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RADIATION CONTROL, OF ACCIDEMJALY C IM.NATED SEEPAGE PONDS

INTRODUCTION*

The Chemical Processing Department is located in approximately the center

of a 600 square mile reservation in south central Washington state
controlled by the Atomic Energy Commission. There are several major
production facilities vithin the department. These facilities receive
irradiated fuel elements from which plutoniu% uranium and occasionally

other radionuclides are recovered in a relatively pure state. Large
quantities of process cooling water pass through the plantrs on a single
pass basis and are discharged to low depressions in the surrounidir.-

area, where permanent ponds having volumes on the order of tens of
millions of gallons are formed. The cooling water is normally uncontaminated
with radioactive materials. However, the potential for contamination does
exist, should process equipment fail or operating errors occur. During
June of 1964, a failure of the cooling coils in one of the process
vessels occurred and an unusual contamination condition resulted in two
of the ponds associated with one of the major production facilities.

DESCRIPTION OF T.IM INCIDNTP

on June 11, 1964, the cooling coilof a Process waste inventory tank

(F-15) in the urex Plant apparently developed a leak since the volume
in the tank increased when no streams were knowingly being added to the
tank. To verify the existence of a leak, the cooling water supply was
cut off and an air purge substituted. The cooling water flow was later



restored as part of the le"k test and for 4temperature control. it

was later surmised that during the period uthen the air purge was conducted,

liquid from the tank seeped into the cooling co-il. During the early

morning on June 12, the cooling water was restored which flushed the

material that had seeped into th e coils into the cooling water ponds.

Shortly after, the cooling water discharge line from this waste tank

was disconnected to prevent additional waste from being discharged to

these ponds. Radiation surveys were made at the two pond sites. Initial

surveys showed gamma radiation levels as high as 5 H/hr eighit feet

from the pond inlets. Further surveys showed that algae had concentrated

the radioactive materials and radiation levels of 7 to 50 reds- per hour

could be detected over the areas of concentrated algae growth.

One of the ponds ("B' Swamp) has been in service almost since plant

start uP. It consists or a narrow ditch about a mile long ending in

a relatively shallow, open pond (approximate volume of ten million

gallons). Roughly one-fourth of the cooling waterI TZe I.Ca )-

discharged to this pond. Algae and other plant growth within the long

ditch was substantial and actual~ly served as an excellent filter, removing

most of the radioactive material rather than allowing it to be dis-

charged into the open pond, itself. The ather pond (Cable Mountnln

Swamp) has only a short ditch and then opens into a reaconably large

expanse of water (approximate volume of fifty million gallons). The

remaining three-fourths of the cooling wter flow was discharged into

this pond. There was only a small amount ofp algae growth within the

trench itself and the radioactive materials that were discharged, were

dispersed almost uniformly tairough the entire liquid volume.



ThQ4EDIAT-E AMTON TAKENM

The radiation surveys indicated generul Y-igb ratiation levels and efforts

were Immediately directed toward prevent~ing any und-Le personnel expcSure.

All roadways approaching the ponds iftre barricaded and posted with

appropriate radiation signs. The plant patrol operation was Instructed

to allow no unauthorized entry beyond these barricades. Water and
mud samples were procured from both ponds ani -cent, to tr.e an~alytical

laboratories for analysis. Efforts were made t: ' drive off water fol.

that were present in small numbers on both ponds. These efforts were

relatively unsuccessful. The fowl appeszrc-. to be residents of these

areas and only moved to another location on the ponds when attempts were

made to frighten them away.

These ponds were known to be frequer..ted by miigratory w.--t er fowl d'irinG.

certain periods of the year. Shortly after Q-L, incilanr. m'embers of the
Piology Department, now with the Battelle Northwest Laborat.)riez;, t

then a part of General Electric Company, were counsuJlted for their opinion

about the water fowl problem. They indicated that" in all likelihood

all water fowl present were residents rather than migrants, an~d that it

was unlikely that they would leave the project. They also indicated

that it would be at least six to eight weeks before any migratory fo-,r

would be expect ed.

DISCUSSION OF THE MCIDENT

The process waste inventory tank in iitich the coil leak. occurred Is

used for temporary storage of concentrated fission product waste.

The waste is sampled at this point for invent ory parposes and to det.ermine

the quantity of chemical reagents nec 3ed fc:- neu~tralizat ion. The content

of this tank is transferred to another tank f~r ne-'-tralizatinr qrl Is then
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normally sent to widergr.7nd storage twrnkb. '.Lc~ cocjcrtrat.ion of radioactive

materials is sufficiently high tv. cse;se tLese 4..nderground twnks content to
boil. Estimates were made of the amount ef activity tba:_ escaped to the

ponds by determining the radioactive concentr!5t on In the Solution in

the waste tank and estimating the awa'~n. Cf sclution that co.Ild have

seeped into the cooling coils. On the crder of lO0~c-ies of fission

products evidently escaped to th4 .orQd The foll:)-irg table gives

a rough estimate of the percentage of tt.-e var-os rainnricliea tbat

were present in any significant concentrations.

TABLE I

PERCEN-. It PERCE.'T' OFRIC,.*Pl IDE TOTAL ACTUVTNY F~s~.; i: ~ LATVT

s>-69 9. Ijt
Sr-90 0. 4 ~ T~:0.22

Y-oo4Cs-137 0.332_9l11.5 B3,-l 37 0.33Zr-95 14.8 ba-D.0. .0
.11b-95 0.3 *L-~00.33
2 N~b-95 23. Cel- 4.7tu.-103 5.6 Ir-14 30.

M14103 5.6 k - -T.i-lo6 0.75 P.I49.3

After the immediate protective act4ton vscompleted, a fask Force,

consisting of operetions management persinnel, pxocess engtrneer3)

senior chemist, a geologist -hydr-ologist, a was' e disosu.J engineer, a

biologist, and health physicists, vm.s formed t~o determine t'Jxther courses

of action. The situation vas, as best the I-ask Fkc':ce

could determine, relatively stable anJ it apleazed thal. the-re waE a

reasonable amowfnt of time available for con r.-'tig various studies

that might aid in suggesting a practical cou.rse cf acti-n. Sev~eral
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different types of inlvestigation we':e co.Ln-1-*ct;f. -)n w~tys to ret-.Ln the
ponds to an acceptable stat-as. Each ir.%re i~tion vil, be discussed
as a separate entity, however, these invc. -wt' ra~ere frr-i,ently

being conducted concurrentliy.

It was first recoumlesdedi by the Task Force .- ! qffaets to redu~ce the
high radiation levels should begin as soon ns prticttcal so that the
potential for personnel exposure wo -Jd be r-mofe-. The first c3urse
of action was, therefore, to exAvs±.e new t-encl-es in'to oh ipnars and

than-fill the 1ja& This action was ccoupletei towar4 the end
of July, 1,65, and as a result suzzveillan..e of t-Le uirea by patrol was
no longer required. DWring this period, opera'.ions personnrel were
successl'u in kee~ping the liquid levels orl'~ :;umps to n*early the
swue levels that existed at the time of' th-e Ifi cdent. The contaminated
area was, therefore, not ealarged nor were alread.y contaminated areas
allowed to dry out so that the wind couldi cause further contamination

spread.

Shortly after the inciderst some of the residect water ±'O16&. 'werea per'io.Iica1ly
harvested to determine the amoun±t of extern-al.t cira.. r arid internal
deposition. Tables Il and 11.1 indicate the .zt of' th13 programz.

TABLE U-1

%kiTEp OWL VaMAL CCTrWW4!ATTOI!

TYPE OF POWL DAE CATION FADIA-r2CVi7' TARK
-Z er Scale Reading)

Teal. 6 42/ ~ Gable Mcj.ntair. Swi v-.rm 100 inrads/hrcoot 6/22/64 G abl e Mountain Ou-imn. 60 in'ads/h rMallard 6 L/6 4 Gable M=Vtain C3 wz.. mrd,coot Gable Mo=t-ir Srimp' !200 Ssoh



coot 6/tl "..-'a~ ~ . n Sw,fu: Lm-u* /~iC o o t. ~. -

Coot Gable j~T S~:6~r.~

Goose V'
Coot (3) RCC Xr -kR (.2 Met- )

Ruddy Dack /-i. a.-. wrLc (MMeter)Teal (5) A (:'SI~,. ~' M&-ter)Coot 310/ ~ .i. Ic~.Shoveler 6/9/a ble Y, t:i .L r.i.5 mra~is/hrCoot (5) /:/4 CAble W :a!' n * 2.) r.ads/hrWillard 6 /3 0/6i 4 ,ible I.:cr mrads/

Coot (3) 7/164CIble M,:int4 a r- 3 ,
Ruddy Duck I/~/64 Cirb-le Mcrj a n 0,7S-Z, 3" -i 11'd/rShoveler 7 . i GdD2 F Moan~ir t >r .-' mr -, 'm/nrMallard ()7/8 /6. i!.ney cii:. /I Z! c I V Meter)Fixtail E~ayh1Z~cr (S MeerTeu~~~~~~~l~ 7/,/, .,e-' 

'/' '4 M ter)T e l 7 ! . .H o e y L L ) J c ' G A m e e r

Teal -or~~4 iny c:2 ' /m1 (OM Meter)
Tea~lir ::Honey -,/M i t~k, 4/ ( IMeter

Tecal / !o±ey P12 .%ki /. ter)

M-allard (3) 1/1/t Honbey fill, r .'" c/ GM (.' z.er)

Jyme , I*r ' -b! eter?Coouet ()1/&biM',t3c~~ ,c. d M tr
-Saps soit ~t (8).e Cri~rnle. 0: 1 zd. Lc .lt -4- 4il- fom

cMalnt -4mj /iCe ; h r- d!to~tir
(31 A1 sml on prci e i nele M t- -,r - ,b ' ir. etn



o/ iO/U-1 i.

cont6 /2/64'ble Mountain

Got6/30/t--4. Gable Mmuntain S- uwy . ,T

C~ot. 6/3/64 Gable MoNiv tair. ,~ 'iV

6A/ Gable 1-mountain ~Fi1
Cootee 6/30A: 4 Gable Mountain Sw.p 1,;-

6/yt /64 r- Gab 1e Younta inr Sv-imt--)
.Xic)~ /i 1(14 Gable Ymut a in W±i

Shoele 7//64 Gable Mountain ,'.wam~p
mJv 711 Gable Mountain Swi.-i:

7/l64 (kF.tile Mountain

y/~/ '4Goable Mlountain Sj7 , 7I i

7 1 4a Gable Mountain 2~ I--,
II r~ 7/8/(Ji. Uble Mountzain r. u'"

r/c ~ -bl I6 ,heMountain !3i-A-;jI .

(/~3 t -t Gable Mountain w-zr

B ±Gable Mountain Smwu=ni

V8 (/6 ,4 Gable Mountain Swumm
1/15 /6 .14 loney Hill 7r

1*' 1liney LJ.J.1

1 d7/2.5/64 Roney Hll

I7/15/64 fHoney Hill %
d i /r'!5 /64 11e y Brill

Pi'/ 11.ney T ill
5~ 16 4 Honey Kvi.

"j le!- ~ it/1o~ UZ-Ue Mcuntair. Z ,i:r
V6/ /G- &ble Mountain -sv,:-.p

'i/b 'r ~ Gb3e kcrtai n SVi.z -,-

9//L 'ble Nountair. Sinv=-ri 7IA
Dx%,e3st. c 9/2i!/*- L 'b. Mountain Z3irro

aettic 9/2q&. Gble momtain Sv,--
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PC'/Gm pCi/gm
Cs-137 Sr - TotalIYPE OF FOWL DATE ILCATION COW=EN OF MUSCLE CONTENT OF MUSCLE

coot 9/29/64 Gable Mountain Swamp R17NCoo 92961. abe outan waip102 NACoot 9/29/64 Gable Mountain Swamp 12 HA-Ootar 9/30/64 Cable Mountain Swamp 195 NAWiaard 9/30/64 Gable Mountain Swamp -181 NA
Coot 9/30/64 Gable Mountain Swamp 247 WAShoveler 10/2/64 Gable Mountain Swamp 112 ILAScaup 10/9/64 Gable Mountain Swamp 32 IIAScaup 10/9/64 Gable Mountain Swamp 4 VIATeal 10/9/64 Gable Mountain Swamp 281 'NA3adwull 10/9/64 Gable Mountain Swamp 287 TIACoot 10/13/64 Gable Mountain Swamp 128 Xscaup 11/3/64 Gable Mountain Swamp 98 RAScaup 11/3/64 Gable Mountain Swamp 85 WAOcaul) 11/3/64 Gable Mountain Swamp 20 WA.Scaup 11/3/64 Gable Mountain Swamp 114 NAScaup 11/3/64 Gable Mountain Swamp 121 NAScaup 11/3/64 Gable Mountain Swamip 54 TIAscaup 11/3/64 Gable Mountain Swamp 18 NA.Mallard 11/3/64 Gable Mountain Swar-p 3,020 TNA\Iullard 11/3/64 Gable Mountain Swamp 869 NA.Allard 11/3/64 Gable Mountain Swamp 1,750 NAintail 11/3/64 Gable Mountain Swainp 14 NAreal .11/3/64 Gable Mountain Swamp 24 ITAPel11/3/64 Gable Mountain Swamp 23 NACoot 11/3/64 Gable Mountain Swamp 946 VA .Coot 11/3/64 Gable Mountain Swamp 340 ZIACoot 11/3/64 Gable Mountain Swamp 53 NAC.oot 11/3/64 Gable Mountain Swamp 47 IMCoot 11/3/64 Gable Mountain Swamp 10 NIAG-olden Eye 11/30/64 Gable Mountain Swamp 32 NAGolden Eye 3U/30/64 Gable Mountain Swamp 262 NA3olden Eye 11/30/64 Gabld Mountain Swamup 309 TIAG;Olden Eye 11/30/6 4 Gable Mountain Swamp 88 INAGolden Eye 11/30/64 Gable Mountain Swamp 26 RIACoot 11/30/64 Gable Mountain Swamp 1 NAsOot 1-1/30/64 Gable Mountain Swamrp 53 7 ACOot 11/30/64 Gable Mountain Swamp 57 NIACoot 11/30/64 Gable Mountain Swamp 309 NA

Ul. ducks harvested on the Hanford Reservation after January 1, 1965 have contc~ined (200 pi/P~
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As seen in Table II, there 'Was a continuing drop in the external con-

tainination levels with time. The water fowl, ,harvested from ponds

six to eight miles distance from the contaminated ponds, showed no

significant external contamination. This information reinforced the

belief that the water fowl presenton the swamips at the time of the

incident were resident fowl and stayed in the immediate vicinity.

As seen in Table III, the Cs-137 content of the water fowl muscle was

hig.h. Because of this, investigations were m'ade to dctrne if It

was feasible to eradicate the entire water fowl, population. State

Game Commission people were contacted and the contamination problem

discussed with them. They could suggest no good solutions but had

no objections to the plant forces making efforts to exterminate these

fowl. An attem-Lt was subsequently mrade to poison these fowl by distri-

buting poisoned grains in certain controlled locations near the ponds.

This attempt was almost completely unsuccessful, and was discontiuued

after a short time. All poisoned material was removed.

A number of tame ducks were procured. to use as a means to further

investigate the potential external - internal radiation problem.

Groups of three ducks were placed on each swamp at various times after

the water contamination level dropped to where it was not considered a

major problem (-,104CXi/cc). These ducks were harvested when pos.jible,

after a residence time of one to two weeks in an attempt to evaluate

how serious the problem of contaminating 'wild migratory water fowl

might be. It was the opinion of some members of the Task Force that

the resultant contamination of these fowl would represent a worse care

since these tuime ducks could not fly and were forced to scavenge all

their food in the Immediate vicinity of the ponds. The ducks placed
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on the larger body of water showed measurable levels of external

*contamination and internal deposition even after the water concentra-
tions had dropped to <10-4 A)i/c The wild water fowl harvested at about

the time the tame ducks were harvested did- show somewhat lower levels
of both external and internal contamination 'but not to the extent antici-
pated. Thie analyses of wild fowl that have been sampled since the
abandonment of the Task Force indicate a reduction in Cs-137 deposition.

The tame water fowl (not shown in the tables) which were placed on
"B" Swamp showed nlo detectable external contamination and essentially
no internal deposition. This was expected since a very high percent

of the activity that had been dischcu-gcd in this swa~mp was trapped in
the ditch that 'was later back-filled. Overall, the "tB" Swazv did not
prove to be a problem after the back-fillhing, other than that the old
trench was a future Potential ra-_iation material source for- vegetation

uptake.

The Environmental Evaluation and Studies Section of the Battelle Inorth-
west Laboratories conducts an annual audit* of the deposition of

radioactive matl~erials in water fowl harvested by hu~nters in the Hanford
Area. Hunters are requested to send the heads of the fowl to Battelle
Northwest Laboratories for analyses. Of the nearly 200 fowl analysed,
one analysis showed 100 pCi/Va Cs-137, seven others showed detectable
Cs-137 but all were less than 5 PCi/gn.- The internal deposition of
Cs-137 to personnel in the inuediate environs caused by this incident,
therefore, does not appear to be significant.

SBattelle Northwest laboratories Environmental Studies and EvaluationStaff, Evaluation of Radiological Conditions in the Vicinity of ~anfordfor I~,B~W 0
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Copper sulfate was added 0On two occasions in Gab~le Mcnirnfain Syj to
eliminate tile algae and invertebrate life, thus breaking important
links in the food chain of the water fowl. The co'DDer sulfate was
,dde~dat a reasonably uniform rate at the inlt for about a one week

period. Three Parts pDer billion was the desired concentration. It
was necessary to broadcast copper sulfate by hand in some areas of
the swamp because of apparent water stagnation at these locations.
Copper sulfate was not added to the "B" Swamp immediately, since most
of the contam~inati~on was trapped in the long ditch which was to be
backfilled. It was thoug7ht'that killing the algae in the ditch znigj-t
release some of the trapped material into the open pond. After the
backfi].ling had been compoleted copper sulfate was added on one occarion.
The addition of this chemical. successfl'uly rid the swanzms of most c-
the algae growth. Mhe concentrations of radioactive m:aterial in: thac
water was several orders of magnitude lower before algat!:~ to egrow.
back to any sicnificant extent. The oppcrtunity for vagae to concentrate
the activity was,1 therefore, significantly reduced.

Some vegetation samples were collected around the pond perimeters. Cocn-
plete analyses was not made. However, it is obvious that the irotake of
somue of the radionuclides was significant from scanning the results in
Table IV.
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TABLE IV
UPTAXE OF CERTAIN RADIONUCLIDES BY VEGETATION

VEGETATION PCi Sr-8q pCi Sr-9 gCo VCs-
Millet Leaves 

910Millet Leaves2,0
Millet SeeMillet Seed 

3 100Swamp Willow L-eaves 260 110SWamp Willow Leaves 34 230 1Swbmp Willow Leaves 454ocf~o220
Swamni Willow Lcaves 43,340 1-,5801o

These findings indicated a definite need for a sol! teaii7ni-inn,
prora and such arogra was carried out. The soil sterilization
program had an additional benefit in that it Prevented the growth of'
wild grains that serve as a ma'Jor food soursce for wild fowl. There
were wild grains (millet) growing in the vicinity of these coolinG
water waste arc-as and in an attempt to make these areas as undesirable
as possible to water fowl, these grains were destroyed by burning, with
kerosene.

As mentioned previously, the Task Force determined that it would be
desirable to maintain the pond liquid levels to that that existed-at
the time of the incident, until the contamination level of the vd-ter
dropped to less than 10-4,)Vi/cc. Table V and Figure 1 show the rate
of contamination reduction.



-13- RL-SA-15

TABLE v

COfrTAMINATION LEVEL.S OF SEETAGE PONDS

GABLE MOUNTAIN SWAMP' B - SWAUMPIDATE pCi/cc pcifrc
6/16 '.8,o 1,5006/17 4o,OOO 1, 4oo
6/19 28,000 1,7006/23 13,000 1, 700
6/26 9,600 1,4006/30 2,500 1,100
7/2 5,000 9507/7 2,900 840
7/10 2,200 790
7/14 2,200 5,4007/14 1,100 1507/21 810 550
7/24 590 400
7/28 510 260
7/31 41o a~bc6/4 210 75
8/7 00-
8/11 14,.,
8/14 110
8/18 570
8/2.n 1508

8/25 63-1
8/28 87 13 .0/1 093 '19

94811- 10C
9/8 74 8.4
9/10 70 10
9/15 71 7.8
9/17 45 8.0
9/22 ~43 4. 49/25 95 4.4
9/29 29 5.110/2 143 4.o10/6 4e6 .5
10/9 3650
10/13 28 7.910/16 12 12
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M~ost of the contamination that reach.*I th^ open ponds was actuailly

removed by adsorption on the bottom se diments, of the ponds. Some

reduct ion also occurred through radioactive decay. After th e level

fell below io-4 )Ci/cc, it was the intent -to raise the liqu.id level
several inches anticipating that the cont,=.nartion, which was practically'

In ddiion th raiaton eves aoun th- pndswould be significantly

r e d c e d b e c u s o f t h e a d i t i n~ a w a e r s h i l d i g . T t s t s v e e c o n d u c t e d
thing atria would

haveto e adedto rduc th pecolaionrat ofthe water throu&h

the soil to the point that the liquid level would raise on the order
of one foot. These studies indicated that approximately loorty tons,
evenly dispersed over the pond area, Chould effectively pin-; the bottom

of the pond and cause the umter to rie Autlication o1f thu Lciatomaceous

earth in a satisfactory manner turned ou:t te. be a' riost dilificult problem
and after cdding some six and a half tons nonuniformly throu gh various

methods, with no significant rise in the liquid level, other methods
were sought. The use of airplanes- to dust the diatomaceous earth on
the ponds was investigated and actually would have been employed.

However, bulldozers were already employed in fillinG the edges around
the laree pond and this operation proved to be more cucces-efuJ. than w"s
aticipated. Bly the time dirt was pushed into the pond ax±, averan-e of
twenty feet all around the perimeter, the liquid level rose rapidly
and before long was well above that originally planned. Apparently most

of the liquid actually percolated through the soil to the ground water
at the edres of the ponds.

Some studies were conducted to determine~ i f it iwerc possib2a to reduc:e
the radioactive contamination level 4- tre ,,mter by :"lIdingr flo:culation
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materials Lund having these mterials scav -ngc thu radioactive nuclidc:;

and then deposit on the bottom sediments. Laboratory studies indicated

that with the pHl of the pond water (8.5 to 9.5). various scavenging agents
tried shoulId be effective in removing greater than 95% Zr-111-95 and the

Ce-141 and 144 and approximately 8o of the Rui-103 andI 106. Concentrations

of fifty to one hundred parts per million were most effective. Some

of the more biologically significant radion~uclides, i.e. Sr-89 and 90

and Cs-137, were not removed to any measurable degree in the tests.

No attempts were actually made to remove radioactive materials fom the

water in the ponds using these scavenge methods, however, the information

generated on this subject may prove usefuJ should future incidents occur.

The types of floc used in the lab studieu weore Fk-(iI0,) 0XQ 04 + IQ-!n04

-~~(~i 3 + Mn~+ .

Samples of' mud from. Gable Mountain JwMrp wore subjectn~d to treatm~ent with

I 0.~I rNO in n efor toforce mdration of radioactive materiels

through the mud. No significant movement ."as detected after a total

flow equivalent to 26 gal/ft2 . This is indicative of the tenacity withj which the isotopes are bound to the sediments.

The ground wiater obtained from vells in the near vicinity of Gable Mountain

Swasip was sampled. The wells were locatcd ge--nerally north northeast of

the pond. The analyses of the za=n.les choved the res-ults given in Table VI.

TABLE VI

DATE pci/cc

8-5-64 49
8-26-64 10

10-28-64 12
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%be bulk of the activity Was RU-103 and Thi-IMN and some Zr-Nb-95. Samples

of ground water taken from wells down gradient from those which showed

contamination were at background levels. It was 4oncluded from these

results that contrmination of the ground water wras not a significant

problem.

CONCLUSION

The Task Force was abandoned in the middle of October when it was

apparent that the more serious problems were tunder control. The remaining

radioactive materials were essentially all adsorbed on the bottom

sediments of the swaimp, and the rise in water level provided a reasonably

good barrier for both wildlife and people. Water foul harvested after

the Task Force was dismissed did occasior.12.y chow some extrnal con-

tamination on the order of a few thousnd' counts per minute aL; measured

with a GM IMeter. Internal contamnation of fowl harvested since the

January 1, 1965, has been as high as 200 pCi/gm of muscle, and on the

average about the same as the internal depozition noted in the caribou in

Alaska .* The radiation exposure potential from this source to personnel

in the environs is considered insignificant.

Close surveillance of the area will continue to be conducted because of

the relatively large inventory of fission products affixed to the soil

and to assure that potential vegetation contczrination is under control.

SHansor., W. C., and Palmer, H. E., Cesium tyclc of Cs-137 In Some Alaskan
Natives and Animals, HEALThI PHYSICS JOI!AL, Volume 11, 12, to be published.



SUMR CF THlE GALLE MOUNTAIN SWAMP
AID B SWAMP CONTAMINATI101l ICIDENT

A brief giummary of the Puwex Concentrated Waste Sampling Tank

(F-15) coil failure and subsequent Gable Mountain Swamp and B Swamp

contamination incident and action taken to date following the incident

is shown below in chronological order,

June 11, 1964 A leak was detected in the F-15 coil.

June 12, 1964 Radioactive vaste seeped into the coil and was

subsequently flushed to the swamps. First estim~ates

indicated the total activity to be 60,000 to

7'0,000 curies.

Water and mud1 samplinZ. programs were initiated.

First sacples indicutcd contamination lcvclz in

the order of tenths of i±'/c

fladiation Gurveys were condlucted; cxmoour*

Of -3 - 5 rads/hr at 3' were notcd alonv the

inlets of both Gwntr.r).

AUl entry ways to the svamp3 were barricaded.

Juno 15, 1964 Biology personnel invcotiv~ated the wildlife a3sociatcd.

withI the evemps and reported all fowl wer(- reaident3

rather than migratory animals.

June 16, 1964s A conference of Purex and Hanford Laborator-y

personnel was held to determine stuiesic for 0&ause

of action. The use ol' floc, a wildlife saxnplir.3

Program, Gable Mountain Swump voltwe and size, and

Cost Of construction of nov inlet ditchca were

to be investigated.



june 18, 1964. Recoamendations vart made by IWO thnt nev swamp
inlets be excavated and the old inlets backfiliod. 1 jd
Estimated costs! were $2, 500. 'D"!~ A 1 ~~~ ~'@

June 19, 1964~ Equipment was moved in to Gable Mountain Swamp to
start excavation. Surveys indicated no spread of
contamination outside of the swamp. Water samples
taken on the 16th indicated contamination levels
on the order of 5 x 10-2 pc/cc and 10-' pc/cc at

Gable Mountain Swamp and 1B Swamp, respectively.

june 22, 1964 Excavation of the nev inlet atarted at Gable

Mountain. Volutna of the swamp estimate was revised
upvard to 20 million gnllons from an earlier estimate

of 8 million.

Waterfowl which lind teen harvested had extcrnal

contamination levels of 100 mrads/hi. (dital reading

cP). It war. recou-mcnetcd that thc use of copper
sulfate for alg~ae kill be investigated.

June 24., 1964 It was recocm-endod by RPO that copper cuifat? be

added to Gmble Mountain swrmn in concentrations

of --3 ppm for aleac and invertebrate aniral kill.
The activity in B3 £w.z~p is concentrated in the
inlet ditch which is to to backfilled so it wits
rocounended that no copper s'ulfate be added at
least until the old ditch is backfilled. Waterfovl
sampled from Redox and U swamps shoved no extearnal

contamination.
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June 26, 1964 The nev Gable Mountain wapInlet' is in use;

some backfifling Is still in progress. Radiation

exposure rates at the- inlet are nowv 50 mr/hr

at 3 feet. The addlition of copper sulfate to Gable

Mtountain started. Purex personnel have estimaited

that -10,000 curics of activity vas dircharg:ed

to the two swamps,. Vic possibility of partially

scaling the bottom of Gable Mountain Sw3amp to raise

the liquid level after ncarly all the contamination

is sealed in the nud i,- bcir4-, iyrte--tigated. Th-

excavation of a ncv izale . for B Cwrct nlz-o ctartcd.

June 30, l9OS!, The- addition of coppcr sul~fate to Gable Mountain

Swamp has boon compected. A second dr-aeline is

being used for B Plant Ditch excavation. It is

estimaited that 20 days vii.] be required to co;.;-

plate the excavatiUL.

July 1, 190, Investigation of the Gable M~ountain ljwu-,p indicated

a reasonably good alrac kill. The-re were a few

small areas where the algae.- appeared to be AY..

July 2, ln9C; Water usamples of Gable Mountain swaumpn containd

< 0.2 ppm copper sulfate; however, samples of the

algae that appeared to be still alive contained

-20 ppm and it Is anticipatcd that it will. die.

The water volume of B 3%r=13s was estimated to t

9 million gallons by CET perconnel.

To dtito iost of the effort bas been devoted to Gable 14ountain

uwap since it is larger and nearly all waterfowl reside in this loca-

tion. M.out of. the activity discbarCecd to B 2,zn- is contained in the

lorZ inlet ditch and it is anticipated that once it is backfilled the -

principal portion of the activity will be- contnined.
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A. R. Keen , Manager

Radiation Protection

STATUS OF THE PUREX SWAMPS -OCTOBER 7, 1964
On Junie 12, 1964, the B Plant and Gable Mountain waste water swamrps becamecontaminated when a cooling coil in a Purex waste tank (F-15) failed, allowingprocess waste material to leak from the tank into the coil. First estimatesindicated a total of about 60,000 to 70,000 curies of fission products werereleased, but the estimate was later revised to 10,000 curies. Radiationsurveys showed exposure rates as high as 5 R per hour at the inlet to theswamps immiediately after the incident, and the concentration of fission pro'-ducts (principally Zn-95.Ub-.95, Ru-103 and Ce-141-144) in the water of theswamps approached 0.1 tic/cc. With the continued addition of "normal" (clean)water to the swamps, the concentrations of fission products in the swamp waterdiminished with a "half-life" of about one week. By the end of August theconcentration in the water of "B" Swamp was -10' ;.c/cc (necir tormial). SamplIesof water fromn the Gable Mountain swamp have sho'wn considutaIbje variation, butmnost results for Septemnber indicated concentrations between 10u- P.c/cc.

Backfilling of the original inlet areas of the swamps buried much of thecontamination and reduced the dose rates. Sackfilling was esvecially effectivefor "13" Swamp because of the long, vegetation filled ditch that trapped most ofthe contamination. With completion of backfilling of the "B3" Swam~p inlet ditchby mid-August, radiation levels around this swamp were reduced to less than10,000 c/in (except for one small area that showed less than 6 mR/hour).
When a new inlet ditch for the "B" Swamp was finished and placed in serviceJuly 21 , an) unexpected rise in water level of the "B" Swamp began. (Perculationthroughi the bottom of the new ditch was much less than through the old ditch---the reverse haid been anticipated.) The water level in "B" Swamp stabilized atthe end of August at about eight inches above the original level. This risewas beneficial in covering and providing additional shielding for the contamina-tion fixed in the bottom sediments. Domestic ducks placed onl "[B" Swamnp at theend of August -arid sampled a few days later showed no detectable external conl-tamination, arid thus satisfactory control of the contdi;ination in this swamp.
The Gable Mountain Swamp has presented more difficult control problems thanthe "[3" Swamp because of its larger area, short inlet ditch (that did notretain much of the contamination), and its dttractio1 for mnigratory water fowl.Wild ducks and coots inhabiting the Gable Mountain Swamp at the time of theincident were found to have enough contamhination) to give readings as high as100 Iurads/hr onl a CP instrument.



.. ANP U~rfi AI~., m Its~

GENERAL ~.ELECTRIC
RICIOLAR . "ASIIIJ#krOM

A.R Keene -2- October 7, 1964

Maximiumi concentra tioils of Cs-137 in the flesh uf ducks was 0.24 tic/gil.
These ducks were "sampled" as rapidly as*possible and copper sulfate wasadded to the water, to kill the algae and initerrupt the food chaini transferof Cs-137 to the ducks. With the approval of the State Gamie Departmlent,attempts were made to poison the ducks that rema~~ined at the end of July.Poisoning was not successful, however.

In mid-August, when most of the fission products in Gable Mountain Swamphad become fixed to the bottomi sediments, attempts were begun to raise thewater level in order to inundate the Contaminated shoreline and increase thewater depth above the hiqhly contaminated bottom. The addition of Bentoniteclay was believed to be the best means Of reduc ' ing perculatiori through thebottom of the swamp and this was begun at the eiid of July. By the end ofAugust, about six tons of Bentonite had beeni added, essentially by hand, withno significant effect on the water level. DUukS usinlg the swamp were miuch lesscontamiinaLed than inl June but still had as much as 100,000 c/rn external contami-nation. In order to effect an intrediate rise in water level , Purex increasedthe flow to the swaup.. More clay was also ordered and ar-rangements niade forapplication by a crop-dusting airplane.

Additional backfill iu'j around the edges of fal ?iuntairm Swa::mp was beguninl mid-Septembtei*, ;wi:mri lv as a means of hury iii near-shor,: contami nati onwne re.v er 1pra c t i c .,l . ;0thor unexpectedly, tht- woto'r leve in the swamip beganto ri, v as the b. 11inuproceeded , and bY Lu* rna t' Swp Lf..;:her was mi abouteiPht inches. A;: Hati%.in of the U-emtoni te h~t - en s toppedi but backfill inghas continued to da*,e. Domestic ducks placed mi the swarip atid SdrmpleS of wild(lickS SamledC1. ill t!l M-0 aashuWe C.\ternal Ulif .vinm oiou im une r:ivje of 3 ,000 to10,000 c/m earaly il O(c tober. Food cind othor * l aLti, c LivL. tO the ducks armeto tie burned iar m uer tort to reduce the con taci iiii ion i eve 1 futhet~*r.

Meetings betwee n HL and Purex staff members ii~av.? cem h106 at about weeklyntervalis since June 16, to plan the course oi" act.ion anid kmep abrea-st ofthe status.
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RADIATION OCCURRENCE
RADIAT(ION OC4 81I Ir AcrsR. W. McCullugh, Ma'nager 6-1-64YC

Processing 6-O212I64
Purex Operation OAiN

____ ___ ___ ____ ___ ___ ____ ___ ___ ___Purex Cooling Water Swamp
AOIAIoN OCCU"MtENCK TYPIgg 3-C CAUSK CQDg, 1BI

Uncontrolled radiation or contamination Failure of ment
inside a Radiation Zone

OMPLIKVtDECAPT AND CAUSC

Fission products contamination was released to the B- Gab Mountain cooling waterswamps from a leaking cooling coil in a 202-A proces e k (F-15).

Observations

1. Cooling water (usually slightly corrtamina process vessels is routed tothe swamps via a common line froin 202-A. Adver io-iies the flow betweenB Swamp and Gable Mountain- Swamp.

2. A cooling coil on the F-15 Tank developed a le on 6-11-64. At 0100 on 6-12-64the 'cooling water was turned off and the coil s air-purged until the cooling waterwas restored at 0130. At 0200 the cooling wa was again turned off and restoredat 0750.

3. The cooling water in the coil provided suff. ient pressure to prevent the highlycontaminated waste solution from leaking fr" the tank into the coil. However, thispressurization was apparently'not maintain, during the air purges and the contaminatliquid which leaked into the coil was dsarged to the swamps when the cooling waterwas restored to the coil. A survey at t, 201-A Tank (which received cooling waterdischarged fromi 202-A) after the 0130 r toration did not disclose any unusualactivities in the water.

4. The following radiation levels were ected during surveys on 6-12-64:
8 Swamp

On ditch bank over inlet -2 R/hr. at 8'At edge of inlet flume 5 R/hr. at 5'
7 R/hr. at 2"

50 rads/hr. at 2" (on algae)Maximum along road parallel to.- amp .150 mR/hr.
ast-west) (Continued)

C: WM Harty-GEC ACTION TA.EN

SG Smolen 1. Appropri radiation surveys were made.RW Harvey (2) 2. Roads t nvolved areas were barricaded.RM File 3. Appropr. e contacts were made 'to RPO-HL.
4. The co ng water discharge jumper from the coil to the

buildi. discharge header was disconnected.

INVCSTSGAE TK 
DAT OaeFs INVESTIGAT101N

EMPOYE.G. E. Cunningham 6-12-64 thru 6-16-64

None.



8 Swamp (Continued)

Along ditch bank (several locations) 2.5 R/hr. at 2w
3.2 R/hr. at2
600 MR/hr. at 2w

Along shore of swamp 3000 c/rn

Gable Mountain Swamp

Over inlet 15 to 22 rads/hr. at 2"-
(probably algae)

Edge of inlet 500 mR/hr. at 2.'
Along south shore 500 mR/hr. at 2"
Far end of swamp Nothing above normal backgrout

Station surveys made on 6-16-64 are shown on the attached drawing.

Observations

5. Affected areas were barricaded to prevent inadvertent entry of personnel.

6. Caustic was added to the swamps via the cooling water line to precipitate
the contamination.

7. Appropriate RPO-HL groups were notified and a study group of HL and CPD
personnel has been formed to evaluate the problem.

8. Ho unplanned exposure of personnel was involved.

9. An engineering study has been initiated leading to improved equipment
design which will preclude tank outleakage to coils.
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