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Radioactivity in the Plant environs was measured during the six
month period ending June 30, 1961. Releases of alpha emitters, non
volatile beta emitters, and tritium to effluent stree...rns increased, 
while such releases to the atmosphere decreased. Hadioiodine re
leased to the atmosphere - the. highest six-mont!J total observed 
since 1957 - ;:as attributed almost entirely to that released from 
the Building 291-F stack. 
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Introduction 

Under a po:-ogram established by the Du Pont Compar.y in June 1951, 

the Savannah Ri.ver Plant site and surrounding region are system

atically moni.tored for radioactivity. ThP. envi.ronmental monitoring 

program acct.unulates information that is useful both as a measure of 

the effectiveness of Plant controls and as. an authoritative record 

of environ:nental conditions. This report, coYering the period from 

January througr1 June 1961, is one of a series of reports relating 

to the environmental monitoring program. 

D~ta Reporting 

Survey data were averaged for the six-month period and compared with 

the previous six-month averages ("Health Physics Regional Monitoring 

Semiannual Report," DPSP 61-25-4, October 1961). In reporting data, 

'tAvg 11 or "Total" :-efers to ~he average or total for this aix-month 

:-eport period, '..ihile 11 Prev Avg 11 or "Prev Total" refers to the aver

age or total for tl1e pr~ceding six-:conch period. Unless othen;ise · 

specified, 11 Maxn refers to the greatest concentration observed in 

a single sample collected during the report period. 

Sensitivity and Standard Deviation of Laboratory Analyses 

The sensitivity of laboratory analyses refers to the minimum amount 

of radioactivity that can be detected by the radiochemical analyti

cal techniques in use. It i2 based on statistical counting error 

( 90';(, confidence level) and is influenced by sample size, counte1· 
'' 

efficiency, and counter background. No self absorption corrections 

have been applied to the alpha and nonvolati.le beta results. 

The standard deviations, calculated from spike recovery values, are 

applicable to the six-month averages of data in ti1is report. 

Where samples ·.-ere analyzed by gam:na spectromet:-y, the lower level 

of detection of a given isotope varied with: (l) background of each 

individual channel grouping, and ( 2) geometr~· and volu.'lle of sample 
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analyzed. Fe~ ~~is :·2asor.. no e.,.-e::-s.g:: se:-c..siti~r:...ties a!'e giver... 

Furthermore, usi::g ge..."';;.."'!l.a .spect::-:::::e-:ry, :..t is ::J.ot pYe.ctical to dif-

ferentiate bet"" .. reer.. m.J.::lides emi tt:...!'lg ge.:-:-~.a :::-ays of nearly the same 

energy. 
;-;, ...... ~ ..... ,....r.:.~ 
--··"-' ......... l:"~ .::> ·_;ere ncces-

sarily present. Tne differentiation between nurr.bers of most of such 

groupings can be made, if required, by: (1) approximate age esti

mates of the radioactive material at the time of release, (2) chemical 

separations, and (3) decay and beta absorption studies. 

Standard 
Anal;rsis Sa":'':Ele Sensitivit;t: Deviation 1 * S;Eike Value 

Alph& Water 0.19 ± o.os X 10-~5 c/mJ. a. 7 45 X 10-~5 c/mJ. 
Mud 0.~9 ± 0.08 x lo-i2 c/g 

Vegetation 0.10 ± 0,04 x lo-l.2 c/g 

Air 0.03 ± o.o~ x 10· 14 "c/cc 

Beta Water {.1 i 2.7 X 10- 15 c/=l 
Mud .:.!.,1 ± 2. 7 X 10- 12 c/g 
Vegetation .. 2.1 ± 1.3 X l'T1.2 .:fg 

Biological 

Specinens 2.2 ± 2 x 10-1.2 c/S* 
Aor 0,69 ± 0.45 X lQ-H flc/cc 

TBP Extraction 'dater 0.27 ± 0.12 x 10-~5 c/~ 15 45 X 10-~5 c/ml 
Mud 0.28 ± 0.13 x 10-J.2 c/6 17 45 X l0~12 c(g 
Vegetation 0.035 ± 0.18 x l0- 22 c/ g 22 4.5 x 10- 12 c/g 

Radioiodine Water 7.8 ± 5.1 X 10-~5 c/~ 9,3 300 x 1o-'5 c/ml 
Vegetation 0."67 ± 0.43 X 10-~2 c/g 17 20 x lo-~2 c/g 
Air 1.8 ± 1.2 x lo-~4 )lc/cc 
Milk 9.8 ± 1.5 X 10-~5 flC/ CC ll 3000 x lo-1.5 c/mJ. 

Tritium Water 4 x lo-'2 c/mJ. 5 2500 X 10- 12 c/ml 
/ Air 0.04 X 10-9 

u.c/cc** 

Radiocesium Water 4.3 ± 2.8 x lo-15 c/cl 14 600 x 10- 2~ c/ml 

Radiostront~u;.-- Water 6.5 ± 4.2 X 10-15 c/cl ~6 230 x lo-~5 c/mJ. 
~-

Strontium-90 Water O.lO ± 0 .. 06 x 10-~5 c/ml. 27 230 X 10- 15 c/=U. 
Milk 1.58 ± o.33 x w- 15 ::/:ll ll 47 X 10-15 c/ml 

* Approximate average; s.::unple 3:.::.e vo.ried 

** Approximat.e average; ·,raried ... ,th absolute humidity. 

s. 

.1 
.. 

., 
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Summary 

The total q1,1an-:i ty ::·f ::"ad:..ce.cti ·.·e ·.-;as te rele2.sed by the Savannah 

River Pla~1t intc tCe atrncsphe::-e: e:'fl'...:.ent st:-ea.Ins, and earthen 

table. 

Atr..os:phere Effluent Stream Seepage· Basins 

Alpha, rr,c "' .J..voV 88 446 

Nonvolatile Beta, c 4.0 230 165 

Radioiodine, c 160 l9 157* 

Tritium, kc <U2.5 27.4 12.2 

* Value reflects :radioiodine neasured 

in F-Area basins on 6/14/61. 

The radioiodine released to the atmosphere (the highest six-month 

total observed since 1951) '.vas attribu::2d s.lrl.ost entirely to the 

Building 291-F stack. The abno:c:aal rel·2ase occurred mostly during 

the period May 30 t~rough J·J.nc- 3. I:1Y?3"t.iga-:ion. of t.he source of 

the large ar.1ount of r3.dioiodi.ne ia t'cle F-Arc=a canyon process r,..ras 

was unintentionally dissolYecl. 

Atmosphere· sampling yielded no·evidence of Plant released alpha at 

any location, ·Hhile filterable beta' cot!cent:-ations ~..rei"e sl:~gll :ly · 

higher at F and H Areas than those at or,ore ·i~stant locat __ c,1s. ·rhe 

Plant perimeter average concentration of filterable beta in air 

(7 X lO-l.4 J.lC/cc) ~ .. ras, ho1.vever, no higher t!1an concentrations ob

served at locations app!'oximately 100 ~::ilcs f=om the Plant. Atmos-

pheric radioiodine and tri tiw'TI ~ ... yere detected at locations out to 

and including the 25-!:!ile radius lcc.:.t.ions. Du:-ing the pe::-iod of 

increased radioiodine release i.!.l. Jt..:.n(!, ?l::..·.1t p~rL'Tieter samples of 

air, vegetation and milk conta::..ned maximur.' .. concentrations cf 

1.0 X 10- 12 IJ.C/cc., ov X 10- 12 c/g, c..n~i E~:CO X l.0- 15 c/ml, 

The disassembly basi!l disch3.:-ges f:-orr, th~ re2..ctor areas accounted 

'for practically all of the radioactivity releo.sed to effluent 

streams. Of the beta activity (247 curies, excluding tritilun) 
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Summary 

The total quantity of radioactive · .. ;aste :-::·el-::2.s'=-5. O:: t:::= 3avanne.h 

River Plant into the atmosphere, effluent str~e .... -:J..s_. e.:1d. earthen 

seep?-ge basins -luring the six-month period :i.s shmm in the follo·..ting 

tabl!=. 

Atmosphere Effluent Strerur~ Seepage Basins 

Alpha, me 

Nonvolatile 

Radioiodine, 

Tritiwn, kc 

15.6 88 

Beta, c 4:0 23C 

c 160 19 

412.5 27.4 

* Value reflects radioiodine measured 

in F-Area basins on 6/14/61. 

446 

165 

157* 

12.2 

The radioiodine released to the atmosphere (the highest six-month 

total observed sine~ 1957) ~<as attributed almost entirely to the 

Building 291-F stack. T:C.c abno,·mal release occurred mostly during 

the period Hay 30 th::-o·J.gh June 3. I:1vestigaticn of the scurce of 

the large amount of radioiodin.e in t!le F-Area canyon process ·.vas 

inconclusive but. there is a ~Jr·obab:L:..~_ty that shcrt-cooled ural·::.:..'..Ln 

was unintentionally dissolveC:. 

Atmosphere sa.l!lplir..g y::_e]_ded no e~ridence of Plant released alphs. at •. 

any location, ,,.rhile filterable -oeta concentrations '.vere sligll-:ly 

higher B.t F and .H Areas than those at more Uista.:1t locat .. .:.'~"Ls. The 

Plant perimeter ave,·age concent:·ation of filtere.ble beta in air 

( 7 X 10- 14 "r-!C/ cc) ydas, ho'treVer, no higher thap concentrations cb

served at locations :.tpproxir:1ately 100 miles from the Plant. Atr:1os-

pheric radioiodine and tri ti·u._m 1.vere detected at locations oat to 

and including the 25-mile radius lo~atio:1s. During the period of 

increased radioiodine release i.lJ. June, Plaut perimeter samples of 

air, vegetation and milk cont&ined. maxi:m:u .. -rn. eonc~ntrations of 

l.O X 10- 12 ).J.c/cc, 56 X l0-l
2 c/g, c:.nd 5:500 .. x l0- 15 c/ml, 

:.esp·2cti vely. 

The disassembly basin discharges from the reactor areas· accounted 

" for practically all of the raclioacti vi.ty released to effluent 

streams. Of the beta activity (247 curies, excluding tritiwn) 

' ---·--··-'-"_c_ __ , 
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released from this source, approximately 36% was due to isotopes 

having half lives greater than 15 days, Plant released alpha ac

tivity had negligible effects on concentrations of alpha activity 

in stream water and was generally detectable only in the low vol~~e 

effluc:;.ts from t!le 200 Areas,- 300 Area, _::.nU. 700· Area. Concentrations 

of alpha emitters in river water were no higher at downstream lo .. 

cations than those at the upstream control location. Radioiodine 

was occasionally detectable in river water ac the Highway 301 

Crossing (10 miles downstream from the Plant), and the maximum 

concentration observed at this location was 42 x 10-~5 c/ml. Non

volatile beta and tritium were detectable in the river at the Highw·ay 301 

Crossing, and the flow of Plant contributed radioactivity at this 

location during the six-month period was calculated to be approxi-

mately 82 curies of nonvolatile beta and 47,000 curies of tritium. 

F-Area releases accounted for approximately 79, 56, ~~d 100% of the 

alpha, nonvolatile beta and radioiodine activity, respectively, cis

charged to the seepage basins. Radiostrontium released to the 200-

Area basins was detectable in the surrounding ground water at 

distances up to 450 feet from the basins. All the alpha activity 

detectable in the grou.~d water ,;as attributed to uranium. As observed 

in the past, no movement of plutonium into the ground water was de

tected in either F or H Areas. 

Radioact'ivity was detected in biological samples, including ter

restrial animals, avian and aquatic specimens. The uptake of radio

activity by Savannah River fish was generally confined to low level 

concentrations of radiostrontium in the bones.· However, at some 

locations, detectable concentrations of radiocesiwn and radiozinc 

were found in the bones and flesh. These isotopes, in higher 

concentrations, were found in fish in the reactor effluents. Open 

seepage basins served as a source of radioac·i;ivity found in ter

restrial animals, while Par Pond was the source of radioactivity in 
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Radioactivity Releases c;nd Environmental Effects 

Atmosphere 

Releases of alpha emitters, nonvolatile beta emitters, radioiodine, 

and tritium from individual Plant areas to" the atmosphere during 

the report period are compared to releases during the· previous six

month period in the following table. The individual isotopes com

prising the F and H-Area beta releases are reported in Appendix A, 

table 1. 

Radioactivity Released to 'the Atmosphere 

Al;Ehal- me Non·rolatile Bet3.~ me Radioiodine! c 
Prev Prev Prev 

Trithun, c 
Prev 

Area Total Total Total Total Total ~ Total Total 

F 14.2 69· 1006 5441 160 1.1 

H 1.3 1 2923 102 0.05 
¢ 

R 0.22 0,30 9, 450 17,800 
p 0.51 0.21 17' 600 24,400 

·L 0.61 0.37 19,700 17' 600 
K 0.64 ~.84 17,200 26,000 

c 0.19 l.OJ 22,800 33,300 

TNX 1,450 400 

773-A 0.11 0.098 Cl 47 0.33 0.01 2,300 2,000' 
Total -+15. 6 70 3992 5594 160 1.4 412,~00 457,!:i00 

A substantial increase in the daily rate of release of I-131 from 

Building 291-F stack occurred on Hay 29 when 5.5 curies of I-131 

were released, compared to .0.2 curie on the p:evious day. Release 

rates exceeding 10 curies/day were experienced in F Area, during the 

period Hay 30 through June 3, with a maximum .daily release of 24 

curies on Hay 30. Investigation of the source of the abnomally 

large 2lllount of radioiodine i.n the F:..Area canyon precess was incon

culsive but there is a probability that short-cooled uranium was 

unintentionally dissolved (see Special Incident Report, DPSPU 

61-11-21). 

i 

I 
I 
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~acility ~,.;hich ·oegan opere.:cions i:l ?ebru.ary lS6l, was verJ' lc·..r 

(0.07 me ::.or-.. volatile beta ar::: .. 0,5 ).l.C al;;ha throu;;h June). Isotopes 

identifiable by g~~a spect~ometry were Fe59 /co60 , Zn-65, Cs-137, 

7.r-T'fo95
1 

and r.e~41 ,~44 . 

Radionuclides identified in the Reactor Area stack releases included 

Ru~0.3 ~06 ' ' 
Samples of air were collecced from 20 air monitoring stations shown 

in figure 1. The radioactive content in air was measured by counting 

319 two-inch diameter filters for alpha and beta activity and by 

radiochemical analysis of 269 two-inch-diameter silver nitrate im

pregnated filters for radioiodine. Tritium concentrations in air 

moisture ~ere converted to concentrations in air by use of appro

priate h~nidity values. The concentrations of raJioactivity in air 

are surr"narized in Ar-endix B, table 2. 

Although Plant con'L.:.~ibuted filterable beta ~.vas detected at the F ancl 

H-Area monitoring stations (average concent:::-ations of 13 X 10-:.4 ~c/cc 

and 18 X 10-~4 ~c/cc, rcs::t_:~ctively) 1 ·the concentrat-ions a.t the Plant 

peri.1·nete:- ( 7 X 10-~4 ~c/ cc a··lerage) were :10 higher than those at 

locations 100 miles distant from the Plant. Several weekly samples 

collected during the latter part of the report period showed concen

trations as lo·• as 2 X 10-::.4 iJ.C/cc, the lowest level o"oscrved in 

Plant history. Gamma spectrometry of air filters identified traces 

of Ce141
, l4

4
, Ru103

• 
106

, and Cs-137; the previO'.l.Sly present Zr-rlb95 

was no longer identifiable. Routine g~na pulse height analyses of 

.air filters also revealed a 0.48 Hev photopeak not associated with 

previously observed radionllclides. Identi.fication of the nuc:ide 

as naturally occurring Be-7 was made by the Chemistry Methods Grou.p 

of the Health Physics Section. Previously, the low concentrations 

of Be-7 were effeccively masked by tpe radiorutheniurr. in fallout 
I 

from weapons tests. The decrease irJ. fallout and a new gamma spectro-

meter :crystal with its improved ;:esolution allowed the spectrometrl.c 

detection . 
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The i!"lcreased radioiodine ccncent!"ations in air >-!ere due tc F-A.rea 

stacl< releases (see "rtadioiodine Levels During June 1961'' in this 

report). 

Gornmc Radiation Levels 

A sumw.ary of 489 readings of envirorumental gamma radiation, made 

with La.ndsverk L-65 pocket chambers and a modified L-60 electrometer, 

is given in Appendix B, table 1. The average dose rate recorded at 

the 25-:nile radiu3 locations ( shcT.vn in figJ.re .l) was 0.33 rr.r/24 

hours, as compared to an average of 0.36 mr/24 hours during the 

previous six-month period. Slightly higher rates were measured 

during the first half of 1961 in the Separations Areas, the 3/700 

Area, and four of the Reactor Areas. The six-month average dose 

rate at these locations ranged from 0.78 mr/24 hours at H Area to 

0.48 mr/24 hours at P Area. 

Rainwater 

Results o:i' analyses of 420 weekly samples collected continuously at 

each monitoring station shown in figure l are summarized in Appendix 

B, table 3. Effects of Plant released radioactivity in rainwater 

generally paralleled those seen in air. Radioactivity deposited on 

the Plant site, estimated from the anaJyses of rainwatel" samples and 

rainfall measurements at five monitoring stations, is sho••T. In the 

following table. During weeks in which no rain occurred, nonvolatile 

beta depositior. was es'cimated from radioactivitJ• collected in an open 

pan of l<ater located near Buildir.g 735-A. Total alpha radioactivHy 

deposited on the Plant in rainwater during the six-month period •..Jas 

0.93 mc/mile 2
• 

·. 

.i 
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nc/mile
2 

January 3.5 

February 6.8 

Marcr1 2.2 

April 8.6 

May 3.4 

June 5.5 

Tota.l ~ 30 .1 

Previous Total~ 40.4 

.:ric/::tile
2 

1.5 

6.7 

8.2 

T:-i titun, 
n 1mil~2 _, . - ~ 

1.9 

2.5 

2.7 

5.3 

2.5 

2.4 

17.4 

22.9 

Cesitun and strontium fallout ir.. rainwater at the F-Area and 3reen 

Pond Church monito~·ing stations \Jere collected by an ion exchange 

method and analyzed. See the follo•,;ing table for cumulative data 

for the six-month ·period. 

Cc,!37 
0 ; 

F Ar~=.:a 

Green Pond Cl~ursh 

Vegetation 

1.--1 

.., ss ,eo ur mc/mile 2 

2.1 

1.2. 

9' 

Concentration of alpha a:1d nonYolatile beta act-ivity on 15-3 veg3tation 

samples, collected from locatic~s sllu'dn in figures 2 and 3J ::·~p!'ese:lt 

negligible Plo.nt contribution to environ_nental,. J:·adioa.ct:: vi ty. Anct

lytical resu1ts of these s8..!n.ple3 a:-e shm·Jn in Appendix }3~ :.able 4. 

Radioiodine becQme detec~a.Ole on vegetation sanples durir.g the la.tte:~ 

part of the r-3port pe2·iod as a re.<:ou~_t of I-131 releases fTcm F Area . 

Nwnerous spec:io..l -.;egetation s2.r!ll)..Les ·.-.r~re collected during this pe::·i::d 

of increase·-1 1-l.)]_ ··-·cles.se, c.n:l u.re r2ported in ~he section, 11 R.n.dio

iodine Le··.rels During JlLne 1961. 11 

Milk 

Srunplcs of miLl.{ were collected \.'eei-:1/ fro:n Talatha, Snelling, :-'\iken 

North Au[plsta. and Lm:gle;y, S. C. In the 77 samples anillyzed fer 
~ ... 
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rE..dioiodi.ie, the average concentration ~..ras 31 X 10-~5 c/ml (maxi:num 

of 760 x 10-~5 c/:nl) as compared '··'ith less than 9 X 10-~5 c/ml during 

the previous six-months as shown in Appendix B, table 5. Radioiodine 

levels in special milk samples collected during the period of in-

c:ree..s-=d I-132.. !'el~ase ar~ gi ve!l in th~ s~~tior.., rrp~vJ.ioiodiP_P. Levels 

During June 1961." 

Regional miLl{ produced by dairy herds and by family-owned cows was 

analyzed ~uarterly for Sr-90 content. Tile average concentrations 

shown in Appendix B, table 5, are essentially the sauG as those ob

served during the two previous quarters. A maximtun concentration 

of 51 ~~c/£ was measured in milk collected from a family-owned cow 

at Snelling. The unusual Snelling result 1<as attributed to fallout 

Sr-90. Analyses of soil and vegetation of pastureland where the 

Snel,.ling cow grazed indicated an accumulation of Sr-90 in low lying 

areas because of poor drainage. 

Radioiodine Levels During June 1961 

The rcles.se of 154 curies of I-131 from Building 291-F' stack) r..ost 

()f ~<hich was discharged during the period May 30 through June 3, 

temporarily caused increased concentrations cf I-131 in the vicinity 

of the Plant. A substantial increase in the d.ail:-r ratG of release 

occurred on ·!.1ay 29 'when 5. 5 curies of· I-131 ••ere released, cc:npared 

to 0.2 curie on the previous day. Release rates exceeding 10 

curies/day were cx_9cricnced in F Area during the period Mar 30 

through June 3 Hith a maximtun daily release of 24 curies en Hay 30 

(see Special Incident Report, DPSPU 61-ll-21). 

Meteorological conditions during the release period ~<ere 3uch that 

the pattern of environmental radioiodine deposition extended r .. rimarily 

in a north-easterly direction f:rom the point of release (see i'igure 4). 

Atrriospheric inversions resulted in poor dispersion conditio:1s and 

cn--rj_ror.nrental cor.cer..tration.s \v~re generally higher than would be 

expected from the amount of I-131 released. 

ing paragraphs. \ . 
--------,----...--~ 

-. 
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AIR 

Concentrations of radioiodine in air obse:··v-::·i 2>..:T. to the 25-mile 

radius circle, and proje~ted concent::--ations (cs.lc'-ll:J.ted :'rom the 

amoth~t of I-131 released and local meteorological data) are s~~a-

favorably, it is assumed that the projected data are representative 

of actual conditions. The maxicuum concentrations of I-131 in air, 

as measured at the off and on-Plant monito:·ing stations, are shmm 

in the following table: 

F Area 
H Area 
A Area 
Dunbarton Fire Tm;er 
D Area 
Tt.'X 

Talatha Gate 
\villiston Gate 
Jackson, S. C. 

\-leek Ending 

I On Plant 

6/7 
6/7 
6/7 
6/7 
5/31 
5/31 

Plant Perimeter 

r. /7 v, ' 

Green Pond Ch'.lrch 
Military Recreation Site 

6/7 
5/31 
5/31 
6/7 

[ 25-Mile Radius I 
5/31 
5/31 
6/7 
6/7 
6/7 

Langley, S. C. 
Aiken Air Port 
Aiken State Park -· 
\Villiston, S. C. 
Allendale, S. C. 
Highway 301 B:-:-idge 
Sara is, Ga: /' '·, 

5/31 
6/7 
6/7 
5/31 

\Vaynesboro, Ga. 
Bush Field, Augusta, Ga. 

Radioiodine in Air, 
1 x lo-l4 uc/cc 

2800 
660 

79 
20 
78 

180 

130 
110 

28 
14 
83 

14 
64 
10 

100 
18 
20 

6 
4 

19 

The Radioactivity Concentr·ation Guide (RCG) for I-131 in air for 

chronic exposure of off-Plant population !.s 10,000 X l0-l4 'fic/cc 

(based on the recommendation of tl1e Interne.tion.o.l Cor:lJ"nissi.on on 

Radiological Protection). At no location did the I-131 concentratior-. 

in air exceed the RCG. 

' ' 

-. 
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VEGETATION AND FOOD 

Special sa..u.ples of Berrnuda grass were collected at the ?lan.t Peri:r..,2-

ter and at 25-mile radius locations on June 5, in order ~o C.eter:nine 

the extent of radioiodine deposition. Radioiodine concentrations in 

of radioiodine'in grass of 56 X 10-12 c/g was detected in a sample 

obtained at the Plant perimeter near the Williston Gate, Activity 

on vegetation near the F-Area seepage basins was caused by the high 

I-131 concentrations in air in the vicinity of the basins (see fig~re 

7) and this, in turn, was due to the radioiodine discharged to the 

seepage basin system (136 curies of I-131 was measured in the basins 

on June 14). Radioactivity on vegetation decreased with an apparent 

half life of 5 days compared to the physical half life of 8 days for 

I-131. This was primarily attributed to dilution of the activity 

by new vegetative grovth. Laboratory tests ind.icated that little 

or no iodine was removed from vegetation by rainfall. 

MILK 

· E;{tensive milk sampling in the vicinity of the Plant started on 

June 5. A total of 122 Milk sar.1ples from 48 inC.i '.•idual fa.:::ms and 

dairies were analyzed, The maxinn.un concentration of I-131 ( 5500 X 

10-15 c/ml) \Vas found in milk obtained .frt:.)ill a farm one mile west 

of New Ellenton, S. C. Concentrations of radioiodine found in milk 

from the various farms and dairies are sho~.vn in figure 8. The 

distribution of milk samples in the various concentration ranges is 

shmm in the follo•,Ting table. 

Concentration Range, 
1 x w-~s c[ml 

5000 - 6000 
4000 ~ 5000 
3000 4000 
2000 - 3000 
1000 - 2000 

800 1000 
600 - 800 
•±00 - 600 
200 - 4.00 

0 - 200 

.. 

Nwnber of Farms or Dairies 
Ini·~ially in Ran~~e 

l 
l 
0 
l 

12 
2 
3 
5 

13 
10 

TotaJ. -> 48 .... 

' 

. . 
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(I) 38 1 COG 

® ·;o,ooo 
G) 7,700 

@) 1,080 

® "50 

® 1,090 

(Z) 1,800 

~ lc,=oo 
® 2,890 

@ 72l,OOO 

(jJ) ~5C, CC'O 

@ ~BS,CGC 

* l·!ultiply vr~L:.es by ::..c-: 2 c/;,. 
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The apparent half lif·e of radioiodine in milk followed closely the 

decrease of I-131 in vegete.tion. The average value exhibited an 

apparent half life of 4 to 5 days. 

EGGS AND PEACHES 

Fresh eggs from the farm which exhibited t~e highest iodine activity 

in milk (Milk "B" in figure 8) contained an average of 33 X 10-l2 

c/egg, as compared to an RCG Yalue of 1.4 X 10-~0 c/egg. Peaches 

obtained from a farm several miles north of Aiken showed no evidence 

of radioiodine. 

ESTIMATED EXPOSURE FROM THE 1-131 RELEASE 

The maximum dose rate from external sources to the whole body or 

gonads due to the release was calculated to be 2.3 X 10-3 nll"em/week 

for a person >rho continuously remained in this area 11':8 hr/week. 

ICRP reco~ends a weekly limit of 3.2 mrem/week (based on 5 rem per 

30 years) for the population at large. 

Approximately 30"/o of the radioiodine present in consumed milk is 

quickly concentrated in the hwr.an thyroid. This vital Qrgan varies 

in size depending upon age; a 1-year-old child's thyroid uill weigh 

about 2 grams ><hile a. mature adult's thyroid will veigh approximately 

20 grruns. The same quantity of I-131 in the thyroids of a child 

and adult will result in a radiation dose to the chile which is 

larger by a factor of 10. 'J'he amount of radioiQdine introduced into 

the body is primarily a function of the amount of milk consumed, 

In the calculations of the thyroid dose resulting fro;n Building 291-F 

stack releases the follmring a.ssumptions 'iere made. 

1>- Thyroid 'tleights lve::_~e 2 grams and 20 grams for child and adult, 

respectively. 

I!> 0. 9 liter and 1, 0 liter of milk per day • .. ;ere consUJned by a child 

11>· Half-life of I-131 in milk was either that observr,d O"' 8 days. 

' -

' ' 
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T~1e dose tc ar.. s.O.ul t CO~lSU . .:'"l:ing 

this mil~ '.{as 14:0 m:-err:. The a·Jerage ccnce:1tration cf :-e.dioiodine 

in miL:.C collected on June 5 and June 6 '".vas 888 X 10-15 c/ml. The 

dose to a ~hild cor1su::~ing t:Ois mil~: ~-iould be 205 rr.::-em ~ . .rhile to an 

21 

adult it would be 23 mrem. Ove::- 98% of this dose -~.,rould be accumu

lated in the fi:-st 2 ::1onths afte!' the :-elease. The Federal Radi-

atj_on Counci.l reco:r~mends that the nonoccupational thyroid dose be 

limited to a maximum of 1500 mrem per year for individuals and SOO 

mrem pey year to be applied to the average of sui table sa.."'lples of 

an exposed gl·oup ill t~e general po:r;:ulation. 

Isociose curves representing the dose recei ·red from milk consumption 

in the vicinity of the Plant are sho·w·n in figure 9. The values 

represent the total dose due to I-131 relea.sed from the F-Area stack 

during the period !•lay '29 tlE·ough J1.1:12 19 0 Contribut:..ons to the 

total dose to r::an from inh2led ::::.ir, .:1:-:i..n .. king Hater, or the conswnption 

of other food~ ' .. -Te..s les,::; tha~1 lO·;.j of the dose r·esulting from radio

iodin:;; in miJJ·: o 

Plant Drinking Water 

SQ...'1lples of dr:..nking -:.::.:.tter ,,:ere collected. ~::onthlJ~ from ope:ca·::-i:ng 

areas and quarterly from ether do:::estic ',·:c.ter systee1s. ,\!1G...lyscs of 

112 samples are sum!narized in Appendix B} table 9 0 .u.s j_n previous 

six-month p:=:ciods, highel~ co..:1centrntions of radioactivity '.1er2 ob-

served in I~' Al'ea) 1J i\,.r'2a_, and B:::i: .. ~:r·ico..de 2 C..rin~;;j_ng '..tater. The six-

c/ml uf noli-
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Pub! ic V'/ater Supp! ies 

su:~rc~:.r::.:li:--~§; -':c-.::-'..:; s:lc-.·:":1 ir:. i'igu~e l. Analytical results of 84 sam

ples, sf-;.O';·ln in A.p:pendix B, table 10, are essentially the same as 

those ob.servf"d prj or to the s~:artup of the 'Plant. P.lhlic' d!'iP_king 

wat~r sa·:rples contair:2d :10 d.e:tectable tritiwn activity. 

Streams and th;, Savannah River 

The amount of alpha emitters, nonvolatile beta emitters, radioiodine, 

and tritiill!l released from individual Plant areas to effluent streams 

during the six-month report period are compared to releases during 

the preyious report period in the following table. The individual 

isotopes comprising the releases from the Reactor Areas are reported 

in Appendix A, table 2. 

Radioactivity R-=lea.s-=d to Eff'luerrt. St1·es.m.s 

Alpha_, rr.c NmProlo:r:.ilc Beta, c Re:.~_io:.c::line, c Tritium~ c 
Pre~..r Prey- P::::·ev rev 

Ar.::a Tot.a.l ·T-.-::--t2~l 'ict...:...:.l Tsts.l Tot.~~:;_ T·.::..-+_.a:~~ Total Total 

F 

H 

R 

p 

L 

K 

c 

300 

3.7 

4.3 

* ., 

* 
* 
* 

80 

----
3.4 l.B 

2. 4 0.2 

22.44 

39.47 

71.46 

36.52 

58.13 

30 

4.9 5 

0.3 710 1,100 

29,20 l. ?). 8. 25 ,:,,300 3,370 

32.97 2.20 4:. ·1:5 :;; J 880 4,870 

25.79 !"' ,- r: o.o...: 3.30 7,080 4,880 

54.80 _5 ,Olb 6.02 5,630 4 J 5.80 
, 

18.97 ;: .• 513 2.32 4, 780 4,130 

Totol -> 88 36 229.4 166.9 18.76 27,385 22,930 

* Haturally occ'J.r-:i'i:lg alph8. cndtters :Ln Savannah Ri""~'C':!.' '.-later pass 

through the Eeact.or Areas in. coolj_ng •.-;ater. The total alp::1E. dis-

.cl13..1"[,2d ·oy '.12-.Y of the R-::2cto::.~ J-.rca 2i'fluents during '(.~c s ix-;ncnth 

period uc.s esti:nated. to be ~.,oo mi1licur:i.es. Sine~ this act::i.~.ri ty 
did not o_:-_·ig:i.nA.t.e frcnn Pl.::..r~t oPerations, j_t i.s !':lot incl1Jded. in the 

t<J.ble. 
~-·· 

. I 
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The nonvolatile beta release from F Area was associated with canyon 

evaporator operation and was identified as predominantly Ce141 , 144 . 

Radiostrontium and radiocesium were also present, and the discharge 

of these isotopes from F Area was estimated to be 0.02 ru1d 0.03 

curie, respect~vely. Tritium released from E Area is attributed to 

movemen-c of' tritium f"ro!rl the ii-Aree. seepae:;e basins. ·The sources of 

nonvolatile beta released from the Reactor Areas was disassembly 

basin water, purged at a rate of 1000 to 2000 gpm. Periodic in

creases in activity discharged during the six-month period were 

associated with the discharge of fuzl elemen'cs. Of the total non

volatile beta released from all Reactor Areas approximately 39% was 

due to long lived isotopes (half life greater than 15 days.) 

The 300 Area :iischarge represents approximately 230 pounds of 

natural uranium. 

Me.ximu.rn concentrations of both nonvolatile beta and tritium in 

Four Hile Creek, Pen Branch, and Steel Creek at the Road A locations 

coincided with fuel eleme~t discharge operations in the Reactor 

Areas. Higher concentrations of longer lived activity ~<ere evident 

in stream ar-d ri~.Ter \.rater i'ollor::in£; di.sasser:1bly basin releases from 

reactors containing enriched uranium than those associated with 

reactors containing natural uraniwn. 

Results of \<ater samples collected at the Road A intersection of 

each reactor effluent stream showe:i the following curies of radio

activity passed these locations. The flow of radioactivity passing 

river locations 2 (Control) and 10 ( 10 miles belm,; Plant) is pre

sented for comparison. 

\ -



hi' 

Lc~s.::.io:". 

Pen Brs.::.ch 

·I'otal at. Read 

River 2 

River 18 

r;c:"J":ol:J.::;::.l~: 

~'2':J. 

30.0 

1.2 

_,. 117.3 

25.3 

107.2 

APpe.rent Pl a:J.t Con:.ribut:.c::.. 

At Road A Str~a..-:;. 

Lo:::ations** 

At Rive::'" 10 

113.9 

81.9 

9,200 

12,200 
,...~ .-,..,1""1 
,":;.! } ,.o.J~I 

1,120 

50,020 

3,2C)O 

sc:,ovc 

49,200 

45,600 

2.6 

9.0 

S.9 

17.5 

1.9 

3.3 

.:;.~ 

0.3 

8.8* 

25 

P.s.dic~esiu:::J. 

1.7 

1.1 

o.• 
0.3 

6.5 

·* Includes 1.17 cu:-ies of Sr-30 d.i3t~·ibut:ed 9.3 follO' .. ·s: Fcur Mile Creek, 0.18 curie; 

Pen Branch, 0.13 c1:.rie; Ste::2. C:-e-2:·:, 0,58 cu.::~-2.~ e.:1:i Lu;.;e:t ·rhree Runs, 0.22 c:J.rie. 

rized in App-=nd::_x B} ts.bL~s ::.:.--2. 

Bro.nch - Upper Three R1.u~s t>ys t;:;;;;:, 

F-!-..l"'·:c:o.. 

Ti:c radio-

an A-Lir1e co.llec;tion .:3\.mrp_, segregated cooling wateT 

I 

_____ ... _---_----_·-;-. -~--=------_-----_--=~L 
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was asscciated with ca!1yo~ evaporate::-- c:p0~atic::.. ~I:e ::;sje::' ~ad.::.o-

active constituent in these effluents ·.-:2 :"e ?.u:... 03 ·' ;:_, ·.)3 

respectively. 

Seepage Basins 

Alpha emitters, nonvolatile beta e!rd tters, ~E!.dioiocii1:1e) aml tritium 

discharged to earthen seepage bcisi~ls C.uri::g the report p<:riod are 

compared to the previous six-month di3c~::..rges :..n the fcllo·,ring 

table. Isotopic distributio~1 of t~ne nonvolo.-"c:Lle beta discharged 

to the F and H-Area basins are sho";-in i:J. Appendix A, table 3. 

Radioactivity Dischargsd to 3?.epage B~sins 

Alpha, me Nonv0lc-tile -;::: ::~..:c: .• 0 ?-::.~l:o:i.o-:~ine .• c '1'~"''-::i:...:.::n_, c 
P:.e'.r P:-c·; F~27 Prev 

Area ·rotal Tc-tcl To:::.l Tct.~_J. 'i:'C:::[;.:;_ To-;~:'-.!.. To-:al io~~-=-l 

F 

H 

R 

p 

L 

K 

c 

3/700 

Total 

351 320 92. ~-, 

85 63 36.8 

18. i..~ 

0.02 

10.3 

10 30 0.03 

.., 446 413 16?.8 

Haste InPut_. litcrs/c:a:y 
Rain I!'lpvt, Ji te_;_·0;' cl:J.y 
Seepaet-:: and evaporation, 

2'1~. 2 

lG.9 

3 

0.7 

2.::, 

261 

is sho1m .i.n Append ~-X B, table 11. 

l~7 ~.s 

0.2. C.02 

C22 1.= 7SS 

J., 3G•.; ~J E 

.;2 CG 

1~7 l.S L~: 2-:tn 989.9 

·•. 

1.2 
l.O 

1.9 
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11he sources .-:,f radioacti·lity rele:o.sed to ~he Res.-::tor A:--sa se:=:pat:;e 

·.-rhile 'lacuu.r:l clean in; :iisassembly bas ir. floors in P a!""!d C A--:: .. 2a~., and 

material released during the flushing of e. filte~ charge tank ::.n 

L-Area, He-leases of ::--adioactivity to the P-Ares seepage basin also 

resulted. f:::-om handling of Chal}: River reactor ~omponent.s, No rc.dio

acti vi ty ~,.,as released to the K-Area seepage bas in during the repe>rt 

period. The naximtl.r.1 concentrations of :::-adioacti vi ty obser~/ed in 

Reactor Area :::eepage bas in vate~ •,.;ere a:s fcllm·tS: alph3., 0, 2 X 

10-' 2 I ' c A b 2 1 1 h .J. ! tL1 Y, ]_l'l-.12 (',l.ml - c ml in .-.. rea e.sin ; non~ro ati~e ~e· .. a, ___ . -'-" _ ~ 

in P-Area basin l; and tritium, 231,000 X 10-12 c/ml i.n C-Area 

basin L 

Ground Water 

Ground 1vater ':ras monitored by .g,nalysi.3 of se.r.:pl::s collected frorfl.: 

( l) •,.;ells surrounding seepage bas.i.ns in F, ~1, and R Ar22s (see 

figLn·es 11 and 12), ( 2) drilled, cased '.;ell.s near F' and :a Al~ea.s 

(Z and ZH wells, see figures 13 and JA), a~d (3) ·r~-2lJ.s at ~he bu:-cial 

g}_·ouncl (see fj_gu_re 15), Thf:- me.xi.mwn nonvolat:Lle bets. '~·cnc:(:nt:--atic::!l. 

fro~n ane.lyses of S.:J sarr..~les collected from the R-Area .seep3.ge basin 

w~ells '.-ras 44 X 10-.:..5 c/ml in 'Jell A-ll, uhlch is e..djo.cent to back-

filled basin 5. Radj.oactivity in z, Z~~·, F-i\..~~e~ e.nc<. E-/1.rc:a seepage 

basin '.·rell <,.tater is sho~.-rn j.n Ap::;endix B, tables l~~ o.nd 13. 

Continued high concentrations of nonvolnt ile beta \·:ere observed in 

the perched vater table undel·neath the F-Area seepage basins, Spe-

cific chelilical analyses indicated that a.pp~oxi!~E' .. t-21}' S';~ cf th2 

nonvolatile beta act:.vity '.-;ras a~triOutaQlc to s/~9 : 9 0 .t .. s o"bs2:!:ved 

in t.he past, seepage ·oasin ·Jells l and. 5, lri. :I A2:·ea.: c:onti:1ued tu 

e.ctivity detectable in the grcnn1d ·-.. inter ~ .. ;as attx-ibut~c: tc natl;;:--al 

in 2i the::· F o1· H /u·-::_:-J.:. 
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c/ml. The p2:>~se~1ce cf' tritiu.!:l 2.11 such high coD.-::e~1trations indicated 

~·Jater en-

countered in .5 si}<.::.l_:..o:l iJoles (3' :::.:;,cl :±' depths) dug in the vicinity 

of the outcrop ( eo.st of bas in 3) con-caineJ. rad~Loacti vi ty in lesser 

amounts. ·rhe oGtc:rop r:!ay be att~~ibut~d to C.!! i!'lcrease in the level 

seepage basins l o.::lcl 2 is cons-can.t lE:..:EJ..us-:= of' \.:he caten.s..ted ba.sin 

system <!.....1"1.::1 probably ~-:oulG. not -:-:<..:.::J.se t.besc ccn--:iiticn.s. 

lr'lell A-37 is loco.tecl in a ::_:.;.-.rur:ro bor::":::--:~·in.g t}.F~ E-A1.·ea effluent. It 

is installed in th-:: zon.e of t~E: most ::--api-~1. inover:t:::~lt :Jf seepage basin 

241-H Tank Form 

nonvolatil·2 beta 2-cti•.ri~cy ~r.ras i'ou1:.::l i!1 ·~·.he: 12 T.rclls (HP!v1) :Ln~;talled 

the C0!1c:rete p:J..d. 

in ti.)e~;e 'Jells -.::lid not. 0YrP0.,~ ~-~ V 1 ()"": 5 ~/~1·1 
-~'---- .... . _;..) /, -'-' '-I u~' 

0~.-,-,,o >. -,o-:L5 ... /,,.,, 
'-~) J ~ ~ 1..-j L • .J...,, 

( · · F \ ·,,·,-."_.·:·, ?,r,J··,,....; '."' ·!_c;- :. 5 
lJr>pi01' ~'o;:cc 'C·.C':C:, . ~ , ' .. :0.1..!1d 

~?0() X l0--l5 
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Biological Specimens 

TERRESTRlAL 

Open seepage basins ser:e~~ as s. ~.5ou:::·ce of r-e.d:oacti vi ty for ter-

res trial animals in the 'licini ts of F. Area until the basins ·were 

back-filled late in 1960. T~1:; p::--imo.:c:;· isotopes in the bas in were 

radiostrontium (Sr-89, Sr-Y 80 ) and ro.diocesiillll (C2: 34 ,~37 ). Data 

obtained from the a~alysis of' ani:nals collected during the report 

period indicate a gene!'al reductior1 :!1. both th3 bone and flesh 

radioe.ctivity during the past six r.:cnths. All of the animals re

partee. belc'i'l v1ere ·collected. ·.~·ithin a half-:aile raclius of the R-Arca 

seepage basin system. 

Ho:1vc•latj le Bt:ta, 1 X 1,-;;...z ,, c[g 
No. of Bo:1e Flesh 

Species Se.:::ples Max Av~ ?:::.~-:-:·.,r A -r.,·g ~~~2X .:.-...vg F!''2V Avg 

Rabbit 2 30 25 .~o 6 5 7 
Racccon 2 35 20 210 9 6 8 
Fox 4. 15 10 L50 8 '1 10 
Bobcat 2 4 4 20 ~ 5 10 

AVIAN 

Fifty-six specimens of aq_uatic -:\rater·.fc'.·:l, L'lclJ.d.ing 26 ring-necks, 

22 green-'•inged teals, and 8 mallards •.;ere collected. from Par Pond 

for radioanc.l;:,·si3 during the report ·oeriod. Ti.1e nonvolatile beta 

found in t:C.,:: bones a...'!.:l flesn cf' t.::.e tf-,.T22 SlY:::cies. during the p~st 

three year::: a~~:= sh()i·7n :Ln t.he follot.-ri!!.G table. Only- the g!"t:en-w-Lnged 

teal has shoi·r.. a~l i:1'2reased upto.l-:2 of ra-::ioacti vi ty. Radiostrontium 

in the fleshy tissues, Primarily vegetario.ns, tD.e diets of: the 

three ·species consis-t of from 10 to 20% &..!l~!.r:12.l m3.tter. 'A~~hough 
:'. J 
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the species represented generally feed along the shore in shallow 

water, the ring-neck is capable of diving to d.epths of 40 feet. 

Nonvolatile Beta in Aquatic Waterfowl 1 
l X 10-l2 c/g 

Bone Flesh 
1961 1960 1959 1961 1960 1959 

Species !·1a.x A•.rg Avg J...vg !4;:.•.x ; .. vg ~ V·:! 
::_~ Avg 

Ring-neck 25 10 * 20 20 7 * 30 
Teal 50 25 15 * 40 20 10 * 
Mallard 10 6 15 10 15 8 7 15 

* No samples. 

AQUATIC 

A total of 860 aquatic samples, including 516 fish, 310 algae 

samples, 14 clams, 10 craJ~ish and 10 shrimp were collected from' 

the reactor effluents and the Savannah River.. The algae and fish 

collected from the reactor effluents were radioanalyzed to determine 

the maximum uptake of Plant contributed radioactivity by aquatic 

specimens. Samples from the Savannah River were routinely collected 

to determine the concentrations of radioactivity contained in 

aquatic specimens accessible to the public. 

~EACTOR EFFLUENT. Radiostrontium ( Sr-89, Sr-Y90) was the primary beta 

emitter in the bones of fish collected from all four reactor efflu-

ents; no significant concentrations were found in the fleshy tissues. 

Radiozinc (Zn-65) and radiocesium (Cs:34 ,~37 ) were the main gamma 

emitters present in the bones and fleshy tissues. In fish col

lected from Par Pond and Lower Three Runs (R-Area effluent), radio

cesium was the primary isotope in both the bones and flesh. In. 

Lower Three Runs fish, collected 6 and 14 miles below the Par Pond 

dam, no significant concentrations of radiozinc were found in the 

bones or fleshy tissues. In Steel Creek (provides effluem:'S for 

L, P, and K Areas) and Four Hile Creek (C-Area effluent), radiozinc 

was the predominant isotope • 

The nonYolatile beta concentrations ·in both the bones and flesh of 

fish from Steel Creek and Four Mile Creek increased during the re

port period. Despite a decrease in bone radioactivity, the non

volatile beta content in Par Pond fish flesh and in the bones and 

• . 
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the fles:1 2.nd. bones of fish f:"2~ Pa:!:' 

Steel C:!:'~e:-.::. are presen.t2:1 g~~:pi1j_c:e..ll;:;r ir.. figu:c2s 17 e~d 18. 

Locat.].on 

U:pper Thre~ RlU1S 

(Control) 
Four Hile C::eek 
Pen Bre.n~h 
Steel C~eel::: 
Par PoY:d 
Lower Three ~uns 

l Hile Belo'cT Dam 

5 Iv!iles Belo·• Dam 
l4 Miles Bolo'.~- Darn 

~ro. of 
Sa':l:r:-1::._~ 

16 
9 

32 
30 

149 

f-7 
32 
30 

Nonvolatile Beta in t:ffluent Fish, 
1 x l~-=-2 c/ g 

Bor~e Flesh 
Pre~; Prev 

l·lax Avg ;.'._·,·g Hax Avg Avg 

25 10 10 7 4 4 

250 85 -'-" 30 10 4 

850 150 * 110 20 * 
615 175 ..o...L:- 105 30 15 
700 H5 lo-v:O 80 30 30 

235 100 115 85 35 25 
24..5 100 qc 

.v 170 31J 25 
2.50 t:5 so 35 20 20 

* No sau1ple.s col~_e8·':.eG. 

fleshy tiseues of cl.ams. RadiocesiU!t.:. -.. ,ras the only i.sotc:p·2 found. 

in the fle2hy tissues of crayfish and sh:!:'imp. 

Nonvolatile Bet.J. in l"~olJ.us~:.s and Cr.:...s ~:,2.cesns, 

Isoto:pe 

Sr-89, Sr-90 
Cs-l37 
Ce 1 .. ~:.} 2.·~-~ 

Co-CO and/o:- F0-59 

ClCLITl. 

Shell Flesh ---- ---
175 * 
* '-
* 0 

•' 

* ~-) 

'? ' l X 10··-~ C/ g 

c~·a:rCi~:l 

Shell Fle.'jh --- ----
15 ~ 

* 24 

* 
,_ 

* * 

Sl::ell Flesh 

:; 

' 
* 
* 

•• .,,~~ r• l -""'•' 
~--.,_. ·-) 

* 
9 

* 
* 

collected at Road A, decrea~e:·l clur-.i..ng the report p:;riod. Ho·.-.rever, 

tb>?. concentratio:1s in efflu·2:1t ale£..-.1"2 :-e:::o.:ine.J.. hie;her bJ' a. f:.lc.tor ,.... __ _ 
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' 
Multiply by 10"12 c/g 

140 

8 Par Pond 

0 Lower Three Runs 1 Mile Below Dam 

. £:,. Steel C•eek 1 Mile Abov• Mouth 
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FIGURE 17, NONVOL~.TILE BETA IN FLESH OF REACTOR EFFLUENT FISH 
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of 103 than fou.Ld in efflue:1t. ·.·later. The average concentre.tions 

fo'..trld in weekly sa.rr:.:r:les are presented in the fclloT..ring table. 

Eff}.l_Jent 

Upper Three Runs (co~~rol) 
Four Mile Creek 
Pen Branch 
Steel Creek 
Lower Three Runs 

Nonvolatile Beta in Effluent Algae, 
l X 10-12 c(g 

Max Avs Prev Avg 

50 
755 

2200 
575 
130 

35 
355 
765 
300 

85 

35 
920 

1335 
1500 

110 

Larger algae samples ( 3 to 15 grams dry weight) <.;ere collected f:-om 

each Road A location in May and June for gamma spectrometry. The 

average concentrations of gamma emitte:-s found in these samples are 

presented in the following table. 

Isotope 
CeJ..4l, 144 

Cr-51 
Rulo3, ::.oe 

Cs-137 

Z>Nbss 
Mn-54 
Zn-65 
Fe59/Coso 

Nonvolatile Beta in Effluent Algae, 1 X 10-~ c/g 

Four Mile 

136 
170 

34 
4 

9 
ll 
38 
18 

Pen Branch 

720 
820 

64 

* 
20 

3 
69 

8 

Steel C:::-eek 

35 
90 

* 
13 

3 
5 

37 
14 

Lower 
Three Runs 

* 
* 
* 

22 

3 
2 

* 
* 

Par Pond 

15 
35 

0 

13 

* 
26 
40. 

8 

* Concentrations belmr the sensitivity of the procedure, 

SAVANNAH RIVER. The uptake of radioactivity by Savannah Rive:- :t'ish, 

collected near the mouth of each reactor effluent, at the Highway 

301 bridge, and at Stokes Bluff, was generally confined to lm; level 

concentrations in the bones with an occasional fish containing trace 

concentrations in the fleshy tissues. The ave!"age nonvolatile beta 

concentrations found in river fish during the report pe:-iod are 

presented in the following ~able, Six-month ave':'P.ge COncentr-ations 

contained in the boaes and flesh of river fish collected above 

60 miles bela" the Plant site are presented graphically in figure 

19. 

. .... 

. . 
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~ronvole..-tile Beta in clava::nah River Fish, 
1 x lo-l-2 cLg 

Bone Flesh 
No. of Pre·r Prev 

River Location Samples Max Avg Avg Max Avg Avg 

Above Upper Three Runs 
(Control) 16 30 13 10 8 4 4 

Upper Three Runs 7 20 12 13 6 4 3 
Four Mile Creek 35 30 13 20 9 5 4 
Steel Creek & Pen Branch 13 55 23 21 9 5 8 
Lower Three Runs 22 135 20 16 40 6 5 
Highway 301 26 20 11 17 9 4 4 
Stokes Bluff 42 35 11 12 9 4 4 

Radiostrontium, radiozinc, and radiocesium were the main isotopes 

found in the bones of river fish. Radiozinc and radiocesium were 

the main gamma emitters in the fleshy tissues. The maximum concen

trations of ·gamma emitters found in composite samples collected 

adjacent to and below the Plant site are presented in the following 

table. 

Isotope 

Cs-137 
Zn-65 

Nonvolatile Beta in River Fish, 
1 x 10-::.2 c/g 

Adjacent to P'ant Below Plant 
Bone Flesh Bone Flesh 

2.0 
3.6 

3.7 
1.3 

1.3 
2.6 

1.8 

* 
* Less than sensitivity of procedure. 

The nonvolatile beta concentrations found in Savannah River. algae 

collected near the mouth of each reactor effluent 1<ere lower than 

those measured during the previous report period. However, radio

activity released by Plant operations continued to be detectable in 

river algae as far downstream as Stokes Bluff, 60 miles below the 

Plant site. The radioactivity measured in river algae is shown in 

the following table. 

'·-.I --· .. 
. •. 1.' 

• -



. 

· . . , . 

• 

'. 
43 

Nonvolatile Eeta in River • I A.1.gae 1 

1 X 10-l2 c fg 
River Location Max Avg Prev Avg 

Above Upper Three Runs (Control) 25 20 25 
Upper Three Runs 30 20 25 
Four Mile Creek 250 85 95 
St~el Crz,zk & Pen B:::-c.nch 755 2S5 550 
Lower Three Runs 105 65 140 
Highway 301 50 45 105 
Stokes Bluff' 45 35 35 

Since algae are kno"~ to concentrate radioactivity in the 

factors up to 104 , large algae samples (6 to 20 grruas dry 

•I •.-;ater 'oy 
I 

weight) 

were collected f'rom the Savannah River in May f'or q_uan·~itative analy

sis by gamma spectrometry. The data show that Cr-51 was the pre

dominant radionuclide found in river algae, only trace concer:.trat:!.cns 

of Ce:!-4 :!., :!.44
, Cs-137, and Zn-65 were present. Samples >rere collected 

near the mouths of the reactor effluents and at distances of 10 and 

60 miles belo>r the Plant site. 

Nonvolatile Beta in River Algae 1 l X 10-:!.2 c/_g 
Four Steel Creek & Lo••er High·•a.y Stoke3 

Isotope Mile Pen Branch Three Runs 301 Bluff 
ce=-4:., 144 4 * 10 * 10 
.::r-51 30 200 195 170 60 
Cs-137 1 7 4 * 2 
Zn-65 3 5 5 ... 2 

*·Concentration less than sensitivity of anai:tsis. 

Clams collected in June from the Savannah River, 10 miles belm< the 

Plant site, contained trace concentrations of' radiostrontium (max5.mwn 

6 X 10-:!.2 c/g) in the shells. The only gamma emitter found iu the 

fleshy tissues was Zn-65 (maxjmum 3.6 X lo-l2 c/g). The concentra

tions o:f gamma emitters in shells and flesh of clams c0lle·~ted above 

the Plant site >rere belo" the sensitivity of analysis, 

775 
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Chemical Quality of Water 

Lower Three Runs and Savannah River 

The chemical quali.ty of the Savannah River both upstrea'!l (location 

10) fror.J the 

six months is presented in the following table. Water quality 

analyses at location 3 on Lower Three Runs Creek are also presented. 

All data except those for dissolved oxygen and 'BOO represent the 

average analyses of composite water samples which are collected 

weekly. The dissolved oxygen and BOD values reflect the average of 

weekly determinations of the oxygen at the time of collection. 

The data indicate that SRP operations have almost undetectabl~ 

effect on the health of the river. 

Chemical ~ality of Water 

Lower Three Runs River Upstream River Downstr~arn 

Max ~ ~ i'1a.X Min ..E.L Max ~ ..£fL. 
Color (APHA) 45 15 29 80 15 35 70 15 33 

pH 9,0 7.0 7,9 7.7 e.s 7.1 7.7 6.6 7.1 

Methyl 0::-a..>tge, ppn CaCo3 60 18 31 60 12 18 22 9 16 

Dis.:;olved Ox~·rger.:., Fir' 13 7 10 12 7 3.7 12 6 10 

Sulfide, ppn s <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Hardness, p:p:n CaC03 34 19 26 1a 8 13 21 ll 14 

Conductivity, ]J.'r.hos 85 39 6€ €1 37 4'1 65 32 50 

Total Dissolved Solids, 

ppn 97 26 50 52 31 43 70 24 43 

BOD, ppm 3.4 0 0.80 3. 7 0 0.87 3.6 0 0.81 

Lignin, ppm 6.1 1.7 3.3 4.4 1.0 2.6 3. 7 0,8 2.2 

Surfactant, ~1-'W <0.02 <0.02 <0.02 0.03 <0.01 <0.02 <0.02 <0.02 <0.02 

Total Iron, ppm Fe 0,86 0,05 0.38 1.6 O.ll 0.77 1.7 0.20 0.85 

Chloride, PJ:T.l Cl 3.6 0. 7 1.5 2.2 0.8 1.3 3.0 0,3 1.1 

Ni'tri.te, ppn N 0.004 O.OCl 0,001 0,004 0,001 0,002 0.003 0.001 0,002 

Nit~ate, ;;p:: N 0,04 0.01 0,03 0.10 0.02 0.05 0.09 0.02 0.04 

Sulfate, Pl"l sa. 3.2 <2.0 <2.0 3.5 <2.0 <2.4 4.0 ' <2.0 <2.6 

. . 
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lower Three Runs and Wool Scouring Effluent 

The Allen:l.ale wool sco'-lring mill began discharging waste on January 

9 into Lower Three Ru.."ls Creek approximately one-i1alf mile above the 

Road A sampling location. Special chemical quality surveys of water 

were made on May 12 and June 15 to determine the nature of the 

woolen mill waste and its effect on the chemical quality of Lower 

Three Ru.."ls. water .during periods of high and low flow. The data 

show that the woolen 'nill waste had no apparent deleterious effect 

on the chemical quality of water at the Road A sampling location 

during either instance. 

Chemical Quality of Water 

Woolen Mill 
Lower Three Runs* Waste Effluent Lo;;er Three Runs** 

Flow !"low Flow 
High Low High Low !Ugh Low 

Dissolved Oxygen, ppn 7.2 7.4 2.9 1.3 6.7 6.2 
Color (APHA) 40.0 25.0 80.0 100.0 50.0 30.0 
pH 6.3 7.0 7.0 6.5 7.0 6.9 
Methyl Orange, ppm caco3 21.1 34.7 45.5 121.0 23.9 40.0 

Sulfide, ppm s <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Hardness, ppm caco3 20.0 34.3 22.0 79.0 21.2 28.4 
Conductivity, ;.unhcs 58.8 80.0 200.0 390.0 62.5 84.0 
Total Dissolved Solids, ppm 39.0 53.8 193.4 372.2 53.4 57.4 

BOD, ppn 0.2 <0.01 4.3 <0.01 1.2 0.05 
Lignin, ppn 4.9 2.3 12.5 36.6 4. 7 2.8 
Total Iron, ppn Fe 0.9 0.5 1.9 0.3 0.9 0.6 
Chloride, ppm C1 1.1 1.0 2.7 5.0 0.9 1.1 

Nitrite, ppn N <0.001 <0.001 <0.001 ' <0.001 <0.001 <0.001 
Nitrate, ppn N <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Sulf'ste, ppn sa. <2.0 <2.0 

' ' 

12.3 111.2 <2.0 <2.0 
Surfactant, ppn <0.02 <0.02 4.4 <0.02 <0.02 <0.02 

* 2.5 miles above waste effluent. 
** 0.5 miles bo::low waste efflu~ut. 
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DISSOLVED CAYGEM FP.OFiLE OF THE SAVANNAH RIVER. Su:",reys of the Savaanah River, 

from Butler Creek entry ~o t::e High'de..y .301 ~ridge (see figure 20) are 

made each qua~ter to obtair:. 'iis.:;cl,_,.e:: ,:_:.::~:e;en profiles of the river 

during seasonal variations o:*' :""'lc.., and. temperature. This report cern

pares data obtained on March 15, l96l,under conditions of high river 

flow and low wa-ter temperature 1.Jit!l (1.g_t3. o~"'::.s.i:--~.:·d or.:. Jur2e 14, 1961, 

under conditions of normal river flow and median water temperature. 

The data shmr that the dissolved oxygen content of river water was 

depressed slightly during each period as it flowed past the Pla~t 
site due to increased water temperature. The data also show that 

the oxygen content of river water near Augusta, Georgia was depressed 

slightly, during the period of normal river flow ~'d median tempera

ture (June 14, 1961), due to the discharge of sewage and industrial 

wastes. However, the river recovered its oxygen content approximately 

20 miles upstream from the Plant site. The minor depressions noted 

above and adjacent to the Plant site are not deleterious to the 
general health. of the river. Compensation for ;rater temperature 
variation r.vas made in calculating the percent 
sented in the foHowing table. 

saturation data pre-

Water Temp •c Dissolved 
Percent 

River Oxygen npm Saturation River Location ~ 3(15 6/11 3 '15 6/14 3(15 6/l~ = Butler Creek 203 13 22 9.8 7.4 92 84 Spirit Creek 198 13 24 10.2 6.1 96 72 Silver Bluff 189 12 23 l0.9 8.3 100 96 Grays Landing 184 12 23 10.6 8.3 98 93 
SR-2 175 13 24 10.1 8.2 95 90 Hancock Landing 165 13 24 9.8 7.2 92 84 Griffin's Landing. 160 13 25 10.1 7.4 95 88 Brigh~~·s Landing 157 13 25 10.2 7.7 96 92 
Steel Creek lC::t:.: 15 27 9,0 6.2 89 77 

~~ 

Little Hell Landing 144 23 28 8.2 6.9 94 8i Lower Three Runs 140 15 28 9.6 7.2 95 91 Johnson's Landing 139 15 27 9,8 7.0 97 87 High1<ay 301 129 15 27 9.1 7.4 90 92 

. . 
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FIGURE 20. DI>SOLYE:D OXYGEN SAMPLING LOCATIOI~S ALONG 
THl:: 5AV.\NNAH RIVER. Nun.~rica! designa~ions ussociotcd with 

sampling !C'~oticns oro !'lumber c.f river milr.s from Savannah, Gc~gla • 
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DISSOLVED OXYGEK CONTENT OF REACTOR EFFLUENTS. :I::-,e G..::.sscl·.r~d CXJ·ge~~ ccn'te:J..t 

of each Plant effluent is meas·J.:-e.i '.veef.:ly a: tfle Rcc:~d A sa"llple lo

cation to determine the minirr::·J...."ll d.i3scl~::::d. cz:;ge:1 .::onte~t of ~.v·ater 

returned to the river. Upper Three Runs, which is not a reactor 

effluent, is sampled as a control. Compensation for water tempera

ture variation was made in calculating the percent saturat·cor.. Data 

obtained during the report period are presented in the following 

table. 

Dissolved Oxygen 1 ppm. Percent Satu!'ation 

Effluent Minimum Average Minimum Average 

Upper Three Runs 7.6 9.5 85 90 

Four Mile Creek 4.5 6.1 82 92 

Fen Branch 4.9 6.1 92 95 

Steel Creek 4.9 6.0 88 92 

Lower Three Runs 6.1 9.3 79 88 

) . 

·,.1 
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Alpha, 

~ 

January 5.l2 

Februe..q l.OO 
March o. 73 

April 1.17 ' 
May 2.33 

June 3.82 

Total -. 1:-4.2 

Ja.'lunry 0.17 
February .10 
March .26 
April .1s 

,. May .23 

June 0.34 

Total ~ 1.29 

:j 

APPENDIX A 

Table 1. Separations Areas Stack Relee.ses· 

r:'"')".vf71h•+'~.l~ E<::>+."'., :;:~ 
Rad!oloclino::, Ru ... "'"''.o..vJ Sr~~tr - ·- ~;:. C;:;-l37 Ce' ' '• 

!!'ot~~1 rn<: ~ -----
JF Areal 

4.87 0.41 2.48 0. 75 4.49 13.0. 
13. 40 0.05 0.67 0.17 2.84 l7 .1 
49.80 0.43 "36.:?5 0.38 6.03 142.9 4.99 
35.64 4.38 13.4 6.52 32.77 92.7 51.30 

270.8 19.71 117.4 5.39 95.1 508.4 47,100 
218.8 1.23 1.20 2.59 8.59 232.4 113,000 
59."'.3 26.2 221.4 15.3 149.8 1006.5 160,i5s 

IH Areal 

1103 6.22 24.99 1.81 30.60 1167 16.6 
771 0.22 0.65 0.67 5.14 778 20.6 
221 .18 o. 79 0.31 5.11 228 10.5 
236 .50 3.44 1.35 7.94 249 
159 .39 1.09 0.25 7.14 168 
329 0.14 0.51 0.134 2.88 333 

2819 7.65 31.5 5.2 59.9 2923 47,7 ---------- -· 

.. - -------- -----····--------------·- .. ---------------

l'ritll.l!:l,· 
curl~s 

37,800 

r1n,:m 

74,600 

so, 100 

56,100 

.(3,100 

322,000* 

I 

I 
i 

j 
: i 
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I 
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I 
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I 
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Table 2. Res-:to:- J-.:::e~s Disz.sse::J.C.l:,· 3z.si:-~ P.elec::se~ 

to i.~: ... fl.;e:-l.t 3-'c.:-•:::3:::-~3! c·c..r::..e s 

January 

February 

Ma.rc:1 

Total. 

Februar;,.· 

March 

April 

May 

Jun• 

Total 

Februnr;,· 

~areh 

0,15 0.~3 

.04 

.24 

.!5 

.02 

.13 

.48 

.42 .H 

0.23 0.19 

1.44 1.79 

O.C9 0.67 

.08 .18 

.21 .69 

.u .23 

.17 .69 

0.25 0. !6 

0.9:.. 3.1.2 

0,')3 O.Vl 

l5.W3 0.81 

0.56 .07 

0.30 0.05 

1.58 1.17 

Total ,....l.6.15 2.11 

Jnnuc..ry 0.07 J.38 

FebruJU"y l.OJ .55 

March 

April 

May 

June 

Total 

0.47 .11 

O.H 0.04 

3.28 4..96 

0.<45 0.11 

6,05 0.1.5 

January O.:?J 0.30 

February . 30 l. 73 

lo!arch 

April 

May 

June 

Total 

.12 0,28 

.08 0.05 

o. 74 0.23 

3.55 1.37 

5.08 !.S6 

0.03 

.03 

.OJ 

.09 

0.05 

0.31 

0.04. 

.09 

.05 

.07 

0.13 

0,38 

l. 70 

0.15 

.05 

0.20 

2.10 

0.02 

.07 

.06 

0.04 

1.89 

0.04 

2.12 

0.03 

.07 

.03 

.03 

.21 

0.30 

o. 70 

o.os 
.03 

.u 

.22 

.14 

0.09 

0.04 

.03 

.06 

.04 

.07 

0.11 

C.35 

.20 

.lO 

o. ;~;-

1.60 

0.07 

.24 

.13 

.0< 

.13 

0.10 

0.71. 

0.05 

.09 

,04 

,06" 

·" 
0.26 

0.84 

- l\o t>l.r,.ntfic.G.."\t ::c:les.se. 

o.2a o.o1 o.e2 
J,07 

0.35 

1.81 

.04 

.17 

.34 

.0-5 

.ll 

.07 

0.~5 .20 .08 

Q.Sl 0.14 0.05 

0.10 0.07 0.14 

.10 .06 .09 

.33 .08 .05 

. :.e .04 .04 

.49 .aa .1c 
a.54 O.H 0.03 

R Ar~!t l 
1. 61 

0.4.3 

.~7 

.24 

3.24. C..04 l.fH 

o.n. o.o~ 

1.91 

.2G· 2.60 C•.Cl 2.44 

0.18 1.47 0.01 0.!:4 

3.11 l3.H 0.00 8.10 

I PAreD. ! 
0.32 

.21 

.15 

.oe 

.10 

0.18 

1.47 

0. 77 

;5.0G 

0.10 

1.<!6 0.08 11.75 

0. 7') .05 ;5.98 

1.86 .14 s.n 
1.84 0.0·1 !.57 

1.74 0.49 0.45- 1.13 8.59 0.31 26.43 

0.06 0.07 0.15 

0.08 .03 

.1"5 O.l.S 

.Od .08 

1.18 0.19 0.26 

... 68 1.05 2.04t 

O.H 0.05 O.tJ2 

.17 .17 .24 

.29 .14 .89 

.:..1 .06 0.07 

.27 .21 1.50 

0.12 0.02 0.07 

I L Area 

O.lG 

.0<3 

a.46 0.03 

J.l7 

. 05 23.:00 5.93 18.87 

.O'l 

.03 

o.::.o 

1.85 

1.02 0.94. 

s.co· c.2a 4.31 

0.42 :~.15 6.27 21.24 

I K Area. 

0.17 

.OS 

. 2.34- 1.36 

2.49 0.14 o.se 
.05 2.14 

.04 0. 54 

.07 12.31 

0.08 1.00 

.41 

0.30 

11.21 

O.CG 

1.1a o.ss 3.S9tt o.47 2a.a2 a.a u..a2 

0.20 0.05 0.22 

.28 .09 .05 

.29 

. .33 

.51 

.07 

.06 

.02 

.02 

.48 0,03 

0.21 a.oa l.ll 

' 
1.95 0.84 l1.45t 

\ C Area 

a.l9 

.09 

.05 

.03 

.06 

0.0:5 

l. 35 

2. 72 

o.&rt 
0.&7 

2.74 

6.90 

o. 14 15.27 

0.15 

6.6:!i 

0.4u 

0.53 

2.06 

?.9.4.8 

:nr:-:·;"'."~ 0.·\5 c~.:~!,~ S:--:>0 -..·~·.r~ ;'l ~-..... ~~·.-.:::: r::o:1thl:r r~]o:-~,c.-:c c~ 0.:...:: CtJ.~i-~. 

0.60 

.02 

.05 

.18 

0.13 

: . .a 

0,26 

.o:s· 

.22 

,37 

0.51 

0,02 

o.oa 
::0.08 

1.83 

J.36 

.30 

.03 

o.os 
4,27 

0.03 

o.o8 
,61 

.00 

.04 

0.2(\ 

2. 4'1 

3.5:; 

0.10 

.04 

.H 

:?. 55 

0.05 

t. 43 

2.23 

31 

6BO 

341 

.61 3.40 12•5 

0.26 0.94- 71) 

:!..15 lO. 71 3303 

0.07 

.01 

3. 39 1592 

O.H 24 

,53 13.17 173~ 

. .35 4..60 1!.45 

.~6 6.94. 419 

a. 12 4.94 754 

2.H .33.Cid 587'3 

o.c:... 
O.Ol 

0.06 

0.01 

25 

3.17 32.57 2430 . 

0 . .31 

0.27 

3.48 

1.29 

8,1,1 3~11 

5.1:1 45.85 70Bl 

0.09 

.13 

1. 65 2423 

1. (.5 578 

.09 0.5!- 45 

.13 0.54 26 

.'29 :..s. 76 1923 

0.12 O.!ll. 5~3 

0.::1.0 2'0.74. 5&28 

0.0, 

.21 

.14 

0.16 

L34 

0,21 555 

7.45 2714 

0.62 

a.-,.; 
3. 09 

3.61 0:.6,4:2 177!) 

- :::ncl\;des 0 • ..:.4 cu:·ie sr~GU ;;i-:.,;, a.·;:;a.;.;imU.:ll ~:.onthl;t r>!}o:-o.<'e of O.ld cu.::ie (i-hrc.n ;5r'"."'''1 c:o r~sult.<> ·.,.ere 
lc.sc t.hnn Sl'-90 ro:-::-ult:;}. 

t Includes 0.55 curte Sr<JO ·\o'ith a maxiln\:.m mcnthly release of 0.21. C\.O..t"ic. 
tt Includes 0.19 curie Sr~90 \Jit..!", tl llle.xirnU.:ll nonthl;,.· release or O.OU ~ur~e. 

t Includes 0.21 c. uric Sr~90 ;,rJ th a. n:auir.tutn monthly rt>ieo.::>e of O.OU ClJ.I'il!. 

\'J ·..sF~RE~ ----
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APPENDIX A 

Table 3. Separatio3s Areas Releases to Seepage Basin System1 curies 

U1 

Nonvolatile Beta, curies 
~ . 1\) 

Alpha, Radioiodine, Tritium, 
me Sr-90* Srss,eo Csl34,l37 Cel4l, 144 Ru1oo, 1os Zr-Nb95 Total curies curies 

IF Area I 
January 44.5 0.21 1.89 1.31 14.2 4.2 "13.2 34.8 

i February 30.6 .09 0.23 0.18 3.7 2.0 4.7 10.8 - ' 

March 52 .41 • 89 .83 5.6 - 3.8 4. 2 ~ 15.3 . - i 
I April 66 ;27 .40 .39 3.1 3.9 1.4 . 9.2 - ! 

May 116 .09 .47 .33 2.9 12.2 0.9 16.8 4 ! i 
' 
' June 42 0 .• 01 0.17 0.12 0.4 -3.8 l.l 5.6 153 '. 

I Total -> 351 1.14 4.05 3.16 29.9 29.9 25.5 92.5 157 J-
j HArea I 

January 25 0.37 1.83 0.15 4.1 5.8 11.3. 23.2 0:05 

Februe.ry 8 .06 0 0.13 .04 0.3 0.8 5.9 ., . 2 0.04 

March 8 .05 .05 .01 .09 .21 0.24 0.6 

April 13 .58 . 7 "..: .02 .09 .32 .24 1.6 

May 12 .52 .59 .08 0.49 .26 .15 1.6 

June 19 0.93 0.86 o.ra-~ 1.16 0.21 0.22 2.6 

Total -+ 85 2.51 4.20 0.48 6.23 7.60 18.0 36.8 0.09 
/ 

I \ 

* Results included in Sr89
•

90 col~~. / \ 

/ 

. --~·-~- . ·-"•-''··-"·- ----· ___ ,.__._ ---·- -----~-------·-·---'-------- -----~---------·---- ·---~- --- _ ..... ·----·- -·-·-"' 
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APPEF1JD: 3 

Table 1. Ga.m .. --na Radis.tion Levels 

Dose Rate 1 
mr/24- hours 

?l'ev:!.::)US 
Average Average 

F Area 0.64 1.22 
H Area .78 0.66 
R Area .33 .52 
p Area .48 .51 
L Area . 49 .60 
K Area .56 . 43 
c Area .57 .52 
TC Area .44 .54 

300/700 Area .63 .67 
Talatha Gate house .26 .36 
Williston Gate house .31 .33 
Du.ribarton Fire Tower .28 .36 
400 Area .42 .46 
Green Pond Church .30 .34 
Military Recreation Site .28 .29 
Jackson .26 4'<: 

Aiken Airpcrt .43 .36 
Allendale .32 .38 
Waynesboro .35 . 39 
Bush Field .29 .31 
Langley .29 .30 
Williston .32 .36 
Barnwell .35 .40 
Sardis . 30 0.36 
Aiken State Park .30 -
Highway 301 0.34 

SKOPFdJ 
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APPENDIX B 

Table 2. .8adioactivity i:::. "' -· 0 ~-

C) 
Alpha, Filtera}:l~<; Be::a, Radioiodine, Tritium, 

1 X 10-~4 o,;.c/cc l x 10-• uc/cc 1 X 10-14 uc/c;:; 1 X 10-s uc[cc 

Prev ?r~v Prev Prev 

Lc~at:!.on :.iax k:; -"·'.'6 :•!"::.X i•.'lfi:, Avot l':~.x ~ ~ -.- !-~ax ~ AY;· 

'" F Area 0.23 0.10 0.27 130 l3 20 2800 160 6 0.57 D.21 0.47 

H Area .19 .07 .13 140 18 11 660 36 2 11.5 2.64 2.87 

3/700 Area .12 .06 .12 11 6 8 79 s 2 1.97 0.25 0.30 

Talatha Gatehouse .15 .08 .10 14 7 9 130 8 2 0.40 .15 .33 

Williston 
Gatehouse ,14 .07 .07 19 a 7, 110 6 * 1.16 .26 .24 

Du.'"lbarton Fire 
Tower .1& .08 .10 15 7 8 20 2 2 0.41 .20 .29 

400 Area .20 .11 .11 16 7 8 78 7 2 .40 .41 .35 

Aiken AirPort .15 .07 .11 18 7 7 78 4 * 0 39 .08 .14 

Allendale .14 .07 .07 32 8 7 6 3 * .39 .07 .10 

Waynesboro .14 .06 .09 17 7 8 11 2 2 .lil .06 .13 

Langley .12 .06 .08 24 6 6 6 * 2 .13 .05 .19 

Williston .15 .08 .05 14 7 6 24 5 2 ,43 .11 .11 

Barnwell .17 .08 .08 25 8 6 18 * 2 .26 .07 .17 

Sardis .12 .04 .03 10 5 4 7 * 2 .28 .04 .oa 
Bush Field .14 .05 .09 15 7 6 47 3 * .21 .05 .13 

, .. , Green Pond Church .15 .07 .06 14 6 6 14 2 * .43 .13 .31 

•' Military Recrea-
tion Site .10 .05 .07 12 5 8 83 5 • .40 .12 .32 

Jeckson .11 .06 .09 13 7 10 28 4 * .76 .13 0.30 

"Aiken State Park .11 .06 15 6 10 * .18 .07 

Highway 301 • 1.5 .07 26 7 6 * 0.17 0.05 

Columbia, s. c. .15 .10 .12 13 s 6 

Gre_enville, s. c. .22 .lQ .13 18 8 6 

Macvn, Ga. .19 .11 .12 19 8 7 

Savannah, Ga. 0.18 0.07 0.08 15 6 7 

Sample not taken. 
* Less than sensitivity of analysis. 

•. 

-
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I. 

• !; 

• · F Area 
H Area 

. -
~~-

Location 

3/700 Area 

Talatha Gatehouse 

;..•J 

Williston Gatehouse 
Dunbarton Fire Tower 

400 Area 
Aiken Airport 
Allendale 

Waynesboro 
·Langley 
WHliston 

Barnwell 
Sardis 
Bush Field 

Green Pond Church 
Military Recreation Site 
Jackson 

Aiken State Park 
Highway 301 

, . 
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,,, 
' 

Table 3. Radioactivity in Rainwater 

Alpha, Nonvolatile Beta, Radioiodine, 
1 X 10-15 c/ml 1 X 10-1~ c/ml 1 X 10-15 c/m1 

Prev Prev Prev 
Max Avg Avg Max Avg Avg Max Avg Avg 

6.2 1.2 0.8 970 180 1:;5 3400 270 6 
1.4 0.7 1.0 230 54 35 1100 110 '. ,) 

1.2 .5 0.6 47 2':1 38 34 9 6 

1.0 .4 .5 37 19 24 43 8 6 
0.9 .G .6 32 15 24 23 6 7 
1.1 .5 .4 49 18 20 170 14 5 

0.7 .4 .4 54 18 18 170 16 4 
1.0 .4 ..4 44 22 26 76 9 6 
0.7 .4 . 7 30 16 28 100 8 5 

0.7 .3 .3 30 18 21 34 5 4 
1.4 .4 • 7 20 13 21 10 4 8 
1.1 .3 .3 90 18 13 120 8 7 

0.8 .3 .2 73 24 16 18 5 7 
0.9 .3 .3 78 20 24 21 4 5 
0.8 .3 .3 38 22 27 11 3 5 

1.6 .5 .5 43 17 18 21 4 8 
1.1 .3 .3 47 22 14 11 3 8 
1.5 .3 0.3 38 18 13 8 3 5 

0.6 .2 - 29 14 - 9 3 -
0.5 0.2 - 27 14 - 10 3 -

- Sample not taken. 
* Less than sensitivity or analysis. 

--~, 

i_: ,~) 

Tritium, 
1 x 10-12 c(_ml 

Prev 
Max Avg Avg 

180 22 29 
8200 430 167 

56 15 21 

130 l1 13 
13 6 12 
22 9 25 ., 31 9 12 
17 ·1 4 
13 * 5 

14 4 4 
12 * 8 
11 .4 6 

17 1 6 
8 * 5 

27 5 8 

150 113 24 
70 7 14 
28 '7 16 

9 1 
8 * 

(Jl 
01 
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APPENDIX B 
Table 4. Radioactivity i!'l Vegeta.ti:Jn 

Nonvolatile 
Alpha, Beta, Radioiodine, 

l X 10-~2 c/_g l X lQ-12 c/g l X l0-12 r./_g 
'• Prev Prev Prev 

Location Max Avg Avg Max Avg Avg Max Avg Avg 

'iJJ F Area 
(at l mile radius) 0.6 0.2 0.1 39 15 17 1000 250* l.O 

H Area 
(at l mile raC.ius) 0.7 0.3 0.1 40 14 14 35 12* 0.6 

Plant Perimeter l.O 0.2 0.1 56 13 l5 56 1.9 0.4 

25-Mile Radius l.O 0.2 0.1 20 ll 15 44 1.5 0.5 

* SaJUples analyzed for radioiodine only in June. 

APPENDIX B 

Table 5. Radioactivity in Milk 

., Radioiodine, Tritium, 
'J l X lQ-15 c/_ml l x lo-12 c(ml 

Prev Prev . ' 
·"' Max Avg Avg Max A ... tg A•:g_ 

Talatha 760 62 * 10 4 7 

Snelling 16 10 * "' ""' ll 6 

Aiken 370 33 * 7 * 4 

North Augusta 76 13 * ll ' 4 ~ 

Langley 470 35 * 7 * 4 

Average Sr-90 in Milk, o,J.>J.C/ .e 

1960 1961 
Type Sample October December March Jl.U'le ---

Family Cow 37 
":J 

20 20 30 

Local Dairy 15 12 12 12 

Major Distributor 13 ll 1.2 13 
·;). 

* Less than \.1t sensitivity of analysis. 
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SS!!!ple 
No. 

1 

2 

3 

4 

5 

6 

8 

9 

10 

ll 

l2 

13 

l4 

15 

16 

8 

9 

10 

lO 

lO 

13 

l4 

15 

15 
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Teele 6. Radioactivity in Pla::1t Streatn 1Vater 

Locati~n 

Control 

F Area Storm Se•.,er 

700 Area Effluent 

300 ;~ea Ef:luent 

Road C 

Road A 

F Area Effluent 

E: Area Ef~luent 

Road 3 

Road A 

Road A 

Road A 

R t:ree. Effluent 

Pu::lp Hous-; 

Patterson's ?<!ill 

~oa:i A 

F Area Effluent 

Road 3 

Road A 

Road. A 

rtoo.d A 

Pur.lp Hous~ 

Pat :.e.:-son · s :-:ill 

Road A 

A.lpi:a, 
1 x lo-B c/=l 

nonvolatile 3ete., 
1 x w-15 ci=:J. 

'l'ritium, 
1 x 10'12 c/::!.l 

?:-ev Prev 

~":·:===-~~=··:··~-=='::··:':__,:"":_:::::x:::....,'ki5 Avrz 
1 T:!.= B:-~.;;t. 1..':>:::;e:- <'.-....:-• .:;. ! 

M!lX ~ ~ 

2.4 1.5 

230 

69 

32 

1.9 

350 

l..S 

SO,JOO 

300 

4,800 

19 

ll 

10 

4600 19,5CO 

20 64 

1700 220 160 

5.2 1.4 1.6 

1.6 O.B o. 7 

J Four Mile Creek I 
55 7.6 

2.1 1.1 

1.4 0.6 

0. 7 0. 4 

0.6 

1.0 

0.2 

I Pen Branch I 
0.5 0.1 0.3 

I Steel Creek J 

1.3 0.4 0.2 

1 Par Poc:.d! 

l.l 0.6 0.4 

0.5 0.2 

0.3 0.2 

0. { 0.1 

0.2 

0.2 

O.l 

7 .• 300 

140 

820 

4,200 

3,600 

l,GOO 

670 

2.70 

74 

42 

120 

980 

6 

4 

50 

270 

260 

190 

220 

170 

5.'5 

38 

2:4. 

Radi.Jiodir:.e, 
l x 10-15 c/:::.1 
--------pre;: 

Radiostront.!.·.:.:::, 
1 x 1o·:s c/::::1 
- P!'<o'; 

] Four Hile C:-ec It: I 
380 46 040 

220 26 

320 21 26 130 13 11 

I Pen Br!:U:.ch] 

1000 57 83 150 22 

I Steel Cr'c:!ek j 
3.30 24 H 58 12 8 

(i'ar Pone.\ 

220 l$1 6 37 94-* 

::s 9 9 

~ Three Runs! 

'.23 a 
15 8 

290 17 4 

560 

8 

10 0 6 

7E 

82 

1,500 

260 

3CO 180 '250 

690 ES 67 

260 630 53 ao 

200 380 llO 62 

520 llC 120 

120 120 

78 140 

sa 

Radioc-?siu=., 
1 x 10-;..s ::/:::: 
-----?:·~·; 

woo sa 2eo 

220 l4 

6 

110 14 9 

58 24** .53t 

38 14 22 

23 

12 

94 120 

37 

'" -' 39 

* Less ths.n se:osl'ti·rity of anal:.·sis. 
** Fiv~ month ave.':"ac;c. 

t Three ~~nth average. 

57 
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Sample 
No. 

l 
2 
3 
4 
5 
6 

7 
8 
9 

10 

ll 

12 

13 
H 

15 
16 

SFi -1 

APPENDIX B 

Table 7 Re.d.ioac"Si vi ty in E'lan't Stree.n Hu.d 

Alpna, 
_....;l::....;X:...;l:::0~--1_2.....:::,c / g 

Prev 
A·r;;. 

Nonvolatile Beta. 
l x lQ-12 c/g , 

Lccat-ic:: 

!Upper Three Runsj 

Control 
F Area Storm Se-:-:e::-
700 Area Effluent 
300 Area Effluent 
Road C 
Road A 

5.0 
2.5 

96* 
340* 

4.0 

0.6 
0.9 

38* 
140* 

l.l 
0.3 

· I Four Hile Creek j 
F Area Effluent 0.7 0.4 
H Area Effluent 1.3 0.2 
Road 3 l. 1 0. 4 
Road A 2.0 0.9 

Road A 

Road A 

R Area Effluent 
Pu;np House 

I Pen Branch I 
0.9 0.3 

!steel cr-eek] 

0.9 0.5 

!Par Pondl 

0.5 0.2 
0-.4 0.2 

I Lower Three Rnns[ 

Patterson's Hill 
Road A 

0.6 
0.6 

0.2 
0.2 

* TBP extractable alpha. 

0.5 
1.8 

20* 
110* 

1.3 
0.6 

12 
1000 

180 
480 

44 
16 

7 
370 

29 
120 

13 
7 

0. 6 1100 2.70 
0.2 18 6 
0.2 99 48 
0.5 210 56 

0.2 

0.6 

0.2 
O.l 

0.2 
0.2 

350 

240 

16 
10 

12 
42 

43 

45 

6 
4 

4 
7 

Prev 

10 
1200 

40 
7l 
16 

9 

860 
l4 

200 
47 

47 

73 

26 
6 

20 
6 

; ' 

.. 
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Table 8. R:;:.d::c~c~:;_·...-::..t~.r -·- s 2.\" ?...~l~::;:_j_ ?:::.-.. ·e::-- ~-.'e.-::,e:-

Alpha, Nonvolc.tile ~e·ta, T~i tium, 
1 X 10-15 c/ml 1 X w-:s c/ml 1 X 10-12 c/ml 

?rev pr;O·c Prev 
Location Max AviS r,.·.;g i:la:.: A~ig !2.--: e; ~Jiax i:.,;\r 6 ~-.-

::::::..2._ 

2 0.5 0.2 0.1 ll 5 4 7 2 5 
3 0.7 0.3 0.2 23 6 5 
5 0.5 0.2 0.2 530 39 10 
8 1.8 0.3 0.2 260 47 6"-
9 0.8 0.2 0.2 100 27 22 

10 0.8 0.2 0.1 110 26 28 34 1"' 1 1 
~~ ~~ 

ll 0.7 0.3 0.3 110 25 26 29 11 10 

Radioiodine, Radiostrontiu.'ll, Ra.di oc e s i lLTTI, 

1 X 

Location Max --
2 
8 
9 

10 42 
l:l 

Location 

2 
3 
5 
8 
9 

10 
11 

lQ-lS c/m1 1 X 10 -1s ciml l X lo-ls c/ml 
Prev P:rev Prev 

Avg Avg Max Avg Av:;r. Max Avg Avg 

7 2 
50 12 5 22 6 7 
39 9 5 2t1 6 5 

7 6 52 8 5 13 4 6 
44 9 4 20 5 5 

Radioactivity -in Mud 
TBP Extractable Alpha, 

1 X l0-12 cig 
P!"'ev 

Max Avg Avg 

4 2 1 
4 2 2 

10 4 3 
5 3 3 
6 3 l 
4 2 3 
4· 1 1 -

Non1rol3-tile Beta, 
l x 10-~2 c/g 

Max 

22 
22 
40 
24 
21 
23 
17 

Avg 

15 
15 
18 
16 
10 
13 

6 

?rev 
Avg 

10 
15 
17 
17 

8 
15 

6 

---------------------• 



,tl 

'·' 

·~ 
~) 

r) 

: I ,:iJ 

I· 

"' .... 

60 8E...,_...:.lc 

APPENDIX ., 
~· 

~able 9. Ea·ii:Js.cti -,"i -':..~i L~ ?le.c/; I)~inki~g ~·lc~-':er 

Alpha, r~on>/ola~ile BetB., 
1 X 10 -J. 5 c /r.J.i 1 :~ 10-15 c/ml 

?rev Prev 
Location !·lax Avg Av_~i_ C•!a:: Avg Avg_ 

F Area 16.S 7.8 4 . .3 48 25 26 
H Area 6.2 4.4 4.8 22 15 24 
3/700 Area 1.6 1.1 1.4 4 * 8 

400 Area 1.6 1.3 1.1 9 7 8 
TNX 2.1 1.7 0.7 10 ~ 7 , 
Pump House 1 0.3 * 0.6 6 5 5 
Pump House 2 0.2 * 0.5 6 5 5 

R Area 0.6 0.3 0.3 4 * * 
p Area 5.9 l.5 0.5 4 * 8 
L Area 0.3 * * c *' 6 v 

K Area 0.3 * * 5 4 5 
c Area 0.5 0.2 * 4 * 4 

Par Pond - Pump House 0.6 0.4 0.2 10 4 5 
TC Area 1.7 1.4 3.1 7 4 10 
Classification Yards 0.9 0.7 0.6 7 4 4 
Central Shops 0. 7 0.6 0 .. 5 •1 4 6 

Barricade 1 1.7 1.2 0.3 c * * -· 
Barri~ade 2 37 23 -, 

"~ 66 52 52 
Barrj_cade 3 0.5 ·0. 3 0.2 4 * 4 
Barricade 4 7.1 4.0 2.9 7 6 6 
Barricade 5 0.3 * * 5 * * 
Donora Station Well 0.2 * * 7 * 5 

* Less than sensi ti·vi ty o:f analysis. 

---- --------------• 
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Table 10. :::ZaG..ioactivity '- ?t:.bli': D::.~ir;:•:i~:··~ ·,.; c~ -;:, 2 I' 

Alpha; !';on~:o2.c. ~ i :!..~ .::.c: ~e.' 
1 X 1Q-l5 c/nl 1 X l0-l3 c/:::1.. 

?rev ?-::eV 
·Location l~ax Avg Ava. ~lax AVC' A.v,c: ---- ·--..:=::..-.. 

Allendale 0.4 0.1 0.1 10 3.0 ·i:.l 

Sardis 1.1 0.2 * 5 2.7 4.8 

1-/aynesboro 0.2 0.1 0.1 7 1.6 3.7 

Augusta 0.1 * 0.1 8 2.<:o 3.7 

North Augusta 0.2 0.1 0.2 10 4.6 4.4 

Clearwater 0.2 0.2 0.2 17 3.3 4.5 

Bath 2.7 1.7 1.6 12 6.1 7.0 

Langley 2.0 1.7 1.6 9 5.8 7.5 

Jackson 4.7 3.4 3.2 16 10.6 6.9 

New Ellenton 1.6 0.9 0.5 12 5.4 4.8 

Aiken 4.5 2.2 1.1 9 4.4 2.6 

Williston l.S 1.4 0.9 7 4.3 4.6 

Blackvill"e 0.3 0.2 0.2 4 1.9 3.2 

Barnwell 0.3 0.2 0.2 8 (.2 :5.9 

* Less ti"1&'""l 3ens:..tivi--.:-y of analysis. 

, I 

' ' ' 
~~~~~~~~~~~~~----'--'-
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1\) 

Table 11. Radioactivity in Seepage Basin Water 

Alpha, Nonvolatile Beta, Radioiodine, Tritium, 
1 X 10-12 cLml 1 X 10-12 c/ml 1 X 10-12 cLml . 1 x lo-'"1 2 cLml 

Basin Prev Prev Prey Prev 
No. ~ax Avg Avg Max Avg Avg Max Avg Avg Max Avg Avg - -

IF Areal 

1 13 5:3 7.9 8700 3000 . 860 170 38 25 

2 3.6 2.9 5.2 1500 1200 480 50 20 5 

3 4 2. 5 - 4.2 590 380 280 6 5 4 I I H Areal 
I 
I 
I 

1 7 1.4 4 2200 700 860 8 4 4 

2 1 0.4 0.2 410 280 70 5 4 2 

3 1 0.4 0.2 94 34 27 5 3 0.4 

I A Area I 
l 5.3 1.4 0.3 73 15 ,, 

~ - - - 2,600 1,200 290 

I TNX I 
1 -n.a 5.7 3.2 33 16 12 - - - 400 80 24 

~--

il 'II _____ "-·------- ------- ----------------------- -- --- ·---·----- -~-- -- -·-------------. ---------·----·-·-· --------·----· __ ... __ _.~ 
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Well 

Table 12 . 

Well 
No. 

1 
.2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Alp!'.a, !·!c"'·;cl.e.t::.le Be:u 1 

l X 10-1.5 :::./::.! l X l0-:._ 5 .;:,f'::,l 

0.2 0.2 
.2 .l 
.5 
.2 .1 
.2' .1 

0.2.1 0.2 

0.1 0.1 
0.0 0.0 
0.3 0.2 

:--re·: ?re··; 
~ ;.{ax ~:f.§ A·,· g 

I z•,.; 'i·i-=11-S] 

0.6 
.2 
.5 
.4 
. 3 
• 4 

0.0 
.3 

0.2 
1.1 

13 
·r 
4 

29 
20 
ll 
18 
13 

8 
9 

13 
4 
2 

15 
20 

6 
lC 

7 
6 
6 

5 
18 

0 
6 
4 
4 
2 
5 
6 
9 

I Burial Gro'.lild ~.J'ells I 

0.7 
l.l 
0.7 
1.0 
0.6 

• 4 
.4 
.E 

0.5 

0.2 
.3 
.2 
.6 
.2 
.2 

.4 
0.3 

0.3 

. " 

.3 

.8 

.3 

.3 

.3 

.6 
0.3 

l8 
25 
93 

ll 
20 

16 
J.B 

9 
10 
16 
15 

7 
9 

10 
7 
9 

Tri'tiW1'l in Ground ;~·ater 

10 
5 
5 
9 
8 
6 
7 

12 
E 

1 x lo-1. 2 

Z Ylel; s ZH 'lel.ls Burial Ground Ht22.ls 
Pre\· ?re·,r ·- P~·e·v· 

No. !-tax Avg Avg t.'ie.x t,vg Avg_ Max Avg Avg 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
l5 
16 
17 
18 
19 
20 

20A 

19 
24 
15 

** 
** 
31 

** 
33 
~5 

** 
54 
36 

7 

108 
** 

2 
30 

3 
2 

19 
18 
lO 

** ..... 
31 .... 
29 
24 

** 
53 
33 

6 

25 
32 

4 ....... 
l02 9~ 

** ** 
2 3 

29 2.3 
2 64 
2 4 

... ** 

6 
l 

36 
111 

38 
:32 

140 
7 

205 
114 

3 
1 

24 
76 
30 
17 
95 

4 
182 
104 

4 
5 

27 
35 
31 
40 
28 
17 
58 
15 

5 
45 
:..,o 

3!.0 
60 

9 
4 

52 
12 

* Less th~l sensi-.:ivit~.' of e.nalys::.s . 
*"* ·...ra::er ::>D.!~.ple c.:....r.:.obto._illC.ble. 

1 
9 
a 

220 
40 

3 
l 

26 
3 

10 
12 

4 
128 

37 
ll 

4 
75 

8 

53 

I 

I 
I 
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Table 13. Radioac ·:::.i. --ri -:.~..- j_!! ,';:r].J -.;;:-es. S-::epe.ge Be. sin :...Tells 

Non..-olatile Be<:a, Radiostront:..ur.:., 
Alpha, 1 X 10-15 c/rc.l l X 10-25 c/ml 1 X 10 -1s c/ml 

Distance fr:Jm Prev P:·ev ?!'ev 
BA.sin, f'. Max .2..L_ Avg Max Av~ _ ~- 14'3-.X ..!::!..L A"~ 

IF Areal 

1* 34 7000 2100 1800 210,000 130,000 300,000 690 190 1,600 

2 5 0.9 0.!: 0. 7 190 95 93 

3 29 1.3 0.6 0.2 890 580 700 

4 73 0.5 0.2 0.2 2,000 1,100 350 

5* 24 3.0 1.5 0.1 42,000 3,300 3,900 

6* 6 1300 450 1100 169,000 66,000 lOO,COO ·1:4, 000 3,600 300 

7* 46 390 220 500 13,000 8,100 19,000 4,900 2,300 600 

8 53 0.9 0.6 0.6 490 130 10 

9 150 1.0 0.6 0.6 59 24 29 

10* 9 :300 580 410 216,000 143,000 110,000 73,000 14,000 14,000 

ll 9 1.2 0.9 1.1 48 29 33 

12* 29 3000 900 320 118,000 69,000 56,000 970 720 14,000 

13* 58 50 43 440 54,000 41,000 56,000 1,830 760 ll,COO 

IH Area] 
1 24 40 15 20 700 590 '3 ,000 

2 25 1 0.8 0.5 540 120 15 

3 15 1.1 1.0 0.4 710 290 130 

4 45 1.6 0.3 o . .; 23 17 8 

5 13 137 41 20 230,000 75,000 15,000 ..;3,000 13,000 

6 6 0.6 0.4 0.4 4GO 220 130 

7 66 0.8 0.4 0.4 57 24 8 

8 18 0.6 0.3 0.4 152 91 43 

9 78 0.2 0.2 0.2 103 35 17 

10 19 1.0 0.4 0.4 290 120 15 

ll 79 0.6 0.2. 0.1 230 100 170 

A-37 4.0 2.0 2.5 680 250 440 

* Wells in perched '~'ater table. 

. ' 


