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ABSTRACT =

The Hanford Works srea, originally believed to be suitable for the temporary
or intorim underground disposal of certain radioactive wastes, pending the da-
vising of more edequate and safer methods of disposal, has served as 8 test are¢
for the Atomic Energy Commission for such disposal practices since beginning of
operations of the plant., The history and development of the methods of under-
ground disposal at the Hanford Works are described, as 1s en oxtensive program
of Investigation and exploration to determine what specifically resulted from
those waste dlsposal practices and what might be expected to heppen in the
future. The first phase of this work, limited to the areas Immedistely adjecent
to the waste disposal units, is dlscussed in a rrevious interim report. This
work indicated that the methods of disposal hed created no unforeseen or unanti-

‘ clpated hezards in the areas investigated, that thes Works aren was probably as
ideal an area for such experiments as could be found, but that certain factors
and conditions limited the waste disposal practices and strongly indicated the
necd for considereble sdditional informetion.

An exploration program to obtain necessary basic hydrologic and geologic
information in the vicinilty of the 200 ereas reswited in the agsemblage of a
great deal of information and numerous tentative conclusions pertinent to and:
significant to the immediate waste disposal problems., This program is described
in detall in a separate preliminary interim report, the facts and conclusions
of which are summarized as is a generalized geologic picture of the Hanford
Works area determined by that progrem.

The present report brings the waste dlsposal information up to dete, re-
evalustes the earlier-cbtained information in the light of more recently

gathered information, and generelly confirme the conclusions resulting from the

early phases of the investigation and exploration progrem.
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The exploration and observation program within the 200 areas indicates that
the plutonium and most of the fission products in the radionctive wastes are re-
moved within o relatively short distance of the waste disposal units,

Uranium

and certain fission products, inciuding ruthenium and zirconium, ero demcnstrate.

to be the most likely elecments to remain in solution ond to travel the farth-

est from the point of injection, Plutonium, of pgreatest concern in waste dlg-

posal operations, is demonstrobly removed from the solutlions within a shorter

distance than any other of the invastignted radiocactive olements in every case
The ground water in two locations, one in each 200 ares,

is contaminated by

redicactive waste, at each location injected close to or directly into the

ground water through reverse wells, neithor of which has been in use for at

. least two years. An enalysis of the resuwlis of the two-year sampling program

of the ground watey beneath the 200-East aree 1ia presented.  Evidence from both

locations indlcates that tho grownd water beneath the 200 areas is ourrcently

immobllo, owing to the creation of arfificiul ground water moundse, formed by the

discharge of sbout €,200,000,000 gallons (19,030 acre feet) of non-rodiocactive

water to the ground in five principal discharge areas., Such activity as 1s pre

sent in the ground water end such as may penetrate tc the ground water will
thug remain in place until rodicactive decay and diffusion reduce the activity

level below the significently contaminated or reporting level, Moreover, a

means aleo existe by which such activity can be hold in Place by artificially-

formed ground weter dams until rediosctive decay, diffusion and possible artifi-

clal dilution have reduced the activity to acceptable levels.

Rodioactive wastes dischurged to the ground total 95,500,000 gallons, con-

telning an estimated 800 groms of plutonium end THO0 curies of £ission products.

. Athur than the radioactive wastos dincharged into thao doup revorse wolls, no
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radioactivé materlels are known or believed to have penotrated to the growmd

*
water table., Flutonium, presumably introduced into the ground at or noar the

ground water toble through the deep reverse weils, is not known to be in solu-

tion or traveling in the ground water. .

Preliminary leboratory exporiments generelly confirm the empirical finiings,
]

and together with the observations mede in the field indicate that no sericus

hazards have boen or are being croated, but that the need_exists for an erten-

sive series of leboratory experiments, in sddition to further and continuocus
field investigations,
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INTRODUCTION _ ¢

Elestory of Problem

Disposal of ligquld radioactive wastes from tho soporations plants (200
Areas) at the Hanford Works has been o problem of parnmount importance since
beginning of oporations, The highly active wastes were originally scheduled
:E‘or'storage in underground steel and reinforced concrete tonks designed to re-
duce the possibility of tank failure to a minimm; ?ni]r.dly active wastes were
gchoduled o be mixed with uncontominated effluent watbr and disposed of by
seepage Into and eveporation on the ércund surface., Scme such disposal of the
low activity wastes was necessary, for the volumes of low lovel wastes precluded
the practicabllity of stoering them in tanks such as those designed for the
highly active wastes. These low level wastos also contailned insufficlent .
amounts of radloective slements for economical racovery, in controst to the
higher lavel wastes, so that such a disposal mgthod was :!.ndicu.tad,' if feosible.

Dr. R.8. Stone, Dr. 8.7, Cantril and H.M, Perker called chtention to the
high evaporativity rate in south central Washington, which would cause radio-
active materials to deposit on the ground surface in such spresding aroas, from
where the wind.wo,uld remove much of the activit:y and spread it over the sur-
rounding region. The active wastes were then scheduled for discharge.into
reverso t‘rell:;, originally provided for the low level wastoes. Theé'e wells ranged

[ ]
in depth from 150 to 300 feet and were perforeted near tho bottom. Three dis-

edvanteges in the use of the roverse wells for the management of lurge volumes

of waste were quickly recognized: - ST

1. The wells were easily plugged by solids introduced into them, ond by
sond woshed into thom through the perforations,

2, DRndlonctive waotos wore fdacharged olose to tho ground water tadle,
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3. The behavior of the a.ctivfity' in the ground wae more Aifficult %o

follow than et shallower depths, o
°

Reverse wells are regarded as a mistoke for all except small quan-
®
titles of waste, and disposal into burled cribs and 4lle fiolds was

therefore substituted, The disposal of actlve wastes into the ground

L J
wag, however, always recognlzed as a temporary but necessary expedient,

which permitied the operation of the seperations plants pending the
development of lutrinsically safer and more‘effective means of ultimato
disposal (1).

Dischorge into the ground offered & ready, cheap meuns of disposal by which
the redloactive materisls mlght be removed from the solutions a:d. concentrated
on the sedlments, thus leaving large volumes of presumsbly Innocucus waste water
to move dowrward to the water teble and from there eventually to the Columbia
and Yokima Rivers. Proliminery reports by Gillson (9), and Piper (20) indicated
that such disposal could be practiced on a limited scale under controlled con-
ditions, and pointed out some of the problems that would e encountered and

exploration that could be undertaken., Prelimlnary laboratory tests by Over-

stroet and Jaccbson (15), Healy (10}, and Key (12), dcmonstrated thet the fixa-
tion of redicactlve elements on the sediments was probebly effective enough to
make such & method of-disposal possible, although none of these Iinvustigetions
pui'ported to be definitive. Moreover, experiments with storned 2nd cyc?le wastes
demcnstrated that the accumilatlon of an active sludge at the hottom of the tank
created a supernatent liquid that could be dlscharged to buried criba, The
discharge of these wastes 1o the ground afforded en incidental mesns of deter-
mining what migh'b result from the sudden release of lerge quantities of wastes

of infinitely greater activity through tank failure and similar disaster. Cal-
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culations indicated 'bha.t ii‘ such lcm uctivity vaates ag were schaduled :f‘or

dlsposal into the ground. wera introduced directly 1nto the ground water, the
dilution by that ground water would materially reduce the ectivity level, which
would be further reducod by the resdioactive decay resulting from the time
necessary for that contaminated water to move to points of use or to the Colum-
bia or Yakima Rivers. Those conclusions 'ha.ve been largely demo:xstratod and axre
discussed in scme detall in this report. Further dilution by the Columbila and
Yekima Rivers was belicved 4o be .more thgn ample additional gafeguard. This is
adequately demonstrated by the resultc of sampling of the Columbias River follow-

ing both advertent and inadvertent release of wastes to the river.

Previous Work

A report prepared by Overbeck (14) in 1946, estimated the feasibility and

cost of a well dArilling program to check the laboratory results, to detsrmiue
what had heppened to the wastes already discharged to athe ground and what
hazords, 1f any, hed resulted. The outcome of the resultant drilling program
in the 200-West area is summarized in & published interim roport (2,3). That
report discusses the drilling program in the 200-Wost ares, the equipment and
methods employed, personnel, safety pre‘cautiona, sampling and .sample analysia
end tentative conclusions based on the limited work done and the short time thet
the disposal methods were observed, The presont report discusses the oubcemo
of thet same drilling program in the 200-Enst area, and the results of a series
of cbservations on the wa:te disposal units made over a period of nearly three
years since drilling bogan in both areas, Publication of the results of the
drilling 1n the 200-East croo wos paporely withheld ponding completion of an
. ndoquate mumher of chservations over & sufficlently long time to permit the
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formation of tontative conclusions and to further validate the earlier expressed

»
opinions resulting from the drilling in the 200-West area.
L]

[ ]
A Arilling progrom, bogun in April 1948, and completed in February 1949,

outlined the goologic and hydrologlc featuros of the reglon in the vicinity of

the 200 arcas, This project, a cooperative project with the U,S, Geological

Survey, Ground Woter Branch, is described in a preliminary interim report (16).
Tho aroe covered by that projoct is cssentlally that area covered by Plate 1.
Additional drilling is plammed to oxpend this firet explovatory progrom and to

devolop geologlec and hydrolegic informution where additionsl information is

indlcated as needed.
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INDEX MAP OF PART OF THE HANFORD WORKS AREA
SHOWING.THE GROUND WATER FEATURES IN THE ViCiNITY OF THE 200 AREAS.
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GENERAL GEQLOGIC FEATURES . -

The general geologle fpicture of the south-cenirel poart of Washington is

suwnmarized vy o nuwbeor of workora, Thase réports are predominartly highly

goneralized, Inadoquately detailed, and based on insufficlent field work, or if

edoquately detallod are so limited in areal extont as to be nearly valucluss

in the genoral study of the roglon.

The following doseription ie a brlef sumrery of the geologlc hilstory and con-
ditione with cmphasls on those. i‘bn{:uros relatod, to undorground wante disposal
practlices,

The Hanford Works arca lles ontir91y within tho lfgsco basin, sedownworped
sectlion of the CQ_lmn:Bin River plotenu area in south-central Woshington. The
basin 15 bounded on'the north by the Saddle Mounteins, on the cust by the
gontly rising lavas of the platoau sbout to Walla Walle, on the south by the
Horso Heoven H1lls, and on the wost by the basalt ridges of the Yakima Range,
The bosin 1lﬁ‘esseﬁti&11y tho lowest pert of the Col'mblo Rlver platoou of cen-

tral Washington, toword which tho lavas of eastern Washington dip abt on overage
slopo of' 25 feot per mile

’Igha 'ozaalta vhich underlie nearly the whole of enstern Washington ore o
part of 't!‘).G vast Columbla River volcanle ser:!:es, prodominantly of Mlocone ogo.
These lavae, accumuleted to o known thicknoss of 2200 fca:‘t: ; and o probeble
thickness in excess of 6,000 foct, consist of flows of bafalt, raeforred 4o
locelly os the Yekimo baselt, inturbodded with tul;fa P sondstones ; dhalen, ond
giltstones, In part and tentatively identified with the Zliensburg formation of
the lafp Mlocene age. The lavas and interbedded sediments are foldod and

locally fouwlted into o series ol,‘\.‘ essentinlly eus+‘-wes’o trending folds which

attoin tholr greatost megnitudo wost of tho bosin ond groduslly dioc out oast-
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ward., The Horse Heeven Kills, the Rattlesnake H*lls, the Yakime Range, the "

Baddlo Mountains and Fronchman Hills uro such enticlinoal or up-folded maaaaa of
the baogalt bedrock, Boparated by synclinal or down-folded Arens now present as
alluvial-Tilled valleys. Goble Mountein and Goble Butto réproaont the locadly-
Tauwltod eastward extension of ore of thoss anticlinal folds. The dotailed |
structure of the bedrock beneath the Hanford Works aren is not known, owing to
lack of availsble exposures and insufficient wolla into tho bagalt bodrock,
although the general structure is known from the logs of n fow deop walln that
ponotiato the basalt throughout the besin.

Tho Pasco basin contoine the dlssacted remnonte of an early Pleistocenc
lecustrine £111 (riveA flood-ploain or shellow lake deposit) which overlies the
basalt. This formation is oxposed ot th§ typo locality (whore the beds wore
Tirst noted, and from which thoy were originaliy described) in the White Blufes
of tho Columbia River from a point opposite the”300 nren to a point opproxi-
mately opposite the 100-F aron. Tho Ringold formation alao,undorlios mich of
the area lying north and cast of tho Rattlosnake Hi;ls, vhore 1t 18 gonorally
concealoed boneath lator river sediments, lake and fiood-
wind-1leld scdimonts, °

plain gppoaits, and,

The Ringold formation was laid down in o shallow lake in lote Plioceno or
early Pleistocena time, prior to at least ¢the last period of glacintion of the

Ice Age, The Columbia Rivor, dammed by tho rleing Horse Heaven Hilla, Jen dl-

vertod from itn course over Satus Pass, and forcud into other chammels during

its attompt to find a Path through the mountains, Channels which tho Columbin
River scourod acress the bnsolt benonth the Hunford Works cron ot this tire woro

then £illed with sodimeonts of the Ringold formation, which scoumilntod to &

lovel epprexinmately 1000 feot above Present soa levol.
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Following deposition of the Ringold formetion, the Columbic Riverebroke

through the Horse Heaven Hills et Wolluln and estoblished o new changel which

1t mointained throughout the continuing rise of tho Horse Hoaven Hills. Much

(3

of tho Ringold formation 'benoo.th the pro.ject aran was atripped owny ond roworked i

L TP w

by the eroding ond degrading rivar. A thick aarios of coarse terraco gravels,

contn.ini@g some refworlgod Ringold scdiments, was dopositod upon the oroded surs
face of the Ringold forﬁ:ation aud upon thoso areas of basalt from which the
Rinpgold formation was removed.

The porlod of the Ice Age was followed by the depositi?an of ndditional
torrace gravols a.n"d glac#al ou'twnsh‘ deposlts 1nid down oe :the ice In northern
Washington molted and as floods of meltwater poured aecross contral Weshington.
A rise of base lovel of the Columbin River, possibly initiated by & ripse in soa
lovel, o sinking of the land mass, or loeal domming of the Columbin Riyer by
lco joms, Iroezing of tho river, lendslides or 1u:.m. flows, eingly or in combin-
ution? ogain resulfed in the formation of o £hollow loke within tho Pasco basin,
A aeposit of fine-gralned sediments nown as the Touchot bods {nomed fyom the
typo locality et Touchet, Washingvon) were lald down over the surface of the
torroace gravels, the Ringold formation whore oxl;osed, nndt the bna\?.lt, vhere
Ringold sediments and terracq} gravels were stripred from the bodrosk., Thoso

R sodiments, characteristically unconsolidatod silts ond find-grained sands, are
roported up to 1150 foet obove sea level. Typleal exposures of them occur in
tho Yakimn Renge and Rattlesnake Hills up to that eltitude so that Geble Moun-
tain ond Gable Butte wero prosumably coverod by tpese sodimontaﬁ. Removel of the
cause for the higher base lovel pemi&ttod tho Columbia River to rapidly and
thoroughly romove most of the unconsolidatod Touchot sodiments from the project

ares, 80 that todoy these sedimonte ore :.t‘ound. only along the lower flanke of the

® L
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Rettlesnake
The

Eills and Yekima Range and in Cold Creek Valloey.
geologic history of the region was completed with the deposition of l

loess (wind-revorked and vinl-depcaited nilt and Tine sand), and the formation

of sand dureg,

L
The geologlc picture of the post-basalt sediments boneath the Hanford Works

ares is thus quite complex, Ringold sedimoents, reworked Ningold sediments,

fluvial gravels, terraco gravels, probable sliuvial faon deposits, ond Touchet

sediments ore intimately interminglod within an area measuring 15 miles long [

and 8 milen vide, over n verticali range drilled of about 800 Toet, A datalled

and accurate plcture of the submreace geologys therefors, can be obtalned only !

by prohibitively expensive explorvation, A Tolrly accurate plcture of the cone

ditions exioting beneath the 200 areas was obtained as o result of the large

[+ ]
number of wolls drilled invand sbout those areas Tor waste disposal studios and '

.obsorvations.

The 200 'areas 110 abova a broad basalt ridgs or elongate dome which attains
& maxlimum elevetion of sbout k00 feet end an Bvorege of probably 330 feet, Thie
ridge terminates to the north ana presumably to the south and vest whore

- &
chammels or valleys ware cut in the basalt by the early Coltmbin River. oOne

valley, outlined by 1% wells drilled to the,buaalt, trends southeastward be-

tween Gable Mountsin and Geble Butte, Just east of the 200-North areas, thence o

0
east-southeastward parallel to Gable Mountain, A smaller, less well-defined

channel, apparently passes south of Gable Butte, beneath the 200-Neorth araaamand

Jolns the Proviously described channel, Weast of ihs 200-Wout area a probable

channel trends south from & polnt between Gable Butto and Yakima Range to o

roint west of the southwost ocorner of 200-Wost area, nt which point 41t turna

scuth-south eastward and heads £GWard the fﬁkima River at the Horn, This channae.

in  the basalt, inadequately dofined and  explored o fnte,
is the channel refarred +o by Werren (24)

apparontly

a8 the main channel of%
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Columbia River during the pariecd the river attempted to maintain its channel
across Satus Pass prior to deposition of the Ningold formation, Additiézal ax~-
Ploration is needed to dofine adequately these channels in the basalt, Sufri-
c¢lent work waos done, however, to demonstrate that channelling and canalizing .
of the radioactive waste liquids, as suggested by Gillson (9) and Piper (20) is
eppavently not greatly significant to the waste disposal problem, |

The channels in the basalt were filled with fluvial graveis and sands, which
grodunlly gave way upward to the silts, cleys and fine-grained sando of the
Ringold formation &8s the Columbia River ponded, Much of the Ringold formetion
was stripped from the area as the lake drained through Wallula Gap, and a series
of terrace gravels were deposited, some of which consist cof reworked aedim&nts
of the Ringold formation. Differences in opinion as to what constitutes the
Ringold formation within the Hanford Works ares ca: thus easily result, The U.S
Geologlcal Survey, as the rosult of their studies in the projoct area, call
essentially nll the zodiments Ringold 4in the southern part of the 200-Tast area
from the basult bedrock to the surface, although such materials ere coarss sandy
grevels, not correlatable with definite hods of Ringold sedimonts in thé White
Bluffs at the same elevations, Some of these gravels are cbviously fiuvial
gravels, depusited on the eroded surface of the hasalt prior to ponding of thae
Columbia River, and are cortainly within the lower part of the Ringold formation,
as descridbed by Parker and Piper., Howaver, the Ringold formstion in the White
Bluffas indicatos that a lake oxisted in the Pasco basin at Btratigrephic horizens
thut now range from elevations of less than 400 foet to more than 900 feet, for
the sedimente exposod betwoen those olevationn are clearly lacustrine, and not
fluvial., Therofore, the assumption that coarse Ringold sediments of fluvial
origin ocour ot an elevation of nearly 750 feet in the vieinity of the 200 areas

does not explain how fluvicl sodiments nocumulated in one looality, whoraas

DECLASSIFIED




- DECLASSIFIED 7°

s
HW-17082
lacustrine sediments acounulated only a few miles avay within the seme basin,
If oomo of theso coarse gravels are alluvisl deposits dorived from the Yakima
Rengo or Rattlesnake Hills, then the criterion of dominance of quartz particlec
over basalt used for differentiation of Ringold formaotion from the torracs de-
poeits falls, for such alluvial matorials should consist almost exclusively of
basalt and its decomposition and disintegration products, and not of quartz,
Wwhich occurs in quantitatively unimportant aemounts within the lovnl roegion in
tho Yalime boasalt snd intorcaloted sediments.

E#aminution of numerous ex¢avatlons throughout the region of the 200 areas
dincloses that, at least to & doplh of 50 Teet, the sodiments are generelly
clearly fluvial in origin. Some of these excavations were not avoliloble at tue
time the U.S8. Geologleal Survey completed their field work, end several wells
wore also drilled following their doparture., The almont ccmplete }uck of
differonoe between tho samplos to o depth of nearly 200 feet from the thirtewn
wolls to water in the aron suggests thut the Ringold formation as currently
defined may not exist in the vicinity of the 200 urens a€m:;;';1;:;€;;ﬁ; LY.
cribed to it by Parker and Pipor, and that much of the gravele mapped by them
as Ringold formation may bo later terrace zravgls. Additional extensive aresl
and roglonal studies can rosolve mony of these and similar .proulems,

Tho Touchet beds, known to occur only in the southern snd washoxt pu:églzx
tho Hanford Works aren, aro well exposed in the banks of Cold Crook, and in
geveral wells drilled edjaocent to nnd in Cold Creek Valley. Exposuret hore ars
1dentical to those ot the type locallty near Touchet, described by Flint (8).
Tho sodiments are buff to croam-colored sllts and fine eanda, generally well
stratified with cut and £111 (fluvial) tedding common. Sodimontary dikes are
¢havacteristic of the bods, The sediments, unlike those or Lhe Ringold formn-
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tion, are free from caliche and contain no plgnificant amount of calcarcous

nmaterial, vhoreas the calearasvus nature of the Ringold sodiments is ono of its

indoﬂ%ifying features, OJlaclal erratics of granite, gnelss, schist, quartzite,

and related rocks are prominont on the upper surface’of the bad, where thoy wer
dropped from 1cb floes derived from the disintegroting gluoicru in the north.
The beds wero recognizod as n distinet soil typo by Kocher and Strohorn (13)
ond by Strohorn, Corpenter, Weir, Fwing, Krusekopf, Heck, and Lunt (22),
although luck of reglonal work prevented o complete study of the sedimonts. Th
U,8. Geologlcal Survey classified these mediments prodominantly as Ringold,
although preliminary work suggests that gt least some of these sediments are
actunlly Touchet{ and that the differences in the chemicol and physical propers
tiea of the sediments of the two formations are grent enough to cause important

. differences in the woy they wlll ronct to wostos Plonned for disposal south of
the 200-West aren.,

OBJECTIVES OF PROCRAM
Little published information is known to be avolleable on the underground
disposal of wastes, or the manner or means by which pollution or contamination
is romoved from liquids percolating or ssoping through soil or sediments,
Nothing is known of the .ction of rodiocactive contamination within the noll or
sediments, with the exceptlon of the investigations praviously discussed ani
currently belng carried on at the Honford Works.

The purposes and aims of the
investigationa are nearly identical with the purpoees of the Investigillom 4in
the 200-West aree of the Hanford Works, buh the different underground condition:
in the 200-Enst area resulted in an emphasis on o new sot of problems and in a
reanalysis of the information obtained in the 200-Weet ares.

The purposes, ossentinlly as outlined in the previous report, ara as
® .
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follows;

1, To determino what’hes happened to rqdioactivo wastes alrendy placed
in the ground through reverse {dry) walls, and subsurfeco eribs,

2, Tovdatbrmine tho way that the activity sprends nndltncreasoa in
concontration with the sddition of more radionctive vastes,

3. To predict, on the basis of informntion obtained from ObJective 1,
whero ﬁhe Plutonium and fiesion producte wastes will go that have
boen and mey be dischargpd into the .ground in tho various woste
dlsposal oreas,

L, TPo determine if wastes containing grenter quantities of plutonium
and fisslon products than have beon discharged undorground ccn be
safely discharged in a similar manner.,

5. To detormine if underground waste disposal is foasible over a long
poriod of time, particularly in tho oreas under discussion, and to
detormine, 1f possible, what period of time will be scfe for such
undorground waste disposal,

6, To compore the rolative officlency of absorption of reverse (ary)
wolls, subsurface criba, trenches, ond tile fields,

7. To cbtein all the geologle information boseible, ooincident with
the drilling, on subsurfoce geoloéic and ground wdter cbnditions,

8o thot as much might bo known obout this 1ncompletely end inade-
quatoly studied crea as possible.

FIELD IROCRAM
Equipment and Methodsn Employod -

Tho drilling machines, oguipment ond methods used in drilling in the 200-

Eagt area and the 200-West area since publication of the eariier report were
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oesontinlly the some as discussed in the provicus report., The more efficient

rod and plungor "auc%ion" type or "Band-pump” bailer wos ugsed for the first tim

in the 200-Bast nron in the 5.6 crib and tile field eren on the recommendatic:

of the U.8, Geologienl Burvey, in plece of the stondard dart-type bailer. The
new bailor permits balling the wells nenrly dry and thus results in leas corry

dewn of the eludgo to lowor lovels and bormito the ohtalning of more accuretely

ropresontative samplos of the sediments, It also recovers tho coarse drill

cuttings which the dort-typo beilor ig losa nble to do. Tha rogults obtalned

from drilling in the 361-T, the 23% and 201-7 tank crid arons demonstrated that

carry-down of contomination was probobly small to non-existent when oonslderable

curo wes oxoreleced in the wso of the dart-typo bailer; however the sand-pump

balleyr 1a obviounly botter for drilling’ contaminatod ground where such carry
down of contamination in the drill cuttings is evon only romotely possible.

Tho change from dart bailers to the sond pump baller necessitatod changing

tho method of handling the bailor, booouse the sand pump must be inverted to

ompty it. An invertor was fabricatod by 8 Maintenance Division woldoer which

solved tho Problem, end medo hondling the sand pump baller easier and safer thor

handling tho dart-type batler. A short section of 8-inch cosing partly closocd

ot the lower end was mounted on a pivot on o firm base. The bailer is rolsed

from the well, the lower end inserted in tho invertor and the baller tilted by

moans of paying out the sand 1ine untdl the bailor is emptied,

Other drilling egquipment, personnel; and safety precautiong wars the scme

as described in tho rrevious roport,

The drilling rlan for each site followed the pattern reporved in the

oarlier roport, The almost complote lack of contamination encounterod under-

ground groatly simplified the problem of rodiution safoty precautions and the

rroblom of location of well sites., Information cbtatned from the aurly drill-
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ing in both the 200 areas conslderebly simplified the drilling plans for ercas
oxplored ot o later date, and rosulted in locating the inter wcl}e more advan.
tageously than would have otherwise beon the cose, This wos rerticularly true
in tho 200-West aven vhore exploration of the impermeable 81lt-clay bed lndi-
cotod preforrsd sites for leter wnste disposal units and for monitoring wells
in the' tank form areas and adjoacent to the waste disposal units,

All wells drilled were carofully surveyod by tho Project Engineering Divi-
slons, and the locations and vlevations becurately dotermined,

Sample Analvsisg

The onalysis of sodiment samples believed to beo contamineted was the Bamo o
doseribed in the earlier repart by Brown and Ruppert’ (2,3). The algnificant
lavel of activity in the sedimenis was chosen ‘at 0,05 microcurioJ’kilogram for
figslon produsts and 0.04 microgram/kilogram for plutonium., An analysis of the
bote-ganme, activity in a sample. of cooarse sand and fine gravel from the concreta
mix plant showed 0.002 microcurie/kilogram of sodiment. The figuros for signi-
ficant activity are thorefore considerably nbove the figures for the notural
rodioactivity of some of tho sediments +that occwr within the Hanford Works area.
Thé follewing figures (7,11,19) ore nveraga for the rodioactive constituents of
basalt, which constitutos the dominant rook type 1n-the sediments and in the bed.
rock at the Hanford Works, and are probably reprosentative for the basalt ene
countered there:

Busalt: ~12 gn redtun/gram rock :

5 x 10*6 ém urenium/gram rock
0 x 10°° gm thorium/grom rock
tessiun/gram rock (redionctive K)

The water samples were evaporated in o radicchemical laboratory and the
reeidue counted for fission rroducta with o mica-window tube with a goomotry of

approximatoly 24 percent. fThe alpha onalysis wns made by chomically oxtracting
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the plutonium and counting the concentrate in a standard alpha countor, Tha
usual somple size was 500 millilitors; however sludge samples from the H,I,
Shaft contained such high activity that the sample slze was reduced to 0.02 groy
to prevent undue radiation exposurs to laboratory personnel and also to stay
within the upper 1imit of the counters,

The lower limit‘of fisslon product contaminetion in the vater was cheosen ot
20 nicro~microcuries/liter and the lovor limit of alpha contaminatien was
chosen ot 10 dis./min./liter. Tho correctnoss of the cholce of the "aignifi-
cant” lovel of contemination was confirmod by overaging tho results cbtoinod
from the two-yerr sampling program, up to Janvary 1, 1950, Analyces of 612
wator samples frem wolls fyoo of alphn contoaminetion from rodionctive wastes in
the 200-Fast area, show that the alphe activity level is 7.6 dia./min./liter.

A fluorophotometer analysis on a 3-gnlloen somple from 361-B-1l indicated that
21l the alpha activity was due to uranium probebly that ocowrring naturally in
the wator, The beto-gomma activity, on the basic of 366 samplos from wells un-
contaminated by wastes containing fission products, averoges 9.4 mioro-micro-
curies/litor of weter, These Tigures are similer to the activity lovels in
uncentaminated wells outeide the operating orens sompled by the Geology group
end by the Site Survey group,

The average of 139 samples from 2k wells drilled under the diroction of the
Geology group outslde the oporating arens for ground water monitoring purposes
indicated on olpha content of 4,5 d1s, /min, /1iter end the average of 145 samples
from the seme wolls indicoted o beta-gamma content of 11.1 micro-microcurios/
liter. An insufficient number of Bamples have beon taken from neny of %haso

wolle, howaver, to be statistlically significont, Therefore, these last figures
may not be truly representative,
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Samples of weter cbtained fyem G well in Bonton City by the Site Survey

group consistently show an alpha count of about 4o dis./min./litor, due to
L]

uranium probobly the natura), uranivm content of the water. This figure 18 four

timee the activity level chosen by tho Geology group as tha significant lovel or

activity of water contaminnted by radioactive waste.

Activity levels of water Presently accoptod as pormissible for drinking pur-

poses are 5.6 dis./min,/liter for uncontrolled roloaso of plutonium, and 100

micro-microcwrios/liter for fission products, Much of the water, rarticularly

in the 241-B-361 tron, roported os contaminated is therofore egsentinlly and

practically uncontominstod, Actually 1% 15 contaminated tocouse the activity

1s above the natural rodlonctivo contont of tho wotor.

Examinetion of Samplos

" Duplicato, one-pint somples were rogulariy taken at depth intorvels of 5.

foot during drilling oparntiona chopt vhere significant chonges in tho onrth

materinls mudo,cdditional somples odvischle, or in such cases where contomina-

tion was oither suspectod or knovn to exist, Bamples were then taken ot oneo-

foot intervols,

ALl scmples were taken to & centrel storago bullding, where the Jars were

clounod, rolabeled, the samples examined ond doscribod, and the samples storod

on aasily accessible gholves, A portion of each was carefully woshed to remove

811t and ¢lay, in order that the coarser materials ¢ould be oxamined, Standard,

routine oxamination of the sarples, the seme am for the previously-reportod

drilling in the 200-West area, included o negnsaople and hand lens examination

of the constituent grains, with additional exuninotion by microscope if such wos

warranted. Routine chemical tosts also were mado to detormine the calcarcous

character of the sediments, One complete chemicnl anolysis of the sediments




from the ground surface of the 200-East arca was medo by the Technienl Divisions
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88 o part of the complete study. Vorious physical tests such as speoific grave
ity, size classification, specific mineral content, porosity and moisturo con-
tent elso wore medo on ropresentnative end typlcal samples. The results of these
observatlons were combined with the drillers' logs of the wells and the reported
drilling behavior of the sediments, so that o detallod and complete record of
the moterinls was maintained,

Progress .. . . -

A totel of 82 wells (not proviously reported) was drilled in connection with
the waste disposal progrem between Moy 12, 1947 whon drilling began near the
201-B tank crib in the 200-Eost arca and October 7, 1949 when reopening of the
241-T-361 reverse well was completed, Thi¥ total doos not ;!.ncludo 26 obsarva-
tion weolls drilled outside the operating arens and which weros largely covered in
.3 praliminm:'y'interim report by the U,8. Geological Survey (16) o8 a cooporative
program of investlgntion, neither dces 1t include & nunber of test holes and
water supply wells drilled ot aumorous locations throughout the region, Of the
82 wells, 23 were drilled in tank storage arens, 16 were drilled near woste
dlsposal units that were in use, 34 were driliead. near waste disposal units that
were not In use, and the renaining 9 wells were drilled noar outlying installo.
tlons., The progrom was completed with no significent rodiation exposure to
personnel, and with no detectable spreed of contamination. .Table 1l is o sumary
of the wells flrillod. to date., Table 2 is o summary of the samples, both Iiquid
and 80l4d, teken by the Geology group for analysls for radloactive contamination
in a rediochemicnl laboratory during the pez:iod up o January 1, 1650, Teble 3
"Sunmery Figures, 200-Fast Area Woste Disposal Units", and Table 4, "Summary

Flgures, 200-West Area Waste Disposal Units", summorize tho amounts of activity
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rocorded as dischargod to the individual systemé and tho amoﬁnta of activity,
vhoro detormined, found within the contaminated zones, The figures for amounts
of activité recorded as discharged to tho appropriate sottling tank, storoge
tank, crib or roverse well are based on "S" Division monthly summery roports and
Tochnical Divieions (Motallurgy and Control Division) radiochemicat laboratory
analysos, supplemonted in some instances by spocial enalyses and Teports, The
figures formcalcuIAtod activity in the ground ars based on semples obtained by
the Health Instrument Divisions Goology group and analyzed by the Health Instyu-
ment Divisions Contrel radiochemical laboratory, In all casos, the point at
which tho racorded activity was discharged is given, whother that was to g

stornge tank or sottling tank prior to dlscharge to the ground, or directly to
the ground.
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TABLE 1
SUMMARY OF WELLS DRILLED
TYPE OR LOCATION NO., WELLS TOTAL DEPIH  NO. SEDIMENTE
IN FEET SAMPLES
Wells Not Previously Reported
200-Tast Aren: )
361-B reverse well 11 3520 713
5-6 crib and tile field 9 1350 27h
22k-p (201 tank cribs) i TR0 220
241-B, 2nd ecycle crib 14 2100 L3k
241-BX Area 7 1050 -3
2L1-BY Aron T 1175 237
292-B«1 reverse well 1 110 22
200-West Arent
2L1-TX Aren 9 1350 272
234-5 Area 11 1650 3
akl-1-361 (reopened) 1 38 9
300 Area Waste Ponds 3 226 k3
100-F Area Waste Trench 1 67 13
100-B Area
108-B Cridb 3 270 5k .
321 Cridb Aren
321-) water well 1 —117 23
82 13743 . 2859
Wells Previously Reported
200-West Area
23). Arecz
No. 1 ond Wo. 2 cridbs 8 1291 270
231-W-150 reverse well 3 525 210
361-T7 Area 13 1495 656
241-7 Area '
22h-7 (201-1 tenk crivs) 8 1055 386
2nd cycle crib -15 2095 LB2
241-TX (231) 3 450 166
TOTAL OF WEILS FREVIOUSLY REPORTED . 50 €911 2170
TOTAL OF WELLS NOT FREVIOUSLY REPCRTED 82 13743 2859
GRAND TOTAL 132 20654 5029

‘*—
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TABLE 2 ” B

SUMMARY OF SAMPLES ANALYZED IN A RADTOCHEMICAL LABORATORY

JANUARY 1., 1950 -

SEDIMENT SAMPLES

300 Aroa:
Wella 303'],— and 2 LI T TS 29
Wells 300-3 and & ., , , ., ., , ., L9
200-Fast Area:
H.I. S]laft L] L) L] L] L] » » L] . + 7
5«6~ Tile Field Test Holos . . £0
5-6 Tlle Field Test Wells ., , . . 8
Woll 361"B'13 LA B I N N | 1
Wolls near 36)-B reverse well . b7
2215-13 ATB& wellﬁ L I B B BT 1 l"}‘?
w511 292"3"1 L I I 22
200-West Area:
2h2-1T frea (Obtained with
casing sempler) ... &
Wall El}l"T‘l’ 1{'6' level . r 4 39
2411 Area (2nd cycle) . . . . 87
EEI}*T Wells,. L T T 277
214-1—'1‘}( WallE » . n“o a L] L] L] L 93
361"T 1\’6118,1 L . . & [ ] [} L] 551"
3L Wells v v o v v w v .., , 358
234-5 Area (L6' beneath the #1
and #2 eribs) . . , 10
eh1-T-361 reverse well . . . . 9
TOTAL 1901

Alpha ectivity ranged from less than
1000 dis./min./kg. to 14,800,000 dis./
min, /kg. -

Beta activity ranged from less than
0,05 microcurie/kg. to 1830 micro-
curles/kg.

LIQUID SAMPLES

H,I., 8Bhaft ., ,

_..-......105
5-6 Tile Field '

#l and #2 TQEt Holeﬂ L T T Y 1L
241-T 2nd cycle orib wells . . . 25
TOTAL 1K1

Bample size ranged from 1 miliiliter
to 500 milliliters,

[}

Alphe actlvity ranged from less than
1000 dis, /min./liter to 72,300 dis./
min, /1iter,

Beta activity ranged from less than 20
micro-microcuries/liter to 51 micro-
curies/liter.

WATER SAMPLES

361"B Aren (.11 wells) L 901!'
300 Area (3 wells) . . .., ..., . 285
108-B Area (3 wells) ., , , . ... ok

Wells 231-2, 224, 7-4, 224-B.Y,
and 241-BY-2 , . , . . . . e « « + 113
Observation welle . . . . . , . .,. 167
2&1“1“"361-...:--'.-0 87
TOTAL 1700

Sample eize ranged from 100 milliliters
to 12 literB.

Alphe activity ranged from less than 10
dis./min./liter to 1,100 dis,/min, /1iter

niero-microcurt
microcuries/liter,

‘Beta activity ranﬁed from less than 20
=1:]

liter to 4,300 micro-
Saﬁpling frequency ranged from once s
day to once every 6 months.

SLUDGE BAMPLES
HIoshaft . . ..., ... k& (Total)
Beta activity ranged from 4,900 to 9,000
microcuries/iiter.

Alpha activity ranged from 50,000,000
to 90,000,000 dig?ﬁmin./lit&r.




TABLE 2 (Cont,)
TOT/L SAMPLES ANALYZED

Scddments . . . ., ., ., ., . 1501
Water . . . . v . v v v u ., 1700
Bloquid . . ... ..., ... 141
Bludge . . . oL e ., 4
TOTAL 3746
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Unit

241-p-361
(reverse well)
87, 3027 deep

5.6" cxib
& Tile Fisld

lfi' x x 7T

2h1-B £1 & 2
cribs (201-B
tank cribs)
12 x 12% x 4°

211-B #3 crib
& Tile Fleld
{2nd cycle)
iZr xi2t x 7!

TABLE 3

Swmery Figures, 200-East Area Waste Disposel Units, Jenuery 1, 1950

78.8 x 106 liters

Total Volume  Recorded Refiooctivity Rodiometlvity Caleuicted In Use
Waste in Liters (Amounts Approximete) Discherged  Redioactivity
|- 3 i - .
6 No, unit
30.6 x 10 4275 g Pu To None found discherged
3800 ¢ F.P. tank 1.2 ¢ F.B. into grouwd
water
18.% x 168 . %gPu
2050 ¢ F.P. To Tes
%1200 ¢ F.P. ground
3.3 x 106 600 g Pu
Mey, 1947 . 800 ¢ F.P.
- To None found at
2.3 x 106 28 ¢z Pa tonk 18% rodius, Yes
Jomuary 1, 1950 4000 ¢ F.P. May, 1947
7.5 x 105 7g Pu To Yes
12 ¢ F.P. ground

* Rough estimnte of nctivity present based on ths approximate half-iife of the wastes
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200-FAST ARFA EW-17083
241-B-36). REVERSE WELL AREA

Iiistory of the Unit and Fxploration B

The 241-B-361. Feverse well was drilled as 8-inch well to & depth of 302 feet
and was completed October 9, 194k, The bottom 50 feet of the casing wus per-
forated and the well put into service sbout April 1, 1945 at the beginning of
oporations of the concentration plant, recelving redicactive wastes from the
224-B Duilding and the coll washings from the 5-6W cells in the 221-B plent, On
Septombor 21, 1947, the 5-6W wanstes were routed to the 201-B tenk crib, end on
Scptomber 24, the 224-B wastes wero gimilarly diverted to the 201-B tank erib,

A totol of about 8, 100,000 gallons of radioactive waste was discharged from the
224-B and 221-B Buildings to tho 241-B361 scttling tank and the overflow dis-
charged to the reverse well during this period of operation, This contalnsd an
estimated 4275 grams of rlutonium ond ebout 3800 curies of betu-gamma activity.

An onalysis to.determine the amount of uranium present in the normal 5-6
wastes indicated that less than 8 porcent of the slpha activity could be as-
cribed to uranium (17).

An wndotermined but considersble smount of the activity was deposited on and
with tho sludge in the 241-B-361 settling tank, and the supernatant'discharged
into the well. ‘

On Septeuber 19, 1947, a water sample from well 224-B-4 (see Plate2) indlca-
tod the prescnce of alpha activity in the ground water 2150 feet north of well
241-B-361. Resampling of the well water indicated that the earlier results were

probably erroneous a.nd that tho ground watoer in that locality was not contamina-

tad with radloactive materials. Routine sampling to date has shown no evidence

of ground water contamination at that location. The eltitude of the wuter table

in well 22k-B-4 demonstrated, -however, that well 241-B-361 penetrated sbout 10
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feet into the ground weter and that the radicsctive wastes had probably been
discharged directly into the ground water., The 224-B and 5-6W wastes wore
occordingly routed to the 201-B tank cribs as noted sbove and a well drilling
progrom 88 originally outlined by the U.S5. Geolegical Survey was immediately
begun to detormine the extent of ground water contamination by the radicactive
motorinls,

Well 361-B-1, 500 feet enst of the reverse well, was completed on Novenmber
11, 1947, end indisputably proved that the ground water was contaminated with
both alpha and beta-gamma activity. Water from wells 361-B-2 and 361-B-3 was
also céntaminated to a lower degfee. Additional wells were drilled to the east
and aouthénst in both the direction of greatest contamination and tho'indicated
direction of movement of the ground water, respectivoly, at progroggively v
greater distances to delimit the zone of contamination and to determine the

effectiveness of radioactive decsy, dflution, and retention by the sediments in

reducing the activity of the comtomineted water. IEach well waz drilled at least
30 feet into the ground water, and the casing wan perforated, as if the well
wore to be used for water supply. The ground water.was thus free to circulate
through the casing, and changes in the activity levels could be gccurately de-
tected. -

No contemination wos detected on the sediments in any of the wells, ircluding
361-B-9, 50 feet from the reverce well, although water contalning nt least a fow
of the radiohctive elements passed through those sediments, Some of the activi-
ty, ineluding all the plutonium, was presumebly deposited on the sediments with-
in, &t moat, the 50-foot distance from the reverse well to well 361-B-9,

“he thickness of the zone of ground water contamination 48 not definitely

known, but on the basis of the sbove information it 1s at least 30 feet in depth,

wndl prohably extends et least to the basalt bedrock underlying the area, to a
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dopth.of water of probably 60 foet (see Plate7, cross soction A-A'}.. The basalt
18 probobly the lower limit of tho zone of contemination, for except where
highly jointed or scorlaceous, 1ts peormenbility and porosity are quite low,
Wells 361-B-5 ond 361-B-11, which penetrated about 10 feet of basalt, produced
almost no weter from the basalt, although a conglderable quantity was ava.ilab"la
from the coarse sanda and gravols directly .overlying the basalt and mepped as
tha Rinlgold formation by the U,5. Goologleal Survey, Other wells in the 200-
Fast aren which were drilled to water either aid not penetrate to basalt or the
casinge wore stoppod on what wore bel:{.eved to be basalt boulders aj?ove the
aotual bedrock (Well 224-B-4), A large quantity of wator entered 3..5}1-3" woll both
above znd below the 5-foot boulder or lava flow, if such it:was, yet little came”
from the basalt. The bosalt beneath the contaminatod zone fs therofore probably,
considerably lass per;neable than either the Ringold formetion or the terrace
gravels at that location and serves os an effective floor for the contamination,
The body of contaminated water had, at its meximum extent, the form of o
gigontic, elliptical lemns, up to about &0 feet thick, 2500 Teot long, and 1000
feot wide. The shape and extent of the lens and the distance from the reve;se ,=
well at which cz;ntamination was dotected suggests that the ground woter moved .
southeastvard at an aversge rote of 500 feet & Yeoar., Continuing observotions
sugrests thot thg velocity was greatest during sarly operation of the plants,
end thet the rate of movement of the wu.‘ter.decreo.sed until it became immobile
beneath the 200-Eest eroa, owing to the increeeing height of the 200-Eost eroa
ground water mound, sbout & mile and a ha:l..f east of the area (soe Plate 1), The

effect of this mound ond the one benesth the 200-Weat area are dlscussed eolsa- ..

where 4n this report. B

The Water Sempling Program

The water in each well wos sampled on completion of the well ond st waeelkly
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end the somples counted for alpha and bate-garme contomi-
nation. A total of 930 water samples,

intervauls thereafter,

including 192 duplicate samples, was ob-

tained from the date of initicl sampling to January 1, 1950, The results of

those woekly analyses are shown on Plate 3 iilustruting the contomination trends

from the dato of inttial sampling, Duplicate 500-mf1111{ter wvoter semples were

token cach woek and the anelysor of the two samples averagod. Contaminetion

trends for tho water in each well wero clearly defined after epproximetely six

months and single-500-m111111iter sumpies were taken from each well, Individual

variatlons Trom ths well-defined trend wore then clenrly indidated The trends

for some welle were so clear-cut that prodictions made up to six months in ad-

vance for the activity level were later verified. Samples wero also taken

severcl times from the surface of the ground water (at the water tﬁble) and from

the bottom of wells 1,2,3,4,5,6,7, ana 9, Annlyses of these semples showed no

significant difference in the intensity of contemination between the water at

the water table_level and the bottom of the wells, indicating that thorough

nixing of the contemination wes nccomplished within, ‘at most, ths intervel of

500 feet between the reverse well and wells 361-B-1,2, and 3, Water from he

bottom of well 361-B~-9 was more sctive thon from the water surface, but this was

due ot least in part to the higher rust content of the bettom semples, as dis-

cussed in following yerggraphs,

Mixing of the radioactive wastes in the 241-B-361 area was epparently

accomplished within a short distance of the discharge point, end was uniform

throughout that part of the ground weter body that could be sompled. Cbservae-

tlons in coestel areas indicate thet sea woter invedes the fresh ground water

as o dilstinet, solid front when serious overpwuming is preticed, but observe-

tlons here suggost that mixing resulted from the method of waste disposal., The
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differencn in specifie éravity between ses wator and fresh water (1.025 to

1.000) accounts for the so11d front and lack of mixing, but tho differences be-

twoen radionctive woste liquids and pure water are probably gonerally smaller.

The specirig gravity of the wastes from the 224 buildinga_rangas from 1.04 to

1.08 prior to diﬁcharga %0 the settling tanks, whernas the 5-6 wastes are ro-

portedly nearly 1.00, Solid material in the 1iquid wnetes is largely deposited

in the tanks, and the cloaroy supernatant, with decreased specific gravity and

activity, flows into the disposzl unit., The 241.B-361 scttling tenk, of about

55,000 gallens capucity, was bypassed when the 5-6 crib and tile field was in-

stalled, beceuse the tank was neariy filled with sludge, indicating e significant

sludge contont of the wastes that had passed through ‘he ﬁank. Thus, tike intro-

duction of waste_liquids into the ground woter over a period of time, during

rart of which the ground water moved g significant distaﬁag, combined with

diffusion and dilution processes to thoroughly mix the waste liquids with the

ground water. Diffarences of specific gravity betwean the waste liquids and the

ground wator wers presumebly small enough to aliminate either floating of the

wastes on the surface of the water or sottling. of the wastas to the presumed

floor of contamination, the bosalt bedrock, When radioactive wastes are dig-

charged cbove a shallew water table, as in tho ak1-7 area, thoso wastes spread

or floet along that woter toblo and may be deposited on the sediments either in

the caplllary moisture zone or at the ground water surface {sees Plate 16, also

Plates 6 and 7, &w Report 9671), Floating of activity on the surface of the

ground wator is slso suggested in tho 241.7-3610 reverse well area, as discussed

in & lator part of this reporst.

A mumnber of samples from well 361-B-9 were anelyzed for uranium and Plutonium

by the fluorophotometer, ethor sxtraction and TTh mothods., Results provod that
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at the distance of 50 feet from the reverss well to well 361~B~9 no plutonium
was present, and therefore the plutonium present in the original wastes dis-
charged to the Teverse well was removed from the solutions within that 50-Toot
distunce, although some was dlscharged directly into the ground water. Accurate
astima;es of the emounts of plutonium and fisslon products discharged from the
settling tank to the reverse well are impossible to make, for the percent re-
tained in the settling tank is not known, other than that it ig considerable,
All the alphe activity in the ground water is therefore presumnbly dus to
uraniun., This uranium is undoubtedly present as uranyl 1oa, which 1s not likely

to show apprecieble retention on sarth materisls. Conceivably it mey have been

fixed at one time on the sediments, but could well be removed as the agueous
solution wealened. —

A 3-gallon sample of water waes obiteined from the bottom of well 361-B-2 on
Jenuary 12, 1948, the rust allowed to settle and the clear water decanted.
Nearly one gram of rust was collected. An analysis indicated 8.8 microcuries
of fission products/kilogram of rust and considerabld'alpha.wﬁivity interpreted
due to 0.63 gram uranium/kilogram of rust., The average water analysis for beta-
gemma activity for December, 1948, was 2000 micro-microcﬁfiea/iiter cr kilogram.
Thorefore, weight for weight the rust was 40O times as ametive es the wator.
This has bzen confirmed by British experimentecs who demcnstrated -that removal
of the normal coating of iron hydroxides on sand greatly reduced the rotention

of fission products. The rust sample was alsc analyzod for fisslon producte.

The reeults are compared to an analysis reported by Ovorstreet and Jacobaon (15)

for a rendom sample of W-6 liquors as follows:
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Element Half Life of Redioactivity of Radioactivity in W-6 Sample
Proboble Isctopea Rust % of total (total activity
uc/kg. % of total : not reported}
Ru - 1yr. 5.550 63 1.69
8r 25 yrs. 0.615 T “not reperted
7r 65 days o 0.3%2 i 58.4
Cs 33 yrs. 0,088 1 1.39
UX1 B ) ) 3.27
Cb - 25,6
Ce 4.75
Y & Pr - 22
Te - = 4,29
Rerc earths 0.088 1 -
(including Ce '
Y,Pr,La,etc.i )
6% T 126,61

Colurbium, present as a daughtor eloment of radiocactive zirconiﬁm, was not
tested for in the rust sampie bul may be expected in amounts greater then zir-
conlum, for wastes of ege greater than several months., The resulting total
¥ield of more than 80% iz considerod an essentlelly complete analysls, as is

indicated by the comparison between the two enalyses,

‘A 3-gellon water sample was teken from well 361-B-1 on May 3, 1948, and

enalyzed for flession products., The resulis are as follows:

Element - Helf Lifs of Probable _ Radlocactlivity

. Isotopes in Water uuc/liter % of total
Ce 275 deys 8.7 .3
Y . 6C hours & 55 days 58.0 2.0
Rare earths (other than reportcd) 29.0 1.0

Sy - 25 years 8.7 0.3

Cs 33 yesars ) - not detected

Ru 1 year 184g, 62.4

77 65 days 174 6.0

Co . 35 days " not checked for

Total yioeld 73.0%
Columbium is present as a rodioactive daughter of the zirconium as previous-

1y noted, but was not checked for, The indicated totel.yield, including

columbium, 1s thus more than 80%, which figure is considercd to include
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essentially all the radioactive elements, The results are nearly identical to
the fisslon products enalysis of the rust previously discussed. Total ectivity
of the water was 2000 micro-microcuries/liter. The percentage of elements pre-

sent in the water with half-lives® measured in Years is clearly small,

Analysls of Results of Sampling Program 7 =

3 . =

Platos 2,3,h,5, and 6 demonstrate the facts determined by the 24-month water
sampling program of the 241-B-361 ares. Plate 3 shows the beta-gamma contemina-
tion trends in the water in the individual wells, and for comparison, a curve
for the activity trend of radioactive ruthonium, The activity on this plate is
plotted on a logarithmic scale, so that the decay curve for the ruthenium is
reproesented as e straight line. Water samples were taken from all the wells
every week ‘to determine the trend of the activity levels and to ensble water
from the unconteminated wells to serve as a continuous check on the chosen gig-
nificant activity levels, of 20 micro-microcuries of fission products and 10
uranium alphe dis./min,/1iter.

The curve for the beta-gammg activity trend of the water in well 361-B-9 is
nearly parallel to the decay curve for ruthenlum, the predominent beta emitter
in the ground water at the present time (see Plate 3). Activity in the water
from well 361—B-l_diverges from the ruthenium decay curve more markedly, wherees
the activity curves for wells 361-B-3 and 361-B-h diverge from it greatly. Tn
the one-year period from November 10, 1947 to November 10, 1948, the decay of
ruthenlum should have reduced the activity in swell 361-B-1 from 9200 to 4800
micro-microcurias/liter, but the actual decroase was to 1600 micro-microcuries/
liter, and a drop to 580 micro-microcuries for the Year ending November 10, 1949.
Similarly for well 361-B-3, for the one year period from February 4, 1948 to

February 4, 1949, the theoretical reduction due to decay should be from 2500 to
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1250 micro-microcuries/litar, but the actual reduction was from 2500 to L8,
The ectivity in 361-B-b dropped from 500 to less than the significant level of

20 micro-microcuries/liter botween Merch %, 1948 and September 1, 1948, most of
this decresse taking place in the first 100 days. Water sexples from well 361-
B-8, however, on September 1, 1948, had an epproximate a;£ivity of 2500 micro-
microcuries/liter, and on September 1, 1949, an activity of about 1150, for a

reduction in activity far nearer to that accountable by the decay of ruthenium,

The results ere summarized as followa for the periods stated:

Radiozctive decay of Ru should Actuel activity in % of

reduce activity to: original detected activity
361-B-1 50% of original, detootod activity 17% of originel detected activity
361-B-3 50% of original detected activity 2% of original detected activity
361-B-L T0% of originel dotected activity % of original detected activity
361-B-9  50% of originsl detocted activity L46% of originel detected activity

This demonstrates that one or several of three things may be happening: the
ruthenlum may be concentrated in the wator near wells 361-B-9 and 361~B~1, with

leus ruthenium but greater amounts of shorter-lived elements in the weter in

wells 3 and b, the conteminated water in wells 361-B-3 and 361-B-4 mey be sub-

Ject to greater dllution by and diffusion into the natural ground water, or the

activity may be Blowly depositing on the sediments,

No evidence supports the firvst suggestion, rather all evidence indicates

that ruthenium will remain in solution the lengest and will bo one of the least

likely to be concentrated in any one well area to the exclusion of the other

elements. This is demonstrated by the fission product analyses of the 22-foot

end the 37-foot sediment sauples from well 361-T-6, which show a marked increass

in ruthonium downward, away from the crib (see dlscussion of 361-T area). The

samples show an increase in activity proeent due to ruthenium in the lower sam-

Ple and in the percent of total activity, whereas the percent of total activity
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end the actual activity for hearly all the other elements decreased., Ruthenium
should thus be present in greeter percenteges in wells farther from the polnt of
injection, because: (1) Redloactive decay will decrease the amounts of the
shorter-1ived elements present owing to the time hecessary lor the wastes to
move from the reverse well to the well belng cbserved. (2) Elements other than
ruthenlum tond to deposit on sediments more readlly. The fission product ele-
ments with whiqh wa are here most concerned (Sr,Ru,Zr) will prcbebly remein
largely in solution if they have not been deposited on and within the sedimeonts
clese to the well shortly following their discharge into the ground water,

The docrease in level of activity in the ground wetor is thus apparently due
to radionctive decay, dilution, diffusion, end some removal of activity by the
sediments.” The effect of slow deposition or concertration on the sediments is

believed %o be minoxr; for chenges in thae physical or chemical nature of the
solutions would first be necessary. Calculations were made to determine the
probable dilution effect of the ground water, on the basis of the decay periocd
earlier mentlioned., The results are surmarized as follows:s’

WATER CONTAMINATED BY FISSION PRODUCTS (Gallons)

8. ZIstimeted contumlnated water, November 1, 1947 400,000,000

b. Estimated contaminated water July 1, 1949, considering radio-
active decey alone 250,000,000

¢. Volume of water dscontaminated (to below the slgnificant
level) (a-b)

150,000,000

d. Water actually contaminate? July 1, 1949 - " 4k,000,000
@. Volume of water decontaminated to or below the slgnificant

level probebly owing to dilution and diffusion (b-a} 206,000,000

In the same manner, the dilution and diffusion effect on the uranium-contam-

inated zone was calculated. Redloactive decamy is not slgnificant in thege
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determinations; therefore dilution, diffusion,” and reomovol of octivity by eedi-
nents cre the only apparent factorg thet may be important in the reduction of
the sctivity levels and.the volume of contaminated water. ~The slopes for the
uranium-contamination curves for the water from 361-B-1 and 361-B-9 are grocter
than that pert of the slopes of the botn-gemma activity of the wator from tho
semo wolls attributed to dilution and diffusion processes (totcl slope less that
ettributed to rcdiosctive decaytof ruthenium). A definite trend for the
activity in the weter in woll 361-Bl was not established prior to October 1948,
-nor that for 361-B-9 prior to June 1949, owing to tho wide_wvariation in

uranium-olphe ectivity at the low lovels encounterod prior to those dates. Thus

the early parts of these two curves mey be somewhet in error and the folldwing

figures subjoct to o significant plus or minus factor.

Contaminated water November 1, 1047 " 75,000,000 gollons
Contaminated water July 1, 1949 42,000,000 gallons

Decresse in activity probebly owing to
dilutlon, diffusion, etc.

33,000,060 gallons

The existence of significant diffusion and dilution processes thus cer-
teinly scems assured,

Dilution was nlso prominent in the reduction oflthe cetivity level when the
original westes were discharged into the ground. About 8,000,000 gnllons of
radiocctive wastes were dlscharged to the ground, but tho estimated cmount of
conteminated water present in the ground Novenber, 1947, wes sbout hO0,000,000
gellons. The original weostes were therefore apparently diluted ct lscst 50
times., I the activity penctrates oy significent dlstance into the basclt or
1f the netivity is removed from the sediments following ecrlier doposition,

then this dilution factor will be still greater, Similorly the avernge content

of fission products in the waste solutions wes 0.9 microcuries por liter, but
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the highest analysis obtained in the water vas sbout 0.0L microcurie/liter. The

indiceted dllution factor is thus about 100. If we consider decay and pssume

that some of the actlivity was removed in the 241-B-361 settling tank, then the
dilution factor epparently checks with the factor obtalned by relative volumes.

of weter and waste, Simllar dilution determinations were not made based on the

uranium content of the original wastes, th? elpha activity of the conteminated
water, and the relotive volumes of waste and conteminated water owing to the
lack of adequete control and lack of edequate uranium anéiyses of the original
wastes for quantitative comperisons,

Contamination contour (isoactivity) meps were construsted at three-month in-
tervals on tho basis of the trend curves, and the amount of water estimated
lying within the boundaries set bty the reporting limits and contaminated by
flssion products and uraniium. The precise location of the contowr lines could
obviously not be drewn on the basis of the limited nwiber of control points, so
considereble license was used to present the most logicel and reasoneble picture
The coneistent use of the same interpretation and presentation of the semple

enalyses gives a truve mcture of tho changes in the contaminated zone, however,

The total amount of fission products and wanium in the ground water was
also calculated periodically. Plate 2, an index map of the waste disgposal areas

within the 200-East area, shows the extent of the beta-gamma ground water con- -

tamination at six-month intervals, and the uranium contamination extent as of

November, 1947 and July 1, 1949. Plate 6 shows the chronologic contamination

contour (isoactivity) naps for these periods. Plate 2 is a sumory of the total

emounts of fisaion—products—contaminated,vater, fisslon products, and uranium-

contamineted weter present in “*a 241-B-361 ares from November, 1947. The
uranium analysé&és in the individual samples varled considersbly throughout the

low levels oncountered; therefore accurate trends were difficult to esteblish
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and only the two uranium contamination contour maps are presented,

The smount
of urunium precent in the ground is obviously constant, elthough the amount

within the wranium-contaminated zone decreases owing to diffusion and dilution

of some of the conteminated water to below the significant level. The curve for

the emount of wranium*in the sigﬁificantly contaminated zone thus rarallels the

curve for the total shount of uranium-contaminated water, and is not presented.

The above calculaetions were made on the basls of sediment porosity of 15

percent and a depth of water to basalt of 60 foet. Numerous borosity tests on

samples from the 361-B ares, including semples cbtained with the sand-pump

baller, gave porosities ranging from 13 to 25 percent,
may be slightly lower;

Porosities in the ground
however careful settling and packing of the sediments

resulted in porosities Presuwmably not slgnificantly different. The figures may

but the relative decrease of ectivity owing to dilution and to de-

"" be a maximum,
cay will be the same,

Movement of the Ground Water

The activity trends in the water frem the individuel walls points out

another fact of considereble significance. The order of level of activity of

the water in the individuel wells is the sane a8 at time of completion of %he

wells and initial sampling. This indicates.that the contemination and therefore

the ground woter has not moved en apprecleble amount at least since November,

1947, This fact 1e similerly corrcborated by the uranium-contaminated cone.

The fission-product-contaminated zone and the uranium-conteminated ZOns, morsover,

have steadily and regularly decreased in size and level of activity with the

passege of time, but have not changed their relative positlons with respect to

each other or with respect to the reverso well or the cbservation wells.

The ground water beneath the 200-East area is thus not moving,

. ut such was
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not alweys so. Contamination in November, 1947, hed clearly spread southeast-
ward from the reverse well af least as far as 361-B-8, 2500 feet from the re-
verse well, slthough it hed spresd only a short distance beyoend 361-B-2, 500
foet from the reverse well in the opposite directlon. Ground water conditions
obviously changed during the period of use of the reverse well, Platel shows
the ground water tsble in the vicinity of the 200 areas and the reason for this
chanée. A ground water mound lies sbout one mile east of;;he 200-East sres,
directly beneath the'discharge swamps for the 221-B building effluent wactes and
the power h;use wastes., This mound results from the large and constant volumes
of water discharged on the ground since beginning of operations of 200-East eren
and can be roughly accounted for by the recorded volume of water dilscharged from
the two buildings since beginning of operations {about 2,600,000,000 gellons up
to January, 1950).

The ground water mound 1ies athwart the ﬁatural northeast direction of move-~
ment of the ground water, end thus changed the direction of movement of the
water from northeast to south beneath the 200-East ares. Radiocactlve wastes at
beginning of operations were probably discharged slightly above the ground water
table through the 241-B-361 reverse well, and such activity as penetrated to the
ground water moved slowly eastward with the water. The groﬁnd water mound east
of the area slowly rose until the ground water was forced to move southeastward
around the mound and until the botiom of the well was lmmersed in the ground
water. Continued bdbuild-up of the mound turned the dralnege direction at right
angles to 1%s original courée, and essentially stopped tha movement of the water
and the contained activity.

This fact is important. If highly active wastes are discharged into the

ground or percolate to the ground water, then a means exists by which those
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wvastes can be effectively held in location imtil such times as the decay plus
the natural ground water dilution and diffusion will reduce the activity below

the significant level, A greater reduction of the activity level can be accom-

plished by introducing clean water into the contaminated zone either through
wells as can be done with the 241-B-361 reverse well areaﬁcontmninated Zone, or
by percoletion through the ground, if the depth is not too great and if the sed-

iments are edequately permeeble, The contamination of the ground water in the

241-B-361 area was inadvertent, but the fortuitous Placing of the effluent

bwempe resulted in a combination of evants that proved ideal for the study of
the behavior of the redioactive wa.stes within the ground water. If the effluent
Ewamp wore north or south of the 200-Fast area, instead of to the east, the bedy

of conteminated water might never have been detected, and would now prohebly lie

between the 200-Fast area and Route 2.

Continued discharge of effluent wastes to the swamps will result in an in-

creased flow of the ground water to the south in the area beneath the 200-East

area., The mound_is epparently no longer rising and may ve. reaching a height

equilibrivm. The rate of movement of the ground water mey therefore be expected

to increase. Caraful and periodic sampling of the ground water will be main-

tained until the level of activity 1s below the significant level,

5-6 CRIB_AND TILE FIELD —

The 5-6W crib in the 200-East sres is 1& feot square, T feot high, and con-

sists of a network of 6-inch by 6-inch timbers with the bottom open end the top

and sides wrapped with heavy tar paper. The tile field, built on a bed of
coarse gravel sbout two feet thick, coneists of a main lateral 180 feet long
end six secondary laterals each 50 feet long. The 361-B gettling tank was by-

prassed and the crid system tied directly to the waste lines, because the

DECLASSIFIED —

dran.




DECL D
ASSIFIE L5
' BW-17088 - - -

settling tank was nearly f£illed with sludge from the 8, 100,000 gallons or westes
that had passed through it to the 241-B- 361 reverse well. The 5-6 crib was
therefore used af o combination settling tank and crib, although it wag not de-
signed for the double purpose, and although elimination of gsettling tenks was
known to inerease the problems and the activity of wostes ‘disposed to ground.

Nine 150.-foot test wells were driiied near the crib and in the tile Tield
prior to using this disposal unit.(Plate 2). Woll 36i~B-13; located 12.7 feet
from the center of the crib, was drilled at an angle of 859 toward the center
and botiomed directly beneath the crib (see Plate 7, sectlon A-A'). More infor-
mation as to the potentiel dowrward movement of the wasfe_liquids is obtainable
'particularly in this area of high Permeability than from the wells drilled -

vertically 18 feet or more from the crib center. This wes the first attempt on

tho project to drill a well at an angle with a standard pefrcussion well-drilling

machine. The initial step was to bury a 12-foot section’ of "starter" pipe at an

angle of 85°, A shorter drilling stroke and ﬁore frequent driving of the casing
were the only differences between drilling this inclined well and a vertical
well. Four test holes for checking the drainage of the tile Tield were also
drilled and bottomed at the same elevati?n as the tile field.

The more efficient rod and plunger "suction® type or "sand pump" bailer was

used for the first time in this area on tho recormendation of the U.S. Geologi-

cal Survey, as previously explained.

A total of 18,400,000 liters of vastes containing epproximately 95 grnné of
pPlutonlum and 2050 curies of fission products was discharged to the crid betwreen
August, 1948, when the unit was placed in operation, and January 1, 1950,

Sludge in the wastes repidly decreased the éapacity of the crib and acid wes

edded to the unit to keep it in operation. This aided meterially in increesing
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the volume of wastog that could be ab;orbed by the crib, - Eventually the crib
beceme sealed with sludge and overflow into the %ile fieid begen in Novembeor,

© 1948, ofter about 4,000,000 1iters of waste were discharged to the crib. No
ligquia or ectivity was found in the tile field test holes, which were inspected
periodically to choek tho drainag; of the tile field, until April, 1949, at
which time T 1nches of 1iquid wus found in Test Hole No,-£, A sample of this
1iquid onalyzed 11.5 microcuries (fission products) /liter_ ond 9,000 elpha dis,/
min, /1iter, Sedimont semples from the three dry tost holes showod o maximum
flesion product _contamination of C.9 microcurie/kilogrnm. Flssion products con~
tomination ids thus ot lenst 150 feet from the crib in the direction of the tile
field. Liquid was found in Tost Hole No. 2 ot all inspections between April,
1949, and October 6, 1949, but was dry on October 20, The Tission products
activity of the liquid varied from 0.6 to 51 microcuries/iiter and the alpha ec- -
tivity from 1000 to 12,400 dis./min./1iter. A sediment semple token from the
hole October 20, hud 152 microcuires of fisaslon prbducts/kilogrum end olpha con-
tamination of oh3,000 dis./min./kilogram of sediments. The liquid found in Test
Hole No. 1 in Mey, 1949, enalyzed 2,200 alpha dis./min./liter end tho fission
products activity 1.3 microcuries)litor. Other than this, Test Hole No, 1 was
tlveys fres of llquid. Moximum alpha contamination on the sediments from Test
Holo No. 1 was 35,400 dis./min./kilogrwn end meximum fizsion products contomina-
tion was 1.2 microcuries/kilogram of sediments. Fission rroducts contamination

in tho sediments frem the other two test holes was less than 1.0 microcurie/

liter and has shown no significant increase. Since initial sampling in January,
1949, ang up to Jhnuary, 1950,. 59 sediment gemplex and 12 liguiq samples wore

obtained from the test holes and anelyzed for contemination,
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Eed a settling tank been included in the present 5-6W waste disposal systém,
most, 1f not all the dirficulty with the erib would have.been rrevented. The
disadventeges of by-passing settling. tanks ere as foliows: {1) The life of the

waste dlsposal unit is greatly shortened. (2) Wastes of £ar higher nctivity

ore discharged to.the ground than would otherwice be the case, (A sample of the
2h1-B~ 2na cycle sludge had 5000 times the fission products activiiy as the
supernetant,} The effect of the sludge on the ground 1s as yet unknown, however
the possibility of contamination of the ground water 1s materially increasod.
(3) The necosslty of introducing ncid to the crib to maintain the crib's capa-

city 1s a prectice that cannct be Justified in view of the risk of increeased

transmlssibility of active matorisls. (4) Possible future recovery of certain

valuable constituents is prohibited.'
Test Well No. 13 (drilled at an angle of 850 towerds the crid and hottoming

teneath the center of the crib) was found filled with sediments to within 24 -

feet of the surfece in April, 1949. Acid used to clear sludge from the crib

corroded the casing and permitted wastes discharged to the crib to wash sedi-~
ments intg the well. A sample of the sediments from this well had 1830 micro-
curies of fission products/kilogram and alpha contemination of 14,800,000 dis./

min./kilogran of sediments, A rough caleculation and cémpaiison between the

actlvity in the waste liquid and the volume of sand and gravel necessary to con-

tain that amount of 1iquid, indicates that gbout 60 times the activity of
Tission products is concentrated in the sand ond gravél a8 18 present in the

waste liguid that would eaturate that send, and that about 100 times the pluton-

ium 1s present as in the waste liquid. The activity at a point beneath the edgo

of the crib where the sumple wes taken from 361-3-13 thus had 120-150 times the

activity of sediments 17 feot from the roint of injection to the ground (Test
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Hole No. 2),

The fact that the well caslng 1s correded and f£illed with sediments means
thet some waste liquids were Introduced into the groun& at & depth of 150 feet,
or within 150 feet of tho water table. The behavior of these high level wastes
in the ground is not known, particularly as a combination of sludge and goluu
tions, Therefore, an acceolerated schedule of sampling fﬁe water wells around .
the crib (wells 361-B-1,2,5, end 9} was instituted to determina.if these westes
are or will be penetrating to the water table. No evidence hes been found +o
date from wells 361»31 361-B-2, 361-B-5 and 361~B-9 that such is or may be
ocecuring., A sudden influx of activity has clearly not taken place, If pises ir
the activit& lsvels should appear, decay curves will he determined to prove the
Presence of elements of shorter half-1ife thun are present in the originally
contaminated water, Sediment samples cbtained in October, 1949, from the botter
of all the 150 -foot wells but 361-B- =13 in the 5-6 crid and tile field area -
showed no significent elpha or beta-gemma contaminetion at that depth.

The replacement unit planned for the 5-6 wastos is that—of 2 cribe in '
serles. Modified cribs are egain planned in preference to tile fields owing to
the large ground area required for instellation of tile fields eas compared to
cribe. Two sets of 2-cribs systema can be placed in thefavea occupled by one
crib and tile field, a smaller sream of ground is contaminatad Per system and
closer control 1s maintained over the contamination spread Open louvers in the
cribs and a coarse gravel bed beneath the crid are planned to permit Beepage of

the waste 1liquid out of the crib as it £11ls with such sludge as may be dis-
charged to 1%.

e
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2L1-B ARFA
224-B Vaste rrib

No plutonium or fission product contemination was found in any of the sam-
plos frem the throe wells drilled to depths of 150 feet;énd only 18 feet from
the conter of tho 201-B tank orib (224-B wastoe crid) in May, 19h7i€ Neither were
any contominents found in the ground water ot o depth of about 240 feet bélcw
the surfotm in well 224-B-k o in well 241-BY-2. About 3,300,000 lit-cars of
waste were discharged from the 201-B tank to the crib brior to drilling. This
weste containad;approximntely 600 groms of plutohium and_approximately 800
curies of fissicn products at the time 1t wos Jetted to éhe 201-B tank. About
3 groms of plutonium and b curies of fission preducts were Jetted to the ground,
as estimated fvom 46 analyses of what passed from the 201-B tank and on o long
term figure of what went into the tank, Contamination méy have channelled out
loterally from the crib_and not been;detected by eny of the throe test wells,
but at the rate of discharge (100 gallons/minute) all thé"liquid could have
easlly moved downword and never reached the area drilled, Sample; of the sodil-
ments from the 4 wells in this area indicate high permecbllity of the sedinents
to o depth of at least 200 feet. The 241-B 2nd cycle orib sheft (H,I, Shaft)
confirmed this conclusion, both by observations made durihg construction end
during operation. The 201-B conteminated zone wes thercfbre probably completely
within the circle formed by the three crib wells at the time of drilling, The
nearly 1000 water samples teken from 13 water observationWWells within the 200-
Eest zrea up to January 1, 1950, indicated that no radioaétive contamination has
reached the woter table except from the 241-B-361 area; therefore the wastes
from the 201-B tank crib and the 241-B Mnd cycle crid and tile field are prob-

tbly sbove the water tebie. fThe posslbility cited by Piper (1%, p. 9%) that o
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"very ccnsiderable fraction of the 'second-c¥ycle'! wastes intentionally infil-
tercd in *le two 200 areas may have reached the regional water teble" is contra-
indicated by the sampling evidence in the 200-East erea, although & smsll amownt
concelvsbliy could nenetrate to the ground water in a limiied area and not be de-
tected. Undetectable contamination in water is certainly innocuous, provided
there 1s no subsequent superefficlent concentration in a biological material
used os food. . I -

IA total of 22,300,000 liters (5,900,000 gallons), cditaining & recorded 2180
grams of plutdnium and 4000 curies of fission products were jetted to the 201.B
and 204-B tenks betwecn May, 1947 and January 1, 1950. About 10 grams of plu-
tonium end 20 curies of fission products were estimated :jetted from the 201-B
and 202-B tanks to the 201-B tank erib, based on analyses previously mentioned.
The direction that these wastes or contaminents moved is not known. Presumably
they followed the wastes diecharged prior to Mey, 1947. The three wells ad ja-
cent to the orib wore cleaned out and deepened froam s depth of 150 feet to 153
feet to detormine if actlvity had penetrated to that depth. No activity was de-
tected by the laboratory arulyses of the samples, Additional information will
be cbtained from this area by additionel wells and by use of the casing sampler,
described in e later section of this report.

The 201-B tenk was-removed from service in October, 1948, Sludge from the
7,400,000 1iters of 221-;33 wastes and 10,200,000 liters of 224-3 wastes nearly
filled the tank (56,500 gellon capecity) and was in dang_er of flowing to the No,
1 ocrib., The 204-B, 203-B, and 202-B tanks were comnected In series and to the
No. 1 crib. Weste 1liquid, first added to the 204.B tank in October, 1948, over-
flowed from the 202-B tank to the No. 1 crib in Decembor, 19ig.
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2nd Cycle Crib, 1le Field and Shaft

A shaft 55 feet deep (soc Plate 8) for collecting liquid and sediment sam-

Plos was installed 20 feet from the 241-B 2nd cycle crib. The shaft consists of

prefobricated concrete sections, 3 feet in dismever, 6 feet 2 inches high, ard

9 inches thick. - Steel laterals six inches in diameter and.22 feet long were in-

stelled in holes in the walls of the sections 10 feet and 20 feet beneath the

erib and were carefully emplaced in order to disturb the scdiments as 1ittle as

rossible. Openiigs in the tops of the laterals rermitted liquid to enter cnd

¢ollect in sample cups. Othor holes were maede in the shaft wnll facing the cridb

and covered with removable ceps sothat sediment semples céuld be obtalned at

periods during operation.

A dischorge rate of 20,000 gallons per day (50 gpm) into the énd cycle cridb
saturatod the sediments on tho side of the shaft nearest the crib and ceused
1iquid to seep into the shaft through the Joints. An increase in the Jetting
rate to 30 000 gallons a day satureted the sediments on the far side of the

shaft us well and liquid seepod into the shaft from all sides. This gcepage

was removed by a pump installed on the bottom platform of the shaft and which
pumped the llquid back to the crib, Bpoclal coveralls, rubbers, rubber gloves,

hats, ond mosks were necessary protective equipment for peﬁsons operating within
the sheft because of the rediocactive scepage. Readings up to b rep/hr. at 2
inches were obteined on the contamination on the bottom of the shaft,

About 7,500,000 liters of wastes cﬁntaining approximately 7 grams of plu-

tonium and 12 curies of fission products wore discharged to the unit between
March, 1948, when the 2nd cycle crib wae placed in operation and January 1
1950, Scmples obtained from the shaft end analyzed in a radiochemicel laborn-

tory included 105 liquid semples, 4 sludge samples, and 7 sediment samples, The
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liquid samples collected ot & depth of 20 feet ™eneath the crib had epproxl-
mately the same fission product activity (0.5 uc/liter) as the somples collect-
ed from 10 feet beneath the crib, and showed no increase in activity during
Jetting from each tank except in the case when sludge wes inadvertently Jetted
to the crib from the 104-B tank in August, 1948. A sudden decrease in the crib
capeclty led to the discovery that about 15 inches of radicactive sludge was in

«wihe crib. Bome of the sludge wes washed to a depth of at least 20 feet beneath
the crib, for a smell amount wes collected in the sample cups at that depth,
Conslderable sludge was obtained from the upper lateral cups and some sludge
was washed into the shaft, The downweord movement of this gludge will be

’ folloved by means of additionol liquid and sediment samples from the shaft andg
by well somples.

The plutonium activity in this sludge was 990 micrograms/kilogrom of gludge,

roughly 1,000 times as high es the supernatont, and the fission products acti-
vity wes 9,000 microcuries/kilogram of sludge, roughly 5000 times as high as
the fission producfs in the supernatant. Clearly much of the cctivity in the
wostes 1s thus concentreted. Citric and hydrochloric acid were used in attempts
to help clear the crib, but results were not significently successful. The tile
field was therefore put into service receiving the overflow of waste liguids
from the ¢rib. This incident clearly demonstrates the necessity for sdequate
end thorough settling teonks in o waste disposcl system and clso demonstrates how
most of the nctivity in the woste solutions is removed in &ludge in the settling
tenks. B

The avercge olpha contamination of the supernatont Jetted to the crib wes
cpproximotely 135,000 dis./min./liter; however 64 of the liquid somples ob-

toained from the shnaft laterals prior to the Jetting of sludge had lass than
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1,000 dis./min./liter elpha activity and the average alpha sctivity of the
other four samples was 17,500 die./min./liter (based on 10 milliliter semples).
Very little plutonium therefore penetrated to a depth greater then 10 feet be-
low the crib except in the sludge. Plutonium in the wastes 1s therefore demon-
strebly initially retained on the sediments within aiéhorﬁ‘distance of the dise
posal unit even though large volumes of wastes mey move downward from thet unit,
Previous work in the 231, 361-T, and 201-B crib areas, and the indicated lateral
spread of the water from this crib indicates that the horizontal spread of
plutonium was probebly not greater than 20 feet fram the unit., The fission pro-
ducts activity decreased by a factor of 3.4 within 10 feet of the bottom of the
crlb and showed no apprecieble decrease within the next 10 feet. This probedbly
correlates with the strata in the shaft area, as shown on Plate 8, which shows

a highly permeable gravel bed at a depth of 10 to 20 feet beneath the crib, and
directly underlying a less permeable bed of sand and silt.

Tho sediments 18 feet beneath the crib showed an increase in beta-goamme
activity from 0.13 microcurie/kilogram to O.33'm1érocurie/kilogram between the
1,930,000 and 5,090,000 liters discharge of radicactive wastes. No alphe con-
tamination was detected on the sedimonts. -

Reodiocactive sludgze, with an activity far higher than that of the supernatant
liquid, wes thus discharged to the ground in the 241-B 2nd cycle crib area as in
the 5-6 crib area, The high permeebility of the sediments in both aress is con-
ducive tc the downward movement of such sludge a8 well as the waste liquids,

particularly as the sludge it readily soluble. The large number of wells 4o

water within the 200-East area will serve as a constent check on the penetration

of additlonal wastes to tho ground weter table.
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241-BX and 241-BY Aroas

Seven 130-féot monitor wells were drilled in the 241-BX tank ferm (see Plate
2). Ho plutoniwr or rission products contamination was fovnd in any of the sam-

Ples from the wells. All the wells are sealed at the tottom with cement and rer-
forated between depths of 40 feet and 100 feet.

81z 150-foot monitor wells and one 275-foot water observetion well were

drilled in the 241-BY tank farm (see Plate 2). All the 150-foot monitor wells

are scaled at the bottom with cement and perforated bet'ween depths of 40 feet
and 100 feel. No impermeable strata that might be expected to retard or prevent

1liguid moving directly to the water table were found in this area, The water

observation well was drilled to furnish o means of obtalining pround water samplece

for the detection of contamination which might be the first indication of stor-

ege tonk failure, Samples from the completed well show the ground water %o be

free of contemination at this location, up to the time of this report.

200-WEST AREA -

Consldersble information was cbtained from the 200-West area since publica-

tlon of the earlier report by Brown and Ruppert (2) based on additional drilling,

wveter table studies, reanalysis of waste voliumes gdata and activity released to

ground, odditionsl sample analyses and observations of the waste disposal units,

In eddition, mcre accurate, records ars maintained of wastes discharged to ground

than was previously the case.

The impermecble silt and clay bed discussed in the previously published ro-

bort ae the upper part of the Bingold formation was explored further and wasg
found in ellwells in the 200-West arca drilled to a depth of et least 100 feet anv

in two wells outside the ares boundaries. It therefore probebly underlies the en-

tire 200-Wost area, The probedble form end distribution of the bed is shewn on-

Plates 9 and 1G 25 determined from samples and drillers! logs from the 361-1,

231, 2L1-TX end 23%-5 areas ; end from e drillers'logs from the wells in the 241-7 and
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the 2k1-U tank farms, end the 241-U-361 and 241-T-361 reverse wells. Drillers'
logs of wells 241-T-361A und 222-T-110 are sketchy and no indication of the bed
was noted. Well 222-U-110 was too shallow to encounter the bed. The bed is
probebly & local lacustrine deposit (shellow laoke or river flood-nlain deposit)
on en erosion surface, represented by & prominent caliche zone {caleium carbo-
nate) immedintely beneath the' nilt-cley bed. The bed is now believed to be &
pert of the terrece gravel series above the Ringold formation, and not a part
of the Ringeld formation, which lies at somewhat greater depth, as indicated cn
Plete 10. 'The erosion surface and the overlying silt-clay bed dip westward =t
an angle of 1-3%, ruther than dipping to the north at an angle of 1° es does the
Ringold formation in the White Bluffs., The bed was not found in wells outside
the area to tha'nortq and southwest, but was identified in well 45-69.5, near

the Meteorology Tower, at a depth of about 30 feet, which is the depth calculet-

ed from the 231, 241-T, and 361-T arees. -
The silt-clay bod 1s extremely important for as discussed in the earlier
report by Brown and Ruppert (2) and in a leter report by Brown (4), it supports
a perched water body beneath the 221-7 effluent swamp and forms at least g
temporery barrier to the downward movement of liquids and redicactive wastes

throughout nearly the entire 200-West area.
The perched water body benecath the 221-T effluent swemp probably pinches out
between the 241-T 2nd cycle tile field and the 241-TX tank farm as indicated in
Plate 10. The locatlon of the southern edge of the perched water table was de-
termlned by the projection of phe line from the edge of the swemp through those
wells in the 241-T area recorded as "holding"” waéer during drilling, and by the
depth to anlangle of dip of the 201-T tank crib fission preducts and plutonium-

contaminated zones (ebout 5° S.). The perched water body extends to unknown
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though probsbly comparsblc distrnces in other directions. To the north end west
the purched water body mey extend to the undergound margin of the impermesble

bed, for no trace of that bed was noted in well k9-79, less then a mile to the

nerthwest of the discherge swemp. The 241-T7 tank farm undoubtedly terminates

the water teble to the southeast, for the tank ferm observation wells wers
drilled to dcpths of 150 feot and were perforated from a depth sbove the silt~
cley bed to the well bottom. Thus, such water &s penetrates to the 2h1-7 tenk
form pro‘bdt;ly cnters the casings above the silt-olsy bed and posses out of the
cosings near tho well bottoms » from which points it repidly seeps through the
permesble gravels to the netural water teble ot a depth of sbout 240 feet, The
depth to and extent of the perched water table in the 241.T tank farm area is

thus not knowm,

A second perched water body is probably present beneath the discharge swamp
in the soutlwest corner of the 200-Wost area, but 1ts extent and depth sre not
known owing to insufficient wells in that part of the area and lack of knowledge

of the dopth and attitude of the silt-clay bed, which probhably extends under

this port of the uren. The extent of this porched water body is certainly less

thon that of the perched water body beneath +the 221-T discherge swemp, for the
daily volume of water discharged to 1t is ebout 600,00{)*3&110:15, in contrast to
the more than 1,000,000 gnllons discherged to the 221-T swamp,

Haste liquids discharged into the ground egbove this probable perched water
body will presumably spread laterally along the upper surface of that ground

water body in the same mannor that the 201-T tank radicactive wastes spread to-

ward the 24)-TX tank farm. Those wastes may actuslly float on the perched water

table, or thoe radicactive moterinls mey be deposited in the cepillary fringe

ebove that water body, us suggested in the ecrlier report by Brown and Ruppert
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Unit

231-4-150
(reverse well)
6", 150! deep

231-W #1 & ff2
cribs
12t x 121 x 4

231-W trenches
150t x 8 x 2¢

234-5 1 & #2
crlbs
12 x 12' x 1k

2hl-7 1 & #o
eribs {201-T
tank cribs)
12' x 12t x 4!

ebl-7-3614
(reverse well)
8", 206! deep

361-T #1 & #2
cribs (5-6W)
127 x 12¢ x k¢

TABLE h

Sumery Figures, 200-West Area Waste Disposal Units, Januaryll

Total Volume Waste in Liters

Recorded Radioactivity Raﬁio&ctivi‘ty

In Use
Dec, 1, 1947  Jen. 1, '50 °  {Amounts Approximete) Discharged
Dec. 1, 1947 Jan. 1, '50
g - 1 To No, seelzd
1.0 x 10 same *¥50 g Pu same ground with sludeg=
26.8 x 106 same *¥340 g Pu same To Yo, sealed
. ground with sludge
9.5 x 106 30.8x105  10gPu 75 g Pu To
' ) ground Yes
---------- 3.8 x 10° S 60 g Pu To Yes
B tank
4.5 x 100 13.3x20% 500 g Pu 1460 g Pu To Yes
7 {7} ¢ F.P, 200 (?) ¢ F.P. tank
O 6 ' 3330 gPu. | seme . - 1To No, sludge
11.3 x 10 sama 2800 ¢ F.P. ' BEme tank in tank
111 g Pu--to tank--111 g Pu {to 10-24-47)
. ¢ 4 g Pu--to ground--160 g Pu Yes =
8.7 x 10~ 32.6 x 10° 2800 ¢ ¥.P, --to tank--2800 c F.P. :
None direct to ground--5100 ¢ P,P,--direct to ground *E
&




Unit Total Volume Wasts in Liters

Dec. 1, 1947 Jan. 1, 1950

—

2h1-1 #3 erib

& Tile Field 1.9 x 105 11.2 ¥ 100
(2nd cycle) :
12t x 127 x 71

63.7 x 10° 130.8 x 106

TABIE 4 (cont.)

Recorded Radloactivity

Roadioectivity
(Amounts Approximate) Discharged
Dec. 1, 1947 Jan. 1, '50
2 g Pu 25 g Pu To
3 c¢cPF.p, 230 ¢ F.P, ground

*Revised velue based on additional data reviewed

dated May 3, 1048, ent

1758, entltled "Underground Waste D

1sposal at Hanford Works".

In Use

Te:ﬁporarily
suspended

and studies made since publication of Document HW-96T1

0L T-MH

a3141SSy103d
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(2, p. 18). Informetion on the extent aad depth of the silt-clay bed'and the
probable perched water body sbove it es well as the ground weter mound beneath
it will be obtained from wells to be drilled in the near future in the 241-S
crib and tank farm ereas and in the vicinity of the yroposed Redox swamp.

Waste 1iquids in other weste disposal areas within the 200-West area will
generally move down the dip of the sediments sbove the 8ilt-clay Led., This wes
noted in the earlier report, which pointed out that the radiocactive contaminatio
in the 361-T eren, the 2L1-T area snd the 231 area moved in & direction between
south and west: Exemlnation of the sediments in mmerous excavations through-
out the 200-West erea shows that they (at least to a depth of ebout 50 feet) dip
up to 30° 5. to SW.

Additional dete were edded ond revisions made in Teble 1 of 'the previously
published report to make Table 4, "A Summary of the 200-West-Area Woste Disposal
Units", of this report. The estimote of the amount of Plutonium discharged to
reverse well 231-W-150 and the 231 number 1 and 2 cribs vas lovered from the
earlior figure, based on additionsl analyses and studies (18). Fission products
activity end plutonium listoed 1in the originel teble under "recorded radloacti-
vity" ie thaot emount discharged to the system, as was stated, in some instances
to a storage tank same time prior to discharge to the ground, In ather cases to
8 settling tenX and then to the ground, and in still other cases directly to the
ground, as indicated in Table 4, The fission rroducts activity, mnoreover, was
not corrected for redicactive decsy, Information cbteined on the epproximete
half-11fe of some of the wastes since publication of the previous report makes
possible a rough estimete of the activity present in the ground at any time.
Data from severel waste units has confirmed the bellof that much of the activity

is removed from solution in the scttling or storage tanks where 1t 4g concen-
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trated on the sludge, and that much of.the activity is deposited directly be-
neath the crib in areas inaccessible to drilling. The ratio of calculated to
recorded actlvity, therefore, represents essentially a ratioc of the effective-
ness of the settling or storage tank and/or the sediments directly beneath ‘t'.he_
crib in removing the activity not accounted for, and should not be interpreted
as evldence that substantial emounts of the released activity totally escape
from the combined system of tank, crib and sediments below, and get to the
ground water. The probability that significant activity escaped from those
waste disposal areas drilled is extremely remote, although present data will not
permit a complete denial of this opinion.

The following ressons asre cited as evidence for the belief that no radio-
activity has penetrated fi.m the crib or trench waste disposal units to the
ground water in the 200-West area:

1. Eighty-eight water samples were taken from the two water observation
wells within the 200-West area and from the four wells immedistely out-
slde the ares boundaries, up to Jenuary 1, 1950." None showed radio-
actlvity ebove the significant or reporting level. If significant
amounts of redloactive materials from the 231 cribs or trenches, the
201-T tank cribs, or the 2nd cycle cribs penetrated to. the ground water,
such contaminetion E.should have been detocted in the 231-2 or 224.7-4
vells routinely sampled. Well 241-T-361, recpened early in October,
1949, showed ground water contamination at that point, undoubtedly from
the 241-T-361A reverse well. Eighty-seven semples were token w to
Jonuary 1, 1950, from this well fqr alpha &nd beta-gamma counts, fission
products analyses, decay curves, fluorophotometer, TTA and ether ex-

traction anelyses., Additional wells are planned for the vicinity to
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determiﬁe the extent of contemination. Additionel wells are also

planned for other parts of the 200-West aren for routine monitoring of

the ground water.

Sediment samples obtained during drilling operations from the 361-T crib
aron contamineted zone alone numbered 539, those from the 231 Ho. 1 and
2 cribs, the 231-W-150 reverse well end the 231 sump cribs totaled 358,

and 364 werc obtained from the 201-T tank cribs and 2nd cycle crid and

tile fiocld ares, Some of the last named were obtained prior to usc of

the 2nd cycle crib; however, socme of those wells in the 2nd cycie crib
and tile ficld aren encountored contamination from the Z01-T tank cribs.
All semples showing contomination by field check were analyzed in a
radiochemical leboratory and the results of the analyses plotted on plan

maps and on & series of interlocking cross sections. Contamination con-

* tour meps and sections (iscactivity drawings) were draewn, followed by

odditional horizontal and vertical contamination profile and assay

sections, for both the plutonium and fission product-contaminated zonewn.

Only then were calculations made of the probeble emounts of activity

present in the drilled arces. The pattern of the spread of actlvity in

oll cases was unmistekable for the decrease in elpha and beta-gama ac-

tivity swny from the crib, both laterally and dowmvard, wos clearly
shown 1In every plan map, section, profile and assay section. Similarly
the activity levels towerd the cribs increased along curves Alverging

smoothly and grestly from stralight-line functione. The contamination

2580y plon maps, sections and profiles presented in the earlier report

by Brown end Ruppert (2) were only & few of several dozen such dicgrams

that were dravn but not rresonted In the interests of brevity. Contemi-
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‘completely through the fission prcducts contamination zone, and well

nation meps and sections, drawn during drilling operations, were used
as the basis for locating edditional wells., The extent, depth, end
level of activity in areas to be drilled were predicted by this means
and wers later confirmed, proving the reliabllity of the data enalysis
and confirming the accuracy of the sampling procedure. Control in the
lower and in the outer parts of the contaminated zones was felt io be
adequate and accurate enough to indicate that no contamination hed es-
caped. The greatest errur in celculating the amount of activity present
in the ground ley in the inability to obteain semples from directly be-
neath the crids, where activities are for higher than elsewhere (see
5-6 orib. and tile f£ield discussion).

Samples Were cbtained in Octcber, 1949, of the sediments from the

bottoms of wells 361-T-1 through 13. Contamination was found on only

two sediment samples, those cbtained from 361-7-5 (75' decp) and 361-T-

6 (102* deep). Of these wells, 361-T-5 did not originelly penctrate
/

361-T-6 penetrated less then 20 feet beyond it. About 0.08 microcuris
of beta-garma activity/kilogram of sediment was detected on each sample
(significant level 0.05 microcurie/kilogrem). No significent alphn con-
tamination was detected in any of the samples taken. Samples from the

bottom of the 6 wells renetrating through the silt-cley bed showed no

significant contaminﬁtion whatsoever,

The early effluent saipling date cut off at s much higher level than has
been used in Health Instrument Divisions investigations (3,16). Consexr-
votively, effluents below the then used 1imit were essumed to be at the

limit, This grossly overestimated the recorded ectivity as shown by re-
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fined material balancesn.

A congidersble frection of the effluent aectivity was retained in set-
tling tonks whero such were used (see discussion on 241-T-361 ares,
241-B-361 (5-6) ares, 241-B 2nd cycle crib area, 201-B tank crid areas).
Sludge to which access was possible invarisbly showed very high spocific
activity relative to the offluent (241-B 2nd cycle eridb and 241-B-361
(5-6) cridb). Analyses of samples of the wastes on discherge from the
buildings indicated thet the activity of the wastes wes considerably
higher then the activity following Passege through either a storage or
settling tank, where radloactive decay and/or settling of the sludge
slgnificantly decrcased the activity levels,

The silt-cloy bed previcusly discussed hes eflectively supported st

leest one ground water body and is proven to underlic a1l the radloeac-

tlve waste disposal sress in the 200-West esree. The fine-grained sedl-
ments are clearly more effective removers of both alpha end beto-gemme
activity than the coarser fractions (2,20), apperently due to the sur-
face area of the rock particles exposed to the waste solutions per unit
volume of those sediments., Morecover, the cleys, pdrticularly those de-
rived from volcanic materials, are recognizably effective in processes
involving ion exchange phenomene., The finer-grained sediments, and
particularly the clays, are therefore more ideal than other sediments
for rémoval of activity by either simple surface (physical) fixation or
by ion exchinge. The poseibility of transmittsl of radicactive waste
liguids through the bed which 18 as much as forty feet thick is difficult

to explain, elthough admittedly not impossible. Radionctive meterials

might locally penetrate beneath the silt-cley bed by some such means as
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following ihe peripherally disturbed areas around the well casinge al-
theugh tha possibility of such scems very small, Such materials should
8tiil be romoved from solution prior to penetration to the water teble, .
for processes operating to remove activity beneath the crib should cer-
taidy function at greater depth,

Some of the ectivity now in the ground moy someday bo released to
move downwerd, although lcboratory tests end field observations to date
.hava not demonstrated how this might occur under notural conditions,
nor has the incomplete evidence to date %ndicated that such is actually
taking place. I such ectivity showld be released and move dowmvard,

then it should agein be deposited on secdiments at greater depth, as

indicated by Thorburn {20),

361-T Area - . -

An anslysis of the 22-foot level sediment semples from wells 361-T-3 end

361-T7-6 for urchium and plutoniim by ethor extraction, TTA, and flurophotometer

nmethods, showed that less than one bercent of the elpha activity was dus to

uranium,
A fisslon products decay curve, plotted from June, 1947 to November, 1949,
for & sample of the sediments from the 22-foot level of well 361-T-6, shows that

the half-life of thae activity during this period was approximately Loo deys.

During this pericd the activity decreased to 22 percent of the original count.

The results of fission products annlyses made on tho 22-foot and 37-foot

level sediment scmples from well 361-T-6 are shown in the following table:
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Beta-gomma Activity
Element (microcurics/gram of sedinments)
22-foot level 3Tffoot level

Ce . 98.5 .32
T - - 19.2 .32
Br 19.2 48
Ru ’ oL 11.5
Cs - 57.6 3.68
Rere—eorths (other than 2.4 .32
reyorted)
Total 240 16

The cbove results were not corrected for back scatter nor self obsorption.
ceused by the use of o finite amount of carrier, -

The decay curve for the Cfission products, end the fission products snalyses
give o means ty which a rough estinate of the amount of beta-gamma activity in
the ground at any one time con be estimnted. These estimates suggest that the
amount of bete-gomme activity in the ground in the 361-T area is nearly cone
stant, and has been so for about one year in spite of the constent additions cf
radiooactive wastes. In other words, at-the present accumuiation of activity
(about 2400 curies), the rodiocactive decay Just equels the periodic incremonts,
Additionel decay curves will be determined from samples to be obtained from thit
and other ereas to verify the indication and to determine the equilibrium

cmounts in the other waste disposal areas, -

241-7-361 Reverse Well Arcc -

The 2L1-T-361 reverse well contaminated zone wes not explored during the
earlier drilling operations in the 200-West area., The 241-T-361A reverse well,
used for weste disposal, was originally drilled to a depth of 206 feet, after
the 241-T-261 well, drilled to & depth of 287 fect, reportcdly encountered the
ground water table. The 241-T-361A reverse well was perforeted from a depth of

10k foot 6 inches to a depth of 204 feet, and put into service June 21, 1945.

S
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Becouse sond enterod the well through the perforations, two cribs were instslled

(362-T Fo. 1 and 2 crits) and tied into the reverse woll through an overflow

pipe. On August 15, 1946, overflow into the cribs was noted, and on October 17,

1946, the reverse woll end settling tenk were by-passed. . During this period an
estimated 3,000,000 giollons of waste contelining more than 2800 curies of bete-

gamea cetivity and 3350 grems of plutonium wes sent to the settling tank, and

the overflew sent to the reverse well. a

The 241-T-3614 reverse well therefore discharged radloactive wastes into the
ground beneath the silt-cley bed that underlies the 200-West erea and within 75

feet of the present ground water toble (see Plates 9 and 10). The possibility

that contomination had penetrated to the water toble was therefore good, and

oxploratlion wes indicated.

Well 241-1.361, 27 feet from the 241-T-361A reverse well, origirally vas re-

puted to have penetroted to the ground water. The rise of the water taohle

owing to the effluent dischargs into the swamps in the northwest ond southwest
corners of the orea presumably reised the weoter toble %o o point where wster

semples could be token from the 241-T-361 well., This well wes inspected, found

dry and filled with sediment to a depth of 271 feet from the ground surfoce.

The well wes reopened in October, 1949, cleaned out and deepened, The casing
could not safely be driven deeper (5); therefore the well was drilled as an open
hole to a depth of 325 feet, cbout 38 feet beyond the bottom of the casing.

Caving of the sides of the woll and washing in of sand through the c¢asing per-

forations made further deepening not feasible. Water was encountered et a depth

of 278 feet, (elevation 430 foet) seven feet higher then originally reported in

the well logs of the 241-T-361 well., The avercge onnucl rise of the wates teble

ot this polnt owing to the effluent discherge thus is gbout 1 3/4 feet a year.
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No contemination; either beta-gamma or alpha, was found on the gediments al-

though the 2L1-T-361A well 4s only 27 feet away. Alpha and beta-gamma éontami;
naﬁion gbove the probable natural level of activity were found In water samples
taken from the well, the alpha contamination averaging about 70 dis./min./1iter
and the beta-garma activity ebout 3500 micro-microcuries/liter. These compare
with a presumed neturel alpha activity level of 5.9 dis./min./liter, based on
82 analyses of water from six wells in and sbout the area, and 11.7 micro-micro-
curies/liter of beta-gamma activity based on 89 samples from the same six wells.
Samples ahalyzed by fluorophotometer indicate that all the alpha activity in

tho 241-T-361 woll is due to uranium, not plutonium.
The early samples taken from well 241-T-361 during drilling operationa con-

tained Jower alpha and beta-gamme activity than those samples taken at later
periods. All the samples were taken at the ground water surface; therefore the
increase in actlvity in the water suggests that the activity is predominantly on
the surface of the water. The early szmples were obteined by thoroughly bailing
the well; therefore the lower activity of these samples suggests mixing of the
highly contamlnated water at the water surface with the much less contaminsted
water at greater depth. This phenamenon of activity floating on the surface is
analegous to the action of the activity in the 201-T tank crib area, except that
the elements present in the ground water are those least 1ikely to be retained
on the sediments, whereas apparently all the elements, including plutonium, were

floated on the surface of the perched water body in the 201-T tank crib area,
and then deposited on the sediments.
The prezonce of redicactive contemination in the ground wetar at this point

only 27 fcot from the 241-T-361A reverse well indicates that movement of the
ground weter hes not been great, as in the 241-B-361 ground water contaminated

zone; otherwise the nctivity should be same distance east of the reverse well.
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The 200-Wes’ area ground water mound is sti1l rising as indicated by well 224-
T-li, which indicetes that the ground water mound hes not reached 1ts maximum
height, and that the maximm rate of, movement of water 1 yeb o be attained.

Sluffing: of the walls of the open hole and ficw of sand through the casing

o perforations have slowly filled the «ell, On Oaicber 2‘?,7 two weeks aftor com-

pletion of drilling, the well was open to a deptﬁ of 297 feet and thus had
£illed to & depth of 28 feet. On liovember %, it wes £illed to a depth of 294

Tfeet and had apparently stopped £illing with sand. Two wells in the 361-T cridb

ersa Will be dsepencd to water 4o rrovide additional points for monitoring the

ground water. Five wells will also be drilled east of the reverse well, dowm

the slope of the ground water mound in the indicated direction of movement,

241-T Area . . -

The 8,800,000 1iters of westes discherged to the 201-T and 204-T tanks be-

tween Decenber . l, 1947 and Jurnusry 1, 1950, conteined an?éstimated 960 gfama of

Plutonium and I30 curies of Tission products. Approximately &4 grams ¢f pluton-

iun end one curie of fission products were esticated jetted from the £01-T and

202-T tenks to the 201-T crib (224-7 waste crib), based ‘on anelyses previously

mentioned. The 201-T tank wes removed from service and the 20k-7, 203-7, and

202-T tenks cohnected in series end to the No. 1 crib. ‘ﬁo additional wells were

drilled in this erea and no contamination detncted on the weter samples from

well 224-T-4, located epproximately 200 feet from the No. 1 erib,

About 11,200,000 liters of rediocactive wastes contaiiing about 25 grams of

Plutonivm and 230 curies of Tiscion products were discharged to the No, 3 (2nd

cycle) crib =nd tile field up to Mey 5, 1949, when jJetting was temporarily dis-
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continued owing to the availability of considercble atorage space. Thirty-four
sediment semples were obtalned from the bottom of well 2kl- ?-1 at a depth of 20
feet beneath the crib to check the doﬁnward migration of nbtivity. Ifo clpha co-

tivity was detected on any of ths semples, ond the meximum bete-gomma activity

wes 0.1 microcurie/kilogram of sediment.

Well cosings 241-7-2,3,4,5 ang 5 around the No. 3 (2nd cycle) crib contain
open holes or porforations. Wells 2&1-T-2,3,h, end 5 heve tvo perforeticns at =
depth of 30 feet from the grounc surface, and two ot o depth of 35 feet from the.
surface. These perforations, 24 inches long and 1/% of an inch wide, were mnde

during attempts to obtain sediment samples in September, 1947. Casings 241-T-2

end 5 olso have o l-inch dlemeter hole ot o depth of 35 feet from the surface
and well casing241-T-9 has o _l-inch dinﬁeter hole at o depth of 45 feet from

the ground surface. These one-inch holes were drillod with the cesing samplor,

and were not plugged by the machine. In one instonco the sompler auger hit a

rock end shifted the entire machine, so that the lend plug used to secl the
drilled holes was not properly inserted. In the other instances the moter orma-

turé short-circuited nnd the scmpler did not complete its cycle. Concrete was

used to seel the well bottoms and prevent the Introduction of radionctive wastes

into the ground at depths of 150 feet. Raedlcactive voste seaepod through the per:

forctions ond was found in wells 241-T-2 33, ond 5, 18 feet from the center of the

crib, and in well 9 which is 28 feet from the center of the erib, The maximum

fission products contamination was as follows:

18 fect from the cridb . . ., . 1.1 wicrocuries/liter
28 foot from tho codb . . . . 0.5 microcurie/1iter

The ectlvity due to fission products in the l1iquid samples obteoined 18 feet

from the crib was epproximately 4 percent of the activity of tie origingl wastes

end the nctivity due to fission products in the 11guid samples cbteined 28 feat
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from the ¢rid wos approximately 2 percent of the original. No plutonium was
detected in the sodiment semples from 20 feet beneath thecrib or in the 1iquid
somples obtained 18 feet from the crib. The plutonium—cohtaminated zone, accord~
ingly, probably iies within the 36-foct diemetor circle formed by the four wells
nearest the erib.and 1s less than 20 feet thick. The value of angled wells,
such o8 the 361-B-13 well, o get under such cribs is apparent.

The wells which contain liquid indicste that the wvaste liquids are noving
In the same southwesterly direction as wes noted In the ecrlier drilling in the
vieinlty of 201-T %tank crib.

Some weste liquids undoubtedly will move dovrwerd aelong the sides of the
well cosing, in the sediments disturbed by the drilling end casing driving oper-
etions, Feollowing inltis) settling and sorting of the sediments, and washing
of fine noterisl into the periphernl zone, the permeecbility of the zone will
probably be similor to that of the surrounding sedimeﬁts,

and in some cases mey

be less., The decroase of Permeability with use wos noted in the 241-B 2na cycle
crib sheft, already dlscussed.

Four shallow test holes were drilled for observation purposeos in the tile
field. No contomination was detected on sediment samples obtoined from the
botton of the test holes and no liquid was found in any of the holes.

No contominetion was detected by the analyses of water samples from well
22h-7-4 at o depth of epproximately 234 feet benesth the ground surface. A
Leupold and Stevens Woter-stege recorder was instelled on thié well to determine

the effect of the 200-West arenc effluent water discharge Eﬁ the water teble.

241-T% Tenk Form Arec

Well 241-TX-9 wns the first of nine 150-foot monitor wells drilled in the

tank form (see FPlete 9). No contomination was detected by the field chack of tre
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o-foot sediment samples from this well, the closest to the 2k1-T srec from which
~ contaninetion mey have sprecd. R

The well locations were determined by the presence ond attitude of tho silt-
cluy bed ns predicted from its location in the 2h1-T area, *he 361-T avea, and
the 231 erec. Tho wolls wers located dow. the dip of the bed from the tanks to
be monitored, in such a pettern that liquid from eny ta;k will bo collected by
ono of the veils a5 the 1liquid moves down the dip of the impermeeble silt-clay
bed. The silt-clay bed was encountered exectly as predicted in =211 the wells
drilled in the 241-TX oree. All the wells penetrcted below the silt-clay bed,
were cCealed ot the bottom with cement, ond were perforcted from a level slightly
ubove the bottom of the tanks dovn to the surface of the impermeable silt-cley
bed,

Tho 241-TX wells were witched closely for evidence that the perchaed water
body, originally noted early in 1948 boneath the 241-7 arec:., wes present in the
241-TX erca. No significont chenge of moisture content, or inflow of water into
any of the wells was noted above the s8ilt-clay bed, nor, as has been mentioned,
waB ony conteiination noted in well 241-TX~9, Therefore, the perched woter body.
vhich opperently influenced the deposition and spreeding of the radioactive con-
taminunts beneath the 201-7 crib ond the 2nd cycle crid and tile firld, probably
pinches ovt short of the TY tank farm area os indicated in FPlate 10. The possi-
b1lity ezists, however, that increcsed discharge of effluent weter to the 221-T
ewomp will cxtend the perched water body until liquid enters the 241-TX monitor
wells, The plomned lst cycle evaporation process for the 211-T7 area contem” atar
the discherge of an odditionnl estimated 250,000 gallons of non-redioactive wate:
to the T-plant swemp. Tho results of increcsed discharre will be carefully

watched in the T-plant Swomp orea, in the perched weter body end in the ground

e " DECLASSIFIED —




— DECLASSIFIED o

IW-17088

23k-5 Area ~ . pe

Tho eleven 150-foot test wells drilled in the crid and tile field area
penctrate the silt-clay bed that underiies the entire 200-West ares, and indi-
cnte that the ground waeter in this area is also safeguarded from radicective
wastes discharged cbove the bed., Oneg test well elso penctrates the center of
ecch of the two cribs and bottoms 20 feet beneath the cribs. Sediment Bomples
cre routinely obitained from the bottom of these *wo wells and anelyzed o check
the dowmword movement of contamination, as in the 241-T 2nd c¢yele crib, The
rodioactive waste tile field for this area is constructed of ordinary ferm
drainage tlle and 1s covered by a maximum of only four Teet of earth, which will
create severol problems when the liquid wastes pass through the cribs to the
tile field, Capillary actlon may bring some radioactive contamination to the
ground surface from the tile field level in the scme manner that caliche is de-
poslted at the ground surfoce by ground water elsewhere in the ‘general reglion,
The surface sedimente will be sampled regulorly, therefore, when the tile field
begins to receive such wastes in order to detect such capillary rise of contami-
nation. Vegetation that grows in the tile fleld area will elsoc be checked
perlodically, ilnasmuch 5 the roots of many desert plants, some of which are
known to concentrate radioactivity, penetrate far heyond this depth. This vege-
tation chack will help delimit the erea to be swrfoce sompled and together with
the surface sampling will also determine the extent of the tile fie;d being used.

Preliminery sempling, to determine the natural activity level of the plants

growing in the tile fisld aree, is completed. =

231 Aren ' -
No edditional wells were drilled in the aren and no contaminaticn was detoct.

od in water scmples from well 231-2 4t o depth of epproxinetely 24k feet beneath
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the groun” surface. The 19,700,000 liters of westes discharged to the 231 7777

tronches between Docember 1, 1947, and Jonuary 1, 1950, contained spproximately
65 grams of plutonium. Several wells are to be drilled in tho vicinity of the

disposel trenches to determine the extent of contemination spread.

Effluent Discharge Swonmps

A number of problems were and will be created by the continunlly increasing
dlscharge of effiuent (non—radioactive) wostes to the ground. Most of these pro
blems cre discussed in those sections of this report to which they directly
epply. The problom hos been thoroughiy and well analyzed by Perker and Piper
(16) aithough fheir figures for discharge of 1liquid to the various areas contein
sone errors-of importance. ¥or purposes of unity, the problems sre briefly
summarized-here so that o full understundiné of them nioy be cbtained,

The ground wator mounds or ridges shown on Pletel have been demonstrated by
Parker end Piper to be the result of the effluent dischorge in the 200-Esnst,
200-North, and 200-West ‘areas. The reolation between the areas of dischorge and
the mounds "1is clear cutt and obvious; morcover the emount of woater estimated to.
be in the mounds is roughly equel to the recorded volimos diacharged during the
approxinotely five years of plant operation., Plate 1 represents the conditions
as they existed only in October, 194G, for changes in the helght and extent of
theso nounds ere continuous, The ground water mound beneath the 200-East orea
has shown no rocent significant rise as indicated by several cbservetion wells,
but has shown latersl spread, especially to the north. The ground water mound
beneath the 200-West area is rising at a rate of dbouﬁfeé feet & yeor, and is
olso sprecding to the west, north and emst. WNo indicetions were noted, however,

that the rate of ground watcr movement hae incrensed in the vicinity of either

the 241-B-361 or 241-T-361A reverse wells. =
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The ground water mounds beneath  the 200 areas will increcse in height until
& point ig reached, at which the redia) flow outward from the center of the

nownds will exactly equel the downinwerd Becpoge of water from the waste disposnl

araons,

ward, and with it such rodioactive moterisls as mey be in sclution or suspension

L 1

Eventually the ground water table in'thearos betweon the 200-FEast and 200-Wegt

arees will.be roised to form esgontially n ground wator rletecu. Thoe Torm and

helght of this will bo determined by the permoubilitiés of the various sediments,

the inerement rate and the loention of new disposnl arces, Continuca observa-

tion of the ground wnter table is plenned.

Perched water bodies, as previously,oxpluined, aro. o problem of inerensing

importance, particularly es tho volume of affluont waétes added to the ground in

the 200-West aren inereases. TWot only is this o prdbiém reloted to radionctive

woste disposcl, but it ensily con become of consoquonéé to present ond future

installations, both buildings and tank forms (%),

Arens cupoble of thbaorbirgs larger quantities of effluent wetor need to be de

fined. The T-plent swemp, now recediving 1,000,000 tofi,500,000 gallons por day,

is scheduled to receive an edditional 250,000 gellons "por doy from the Droposed

lst cycle eveporation process. Additional volumes orjﬁater moy well ccuso the

swap to overflow and drpdin northward beyohd the poerimeter fence, rorticularly

during poriods of low evaporativity, such as in the winter. fThis end similar

swomps should he odequately diked to maintoin o constant oren under water to pre-

vont activity that nay be in the water fronm being precipitote
dust

d on the ground as
fran vhere the wind will carry it over the suwrrounding region., The adis.

charge of signiticantly grceter volumes of water to the ground in this area will




HW-17088
ceuse significant changes in the perched water ta‘olg thet pey result In its ex-
tension into the 241-TX 4enk form ond into other fecility areas.

The swemp in the southwest corner of the srea has a smaller eresl extent
thon the T-plant swamp'owing to the smaller volume of Water discharged te it,
end to the foct that neither of the two ditches feeding it are lined for a tote
length of cbout 5000 feet (sec Plate 9). A considercble volume of weter, there-
fore, seeps into the ground from these ditches, and o considersbly smaller
volime of water is discharged to the swemp than if the ditches were lined or
wero shorter. About 590,000,000 gellons of water wes discharged to this swomp
to Jemuery, 1950, About 20 feros of ground is aveilcble within this swemp oren
to en clevation of 656 feet, shove which overflow to the west will occur. Com-
porison between the volumes of waste discharged o the two sworps and the
epproxinmote acroage covered by water Indicates thet shout 150,000 gallons per

ocre per doy seeps into the ground. The 231, power-house ond lewndry swamp is

thus capoble of on indicated moximum of sbout 3,000,000 gallons of watéer per
dey. Redox plant wastes, estimeted to total 2,500,000 gallons per doy, will be
discharged in o separnte swomp zbout 3500 feet south of the 200-West orea (see
Plate 1), ot & point where o perched weter body, If crected, will not interfere
with operations of the ares. ZExcess cepemcity cvaileble in the present sweomp
erec 1o reserved for the possible future use of the U-plant buildings.

The Redox westes will be discharged onto sediments prebably correlatsble
with tho Touchet beds, which floor Cold Crwek Valley, rather than the Ringold .
forravion. - The sediments in Cold Creek Velley closely resemble those deposits
from the type locality of Touchet, are unconsolidated, are characterized by cut

end £111 bedding, are unifermly highly nilcoceous silts end very fine-grained

87

W

sands, contain no caliche and ure non-calcoreocus. Sedimentory dikes are extreme
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1y cormon in the sg’dirnents exposed,' ond erraotic boulders of foroign rock'types,
cormon et the type locality of the Touchet beds, are locelly extremely obiundant
in mony perts of Cold Creek Valley.

No serimue problems arc cnticipsted in connestion wi?:h the 200-East aren
ground water mound, For no perched water tables are known or believed to exist
within this pert of the project crea, and the ground water mound is enst of the
troa. Totel volume of weter discharged to date into the 200-Enst area swamp is
about Q,Gb0,000,000 gollons. Maferial‘ inereases in the volumes of weter dis-
cherged to the ground will raise the mound to gronter heights and will couse & 7
more ropid movement of the ground water, but should result in no other compli=

catlons,
30C AREA
Three wells wore drilled outsidé the 300 ares to d_etemine the degree of
spreeding of contumination in the ground woter betwoen_the _500 eren waste ponds
and the river. Ono well wos completod at o depth of 70 feet, the other two at
depths of 75 feet each, but all penetrated 30 feet info the ground weter. No
fission products contdmination wos detected on ary of the sediments from the
'wells ond the meximum olphe contaminetion detected wos. 8200 ais. /min. Jkilogren
on the 65-foot sanple from well 303-1., Meximim cortemination detected in water
somples froi.z the wells wos 40 micro-microcuries of beta-gorma activity/liter and
640 alpha Ais./min,/liter. Most of the alpha activity_is due to uronium; how-
evor, troce’ amounts of plutonium were detected . in some woter samples and
significant cmounts occusionallsr are found in the principel weste lines into the
pond. Woter semples cre token and analyzed from the wells on a routine basis to
detect changes in the activity end to campare these with chonges in the river

and ground weter level, A continuous » routine progran will be meintained to de-
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termine the changes in aedtivity levels with time and with changing conditions,
Corpletion of the MelWnry Dem ot Umatilla, Oregony will merkedly influence

wuste dlsposal proctices in the 300 area. The river will be roised to ~ moxi-

num predicted elevation at highest flood stege of ebout 368 fect ot the 300

creq, which is the prescut mean or "normel" river clevetion ot 100-F crec. The

river ot the 300 orea will normally be sbout 7 fect higher than at present, and .

éuring flood stoge may be ralsed to record helghts, The offect of such a risc

nust bo considered in woste disposel plénning, in both this and other aress theot

nay be constiucted in the future. Tha 300 orea disposal pond is recognized os

en inferlior ord potenticlly hezardous temporary expedient in any cage, Justified
only (if &t all) by the relativoly low activity of all components except uran-

T, : : - -

A serles of ten wells are bhelng drilled in the viclnity of this area for o
detedlod Eround water study preparatory to revising;ihe woste disposcl system

for this arca and the proposod Works Loboratory area.

321 Bullding Waste Crid

Well 321-1, approximately I miles north-nortiwest of the 300 ares ot coordi-

netes cpproximately S 6000 B 3500, was completed at o depth of 117 feet and

penctroted 30 feet into the ground water. The woll wes drilled to supply water

to flush the tank truck used to trensfer 321-building, hexeone-beering, redio-
ective wastes from the 300 area to the 321 cribs and to provide & mesns of

sarpling the ground water for redionctive contomination. The cribs consist of

two buried stainless steel tanks which were inverted cnd placed on concrete
footings,” Sixty-three pounds of uranium were discherged to the crib during its

period of use. No contaminatlon wes detected in the water sanples from the well.
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Tho crid is no longer in use owing to cessaiion of operations requiring weste

flapesel to the crib.

100 AREAS

107-P VWoste Disposul Trench

This well is located between the river and the 107-F woste disposal trench
ond cpproxinmetoly 250 feet from the latter. I was coﬁpleted at a depth of 67
fost und peneotroted 25 foet into the zone of ground woter. The well wes drilled
to determine if contaninction were present i the ground water and were moving
to the river, as the result of 8,000,000 gallons of low activity beta-gemme
woste liquids placed in the trench. HNo significent alpha contemination wes de-
tected in these wostes., No contamination was detected on the sedirment gamples

from the well cnd none has been detected in woter samples obtained from the well
to dete,

108-B Crib

The 108-B crib reoceives the cooling weter from the P-10 production procoss
and also the drainege from the decontamination hoods. - Throe wells were drilied
to depths of 90 feet each within 40 feet of this rrib and renctrated 30 feet & .
into the ground weter, The weter sarples cnalyzed from the wells the first
three months following drilling (March, April and Moy, 1949) showed beta-gamme
contaninotion, Maximum beta-~geomma contaminetion in the wells was T30 micro-
microcuries/liter. The level of contaminetion decrcosed with the rise in river
lovel end subscquent rise in the water in the wells until the water samples fronm
all tre wells were Tree of conteminstion. The contemination probobly emsnetes
fram lecks in the 105-B cooling water discharge line which passes about 50 feetb

28t of the crib, for the flow of water from the river into the gravels rpre-
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‘sumably forcod the contamination cway from the wells. Sodium (14.8 hr. half;
lifc) ond phosvhorovs (14.3 day holf-1ife) ore the most hazardous components in
tho pilo effivent. The nalf-1ife of the activity will be checked %o prove the

source of contanminniion, ns soon as the level of activity risos. No redionctive

weslos mry xiowh %o hove gone to the crib, end no P-10 product was found in the

semplaes andlyzed to data.

A Leupol? and Stevens water-stoge recorder was installed on 108-B-3 well to
nonltor the wator lovel changes and to compare tham with the river level chenges
Semplos of tho ground wator cro token from the three wells every week and the
level of cctivity plotted ageinst water level, to determine the effect of change
in river level on contamination in the wator from the wells,

A group of wells arc plenned for the 100 areas toBetermine the feasibility
of underground waste disposal of rolatively small cmo@its of low activity radio-
active wostos from the Health Instrumont Biology Division animnl ferm and of
large volumes of cooling woter offluent thet concelvably might bacomo contami-

nebod with flssion products, plutonium and uranium,

EARTH MATERIALS EXFPERIMENTS —

A muibor of experiments have been made on the fixetion and retontion of
rodlonctlve naterinls on soil moterials, end on d&ifferent types of scdinents. '
Scme of these have boen previously roferred to (10,12,15). Other experiments
have been made by ndditional porsonnel along the some lines, the results of
which heve boen swmarized in memoranda or heve been verbally discussed with the
euthors. To date, however, no comprehensive or Plennsd study hos been mode of
the meny phases of the subject as yet unexplored. Such experiments are planned

when personnel adequately trainsd in soll phyeice ecnd chomistry con be obtained

and cdequate luboratory space provided.
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A1l Information obtained to date, both from laboratery experiments and from
empiricel observations indicates good to excellent (though cbviously incomplete)
retention of activity on earth materials. The notable exception to these obser-
vations ave the eanions, ruthenium, the alkeli metals and uranyl lon, all expect-
ed to Ve exceptions. Other ions, as indicated by comparisons between the 3I61-T-.
& fission products analyses and the 241-B-361 fission products enalyses are
Gemonstrably retained on the sediments, at least under the conditions existent
during the nearly five years that some of the waste disposal units have been in
operation. - Plutonyl lon may conceivably be transmitted under certain conditions
80 that the complexing of piutonium is probably one of the ultimate risks
assumed in underground waste disposal. However, to date, plutonium sppears to
be one of the elements most quickly end easily removed from solution and most
thorougkly retained on the sediments, Probably one of the old- no-longer-used
dlsposal units ghould be excavated to esssy the pattern of retention on earth
nateriels and to corrslate the resulis cbtained with the results of the Arilling
Program. The 231 No. 1 crib zone would cbviously be most ideal, for the contami
nated zone 1s mmall and et moderate depth. The comﬁlete lack of rediocactive
fission praducts will also greatly simplify the problem. Moreover, the long
period of time since the crib.was used (February, 19%7) suggests that the
moisture content of the sediments would be st or near. specific retention., The
value of this procedure is reduced conslderably by the very poor accountability
of input materials, by the large volume of contaminated or potentielly contami-
nated sediments that must be handled and by the hazerds involved,
A series of tests by Overstreet and Jacobson (15) on fission products fixa-
tion cn sediments pointed out a number of facts of value to the waste disposal

Problen. Waste liguors from W-6 were poured through a series of nine soil
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columns, as undiluted wastes, diluted 1:10, 1:100, 1:1000, Control soil “rom
Clinton afforded the highest retentlion ef activity st all dilutions, attaining
& meximum of 96 percent retained. Sediments from various parts of the Hanford
Works oree geve varying results reanging from a minimm of 25 percent retained
ot no dilution, to 9% percent retained at dilution of 1:100. A control sample
of quartz foundry sand from Illinois gave consistently the lowest retention
velue, renging from zero percent for the undiluted wastes to & meximm of 29 per-
cent for the dilution of 1:100. Wastes of a dilution nf 1:100 wero universally o
more readily retalned by the socdiments, follewed by dilutions of 1:1000 end 1310
of neerly equal retention, and lastly by the uhdiluted waste liquors. No
figures are clted showing the elements retalned, nor the elements passed through
the columns,

These tests strongly indicste that the prineipal means of retention of the
fisslen products activity 1s by ion exchange, for the quartz sand, one of the
nost insctive compounds present in the sedimenits, gava the lowest retention of
radioact;vity. The Clinton topsoil en the other hand; with a high percentage
of clay, most completely removed the activity from the solutions. Semples from
the Hanford Works ares removed amounts of activity intermediate between the two
estromes. The types of cley occurring in the Hanford;ﬁbrks area are particu-
larly good for ion or hass exchange processes, for they belong largely to +he
montmorillonite group, derived from volcanic rocks. The clay bed beneath the
200-West area thus provides an impermesble floor consisting of material with a

high base exchange ceapacity and thereby probably effoctively limits the dewmward

movement of the radicactivity as well as the waste liquide, ther processes

undoubtedly affect the retention of activity, but appear less important, Base

exchange processes are reversible with changing conditions; therefore, the
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assumption fhat the Principal means of removal of activity is by base or {on

exchange admits the possibility of lster removal of some of the activity under

changed comditions, vaileh are probably unlikely in the natural course of events.

Such conditions as might contribute to & reversal of the fon exchange Process

are currently being investiguted and will be further investigated by leborstory

tosts,
Fixation, as Overstreet and Jacobson (15) point- oﬁﬁ, ney be on soll perti-

cles (a8 lon exchange), in capillerios (as water of spscific retention), end as

water of hydration (chemically corbined).” Thus, considerable amount of radio-

)
-

activity moy be immobilized in solution in the gediments or the movemeni at

least greatly retarded. 4 larger factor of safety is thus introduced then if

the base exchange capacity alone is consldered in the immobilizing of redio-

activity, pearticularly in the event of unscheduled discharge of radicactive

wastes to the ground. The porosity, permesbility (abii;ty of material to trans-

nit water),- specific retention (the water-rotaining capacity) and the actusl

molsture content of the sediments are therefors importent in determining the

volume of the waste liquids that will be irmobilized in the gedlments. Over-

street and Jucobson (p.5) steto that the dry composite ‘801l from the 200-West

arca T-tank farm will dmmobilize 10 gellons of nolution'per cubic yard, vhich in

dicates a retention of 5 percent by volume.. The methods used in determining

this smount were not stated. -

Three samples from well 34-51.5 (ebout three-quarters of a mile south of

200-East arsa) werc tested for water content. The samples were obtaelned wvith a

drive core sampler devised by C.H. Row of the Transportation Division well

drilling force, and which pernmitted the recovery of so-called "undisturbed” or

"drive" semples fram as much as three feet below the bottom of the hole belng
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drilled. The samples were obtained from depths of 221{222 feet, 250-252 feet,
and from 275-278 feet. All were dusty dry when removed from the sanupler, al-
though obtained only a few inches below the depth of dfilling and the drilling
water. The samples moreover &bsorbed moisture from the air on expesure. Fol-
lewing sampling, the samples were sealed in one-pint glaes rample Jars with
screw-cap lids. Portions of each sample were weighed, oven arled, welghed againp
and then screened, No significant amount of water could be detected in eny of
the three samples., All three semples, on the basis of the mechanical analyses,
were clessed as silty sand, which mey be expected to contein as much as 10 per-
cent of water by volume as apecific retention. Certainly these samples should
be visually demp if the molsture content were at specific retention, for the
percentage of very fine sand, silt and clay totalled more than 25 Percent of the
sample by weight. Coarser sediments obviously will heve e moisture content not
greater than that of these semples. Moisture equivalerit tests were also made by
Overstreet and Jucobson (p.3}, in which the moisture equivalent of sediments in
the Hanford Works ares was celculated to range from about throe to elght percent
by welght. Moisture equivalent is an erbitrary ratio that is sometimes useful
in estinating specific retention and is the ratio of the weight of water which
the sediments, after saturation, retain against a centrifugal force 1,000 times
the forcs of gravity, to the weight of the so0il when dry.

A series of 50il column experiments by R.C. Thorburn of the Health Instru-
ment Develorfient Division were recently completed and are sumerized in a pub-
1ished paper (23). The results cbtained sre not conclusSive nor more than indi-
cative, nor were the tests more than edditional checke of retention of pluteniun
end fission products under somewhat mere carefuily controlled conditions and wit.

fewer verisbles than the eerlier tests Yy Healy and Kay. Thorburn's conclusrions
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although adnittedly based on only one series of experinents, confirm the sarlier

work of Eeoaly end XKay and the field observations of Brown and Ruppert. EHis {

exporiments suggest that:

1,

The sorption properties of some of the sediments underlying the Hanford
Works area are independent of the moisture content qf those sediments,
at lesast for the elements Sr90-Y90 pna gellb_priih

The fission products tested (Sr30-v90 and Celhh—Prlhh) are generally re-
moved within a short distance of the point of injection into the sedi-
ments ond that the finer-grained sediments sbsorb & greater amount of
activity per grom of sediment, -

The pH of plutonium-bearing solutions is quits important in the sorption
of Pu by the sediments &s suggeeted by Healy (10), and that the sorp-

tion increeses with decreasing pH. Sorption of plutonium is also in-

creased by decreasing the velocity of the solutions end thereby increas-

ing the time the sclution is in contact with the sediment particles, as
suggested by Brown and Ruppert (2, p.19) on the basis of empirical ob-
servations.

The effect of calcium and magnesium carbonates on the elution rate of
Pu obsorbed on soil was not significantly different from the elution
rete with water, particularly in the concentrations that might be
naturally expected,

The Pu eluted from soil by water would reebsorb on the soil ot a lower

horizon instesd of traveling as an unebsorbabls slug,

The extremoly dry nature of the scdiments at depth as well as at the surface

was also confirmed by the results of aen electrical resistivity survey by a

special U,8, Geological Survey field crew in October, 1948,

Four l1lnes were run
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in ereas dec¢med most favorable in ihe vicinity of the §Q0 ereas, All failed
completely to detect changes in the rogk types, reportedly owing to the .exireme-
1y dry nature of the rocks, and the consequent inebility of the instrument to

Actect significant changes in the resistivity of the sedimcnts and the hasnld

bedrock, -

FUTURE DEVELOPMENT - =

An anslyeis of the results_obtained during the two-year drilling and waste
disposel observation period clearly indicetes a Progrem of further investigation
Observetlon of the contaminated ground zones ebout the waste disposal units must
" e ¢ontlnued by all means possible, and observation of the ground water contami-
nated zones Must also be contlnued es in the past .= -

An electrically-driven, side-wall or casing sempler,” designed and built to
obtain sediment samples through the cusing of an 8-11'1‘017#011, was discarded.
Continuously successful operation of the sampler was not srteined cwing to the
lack of a sultable electric motor. The mechanics of sample taking were proven
effective, however, for sediment samples that averaged ten grams In weight were
obtained in eight of the fifteen sampling runs made by the sempler. An air-
driven casing sempler iz designed, incorporating the driil for perforating the
casing, the seumple tube inclosing the rotating sample auger, and the piston for
seallug the drilled hole with a machined iead plug. Most of the bad features
of the electrically-driven sampler sre elimineted. The build-up of activity
on‘the sediments in the conteminated zones cen thus be Tollowed more closely by
the use of this specially constructed equipment;,

Flve wells are scheduled to be drilled to weter in the 241-T-3614 reverse

well area ground water contamineted zone., Two wells in the 361-7 crib ares will

. 4
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elso be deepencd to the ground water toble to further explore the zone of ground
water contamination. Monitoring of the ground water will then proceod z8 in the
241-B-361 Teverse well area. Well 241-U-361, used for weter toble measurements
to date, 1s DLelng reopened to permit sampling of the ground water &t thet point
and to determine the level of activity of the uncontaminated ground water prior
to construction of the Redox plant. Additional wells to water will be drilled
to the south of tho 241-U-361 well, in the vicinity of the 241-R proposed tank
farm and cribs, ond betweon the area bounderies and the proposcd Redox effluent-
swarip. These wells will pormit more thorough monitoring of the ground weter,
will permit un accurate analysis of the effect of the discharge swemps on the
ground water, and in addition to numerous shellower wells throughout the areas
w1ll =id in determining the exanct form and gradient of the sili-clay bed undexr-
lying the aree.

Fifteen wells are planned for the waste disposal mreas in both the 200 areac
to re~cxplore and re-ovaluato the crib areas. These wells will supplement the
information obtained by use of the casing sampler, will obtain samples from
greoter distances from the cribs to check for lateral spread of activity, and.

will explore a few critical areas in greater deteil. Included in this group

w11l be several inclined wells to cxplors the areas directly beneath seversl of
the cribs,
The need for additioncl wells in those areus previously drilled is briefly

summexized in the following chart, which includes all the waste disposal units

now in use.
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Total Wastes Dis-

Total Wastes to
charged at Time of

5 Percentage Increasc
Jan. 1, 1950

Since Prevlious

Drilling (1iters) (1iters) . Drilling
200-Yest Aren - =
201-T tank crib 3,4%0,000 13,300,000 286%
241-% (2nd cycle) None 11,200,000
361-T cribs 8,700,000 32,600,000 275%
231 sump Eribs 8,45¢ .000 30, 800, 000 2644
2345 cribs None 3,800,000
200-Enst Area =
241-B (2nd cycle) Tone 7,500,000
201-B tank crib Lk, 000,000 22,300,000 L5,
5-6 cribs None 18,400,000

The smellest increcse was thab for the 201-T tenk and 231 cribs, where moras
than 2.5 times the volume of wastes worse discharged ta the eribs as vere dils-

chargod. prior to drilling. The 201-B tank crib recolved h.5'times the volume
of waste that it hod roceived &% the time of drilling.” The increase of fission
product activity in the ground'is for less_than this es explainod earlier in
which & suggested equilibrium muss or amount of fission product activity is
attained whereby the loss hy redioactive deccy equals the periodic increments.,
Data to be obtained from theso propcsed new wells will  supplement existing know-
ledge concerning the mechanisms involved in Iresent woste disposal methods.
This informotion will also determine the accuracy of ﬁiedictions made on the
tasis of previocus drilling operctions and should indiéﬁéo wkether or not such
extrepolation i1s possible with the informetion that is. currently availsble on

the mechanisms of underground weste disposal. Both a time and a volume extra-

polation will thus be tested,

The changing lovels of activity of the sediments as thae disposal units ers
used will be followed by analyzing samples obtained: (1} through the well

casings with the sampler, (2) from the bottom of wells vhich bottom 20 eet
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beneath the 241-% 2nd cycid crib, and the No. 1 end Noir 2 cribs of the 234-5
buildings, (3) fram the bottom of the test holes in the 5-6W, the 241-B and T
2nd cycle tile fields, and the 241-TX tile field, end (4) from the blenks in the
waldls of the H,I, Shefi,

Routine sampling of the water in all the wells penstrating to water or to be
drilled to water both in and outside the operating esregs wili be maintained as
in the past. The constont monitoring of the water table both by water-stoge
rocorders and by tape surveys will clso be continued nnd expanded as necessary.

A large-sgcale serles of leboratory tosts are indicated, proposed or in
operation, to supplement the empirical data cobtalned from field observations of
the waste disposal operstions, Foremost cmong these tests 1s a series of soll
column exporiments to be verformed when space and menpowér become avellable, to

accurctely determine the degree of Fixation of the different radicactive mater-

inls in the _sediments, end to determine their behavior under all possible condi-

ticns that might arise. A special laboratory is proposed to coordinate the

empliricel results obtained from the drilling and field studles with the theoret-
' ical rosults obtained from the lsboratory test, and to apply the results of
seologlc studies to specific waste disposal problems. -

A group of additional wells are proposed to be drilled in the ares between
North Richland and the vicinity of the 200 creasd, and in Cold Creek Valley, to
Turther extend the ground water and geologic study and to more adequately cover
the fringe @reos that moy be affected by present or future waste disposal prac-
tices. Coincident with this cnd continuing well beyond it will be a continua-
tlon of the c¢omplete and thorough atudy of the areal and regional goology, aimed
et obtaining o complete and comprehensive picture of the underlying conditions

thraighout the entirs project aree and swrounding region, both to greater depth
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end to o greater luteral extent. -

A hend-dug and hend-timbered shaft 150 to 200 feet deep is also proposed to

explere the aren between the 200 areas and to cbtein uﬁdisturbed samples on

which mmerous physical tests can be mede, including permechility, porosity,

specifie gravity, end specific retention. The drive sampler deviged by C.H, Row

end dlecugged ‘enrlier hes, however, eliminated much of -the necd for such an ex-

ponditure. “Such o Tacility mey be of considerable value after ndequate labora-

tory focilitles and porsonncl are avallable to conduct the neceasary tests.

e

e o CONCLUSIONS

A toteld of 210,000,000 liters of radionctive wastog_(55,500,000 gallons)

wero discharged to the ground up to anunry 1, 1950, conteining sbout 800 grams

of plutonium end THOO curies of fission products uctiviiy. Of this totael, omly

some of the westes dischargoed to the 241-T-361A and 241-B-361 reverso wells 1s

demonstrated to huave penctratod to the water toble. TIa no case whatsosver is

plutonium known to ba traveling in the ground woter even though plutonium:

bearing wastes were injected directly into the ground water in one instoance and

in another were injected within 75 feet of the water téble. Such fission pro-

ducte us pefetrated to and are traveling in the ground?ﬁater ere demonstrably

largely of half-lives of a Yeoar or less. Dvidence suzgests thet no hdzcrdous

condition has been or will be created by the present waste dipposal practices,

but cluse observetion of the waste disposal units must be maintained by all

means avalilable to prevent'the creation of & hazardous condition and to control

such o cendition if one should inedvertently be created.

Alth

cugh proesent waste dispogal practices appear adequate and Tonsible, thesr

metheds are clesrly only temporary, for the pbssibilit& alwoys exist thot o
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hazard may ha created that cennct be adequately controlled. Therefore, all

possible means of more complete end efficient waste disposal methods must be

‘considered toward the wltimate » 1T practically unattainsble, goal at which no

rediocctive waterials shall be releesed to the ground.,
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