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INTRODUCTION 

OEOIOOY UNDERLYING BAHP'ORD REACTOR ARIAS 

Donald J. BrovrJ./ 

HW-69571 

A comprehensive study 1s being made to extend and refine the conceptual under

standing of the geology underlying the Hanford Project and the region immediately 

surrounding it. An understandir.g of the d.etn.iled. geology in. thic 1·egi,;:i::1. ic i=. 

portant for proper interpretation of ground-water monitoring information, for 

selecting and evaluating waste disposal s1 t.cd, and for estimating earthquake ar.d 

ear thquake-damage potential. This study makes use of data obtained largely from 

the construction of wells and from observations of exposed geologic formati ons. 

More recently results from the limited application of geophysical techniques have 

been utilized. 

Certain regions and geologic horizons of the Hanford Project are being studi~~ 

first because of their more irranediate interest (1,2,3 ,4,5). A general over-all re 

port will combine and incorporate the reports covering these selected regions and 

prob,lem areaci. This paper is an interim report swmnarizing the latec;t concepts of 

the geology underlying the Hanford Reactor Areas. Its basic purpos~ is to provide 

vorking maps and information on the geologic structure and stratigraphy beneath the 

reactor areas as well as to describe the general influence of the geology on ground

water movemen+, . These kinds of information are neede\). to provide a foundation upon 

which to base the data now being assembled for the first inland dispo&&l crib for 

NPR, the emergency water supply facilities for the 100 Areas, and for ground-Wfl.ter 

temrereture studies. 

, . 
• , C - General Electric Company, Ric~, Washington. Work perfor:llCd under ontract 

No. AT(45-l) -1350 for the U, S Atomic Energy Commiaaton. 
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There are three distinct geologic uni ts beneath the reactor ar<!aa: The Col\un

b1a River Basalt, the Ringold Formation, and the Glac1oflu·:1at1le sed.1ments. The 

Columbia River Basalt series forms the bedrock beneath the reactor areas and is 

generally corupact, hard, and dense. The surface of the basalt series reflects the 

structure of the flovs anci is onJ.:r locally modified by erosion. The Rinrold Forrnatioo 

overlieJ and is largely conformable to the basalt. Thio formation is an extensive 

lacustrine and fluviatile deposit of sand, silt, gravel and clay. The three members 

.:,f the Rin~old Formation d.1st1.nguishAhle elsevhere on the lIAn!'ord Project are not 

readily differentiated beneath the reactor areas. Unconformably overlying the Ringol.\ 

Formation to a maximum depth of 170 feet is a sedimentary deposit of fluviatile and 

glaciotluviatile outwsh sands and grsvels. Tt~s unit is referred to at Hanford as 

Glaciofluviatile sediments. The coaroe ~aterials of this deposit which are more 

abutdant in the northwestern sectlon of the project, grade into finer materials to 

the east and south. 

The atructur~ of the materials underlying the reactor ar~aa reflects the de

formation which has ~een going on essentially continuously for the last several 

million years. The lower beds of the Ringold Forrnntion exhibit the greatest degree 
• 

of conformity Yith the basalt wi'th successively higher beds shoving less and less 

deformation. Contours of the basalt surface and the Ringold surface reflect this 

orogeny in that the topographic highs on the basalt surface lie in the same positioo 

aa the higha on the Ringold Surfa~e. 

'.rbe contour of the water table in the reg.ton underlying the reactor areaa re

nects 1trongly the contact between the Ringold Formation and the Gle.~1ofluvl~til~ 
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sediments. The 1101t rapid ground-water movement rate, were noted in glaciotlUVia

tile-filled channels incised in the Ringold sediments. 

STRATIGRAPHY 

Col1,11Dbia River .Basalt 

The name Columbia ~ Basalt 1e applied to the vast series of basaltic lava 

!~wand related rocks that cov~r a great part ot southern Washington, eastern 

Oregon, and parts of Idaho, Nevada, and CA11tornia, 'rhese lavas, vhich came to the 

&round surface through ~.o.ny fiasurea in the earth's crust, were accollllJanied by the 

discbarse of little or no fragmental material as they welled up to flood the lover 

ground with successive hor11.ontal sheets (5). 1'he Columbia River Basalt series fonna 

the bedrock in the region about the reactor areas. Generally the surface of th~ 

ser1.e'I rei'icct.o i he ia; 'w r ~;:t~ e 'J! -t; !:'! a'!r1 "'~ . n'1 1 y l o~e.1 l :v modified by erosion. 

In the western portion of the region where r eactor areas are located, near 

the 100-B and 100-K sites , the fi rst one hundredClfeet of basalt are essent i ally con

tinuous with no apparent interbeds . To the east , however, near the 100-H and 100-F 

sites, there are numerous interbeds vithin the upper portion of the basalt series . 

In this general region basalt flows originating to the vest evidently interfinger 

vith other basalt flovs originating to the ~ast, in vb.at probably was then the lowest 

part ot the Pasco Basin and the Columbia River course. The int erbcd.ded materials are 

predominantly t1and, gravel, clay, and volcanic ash. Sollle of the interbeds can proba

bly be correlated with the Ellen~burg Fonoation in central Washington , of Pliocene 

age . Some of the veil cuttings from the surface of the basalt show it to be quite 

UNCLASSD'IED 
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ve1icular to scoriaceoua, cauaed by the em1es1on ot gases during cool1ns, Vhile 

other sainp!es are compact, bard and dense. All samples ot the basalt obtained from 

depths of more than about ten feet beneath the surface of the top flow vere striking

ly bard, dense, dark gray in color, tine textured , but similar in composition to sur

face samples. 

Ringold Formation 

Direc'tly overlying the basalt bedrock iB a.ti. extensive l::.c"..l::tri:le =.:id. fl'..!vie. 

tile deposit 1Jf srmd, silt, gravel and clay known as the Ringold Formation. These 

sediments wer~ de}.'lj~ited in a shallow lake formed in Pleistocene time vhen the Coluw 

bia River was at least temporarily and locally impounded by the uplitt of the Horse 

lieaven li.i.liii, ~~e C!'."!~ .~ .~u nr1cinally deposited were up to 1200 feet thick. 

Over much of the llanford Project three members of the Ringold Formation are 

distinguishable; the lower blue clay , tte middle conglomerate, and the upper sandy 

silt. Beneath the reactor areas, however, these three members are not as distinct 

from each other as elsewhere and can not be readily differentiated. In the north 

western region of the project the Ringold Formation is dominantly coarse material, 

such as sands a~d gravels; farther t~ the east it grades into sand and coarse silt , 

and on the eastern margin it is mostly silt and coarse clay (see Table I). 

Extensive portions of the middle member of ·~he Ringold Formation contain sands 

and gravels thoroughly cemented with calcium carbonate vhich makes them highly re

siatant to erosion. The most pronounced area where this occurs is in the Columbia 

River channel near 100-K Area. Erosion ot less competent material downstream trom 

a middle Ringold outcrop in the stream bed created what:·is known as Coyote Rapid.a. 

UBCLASSIP'IBD . 
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TABIE I 

GRAIN-SIZE DEFINrrIONS OF SEDDD!!lffARY MATERIAIB AB U8BD :m 
'l'llIS REPORT AND IN C<Ht<lf USAGE IN HANFORD GEOLOGIC RESEARCH (6) 

{sieve size) 

Descri~ion mm in 

Very fin-, clay 0.000'24 to o .00049 0.0000096 to 0.000019 
Fine clay .00049 to .00098 .000019 to .000038 
Medium clay .coo:,e t c, .cc19~ .000038 to .oooc77 
Coarse clay .00195 to .0039 .000077 to .00015 

Very fine silt .0039 to .0078 .00015 to .00031 
Fine lilt .0078 to .0156 .00031 to ,00062 
MediUJn silt .0156 to .0313 ,00062 to .0013 
Coarse silt .0313 to ,0625 .0013 to . . 0025 

Very fine sand ,0625 to .125 .0025 to .0049 
Fine sand .125 to .25 .0049 to .0098 
Medium sand .25 to .50 .0098 to .0197 
Coarie sand .5 to l .0197 to .0394 
Very coarse sand l to 2 .0394 to .079 

Very fine gravel 2 to 11 .079 to .157 
Fine ~vel 4 to 8 .157 to .315 
Medium gravel 8 to 16 .315 to :630 
Coarse gravel 16 to 32 .630 . to 1.26 
Very coarse gravel 32 to 64 - 1.26 t o 2.52 -
Small cobbles 64 to 128 2.52 to 5.04 

I 
ie.rge cob"uleti 128 ... _ r,r:.C. 5.04 to 10.o8 IIV .. ,,,..., 
Small boulders 256 to 512 10.08 to 20.16 l Medium boulders 512 to 1024 20.16 to 4o.31 
large boulders 1024 to 2048 4o.Jl to 8o.63 
Very large boulders 2048 to 4o96 8o.63 to 161.3 

UNCLASSIFIED 
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The upper portion ot the Ringold is probably absent beneath tbe reac~or areaa becauae 

of erosion . The best expoau::-e of this member is in the White Blutfa on t.he eastern 

shore of the Columbia River. 

Glaciofluviatile Sediments 

At the close of the last Ice Age, probably about 10 000 years ago , the Columbia 

River wa swollen with glacial melt\111.ter and loaded vith sedi:.ents brought dovn from 

farther north by the ice sheet Much of this sedimentary load vaa dropped by the rive r 

in the Pasco Basin probably as the result of a decrease in the velocity of the stream 

as l t spread out in the broad Pasco Basin above Wallula Gap. In the region about the 

reactor areas these materials consist of sand, gravel and boulders, although some lensea 

of fine, vell-svrted materials have been observed in road cuts and excavations. The 

coarse materials are rt -:>re aounaAm, .iu ;.;,... •• ~; ~2..:~~4:".'~ e~~+: !-,n of the project and grade 

into finer material& to the east and south . On the Hanford P:-oject these sediments a re 

referred to as Glaciofluviatile sediments although they consist of both fluviatile and 

glaciofluviatile outwash sands ~~d gravels. 

Many huge icebergs moved down the Columbia River from t he disintegrating ice mass 

during the time this material was being deposited. Some of these icebe~·g') evi dently 
0 

grounded in the region south of the 100-K and 100-D areas forming the hummocky mound

like appearance or "kame and kettle" topography of the material in that area. Thia 

topography 11 typical of that formed in front of melting glaciers. Some areas also 

exist vhere the vind bas reworked the finer outwash material forming sand dunes and 

well sorted bed.a of sandy ailt. 
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The tluviatile and glaciorluviatlle deposits which were laid down on top ot 

the erosion surtace of the Ringold Formation in this locale are up to 170 feet 

thick. 

S'mUC'l'URE 

Tectonic deformation "'1!1.S significant in forming the geologic and topographic 

features of the Pasco Basin (8). Largely subseqt.ent to the accumulation of the 

'=olumbia River Base.lts lateral stresses produced a seriec; ot eesentially east-west 

trending asymmetrical anticline ridges and synclinal troughs in the region . The 

reactor areas are located north of the Ge.ble Mountain-Gable Butte Anticl i ne and 

:.,•'.1t h 1f' t h~ &Mle Mountain Anticline A host of smaller , sul: sidiary anticlinal 

ridges and synclinal troughs lie beneath the reactor areas and between tnese ~wu 

main anticlinal ridges. Figure l is a contour map of the basalt surface underlying 

t !le region about the reactor areas . All of the :i:ellef features shown on this map 

resulted primarily from folding of the basalt flows wi t.h essentially no erosion. 

The extent to which this folding hast.Aken pl.Ace can be readily seen on this map. 

Some synclinal troughs "':·e several hundred feet bel ow sea level while others are 

several hundred feet above sea level The anticlinal ridges are similarly displaced 

in elevation. Some ridges are buried beneath several hundred feet of unconsolidated 

sediments while others extend above the level of the regi.onal plain to form pro

Jections such as Ge.ble Butte and Ge.ble Mountain. 

The de.ta tor this basalt contour map were obtained mainly from an airborne ma~ 

tometer survey made by the United States Geological Survey in 196':). These results 

were correlated vi th the data from seven wells which were drilled to the baaali. 1'ed

rock in this region. 

UNCLASSIP'~ 
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Figure 2 is a contour map of the surface of the Ringold Formation : The con-

tour pattern suggests that the Ringold surface ws eroded at one time by the Colum

bia River. Two main channels are sbovn on this map: One, at point marked A south

west of the 100- B Area , trends to the southeast along the sou+.}i side of Gable Butte ; 

another channel is shovn incised into the Ringold Formation sediments betveen the 

100-B and 100-K Areas. This second channel continues to the southeast vhere it f .) r ks; 

one fork, marked Bon thie map, continues along the north flank of Gable Mountain 

vhile the other fork, marked C, swings northeastward toward the 100-F Area. 

A comparison of the differences in elevation betveen the top of the basalt bed

rock and the surface of the Ringold Formation reveals that in places the Ringol d 

sed~--- !1.~:J L!.re a;,;,r o"!'.°!.!"a~e1.y h()(' ftl!et -+:-M~ Jc: . The present concept of the Ringold 

Fl)rmation is that it wae deposited during folding of the baGa!.t; bence, the lover 

beds exhibit maximum deformation and general conformaoility ~-1th the basalt vhile 

the successively higher beds shov less and less deformation. Some of the topographi 

cally higher ~reas shovn on this surface coi~~ide vith the highs on the basalt con

tour map. This may be coincidental or 1t may ref lect t he structtU·al control these 

deformed units had on the movement of the Columbia River in this region. 

The structure r.,f the materials underlying the reactor areas reflect the defor

mation vhich bas been going on essentially continuously for the last several million 

years. Several geologic cross sections were constructed to show the general struct~ 

of the rocks beneath the reactor areas; these cross sections are shown in Figures 3 

through 8. As mentioned previously, the Ringold is deformed vith the basalt, but it 

should be kept in mind vben viev:S.ng these croes sections that the vertical exagger

ation .Uatozu out of proportion the dip or the beds in relation to the actual 

UNCLASSIFI!D 
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baaed 011 the concept that the Rincol4 aedimenta are confonable to the bualt. The 

contour mape retlect thia orogeny in that tba topographic highs show on the basalt 

map lie in the aame polition &l' aome ot the highs ahovn on the contour map ot the 

JUnoold aurtace. Thia particular tact 1a quite significant, especially when conside:--

ing the ettect ot geology on the movement ot ground water. The Rincold beds being 

tolded and ditterentially eroded impose more complex aolutiona to ground-water prob

lems than wr.-uld similar hori~ontal bed.a. 

GROUND WATER 

The water table beneath the l'ft&ctor ,, ... eas lies at an average depth ot 100 feet 

and represents the upper boundary ot the unconfined ground-water zone in this region . 

Figure 9 is a contour DAP ot the water table be~eath the reactor areas tor tM month 

ot December, 1961. This ma:., shows the general ground-water contour pattern beneath 

the reactor areas, except tor seasonal fluctuation~ which occur adjacent to the Colum

bia River in the late spring. The recharge of the ground water is normally from the 

highland areas to the south and southwest (9). A !'\JDall amount of recharge comes 

trom the retention basins and cribs located within the lOO-Areaa. These areas ehov 

up conspicuously on the contour map as isolci.ted ground-water mound.a along the river. 

Because ot the limited number ot observation vell1 in the 100-D Area (croaa section 

G-E) , l".o ground-water mound can be ditterentiated in this Mgion; however, one is 

believed to exist there. 

~ permeability ot the basalt flows normal to their aurt&cea ia generally very 

low, particularly compared to the lAteral perael\bility ot the 1nternov zonea. The 

UICLASSD'IID 



C: 

~ 

i s 
t:rl 
t, 

-.rs 
. 0 I 2 3 4 

~ ___..._~---~, .. ........ 
• .. 1, • • u .. ...... . .... , .. ,~ ..._ ..... .. ... 
.............. , ....... .... 0, .... ... ,o r,,ro- ..... •-·· tf!IE?> .... u .,,c.r• • 

i 
I • 

.... n .u 
-i•·- "\ .... 

..... l> · tOI ...... ,. 

FIGURE 9 

Ground Water Contour Map of the Water Table Underlying the Region of the Hanford Reactor 
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ground w.tera within the bualt aeries are , ~heretore, quite separate and 41.atinct 

tr01:1 tboee in the Po• t -baaalt aedimente. The material which au• up tbe Ringold 

Formation directly overlying the baealt 11 either so tine - grained or eo poorly sorted 

that it bas a relatively lov permeability; generally this ranges from 10 to 1,000 

gpd/ rt2 • The Glaciotluvio.tile sediments are coarse-grained and generally highly ~rme

able, Permeabilities range from 10 ,000 to 50 ,000 gpd/tt2, or from 10 to as much as 

5,000 times those of the Ringold Formation sediments. Permeab111 ty being a vector 

quantity may have significantly different values for each direction meaew-ed, The 

values given above are t.hree-dimensional averages co.lculated from pumping teats made 

at selected field sites (9). It should be kept in mind that there are interbeds 

vi thi n each or these sed.imente:.r:,• dePos1 ts which vary significantly in permeability 

vi.th the average values stated above. The average field pemeability of the sedi

ments directly beneath the 100-F , 100-H , 100-D , 100-N . aud 100-K Areas is probably 

near 500 gpd/ rt2 and beneath the 100-B Area . 1 ,000 3:E)d :::'t.2 . 

The contour map of the water table reflects strongly t he contact between t he 

Ringold Formation and the Glaciofluviati l e sediments. Tracer tests have shown t he 

ground water to be moving at relativel:, high velor:1t1es thro\li-<)l glaciofluviat ile 

sediments dePoeited iu channels cut il'}t o the Ringold Fonr.ation. Several of t hese 

ancient river channels are know to exist in the rei:;ioa of the reactor areas. The 

general locations of the channels are 1~ferred vh~re the ground-water contours are 

concave inland awe.y from the r iver. The moat prominent channel 1a located Just nort 

ot Oe.ble Mountain . 

At the present time many of the variables vhich attect the movement of ground 

water beneatn the Hanford Project are unknovn. Many of the plant problems relating 

UNCLASS 
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t.o ~-w.ter movement, however, can be solved with our present knovle4ae. 

ta continuing to define t'urther these unknown variables. 
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