U-240
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

113 3 0 3 3 3 4 1 3 24
157 44 41 41 38 35 32 28 27 24 0

V-49 V-49
V-50 V-50
Zr-93 Zr-93

J.5  NRCDAS Model
Table J-9 and Table J-10 are the results for the NRCDAS model that apply to only the NRCDAS 
unit.

Table J-9. Tier-2 radionuclide listing for the NRCDAS disposal unit.
Tier-1 PorflowPS PorflowPS

Pathway GW GW
wd 0 12.5
122 34 31

Ac-227
Ag-108m

Al-26
Am-241 Am-241 Am-241

Am-242m
Am-243
Am-245 Am-245 Am-245

Am-246m
Ar-39 Ar-39 Ar-39
Be-10 Be-10 Be-10
Bi-207
Bi-208

Bi-210m
Bk-247 Bk-247 Bk-247
Bk-250
C-14 C-14 C-14
Ca-41 Ca-41 Ca-41

Cd-113
Cf-248
Cf-250
Cf-252
Cf-253 Cf-253 Cf-253
Cl-36 Cl-36 Cl-36

Cm-242
Cm-243
Cm-244
Cm-245 Cm-245
Cm-246
Cm-249 Cm-249 Cm-249
Cm-250
Cs-135
Cs-137
Dy-154
Es-253 Es-253 Es-253
Es-254
Eu-150
Fe-60

Fm-254
Fm-257 Fm-257 Fm-257
Gd-148
Gd-150
Gd-152
Hf-174

Hf-178m
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Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 12.5
122 34 31

Hf-182
Hg-194
Ho-163

Ho-166m
I-129 I-129 I-129

In-115
Ir-192n
K-40 K-40 K-40
Kr-81 Kr-81 Kr-81

La-137
La-138
Lu-176
Mn-53
Mo-93
Nb-91
Nb-92
Nb-94

Nd-144
Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63

Np-235 Np-235 Np-235
Np-236 Np-236 Np-236
Np-237 Np-237 Np-237
Np-238
Np-240

Np-240m
Os-186
Pa-231 Pa-231 Pa-231
Pa-232
Pa-233
Pa-234
Pb-202
Pb-210
Pd-107
Pm-146
Po-208
Po-209
Pt-190 Pt-190 Pt-190
Pu-236
Pu-238
Pu-239 Pu-239
Pu-240
Pu-241 Pu-241 Pu-241
Pu-242
Pu-243
Pu-246
Ra-226
Rb-87 Rb-87 Rb-87

Re-186m Re-186m Re-186m
Re-187 Re-187 Re-187
Se-79
Si-32 Si-32 Si-32

Sm-146
Sm-147
Sm-148
Sm-151
Sn-121m
Sn-126
Sr-90

Tb-157
Tb-158
Tc-97 Tc-97 Tc-97



SRNL-STI-2020-00566
Revision 0

J-24

Tier-1 PorflowPS PorflowPS
Pathway GW GW

wd 0 12.5
122 34 31

Tc-98 Tc-98 Tc-98
Tc-99 Tc-99 Tc-99

Te-123
Th-229
Th-230
Th-232
Ti-44
U-233
U-234
U-235 U-235 U-235

U-235m U-235m
U-236
U-238
U-240
V-50
Zr-93

Table J-10. Tier-2 PorflowPS groundwater pathway SOF histogram for the NRCDAS 
disposal unit.

Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 1 0 3 2 1 3 1 7 17
122 35 34 34 31 29 28 25 24 17 0

Ac-227 Ac-227
Ag-108m Ag-108m

Al-26 Al-26
Am-241 Am-241

Am-242m Am-242m
Am-243 Am-243
Am-245 Am-245

Am-246m Am-246m
Ar-39 Ar-39
Be-10 Be-10
Bi-207 Bi-207
Bi-208 Bi-208

Bi-210m Bi-210m
Bk-247 Bk-247
Bk-250 Bk-250

C-14 C-14
Ca-41 Ca-41

Cd-113 Cd-113
Cf-248 Cf-248
Cf-250 Cf-250
Cf-252 Cf-252
Cf-253 Cf-253
Cl-36 Cl-36

Cm-242 Cm-242
Cm-243 Cm-243
Cm-244 Cm-244
Cm-245 Cm-245
Cm-246 Cm-246
Cm-249 Cm-249
Cm-250 Cm-250
Cs-135 Cs-135
Cs-137 Cs-137
Dy-154 Dy-154
Es-253 Es-253
Es-254 Es-254
Eu-150 Eu-150
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 1 0 3 2 1 3 1 7 17
122 35 34 34 31 29 28 25 24 17 0

Fe-60 Fe-60
Fm-254 Fm-254
Fm-257 Fm-257
Gd-148 Gd-148
Gd-150 Gd-150
Gd-152 Gd-152
Hf-174 Hf-174

Hf-178m Hf-178m
Hf-182 Hf-182
Hg-194 Hg-194
Ho-163 Ho-163

Ho-166m Ho-166m
I-129 I-129

In-115 In-115
Ir-192n Ir-192n
K-40 K-40
Kr-81 Kr-81

La-137 La-137
La-138 La-138
Lu-176 Lu-176
Mn-53 Mn-53
Mo-93 Mo-93
Nb-91 Nb-91
Nb-92 Nb-92
Nb-94 Nb-94

Nd-144 Nd-144
Ni-59 Ni-59
Ni-63 Ni-63

Np-235 Np-235
Np-236 Np-236
Np-237 Np-237
Np-238 Np-238
Np-240 Np-240

Np-240m Np-240m
Os-186 Os-186
Pa-231 Pa-231
Pa-232 Pa-232
Pa-233 Pa-233
Pa-234 Pa-234
Pb-202 Pb-202
Pb-210 Pb-210
Pd-107 Pd-107
Pm-146 Pm-146
Po-208 Po-208
Po-209 Po-209
Pt-190 Pt-190
Pu-236 Pu-236
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-241 Pu-241
Pu-242 Pu-242
Pu-243 Pu-243
Pu-246 Pu-246
Ra-226 Ra-226
Rb-87 Rb-87

Re-186m Re-186m
Re-187 Re-187
Se-79 Se-79
Si-32 Si-32

Sm-146 Sm-146
Sm-147 Sm-147
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Tier-1 SOF bins
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 >

87 1 0 3 2 1 3 1 7 17
122 35 34 34 31 29 28 25 24 17 0

Sm-148 Sm-148
Sm-151 Sm-151

Sn-121m Sn-121m
Sn-126 Sn-126
Sr-90 Sr-90

Tb-157 Tb-157
Tb-158 Tb-158
Tc-97 Tc-97
Tc-98 Tc-98
Tc-99 Tc-99

Te-123 Te-123
Th-229 Th-229
Th-230 Th-230
Th-232 Th-232
Ti-44 Ti-44
U-233 U-233
U-234 U-234
U-235 U-235

U-235m U-235m
U-236 U-236
U-238 U-238
U-240 U-240
V-50 V-50
Zr-93 Zr-93



SRNL-STI-2020-00566
Revision 0

K-1

Appendix K. PORFLOW Vadose Zone Confirmation Results
In this appendix the NCRP Matrix approach is confirmed by comparing PORFLOW-based 1D 
vadose zone modeling results to the more realistic transient infiltration rates employed in the 
downstream limits system analyses. (i.e., the Tier-3 and Tier-4 analysis approaches).  In the 
NCRP123 Tier-1 methodology only the waste and aquifer zones are modeled explicitly (i.e., the 2 
box models described within Appendix A and Appendix B).  In the NRCDWSM Tier-1 
methodology the waste zone, vadose zone, and aquifer zone are modeled explicitly (i.e., the 3 box 
models described within Appendix A and Appendix B).
The Tier-2 approach chosen in this report is a hybrid model where the waste zone and vadose 
zones are being handled explicitly by PORFLOW 1D fate and transport calculations.  The 
computed fluxes to the watertable then become input into a 1 box model for the aquifer as 
discussed in Appendix A (i.e., the PorflowPS model).  This Tier-2 approach employs the Tier-1 
radionuclide listings generated from the NCRP123 Tier-1 methodology.

K.1  The NCRP Matrix
The methodology employed in the GW screening process accommodates a range of bake times
and DU infiltration rates.  As provided in Chapter 3.0 for each DU type a matrix of bake times 
versus infiltration rates is considered.  These bake times versus infiltration rates are related through 
conservative travel times from each DU to the 100-m POA (see Appendix F for details).  The 
NCRP matrix has the form:

where extreme parameter combinations were not considered (i.e., a partially populated matrix).  
For each infiltration rate a corresponding water saturation value was required and was computed 
based on PORFLOW flow runs.  To illustrate the matrix and accompanying water saturation values 
employed for the DU Trench type, a listing of its values is provided in Table K-1.  The range of 
infiltration rates considered span the entire range of possible infiltration rates (i.e., a completely 
intact cover over a DU to the completely uncovered situation).  The basis for an uncovered 
infiltration rate of ~40 cm/yr can be found in McDowell-Boyer et al. (2000, see Section C.1.1.1).
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Table K-1. Tier-1 and Tier-2 NCRP Matrix for the Trenches disposal type.

As shown in Table K-1, a total of 28 case runs are considered over a broad range of bake 
times and infiltration rate values.
For every bake time-infiltration rate combination, a GW screening calculation was performed 
followed by dose analyses.  For every DU type and parent radionuclide of interest, its max SOF 
per dose pathway was determined.  From these computed max SOF values, bounding inventories, 
and dose criteria applied at the 100-m POA, each parent radionuclide was either filtered out of the 
list or passed on to the next higher tier level (i.e., Tier-1 to Tier-2 and beyond).
In the Tier-2 processing scheme the degree of conservatism is reduced from its level in the Tier-1 
scheme.  Here the fate and transport aspects within the vadose zone are included where 
PORFLOW-based transport simulations are included.  In this appendix the details associated with 
the PORFLOW-based vadose zone transport runs are discussed.  These Tier-2 flux-to-watertable 
results are compared to the original Tier-1 values to confirm the overall strategy.
The approach taken is highlighted by focusing in on the Trenches DU type and only showing flux-
to-watertable plots for a limited list of parent nuclides.

K.2  PORFLOW-based 1D Vadose Zone Model
A PORFLOW 1D model (that explicitly includes waste and vadose zones) was created for each 
DU type for computing fluxes to the watertable.  The geometrical configurations were made 
identical to the configurations employed in the Tier-1 set of analyses (i.e., specifically, the vertical 
travel distances were set consistent with those employed in computing travel times as discussed in
Appendix F).  For example, the vertical geometry employed for the Trenches DU type is given in 
Figure K-1.  The thicknesses and number of PORFLOW cells employed are listed as well (i.e., the 
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v erti c al dist a n c e fr o m t h e b ott o m of t h e w ast e z o n e t o t h e w at ert a bl e w as s et e q u al t o t h e a v er a g e 
dist a n c e of all tr e n c h u nit i n E -Ar e a) .

Fi g u r e K- 1. V e rti c al g e o m et r y of P O R F L O W- b as e d v a d os e z o n e m o d el f o r t h e T r e n c h es 
dis p os al t y p e.

T hr e e m at eri al z o n es w er e i n cl u d e d:

• B a c kfill z o n e ( B F) – n ot e x pl i citl y r e q uir e d b ut e m pl o y e d t o b ett er h a n dl e n u m eri c al b a c k 
diff usi o n i n t h e P O R F L O W m o d el;

• W ast e z o n e ( W Z) – o nl y t h e c oll a ps e d w ast e z o n e h ei g ht e m pl o y e d t o b e c o nsist e nt wit h 
t h e ori gi n al Ti er-1 a n al ys es; a n d

• L o w e r V a d os e Z o n e ( L V Z) – o nl y s a n d y m at eri al b e n e at h t h e W Z is c o nsi d er e d t o b e 
c o nsist e nt wit h t h e Ti er -1 a n al ys es.

T o b e c o nsist e nt wit h t h e ori gi n al Ti er -1 m at eri al pr o p erti es , t h e h y dr a uli c a n d c h e mi c al pr o p erti es 
e m pl o y e d i n t h e P O R F L O W -b as e d v a d os e z o n e m o d els w er e all s e t t o t h e s a n d y s oil pr o p erti es of 
t h e L o w er V a d os e Z o n e m at eri al t y p e as d efi n e d i n t h e h y dr a uli c d at a p a c k a g e.

4 9. 2 f t

( 10 c e ll s)

5 f t B F

t hic k n e s s

4 4. 2 f t

2. 5 f t W Z ( 5 c e ll s)

t hic k n e s s

4 1. 7 f t

4 1. 7 f t

t hic k n e s s

( 10 0 c e ll s)

L V Z

0 f t
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During the bake time periods the buried inventory (i.e., uniformly placed within the WZ) is fixed 
within the WZ by using a very large Kd value for every chain member (i.e., 1x1020 ml/g).  The 
burial time was set to time 0 while the bake and run times were consistent with the original Tier-1 
analyses.

K.3  PORFLOW-based Flux-to-Watertable Results for the NCRP Matrix
PORFLOW-based vadose zone runs for all 28 scenarios listed in Table K-1 were made for all of 
the Tier-1 radionuclide listings.  Below, for the Trenches DU type, a short list of parent 
radionuclides (including a tracer) are presented that are representative of the overall observed 
behavior obtained.  For each parent radionuclide a “worst case” (WC) is also shown (i.e., black 
dashed curve) that is employed in the subsequent dose analyses efforts.  Also, the curves shown 
Are color-coded to be consistent with the color-coded shown in Table K-1.
The list of nuclides presented span a broad range of half-lives and Kd values, as listed in Table K-2.  
These radionuclides are the typical ones that generally show up throughout the DOE complex and 
as shown in this report are not filtered out during either Tier-1 or Tier-2 processing.

Table K-2. Key properties for the short list of nuclides presented.

In Figure K-2 the results for a “conservative” tracer are shown.  Given the long-lived and 
unretarded aspects of a tracer, the results highlight the key aspects associated with the bake time 
delays of each flux peak while the magnitudes of these peaks are reflected by the infiltration rate 
differences.
For example, as the infiltration rate is increased the leaching rate, as shown by Eq. (A-12) increases.  
Also, for increased infiltration rates the time to reach a flux peak is reduced.  Thus, for higher 
infiltration rates and for long-lived radionuclides, higher flux to the watertable peaks are observed 
as shown in Figure K-2.  With insignificant decay occurring, the flux peak values for a given 
infiltration rate will be essentially the same value.

Radionuclide
(ID)

Half-life
(yr)

Sand Kd
(ml/g)

C-14 5700 1.0
H-3 12.32 0.0

I-129 1.57E+07 1.0
Sr-90 28.79 5.0
Tc-99 2.11E+05 0.6
Tracer >1e20 0.0
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Table K-2
Figure K-2. Flux to watertable for a tracer in the Trenches disposal unit based on the 

NCRP Matrix conditions.
When viewing the results for C-14, as shown in Figure K-3, only a slight reduction in flux peak 
occurs as bake time is extended.

Figure K-3. Flux to watertable for C-14 in the Trenches disposal unit based on the NCRP 
Matrix conditions.
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For H-3 the short half-life results in a significant drop in flux peak with increasing bake time as 
shown in Figure K-4.  Thus, engineering barriers that delay the release of H-3 can have significant 
beneficial impacts.

Figure K-4. Flux to watertable for H-3 in the Trenches disposal unit based on the NCRP 
Matrix conditions.

For I-129, a long-lived and only slightly retarded, the results are very similar in shape to a tracer.

Figure K-5. Flux to watertable for I-129 in the Trenches disposal unit based on the NCRP 
Matrix conditions.
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For Sr-90, unique in that it has both mid-range values for half-live and Kd, its behavior varies 
depending upon the infiltration rate.  For example, for the infiltration rates of 0.0035 and 10.0 
cm/yr little dependence is observed with respect to varying bake times.  While for the infiltration 
rate of 40.5 cm/yr a modest shift in flux peak is seen.

Figure K-6. Flux to watertable for Sr-90 in the Trenches disposal unit based on the NCRP 
Matrix conditions.

For Tc-99, again a long-lived and fairly unretarded, shows very similar behavior as a tracer in its 
shapes.
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Fi g u r e K- 7 . Fl u x t o w at er t a bl e f o r T c-9 9 i n t h e T r e n c h es dis p os al u nit b as e d o n t h e N C R P 
M at ri x c o n diti o ns.

K. 4  Ti m e D e p e n d e nt I nfilt r ati o n R at es

I nfiltr ati o n r at es v ar y t hr o u g h o ut t h e e ntir e c o m pli a n c e p eri o d as a r es ult of b ei n g:

• U n c o v er e d d uri n g o p er ati o n al p eri o ds;
• O p er ati o n al c o v ers f or S Ts o n c e fill e d b ut n ot y et at t h e EI C;
• I nt eri m c o v er e d t h at ar e m ai nt ai n e d t hr o u g h o ut t h e I C p eri o d;
• I nt a ct fi n al c o v er ( c a p) t h at is n o l o n g er m ai nt ai n e d a n d d e gr a d es o v er ti m e t o b a c k gr o u n d 

c o n diti o ns; a n d
• S u bsi d e n c e of a n i nt a ct c o v er c o ns er v ati v el y ass u m e d t o o c c u r at t h e EI C a n d r e pr es e nt e d 

g e o m etri c all y b y pl a c e m e nt at v ari o us tr e n c h l o c ati o ns.

N ot e t h at f or s u bsi d e n c e c o n diti o ns t o o c c ur it r e q uir es t h e e xist e n c e of “ n o n -cr us h a bl e ” c o nt ai n ers 
wit hi n a tr e n c h u nit.  N o n -cr us h a bl e c o nt ai n ers ar e c o nsi d er e d t o b e w ast e c o nt ai n ers t h at ar e 
str u ct ur all y str o n g e n o u g h t o wit hst a n d d y n a mi c c o m p a cti o n j ust pri or t o pl a c e m e nt of t h e fi n al 
c o v er.  It is ass u m e d t h at all of t h es e n o n -cr us h a bl e c o nt ai n ers ar e l o c at e d t o g et h er a n d all f ail at 
t h e s a m e ti m e a n d t h at f ail ur e o cc urs ri g ht aft er pl a c e m e nt of t h e fi n al c o v er at t h e EI C.  I n t h e 
P A 2 0 0 8 a n al ys es a li mit of 1 0 % n o n -cr us h a bl e c o nt ai n ers w as all o w e d wit hi n a gi v e n tr e n c h D U.  
I n t h e u p c o mi n g P A 2 0 2 2 t his li mit is b ei n g r e d u c e d t o 2 %.

I n Fi g ur e K- 8 , a c o m p aris o n is pr o vi d e d f or t h e i nfiltr ati o n r at es o v er ti m e f or t h e v ari o us 
c o n diti o ns list e d a b o v e.
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Fi g u r e K- 8 . I nfilt r ati o n r at es f o r t r e n c h es u n d e r v a ri o us c o n diti o ns.

T h e s u bsi d e n c e c ur v es r e pr es e nt t h e a v er a g e i nfiltr ati o n r at e o bt ai n e d w h e n x % of t h e D U h as 
s u bsi d e d :

( )x H ol e 2 i nt a ctI x I 1 x I−= × + − × ( K-1)

w h er e

xI .....................ar e a a v er a g e i nfiltr ati o n r at e wit h x % s u bsi d e n c e ( c m/ yr)

x ..........................ar e a fr a cti o n of s u bsi d e n c e ( -)

H ol e 2I − .................i nfiltr ati o n r at e wit hi n H ol e-2 g e o m etr y ( c m/ yr)

i nt a ctI ...................i nfiltrati o n r at e f or i nt a ct c o n diti o ns ( c m/ yr)

 I n Fi g ur e K- 8 fi v e diff er e nt s u bsi d e d c as es ar e s h o w n:

• 0 % - a tr e n c h u nit wit h n o n o n -cr us h a bl e pr es e nt;
• 2 % - t h e li mit o n n o n-cr us h a bl e c o nt ai n ers f or t h e u p c o mi n g P A 2 0 2 2;
• 1 0 % - t h e li mit o n n o n-cr us h a bl e c o nt ai n ers f or t h e P A 2 0 0 8;
• 2 0 % - a n u p p er b o u n d o n n o n -cr us h a bl e c o nt ai n ers; a n d
• 1 0 0 % - a ct u al i nfiltr ati o n r at e wit hi n a h ol e 2 g e o m etr y.

T h e b ott o m c ur v e r e pr es e nts t h e i nt a ct c o v er o v er ti m e.  Wit hi n t h e “ Li mits S yst e m ” a r a n g e of 
p ossi bl e s u bsi d e d sit u ati o ns ar e a d dr ess e d.  T his is a c c o m plis h e d b y e m pl o yi n g b ot h a n i nt a ct 
s c e n ari o (i. e., z er o s u bsi d e n c e) a n d a n u p p er b o u n d o p er ati o n al c o nstr ai nt o n pl a c e m e nt of n o n -
cr us h a bl e c o nt ai n ers (i. e., 2 % f or t h e u p c o mi n g P A 2 0 2 2).  T h e n e e d t o o nl y c o nsi d er j ust t h e t w o 
e n d p oi nts of t h e r a n g e r es ults fr o m t h e f a ct t h at t h e f at e a n d tr a ns p ort e q u ati o ns ar e li n e ar O D Es.

K. 5  P O R F L O W -b as e d Fl u x -t o-W at e r ta bl e R es ults f o r Ti m e D e p e n d e nt I nfilt r ati o n R at e

T o assist i n c o nfir mi n g t h at t h e a b o v e N C R P M atri x m et h o d yi el ds r el ati v el y c o ns er v ati v e fl u x-
t o-w at ert a bl e r es ults, a d diti o n al P O R F L O W -b a s e d 1 D v a d os e z o n e tr a ns p ort r u ns w er e m a d e.  All 
p ar a m et er s etti n gs e m pl o y e d i n t h e a b o v e s e cti o ns is e m pl o y e d h er e e x c e pt t h e c o nst a nt v al u e of 
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infiltration rate is now replaced with time varying values in each run considered.  The five transient 
infiltration rate cases described above were employed and PORFLOW-based 1D vadose zone 
transport runs were made.  The results of these runs, along with a comparison to the NCRP Matrix 
worst case results, are shown in Figure K-9 through Figure K-14 for the short list of nuclides in 
Table K-2.
For a tracer, as shown in Figure K-9, the peak fluxes for all five transient infiltration cases are 
close in value to those for the NCRP Matrix cases.

Figure K-9. Flux to watertable for a tracer in the Trenches disposal unit based on transient 
infiltration conditions.

For C-14, as shown in Figure K-10, only the peak flux for the Hole-2 transient infiltration case 
exceeds those for the NCRP Matrix cases.
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Figure K-10. Flux to watertable for C-14 in the Trenches disposal unit based on transient 
infiltration conditions.

For H-3, as shown in Figure K-11, the peak flux for all five transient infiltration cases are just 
slightly higher in value than those for the NCRP Matrix cases.  

Figure K-11. Flux to watertable for H-3 in the Trenches disposal unit based on transient 
infiltration conditions.

For I-129, as shown in Figure K-12, only the peak flux for the Hole-2 transient infiltration case 
exceeds those for the NCRP Matrix cases.
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Figure K-12. Flux to watertable for I-129 in the Trenches disposal unit based on transient 
infiltration conditions.

For Sr-90, as shown in Figure K-13, only the peak flux for the Hole-2 transient infiltration case 
exceeds those for the NCRP Matrix cases.

Figure K-13. Flux to watertable for Sr-90 in the Trenches disposal unit based on transient 
infiltration conditions.
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F or T c -9 9, as s h o w n i n Fi g ur e K- 1 4 , o nl y t h e p e a k fl u x f or t h e H ol e-2 tr a nsi e nt i nfiltr ati o n c as e 
e x c e e ds t h os e f or t h e N C R P M atri x c as es.

Fi g u r e K- 1 4 . Fl u x t o w at e rt a bl e f o r T c-9 9 i n t h e T r e n c h es dis p os al u nit b as e d o n t r a nsi e nt 
i nfilt r ati o n c o n diti o ns.

K. 6  C o nfi r m ati o n of N C R P M at ri x A p p r o a c h

I n t his a p p e n di x P O R F L O W-b as e d 1 D v a d os e z o n es m o d els w er e e m pl o y e d t o ass ess ( a n d 
c o nfir m) t h e v ali dit y of usi n g t h e N C R P M atri x a p pr o a c h.  T h e N C R P M atri x a p pr o a c h is b as e d 
o n usi n g a b a ki n g ti m e t h e n l e a c hi n g m o d el f or w ast e z o n e r el e asi n g w h er e a ti m e i n v ari a nt 
i nfiltr ati o n r at e is ass u m e d.  H er e bot h b a ki n g ti m e a n d i nfiltr ati o n r at es ar e li mit e d/ c o u pl e d d u e 
t o t h e fi nit e ti m e r e q uir e d t o tr a ns p ort fr o m t h e w ast e z o n e t o t h e 1 0 0-m P O A.

T o v erif y t h at t his m atri x a p pr o a c h is a c c e pt a bl e P O R F L O W -b as e d 1 D v a d os e z o n e (t h at i n cl u d e d 
t h e w ast e z o n e) m o d eli n g w as p erf or m e d f or c o m p aris o n t o t h e N C R P M atri x a p pr o a c h r es ults.  
As s h o w n i n Fi g ur e K- 9 t hr o u g h Fi g ur e K- 1 4 , t h e M atri x a p pr o a c h is b asi c all y c o ns er v ati v e e x c e pt 
f or s o m e m o bil e r a di o n u cli d es w h er e t h eir tr a nsi e nt p e a k fl u x es w er e sli g htl y hi g h er t h a n t h eir 
c orr es p o n di n g v al u es usi n g t h e M atri x a p pr o a c h.

A gr a p hi c a n d listi n g of t h e m o bil e r a di o n u cli d es wit hi n t h e Ti er-1 listi n g f or t h e Tr e n c h es D U 
t y p e is pr o vi d e d i n Fi g ur e K- 1 5 , al o n g wit h t h eir s a n d y a n d cl a y e y Kd v al u es.  As s h o w n i n 
Fi g ur e K- 1 5:

• All el e m e nt al cl a y -t o-s a n d K d v al u es ar e e q u al t o or gr e at er t h a n o n e; a n d
• T h e m aj orit y of el e m e nts h a v e K d v al u es gr e at er t h a n o n e.
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Figure K-15. Elemental Clay-to-Sand Kd ratios for all 97 elements contained within the 
Tier-1 listing for the trench disposal unit type.

Within both the Tier-1 and Tier-2 screening processes, the waste zone properties were 
conservatively set to those for sandy material.  For the mobile radionuclides (as listed on the right 
side of Figure K-15), those with zero Kd values are highlighted in light orange where four of them 
are noble gases.  H-3 is the only mobile of potential concern here and is not filtered out of the Tier-
2 list for other conditions.  Thus, the PORFLOW-based 1D vadose modeling based on the NCRP 
Matrix approach is confirmed with respect to the results obtained using the more realistic transient 
infiltration rates.
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Appendix L. Potential Post-Analysis Radionuclide Listing Reductions
During the Tier-1 and Tier-2 set of analyses, a host of information was computed and then dumped 
to output files for potential use.  For example, in Table L-1 key information associated with the 
Max SOF status for every radionuclide with the Tier-1 list for Trenches is provided for review.  In 
Table L-1 the binning of max SOF for each radionuclide is provided along with its half-life, the 
inventory employed, and how the inventory value was established.  In Table L-1 the sources 
employed for establishing the upper bound inventories are highlighted by shading where:

Table L-1. Key Max SOF information for the Tier-1 radionuclide list for the Trenches 
disposal unit type.

1 Gamma weighting
2 WITS Projections
3 Box weight
4 1.0E+07

Nuclide SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF > Max Halflife Inventory Inventory
List 0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100 100 SOF (yr) (Ci) Flag
163 113 3 1 3 3 6 3 1 4 26 - - - -

- 50 47 46 43 40 34 31 30 26 0 - - - -
Ac-227 Ac-227 2.63E-144 2.18E+01 4.01E-03 2

Ag-108m Ag-108m 9.72E+03 4.18E+02 6.09E+01 2
Am-241 Am-241 1.25E+02 4.32E+02 2.12E+01 2

Am-242m Am-242m 2.88E-06 1.41E+02 4.09E+00 2
Am-243 Am-243 2.45E-06 7.37E+03 1.74E+00 2
Am-245 Am-245 1.58E-02 2.34E-04 2.38E+05 1

Am-246m Am-246m 1.22E-22 4.75E-05 6.06E+03 1
At-218 At-218 8.67E-170 4.75E-08 7.37E+05 1
Au-195 Au-195 1.54E-91 5.10E-01 3.09E+05 1
Ba-133 Ba-133 9.54E-20 1.05E+01 3.28E-03 2
Be-10 Be-10 1.03E-02 1.51E+06 2.17E-05 2
Bi-208 Bi-208 7.92E-124 3.68E+05 2.81E+03 1

Bi-210m Bi-210m 4.13E-121 3.04E+06 2.13E+04 1
Bk-247 Bk-247 1.21E-14 1.38E+03 3.99E-07 2
Bk-249 Bk-249 1.01E+03 9.03E-01 1.00E+07 4
Bk-250 Bk-250 6.82E-22 3.66E-04 6.57E+03 1

C-14 C-14 3.09E+04 5.70E+03 7.81E+01 2
Cd-113m Cd-113m 1.23E-11 1.41E+01 2.96E+00 2

Cf-248 Cf-248 2.23E-44 9.14E-01 1.00E+07 4
Cf-249 Cf-249 3.83E-02 3.51E+02 9.69E-01 2
Cf-250 Cf-250 2.78E-21 1.31E+01 7.50E-01 2
Cf-251 Cf-251 2.35E-13 9.00E+02 8.80E-01 2
Cf-252 Cf-252 1.73E-61 2.65E+00 1.05E-01 2
Cf-253 Cf-253 5.49E+01 4.88E-02 1.00E+07 4
Cl-36 Cl-36 8.18E-01 3.01E+05 7.00E-04 2

Cm-242 Cm-242 2.47E-11 4.46E-01 1.65E-03 2
Cm-243 Cm-243 6.97E-09 2.91E+01 4.21E-02 2
Cm-244 Cm-244 1.94E-48 1.81E+01 4.35E+01 2
Cm-245 Cm-245 3.75E-02 8.50E+03 1.56E-02 2
Cm-246 Cm-246 1.48E-20 4.76E+03 7.33E-03 2
Cm-247 Cm-247 1.14E-09 1.56E+07 3.41E-02 2
Cm-248 Cm-248 1.09E-57 3.48E+05 4.73E-03 2
Cm-249 Cm-249 4.03E-03 1.22E-04 2.94E+05 1
Cm-250 Cm-250 2.46E-14 8.30E+03 1.00E+07 4
Co-60 Co-60 7.09E-58 5.27E+00 6.11E-02 3

Co-60m Co-60m 7.93E-56 1.99E-05 1.81E+06 1
Cs-134 Cs-134 5.13E-44 2.06E+00 2.08E+00 2
Cs-135 Cs-135 2.15E-02 2.30E+06 9.58E-05 2
Cs-137 Cs-137 2.37E+02 3.02E+01 4.42E+04 2
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Nuclide SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF > Max Halflife Inventory Inventory
List 0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100 100 SOF (yr) (Ci) Flag
163 113 3 1 3 3 6 3 1 4 26 - - - -

- 50 47 46 43 40 34 31 30 26 0 - - - -
Dy-154 Dy-154 1.94E-118 3.00E+06 1.00E+07 4
Es-253 Es-253 6.31E+01 5.60E-02 1.00E+07 4
Es-254 Es-254 1.15E-15 7.55E-01 5.54E+06 1
Eu-150 Eu-150 7.98E-134 3.69E+01 3.65E+03 1
Eu-152 Eu-152 6.02E-137 1.35E+01 8.87E+01 2
Eu-154 Eu-154 1.61E-165 8.59E+00 2.24E+02 2
Eu-155 Eu-155 6.77E-193 4.76E+00 1.91E+01 2
Fe-55 Fe-55 2.69E-143 2.74E+00 3.69E+02 2
Fe-60 Fe-60 8.07E-39 1.50E+06 1.00E+07 4

Fm-254 Fm-254 1.05E-18 3.70E-04 1.00E+07 4
Fm-257 Fm-257 3.09E+02 2.75E-01 1.00E+07 4
Gd-148 Gd-148 1.74E-123 7.46E+01 1.00E+07 4
Gd-150 Gd-150 1.94E-118 1.79E+06 1.00E+07 4
Gd-152 Gd-152 1.94E-118 1.08E+14 1.00E+07 4
Gd-153 Gd-153 1.48E-278 6.58E-01 2.52E+05 1
Ge-68 Ge-68 1.07E-262 7.42E-01 1.00E+07 4

H-3 H-3 3.27E+05 1.23E+01 1.15E+05 2
Hf-172 Hf-172 1.49E-221 1.87E+00 3.08E+05 1
Hf-174 Hf-174 7.59E-110 2.00E+15 1.00E+07 4

Hf-178m Hf-178m 2.01E-126 3.10E+01 5.93E+03 1
Hf-182 Hf-182 3.41E-113 9.00E+06 2.43E+04 1
Hg-194 Hg-194 2.33E-107 4.40E+02 1.00E+07 4
Ho-163 Ho-163 6.50E-123 4.57E+03 1.00E+07 4

I-129 I-129 1.35E+05 1.57E+07 1.65E-01 2
In-115 In-115 9.70E-120 4.41E+14 1.00E+07 4
Ir-192n Ir-192n 3.34E-112 2.41E+02 1.00E+07 4

K-40 K-40 1.03E+02 1.25E+09 4.12E-02 2
Kr-81 Kr-81 1.48E+04 2.29E+05 6.60E+06 1

La-137 La-137 2.16E-121 6.00E+04 1.00E+07 4
La-138 La-138 1.36E-123 1.02E+11 5.04E+03 1
Lu-173 Lu-173 5.75E-246 1.37E+00 6.13E+04 1
Lu-174 Lu-174 3.88E-206 3.31E+00 8.97E+04 1

Lu-174m Lu-174m 2.91E-206 3.89E-01 5.08E+05 1
Lu-176 Lu-176 5.88E-123 3.85E+10 1.24E+04 1
Mn-53 Mn-53 5.66E+07 3.70E+06 1.00E+07 4
Mn-54 Mn-54 8.09E-89 8.55E-01 9.98E+00 2
Mo-93 Mo-93 2.15E-123 4.00E+03 2.52E-01 2
Na-22 Na-22 1.30E-26 2.60E+00 7.65E-04 2
Nb-91 Nb-91 1.40E-118 6.80E+02 3.39E+06 1
Nb-92 Nb-92 1.15E-119 3.47E+07 3.80E+03 1

Nb-93m Nb-93m 7.45E-146 1.61E+01 1.62E+00 2
Nb-94 Nb-94 8.40E-123 2.03E+04 1.64E+00 2
Nd-144 Nd-144 1.94E-118 2.29E+15 1.00E+07 4
Ni-59 Ni-59 3.68E+05 1.01E+05 5.48E+02 2
Ni-63 Ni-63 1.28E+07 1.00E+02 4.84E+04 2

Np-235 Np-235 3.17E+02 1.08E+00 6.35E+06 1
Np-236 Np-236 1.07E+09 1.54E+05 7.19E+04 1
Np-237 Np-237 2.33E+04 2.14E+06 4.28E-01 2
Np-238 Np-238 1.98E-06 5.80E-03 1.01E+04 1
Np-239 Np-239 6.43E-09 6.45E-03 1.61E+02 2
Np-240 Np-240 1.80E-51 1.18E-04 5.18E+03 1

Np-240m Np-240m 7.32E-52 1.37E-05 1.81E+04 1
Os-186 Os-186 7.59E-110 2.00E+15 1.00E+07 4
Os-194 Os-194 1.89E-167 6.00E+00 1.00E+07 4
Pa-231 Pa-231 1.17E-01 3.28E+04 2.06E-06 2
Pa-232 Pa-232 4.95E-49 3.59E-03 6.25E+03 1
Pa-233 Pa-233 5.19E-79 7.38E-02 3.14E-01 2
Pb-202 Pb-202 7.86E-145 5.25E+04 1.00E+07 4
Pb-210 Pb-210 2.53E-167 2.22E+01 4.60E-01 2
Pd-107 Pd-107 1.04E-03 6.50E+06 1.44E-04 2
Pm-144 Pm-144 3.04E-137 9.94E-01 3.61E+03 1
Pm-145 Pm-145 3.58E-142 1.77E+01 1.00E+07 4
Pm-147 Pm-147 8.64E-135 2.62E+00 1.80E+01 2
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Nuclide SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF < SOF > Max Halflife Inventory Inventory
List 0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100 100 SOF (yr) (Ci) Flag
163 113 3 1 3 3 6 3 1 4 26 - - - -

- 50 47 46 43 40 34 31 30 26 0 - - - -
Po-208 Po-208 4.91E-130 2.90E+00 1.00E+07 4
Po-209 Po-209 6.74E-149 1.02E+02 1.10E+06 1
Pt-190 Pt-190 1.35E+11 6.50E+11 1.00E+07 4
Pt-193 Pt-193 1.61E-05 5.00E+01 5.28E-05 2
Pu-236 Pu-236 1.45E-70 2.86E+00 1.00E+07 4
Pu-238 Pu-238 7.56E-04 8.77E+01 2.54E+02 2
Pu-239 Pu-239 1.28E-02 2.41E+04 8.60E+01 2
Pu-240 Pu-240 3.78E-46 6.56E+03 1.95E+01 2
Pu-241 Pu-241 5.86E+01 1.44E+01 3.09E+02 2
Pu-242 Pu-242 3.78E-14 3.75E+05 1.35E+00 2
Pu-243 Pu-243 6.30E-08 5.65E-04 5.83E+05 1

Pu-246 Pu-246 7.86E-19 2.97E-02 6.26E+04 1
Ra-226 Ra-226 8.63E+02 1.60E+03 4.61E-01 2
Ra-228 Ra-228 9.68E-40 5.75E+00 1.25E-01 2
Rb-87 Rb-87 1.17E-01 4.92E+10 1.73E-04 2

Re-184m Re-184m 2.24E-20 4.63E-01 1.76E+04 1
Re-186m Re-186m 1.54E+10 2.00E+05 3.50E+06 1
Re-187 Re-187 9.09E+08 4.12E+10 1.00E+07 4
Rh-101 Rh-101 1.43E-206 3.30E+00 2.49E+04 1

Rh-102m Rh-102m 2.79E-201 3.74E+00 2.63E+03 1
Rn-218 Rn-218 2.00E-170 1.11E-09 7.30E+06 1
Rn-222 Rn-222 8.17E-108 1.05E-02 4.60E-01 2
Ru-106 Ru-106 3.32E-10 1.02E+00 3.54E+00 2
Sb-125 Sb-125 5.23E-253 2.76E+00 7.87E+00 2
Se-79 Se-79 1.11E-123 2.95E+05 9.92E-02 2
Si-32 Si-32 1.92E+11 1.32E+02 1.00E+07 4

Sm-145 Sm-145 1.22E-143 9.31E-01 6.14E+06 1
Sm-146 Sm-146 1.94E-118 1.03E+08 1.00E+07 4
Sm-147 Sm-147 1.94E-118 1.06E+11 1.00E+07 4
Sm-148 Sm-148 1.94E-118 7.00E+15 1.00E+07 4
Sm-151 Sm-151 2.44E-130 9.00E+01 1.29E+01 2

Sn-121m Sn-121m 8.29E-163 4.39E+01 1.22E-01 2
Sn-126 Sn-126 2.67E-154 2.30E+05 1.24E-02 2
Sr-90 Sr-90 4.57E+04 2.88E+01 1.44E+03 2

Ta-179 Ta-179 6.99E-17 1.82E+00 2.87E+06 1
Tb-157 Tb-157 5.17E-127 7.10E+01 1.00E+07 4
Tb-158 Tb-158 1.75E-125 1.80E+02 7.69E+03 1
Tc-97 Tc-97 1.36E+09 2.60E+06 1.00E+07 4
Tc-98 Tc-98 5.39E+06 4.20E+06 4.01E+03 1
Tc-99 Tc-99 8.21E+02 2.11E+05 9.03E-01 2

Te-123 Te-123 3.57E-116 6.00E+14 1.00E+07 4
Th-228 Th-228 6.56E-224 1.91E+00 1.10E+00 2
Th-229 Th-229 7.82E-117 7.34E+03 2.32E-01 2
Th-230 Th-230 2.69E+01 7.54E+04 4.63E-01 2
Th-231 Th-231 5.78E-03 2.91E-03 1.14E+00 2
Th-232 Th-232 1.29E-36 1.41E+10 1.25E-01 2
Th-234 Th-234 9.52E-07 6.60E-02 1.19E+02 2
Ti-44 Ti-44 5.65E-119 6.00E+01 1.72E+05 1

Tl-204 Tl-204 3.94E-46 3.78E+00 1.00E+07 4
Tl-210 Tl-210 1.49E-170 2.47E-06 2.44E+03 1
U-232 U-232 3.60E-76 6.89E+01 1.06E+00 2
U-233 U-233 2.95E-70 1.59E+05 8.28E+01 2
U-234 U-234 1.27E+00 2.46E+05 4.25E+01 2
U-235 U-235 2.53E+03 7.04E+08 4.31E+00 2

U-235m U-235m 4.12E-04 4.94E-05 1.00E+07 4
U-236 U-236 6.13E-42 2.34E+07 1.53E+00 2
U-238 U-238 4.95E-04 4.47E+09 1.19E+02 2
U-240 U-240 3.21E-47 1.61E-03 6.76E+06 1
V-49 V-49 4.67E-160 9.03E-01 1.00E+07 4
V-50 V-50 1.32E-31 1.50E+17 2.46E-01 3
Zr-93 Zr-93 3.08E-120 1.53E+06 2.17E-02 2
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N ot e t h at a n i n v e nt or y fl a g of 4 is w h er e n o i n v e nt or y i nf or m ati o n w as a v ail a bl e, a n d t h e hist ori c al 
s cr e e ni n g v al u e of 1 0 7 Ci w as c o nsi d er e d t o b e a n u p p er b o u n d.

I n S e cti o ns 3. 3 a n d 3. 7 of t h e m ai n b o d y, t h e fi n al I n a d v ert e nt I ntr u d er Ti er-1 a n d Gr o u n d w at er 
Ti er -2 r a di o n u cli d e listi n g s f or e a c h D U t y p e ar e pr o vi d e d.  T h os e listi n gs c a n p ot e nti all y b e 
f urt h er r e d u c e d b as e d o n e m pl o yi n g a d diti o n al “ pr o c ess k n o wl e d g e” w h er e a v ail a bl e .  F or 
e x a m pl e (s e e T a bl e L- 2) , t h e f oll o wi n g as p e cts s h o ul d b e c o nsi d er e d:

• N o bl e G as es – (s h a d e d i n bl u e) N o bl e g as es pr e d o mi n at el y ar e o ut g ass e d fr o m t h e w ast e 
f or ms; h o w e v er, t h er e r e m ai ns a r esi d u al a m o u nt of t h e n o bl e g as wit hi n t h e li q ui d-p h as e 
d u e t o h a vi n g a fi nit e s ol u bilit y v al u e (i. e., H e nr y’s L a w c o nst a nts);

• H e a v y El e m e nts – (s h a d e d i n y ell o w) Pr o d u cti o n of v er y h e a v y el e m e nts is g e n er all y 
li mit e d si n c e S R S pr o d u cti o n r e a ct or o p er ati o ns t y pi c all y w er e f o c us e d o n w e a p o ns-gr a d e 
P u pr o d u cti o n (i. e., 3 % a n d 6 % P u -2 4 0).  T h us, r e a ct or c or e b ur n u p l e v els w er e l o w w h e n 
c o m p ar e d t o p o w er r e a ct or o p er ati o ns.  O n e pri m ar y e x c e pti o n h er e w as t h e Cf c a m p ai g n 
t h at w er e p erf or m e d i n C-R e a ct or d uri n g t h e 7 0’s;

• Fissi o n P r o d u cts – (s h a d e d i n gr e e n) Fissi o n pr o d u ct ( a n d fr a g m e nts) yi el ds v er y gr e atl y 
o v er t h e e ntir e r a n g e of at o mi c m ass n u m b ers. F or s o m e of t h es e v er y l o w yi el ds o c c ur;

• N e ut r o n A cti v ati o n P r o d u cts – (s h a d e d i n r e d) S o m e n e utr o n a cti v ati o n pr o d u cts r es ult 
fr o m tr a c e a m o u nts of v ari o us i m p uriti es wit hi n r e a ct or c o m p o n e nts pr es e nt d uri n g t h eir 
f a bri c ati o n pr o c ess es.

N ot e t h at f or m a n y of t h e c as es of i nt er est, n o WI T S i n v e nt ori es h a v e b e e n r e c or d e d si n c e t h e st art 
of E -Ar e a o p er ati o ns.  T h os e p ot e nti al r a di o n u cli d es t h at mi g ht b e c a n di d at es t o b e eli mi n at e d 
fr o m t h e fi n al Ti er-2 listi n gs ar e hi g hli g ht e d i n T a bl e L- 2.

T a bl e L - 2. R a di o n u cli d es t h at h a v e p ot e nti al t o b e e li mi n at e d f r o m Ti e r- 2 listi n gs.

I L V L A W V N R C D A( G) N R C D A( S) Tr e n c h

4 5 3 9 3 8 3 1 4 3

A g -1 0 8 m A g -1 0 8 m A m -2 4 1 A m -2 4 1 A g -1 0 8 m

A m -2 4 1 A m -2 4 1 A m -2 4 5 A m -2 4 5 A m -2 4 1

A m -2 4 5 B e -1 0 Ar -3 9 Ar -3 9 A m -2 4 5

Ar -3 9 B k -2 4 9 B k -2 4 7 B e -1 0 B e -1 0

B e -1 0 C -1 4 B k -2 4 9 B k -2 4 7 B k -2 4 9

B k -2 4 7 C a -4 1 C -1 4 C -1 4 C -1 4

B k -2 4 9 C d -1 1 3 C a -4 1 C a -4 1 Cf -2 4 9

C -1 4 Cf -2 5 3 C d -1 1 3 Cf -2 5 3 Cf -2 5 3

C a -4 1 Cl -3 6 Cf -2 5 3 Cl -3 6 Cl -3 6

C d -1 1 3 C m -2 4 5 Cl -3 6 C m -2 4 9 C m -2 4 5

Cf -2 4 9 C s -1 3 7 C m -2 4 9 E s -2 5 3 C m -2 4 9

Cf -2 5 3 E s -2 5 3 C s -1 3 5 F m -2 5 7 C s -1 3 5

Cl -3 6 F m -2 5 7 E s -2 5 3 I-1 2 9 C s -1 3 7

C m -2 4 5 H -3 F m -2 5 7 K -4 0 E s -2 5 3

C m -2 4 9 I-1 2 9 H -3 Kr -8 1 F m -2 5 7

C s -1 3 5 K -4 0 I-1 2 9 Ni -5 9 H -3

C s -1 3 7 Kr -8 1 K -4 0 Ni -6 3 I-1 2 9

E s -2 5 3 M n -5 3 Kr -8 1 N p -2 3 5 K -4 0

F m -2 5 7 Ni -5 9 M n -5 3 N p -2 3 6 Kr -8 1

H -3 Ni -6 3 Ni -5 9 N p -2 3 7 M n -5 3

I-1 2 9 N p -2 3 5 Ni -6 3 P a -2 3 1 Ni -5 9

K -4 0 N p -2 3 6 N p -2 3 5 Pt -1 9 0 Ni -6 3

Kr -8 1 N p -2 3 7 N p -2 3 6 P u -2 4 1 N p -2 3 5

M n -5 3 P a -2 3 1 N p -2 3 7 R b -8 7 N p -2 3 6

Ni -5 9 P d -1 0 7 P d -1 0 7 R e -1 8 6 m N p -2 3 7

Ni -6 3 Pt -1 9 0 Pt -1 9 0 R e -1 8 7 P a -2 3 1
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ILV LAWV NRCDA(G) NRCDA(S) Trench
Np-235 Pu-239 Pt-193 Si-32 Pd-107
Np-236 Pu-241 Pu-241 Tc-97 Pt-190
Np-237 Ra-226 Rb-87 Tc-98 Pu-239
Pa-231 Rb-87 Re-186m Tc-99 Pu-241
Pd-107 Re-186m Re-187 U-235 Ra-226
Pt-190 Re-187 Si-32 Rb-87
Pu-239 Si-32 Sr-90 Re-186m
Pu-241 Sr-90 Tc-97 Re-187
Ra-226 Tc-97 Tc-98 Si-32
Rb-87 Tc-98 Tc-99 Sr-90

Re-186m Tc-99 U-235 Tc-97
Re-187 U-235 U-237 Tc-98
Si-32 U-237 Tc-99
Sr-90 Th-230
Tc-97 Th-231
Tc-98 U-234
Tc-99 U-235
U-235
U-237

Below each of the categories as listed in the above bullets are addressed.

L.1  Noble Gases
For the GW screening, all of the buried Noble gases were conservatively considered (once released 
from a waste package) to be retained within the liquid-phase.  No outgassing of the species was 
considered.  To see if outgassing is sufficient to change the status of a Noble gas from being 
screened out, a simple equilibrium partitioning calculation was performed.
As illustrated in Figure L-1, once a species is released from its waste package it will locally 
partition between the three phases present (i.e., gas, liquid, and solid) and then be transported 
towards the watertable for the liquid-phase portion, upwards to the groundwater for the gas-phase 
portion, and remain stationary for the solid-phase portion.

Figure L-1. Liquid and gas-phase partitioning of species released from a waste package.
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T h e K d v al u es f or N o bl e g as es ar e c o nsi d er e d t o b e v er y s m all a n d z er o s oli d -p h as e a bs or pti o n is 
ass u m e d.  T h e p artiti o ni n g b et w e e n t h e li q ui d a n d g as p h as es is t y pi c all y m e as ur e d a n d r e p ort i n 
t er ms of a H e nr y’s L a w c o nst a nt.  V al u es f or t h e N o bl e g as es u n d er p H c o n diti o ns r e pr es e nt ati v e 
of t h e v a d os e z o n e s oils i n E - Ar e a w er e pr o vi d e d i n D y er ( 2 0 1 7) a n d ar e list e d i n T a bl e L- 3.

T a bl e L - 3. Di m e nsi o nl ess H e n r y’s L a w c o nst a nts f o r N o bl e g as es wit hi n t h e E-A r e a v a d os e 
z o n e ( p H at 5. 4).

N o bl e G a s
H e nr y' s C o n st a nt

( mol a r c o n cs li q/ g as)
Ar 2 9

Kr 1 7

X e 9. 4

T h e di m e nsi o nl ess H e nr y’s L a w c o nst a nt is d efi n e d h er e as:

gwi wi
i

gi w g i

Vc n
H

c V n

  
= =        

( L- 1)

w h er e

iH -  H e nr y’s L a w c o nst a nt f or s p e ci es i (-)

wic -  m ol ar ( or a cti vit y) c o n c e ntr ati o n of s p e ci es i i n li q ui d p h as e ( g m ol/ ml or Ci/ ml)

gic -  m ol ar ( or a cti vit y) c o n c e ntr ati o n of s p e ci es i i n g as p h as e ( g m ol/ ml or Ci/ ml)

win -  m ol es ( or a cti vit y) of s p e ci es i i n li q ui d p h as e ( g m ol or Ci)

gin -  m ol es ( or a cti vit y) of s p e ci es i i n g as p h as e ( g m ol or Ci)

wV -  v ol u m e of li q ui d p h as e ( ml)

gV -  v ol u m e of g as p h as e ( ml)

P erf or mi n g a si m pl e m ass b al a n c e p artiti o ni n g, ass u mi n g e q uili bri u m a c hi e v e d b et w e e n b ot h 
p h as es, r es ults i n t h e f oll o wi n g m ol e ( or a cti vit y) fr a cti o n ar e t h e li q ui d -p h as e p orti o n:

( )
w i

wi
w i w

S H
x

S H 1 S

φ
=

φ + − φ
( L- 2)

w h er e

wix -  li q ui d-p h as e m ol ar ( or a cti vit y) fr a cti o n of s p e ci es i ( -)

wS -  l o c al v a d os e z o n e w at er s at ur ati o n (-, s et t o 8 5 %)

φ -  l o c al t ot al p or osit y of v a d os e z o n e (-, s et t o 3 8 %)

Usi n g t h e v al u es pr o vi d e d a b o v e , t h e li q ui d-p h as e a cti v it y fr a cti o ns f or p artiti o ni n g t h e N o bl e
g as es ar e list e d i n T a bl e L- 4.

T a bl e L - 4. A cti vit y p a rtiti o ni n g f r a cti o ns f o r N o bl e g as es wit hi n t h e E -A r e a v a d os e z o n e 
( p H at 5. 4).

N o bl e G a s
H e nr y' s 

C o n st a nt
Li q ui d Fr a cti o n

( %)
G a s Fr a cti o n

( %)

Ar 2 9 0. 9 9 4 % 9 9. 0 0 6 %
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Kr 17 0.990% 99.010%
Xe 9.4 0.982% 99.018%

As Table L-4 indicates, an approximately two-order magnitude reduction in liquid-phase inventory 
is observed.
Based on partitioning, the upper bound inventories were updated, along with the computed Max 
SOF values.  Table L-5 shows the updated SOF values for GW Tier-2 screening for each Noble
gas that was not screened out by DU type.

Table L-5. Partitioning adjusted Max SOF values for the Noble gases that were not 
screened out for GW Tier-2 screening.

DU Type Noble Gas Original 
Inventory (Ci) Original Inventory Basis Original Max 

SOF (-)

Partitioned 
Adjusted 

Inventory (Ci)

Partitioned 
Adjusted Max 

SOF (%)
Trench Kr-81 6.60E+06 Gamma weighting 1.48E+04 6.53E+04 14664.0%

ILV Ar-39 7.35E+01 Projected closure 1.65E-01 7.31E-01 0.2%
LAWV Kr-81 1.57E+06 Gamma weighting 6.74E+02 1.55E+04 666.7%

NRCDAG Ar-39 1.00E+07 Initial bounding 5.28E+04 9.94E+04 52506.1%
Kr-81 1.00E+07 Initial bounding 4.69E+04 9.90E+06 4640341.0%

NRCDAS Ar-39 1.00E+07 Initial bounding 7.57E+03 9.94E+04 7525.5%
Kr-81 1.00E+07 Initial bounding 4.68E+04 9.90E+04 46279.9%

As Table L-5 indicates, partitioning adjustments alone does significantly lower the Max SOF 
values but does not provided enough reduction for screening any of them out.  To screen out some 
of these will require revisiting the basis for original inventory values.

L.2  Heavy Elements
Heavy elements, sometimes referred to as super-heavy elements, arise within a reactor core during 
irradiation.  The degree of abundance of the super-heavy elements depends upon the neutron flux 
spectrum, target material of interest, and the burnup level achieved prior to shutting down the 
reactor.  The majority of radionuclides contained within waste streams entering E-Area for 
disposal originated within the five SRS heavy water reactors during their production years 
spanning from 1953 through 1988.  Some off-site fuel/target materials have also been shipped to 
SRS where some have been directly buried within E-Area (e.g., Naval reactor fuel components), 
while others have been stored waiting further processing (i.e., spent nuclear fuel from overseas).
Most irradiated fuel/target assemblies have been reprocessed with the SRS F-Canyon and H-
Canyon facilities.  Foreign spent fuels and Oak Ridge National Laboratory (ORNL) High-Flux 
Isotope Reactor (HFIR) targets may be reprocessed in future reprocessing campaigns. 
The production of super heavy elements (e.g., Es-Einsteinium and Fm-Fermium) within neutron-
based reactors are the direct result of successive capture of neutrons on a source material (see 
excellent article on this subject by Ferguson 1978).  The neuron capture sequence of primary 
interest here is shown in Figure L-2.  This figure traces only the primary path of the neutron capture 
sequence.  Also, Fm-257 is the highest mass number experimentally observed as a result of a 
neutron capture event.
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Fi g u r e L- 2 . N e ut r o n c a pt u r e c h ai n f o r s u p e r h e a v y el e m e nt of i nt e r est .

I n O R N L’s Hi g h -Fl u x Is ot o p e R e a ct or ( H FI R), t h e m ai n o bj e cti v e w as t h e cr e ati o n of Es a n d F m 
wit h mi ni m al r e a ct or b ur n u ps st arti n g wit h t ar g ets alr e a d y ri c h i n C m .  T y pi c all y, i n S R S 
pr o d u cti o n r e a ct ors t h e m ai n pr o d u cts of i nt er est w er e H -3 a n d P u -2 3 9; h o w e v er, i n a s p e ci al S R S 
c a m p ai g n i n t h e 1 9 6 9 ti m e p eri o d, t ar g et ass e m bli es ri c h i n C m w er e pl a c e d i n a s m all -hi g h fl u x 
c or e wit hi n C -R e a ct or f or t h e dir e ct p ur p os e of cr e ati n g l ar g e q u a ntiti es of Cf.  I n t his c a m p ai g n, 
l ar g e q u a ntiti es of P u, A m, a n d C m w er e irr a di at e d t o pr o d u c e gr a m q u a ntiti es of Cf.  Als o a 
si g nifi c a nt s u p pl y of C m -2 4 8 (i. e., a f e e d st o c k) w as g e n er at e d a n d l at er us e d i n t h e O R N L H FI R 
t o m a k e Es a n d F m.  As st at e d b y F er g us o n ( 1 9 7 8):

“ W hil e it w as n ot p ossi bl e t o r e c o v er ei nst ei ni u m a n d f er mi u m fr o m t h e irr a di at e d m at eri al b e c a us e 
of t h e n e c ess ar y l o n g c o oli n g p eri o d, a s u p pl y of c uri u m ri c h i n t h e is ot o p e w as pr o d u c e d. ”

T h e h alf -li v es (i n y e ars) a n d i n v e nt or y s etti n gs f or t h e s u p er h e a v y el e m e nts ar e list e d i n T a bl e L- 6 .  
T h e s h a d e d r e gi o ns hi g hli g ht:

• O r a n g e - half -li v es gr e at er t h a n 1 yr ar e hi g hli g ht e d ;
• C y a n - t h os e r a di o n u cli d es t h at w er e n ot s cr e e n e d o ut d uri n g s cr e e ni n g pr o c ess; 
• G r e e n - t h os e r a di o n u cli d es t h at h a d pr oj e ct e d cl os ur e i n v e nt ori es; a n d
• N o n e - t h os e r a di o n u cli d es wit h o ut pr oj e ct e d cl os ur e i n v e nt ori es w h os e v al u es w er e 

i niti all y s et t o 1 07 Ci a n d t h e n p ossi bl y r e d u c e d b y eit h er g a m m a -r a y f a ct ors (A p p e n di x D ) 
or c o nt ai n er w ei g ht c o nstr ai nts ( A p p e n di x E ).

N ot e t h at pr oj e ct e d cl os ur e i n v e nt ori es d o n ot e xist f or t h e s h ort h alf -lif e r a di o n u cli d es list e d i n 
T a bl e L- 6.

T a bl e L- 6 . D e c a y h alf-li v es ( y e a rs) f o r t h e t y pi c all y r ef e r r e d t o “ h e a v y ” el e m e nts.

Z El e m e nt R a di o n u cli d e H alf -lif e ( yr)
Tr e n c h

( Ci)
I L V
( Ci)

L A W V
( Ci)

N R C D A G
( Ci)

N R C D A S
( Ci)

9 7 B er k eli u m B k -2 4 5 1. 3 5 2 5 E -0 2

B k -2 4 6 4. 9 2 8 1 E -0 3

B k -2 4 7 1. 3 8 0 0 E + 0 3 3. 9 9 E -0 8

B k -2 4 8 m 2. 7 0 3 6 E -0 3

B k -2 4 9 9. 0 3 4 9 E -0 1 2. 0 7 E -0 8

B k -2 5 0 3. 6 6 4 2 E -0 4

B k -2 5 1 1. 0 5 7 1 E -0 4

9 8 C alif or ni u m Cf -2 4 4 3. 6 8 8 5 E -0 5

Cf -2 4 6 4. 0 7 2 6 E -0 3

Cf -2 4 7 3. 5 4 7 8 E -0 4

Cf -2 4 8 9. 1 4 4 4 E -0 1

Cf -2 4 9 3. 5 1 0 0 E + 0 2 9. 6 9 E -0 2 2. 8 2 E -0 3 6. 0 5 E -0 6 1. 9 5 E -1 0 9. 7 0 E -1 3
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Z Element Radionuclide Half-life (yr) Trench
(Ci)

ILV
(Ci)

LAWV
(Ci)

NRCDAG
(Ci)

NRCDAS
(Ci)

Cf-250 1.3080E+01 7.50E-02 2.13E-03
Cf-251 9.0000E+02 8.80E-02 1.63E-03 2.62E-05 4.35E-12 2.62E-14
Cf-252 2.6450E+00 1.05E-02 1.85E-02
Cf-253 4.8761E-02
Cf-254 1.6564E-01
Cf-255 1.6161E-04

99 Einsteinium Es-249 1.9431E-04
Es-250 9.8106E-04

Es-250m 2.5325E-04
Es-251 3.7645E-03
Es-253 5.6044E-02
Es-254 7.5483E-01

Es-254m 4.4832E-03
Es-255 1.0897E-01
Es-256 4.8293E-05

100 Fermium Fm-251 6.0461E-04
Fm-252 2.8964E-03
Fm-253 8.2136E-03
Fm-254 3.6961E-04
Fm-255 2.2895E-03
Fm-256 2.9964E-04
Fm-257 2.7515E-01

For the heaviest element of interest (i.e., Fm-257) its decay chain is shown in Figure L-3.  The 
blue arrows represent the alpha decay mode while the orange arrows represent the beta-minus (or 
electron capture) modes.  As Figure L-3 illustrates, the majority of heavy elements of interest to 
us are contained within this decay chain.

Figure L-3. Decay chain for the radionuclide Fm-257.
For the next heaviest elements of interest (i.e., Fm-254 and Es-254) their decay chains are shown 
in Figure L-4.  The blue arrows represent the alpha decay mode while the orange arrows represent 
the beta-minus (or isomeric transition) modes.  As Figure L-4 illustrates, the two heavy elements 
of interest to us are contained within this decay chain.
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Figure L-4. Decay chains for the radionuclides Fm-254 and Es-254.

To focus attention on which heavy elements should be considered, only those radionuclides that 
(1) were not screened out and (2) due to lack of inventory knowledge remain at the upper bounding 
value of 107 Ci are addressed.  A quick summary of the selection process is provided in Figure L-5.

Figure L-5. Heavy elements to be addressed.
This figure is an atomic number versus mass number diagram showing all possible isotopes within 
an element’s family (i.e., cutoff for AMU values below 245).  The blue shaded ones have projected 
closure inventories, the orange shaded ones have the 107 Ci bounding value.  Isotopes printed in 
black are accounted for while those printed in red are the ones not screened out and can be 
potentially eliminated.
Based on the Inadvertent Intruder Tier-1 process and the Groundwater Tier-2 process, the 
screening status for several of the “heavy” elements is shown in Table L-7. 

257 Fm-257
256 Es-256 Fm-256
255 Cf-255 Es-255 Fm-255
254 Cf-254 Es-254 Fm-254
253 Cf-253 Es-253 Fm-253
252 Cf-252 Es-252 Fm-252
251 Cm-251 Bk-251 Cf-251 Es-251 Fm-251
250 Cm-250 Bk-250 Cf-250 Es-250
249 Cm-249 Bk-249 Cf-249
248 Cm-248 Bk-248 Cf-248
247 Am-247 Cm-247 Bk-247 Cf-247
246 Am-246 Cm-246 Bk-246 Cf-246
245 Am-245 Cm-245 Bk-245 Cf-245

95 96 97 98 99 100
Am Cm Bk Cf Es Fm
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T a bl e L- 7 . St at usa , b of s c r e e ni n g r es ults f o r m a n y of t h e h e a v y el e m e nts of i nt e r est.

R a di o n u cli d e c Tr e n c h
G W

Tr e n c h
II

I L V
G W

I L V
II

L A W V
G W

L A W V
II

N R C -G
G W

N R C -G
II

N R C -S
G W

N R C -S
II

B k -2 4 7 o ut 2 o ut 2 i n 4 o ut 4 o ut 1 o ut 1 i n 4 i n 4 i n 4 i n 4

B k -2 4 8 m o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0

B k -2 4 9 i n 4 i n 4 i n 4 o ut 4 i n 4 o ut 4 i n 4 o ut 4 o ut 0 o ut 2

B k -2 5 0 o ut 1 o ut 1 o ut 4 o ut 4 o ut 1 o ut 1 o ut 4 o ut 4 o ut 4 i n 4

Cf -2 4 8 o ut 4 i n 4 o ut 4 o ut 4 o ut 4 o ut 4 o ut 4 o ut 4 o ut 4 i n 4

Cf -2 4 9 i n 2 i n 2 i n 2 o ut 2 o ut 2 o ut 2 o ut 0 o ut 2 o ut 0 o ut 2

Cf -2 5 0 o ut 2 o ut 2 o ut 4 o ut 4 o ut 2 o ut 2 o ut 4 o ut 4 o ut 4 i n 4

Cf -2 5 1 o ut 2 i n 2 o ut 2 o ut 2 o ut 2 o ut 2 o ut 0 o ut 2 o ut 0 o ut 2

Cf -2 5 2 o ut 2 o ut 2 o ut 4 o ut 4 o ut 2 o ut 2 o ut 4 o ut 4 o ut 4 i n 4

Cf -2 5 3 i n 4 o ut 4 i n 4 o ut 4 i n 4 o ut 4 i n 4 o ut 4 i n 4 i n 4

Cf -2 5 4 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0 o ut 0

E s -2 5 3 i n 4 i n 4 i n 4 o ut 4 i n 1 o ut 1 i n 4 o ut 4 i n 4 i n 4

E s -2 5 4 o ut 1 i n 1 o ut 4 o ut 4 o ut 1 o ut 1 o ut 4 o ut 4 o ut 4 i n 4

F m -2 5 4 o ut 4 i n 4 o ut 4 o ut 4 o ut 4 o ut 4 o ut 4 o ut 4 o ut 4 i n 4

F m -2 5 7 i n 4 i n 4 i n 4 o ut 4 i n 4 o ut 4 i n 4 o ut 4 i n 4 i n 4

a St at us i m pli es w h et h er or n ot a s p e cifi c p ar e nt r a di o n u cli d e is s cr e e n e d o ut a n d its i n v e nt or y st at us: 0 - i m pl yi n g 
b ei n g s cr e e n e d o ut d uri n g pri or s cr e e ni n g st e p; 1 – g a m m a -f a ct or i n v e nt or y b asis; 2 – WI T S i n v e nt or y b asis; 3 –
p a c k a g e w ei g ht i n v e nt or y b asis; or 4 – n o i n v e nt or y i nf or m ati o n a v ail a bl e a n d w as s et t o 1 0 7 Ci.
b S h a di n g i n di c at es t h os e p ar e nt r a di o n u cli d es t h at h a v e a p ot e nti al t o b e r e m o v e d (i. e., s cr e e n e d o ut) i n a p o st -
pr o c essi n g eff ort b as e d o n esti m at e d pr oj e ct e d i n v e nt or y v al u es ass o ci at e d wit h h e a v y el e m e nt as p e cts dis c uss e d i n 
t his a p p e n di x.
c T h e r a di o n u cli d es s h a d e d i n gr e y ar e s cr e e n e d o ut of e v er y D U t y p e.

T h e hi g h -li g ht e d c ells r e pr es e nt h e a v y ele m e nt p ar e nt r a di o n u cli d es t h at w er e n ot s cr e e n e d o ut a n d 
n o i n v e nt or y i nf or m ati o n w as a v ail a bl e wit hi n WI T S (i. e., i n 1 a n d i n 4).  T h e m aj orit y of 
r a di o n u cli d es pr es e nt e d i n T a bl e L- 7 h a v e at l e ast o n e D U t y p e w h er e it h as n ot b e e n s cr e e n e d o ut.  
T o eli mi n at e t h es e r a di o n u cli d es t h eir c urr e nt 1 0 7 Ci b o u n di n g i n v e nt or y m ust b e si g nifi c a ntl y 
r e d u c e d.  T his is a c c o m plis h e d b y m a ki n g us e of t h e f oll o wi n g t w o d at a s o ur c es f or pr e di cti n g 
b ett er (i. e., m or e r e alisti c) u p p er b o u n d i n v e nt or y esti m at es:

• S R S R e a ct o r N e ut r o ni c P r e di cti o n – S R S h e a v y w at er r e a ct ors ar e u ni q u e a n d n e utr o ni c 
c al c ul ati o ns w er e r o uti n el y p erf or m e d usi n g S R N L d e v el o p e d F O R T R A N al g orit h ms (i. e., 
h er e s p e c i all y t h e G L A S S c o d e).  G L A S S b ur n u p c al c ul ati o ns of a t y pi c al S R S r e a ct or c or e 
w er e a v ail a bl e t h at tr a c k a t ot al of 1, 0 4 9 r a di o n u cli d es (i. e., fr o m H -3 t hr o u g h Cf -2 5 2).  
R es ults f or f o ur l e v els of b ur n u p w er e a v ail a bl e ( G L A S S r es ults w er e pr o vi d e d t o t h e 
a ut h ors b y R o g er W e b b a r etir e d S R N L e m pl o y e e) .  Als o, G L A S S a s b e e n b e n c h m ar k e d 
n u m er o us ti m es d uri n g t h e y e ars w hil e i n us e a n d w as c o nsi d er e d t o b e v er y r eli a bl e f or 
h e a v y w at er r e a ct or pr e di cti o ns.

• O R N L H FI R C o m p ositi o n al M e as u r e m e nts – A s p e ci al O R N L H FI R c a m p ai g n (i. e., 
C a m p ai g n 5 3) w as p erf or m e d i n t h e mi d -7 0s w h er e s m all q u a ntiti es of Es a n d F m w er e 
pr o d u c e d (s e e F erg us o n 1 9 7 8) .  Is ot o pi c c o m p ositi o n al m e as ur e m e nts w er e m a d e of t h e 
ass e m bli es p ost a n d pri or t o irr a di ati o n.  T h e pri or t o irr a di ati o n m e as ur e m e nts c o nfir m e d 
t h e C m e nri c h m e nt c o nt e nt of a n ass e m bl y.

N ot e t h at t h e a b o v e t w o s o ur c es r el at e t o f airl y diff er e nt r e a ct or sit u ati o ns:

• H e a v y w at er r e a ct or ass e m bli es t h at ar e pri m aril y U -2 3 5 (f u el) a n d U -2 3 8 (t ar g et) b as e d 
usi n g a s oft t h er m al n e utr o ni c s p e ctr u m; w hil e

• H FI R ass e m bli es w er e C m ri c h t ar g ets i n a h ar d hi g h n e utr o ni c s p e ctr u m.
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As such, large differences could be present and projected compositions between the two could
have large differences as well.  Therefore, to justify the elimination of one of these elements,
predicted SOF values should be significantly below the PM criterion of 0.1% to account for the 
potentially large uncertainties present.
If we assume that compositional differences are acceptable, then the compositional measurements 
made in the HFIR assemblies can be scaled to represent compositional behavior within a typical 
SRS assembly through use of mass ratios.  For the scaling process the highest element that was 
both computed in the GLASS runs and measured in HFIR assemblies was Cf-252.  The isotopic 
mass ratios provided by the measurements made at ORNL are listed in Table L-8, along with 
listing of some of the other heavy elements being considered.

Table L-8. Measured isotopic mass ratios for “heavy” elements in HFIR assemblies.

Radionuclidea isotopic 
ratio

HFIR mass
ratio (g/g)

Estimated 
Abundance 

in SRS 
assembly (g)

Estimated 
Abundance 

in SRS 
assembly (Ci)

Half-life (yr) SpAct
(Ci/g)

Bk-247 NA NA NA NA 1.380E+03 9.537E+06
Bk-248m NA NA NA NA 2.704E-03 5.330E+05
Bk-249 Bk-249/Cf-252 1.46E-01 2.71E-22 4.30E-19 9.035E-01 1.589E+03
Bk-250 NA NA NA NA 3.664E-04 3.901E+06
Cf-248 NA NA NA NA 9.144E-01 6.345E+03
Cf-249 NA NA NA NA 3.510E+02 2.370E-01
Cf-250 Cf-250/Cf-252 3.61E+00 6.68E-21 7.31E-19 1.308E+01 1.093E+02
Cf-251 Cf-251/Cf-252 2.37E-02 4.38E-23 6.93E-23 9.000E+02 1.582E+00
Cf-252 Cf-252 (SRS) 1.0 (reference) 1.85E-21 9.93E-19 2.645E+00 5.362E+02
Cf-253 Cf-253/Cf-252 1.72E-02 3.19E-23 9.25E-19 4.876E-02 2.897E+04
Cf-254 Cf-254/Cf-252 6.76E-04 1.25E-24 1.06E-20 1.656E-01 8.494E+03
Es-253 Es-253/Cf-252 7.60E-03 1.41E-23 3.55E-19 5.604E-02 2.520E+04
Es-254 Es-254/Cf-252 NA NA NA 7.548E-01 1.864E+03
Fm-254 Fm-254/Cf-252 NA NA NA 3.696E-04 3.807E+06
Fm-257 Fm-257/Cf-252 1.94E-09 3.59E-30 1.81E-26 2.752E-01 5.054E+03

a The radionuclides shaded in grey are screened out of every DU type..

These mass ratios were then used, along with the computed mass abundance of Cf-252 for the 
highest burnup runs from GLASS, to estimate the abundances of these five radionuclides within a 
SRS assembly.  Graphically we can compare these abundance predictions as shown in Figure L-6
with the GLASS runs.  The labels on the GLASS runs (i.e., 327, 817, 1144, and SRS=1635) 
represent increasing burnup level in units of MWD/MT of total U.  As Figure L-6 indicates the 
heavy elements of Cf-253, Es-253, and Fm-257 appear to be dropping off consistent with the 
GLASS runs for elements whose mass number are less than 253.
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Figure L-6. Heavy element abundances existing in a SRS reactor assembly.
From these results, it is believed that the predictions in relative abundance can be confidently used.  
These are estimated abundances within assemblies right after irradiation has been terminated.  To 
make use of them for estimating waste stream inventories we must make some sort of assumption 
associated with their effective separation factors going through the reprocessing facilities.  We 
shall assume that the chemical separation factors for Es and Fm are similar to those for Cf.
Based on the new projected inventories for these heavy elements, updated max SOF values were 
computed.  The Generic Trench GW Tier-2 updated max SOF values are presented in Table L-9.

Table L-9. Estimated max SOF values for the heavy element of interest for the Generic 
Trench groundwater Tier-2 screening process.

Nuclide Original SOF Half-life (yr) Original 
Inventory (Ci) Mass ratio 

(g/g)

New 
Inventory

(Ci)
New SOF (-) SOF Ratio (-)

Cf-252 1.73E-61 2.65E+00 1.05E-01 1.00E+00 1.05E-01 1.73E-61 1.00E+00
Bk-249 1.01E+03 9.03E-01 1.00E+07 1.46E-01 4.55E-02 4.61E-06 4.55E-09
Es-253 6.31E+01 5.60E-02 1.00E+07 7.60E-03 3.75E-02 2.37E-07 3.75E-09
Cf-253 5.49E+01 4.88E-02 1.00E+07 1.72E-02 9.78E-02 5.37E-07 9.78E-09
Fm-257 3.09E+02 2.75E-01 1.00E+07 1.94E-09 1.92E-09 5.93E-14 1.92E-16

Assuming that the mass ratios for Es-254 and Fm-254 can be approximated to the value for Es-
253, updated SOF estimates can be made for these two heavy elements as well.  Based on the new 
projected inventories for these heavy elements, updated max SOF values were computed.  The 
Generic Trench II Tier-1 updated max SOF values are presented in Table L-10.

Table L-10. Estimated max SOF values for the heavy element of interest for the Generic 
Trench Inadvertent Intruder Tier-1 screening process.

Nuclide Original SOF Half-life (yr) Original 
Inventory (Ci) Mass ratio 

(g/g)

New 
Inventory

(Ci)
New SOF (-) SOF Ratio (-)

Cf-252 5.82E-07 2.65E+00 1.05E-01 1.00E+00 1.05E-01 5.82E-07 1.00E+00
Es-254 1.90E+00 7.55E-01 5.54E+06 7.60E-03 2.78E-03 9.50E-10 5.01E-10
Fm-254 1.67E-03 3.70E-04 1.00E+07 7.60E-03 5.67E+00 9.49E-10 5.67E-07
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As st at e d a b o v e, t w o m ai n ass u m pti o ns w er e m a d e i n u p d ati n g t h es e m a x S O F v al u es:

• P ot e nti al c o m p ositi o n al diff er e n c es f or h e a v y el e m e nts b et w e e n S R S a n d H FI R ass e m bli es 
ass u m e d a c c e pt a bl e; a n d

• P ot e nti al c h e mi c al s e p ar ati o n f a ct ors b et w e e n Cf a n d t h os e f or Es a n d F m ass u m e d 
a c c e pt a b l e.

Gi v e n t h e f a ct t h at t h e n e w m a x S O F v al u es ar e or d ers of m a g nit u d e l o w er t h a n t h e ori gi n al v al u e, 
as s h o w n i n T a bl e L- 9 a n d T a bl e L- 1 0 , it is c o nsi d er e d t h at t h e f oll o wi n g h e a v y el e m e nts c a n b e 
eli mi n at e d fr o m all of t h e Ti er -1 a n d Ti er -2 lists f or G W a n d II, r es p e cti v el y:

B k -2 4 9, Cf - 2 5 3, E s -2 5 3, Es - 2 5 4, F m - 2 5 4, a n d F m - 2 5 7

L. 3  Fissi o n P r o d u ct s

F issi o n pr o d u ct yi el ds ar e a f u n cti o n of m ass n u m b er, n e utr o ni c s p e ctr u m, a n d fissi o ni n g n u cli d e.  
F or t h e S R S pr o d u cti o n r e a ct ors, t h e pri m ar y m o d e of fissi o n is fr o m sl o w -n e utr o n (t h er m al 
s p e ctr u m) i n d u c e d fissi o n of U-2 3 5.  Fissi o n yi el ds f or t his c as e ar e s h o w n i n Fi g ur e L- 7, w h er e 
t h e li g ht a n d h e a v y fr a g m e nt gr o u ps ar e hi g hli g ht e d.  M ass n u m b ers o utsi d e t h es e t w o r a n g es h a v e 
l o w fissi o n yi el ds.
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Figure L-7. Percent fission yields by mass number for slow-neutron fission.
No further investigations are performed on this subject within this revision.
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L.4  Neutron Activation Products
No further investigations are performed on this subject within this revision.
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A p p e n di x M. S u p p o rti n g C o m p ut e r Al g o rit h ms

N u m er o us s u p p orti n g c al c ul ati o ns w er e pl a c e d wit hi n F O R T R A N -b as e d al g orit h ms a n d E x c el 
s pr e a ds h e ets. T h e al g orit h ms w er e t e c h ni c all y r e vi e w e d, o n e -ti m e c al c ul ati o ns a n d ar e n ot u n d er 
s oft w ar e Q A c o ntr ol.

C o m p ut er al g orit h ms d e v el o p e d f or Ti er -0 s cr e e ni n g ar e list e d a n d d es cri b e d b el o w :

• D e c a y C h ai n : T his pr o gr a m a ut o m at es t h e cr e ati o n of P O R F L O W i n p ut fil es wit h f ull 
c h ai n ( or s h ort) c h ai n pr o g e n y of e a c h of t h e 1, 2 5 2 r a di o n u cli d es.  T his pr o gr a m c o m p ut es 
t h e ti m e hist or y of r a di o a cti v e d e c a y a n d i n-gr o wt h of d a u g ht er r a di o n u cli d es o v er a 1 2 5 0 -
y e ar ti m e p eri o d ( e x c e e di n g t h e c o m pli a n c e p eri o d).  T h e i niti al at o m n u m b er of e a c h 
p ar e nt r a di o n u cli d e is s et t o 1. 0 E + 1 2 p Ci ( 1 Ci) di vi d e d b y its d e c a y c o nst a nt ( 1/ y).  T h e 
1, 2 5 2 P O R F L O W i n p ut fil es ar e e x e c ut e d i n t h e H P C Li n u x cl ust er q u e ui n g s yst e m usi n g 
t h e l at est 6 4-bit v ersi o n of P O R F L O W.  T h e ti m e hist ori es f or e a c h of t h e p ar e nt 
r a di o n u cli d es ar e t h e n p ost-pr o c ess e d b y t h e b a c k e n d of t h e D e c a y C h ai n pr o gr a m.  T h e 
r es ulti n g ti m e hist ori es of f ull ( or s h ort) c h ai n at o m n u m b ers ar e c o n v ert e d t o a cti viti e s 
usi n g e a c h r a di o n u cli d e’s d e c a y c o nst a nt a n d ar e t h e n writt e n t o M S E x c el C S V a n d 
T e c pl ot A S CII fil es.  T h e ti m e hist ori es of t h e f ull c h ai n r a di o n u cli d e a cti viti es f or e a c h 
p ar e nt n u cli d e ar e us e d b y t h e I nit S c r e e n pr o gr a m f or s cr e e ni n g i n Ti er -0.

• I nit S c r e e n : T his c o m p ut er al g orit h m is d esi g n e d t o p erf or m s cr e e ni n g i n c ar ef ul, pr e cis e 
st e ps t o e ns ur e t h at e a c h r a di o n u cli d e is t h or o u g hl y e v al u at e d, a n d t h at n o r a di o n u cli d e is 
s cr e e n e d o ut b y a n o v erl y a g gr essi v e s cr e e ni n g pr o c ess.  T h e s cr e e ni n g pr o c ess i n v o k es 
pr o c ess k n o wl e d g e w h er e a v ail a bl e s u c h as w ast e str e a m c h ar a ct eri z ati o n a n d s cr e e ni n g 
st e ps as d es cri b e d i n t h e S R S H L W t a n k f ar m cl os ur e r a di o n u cli d e s cr e e ni n g r e p ort ( H a m m 
2 0 0 6).  A n o b vi o us first l e v el of s cr e e ni n g is t o f o c us o n r a di o n u cli d es t h at h a v e n o o n -
g oi n g s o ur c e of f or m ati o n ( e. g., m a n y a cti v ati o n pr o d u cts) a n d t h eir pr o g e n y.

C o m p ut er al g orit h ms d e v el o p e d f or Ti er -1 s cr e e ni n g:

• R a d S c r e e n : T his c o m p ut er al g orit h m i m pl e m e nts t h e Ti er -1 l e v el of i ntr u d er a n d 
gr o u n d w at er r a di o n u cli d e s cr e e ni n g.  T h e “ Pr e S cr e e n ” m o d ul e i n R a d S cr e e n c o nt ai ns t h e 
i n a d v ert e nt i ntr u d er m o d el, N C R P 1 2 3 a n d N R C D W S M gr o u n d w at er m o d els.  T h e o ut p ut 
fr o m t h e “ Pr e S cr e e n ” st e p ar e m a xi m u m f ull c h ai n w ast e a n d a q uif er z o n e c o n c e ntr ati o ns
c o m p ut e d e v er y y e ar fr o m all t h e m o d el e d G W s c e n ari os a n d i ntr u d er as c o ns er v ati v e 
c o n c e ntr ati o ns pr o c ess e d f or w ar d t o t h e S R N L D os e T o ol kit .  T h e “ S cr e e ni n g ” m o d ul e i n 
R a d S cr e e n is w h er e m a xi m u m c o n c e ntr ati o ns or d os es ar e c o m p ut e d usi n g li miti n g 
r a di o n u cli d e i n ve nt ori es a n d m a xi m u m s cr e e ni n g f a ct ors ( S R N L D os e T o ol kit) f or e a c h 
G W a n d II p at h w a y.  T h es e m a xi m u m c o n c e ntr ati o ns or d os es ar e t h e n c o m p ar e d t o t h e 
c orr es p o n di n g s cr e e ni n g crit eri a.  If a n y of t h e G W or i ntr u d er s cr e e ni n g crit eri a ar e 
e x c e e d e d, t h e n t h e n u cli d e is n ot s cr e e n e d o ut a n d is a d d e d t o t h e Ti er -1 li st.

C o m p ut er al g orit h ms d e v el o p e d f or Ti er -2 s cr e e ni n g:

• S h o rt C h ai n : T his c o m p ut er al g orit h m cr e at es i n p ut fil es f or t h e P O R F L O W 1 D v a d os e 
z o n e tr a ns p ort c o d e f or e a c h dis p os al u nit, p ar e nt r a di o n u cl i d e a n d gr o u n d w at er s c e n ari o. 
T h e P O R F L O W 1 D m o d el is us e d t o c o m p ut e tr a nsi e nt fl u x es t o t h e w at ert a bl e.

• Fl u x E xt r a cti o n : T his c o m p ut er al g orit h m cr e at es A S CII a n d T e c pl ot fil es of t h e tr a nsi e nt 
fl u x es t o t h e w at ert a bl e c o m p ut e d b y t h e P O R F L O W 1 D v a d os e z on e m o d el.  F or a gi v e n 
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dis p os al u nit a n d p ar e nt r a di o n u cli d e, t h e fl u x es t o t h e W T f or e a c h gr o u n d w at er s c e n ari o 
ar e c o m bi n e d i nt o a si n gl e fil e f or i n p ut t o t h e P orfl o w P S gr o u n d w at er m o d el i n R a d S cr e e n.

• R a d S c r e e n : T his c o m p ut er al g orit h m i m pl e m e nts t h e Ti er - 2 l e v el of gr o u n d w at er
r a di o n u cli d e s cr e e ni n g.  T h e “ P orfl o w P S ” m o d ul e i n R a d S cr e e n c o nt ai ns t h e P orfl o w P S 
gr o u n d w at er m o d el.  T h e o ut p ut fr o m t h e “ P orfl o w P S ” st e p ar e m a xi m u m f ull c h ai n 
a q uif er z o n e c o n c e ntr ati o ns c o m p ut e d e v er y y e ar fr o m all t h e m o d el e d G W s c e n ari os as 
c o ns er v ati v e c o n c e ntr ati o ns pr o c ess e d f or w ar d t o t h e S R N L D os e T o ol kit .  T h e “ S cr e e ni n g ” 
m o d ul e i n R a d S cr e e n is w h er e m a xi m u m c o n c e ntr ati o ns or d os es ar e c o m p ut e d usi n g 
li miti n g r a di o n u cli d e i n v e nt ori es a n d m a xi m u m s cr e e ni n g f a ct ors ( S R NL D os e T o ol kit) 
f or e a c h G W p at h w a y.  T h es e m a xi m u m c o n c e ntr ati o ns or d os es ar e t h e n c o m p ar e d t o t h e 
c orr es p o n di n g s cr e e ni n g crit eri a.  If a n y of t h e G W s cr e e ni n g crit eri a ar e e x c e e d e d, t h e n 
t h e n u cli d e is n ot s cr e e n e d o ut a n d is a d d e d t o t h e Ti er-2 list.

A u xili ar y c o m p ut er al g orit h ms d e v el o p e d f or p ost pr o c essi n g of s cr e e ni n g r es ults:

• N u c List : T his c o m p ut er al g orit h m g e n er at es si d e- b y-si d e listi n gs of r a di o n u cli d es f or 
c o m p aris o n i n t h e M S E x c el cs v fil e f or m at.  N u c List w as us e d t o g e n er at e t h e r a di o n u cli d e 
listi n gs i n A p p e n di x I a n d A p p e n di x J.

• Hist o S O F : T his c o m p ut er al g orit h m g e n er at es S O F hist o gr a ms f or i n a d v ert e nt i ntr u d er or 
gr o u n d w at er p at h w a ys i n t h e M S E x c el cs v fil e f or m at.  Hist o S O F w as us e d t o g e n er at e 
m a xi m u m S O F hist o gr a ms f or t h e i n a d v ert e nt i ntr u d er a n d gr o u n d w at er p at h w a y i n
A p p e n di x I.  Hist o S O F w as us e d t o g e n er at e m a xi m u m S O F hist o gr a ms f or t h e 
gr o u n d w at er p at h w a y i n A p p e n di x J.

All t h e al g orit h ms d e v el o p e d i n t his r e p ort will b e ar c hi v e d i n pr ot e ct e d dir e ct ori es wit h i n t h e 
P A 2 0 2 2 dir e ct or y o n t h e H P C cl ust er.
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