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Executive summary

The Environmental Restoration Department is investigating the source of tritium and
volatile organic compound (VOC) plumes emanating from the Mixed Waste Management
Facility (MWMF)/Low Level Radioactive Waste Disposal Facility (LLRWDF), in part
through the use of saturated groundwater flow and solute contaminant transport models.
For input to these models, future fluxes of tritium and VOCs from the MWMF/LLRWDF
to the water table are estimated in this study using COBRA records, prior containment
and leachability studies, and analytical solutions of vadose zone transport. The analytical
solutions developed in the report consider the waste containment, leaching, advection
through the vadose zone, and radioactive decay. Except for the Mound Special Burial,
tritium is assumed to leach immediately to the vadose zone (no containment) and migrate
to the water table with a 5 yr travel time (pre-cap infiltration). Ultimately 86% of the
initial inventory leaches to the vadose zone and 65% enters the water. The Mound
Special Buria is assumed to be contained for 50 yr and have a 50 yr travel time through
the vadose zone (post-cap infiltration). With these assumptions, 94% decays within the
waste form before the container is breached, 5% leaches to the vadose zone, and only
0.3% reaches the water table. VOC contaminant migration is similar to tritium under
default conditions, except that no decay is assumed to occur. Asaresult, al of the initia
buried VOC inventory eventually migrates to the vadose zone.
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I ntroduction

The Environmental Restoration Department is investigating the source of tritium and
volatile organic compound (VOC) plumes emanating from the Mixed Waste Management
Facility (MWMF)/Low Level Radioactive Waste Disposal Facility (LLRWDF), in part
through the use of saturated groundwater flow and solute contaminant transport models.
The purpose of this study is to estimate the past and future fluxes of tritium and VOCs to
the water table as input to these models. The primary input to this study is the extensive
analysis of buried inventory and contaminant leachability for the MWMF/LLRWDF
provided by WSRC (2000). An analytical approach is used to quantify leaching and
decay rates for contaminant rel ease and transport in the vadose zone.

M odel of vadose zone leaching and transport

Contaminant flux to the water table is envisioned to be the result of two processes shown
conceptually in Figure 1. The first is leaching from and decay within the solid waste
form. The second process is transport through and decay within the unsaturated sediment
between the solid waste and water table. These processes are identified in Figure 1 as
occurring in the "waste zone" and "vadose zone". Nomenclature for the various fluxes
and activity associated with the two regionsis also defined in the figure.

Radioactive decay is afirst-order process described by

Fdecay = AQ )
where
Foecay = decay rate (Cilyr)
Q = activity present (Ci)
A = decay coefficient (1/yr)

The decay coefficient isrelated to the half-life by

a=1n2 )
4

where
r = half-life (yr)

For tritium, 7=12.3 yr and A = 0.0564 yr™.
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WSRC (2000, Appendix E) concluded that tritium leaching data for spent melt crucibles
("spent melts") could be well represented by a first-order model, analogous to radioactive

decay
Fieaching = kQ 3
where
Fieaching = decay rate (Ci/yr)
k

leaching coefficient (1/yr)

Lysimeter data suggest an initial activity of 133 Ci per Line 2 spent melt and a leaching
coefficient of 0.34 yr* (approximately 2 yr leaching half-life) (WSRC, 2000, Appendix
E). Buria records assign 200 Ci to a Line 2 double melt, so approximately 2/3 is
available for leaching. The remainder is imbedded deep within the Al-Li matrix and
inaccessible due to an extremely low rate of molecular diffusion.

WSRC (2000) determined that leaching rates for other tritiated waste forms would likely
be similar to spent melts because the same dissolution/diffusion processes would be
involved, and any packaging would provide no significant containment of tritium. The
latter assumption is based on the ability of tritium to diffuse rapidly through many
materials and the likelihood of container degradation due to backfilling and subsequent
dynamic compaction in preparation for RCRA covers. The full inventory would be
available for leaching because contamination would be on the surface of the waste form
in general.

An exception to the above assumptions for non-spent melts is the Mound Specia Burial
which contained over 1 million Curies of tritium (WSRC, 2000). These off-site wastes
were packaged in nested stee drums that effectively contain tritium prior to container
degradation. Because the trench location of the Mound Special Burial was bypassed
during dynamic compaction, container degradation was assumed by WSRC (2000) to
result from sequential failure of the steel drums due to corrosion. The time between
burial and container breaching is uncertain, but estimated to be on the order of 50 years
by WSRC (2000, Appendix E).

Burial records contain no quantitative information about TCE and PCE burial amounts.
However, VOC contamination of this type is probably associated with job control waste,
containing items such as rags and protective clothing. Therefore job control waste
records can be used as a surrogate for VOC burials to define relative spatial and temporal
variability. Groundwater model calibration to historical plume data could then be used to
define a scaling/conversion factor to convert ft* of job control waste to grams of TCE or
PCE. Leaching rates for TCE and PCE are unknown. For simplicity and consistency,
leaching is assumed to occur via the same first-order process as tritium (i.e. 2 yr leaching
half-life).
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The average travel time between waste form and the water table can be estimated from
the distance and average pore velocity. The speed of water movement through the vadose
zone has been measured in the field to be approximately 7 ft/yr under natural recharge
conditions (Horton, 1975; Haskell and Hawkins, 1964; Horton and Hawkins, 1964). The
field estimate is consistent with the pore velocity associated with 15 in/yr of recharge
flowing through sediment with 40% total porosity at 45% water saturation:

15in/yr 9 ft. = 7tlyr @
(0.4)(0.45) 12in

Under RCRA cap conditions the infiltration rate and pore velocity would be reduced by
roughly an order of magnitude (e.g. Bell and Brewer, 2001). Assuming a ground
elevation of 285 ft, trench depth of 20 ft, and water table elevation of 235 ft, the average
distance between solid waste burials and the water table would be approximately 35 ft.
The travel time would then be 5 yrs under pre-cap conditions, and 50 yrs with post-cap
infiltration.

Figure 3 summarizes the parameter settings discussed above for the MWMF/LLRWDF.
For simplicity, and to accommodate an analytical solution, vadose zone transport for a
particular burial is assumed to occur entirely under either pre- or post-cap conditions.
The default is pre-cap infiltration (i.e. 5 yr travel time) under the assumption that most
transport will occur prior to caps being installed in 1991. The exception is the Mound
Specia Burial, which has a 50 yr breech time before vadose zone migration occurs.

Analytical solution for flux to thewater table

The activity balance for the waste zone in differential formis

dQuaste / At = —Fy7 (t) = Fug (t)
=-kQ-4Q ®)
=—(k+A)Q
where the flux terms are defined by first-order models, i.e. equations (1) and (3).

Equation (5) is afirst-order ordinary differential equation that can be readily solved with
an analytical methods, as shown in Appendix A. The flux results are summarized by

dQuaste / dt = ~Qq(k + A)e~k*AX 6)
Fuz (t) = Qoke™(K+ )t )
Fud (£) = Qoae (k+ At 6)

where
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Qp = initia buried activity (Ci)

The corresponding cumulative and residual amounts of activity are summarized by

Quaste(t) = Qoe ¢! ©)
Q) = Qo - ek (10)
vz k+A
Qua (0 = QoA fL-e kA (11)
W k+A
The activity balance for the vadose zone in differential formis
dQuadose / dt = Fy (t) = Fyg (t) = Fut (1) (12)

where F is zero for t < At where
At = travel time through the vadose zone (yr)

As shown in Appendix A, equation (12) aso leads to separate first-order differential
equations for the time periods t < At and t > At. Both can be readily solved with
analytical methods. For t < At the flux results are

dQuadose / dt = Qg (k + A)e KDt gy re™! (13)
Fuz (t) = Qoke™(K* )t (14)
Fua (1) = QoAle™t —e (k) (15)

and the corresponding cumulative and residua activities are

Quadose(t) = Qole™t —e 6Nt |= e -7kt | (16)

Q) =Qp et 1] (1)

Qua (1) = Qo[l— e‘/“]—QOL[l_ o (k+A)t

(k+A2) (18)

The water table flux is zero of course. For t > At the flux results are

0Quacose / ct = ~Qo(k + )[4t —fe(k+ At (19)
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Fuz (t) = Qoke™(K+ )t (20)
Fya (t) = QoA[e"at — 1=K+t (21)
Fvvt (t) — onekAte—(k +/])t — one—/\At e—(k+/\)(t—At) (22)

and the cumulative and residual activities are

Quadose t) = Qofe* -1 K+t = e [e (=20 _ 7kt (23)
k _
Qul) =0y K f-erter -
Qu ) =Q L[l—e_/‘m]+Q _[1_ekAt ]e—(k+/1)t (25)
" “k+A Ok+2
= L kAt | —(k+A)At _ —(k+A)t
Qut (t) =Qo e [e e (26)

The primary input to groundwater modeling would be equation (22) or equation (26).

Unit release calculations under MWM F/LL RWDF conditions

Except for the Mound Special Burial, tritium is assumed to leach immediately to the
vadose zone (no containment) and migrate to the water table with a5 yr travel time (pre-
cap infiltration). Table 1 and Figure 4 illustrate the flux and activity transients associated
with a1 Ci burial under these default conditions. Note that ultimately 86% of the initial
inventory leaches to the vadose zone and 65% enters the water. Table 2 and Figure 5
provides the analogous information for the Mound Specia Burial, which is assumed to be
contained for 50 yr and have a 50 yr travel time through the vadose zone. Here 94%
decays within the waste form before the container is bereted, 5% leaches to the vadose
zone, and only 0.3% reaches the water table. VOC contaminant migration is similar to
tritium under default conditions, except that no decay is assumed to occur. Table 3 and
Figure 6 define the release curves. Note in Table 3 that the no decay condition is
practically implemented by setting the radioactive half-life to one million years. Note
that al of the initia buried inventory eventually migrates to the vadose zone in the
absence of decay.

COBRA burial records

The Computerized Burial Record Analysis (COBRA) database comprises a record of
virtually al unclassified solid waste disposals at the MWMF/LLRWDF (WSRC, 2000).
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The primary focus of COBRA was to record radiological quantities being buried.
Information about other materials of current interest, such as VOC:s, is generally lacking.
Detailed analysis and discussion of tritium and VOC burials are available in Appendix E
and D, respectively, of WSRC (2000). Table 5 provides summary information about each
group of COBRA records discussed below.

Records pertaining to tritiated waste burials were extracted from the COBRA database as
part of WSRC (2000) and placed in a project database. For this study, data were exported
from the WSRC (2000) database and organized by the following groups of records:

No. records Description

123 known reactive beds
632 known spent melts

274 suspect beds and melts
240 burials of off-site origin
7528 other

8797 total

These groupings were further subdivided as follows:

No. records Description

123 known reactive beds
632 known spent melts
32 suspect beds

242 suspect melts

25 Mound Special Buria
215 other off-site

7528 other

8797 total

Table 4 summarizes the parameter settings appropriate for each type of waste. The
breech time and travel time values have been discussed previously. Some COBRA
records do not identify the quantity of tritium, or the value is zero. In these cases, a
default value is assigned depending on the type of waste. Reactive bed records typically
indicate an activity of 500 Ci, and this value is taken as the default for records that do not
indicate quantity. For spent melts, the default quantity is set to 400 Ci under the
assumption that the typical burial involved 2 double-melt crucibles per shipment. This
assumption is based on inspection of the COBRA database, which indicates that 200 Ci
was assigned to each double-melt, and personal communication (11/15/00 e-mail) with
Don Zecha who stated

"The trangport truck from Tritium had 2 shielded containers attached to its
bed. Count on 2 crucibles per shipment. For the MWMF, consider each
crucible to have 2 melts when shipped.”
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Asdiscussed earlier, lysimeter data suggest an available activity of 133 Ci per spent melt,
or 2/3 of 200 Ci. Therefore, al spent melt quantities are scaled down by a factor of 2/3 as
indicated in Table 4.

The coordinates of the Mound Special Burial in COBRA are incorrect according to
WSRC (2000). The correct location in SRS coordinates is N75180, E58600, and this
change was made before the records were processed to compute water table flux.

For use as a surrogate for VOC burials, job control waste information was also extracted
from the COBRA data compiled in WSRC (2000). There are 150,623 records in total.
Job control waste burials are quantified by volume in ft*. The COBRA data can be
translated into a water table "flux" of job control waste in ft3yr using the analytical
solutions developed earlier in thisreport. A conversion/scaling factor, with units such as
g/ft®, should then be applied to produce a flux of VOC contaminant. Such a conversion
factor would have to be determined through groundwater model calibration to historical
plume data. As an illustrative example, Flach and others (1996) estimated 0.1 g of TCE
and 0.03 g of PCE per ft® of job control waste at the Old Radioactive Waste Burial
Ground.

Computer software, verification and electronic output

Computer software is required to process the large number of COBRA records under
consideration (8797 for tritium and 150,623 for job control waste). Appendix B lists the
Fortran90 source code for processing tritium records, and verification runs that reproduce
the Excel calculations shown in Tables 1 and 2. Appendix C lists a similar Fortran90
code for processing job control waste, and a verification case that matches Table 3. Each
code produces a *. out file that echoes the input *.txt file, a *.10g file providing
summary level information, and a *.flx file that provides the water table flux
information. Table 5 provides summary information about each group of COBRA
records. Note that the percentage of buried activity is consistent with the unit release
calculations presented in Tables 1 through 3.  The input and output files associated with
the software in Appendices B and C are far too large to provide in printed form.
However, the CDROM in Appendix D provides a complete electronic archive of the
source code, and input and output files.

Summary and conclusions

Future fluxes of tritium and VOCs from the MWMF/LLRWDF to the water table have
been estimated using COBRA records, containment and leachability studies, and
analytical solutions of vadose zone transport. The estimates were developed as input to
saturated groundwater flow and solute contaminant transport models. The analytical
solutions developed in the report consider the waste containment, leaching, advection
through the vadose zone, and radioactive decay. Except for the Mound Special Burial,
tritium is assumed to leach immediately to the vadose zone (no containment) and migrate
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to the water table with a 5 yr travel time (pre-cap infiltration). Ultimately 86% of the
initial inventory leaches to the vadose zone and 65% enters the water. The Mound
Special Buria is assumed to be contained for 50 yr and have a 50 yr travel time through
the vadose zone (post-cap infiltration). With these assumptions, 94% decays within the
waste form before the container is breached, 5% leaches to the vadose zone, and only
0.3% reaches the water table. VOC contaminant migration is similar to tritium under
default conditions, except that no decay is assumed to occur. Asaresult, al of the initial
buried VOC inventory eventually migrates to the vadose zone.

References

Bell, N. C. and K. E. Brewer, 2001, Preliminary evaluation of infiltration and trench
moisture in the Old Radioactive Waste Burial Ground using the HELP model (U),
WSRC-TR-2000-00465, Rev. 0.

Flach, G. P., S. Y. Leeand A. D. Yu, 1996, Old Burial Ground COC transport modeling
transport report, SRT-ESS-96-366.

Haskell, C. C. and R. H. Hawkins, 1964, D-O - Na®* method for tracing soil moisture
movement in the field, Soil Science Society of America Proceedings, v28, 725-728.

Horton, R. H., 1975, Soil moisture flow as related to the burial of solid radioactive waste,
DPST-75-218.

Horton, J. H. and R. H. Hawkins, 1964, Flow path of rain from the soil surface to the
water table, Soil Science, v100, 377-383.

WSRC, 2000, Source Term for the Mixed Waste Management Facility (MWMF)/Low
Level Radioactive Waste Disposal Facility (LLRWDF) (643-28E and 643-7E), Savannah
River Site (U), WSRC-RP-98-4209, Rev. 0.



9

WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxesto the Water Table from the MWMF (U)

00+300°0 00+300°0{ 8¥S0°0 [8+-32- Q0000 #800'0 €582°0 89/2°0 |81-3S- 00000 9SL0°0 9l€20 09i20 ' $9v0°0 €982°0 +899°0 0 0 12800 91€2°0 €692°0- 3
10-36%'9 81-322°9 | LISED 0 68¥9°'0 <2Il2’0 10980 00000 0 0000°0 0000°C_ 0000°0  0000°0 ' 66€1'0  1098°0 00000 0 0 0000°0  0000°0 00000 00}
10-367°0 ######## 11GE0 0 68v9°0 ¢kic’0 1098°0 00000 0 0000°0 0000°C 00000 00000 - 66€1°0 1098°0 00000 0 0 00000 00000 00000 | C¥e8 2618
10-36¥'9 €4-325°S | LISE0 0 68v9'0 <Zkle’0 10980 00000 0 0000°0 0000°0C 00000 00000 ' 66€1'0  1098'0 00000 0 0 0000°0 0000'0 00000 | 9¥IP 9607
10-36¥'9 2€-308°C | LISE0 0 68v9°0 ¢ki2c’0 10980 00000 0 00000 0000°0C 00000 00000 L 66€1°0 10980 00000 0 €6-3- 00000 00000 00000 | 8602 8'+v0C
10-36%'9 61-351°€ ¢ LISE0 0 68v9°0 2llc’0 10980 00000 0 0000°0 0000°0 00000 00000 ' 66€1'0  1098°0 00000 0 0 0000°0 0000°0 000O'0 | ¥ZOI ¥'2ol
10-36+'9 01-3/8°C| LISEO 0 68v9°0 2Hl2'0 10980 00000 0 0000°0 0000°0C 0000°0 00000 ' 66€1°0 1098°0 00000 0 0 0000°0 0000°C 00000 2’95 2's
10-36¥'9 90-399°'8 | LISE0 0 68v9°0 <¢Lic’0  1098°0 00000 0 0000°0 0000°0 00000 00000 - 66€L'0  1098°0 00000 0 0 0000°0C  0000°0 00000 9'0¢ 962
10-35+'9 €0-315°1 | S0SE°0 0 25v9'0 /012’0 G6S8'0 92000 0 SI00'0 20000 €0000 +100°0- ' 86€L'0 56580 80000 0 0 00000 €£000'0C €000°0- | 8/} 872l
10-300°9 20-386°L | LEVED 0 /66G°0 9v02'0 +IS8'0 LF00 0 86100 /2000 GE000 0610°0- - Y8EL'0  YIS8'0 L0LOO 0 0 90000 GE00'0  L¥00°0- | VHL 4]
10-304% 20-302°L | 022€°0 0 20.v'0 €810 S828°0 LIZLO 0 02/0'0 9600°0 /2I0°0 689070~ ' LvEL'0  S828°0 Z9E0°0 0 0 12000 ZL2l00 8pl0°0- 2’8 (A
10-380°€ 10-3.€°} | LS62°0 0 ¥80E'0 99910 6660 092€0 0 2/EL0 V¥8LO0 €¥200 ELELO- - L0EL'0 666.°0 00200 0 0 6€00°0 €200 <2820°0- 99 9L
10-36.°) 10-368°} | 9¥.2°0 0 8810 €8vL'0 0L.L0 66%F0 0 76810 $S20°0 SEE00  E18L°O- ' €921'0 0/4.°0 99600 0 0 5000 SEE0°0  68€0°0- 8'S 80
20-399'6 10-3eCC | €192°0 0 99600 €/€L°0 G29.0 98250 0 9222’0 86200 €6E00 0€1C0- L 0FCL'0 G290 SEHLO 0 0 Y9000 £6£0°0 ZS¥00- 'S 0
20-320's 10-3¥'2 | LESSO 0 20S0'0  LIEL'0 E¥SL'0 08450 0 2iv2’0 €2600 92v0°0 6020~ ' 222’0 €vSL’0 0€2L0 0 0 6900°0 92¥0'0  96¥0°0- 2's 20
20-396C 10-315°2 | /6¥20 0 9520'0 8/2'0 00820 99650 0 L1G2°0 9€€0'0 P¥¥O'0  +OV2 O~ ' 6121’0 00520 1820 0 0 2/000 +¥v0'0 91500~ 1'S 1’0
00+300°0 L0-J19°C | 9S¥2°0 [£+39- 00000 €E¥CL'0 PSPL0 1290 0 G192°0 0S€0°0 <29¥0°0 €0S20- - Ziel’o vSrl'0  vEELD 0 0 6000 29v0°0 /ES0°0- S 0
00+300°0 00+300°0; ¥1€1L°0 [ £+-38 Q000°0 92¢0'0 09%S'0 +€0S'0 |8L-3Z- 00000 +820°0 99210 286070 ' 8880°0 09¥S°0 299€°0 0 0 90200 99210 L¥LO- Se
00+300°0 00+300°0} 0890°0 | £+3¢ Q0000 /2L0O'0 €0VE0 2/2€0 |8H3€ 00000 G8LO0 +60C0 OL6LO - €650°0 €£0¥E'0 €090 0 0 LPEO'0  ¥B02'0 SEVSO- | G2t
00+300°0 00+300°0; 9¥€0°0 832 Q0000 SE00'0 SIL6L'0 08810 | £35S 00000 90L00 +692°0 88S20 ' L1€0°0 SI6L0 $LLL0 0 0 8EY0'0 6920 <2Lle0- | 5290
00+300°0 00+300°0{ 21070 0 00000 60000 8LOL'O 60010 [Z+38 00000 /G000 9S0E0 66620 - G9L0°0 8IOL0 /1880 0 L1-39- /6¥0°0 9G0€0 E£SSE0- | SCLE0
00+300°0 00+300°0} 8800°0 0 00000 20000 G2S0°0 <2e2S00 |43 00000 63000 ¥S2E0  S2ee0 ' S800°0 S2S0°0 06E6'0 0 0 6250'0 PSCE'0  €8.8'0- |929S510
00+300°0 00+300°0 +¥#00°0 | 6+-36 Q0000 10000 /9200 99200 |8+-3r 00000 GIOO0 8GEE0 EVEED L €¥00°0 /9200 06960 0 0 9¥S0°0 8SEE0  $06E0- |€1820°0
00+300°0 00+300°0; €200°0 | 6+-3F Q0000 00000 ¥#ELO'0 PELO'O | £3€ 00000 80000 <SIPE'D  POVED ' 22000 vE€L00 VY860 0 0 GSS0'0 2Ipe’0  996€0- |906€0°0
00+300°0 00+300°0{ 1100°0 63 0Q000°0 00000 /9000 /900°0 | £-3L 00000 +0000 6EVEQD  SEVED ' 1100°0 /9000 22660 0 0 6550'0 6ELYE'0  866£°0- |€S610°0
§0 .su_ uo 0 :sO v>0 ~>o mmovm>0 0 .su_ u>u_ ~>u_ 0/ L uso N>0 mﬁﬂso zuwwﬁvo 0 Esu._ ~>u_ w/ 1 W
=wns = wns ssopermn (= wins =wns TNy
qYo AYd qYd AYd
UONEION 2U1USIOS U] aARBINWING S angeInung ojei| esesjel uo
soye | 1ssasboid
ey aum
2U0Z ISOpPEA S1SeMm
UBWIUIEIUOD Ul B|iym SSBUANAIOR JO ABDSD OANE|S) *\ s
Av;v uBeISu0d ajel alisodwiod “y+y /262010
(,4A) 1ueISU0D AEOBP BAIDEOIPE) YY/ZUI=Y £5£950°0
Aftc JuEjsSu0D alel Bulyoea| M/gui=y ¥/597E€0

sJajpweled paaliag

uoissaiboid auwny Joy 10joe} 9jBIS 4

W Buieis 10
0S 0 (JA} JusWueUOD Y2883Iq O} Bl 1V 0
0s S (1) o|0e} soyem o} BwIL [ABI WV G

(4A) ayi-yley saoeoipes Y1 gg)
(1A} ap-jiey Bulyoes| 4

sia1weled induj
"leUNg WiN L 1|rMeep Joj SUoiie|ndfed 8ses ) 1N Talel



WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxesto the Water Table from the MWMF (U)

10

00+300°0 00+300°0{ GE¥6°0 [8+-3L- Q000°0 S000'0 OZLO'0 S9LO'0 | 638 00000 60000 8ELO0 62L00 ' 82000 0/10°0 66E£0°0 920v60( O €200'0 8ci0'0  1910°0- 3

€0-320'¢ 21-302°C | 69660 0 LE00'0  €870'0  #1S0°0 00000 0 0000°0 0000°C_ 0000°0  0000°0 ' ¥800°0 ¥1S0°'0 00000 920v6°0| © 0000°0  0000°0 00000 00}

€0-3/0°C ########] 69660 |81-39- |LE000 €8Y0'0 ¥1S00 00000 0 0000°0 0000°C 00000 00000 ' ¥800°0 +1S0°0 00000 920v60( © 00000 00000 00000 | €698 2618

€0-320'¢ §2-319°¢C | 6966°0 |81-39- €000 €8¥0'0 +IS0'0 00000 0 0000°0 0000°0C 00000 00000 ' $800°0 ¥1S0°'0 00000 920¥60( © 0000°0 0000'0 00000 | 96SP 9607

€0-3/0'€ 6€-308') | 6966°0 |8-39- |LE000 €8¥00 ¥1LS0°0 00000 0 0000°0 0000°C 00000 00000 L 8000 %1500 00000 9c0¥60| O 00000 0000°C 00000 | 8¥SC 8'+v0C

€0-320°¢ 12-36Y°L | 6966°0 |81-39- €000 €8¥0'0 ¥IS0'0 00000 0 0000°0 0000°0 00000 00000 ' #8000 ¥1S0°'0 00000 92060 © 0000°0 0000°0 00000 | ¥eSt ¥'2ol

€0-3/0°€ €1-39¢°} | 6966°0 |81-38- L0000 €8¥0'0 ¥LS0°'0 00000 Y 0000°0 0000°C 00000 00000 ' 8000 +1S0'0 00000 9c0¥6'0| O 0000°0 0000°C 00000 | Z'LO 2's

€0-3/0'¢ 80-301'% | 6966°0 0 LE000 €8¥0°0 ¥1S0°0 000070 0 0000°0 0000°0 00000 00000 ' $800°0 +IS0'0 00000 9201670 |}e-3- 00000 00000 00000 96 962

€0-350'¢ 90-32}°/ | 69660 0 L€00°0 €8¥0'0 ¥#1S0°0 00000 0 0000°0 0000°0C 00000 00000 ' $800°0 +1S0°'0 00000 92046°0( O 00000 0000°C 00000 829 872l

€0-3¥8'c G0-36E°6 | 6966'0 0 82000 €800 ¥LS0°0 €000°0 0 10000 0000°0 00000 L0000 ' Y8000 +1S0'0 00000 920v6°0( © 0000°0 0000°0 00000 96 4]

€0-322'2 P0-3I¥'E| 89660 0 22000 28¥0'0 +1S0°0 01000 0 €000°0 1000°0 0000°0 +00Q°0- ' $800°0 ¥1SO0'0 Q0000 920+6°0 (4232~ Q0000 00000 00000 2'es (A

€0-39¥'L +¥0-36%'9 | /966°0 0 G000 18¥00 ¥1S00 61000 0 9000'0 10000 00000 8000°0- ' ¥800°0 +1S0°0 00000 920v60( © 0000°0 00000 00000 9IS 9L

$0-39%'8 ¥0-396'8 | 9966°0 [ 8+-32 80000 0800 #1S0'0 92000 0 6000°0  1000'0 00000 OLOO'O- ' $800°0 ¥1S0'0 00000 920¥60( © 0000°0C 00000  000Q0 8'0% 80

¥0-3/6'v €0-350°1 | 99660 |8+-3r- G0000 6/v0°0 ¥ISO0 0E00°0 0 L1000 2000°0 00000 ¢L000- L ¥800°0 +1S0°0 00000 920v60( O 00000 0000°C 00000 ¥'0S 0

$0-38€C €0-3FL°L | S966°0 [8+-3E- 20000 600 F#ILSO°0  €€00°0 0 1100°0  2000°0 00000 €L00°0- ' 8000 ¥1S0°'0 00000 920¥60( © 0000°0 00000 00000 g'0s 20

¥0-312° L €0-361°F | G966°0 (831 L0000 8/#0°0 #1S0°0 €000 0 Z2I00'0 20000 00000 +L000- ' ¥800°0 +1S0°'0 00000 920v6°0( O 0000°0 0000°C 00000 1'0S 1’0

00+300°0 €0-3¥C’L | ¥966°0 [8+-3Z- 00000 8/¥0°0 VIGO0 9E00°0 0 2100’0 20000 00000 ¥L0O0- ' ¥800°0 +IS0'0 00000 920v6°0(Z239- 00000 00000 00000 0s 0

00+300°0 00+300°0; ¥586°0 0 00000 89€00 +IS0'0 9¥10°0 0 0000°0 8000°0C 0000°0 800Q°0- ' $800°0 +1S0°'0 00000 920460 © 00000 0000°C 00000 Se

00+300°0 00+300°0{ S0/6°0 |83 Q0000 61200 LS00 16200 0 0000°0 9100°0 10000 SGLOO'O- ' €800°0 L1S0'0 #0000 920¥60| © 0000°0 1000’0 2000°0- | G2t

00+300°0 00+300°0; 08S6°0 [ 832 Q0000 10LO'0 2/PO'0 22E0°0 |63 00000 12000 ZIOOO +00Q°O- ' 20000 2.+0°0 8Y00'0 920v60( © €000'0 ZI0OO'0 61000- | S29

00+300°0 00+300°0{ 66¥6°0 |83 00000 /ZEDO'O 89E00 LEEO0 0 00000 6L00°0C 6S000 0¥000 - 0900°0 89€00 0/L00 920¥60| © 0L00'0 65000 89000- | Sel'E

00+300°0 00+300°0} €S¥6°0 |83 Q0000 11000 0P20°0 6220°0 | 636 00000 €100°0 OQLLO0 /6000 ' 6£00'0 0P20'0 8IE0'0 920¥6°0|8132- 8L000 OLLO'0 82100~ | §299°L

00+300°0 00+300°0} 8c¥6°0 |8--3L 00000 €0000 6€100 9€L0°0 632 00000 80000 ISL00 +¥IO0 L €200°0 6£100 9e¥00 920¥60| O G200°0 ISL00 92100 |G218L°0

00+300°0 00+300°0; 91¥6°0 023 Q0000 10000 SZ00'0 +Z0O'O |6H3€ 00000 ¥OOO'O ZZIOO €100 ' 2L00'0  SZ00°0 OQISO'0 920v6°0(8k3ar- 62000 ZLZLO'0 9020°0- (£906€0

00+300°0 00+300°0{ 60¥6°0 [ 632 0000°0 0000'0 6E00'0 6E00°0 |6L-3b- 00000 20000 16L0°0  68L00 ' 9000'0 6£00°0 28500 920v6'0| O 1E00°'0  1610°0  €220°0- |1ESBL0

§0 .su_ uo 0 :sO v>0 ~>o mmovm>0 0 .su_ u>u_ ~>u_ 0/ L uso N>0 mﬁﬂso zuwwﬁvo 0 Esu._ ~>u_ w/ 1 W
=wns = wns ssopermn (= wins =wns TNy
qYo AYd qYd AYd

UONEION 2U1USIOS U] aARBINWING S angeInung ojei| esesjel uo
18ye | 1ssasboid
awp awy

2U0Z ISOpPEA aIsem

WNNLY JO feung e1ads PUNOA o} SUoe|Ndfed 8seap. IUN

(,_4K) Weisuod skl 8)ISOdWoD Y+
(,4A) e1su00 Aeoap aAndEOIpE) YY/ZuUl=Y
(, 4K) wesuoo ajes Buijoea) “u/gul=3

JUSWUIBIUOD Ul S)1ym SSBLY/ANAIOR JO ABOBP DARISI ', 8 SPL6G0°0

£2620%°0
£G£950°0
v/S9Y€°0

sJajpweled paaliag

uoissaiboid auwny Joy 10joe} 9jBIS

v Buiels
0S 0 (JA} JusWueUOD Y2883Iq O} Bl 1V
0s S (1K) B|qe) JoyeMm O} LI [BAEL IV

(14) a4
(f) e

ey aAljorolpel

ey Buiyoes|

4
10
0s
0s

€2l

4

sia1weled induj

¢olgel



11

WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxesto the Water Table from the MWMF (U)

00+300°0 00+300°0{ 0000°0 [4£+-32- Q000°0 00000 62620 6262°0 |Z1-38- 00000 00000 |S¥2'0  ISYEO ' 0000°0 62620 /020 0 Z1-3L 00000 ISb20  1S¥SO- 3
00+300°F G1-3PL°F | 0000°0 0 0000°F 0000'0  Q000'} 00000 0 0000°0 0000°C_ 0000°0  0000°0 ' 0000°0  0000°F Q0000 0 €6-39  0000°0 0000°0 00000 00}
00+300° ) ########] 00000 0 0000'L 00000 0000} 00000 0 0000°0 0000°C 00000 00000 ' 00000 0000l 00000 0 -3k 00000 00000 00000 | €28 2618
00+300°F €9-3¥L°L | 000070 0 0000°F 00000 0000’} 00000 0 0000°0 0000°0C 00000 00000 ' 0000°0 0000°'L 00000 0 62-3L 0000°0 0000'0 00000 | 9¥IP 9607
00+300°) ¢€-381°SG | 00000 0 0000°L 00000 0000} 00000 0 0000°0 0000°C 00000 00000 L 00000 0000°'L 00000 0 6r-3¢ 00000 0000°C 00000 | 8602 8'+v0C
00+300°F 9}1-3¥€°L | 000070 0 0000°F 00000 0000} 00000 0 0000°0 0000°0 00000 00000 ' 0000°0 0000} 00000 0 €6-3Z  0000°0 0000°0 00000 | ¥ZOI ¥'2ol
00+300°F 60-318°9 | 00000 0 0000°L 00000 0000°} 00000 Y 0000°0 0000°C 00000 00000 ' 00000 0000°'L Q0000 0 G232 0000'0 0000°C 00000 2’95 2's
00+300°} S0-398°% | 00000 0 6666'0 00000 0000} L0000 0 0000°0 0000°0 00000 00000 ' 00000 0000°'L 00000 0 gg-3L 0000°0C  0000°0 00000 9'0¢ 962
10-388'6 €£0-30}% | 00000 0 2886'0 00000 6/66'0 /6000 0 1#00°0 0000'0 Z0OO'0 +€00°0- ' 00000 6/66°0 12000 0 0z-32- 00000 0000 L000O- | 8ZI 872l
10-316'8 20-3/.°€ | 0000°0 0 2168'0 00000 80860 96800 0 1/80°0  0000°0 /9000 O0LEOO- ' 00000 80860 ¢c6L00 0 61-3¢  0000°0 Z900°0 Z900°0- | ¥'hi 4]
10-30£°'9 10-3b}°1 | 00000 0 10/9°0 00000 /LIP6'O0 9LL20 0 €PLI'0 0000°0 2020°0 |¥6Q0- ' 00000 ZI¥6'0 €8S0°0 0 81-3¢  0000'0 2020°0 2020°0- 2’8 (A
10-3%¢'¥ 10-3661 | 00000 0 9Gg¥'0 00000 68680 82/¥0 0 1661°0 00000 <cSE0'0 6E9L°0- ' 00000 98680 GlOLO 0 81-35 00000 ¢SE€0°0 <2SE0°0- 99 9L
10-32¥'¢ 10-3€9°¢ | 00000 0 lebe’0  0000'0 09980 6€290 0 /292°0 00000 ¥9¥00 29120~ ' 0000°0 09980 OPEL'0 0 81-32  0000'0 $9¥0'0  ¥9¥0'0- 8'S 80
10-362°1 10-320°€ | 00000 0 621’0 00000 19¥8°0 /91L°0 0 £10€°0 00000 €€S00 ¥8¥c0- L 00000 I9¥8°0 6ESIO 0 81-31- 00000 €€50°0 €£50°0- 'S 0
20-304'9 10-3€2°€ | 0000°0 [ 9+-32 QZ90°0 00000 1S€8°0 1890 0 PECE'0 00000 <2500 329920 ' 00000 19€8°0 6¥91°0 0 61-39- Q0000 <2.S0°0 24500 2's 20
20-3¥'€ 10-3GE°E | 0000°0 [ 9+-3L  |HE0'0 00000 26280 <2S6L°0 0 8YEE'0 00000 26500 9S8/2°0- ' 0000'0 26280 800 0 81-32- 00000 26500 26500~ 1'S 1’0
00+300°0 10-3/¥°€{ 0000°0 |9+32 00000 00000 ¢€€28'0 ¢2ecs80 0 99%€'0 00000 €190°0 €882°0- ' 00000 2€28°0 89/L0 0 61-38  0000°0 €190°0 €£190°0- S 0
00+300°0 00+300°0; 0000°0 [£+-3L- Q000°0 00000 96/5°0 96/5°0 |8-36- 00000 00000 ZS¥L'O /SIO ' 00000 96/50 #02+'0 0 Z1-32 00000 /SbH'O  LSHLO- Se
00+300°0 00+300°0{ 00000 [8+-32- Q00000 00000 9LSE0 9SLSE0 |43 00000 00000 [Lvee'0 Lvee O ' 00000 91S€0 t8¥9°0 0 132 000000 /¥220 Zve20- | G2}
00+300°0 00+300°0; 0000°0 [£}-3e- Q000'0 00000 8P6L'0 8¥6L'0O |Z138 00000 00000 1620 1620 ' 00000 8¥6L°0 25080 0 Z1-38 0000°0 1642°0 1642°0- | S29°0
00+300°0 00+300°0{ 00000 [Z+3- Q0000 00000 920L'0 920L0 |£1-35- 00000 00000 OLLEQO OLLED - 00000 920L0 /680 0 -3¢ 00000 OLLE'0 OLIEO- | G2LED
00+300°0 00+300°0{ 0000°0 [8+-32- Q0000 00000 £2S0°0 /2SO0 |Z1-3k- 00000 00000 €82E°Q0 €82€0 ' 00000 /2S00 €.¥60 0 Z1-3L 0000°0 €£82€°0 €83€'0- |S29S51°0
00+300°0 00+300°0{ 00000 [6+-32- 00000 00000 /9¢00 /9200 |Zi-3r 00000 00000 €/E€0 ELEECO L 00000 /9200 €60 0 Z1-38- 00000 E/£€°0 €/£€0- |€18200
00+300°0 00+300°0; 0000°0 [6+-3S- Q0000 00000 ¥#ELO'0  PELO'O |81-38 00000 00000 6LVEQD  6IVED ' 00000 ¥€L0°0 99860 0 Z1-32 0000°0 6Iv€'0  61PE0- |906E0°0
00+300°0 00+300°0{ 0000°0 [6+-3¥- 0000°0 00000 /9000 /900°0 |Z1-3k- 00000 00000 2vvE'Q  2HvED ' 0000'0 /9000 €€660 0 Z1-3¢ 00000 c2rbE'0  2¥PEQ- |€S610°0

§0 .su_ uo 0 :sO v>0 ~>o mmovm>0 0 .su_ u>u_ ~>u_ 0/ L uso N>0 mﬁﬂso zuwwﬁvo 0 Esu._ ~>u_ w/ 1 W

=wns = wns ssopermn (= wins =wns TNy
qYo AYd qYd AYd
UONEION 2U1USIOS U] aARBINWING S angeInung ojei| esesjel uo
18ye | 1ssasboid
awp awy

2U0zZ aSOPEA

aIsem

uBWIUIEIUOD Ul Bjiym SSeuANAIOR Jo AED8p oAle|al \, 8 L
Av;v BeISu0d ajel alisoduwiod “y+y $/597€0
(,4A) 1ueISU00 AEOBP BAIDEOIPE) YY/2uUl=Y /0-3€6°9
Aftc JuEjsSu0D alel Bulyoea| M/gui=y ¥/597E€0
sJajpweled paaliag

uoissaiboid auwny Joy 10joe} 9jBIS 4
W Buieis 10
0S (JA} JusWueUOD Y2883Iq O} Bl 1V 0
0s S (1K) B|qe) JoyeMm O} LI [BAEL IV S
(4A) a)iI-yley sanoeolpE) ™1 90+300°
(1A} ap-jiey Bulyoes| 4
sia1weled induj

o

‘feung DO 104 SUOIIRNDed ases el JUN £alcel



12

WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxesto the Water Table from the MWMF (U)

Table 4 Parameter settings for tritiated waste burials.
Description No. records | Breechtime | Travel time | Default Scaling
(yr) (yr) quantity factor
(Ci)
Mound Special 25 50 50 0 1
Burial
Other off-site 215 0 5 0 1
Known beds 123 0 5 500 1
Suspect beds 32 0 5 500 1
Known melts 632 0 5 400 0.67
Suspect melts 242 0 5 400 0.67
Other 7528 0 5 0 1
Table5 Summary information for flux to the water table.
Description Total no. | Quantity Cumulative | Cumulative | Cumulative
records | unknown | buried activity activity activity
records (Ci or ft®) entering entering
WT WT
(Ci or ft%) (%)
Tritium
Mound Special 25 0 1,191,468 3,658 0.3
Burial
Other off-site 215 68 262,828 170,557 65
Known beds 123 6 64,575 41,905 65
Suspect beds 32 0 48,519 31,485 65
Known melts 632 7 247,447x0.67* 107,587 65
Suspect melts 242 1 55,491x0.67* 24,126 65
Other 7528 6930 519,886 337,370 65
Job control 150,623 2 12,855,841 12,855,841 100
waste

* Reflects over-estimate in COBRA database (200 Ci recorded versus 133 Ci estimated from lysimeter

studies).
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AFWd ......... Vadose zone
Waste zone
Fu, . Quage - activity/mass

F.q - rate of radioactive decay
F,, - rate of leaching

Waste zone :
F Quadose | Vadose zone
Q\agose - ECtivity/mass
F g b F,q - rate of radioactive decay
: F,, - flux from waste zone
: F.. - flux to water table
Water table |
Yy
Figure 1 Conceptual model and nomenclature for vadose zone leaching and
transport.
AR, Waste zone
SR Vadose zone
................. _deaSte/dt - FVZ + FWd
FVZ I:Wd - ')\Qwaste
Qwaste sz = 'kaaste
. 1, =In(2)/A radioactive half-life
Waste zone : : . :
Qo | T, = In(2)/k leaching half-life
= 4 ...... Vadose zone
vd i :
: ; d Qvadose /dt = sz - de - FVVt
: de = ')‘Qvadose A
: : - - t
Water table | FWt Vz(t At) ©
YFy

Figure 2 Definition of activity balances and fluxes for vadose zone transport.
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Depth to water
Ground elevation 285 ft
Trench bottom depth 20 ft

Water table elev. 235 ft
Depth to water 30+ ft
Pore velocity (data and HELP)
w/o cap 7 ftlyr
w/ cap (10%) 0.7 ft/yr
Travel time (4t)

No cap Syr
RCRA cap 50 yr

Half-lives (based on lysimeter)
Radioactive (1) 12.3 yr
Leaching (t,) 2yr

Breach time (SAIC-Mayberry)
Default Oyr
Mound Special Burial 50 yr

Timing
RCRA cap 1991
Default w/o cap

Mound Special Burial w/ cap

Figure 3

Summary of parameter settings for the MWMF/LLRWDF.
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Figure 4

Waste Form Cumulative and Residual Amounts Vadose Zone Cumulative and Residual Amounts
1.00 1.00
0.90 4 0.90
0.80 4 0.80
0.70 4 0.70 "
£ 0.60 - —e—Qwaste = 060 ¢— Quadose
=3 ——
2 050 4 —=—Qwz 3 050 Q"Z
£ —A—
< 0.40 - —&— Qwd < 0.40 @
0.30 4 0.30 Qut
0.20 4 0.20
0.10 4 0.10
0.00 +—u—u-4 ‘ s 0.00 2 & B Moo
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
Elapsed time after release (yrs) Elapsed time after release (yrs)
Waste Form Rates and Fluxes Vadose Zone Rates and Fluxes
0.40 0.40
030 + 0.30 1
0.20 4 —e— dQvadose
= —e—dQwaste _. 0.204 /dt
2 0104 fdt s
pa S 0.10 4 —a—Fvz
x 0.00 + —a— Fvz x
T 01P1 01 1 10 100 1000 Z 000l oo ae s sm o —a—Fvd
o) T
§ .0.20 J —&— Fwd g 0.p1 0.1 1 100 1000
-0.10 4 —o—Fwt
-0.30
-0.40 -0.20
-0.50 -0.30
Elapsed time after release (yrs) Hapsed time after release (yrs)
Water Table Rates and Fluxes
3.00E-01
2.50E-01
S 200801
p=3
3 1.50E01 4 —o—Fwt
'S
2
8 1.00E01 A
5.00E-02
0.00E+00 -
0.01 0.1 1 10 100 1000
Hapsed time after release (yrs)

Unit release curves using default tritium parameters.
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Waste Form Cumulative and Residual Amounts Vadose Zone Cumulative and Residual Amounts
1.00 0.06
0.90 4
0.80 4 0.05
0.70 4
0.04
€ 0.60 - —e—Qwaste - —— Quadose
= s —m—Quz
g 0501 ——Qwz 3 0.03 .
£ —A—
< 0.40 4 —A— Qwd < &
0.30 0.02 —o—Qwt
0.20 4
0.01
0.10 4
000+ a—t==E1 T T ST T 000 L o &
0.1 1 10 100 1000 0.1 1 10 100 1000
Elapsed time after release (yrs) Elapsed time after release (yrs)
Waste Form Rates and Fluxes Vadose Zone Rates and Fluxes
0.03 0.03
0.02
0.02
0.02 4 —e— dQvadose
= 0.01 —e—dQwaste - Idt
2 Idt 5 0024
= 001 S —&—Fvz
é 0.00 4 =Pz X 0014 .
3 —A&—F
< -001G11 1 10 100 1000 % v
3 —a— Fwd 3 go1d
@ -0.01 4 e = —o—Fwt
-0.02 0.00 4
-0.02 4 ol1 1 1 100 1000
-0.03 -0.01
Elapsed time after release (yrs) Hapsed time after release (yrs)
Water Table Rates and Fluxes
1.40E-03
1.20E-03
~ 1.00E-03 4
>
S 8.00E-04 1
3 —e—Fwt
L 6.00E04
Q
T
*  4.00E-04
2.00E-04
0.00E+00
0.1 1 10 100 1000
BHapsed time after release (yrs)

Figure5 Unit release curves using the Mound Special Burial parameters.
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Unit release curves for VOCs (non-decaying contaminant).
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Appendix A Analytical solution for contaminant flux to the water table
Waste leaching/rel ease rate to vadose zone
Fyz; = kQ
Waste radioactive decay rate
Fwd =AQ
Waste mass balance

dQ/dt =-F, - Fug
=-kQ-AQ
=~(k+1)Q

Solution for residual waste
dQ/Q =—(k +A)dt

Q
In—==—-(k+ )t
nQo (k+4)

Q(t) = Qpe” "
Waste leaching/rel ease rate to vadose zone becomes
Fip(t) = one—(k+/\)t
Waste radioactive decay rate becomes
Fud (t) = QoAe K+

Rate of change of waste residual

dQ/dt =—(k +A)Q
==(k+ A)Qoe
= —Qo(k +A)e kAN
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Check sum of fluxes

dQ/dt + F; + Fyq

= —Qo(k + A)e_(k"'A)t + one—(k+A)t + QO/\e—(k+/])t
= _Qo(k +/'|)e_(k+/])t +Q0(k +/\)e—(k+/])t

=0

Cumulative release to vadose zone

t
Qv (1) = IFVZ (n)dn
0

Cumulative radioactive decay in waste form

t
Qua () = [ Furt (7)l7
0

- 9, ki/\ [1_ e—(k+/\)t]

Check sum of cumulative amounts
Q1) + Quz(t) + Qua (1)
— e (kA K ol _—(k+A)t
Qoe +Q0—k+/][1 e

A [ (kM)
+Qp——1-¢e
Qo K+

— —(k+A)t + _ o (k+A)t
Qoe Qofl-e
:QO
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A-3

Again, waste leaching/release rate to vadose zone
F,(t) = one—(k+/\)t
V adose zone radioactive decay rate
Fud () = AQ
Vadose zone mass balance for t < At

dQ/dt = F,(t) - Fq (t)
= one—(k+/\)t _/]Q

dQ/ dt + AQ = Qoke K+t

For linear first-order ODE ...

d

S HPOY=Q()

X
... solution is
yeJ‘de :J.er’ded)H_C
- — — — _ —(k+A)t

Substitute y = Q, x =t, P(x) = A,Q(x) = Qpke

Qe At = J’one‘(k”)t J G 4 o
Qe/‘t :J’one_(k+/])teAtdt +C
Qe = Quk J’e_ktdt +C
Qelt = on_?le‘kt +C
QM =-Qe™ +C
Q= —Que (KMt 4 cet
Apply initial conditionQ=0att=0

0=-Qy+C
C=Q
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Vadose zone waste "residua” for t <Atis

Q - _Qoe_(k+/‘)t + Qoe_/‘t
- [e—/]t _ (kA

=Qpe M [1— ek
Rate of change of vadose zone "residua” for t < At becomes

dQ/dt = d{Qole Mt - <+t [t
=-AQpe M + (k + A)Qpe” (KTt
=Qo(k + A)e” (A —gpae™

V adose zone radioactive decay rate for t < At becomes

de (t) — QOA e—/\t _ e—(k+/])t

Check solution for vadose zone waste "residua” for t < At

dQ/dt = F,(t) - Fyq (t)
Qo(k +/\)e_(k+/])t _ QO/\e—/\t — one_(k+/\)t _QOA [e—/]t _e—(k+/\)t]
(k+/\)e_(k+/‘)t e M = e~ (Kt _ a2t _ o= (k+A)t

+ Ne~(KEDE _ao=At _ p—(k+A)t _ 3 =At | —(k+A)t
(k+A)e Ae ke Ae Ae

+ Ne~ KDL _=At = e 4 ya— (KAt _ y At
(k + A)e AeM = (k+)e Ae
0=0

Waste flowrate to water table for t > At

Fur (1) = Fy (t - At) 22
— one—(k+/\)(t—At) E_/‘At

_ one—(k+/\)t rp(K+A)At At

_ onekme—(k+/\)t
Waste |eaching/release rate to vadose zone for t > At

Fuz (t) = Qoke™(K* )t
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V adose zone radioactive decay rate (again)
Fud (t) = 1Q
V adose zone mass balance for t > At

dQ/dt = —Fy, (t) + R, (t) — Fyg (1)

dQ/dt+ Q= one-(k+/\)t -0 Oke—(k+/\)t kat
IR et

For linear first-order ODE ...
d
—+P(9y=Q00)
X
... solution is
yeIde :IQeIpdde+C
Substitute y =Q, x =t,P(x) = A,Q(X) = Qgk[L- KAt | e (k+A)t
0
oot :J.on[l_ekAt]e—(kH])teI/\dtdt iC
Qe = Ion[l‘ et ]e_(k+/])te/]tdt +C
Qe/‘t - on[1_ ekAt._Tle_kt + C

—Qo 1—ekAt e_kt +C
-QolL- ekAt e—(k+/\)t + Ce—/\t

Q
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Apply initia condition Q = Qoe_/]At ll—e_kAtJatt = At

Qoe—/mt ll_ e—kAt] _ _Qoh_ kAt Je—(k+/])At +ce At
Qe [1_ e—kAt] N Qo[l‘ KAt ]e—(k+/\)At _ ce At
Qe [1_ okt ] Q- et ]e—kAt Bt _ g At
o _l_Qo[l_ekAt]e—kAt .
Qoft-e M8 [+ Qole ™ -1f=C
Qll-e M -Qo-e*|=C
C=0

Vadose zone waste "residua” for t > Atis
0= —Qoll— kat ]e—(k+/1)t
Q=0Qp KAt _ 4l (k+A)t
aternatively...

Q :QO ekAt -1 _(k+A)t
= Qolet — 1 Kte

_ Qole ekt — gkt ]e—/]t

= Qpe [e—k(t—At) _ e—kt]
Rate of change of vadose zone "residua” for t > At becomes

dQ/ dt = d{Qo|eat —1e(+ Mty gt
— _Q(k+ Akt _1]e—(k+/])t

V adose zone radioactive decay rate for t > At becomes

Fud (1) = AQg | —1e™(k+ X
= QoAlekat —glem(keAt
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Check solution for vadose zone waste "residual” for t > At

—(k+2)

= (k+2)|

dQ/dt = =Fyy (t) + Fyz(t) = Fua (1)

_Qo(k+/]):ekAt _1k—(k+/])t — _onekAte—(k+/\)t +Q0ke—(k+/])t

- QpA [ekAt -1 —(k+A)t

.ekAt _qle=(k+ )t — _k[ekAt _1]e—(k+/\)t _/][ekAt _1]e—(k+/\)t

ekAt -1 —(k+/])t — _(k+/])[ekAt _1k—(k+/\)t
0=0

Cumulative waste flowrate to water table (t > At)

Fvvt (t) - onekAt I]a—(k+/])t
t

Que (1) = [Fuwt (7)dn
At

t
At

~(k+A)p
- gkt
&N (k+A) Q’[

K Kkat| —(k+A)t _ —(k+A)At
00 K k( 2 _ g )]

_ K kat| —(ke)at —(k+A)t
=Qp e k( AL _ o )]
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Cumulative decay in vadose zone water table (t < At)
t
Qua (t) = [AQd7
0
t
= AQOJ'e_/‘n [1_ e—k/7 ]dn
0

t t
= /\QOJ’e_/mdn - AQOJ’e_(k”)”d/]
0 0

2 () g
el Lt
-0 [1_e—/\t]_Q0 (kj/\)[ e—(k+/\)t]

Check sum of cumulative amounts for t < At

Qua (t) = Qo[l— e_/‘t]‘%ﬁ[l— e—(k+/\)t]

_ K L _—(k+A)t
sz(t)—Qo—kM 1-e ]

Q=Que™ ll_ e—kt]

Quz(t) = Qua () —Q(1)

:onl;/] _e—(k+/\)t]_QO[1_e—/\t]+QOﬁ[l_e—(kwl)t]_QOe—/\t[:L_e—kt]

- 9 k+A[ e—(k+/\)t]_Qo[1_ e—/\t]_ Qo[e—m _ e—(k+/l)t]

k+A
1-e” (A Qo] —Qo[— e_(k+/])t]
_Qofi—e(k+ A

:QO
— QO 1— e—(k+/\)t
=0
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Cumulative decay in vadose zone water table for t > At

t
Qua (1) = Qua (8D + [AQul7
At

t
Qua (1)~ Qua (A1) = [AQul7
At
t
- [1% [ekAt _1]e—(k+/\)r7d,7
At

t
- 2Qq [ekAt _1]J—e—(k+/\)/7d,7
At

0 ok O
ool - &
B Cht

_ A KAt | —(k+A)t _ —(k+A)At
=0 2 e ot _ g-tkenat]




A-10 WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxes to the Water Table from the MWMF (U)

_ At ~(k+2)At ]
de(t)—Qo[1 ] Qo (k+/\)[1 e~ (k+At
Qo A [1_ekAt ][e—(k+/])t _ (k)AL
_ ANt —(k+A)At]
ENARTIN et
vQp A k+)| o (CFA _ o= (K+AAL _ o~ (k+A)t gt +e—(k+/\)AtekAt]
Y A A [ ket _ (ke At ghat . o= at
=Qofl-e Qo(k+/\) Qo i -e e te ]
_ el A=kt _ —(k+A)t gkt A ANt
QofL-e | Qo(k+/\) Qo ot Ae -e ]+Q A[e ]
_ At ANt ~k+th Kkt
" pe '_Qo(k+)l)LL © ]+Q K+As e )L—e ]
—Qoh-e oA Do A (k+/])t[1 ekAt]

T k+A)O k+A
L [1 e—/\At] +Qp k+/\[1 kAt]e (K4 At

Check sum of cumulative amounts for t > At

Q) =Qo [1 e“k””]

_ K —AA A KAt [~ (k+A
Q0= Qo e Moo A -ttt
Qv () =0 k ekAt[e—(k+/])At_e—(k+/\)t]

wt Ok + A

Q=0Qp lekAt _1]e—(k+/])t

Quz (£) ~ Qua (1) ~ Quz () —Q(t)
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=0 [1 o (k+/\)t]

Qo [1 —/\At] % A[l_ekAt]e—(kH])t

~(K+A)At _ —~(K+A)t
gttt

_Q0k+A
—Qo[ekm _1]e—(k+/])t
- 0, k+)| [ (kA
ll_e—/]At]
+At
.]__ekAt]e—(kH])t

_QOLekAte—(kh\)At

+Qq - l:/\ KAt o= (k+ )t

KAt _1]e—(k+/])t
A L
_ kAt_ —(k+A)t
ik
Q°k+)|
| o (kA
+ A
_ _ kAt]e—(k+/l)t
e
Q°k+)|
_ oAt
Qi k+/\
+Q0 e KAt g~ (k+ )t

Qo—[l ekAt]e (k+ )t

Qo—[l ekAt]e (k+ )t



A-12  WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxes to the Water Table from the MWMF (U)

=Qo

k K [1—e‘(k+")t]

-Qo k+/\
-0 2 [1 ekAt]e (k+ )t
(kA
+
Q°k+)|

Qo—[l ekAt]e (K4 M)t

_ —(k+/\)t]

= e

QOk+)|

_Q0k+/\
o (ke )t

+

on+/\
_ —(k+/1)t]

= e

QOk+/\

-0 [1 o (KAt

=0

Check vadose decay match at t = At
—/\At] [1 —(k+/\)At] e—/\At] ro A kAt]e (k+A)At
QO[ QO(k+/\) on+/1 on+/\
[1_ e—/\At]_ A _e—(k+/])At] [1 e—/\At] o (k+A)at _ A oAt
k+A k+A k+A k+A
1_ gt _ A LA o (k)AL _ k Kk oAt A o (k+A)at _ A oAt
k+A k+A kK+A k+A k+A k+A
- g Bt _ A _ k _k oDt _ A ot
k+A k+A k+A k+A

1- @Bt _q_ g0t
0=0
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Summary of waste rates/fluxes
dQuaste / At = =Fyz (t) = Fyq (t)
dQuaste / dt = Qo (k + A)e™(K*A)!
Fuz (t) = Qoke <+

Fug (t) = QoAe™ (KA
Summary of waste cumulatives/residuals

Qo = Quage () + Quz(t) + Qug (1)
Quaste t) = Qoe™ KA

Qu(t) = QO%[]__e—(kw\)t]

_ AL —(k+ M)t
de(t)—Qo—le e ]

Summary of vadose zone rates/fluxesfor t < At
dQuadose / dt = Fyz (t) = Fyg (t)
dQuadose / dt = Qg (k + 1)e" K+ _ g pe™
Fuz (t) = Qoke <+

de (t) - QOA e—/\t _ e—(k+A)t
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Summary of vadose zone rates/fluxesfor t > At

dQvadose [dt = Fvz - Fud ® - Fut (t)
0Quacose /Tt = ~Qo(K + )|t —fe(k+Ax
FVZ (t) - one—(k+/\)t

de (t) - QO/‘ |.ekAt _1k—(k+/\)t

F\N[ (t) - onekAte—(k+/\)t - one—AAte—(k+A)(t—At) (for t> At)

Summary of vadose zone cumulatives/residuals for t < At

Quz(t) = Quadose(t) + Qug (1)
k ~(k+
Quz(t) = Qom[l_e (k /‘)t]

Quadose () = Qo le_/“ - e (kAN J = QOe_M |.1_ e_ktJ

(no water table flux yet)

Quda (1) = Qo[l— e_/‘t]‘%ﬁ[l— e—(k+/\)t]

Summary of vadose zone cumulatives/residuals for t > At

Quz(t) = Quadose(t) + Qut (t) + Quqg (1)
A Kb ket
sz(t)—on_l_/][l e ]

Quadose(t) = Qo [e"At —1]e‘(k”)t = Qe M [e—k(t—At) _ e—ktJ

k - _
Qut () =Qo mekm [e (k+ DA _ g (kM)t] (for t > At)

_ k —AAt A kat | —(k+A)t
de(t)—Q0m1‘e ]"‘QOm[l‘e ]e( )
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Appendix B Computer software and verification casesfor tritium
All computer runs were made on an SGI R10000 UNIX workstation running IRIX 6.4.

Makefile

I ncl udePath = ./1nclude
i ncl ude ${I ncl udePat h}/ FFLAGS. i nc
i ncl ude ${I ncl udePat h}/ LDFLAGS. i nc

Fi el ds = 17
TauDecay =12.3
TaulLeach =2

VerificationRuns:
- rm VerificationNot Mound. out
cp VerificationNotMund.timTinmes.tim
make Case=Veri ficati onNot Mound \
BreachTi ne=0 \
Travel Ti me=5 \
QODef aul t =100 \
Qf actor=1 \
Tenpl ate
- rm VerificationMund. out
cp VerificationMound.timTinmes.tim
make Case=Veri ficationMund \
BreachTi me=50 \
Travel Ti mne=50 \
QODef aul t =100 \
Qf actor=1 \
Tenpl ate

Test:

- rm Test Case. out

make Case=Test Case \
BreachTi ne=10 \
Travel Ti ne=5 \
QODef aul t =100 \
Qfactor=1 \
Tenpl ate

cp TimesCOBRA. timTinmes.tim
make Case=of f site_Speci al Mound \
Br eachTi ne=50 \
Travel Ti me=50 \
QDefaul t=0 \
Qf actor=1 \
Tenpl ate
make Case=of f si t e_Not Speci al Mound \
BreachTi ne=0 \
Travel Ti me=5 \
QDefaul t=0 \
Qfactor=1 \
Tenpl ate
make Case=known_beds_for_greg \
BreachTi mne=0 \
Travel Ti me=5 \
QODef aul t =500 \
Qfactor=1 \
Tenpl ate
make Case=Suspect Beds \
BreachTi me=0 \
Travel Ti me=5 \
QODef aul t =500 \
Qfactor=1 \
Tenpl ate
make Case=knwn_spent _nelts_and_cruci bl es_for_greg \
BreachTi me=0 \
Travel Ti me=5 \
QODef aul t =400 \
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Qof actor=0.67 \
Tenpl ate

nmake Case=Suspect Melts \
BreachTi me=0 \
Travel Ti me=5 \
QODef aul t =400 \
Qof actor=0. 67 \
Tenpl ate

nake Case=other _tritiumfor_greg \
BreachTi me=0 \
Travel Ti me=5 \
QDef aul t =0 \
Qofactor=1 \
Tenpl ate

### Process COBRA data
Tenpl at e:
meke Case=${ Case} \
Br eachTi me=${ Br eachTi ne} \
Travel Ti me=${Travel Ti ne} \
QODef aul t =${ QODef aul t} \
Qf act or =${ Q0f act or} \

${ Case}. out
${ Case}. out: WI'f | ux COBRA ${ Case}. t xt Times.tim
@echo "===== ${Case} ====="
echo "${Case}.txt" >tnp
echo "Tines.tint >>t np
echo "${Case}.out" >>t np
echo "${Case}.flx" >>t nmp
echo "${Case}. | og" >>tnp
echo "${Fiel ds}" >>t np
echo "${ TauDecay}" >>t np
echo "${TauLeach}" >>t np

echo "${Travel Time}" >>tnp
echo "${BreachTine}" >>tnp
echo "${Q@Defaul t}" >>t mp
echo "${Q0factor}"” >>tnp
cat tnp| WIfl uxCOBRA

### Segregate mound and non-nmound off-site burials
of fsite_Mound. t xt : offsite_tritiumburials_for_greg.txt
cat offsite_tritiumburials_for_greg.txt \
| sed /999-MN\DY ! d \
| sort \
>of f si t e_Mound. t xt

of fsite_NotMund.txt: offsite_tritiumburials_for_greg.txt
cat offsite_tritiumburials_for_greg.txt \
| sed /999-WMND/ d \
| sort \
>of f si t e_Not Mound. t xt

### Conpil e/link codes ###

WI'f | ux COBRA: WI'f | uxCOBRA. 0 | ost at Check. o Fi ndTabs. o ReadError.o
${F90} -nips4 -o WIfl uxCOBRA WIf| uxCOBRA. 0 \
| ost at Check. o FindTabs. o ReadError.o

### Define suffix rules ###
.SUFFI XES: .o .f90
.£90. o:

${F90} ${FIOFLAGS} $<

INCLUDE files

### FORTRAN FLAGS ###

FFLAGS = -c -m ps4 -DEBUG subscri pt_check=0ON -DEBUG trap_uninitialized=ON -
DEBUG: ver bose_runti ne=ON -g

FOOFLAGS = -c -mi ps4 -check_bounds -trapuv -g

LDFLAGS = -m ps4



WSRC-TR-2001-00487, Rev. 1, Tritium and VOC Fluxes to the Water Table from the MWMF (U) B-3

Fortran90 source code

program WIf | ux COBRA
inplicit none

integer, paraneter :: RecordLength=250, MaxTi mes=1000

integer, paraneter :: itxt=11, &
itinFl2, &
iout=21, &
i flx=22, &
il 0g=23

nt eger, dinension(20) :: TabPos

nteger i, n, iostat_flag, NunTabs, NunFi el ds

nteger :: Sequence=SELECTED | NT_KI ND( 6)

nteger :: Buri al Code

nteger :: Mnth, Day, Year, Delimterl, Delinmter2, nTines, &
i Var, Count NoQuantity, CountComments

real :: srsN, srsE

real, dinension(2) :: Quantity

real, dinension(MxTines) :: Tines

real :: TenpReal, Burial Tinme

real :: TauDecay, TaulLeach, Travel Ti ne, BreachTi ne, DecayBeforeBreech

real :: k, |, Fwm, Qm, ReleaseTinme, FiniteDi ff, Tine, El apsedTine

real :: Fw Func, Qut Func

real :: UnitsConversion, Q), QDefault, Qfactor, CumulativeQ), Cumul ativeQa

real, paraneter :: G PerG=9780.

character(len=6) :: NC, EC

character(len=9) :: Date

character(len=6) :: Bldg
character(len=2), dinmension(2) :: Variety
character(len=1), dinmension(2) :: Units
character(l en=80) :: Descl, Desc2, Desc3
character (1 en=80) :: TenpChar
character(len=3) :: MonthChar

charact er (I en=Recor dLengt h) Record
character (1 en=80) FileNane
character(len=1), paraneter :: tab=" ', bar="|’', space= '’

logical exit_flag, K

I'I NI TI ALl ZE VARI ABLES
Count NoQuantity = 0
Count Comments = 0
Cunul ative@ = 0

Cunmul ativeQm = 0

I OPEN FI LES AND READ | NPUT DATA
read(5,’ (a)’) FileNane
open (unit=itxt, file=FileNane, status="old , action="read )

read(5,’ (a)’) Fil eName
open (unit=itim file=FileNanme, status="old, action="read)

read(5,’ (a)’) FileNane
open (unit=iout, file=FileNanme, status="unknown’, action="wite’)

read(5,’ (a)’) Fil eName
open (unit=iflx, file=FileNanme, status="unknown’, action="wite’)

read(5,’ (a)’) FileNane
open (unit=ilog, file=FileNanme, status="unknown’, action="wite’)

read(5,*) NunFields
read(5, *) TauDecay
read(5,*) TaulLeach
read(5,*) Travel Ti ne
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read(5, *) BreachTi ne
read(5,*) QDefault
read(5,*) Qfactor

I READ TI MES AT WHI CH TO COVWPUTE WATER TABLE FLUX
nTimes = 1
do
read (itim*,iostat=iostat_flag) Tinmes(nTines)
call lostatCheck (iostat_flag, "Tinmes", exit_flag)
if (exit_flag) then
nTines = nTines - 1
exit
end if
nTimes = nTines + 1
end do

! READ COBRA RECORDS
n=1
do
! READ DATA RECORD
read (itxt,’(a)’,iostat=iostat_flag) Record
call lostatCheck (iostat_flag, "Record", exit_flag)
if (exit_flag) then
n=n-1
exit
end if

! READ DATA FI ELDS
if (Record(1l:1) .eq. '!') then
wite (iout, '(a)’) TRI M Record)
Count Comment s = Count Comments + 1
el se
I FIND TAB PCsI TI ONS
call FindTabs (Record, RecordLength, Nunfi el ds, NuniTabs, TabPos, OK)
if (.not.OK) then
if (NunTabs+1 .I1t. 14) then
wite (6,*) "*** ERROR *** not enough fields", n, NunTabs+1l
wite (ilog,*) Record
wite (ilog,’(20i4)’) (TabPos(i), i=1, NuniTabs)

stop
end if
end if
'wite (iout,’ (20i4)') (TabPos(i), i=1, NunTabs)
I READ FI ELDS
read (Record( 1: TabPos( 1)-1),’'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError (iostat_flag,n,"NC")

NC = ADJUSTL( TenpChar)

read (Record(TabPos( 1)+1: TabPos( 2)-1),’(a)’,iostat=iostat_flag) TenpChar
cal | ReadError (iostat_flag,n,"EC")
EC = ADJUSTL( TenpChar)

read (Record(TabPos( 2)+1: TabPos( 3)-1), * iostat=iostat_flag) srsN
cal | ReadError (iostat_flag,n,"srsN')
read (Record(TabPos( 3)+1: TabPos( 4)-1), * iostat=iostat_flag) srsE
cal | ReadError(iostat_flag, n,"srsEg")

read (Record(TabPos( 4)+1: TabPos( 5)-1),'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError (iostat_flag,n, "Date")
Dat e = ADJUSTL( TenpChar)

read (Record(TabPos( 5)+1: TabPos( 6)-1), * iostat=iostat_flag) TenpReal
cal | ReadError (i ostat_fl ag, n, " Sequence")
Sequence = TenpReal

read (Record(TabPos( 6)+1: TabPos( 7)-1),’(a)’,iostat=iostat_flag) TenpChar
cal | ReadError (iostat_flag,n, "Bl dg")
Bl dg = ADJUSTL( TenpChar)

read (Record(TabPos( 7)+1: TabPos( 8)-1), * iostat=iostat_flag) TenpReal
cal | ReadError (iostat_flag,n, "Buri al Code")
Buri al Code = TenpReal
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read (Record(TabPos( 8)+1: TabPos( 9)-1),’(a)’,iostat=iostat_flag) TenpChar
cal | ReadError(iostat_flag,n,"Variety(1)")
Variety(1l) = ADJUSTL(TenpChar)

read (Record(TabPos( 9)+1: TabPos(10)-1), *,iostat=iostat_flag) Quantity(1)
cal | ReadError(iostat_flag,n,"Quantity(1)")

read (Record(TabPos(10)+1: TabPos(11)-1),’'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError(iostat_flag,n,"Units(1)")
Units(1l) = ADJUSTL(TenpChar)

read (Record(TabPos(11)+1: TabPos(12)-1),’'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError (iostat_flag,n,"Variety(2)")
Variety(2) = ADJUSTL(TenpChar)

read (Record(TabPos(12)+1: TabPos(13)-1), * iostat=iostat_flag) Quantity(2)
cal | ReadError(iostat_flag,n, "Quantity(2)")

read (Record(TabPos(13)+1: TabPos(14)-1),’'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError(iostat_flag,n,"Units(2)")
Units(2) = ADJUSTL(TenpChar)

Descl = "’

read (Record(m n(TabPos(14)+1, RecordLengt h): TabPos(15)-1), &
"(a)’,iostat=iostat_flag) Descl

cal | ReadError (iostat_flag,n, "Descl")

Desc2 = '’
read (Record(m n(TabPos(15)+1, RecordLengt h): TabPos(16)-1), &
"(a)’,iostat=iostat_flag) Desc2

cal | ReadError (iostat_flag, n, "Desc2")
Desc3 = "’
read (Record(m n(TabPos(16)+1, RecordLengt h): ), &
"(a)’,iostat=iostat_flag) Desc3
cal | ReadError (iostat_flag,n, "Desc3")
I ECHO | NPUT
wite (iout, ’( a,a, &
& a,a, &
& f9.2,a, &
& f9.2,a, &
& a,a, &
& i8 a &
& a,a, &
& i4,a &
& a,a, &
& 1pel0.3,a, &
& a,a, &
& a,a, &
& 1pel0.3,a, &
& a,a, &
& a,a, &
& a,a, &
& a,a )') &
TRI M'NC) , tab, &
TRI M EQ) , tab, &
srsN , tab, &
srsk , tab, &
TRI M Dat e) , tab, &
Sequence , tab, &
TRI M Bl dg) , tab, &
Buri al Code , tab, &
TRIM Variety(1)), tab, &
Quantity(1) , tab, &
TRIMUnits(1)) , tab, &
TRIM Variety(2)), tab, &
Quantity(2) , tab, &
TRIMUnits(2)) , tab, &
TRI M Desc1) , space, &
TRI M Desc?2) , space, &
TRI M Desc3)

I COMPUTE BURI AL TI ME I N YEARS
do i=1,9
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if (Date(i:i).eq.’/’ .or. Date(i:i).eq.’-") then
Delimterl=
exit
end if
end do
do i=Delimterl+1,9
if (Date(i:i).eq.’/’ .or. Date(i:i).eq.’-") then
Deliniter2=
exit
end if
end do

if (Date(Delimterl:Delimterl) .eq. '/') then

read (Date( :Delimterl-1),*,iostat=iostat_flag) Mnth
cal | ReadError (i ostat_flag,n, "Mnth")
read (Date(Delimterl+l:Delimter2-1),*,iostat=iostat_flag) Day
cal | ReadError (iostat_flag,n,"Day")
read (Date(Delimter2+1: ),*, iostat=iostat_flag) Year
cal | ReadError (iostat_flag,n,"VYear")
el se

read (Date( :Delimterl-1),*,iostat=iostat_flag) Day
cal | ReadError (i ostat_flag, n, "Day")

Mont hChar = Date(Delimterl+1:Delimter2-1)

if (MnthChar.eq.’Jan’ .or. MnthChar.eq.’ JAN) Mnth = 1

if (MonthChar.eq.’' Feb’ .or. MonthChar.eq.’ FEB') Month = 2

if (MnthChar.eq.’ Mar’ .or. MnthChar.eq.’ MAR') Month = 3

if (MonthChar.eq.’ Apr’ .or. MonthChar.eq.’ APR) Month = 4

if (MonthChar.eq.’ May' .or. MnthChar.eq.’ MAY') Month = 5

if (MonthChar.eq.’Jun’ .or. MonthChar.eq.’JUN) Month = 6

if (MnthChar.eq.’Jul’ .or. MnthChar.eq.’JUL’) Month = 7

if (MonthChar.eq.’ Aug’ .or. MonthChar.eq.’ AUG) Month = 8

if (MnthChar.eq.’ Sep’ .or. MnthChar.eq.’ SEP’) Month = 9

if (MonthChar.eq.'Cct’ .or. MonthChar.eq.’ CCT") Month = 10

if (MonthChar.eq.’ Nov' .or. MnthChar.eq.’NOV') Month = 11

if (MonthChar.eq. Dec’ .or. MonthChar.eq.’ DEC ) Month = 12

read (Date(Delimter2+1: ),*,iostat=iostat_flag) Year
cal | ReadError (iostat_flag,n,"Year")

end if
Burial Tine = (Day-1)/365. + (Month-1)/12. + Year + 1900

I DETERM NE QUANTITY I N CURI ES

i f (Variety(1l) .eq. '87') then
ivVar =1

else if (Variety(2) .eq. '87") then
iVar = 2

el se

wite ( * *¥) *** WARNING (Variety not 87) ***' n,Variety(1l), Variety(2)
wite (ilog,*) "*** WARNING (Variety not 87) ***' n,Variety(1l), Variety(2)
ivar = 0

end if

if (ivar .ne. 0) then
if (Quantity(iVar) .gt. 0) then
i f (Units(iVar) .eq. "G) then
Uni t sConversion = G PerG
else if (Units(iVar) .eq. 'C) then
Uni t sConversion = 1
el se

wite ( *¥,*¥) x*x ERROR (Units not Gor Q ***'  n,'|’//Units(iVar)//'|’
wite (ilog,*) "*** ERROR (Units not Gor C ***' n,’|'//Units(iVar)//']|’
st op
end if
Q@ = Quantity(iVar) * UnitsConversion
el se
Q@ = QODefault; CountNoQuantity = CountNoQuantity + 1
end if
el se
Q = QODefault; CountNoQuantity = CountNoQuantity + 1
end if

Cumul ative@ = Cunul ative@Q + Q
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!
|
k

DecayBef or eBreech = exp(-|*BreachTi ne)

Rel easeTine = Burial Time + BreachTi ne

if (Q .gt.

0) then

wite (iflx, ’("===== Record No. ",i6,2x,40("="))") n

wite (iflx,

TRI M Descl)//space// TRI M Desc2)//space// TRI M Desc3)

wite (iflx,

wite (iflx,

Q* Qf act or,

"(2(f9.0),2x,4a,2x,a))’) srsk, srsN, NC EC
wite (iflx, "(gl2.5,2x,a,915.7,2x,a))")

COWPUTE FLUX TO VADOCSE ZONE AND WATER TABLE AS FUNCTI ON OF TI ME
| og(2.)/ TauDecay
| 0og(2.)/ TauLeach

" (i8,2x,a,2x,a,2x,a))’) Sequence, Date, Bldg, &

&

Variety(max(iVar,1)), &
Quantity(max(iVar,1)), &

Uni t s(max(i Var, 1))
"(2(g15.7,2x),i4)") Burial Time, ReleaseTinme, nTines

do i=1, nTines
Time = Tinmes(i)
El apsedTine = Tine - Rel easeTi ne
Fwt Fwt Func(k, |, Travel Ti ne, El apsedTi ne) * DecayBef or eBr eech

Qat

wite (iflx,

end do

Cumul ati veQat

end if
end if

n=n+1
end do

wite ( *,*)
wite (ilog,*)

wite ( *0*)
wite (ilog,*)

wite ( *L*)
wite (ilog,?*)

wite ( *0*)
wite (ilog,?*)

wite ( *,*)
wite (ilog,?*)

wite ( *0*)
wite (ilog,*)

wite ( **)
wite (ilog,?*)

st op

"(4(915.7,2x))’) Tinme, El apsedTinme, Fwt,

Qumt Func(k, |, Travel Ti e, El apsedTi me) * DecayBef or eBr eech

Qat

= Cumul ativeQm + QO* QOf act or * DecayBef or eBreech* &

Qu Func(k, I, Travel Ti me, 1000.)

"Total records’, n
"Total records’, n

" Comment records’, Count Corments
" Corment records’, Count Conments

"Data records’, n-CountComments
"Data records’, n-CountConments

"Records with quantity not specified/ unknown’,
"Records with quantity not specified/ unknown’,

"Cumul ative buried activity', CumulativeQ)
"Cunul ative buried activity', Cumul ativeQ)

Count NoQuantity
Count NoQuantity

"Cunul ative activity entering water table’, Curul ativeQa
"Cumul ative activity entering water table’, Cunul ativeQum

"Ratio’, CunulativeQam/Cumul ativeQ
"Ratio’, CumulativeQam/Cumul ativeQ

end program WIf| ux COBRA

function Fwt Func(k,|,Dt,t)
real, intent(in) :: k, I, Dt, t
if (t .gt. Dt) then
Fwt Func = k*exp(-1*Dt)*exp(-(k+l)*(t-Dt))

el se
Fwt Func = 0
end if

end function Fwt Func

function QM Func(k,|,Dt,t)
real, intent(in) :: k, I, Dt, t
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if (t .gt. Dt) then
Qmt Func = k/ (k+l)*exp(k*Dt)*(exp(-(k+l)*Dt) - exp(-(k+l)*t))
el se
QM Func = 0
end if
end function Qum Func

subroutine ReadError (iostat_flag, n, Whi chOne)

inplicit none

i nt eger , intent(in) :: iostat_flag,n
character(len=*), intent(in) :: WichOne
if (iostat_flag .ne. 0) then
wite (*,*) '*** ReadError *** \WichOne, n: ', WichOne, n
st op
end if

end subroutine ReadError

subroutine lostatCheck (iostat_flag, string, exit_flag)

integer , intent(in) :: iostat_flag

character, intent(in) :: string

logical, intent(out) :: exit_flag

i f (iostat_flag .eq. 0) then 'K
exit_flag = .fal se.

else if (iostat_flag .It. 0) then ! END-OF-FI LE
exit_flag = .true.

else if (iostat_flag .gt. 0) then ! ERROR
wite (*,’(2a)') '*** READ ERROR *** ', string
stop

end if

end subroutine |ostat Check

subroutine FindTabs(Record, RecordLengt h, Nunfi el ds, Nunilabs, TabPos, OK)

i nt eger, intent(in) :: RecordLength
i nt eger, intent(in) :: NunFields
character (|l en=RecordLength), intent(in) :: Record

i nt eger, intent(out) :: NunTabs
i nt eger, dinension(Nunfields-1), intent(out) :: TabPos

| ogi cal , intent(out) :: OK
real, paraneter :: zero=0.0

integer i, n

n=20

TabPos = RecordLength
do i =1, RecordLength
(Record(i:i) .eq. ’ ") then
n=n+1
if (n.lt. NunFields) then
TabPos(n) =i
el se
lwite (6,*) "*** WARNING *** n .ge. NunFields", n, NunFields
end if
end if
end do
Nunmrabs = n

i
if

i f (NunTabs .ge. NunFields-1) then
K = .true.

el se
K = .fal se.

end if
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end subroutine FindTabs

Verification run 1 (default tritium parameters)

I nput file:
I'NC EC SRS N SRS E DATE SAIC SEQ BLDG SAI C BC Vi Q
Ul V2 Q@ u2 DESC DESC2  DESC3
N??2.2? E??2.?? 99999. 99999. 1/1/00 999999 999-Z 1. IA 400. C 87
1. G Default burial (not special Mound)
N??2.2? E??.?? 99999. 99999. 1-Jan-00 999999 999-7 1. 87 1. C
87 0. G Default burial (not special Mound)
N??2.2? E??2.?? 99999. 99999. 1/1/00 999999 999-Z 1. 87 0. C 87
0. G Default burial (not special Mound)
Qutput flux file:
===== Record No. 2
999999 1/1/00 999-7 Default burial (not special Mund)
99999. 99999. N??2.7?2? E??2.7??
9780. 0 87 1. 000000 G
1900. 000 1900. 000 22
1899. 000 -1. 000000 0. 000000 0. 000000
1900. 000 0. 000000 0. 000000 0. 000000
1900. 020 0. 1953125E- 01 0. 000000 0. 000000
1900. 039 0. 3906250E- 01 0. 000000 0. 000000
1900. 078 0. 7812500E- 01 0. 000000 0. 000000
1900. 156 0. 1562500 0. 000000 0. 000000
1900. 313 0. 3125000 0. 000000 0. 000000
1900. 625 0. 6250000 0. 000000 0. 000000
1901. 250 1. 250000 0. 000000 0. 000000
1902. 500 2.500000 0. 000000 0. 000000
1905. 000 5. 000000 0. 000000 0. 000000
1905. 100 5. 099976 0. 2511487 0. 2562123E- 01
1905. 200 5.199951 0.2412328 0. 5023103E- 01
1905. 400 5. 400024 0. 2225490 0. 9660102E- 01
1905. 800 5. 800049 0. 1894200 0.1788220
1906. 600 6. 599976 0. 1372295 0. 3083504
1908. 200 8. 199951 0. 7202269E- 01 0.4701832
1911. 400 11. 40002 0.1983772E- 01 0. 5996979
1917. 800 17. 80005 0. 1505075E- 02 0. 6451966
1930. 600 30. 59998 0. 8663874E- 05 0. 6489104
1956. 200 56. 19995 0.2870772E- 09 0. 6489320
2107. 400 207.3999 0. 9992454E- 36 0. 6489320
===== Record No. 3

999999 1-Jan-00 999-Z Default burial (not special Mund)
99999. 99999. N??2.7?? E??.7??

1. 0000 87 1. 000000 C

1900. 000 1900. 000 22

1899. 000 -1. 000000 0. 000000 0. 000000
1900. 000 0. 000000 0. 000000 0. 000000
1900. 020 0. 1953125E- 01 0. 000000 0. 000000
1900. 039 0. 3906250E- 01 0. 000000 0. 000000
1900. 078 0. 7812500E- 01 0. 000000 0. 000000
1900. 156 0. 1562500 0. 000000 0. 000000
1900. 313 0. 3125000 0. 000000 0. 000000
1900. 625 0. 6250000 0. 000000 0. 000000
1901. 250 1. 250000 0. 000000 0. 000000
1902. 500 2.500000 0. 000000 0. 000000
1905. 000 5. 000000 0. 000000 0. 000000
1905. 100 5. 099976 0. 2511487 0. 2562123E- 01
1905. 200 5.199951 0. 2412328 0. 5023103E- 01
1905. 400 5. 400024 0. 2225490 0. 9660102E- 01
1905. 800 5. 800049 0. 1894200 0.1788220
1906. 600 6. 599976 0. 1372295 0. 3083504
1908. 200 8.199951 0. 7202269E- 01 0.4701832
1911. 400 11. 40002 0. 1983772E- 01 0. 5996979
1917. 800 17. 80005 0. 1505075E- 02 0. 6451966
1930. 600 30. 59998 0. 8663874E- 05 0. 6489104
1956. 200 56. 19995 0.2870772E- 09 0. 6489320
2107. 400 207. 3999 0. 9992454E- 36 0. 6489320

===== Record No. 4
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999999 1/1/00 999-Z Default burial (not special Mund)
99999. 99999. N??2.7?? E??.7??
100. 00 87  0.000000 C
1900. 000 1900. 000 22
1899. 000 -1. 000000 0. 000000 0. 000000
1900. 000 0. 000000 0. 000000 0. 000000
1900. 020 0. 1953125E- 01 0. 000000 0. 000000
1900. 039 0. 3906250E- 01 0. 000000 0. 000000
1900. 078 0. 7812500E- 01 0. 000000 0. 000000
1900. 156 0. 1562500 0. 000000 0. 000000
1900. 313 0. 3125000 0. 000000 0. 000000
1900. 625 0. 6250000 0. 000000 0. 000000
1901. 250 1. 250000 0. 000000 0. 000000
1902. 500 2. 500000 0. 000000 0. 000000
1905. 000 5. 000000 0. 000000 0. 000000
1905. 100 5. 099976 0. 2511487 0. 2562123E-01
1905. 200 5.199951 0.2412328 0. 5023103E- 01
1905. 400 5. 400024 0. 2225490 0. 9660102E- 01
1905. 800 5. 800049 0. 1894200 0.1788220
1906. 600 6. 599976 0. 1372295 0. 3083504
1908. 200 8.199951 0. 7202269E- 01 0.4701832
1911. 400 11. 40002 0. 1983772E-01 0. 5996979
1917. 800 17. 80005 0. 1505075E- 02 0. 6451966
1930. 600 30. 59998 0. 8663874E- 05 0. 6489104
1956. 200 56. 19995 0.2870772E- 09 0. 6489320
2107. 400 207. 3999 0. 9992454E- 36 0. 6489320
Verification run 2 (Mound Special Burial parameters)
I nput file:
I'NC EC SRS N SRS _E DATE SAIC SEQ BLDG SAI C BC V1 QA
U1 V2 Q@ w2 DESC DESC2 DESC3
N??2.?? E??.?? 99999. 99999. 1/1/00 999999 999-zZ 1. A 400. C 87
1. G Speci al Mound
N??.?2? E??.?? 99999. 99999. 1-Jan-00 999999 999-7 1. 87 1. C
87 0. G Speci al Mound
N??2.?? E??.?? 99999. 99999. 1/1/00 999999 999-zZ 1. 87 0. C 87
0. G Speci al Mound
Qutput flux file:
===== Record No. 2
999999 1/1/00 999-Z  Special Mund
99999. 99999. N??2.7?? E??.7??
9780.0 87  1.000000 G
1900. 000 1950. 000 22
1900. 000 -50. 00000 0. 000000 0. 000000
1949. 000 -1. 000000 0. 000000 0. 000000
1950. 195 0. 1953125 0. 000000 0. 000000
1950. 391 0. 3906250 0. 000000 0. 000000
1950. 781 0. 7812500 0. 000000 0. 000000
1951. 563 1. 562500 0. 000000 0. 000000
1953. 125 3. 125000 0. 000000 0. 000000
1956. 250 6. 250000 0. 000000 0. 000000
1962. 500 12. 50000 0. 000000 0. 000000
1975. 000 25. 00000 0. 000000 0. 000000
2000. 000 50. 00000 0. 000000 0. 000000
2000. 100 50. 09998 0. 1188236E- 02 0.1212207E- 03
2000. 200 50. 19995 0.1141322E- 02 0. 2376500E- 03
2000. 400 50. 40002 0. 1052925E- 02 0. 4570395E- 03
2000. 800 50. 80005 0. 8961847E- 03 0. 8460433E- 03
2001. 600 51. 59998 0. 6492608E- 03 0. 1458868E- 02
2003. 200 53. 19995 0. 3407541E- 03 0. 2224534E- 02
2006. 400 56. 40002 0. 9385632E- 04 0. 2837295E- 02
2012. 800 62. 80005 0. 7120816E- 05 0. 3052559E- 02
2025. 600 75. 59998 0. 4099056E- 07 0. 3070130E- 02
2051. 200 101. 2000 0. 1358221E- 11 0. 3070231E- 02
2102. 400 152. 3999 0. 1491226E- 20 0. 3070231E-02
===== Record No. 3
999999 1-Jan-00 999-Z  Special Mund
99999. 99999. N??2.7?? E??.7??
1. 0000 87 1. 000000 C
1900. 000 1950. 000 22
1900. 000 -50. 00000 0. 000000 0. 000000
1949. 000 -1. 000000 0. 000000 0. 000000
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1950. 195 0.1
1950. 391 0.3
1950. 781 0.7
1951. 563 1.

1953. 125 3.

1956. 250 6.

1962. 500 12.
1975. 000 25.
2000. 000 50.
2000. 100 50.
2000. 200 50.
2000. 400 50.
2000. 800 50.
2001. 600 51.
2003. 200 53.
2006. 400 56.
2012. 800 62.
2025. 600 75.
2051. 200 10
2102. 400 15

===== Record No

999999 1/1/00 9
99999. 99999. N?
100. 00 87 0.0
1900. 000 19
1900. 000 -50
1949. 000 -1.

1950. 195 0.1
1950. 391 0.3
1950. 781 0.7
1951. 563 1.

1953. 125 3.

1956. 250 6.

1962. 500 12.
1975. 000 25.
2000. 000 50.
2000. 100 50.
2000. 200 50.
2000. 400 50.
2000. 800 50.
2001. 600 51.
2003. 200 53.
2006. 400 56.
2012. 800 62.
2025. 600 75.
2051. 200 10
2102. 400 15

953125 0. 000000 0. 000000
906250 0. 000000 0. 000000
812500 0. 000000 0. 000000
562500 0. 000000 0. 000000
125000 0. 000000 0. 000000
250000 0. 000000 0. 000000
50000 0. 000000 0. 000000
00000 0. 000000 0. 000000
00000 0. 000000 0. 000000
09998 0. 1188236E- 02 0.1212207E- 03
19995 0.1141322E-02 0. 2376500E- 03
40002 0. 1052925E- 02 0. 4570395E- 03
80005 0.8961847E- 03 0. 8460433E- 03
59998 0. 6492608E- 03 0. 1458868E- 02
19995 0. 3407541E- 03 0. 2224534E- 02
40002 0. 9385632E- 04 0. 2837295E- 02
80005 0. 7120816E- 05 0. 3052559E- 02
59998 0. 4099056E- 07 0. 3070130E- 02
1.2000 0. 1358221E- 11 0. 3070231E- 02
2.3999 0. 1491226E- 20 0. 3070231E- 02
4
99-Z  Special Mund
?.?2? E??.7?7?
00000 C
50. 000 22
. 00000 0. 000000 0. 000000
000000 0. 000000 0. 000000
953125 0. 000000 0. 000000
906250 0. 000000 0. 000000
812500 0. 000000 0. 000000
562500 0. 000000 0. 000000
125000 0. 000000 0. 000000
250000 0. 000000 0. 000000
50000 0. 000000 0. 000000
00000 0. 000000 0. 000000
00000 0. 000000 0. 000000
09998 0. 1188236E- 02 0.1212207E- 03
19995 0.1141322E-02 0. 2376500E- 03
40002 0. 1052925E- 02 0. 4570395E- 03
80005 0.8961847E- 03 0. 8460433E- 03
59998 0. 6492608E- 03 0. 1458868E- 02
19995 0. 3407541E- 03 0. 2224534E- 02
40002 0. 9385632E- 04 0. 2837295E- 02
80005 0. 7120816E- 05 0. 3052559E- 02
59998 0. 4099056E- 07 0. 3070130E- 02
1.2000 0. 1358221E- 11 0. 3070231E- 02
2.3999 0. 1491226E- 20 0. 3070231E-02
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Appendix C Computer software and verification casesfor job control waste
All computer runs were made on an SGI R10000 UNIX workstation running IRIX 6.4.

Makefile

I ncl udePath = ./1nclude
i ncl ude ${I ncl udePat h}/ FFLAGS. i nc
i ncl ude ${I ncl udePat h}/ LDFLAGS. i nc

Fi el ds = 14

TauDecay = 1.e+6

TaulLeach =2

#Qut put Dir = /work4/ JobCntrl Wsrc
QutputDir = .

Veri ficationRuns:
- rm Verificati onNot Mound. out
cp VerificationNotMund. timTinmes.tim
make Case=Veri fi cati onNot Mound \
BreachTi ne=0 \
Travel Ti ne=5 \
QODef aul t =100 \
Qfactor=1 \
Tenpl ate

Test Case:

- rm Test Case. out

make Case=Test Case \
BreachTi ne=0 \
Travel Ti me=5 \
QODef aul t =-999 \
Qfactor=1 \
Tenpl ate

job_control _waste:

cp TimesCOBRA.tim T Times.tim

nmake Case=job_control _waste \
BreachTi me=0 \
Travel Ti me=5 \
QDef aul t =0 \
Qfactor=1 \
Tenpl ate

### Process COBRA data
Tenpl at e:
meke Case=${ Case} \
Br eachTi me=${ Br eachTi ne} \
Travel Ti me=${Travel Ti me} \
QODef aul t =${ QODef aul t} \
Qf act or =${ QOf act or} \

${ Case}. out
${Case}. out: WI'f | ux COBRA ${ Case}. t xt Times.tim
@echo "===== ${Case} ====="
echo "${Case}.txt" >t np
echo "Times.tinf >>t np
echo "${Qut put Di r}/ ${ Case}. out" >>t nmp
echo "${Qut putDir}/ ${ Case}.fl x" >>t mp
echo "${Qut put Di r}/ ${ Case}. | og" >>t nmp
echo "${Fiel ds}" >>tnp
echo "${ TauDecay}" >>t nmp
echo "${TaulLeach}" >>t mp

echo "${Travel Time}" >>tnp
echo "${BreachTine}" >>tnp
echo "${Q@QDefaul t}" >>t mp
echo "${Q0factor}"” >>tnp
cat tnp| WIfl uxCOBRA
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### Conpil e/link codes ###

WI'f | ux COBRA: WI'f | uxCOBRA. 0 | ost at Check. o Fi ndTabs. o ReadError.o

${F90} -nmips4 -o WIfl uxCOBRA WIf| uxCOBRA. 0 \
| ost at Check. o FindTabs. o ReadError.o

### Define suffix rules ###
.SUFFI XES: .o .f90
.£90. o:

${F90} ${FIOFLAGS} $<

INCLUDE files

### FORTRAN FLAGS ###

FFLAGS = -c -m ps4 - DEBUG subscri pt_check=ON - DEBUG trap_uninitialized=ON -

DEBUG: ver bose_runti ne=ON -g
FOOFLAGS = -c -m ps4 -check_bounds -trapuv -g

LDFLAGS = - i ps4

Fortran90 source code

program WIf | ux COBRA

inplicit none

nteger, paraneter :: RecordLength=250, MaxTi mes=1000
nteger, paraneter :: itxt=11, &
itimel2, &
iout=21, &
iflx=22, &
il 0g=23
nt eger, dinension(20) :: TabPos
nteger i, n, iostat_flag, NunTabs, NunFields
nteger :: Sequence=SELECTED | NT_KI ND( 6)
nteger :: Buri al Code

Count NoQuantity, CountConments

nteger :: Mnth, Day, Year, Delimterl, Delimter2, nTines,

real :: srsN, srsE

real :: Volune

real, dinension(MxTines) :: Tines

real :: TenpReal, Burial Tinme

real :: TauDecay, TaulLeach, Travel Ti ne, BreachTi ne, DecayBeforeBreech

real :: k, |, Fwm, Qm, ReleaseTinme, FiniteDi ff, Tine, El apsedTine

real :: Fw Func, Qut Func

real :: UnitsConversion, Q), QDefault, Qfactor, CumulativeQ, Cumul ativeQa

real, paraneter :: G PerG=9780.

character(len=6) :: NC, EC

character(len=9) :: Date

character(len=6) :: Bldg
character(len=2), dinmension(2) :: Variety
character(len=80) :: Descl, Desc2, Desc3
character(l en=80) :: TenpChar
character(len=3) :: MonthChar

charact er (|1 en=RecordLengt h) Record
character(l en=80) Fil eNanme
character(len=1), paranmeter :: tab=" ', bar="|’', space=

1

| ogical exit_flag, OK

' NI TI ALl ZE VARI ABLES
Count NoQuantity = 0
Count Comments = 0
Cunmul ative@ =0

Cumul ati veQam = 0
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I OPEN FI LES AND READ | NPUT DATA
read(5,’ (a)’) FileNane
open (unit=itxt, file=FileName, status="old , action="read)

read(5,’ (a)’) Fil eName
open (unit=itim file=FileNanme, status="old, action="read)

read(5,’ (a)’) FileNane
open (unit=iout, file=FileName, status="unknown’, action="wite’)

read(5,’ (a)’) Fil eName
open (unit=iflx, file=FileNanme, status="unknown’, action="wite’)

read(5,’ (a)’) FileNane
open (unit=ilog, file=FileName, status="unknown’, action="wite’)

read(5,*) NunFields
read(5, *) TauDecay
read(5,*) TaulLeach
read(5,*) Travel Ti me
read(5,*) BreachTine
read(5,*) QDefault
read(5,*) Qfactor

I READ TI MES AT WH CH TO COVPUTE WATER TABLE FLUX
nTines = 1
do
read (itim*,iostat=iostat_flag) Tinmes(nTinmes)
call lostatCheck (iostat_flag, "Tinmes", exit_flag)
if (exit_flag) then
nTimes = nTines - 1
exit
end if
nTines = nTines + 1
end do

! READ COBRA RECORDS
n=1
do
! READ DATA RECORD
read (itxt,’(a)’,iostat=iostat_flag) Record
call lostatCheck (iostat_flag, "Record", exit_flag)
if (exit_flag) then
n=n-1
exit
end if

! READ DATA FI ELDS
if (Record(1:1) .eq. '!’) then
wite (iout, '(a)’) TR M Record)
Count Comment s = Count Comments + 1
el se
! FI ND TAB PGCSI TI ONS
call FindTabs (Record, RecordLength, NunFi el ds, Nunilabs, TabPos, OK)
if (.not.OK) then
if (NunTabs+1l .I1t. 14) then
wite (6,*) "*** ERROR *** not enough fields", n, NunTabs+1
wite (ilog,*) Record
wite (ilog,’ (20i4)’) (TabPos(i), i=1, NunTabs)

st op
end if
end if
'wite (iout,’ (20i4)’) (TabPos(i), i=1, Nunirabs)
! READ FI ELDS
read (Record( 1: TabPos( 1)-1),’'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError(iostat_flag, n,"NC")

NC = ADJUSTL( TenpChar)

read (Record(TabPos( 1)+1: TabPos( 2)-1),’'(a)’,iostat=iostat_flag) TenpChar
cal | ReadError(iostat_flag, n,"EC")
EC = ADJUSTL( TenpChar)
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read (Record(TabPos( 2)+1:
cal |

read (Record(TabPos( 3)+1:
call

read (Record(TabPos( 4)+1:
cal |
Dat e = ADJUSTL( TenpChar)

read (Record(TabPos( 5)+1:
cal |
Sequence = TenpReal

read (Record(TabPos( 6)+1:
cal |
Bl dg = ADJUSTL( TenpChar)

read (Record(TabPos( 7)+1:
cal |
Buri al Code = TenpReal

read (Record(TabPos( 8)+1:
cal |

TabPos(

TabPos(

TabPos(

TabPos(

TabPos(

TabPos(

TabPos(

3)-1),

4)-1),

5-1),°

6)-1),

n-1,"

8)-1),

9)-1),

* iostat=iostat_flag)

ReadError(iostat_flag,n,"

*,iostat=iostat_flag)

ReadError(iostat_flag,n,"

(a)’,iostat=iostat_flag)

ReadError(iostat_flag,n,"

*, iostat=i ostat_flag)

ReadError(iostat_flag,n,"

(a)’,iostat=iostat_flag)

ReadError(iostat_flag,n,"

* iostat=i ostat_flag)

ReadError(iostat_flag,n,"

* iostat=i ostat_flag)

ReadError(iostat_flag,n,"

read (Record(TabPos( 9)+1: TabPos(10)-1),’'(a)’',iostat=iostat_flag)

ReadError(iostat_flag,n,"

read (Record(TabPos(10)+1: TabPos(11l)-1),’'(a)’',iostat=iostat_flag)

call

Variety(1l) = ADJUSTL(TenpChar)
call

Variety(2) = ADJUSTL(TenpChar)
Descl = "’

ReadError(iostat_flag,n,"

read (Record(m n(TabPos(11)+1, RecordLengt h): TabPos(12)-1), &
"(a)’,iostat=iostat_flag) Descl

cal |

Desc2 = '’

ReadError (iostat_flag,n, "Descl")

read (Record(m n(TabPos(12)+1, Recor dLengt h): TabPos(13)-1), &
"(a)’,iostat=iostat_flag) Desc2

call

Desc3 ="’

read (Record(m n(TabPos(13)+1, RecordLengt h):

ReadError (i ostat_flag, n, "Desc2")

"(a)’,iostat=iostat_flag) Desc3

TRI M Desc1) space,

&

cal |
I ECHO | NPUT
wite (iout, ’( a,a, &
& a,a, &
& f9.2,a, &
& f9.2,a, &
& a,a &
& i8,a, &
& a,a &
& id4,a, &
& 1pel0.3,a, &
& a,a, &
& a,a &
& a,a, &
& a,a &
& a, a )') &
TRI M NC) , tab, &
TRI M EC) , tab, &
srsN , tab, &
srsE , tab, &
TRIM Date(:8)) , tab, &
Sequence , tab, &
TRI M Bl dg) , tab, &
Buri al Code , tab, &
Vol une , tab, &
TRIM Variety(1)), tab, &
TRIM Variety(2)), tab, &

TRI M Desc?2) space,

&

ReadError (iostat_flag,n, "Desc3")

srsN
srsN')

SrskE
srsE")

TenmpChar
Dat e")

TenpReal
Sequence")

TenpChar
Bl dg")

TenpReal
Buri al Code")

Vol une

Vol une")
TenpChar
Variety(1)")

TenpChar
Variety(2)")
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TRI M Desc3)

! COWPUTE BURI AL TI ME | N YEARS
do i=1,9
if (Date(i:i).eq.’/’ .or. Date(i:i).eq.’-") then
Delimterl=
exit
end if
end do
do i=Delimterl+1,9
if (Date(i:i).eq.’/’ .or. Date(i:i).eq.’-") then
Delinmiter2=
exit
end if
end do

if (Date(Delimterl:Delimterl) .eq. '/') then

read (Date( :Delimterl-1),*,iostat=iostat_flag) Mnth
cal | ReadError (i ostat_flag,n, "Mnth")
read (Date(Delimterl+l:Delimter2-1),*,iostat=iostat_flag) Day
cal | ReadError (iostat_flag,n,"Day")
read (Date(Delimter2+1:Delimter2+3),*,iostat=iostat_flag) Year
cal | ReadError (iostat_flag,n,"Year")
el se

read (Date( :Delimterl-1),*,iostat=iostat_flag) Day
cal | ReadError (iostat_flag,n, " Day")

Mont hChar = Date(Delimterl+1:Delimter2-1)

if (MnthChar.eq.’Jan’ .or. MnthChar.eq.’ JAN) Mnth = 1

if (MonthChar.eq.’' Feb’ .or. MonthChar.eq.’ FEB') Month = 2

if (MnthChar.eq.’ Mar’ .or. MnthChar.eq.’ MAR) Month = 3

if (MonthChar.eq.’' Apr’ .or. MonthChar.eq.’ APR) Month = 4

if (MnthChar.eq.’ May' .or. MnthChar.eq.’ MAY') Month = 5

if (MonthChar.eq.’Jun’ .or. MonthChar.eq.’JUN) Month = 6

if (MnthChar.eq.’Jul’ .or. MnthChar.eq.’JUL’) Month = 7

if (MonthChar.eq.’ Aug’ .or. MonthChar.eq.’ AUG) Month = 8

if (MonthChar.eq.’ Sep’ .or. MnthChar.eq.’ SEP’) Month = 9

if (MonthChar.eq.' Cct’ .or. MonthChar.eq.’ CCT") Month = 10

if (MonthChar.eq.’ Nov' .or. MnthChar.eq.’NOV') Mnth = 11

if (MonthChar.eq. Dec’ .or. MonthChar.eq.’DEC ) Month = 12

read (Date(Delimter2+1: ),*,iostat=iostat_flag) Year
cal | ReadError (iostat_flag,n,"VYear")

end if
Burial Tine = (Day-1)/365. + (Month-1)/12. + Year + 1900

! DETERM NE VOLUVE
Q = Vol une
if (Volume .eq. 0) then
Q = QODefault; CountNoQuantity = CountNoQuantity + 1
end if

Cumul ative@ = Cunul ative@Q + Q

! COWPUTE FLUX TO VADOSE ZONE AND WATER TABLE AS FUNCTI ON OF TI ME
| | og(2.)/ TauDecay
k | og(2.)/ TauLeach

DecayBef oreBreech = exp(-I|*BreachTi ne)
Rel easeTinme = Burial Time + BreachTi nme

if (Q .gt. 0) then
wite (iflx, '("===== Record No. ",i6,2x,40("="))") n
wite (iflx, ’(i8,2x,a,2x,a,2x,a))’) Sequence, Date(:8), Bldg, &
TRI M Descl)//space// TRI M Desc2)//space// TRI M Desc3)
wite (iflx, "(2(f9.0),2x,a,2x,a))’) srsg srsN, NC, EC
wite (iflx, "(gl2.5))’) Q*Qfactor
wite (iflx, "(2(915.7,2x),i4)’) Burial Tine, ReleaseTine, nTines

do i=1, nTimes
Time = Tinmes(i)
El apsedTime = Tine - Rel easeTi ne
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Fut
Qut

wite (iflx,

Fwt Func(k, |, Travel Ti ne, El apsedTi ne) * DecayBef or eBr eech
Qnt Func(k, |, Travel Ti me, El apsedTi ne) * DecayBef or eBr eech

"(4(915.7,2x))’) Tinme, ElapsedTinme, P, Qu

end do

Currul at i
end if
end if
n=n+1

end do

wite (
wite (ilog,*)

*,*)

wite (
wite (ilog,*)

*  *
1

wite (
wite (ilog,*)

*,*)
wite ( **)
wite (ilog,*)

wite (
wite (ilog,*)

*,*)

veQMm =

Cunmul ativeQm + Q0*QOf act or * DecayBef or eBreech* &

Qnt Func(k, |, Travel Ti e, 1000.)

" Tot al
" Tot al

records’, n
records’, n

Count Corment s
Count Conmrent s

" Comment
" Conment

records’,
records’,

n- Count Comrent s
n- Count Conmrent s

"Data records’,
"Data records’,

"Records with quantity not specified/ unknown’,
"Records with quantity not specified/ unknown’,

"Cunmul ative buried activity’,
"Cumul ative buried activity’,

Cunul ati veQ
Cumul ati veQ

Count NoQuantity
Count NoQuantity

wite (
wite (ilog,*)

*  *
1

"Cumul ative activity entering water table’,
"Cunul ative activity entering water table’,

Cumul ati veQat
Cunul at i veQat

wite (
wite (ilog,*)

*,*)

"Ratio’,
"Ratio’,

Cunul ativeQat / Cunul ati veQ)
Curul ativeQat / Cunul ati veQ)

st op

end program WIf| uxCOBRA

function Fw Func(k,|,Dt,t)

real, intent(in) k, I, Dt, t
if (t .gt. Dt) then
Fwt Func = k*exp(-1*Dt)*exp(-(k+l)*(t-Dt))
el se
Fwt Func = 0
end if

end function Fw Func

function QM Func(k,|,Dt,t)

real, intent(in) k, I, Dt, t
if (t .gt. Dt) then
Qmt Func = k/ (k+l)*exp(k*Dt)*(exp(-(k+l)*Dt) - exp(-(k+l)*t))
el se
Qut Func = 0
end if

end function Qm Func

subroutine ReadError (iostat_flag, n, Whi chOne)

inplicit none

i nt eger , intent(in) :: iostat_flag,n
character(len=*), intent(in) Whi chOne

if (iostat_flag .ne. 0) then

wite (*,%)
st op
end if

'*xx ReadError *** WhichOne, n: ', WiichOne, n

end subroutine ReadError

subroutine |ostatCheck (iostat_flag, string, exit_flag)
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integer , intent(in) :: iostat_flag
character, intent(in) string
logical, intent(out) :: exit_flag

i f (iostat_flag .eq. 0) then !X

exit_flag = .fal se.

else if (iostat_flag .It. 0) then ! END-OF-FI LE

exit_flag = .true.

else if (iostat_flag .gt. 0) then ! ERROR
wite (*,’(2a)’) "*** READ ERROR *** '

st op
end if

end subroutine |ostatCheck

subroutine Fi ndTabs(Record, RecordLengt h, NunFi el ds,

i nt eger, intent(in) Recor dLengt h
i nt eger, intent(in) NunFi el ds
character (| en=RecordLength), intent(in) Record

i nt eger, i ntent (out) NunTabs
i nt eger, dinension(NunFields-1), intent(out) :: TabPos

| ogi cal , intent(out) :: OK
real, paraneter :: zero=0.0

integer i, n

n=2~0

TabPos = RecordLength

do i =1, RecordLength

if (Record(i:i) .eq. ’ ') then
n=n+1
if (n.lt. NunFields) then
TabPos(n) =i
el se
Iwite (6,*) "*** WARNING *** n
end if
end if
end do
Nunifabs = n

i f (NunTabs .ge. Nunfields-1) then
K = .true.

el se
XK = .fal se.

end if

end subroutine FindTabs

Verification run

. ge.

string

NunFi el ds",

n,

NunFi el ds

NunTabs, TabPos, OK)

Input file:

I'nc ec srs_n srs_e date_saic
v2 desc desc2 desc3

N13.70 E18.20 74970.00 57620. 00
150.00 81 CARTON

N15.20 E26.20 75120.00 58420. 00
9. 00 46

N15.20 E26.20 75120.00 58420. 00
9. 00 46 FP

N15.20 E26.20 75120.00 58420. 00
34.00 FP

N15.20 E26.20 75120.00 58420. 00
300.00 FP EP 831.1

N15.20 E27.10 75120.00 58510. 00
250.00 FP

N15.20 E26.20 75120.00 58420. 00

seq bl dg_sai c

5/ 31/ 96 0:00:

3/16/70 O:
3/18/70 O:
3/19/70 O:
3/19/70 O:
3/16/70 O:
3/16/70 O:

00:
00:
00:
00:
00:
00:

00
00
00
00
00
00
00

bc

1346.
4787.
4795.
4796.
4799.
4806.
4810.

Vo
00677-G
00 773-A
00 773-A
00 105-K
00 221-F
00 221-F
00 773-A

vl

3.00
4.00
4.00
2.00
2.00

4.00
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12.00 46 FP

N15.20 E26.20 75120.00 58420. 00 3/ 16/ 70 0: 00: 00 4811.00773-A 4.00
12.00 46 FP

N15.20 E26.20 75120.00 58420. 00 3/ 16/ 70 0: 00: 00 4812.00773-A 3.00
10.00 46

Qutput flux file:
===== Record No. 2
1346 5/31/96 677-G CARTON
57620. 74970. N13.70 E18.20

150. 00
1996. 416 1996. 416 17
1970. 000 -26. 41553 0. 000000 0. 000000
1975. 000 -21. 41553 0. 000000 0. 000000
1980. 000 -16. 41553 0. 000000 0. 000000
1985. 000 -11. 41553 0. 000000 0. 000000
1990. 000 -6. 415527 0. 000000 0. 000000
1995. 000 -1. 415527 0. 000000 0. 000000
2000. 000 3.584473 0. 000000 0. 000000
2005. 000 8. 584473 0. 1000636 0.7112727
2010. 000 13. 58447 0. 1768884E- 01 0. 9489554
2015. 000 18. 58447 0. 3126965E- 02 0. 9909720
2020. 000 23. 58447 0. 5527726E- 03 0. 9983996
2025. 000 28. 58447 0. 9771696E- 04 0. 9997126
2030. 000 33. 58447 0.1727403E- 04 0. 9999447
2050. 000 53. 58447 0. 1686893E- 07 0. 9999945
2100. 000 103. 5845 0. 5027156E- 15 0. 9999946
2150. 000 153. 5845 0. 1498160E- 22 0. 9999946
2200. 000 203. 5845 0. 4464701E- 30 0. 9999946
===== Record No. 3
4787 3/16/ 70 773- A
58420. 75120. N15.20 EZ26.20
9. 0000
1970. 208 1970. 208 17
1970. 000 -0.2077637 0. 000000 0. 000000
1975. 000 4,792236 0. 000000 0. 000000
1980. 000 9. 792236 0. 6583989E- 01 0. 8100212
1985. 000 14. 79224 0. 1163892E- 01 0. 9664118
1990. 000 19. 79224 0. 2057483E- 02 0. 9940580
1995. 000 24.79224 0.3637137E- 03 0. 9989451
2000. 000 29. 79224 0. 6429591E- 04 0. 9998090
2005. 000 34.79224 0. 1136597E- 04 0. 9999618
2010. 000 39. 79224 0. 2009233E- 05 0. 9999887
2015. 000 44, 79224 0. 3551845E- 06 0. 9999936
2020. 000 49.79224 0. 6278808E- 07 0. 9999944
2025. 000 54. 79224 0. 1109943E- 07 0. 9999946
2030. 000 59. 79224 0. 1962113E-08 0. 9999946
2050. 000 79. 79224 0.1916103E- 11 0. 9999946
2100. 000 129. 7922 0.5710231E- 19 0. 9999946
2150. 000 179. 7922 0.1701726E- 26 0. 9999946
2200. 000 229. 7922 0. 5071370E- 34 0. 9999946
===== Record No. 4
4795 3/18/70 773- A
58420. 75120. N15.20 EZ26.20
9. 0000
1970. 213 1970. 213 17
1970. 000 -0. 2132568 0. 000000 0. 000000
1975. 000 4,786743 0. 000000 0. 000000
1980. 000 9.786743 0. 6596536E- 01 0. 8096592
1985. 000 14. 78674 0.1166110E- 01 0. 9663478
1990. 000 19. 78674 0. 2061403E- 02 0. 9940466
1995. 000 24.78674 0. 3644068E- 03 0. 9989431
2000. 000 29. 78674 0. 6441842E- 04 0. 9998087
2005. 000 34.78674 0.1138763E- 04 0. 9999617
2010. 000 39. 78674 0. 2013061E- 05 0. 9999887
2015. 000 44, 78674 0. 3558612E- 06 0. 9999936
2020. 000 49. 78674 0. 6290771E- 07 0. 9999944
2025. 000 54. 78674 0. 1112058E- 07 0. 9999946
2030. 000 59. 78674 0. 1965852E- 08 0. 9999946
2050. 000 79. 78674 0.1919753E- 11 0. 9999946
2100. 000 129. 7867 0.5721112E- 19 0. 9999946
2150. 000 179. 7867 0. 1704968E- 26 0. 9999946
2200. 000 229. 7867 0. 5081013E- 34 0. 9999946
===== Record No. 5

4796 3/19/70 105-K
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58420
34. 000
1970.
1970.
1975.
1980.
1985.
1990.
1995.
2000.
2005.
2010.
2015.
2020.
2025.
2030.
2050.
2100.
2150.
2200.

216
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

75120.

===== Record No.
4799 3/19/70

58420
300. 00
1970.
1970.
1975.
1980.
1985.
1990.
1995.
2000.
2005.
2010.
2015.
2020.
2025.
2030.
2050.
2100.
2150.
2200.

216
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

75120.

===== Record No.
4806 3/16/70

58510
250. 00
1970.
1970.
1975.
1980.
1985.
1990.
1995.
2000.
2005.
2010.
2015.
2020.
2025.
2030.
2050.
2100.
2150.
2200.

208
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

75120.

===== Record No.
4810 3/16/70

58420
12. 000
1970.
1970.
1975.
1980.
1985.
1990.
1995.
2000.

208
000
000
000
000
000
000
000

75120.

N15.20 E26.20
1970. 216 17
-0.2159424 0. 000000 0. 000000
4.784058 0. 000000 0. 000000
9. 784058 0. 6602678E- 01 0. 8094819
14. 78406 0.1167196E- 01 0. 9663165
19. 78406 0. 2063323E-02 0. 9940411
24. 78406 0. 3647461E- 03 0.9989421
29. 78406 0. 6447840E- 04 0. 9998085
34. 78406 0. 1139823E- 04 0. 9999617
39. 78406 0. 2014936E- 05 0. 9999887
44. 78406 0. 3561926E- 06 0. 9999936
49. 78406 0. 6296629E- 07 0. 9999944
54. 78406 0. 1113094E- 07 0. 9999946
59. 78406 0. 1967683E- 08 0. 9999946
79. 78406 0.1921541E- 11 0. 9999946
129. 7841 0. 5726439E- 19 0. 9999946
179. 7841 0. 1706556E- 26 0. 9999946
229.7841 0. 5085745E- 34 0. 9999946
6
221-F
N15.20 E26.20
1970. 216 17
-0.2159424 0. 000000 0. 000000
4.784058 0. 000000 0. 000000
9. 784058 0. 6602678E- 01 0. 8094819
14. 78406 0.1167196E- 01 0. 9663165
19. 78406 0. 2063323E-02 0. 9940411
24. 78406 0. 3647461E- 03 0.9989421
29. 78406 0. 6447840E- 04 0. 9998085
34. 78406 0. 1139823E- 04 0. 9999617
39. 78406 0. 2014936E- 05 0. 9999887
44. 78406 0. 3561926E- 06 0. 9999936
49. 78406 0. 6296629E- 07 0. 9999944
54. 78406 0. 1113094E- 07 0. 9999946
59. 78406 0. 1967683E- 08 0. 9999946
79. 78406 0.1921541E- 11 0. 9999946
129. 7841 0. 5726439E- 19 0. 9999946
179. 7841 0. 1706556E- 26 0. 9999946
229.7841 0. 5085745E- 34 0. 9999946
7
221-F
N15.20 E27.10
1970. 208 17
-0.2077637 0. 000000 0. 000000
4.792236 0. 000000 0. 000000
9. 792236 0. 6583989E- 01 0. 8100212
14.79224 0.1163892E- 01 0. 9664118
19. 79224 0. 2057483E- 02 0. 9940580
24.79224 0.3637137E- 03 0. 9989451
29.79224 0. 6429591E- 04 0. 9998090
34. 79224 0. 1136597E- 04 0. 9999618
39. 79224 0. 2009233E- 05 0. 9999887
44.79224 0. 3551845E- 06 0. 9999936
49. 79224 0. 6278808E- 07 0. 9999944
54. 79224 0. 1109943E- 07 0. 9999946
59. 79224 0. 1962113E- 08 0. 9999946
79.79224 0.1916103E-11 0. 9999946
129. 7922 0.5710231E-19 0. 9999946
179. 7922 0.1701726E- 26 0. 9999946
229.7922 0.5071370E- 34 0. 9999946
8
773-A
N15.20 E26.20
1970. 208 17
-0.2077637 0. 000000 0. 000000
4.792236 0. 000000 0. 000000
9. 792236 0. 6583989E- 01 0. 8100212
14. 79224 0.1163892E- 01 0. 9664118
19. 79224 0. 2057483E- 02 0. 9940580
24.79224 0.3637137E- 03 0. 9989451
29.79224 0. 6429591E- 04 0. 9998090
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2005. 000 34.79224 0. 1136597E- 04 0. 9999618
2010. 000 39. 79224 0. 2009233E- 05 0. 9999887
2015. 000 44.,79224 0. 3551845E- 06 0. 9999936
2020. 000 49.79224 0. 6278808E- 07 0. 9999944
2025. 000 54. 79224 0. 1109943E- 07 0. 9999946
2030. 000 59. 79224 0. 1962113E- 08 0. 9999946
2050. 000 79.79224 0.1916103E- 11 0. 9999946
2100. 000 129. 7922 0.5710231E- 19 0. 9999946
2150. 000 179. 7922 0.1701726E- 26 0. 9999946
2200. 000 229. 7922 0.5071370E- 34 0. 9999946
===== Record No. 9
4811 3/16/70 773- A
58420. 75120. N15.20 E26.20
12. 000
1970. 208 1970. 208 17
1970. 000 -0.2077637 0. 000000 0. 000000
1975. 000 4.792236 0. 000000 0. 000000
1980. 000 9. 792236 0. 6583989E- 01 0. 8100212
1985. 000 14. 79224 0. 1163892E- 01 0. 9664118
1990. 000 19. 79224 0. 2057483E- 02 0. 9940580
1995. 000 24.79224 0.3637137E- 03 0. 9989451
2000. 000 29. 79224 0. 6429591E- 04 0. 9998090
2005. 000 34.79224 0. 1136597E- 04 0. 9999618
2010. 000 39. 79224 0. 2009233E- 05 0. 9999887
2015. 000 44.,79224 0. 3551845E- 06 0. 9999936
2020. 000 49. 79224 0. 6278808E- 07 0. 9999944
2025. 000 54. 79224 0. 1109943E- 07 0. 9999946
2030. 000 59. 79224 0. 1962113E- 08 0. 9999946
2050. 000 79. 79224 0.1916103E- 11 0. 9999946
2100. 000 129. 7922 0.5710231E- 19 0. 9999946
2150. 000 179. 7922 0.1701726E- 26 0. 9999946
2200. 000 229. 7922 0.5071370E- 34 0. 9999946
===== Record No. 10
4812 3/16/ 70 773- A
58420. 75120. N15.20 EZ26.20
10. 000
1970. 208 1970. 208 17
1970. 000 -0.2077637 0. 000000 0. 000000
1975. 000 4,792236 0. 000000 0. 000000
1980. 000 9.792236 0. 6583989E- 01 0. 8100212
1985. 000 14. 79224 0. 1163892E- 01 0. 9664118
1990. 000 19. 79224 0. 2057483E- 02 0. 9940580
1995. 000 24.79224 0.3637137E- 03 0. 9989451
2000. 000 29. 79224 0. 6429591E- 04 0. 9998090
2005. 000 34.79224 0. 1136597E- 04 0. 9999618
2010. 000 39. 79224 0. 2009233E- 05 0. 9999887
2015. 000 44.,79224 0. 3551845E- 06 0. 9999936
2020. 000 49.79224 0. 6278808E- 07 0. 9999944
2025. 000 54.79224 0. 1109943E- 07 0. 9999946
2030. 000 59. 79224 0. 1962113E- 08 0. 9999946
2050. 000 79.79224 0.1916103E- 11 0. 9999946
2100. 000 129. 7922 0.5710231E- 19 0. 9999946
2150. 000 179. 7922 0.1701726E- 26 0. 9999946
2200. 000 229. 7922 0. 5071370E- 34 0. 9999946
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Appendix D CDROM softwar e archive

(CDROM pocket)
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