
0018396 

WHC-MR-0291 

Suprabasalt Geology 
of Soil Column 
Disposal Candidate 
Site Number 1 : A 
Preliminary Evaluation 
of the Uniformity of 
the Site Geology and 
Recommendations for 
Number of Boreholes 

Prepared for the U.S. Department of Energy 
Office of Environmental Restoration and 
Waste Management 

/u,\ Westinghouse 
\,E) Hanford Company Richland, Washington ' 

Hanford Operations and Engineering Contractor for the 
U.S. Department of Energy under Contract DE-AC06-87RL 10930 

Approved for Public Release 



LEGAL DISCLAIMER 

This report was prepared as an account of work sponsored by 
an agency of the Un ited States Government. Neither the 

· United States Government nor any agency thereof, nor any of 
the,r employees , nor any of their contractors, subcontractors 
or the ,r employees , makes any warranty , express or implied, 
or assumes any legal liability or responsibility for the 
accuracy, completeness , or any third party 's use or the resu lts 
of such use of any information, apparatus, product, or process 
disclosed, or represents that its use wou ld not infringe 
pr ivately owned righ ts. Reference herein to any speci fic 
commercial product , process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation , or 
favori ng by the United States Government or ar,y agency 
thereo f or Its contrac tors or subcontractors . The views and 
opini ons of au !hors expressed herein do not necessarily state 
or refl ect those of the United States Government or any 
agency thereo f. 

Th ,s report has been reprod uced from the best available copy. 

DI SC U.t ·2 CHP t 1 ·91 1 



Suprabasalt Geology 
of Soil Column 
Disposal Candidate 
Site Number 1: A 
Preliminary Evaluation 
of the Uniformity of 
the Site Geology and 
Recommendations for 
Number of Boreholes 
K. A. Lindsey 
S. P. Reidel 

Dale Published 

January 1992 

Prepared for the U.S. Department of Energy 
Office of Environmental Restoration and 
Waste Management 

~ Westinghouse r .o . Box 1970 
\!:!:) Hanford Company flichl,rnd. Wcishinglon 99352 

l·fanlord Opmalions and Engineering Con lrnctor lor the 
U.S. Department or Energy under Contrnct DE-AC06 -87n L 10930 

Approved for Public Release 

WHC-MR-0291 



WIIC -MR -0291 

CONTENTS 

INTRODUCTION ........... . 

GENERAL GEOLOGY OF TIIE 200 WEST /\RE/\ 
RINGOLD FORMATION .. .. . . 
PLIO-PLEISTOCENE UNIT /\NO EARLY 
11/\NFORD FORM/\ T ION . . . . . . 
1·1/\LOCENE SURF IC 1/\L DEPOSITS 

. .. . 
''PALOUSE" SOIL 

SPECIFIC STR/\TIGR/\PIIIC TRENDS NE/\R SCDS I 

CONCLUSIONS 

REFERENCES 

FIGURES: 

1. North -South Cross -Seel ion of I.he Ringold fonnc1lio11 
in the 200 West /\rca .... ... .. ... . 

2. East -West Cross -Seclio11 of lhe Ring old For111c1lion 
in lhe 200 Wesl /\r ea .. . . . ...... . . 

iii 

1 
1 
2 
2 
3 

3 

4 

4 

7 

l 1 



WIIC -MR -0291 

i V 



v/llC -MR -0291 

I NTIWDUCT JON 

I\ large number of boreholes, including several 13asalt Waste tsolalion 
Project (BWtP) boreholes have been drilled 111 and around lhe 200 West l\rea of 
the Hanford Site, Washington. Data acquired from these boreholes form the 
basis for stratigraphic inlerprelations of lhe 200 We sl l\rea (Ti3llman el al. 
1979; Bjornstad 1984; DOE 1988; Delaney et al. 1991; Lindsey 1991). 

The data collected from lhe boreholes in the 200 Wes l l\1 ·e a and vicinily 
indicate that the slrallgraphy is re lalively uniform in llils c1rea . Sl.rc1l.i ­
graphic trends in and around I.h e 200 Wesl /\r ea c11°e fairly s imple as compc1red 
to the rest of the Hanford Site . This report describes lhe degree of uni -
formity and the variation in straligraphic uni ls in lhr1l area and provides a 
preliminary evaluation of us ing only one bor ehole l. o characterize soil co lumn 
disposal candidate site 1 ( SCOS l) (Koeg ler ;:ind He id e l 1991) . 

GENEnf\L GEOLOGY OF TIIE 200 WEST f\RE/\ 

The suprabasall stratigraphic section in lhe 200 He sl /\ rea is divided, 
from bottom to top, into the foll o1-1i ng 1111il s: (I) Ringold for111alio11, 
(2) Pl io - Pleistocene unit, (3) e;i 1·ly "ralouse" soi l, and (/4) llanford 
formation. The phy s ical c'1anclr1· islics ;111d di sl.r ilJ11l.io11 of thes e unil. s ar e 
sur11111ari1.ed in the followinq secl.inn,:; . 

iINGOLD FORMATION 

The Ringold Formation in and around lhe 200 West /\rea is subdivided into 
four main stratigraphic sequences. These sequences, originally defined by 
Lindsey (1991), are simila,· lo tho se lh;il have been defined historically for 
the Ringold Formation in lhe 200 \o/e st /\rea (Myers et. al. 1979; Tallmc1n et al. 
1981; Bjornstad 19M; DOE 1988) . From boltom lo lop, the four Ringold 
sequences are: (I) grave 1 uni l /\ , ( 2) lhe 101-1er mud sequence, ( 3) grave 1 
unit E, and (4) lhe upper Ringold unit (figur es I and 2). 

Gravel units I\ and E are very similar, co ns isling do111i11anlly or clasl ­
supported, pebble to cobble gravel with a fine - to coa rse -g1·ained quarlzo ­
feldspathic sand matrix. Variable bul generally small ( <5% ) amounts of silt. 
are found in these gravels . These gravels also contain loca lized interbeds of 
sand and mud no more than 1 O m thick . In the 200 West /\rea, unit I\ is O to 
45 ln thick and unit E is up to 90 m thick and they usually are separated by 
the muds of the lower mud sequence. Where the lower mud sequence is absent, 
in the northern part of the 200 West /\rea, it is difficult if not impossible 
to differentiate the two units . 13olh unlls generally thin Lo l.he no rt h onlo 
the Gable Mountain anticl ln r. and thicken lo the south inlo th e Cold Crer.k 
syncline. Unit I\ corresroncls lo lhe l ower rc1i-L of I.h e basal unit. and u1lit E 
corresponds to the middle unit as defined by (DOE 1988). 

The lower mud sequence, if present in lhe area of SCDS I, consists of a 
lower silty interval dominated by paleosols and an tipper c layey interval 
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domihaled by massive lo laminated clay and lesse1· sill. The lower mud 
sequence can be up 10 m thi ck in the area of SCDSI while It thicken s to the 
south into the Cold Creek syncline and pin ches oul. in t.he horlhern ra r l or the 
area. The paleosols con-e spond to th e urre r pild or lh e bils ,'1 u11il ;ind the 
massive lo lamlnaled deposit s lo the lower Hingold 1111it as de sc ribed by DOE 
( 1988). 

. , 

The upper Ringold unit in lhe 200 We s l /\rea con s ists of sand, silly 
sand, and sandy silt that form late r ally di scontinuous lenses lhroughoul mu ch 
of the 200 West /\rea. The upp er unit i s O lo 12 m thi ck and pinche s out near 
t he borders of lhe 200 Wes t /\re;i . 

PLIO - PLEISTOCEHE UNIT f\HD EARLY "PflLOUSE" SOIL 

The Plio - Pleislocene unil and early rill ouse soil a,·e l1-10 lal e1·all _y 
discontinuous units that a,·e found throughout mu ch of I.h e 200 We s t /\ re a while 
they are absent else1,1here beneilth lh e 11 ;:rnfo n l Sil e . lh e rli o -- Pl e i s t oce ne ttnil. 
is up to JO m thick in lhe area of SCDSI, di sc onformably overlies the Ringold 
Formation, and consists of variably developed pedogenic carbonate cemented 
silt, sand, and basaltic gravel and l ess cemented sill and silty sand. /\t 
many locations, the unit consists of several carbonate - ri ch horizon s alt er -
nating with carbonate -poor horizon s. The carbonat e - ri ch horizon s con s i s t of 
massive to highly fractured pedog eni c carbonat e , us11ally SI.ag e III and IV . 
Individual layers generally r ang e f rom 0 . 5 l o I m in thi ckn ess while ma ss ive 
carbonate rarely exceed s 0 . 5 min thi ck ness. 111 I.h e north ern pilrl of I.hr. 
are.t, carbon a le cemetil. 9e11 r 1·,il I _y Is hr 1.1.rr drv P I nprd. 

. The early Palouse soil con s lsls of 2 lo 3 111 of brown to dark Lan sill, 
c'l.ayey sill, and sandy silt in lhe area of SC DSI. Ca l c ium ca r bonate is common 
in the unit although carbonate cement is not observed . The silts that domi -
nale the unit occasionally contain floating grains of basalt, and muscovite i s 
common in the unit. On natural gamma logs, lhe unit can be r ecognized by a 
high natural gamma response . 

lfANFORO FORMATION 

The Hanford formation is divided into three main lilhologi c packages: 
(1) coitrse gravels, (2) laminated sands, and (3) g1,aded rhythmites (DOE 1988; 
Delaney et al. 1991) . The thi ckest occurren ces of lhe llanford formation are 
fouhd in the 200 West Area where it is up to 65 m thi ck. /\t and near SCDSI, 
t he Hanford formation ls approximately 10 to 25 111 thick . Gravelly lilhologie s 
consist of coarse-grained sand and granule lo boulder gravel that display 
missive beddihg, plahe to low - angle bedding, and large - scale cross -bedding in 
outcrop. Matrix commonly is la cking from the gravels , giving them an open ­
framework appearance . The laminat. ed sand s consist of fi11e - to coarse -grained 
sand and granules that di splay plane l;1m1n·at1011 and bedding a11d less commonly 
plane and trough cross -bedding in out crop. Small pebble s and pebbly lnlerbed s 
(<20 cm thick) may be ehcounlered . The silt conl enl of lhese sand s i s 
variable. llowever, where sill content is low , an or en- framework texture may 
occur . Graded i--hythmite deposits consist of silt and fih e - lo coarse -grait,ed 
s and forming normally grad ed rhylhmiles. Plane laminat.ion and ripple cros s -
lamination is common in outcroJl . 
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HOLOCENE SURFICIAL DEPOSITS 

llolocene surficial deposits consisting of silt, sand, and gravel form a 
lhit1 ( <5 m) veneer ;,cross 11111ch or I.hr ll;rnford Si Lr . lti Lhr ~00 \./esl /\ret1, 
these deposits consist dominantly or lalert1lly discontinuous sheets or wind ­
blown silt and fine -grained sand . 

SPECIFIC STR/\TIGR/\PIIIC Tl'lEN0S Nt/\R SCOSl 

The structural grain or lhe ,11·ea tr end s roughly easL -we s t parallel Lo 
the major structures bounding SC DSI, lhe Gable l3ulle segment or lhe Umtanum 
Ridge anticline to the north and lhe Cold Creek syn cline Lo Lhe south . /\s a 
result of this structure, lhe Ring old ronnalio11 and und erlying Columbia River 
Basalt Group gently dip lo lhe south orr lh P. U111l.c11111111 Ridge c1nt ic l ine into lhe 
Co 1 d Creek sync 1 i n e . Ma j or s l ,-a L i g 1· a p h i c vu i a L i o 11 s Le 11 d t. o oc cur i n a nor L h -
south direction parallel lo Lhi s dip direction. l3as ed 011 geologic trends seen 
in the 200 West /\rea and surrounding area, the geology of SCDSI is relatively 
easy to predict. 

Gravels of unit E ;ind po ss ibly unil /\ do111i11ale lh e Ringold rorm;:il.ion in 
the area of SC0SI (Figure s I i'ltHI 2). llie Hingold formation Lhin s lo th e nodh 
beneath SC0Sl while it show s 1 ittle ea s l -1,1e s l v,1rialion. The llanrord for111;i -
tion shows little llthologi c vari;il.ion in I.h e ;ire;i or SCUSI (rigure s 1 ;rncl 2), 
consisting domi nanll y or op e11 - f 1·;imc1,101·k gi-av e 1 s . Nr a,· SCIJ S I, l.h e ll;in ford 
formc1tion is thinnest along Lhe 11orl.hen1 edy e or Lhe 200 We s t /\1 ·ea while iL 
_thickens to bolh the north and south . The only signiri c;inl stratigraphi c 
va'riations seen in the area of SCDSI center on the lal erc1l extent oft.he 
Ringold lower mud sequence, the Ringold upper unit, and the Plio - Pleistocene 
unit . 

Coming up -dip and norlh, 011L or the Cold Creek syn cline, Ringold strat;i 
thin or pinchout. In the area or SCDSI, one or the most notable pinchouls is 
that of the lower mud sequence (figure 2). /\1lho11gh lhe actual position or 
the pinchout is not known, it is mu s t occur bel1o.Jeen borehole 699 - 51 - 75 (where 
the lower mud does not occur) and borehole 299 -W6 - l (where lhe lower mud is 
found). Where the lower mud sequence is absent, unit E directly overlies 
unit A and the two units are hydrologically connected . 

Erosional remnants or lhe upper Ringold unit are round alo11g the north -
central boundary of the 200 West /\rea (figures 1 and 2) . These strata pinch 
ou_t to the north and south. ll01o.Jever, because of the lack of boreholes in the 
area of SCOSl, it is unclear how rar lo lhe north these strata extend. /\ 
similar situation is encountered when trying to access tl1e extent of the Pl io ­
Pleistocene unit north of the 200 West /\rea. Bot.h units are found in borehole 
299 -W6 - l and both are absent ln the next borehole to the norlh (699 - 51 - 75). 
Examination of Figure 1 reveals the probable reason these units do not extend 
to the north. 

Borehole 699 - 51 - 75 is slluclted within one or Lhe rnajor cclla c1ysmic flood 
c h a n n e 1 way s i 11 c i s e d a c r o s s l h e r cl s c o t3 cl s i n ·. S i g 11 i r i o n l rt o o d e r o s i on i 11 l. he 
channelway lead to the removal the Plio -Pleistocene unit, ur,per Ringold unit, 
and a good part of Ringold unit/\. Erosion Wcl s rollo1,1ed by deposition of a 
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thick sequence of flood gravel. The area around borehole 299-W6-l is not 
situated in a channelway and, as a result, the strata removed from lhe area to 
the north are preserved. The exact position of thr. erosive ch;tnne1w;ty edge is 
not khOwn because 110 boreholes penP.lral.e deep enoWJh 111 the ;trr.a bel.ween 699 -
51-75 and 299-W6-1 to encounter it . 

CONCLUSIONS 

The SCDSI is localed in t1t1 t1ret1 or relt1lively uniror111 geologic stra-
tigraphy. There are s11fficienL boreholes in the area to pi-ovide a level of 
confidence in suggesting lhat one borehole may be al1 Lhat is necessary to 
characterize the SCOSI. The BWIP boreholes provide a continuous ,-ecord of the 
stratigraphy in the vicinity of the SCDSI th;it can be used to obtain r,hysical 
properties on the strallgr;:iphlc 11nil.s ;rnd verlry the unironnity . 

I\ single borehole extending to basalt at SCDSI should verify suspected 
stratigraphic trends and establish the position of lhe unknown stratigraphic 
pinchouts relative to SCDSI. If Lhe Plio - Pleislocene unit does not occur 
beneath the SCOSJ, the struct11ral dip of t.hese strata and their position above 
the regional water table m;iy le;id t.o eff111enl 111igr;il.ing soulh in and c1cross 
these relatively 1ess permeilhle slraLil before rlnally 111oving through them inl.o 
the underlying Ringold gravels. Jr the erosional r,inchouL is loct1ted soul.h of 
SCOSl, then llanrord gravels will ,-est directly on the gr,lVels or Hingold u11it 
E, placing the two fonnc1tlons In dlrecl hydrologlc comm11nicalion. f\s outlined 
above, a similar question about the poslllo11 or the Ringold lower mud sequence 
.p .i n ch o u t a l s o e x i s t s a n d n e e d s l o be re s o 1 v e d i f t h e e x l e n t o f v e r ti c a l 
hyilrologic intercommunication within ll1e Ringold Formation Is to be addressed. 

It is therefore concluded lhc1l a single borehole at SCOSl may be all 
that is necessary to aderi11c1tely chc1rc1cl.e1·ize the site . 1101.,reve,- , a final 
decision as to lhe number or boreholes necessc1ry lo characterize the SCOSI 
cannot be made until the rirsl characterization borehole has been drilled and 
the data from It interpreted. 
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Figure lb. Explanation for Cross -Seclion s. 

Groin Size Scale - Horizonlal Relief of Section Indicates 
Grain Size of Dominant Porlicals In Bed. 
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