Pacific Northwest
National Laboratory

Operated by Battelle for the
U.S. Department of Energy

PNNL-13826

Borehole Data Paclzag’e for Calendar
Year 2001 RCRA Wells at Sing’le-SheH
Tank Waste Management Area TX-TY

D. G. Horton

March 2002

Prepared for the U.S. Department of Energy
under Contract DE-AC06-76RL01830



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof, or Battelle Memorial Institute.

PACIFIC NORTHWEST NATIONAL LABORATORY
operated by
BATTELLE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC06-76RL01830

Oy
%@ This document was printed on recycled paper.



PNNL-13826

Borehole Data Package for Calendar Year 2001
RCRA Wells at Single-Shell Tank Waste Management
Area TX-TY

D. G. Horton

March 2002

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RL01830

Pacific Northwest National Laboratory
Richland, Washington 99352



Summary

This document is a compilation of the information on well drilling and construction, well develop-
ment, pump installation, and sediment sampling at two new RCRA wells (299-W14-18 and 299-W15-
765) at Waste Management Area TX-TY in August through October 2001. These wells were constructed
to the specifications and requirements described in Washington Administrative Codes 173-160 and
173-303.

In well 299-W14-18, groundwater samples were collected during drilling, and borehole and drill
cuttings were monitored regularly for organic vapors and radionuclide contaminants. Radiological
contamination was found between 47 and 65 ft below ground surface (bgs). The borehole was geophysic-
ally logged with spectral gamma-ray and neutron moisture tools on September 25, 2001. Cesium-137
was found between 35 and 40 ft bgs at a maximum concentration of 0.50 pCi/g. Cobalt-60 was identified
between 35 and 40 ft bgs. Europium-152/154 was found between 36 and 65 ft bgs and 85 and 95 ft bgs.

In well 299-W15-765, groundwater samples were collected during drilling and borehole and drill
cuttings were monitored regularly for organic vapors and radionuclide contaminants. The borehole was
geophysically logged with spectral gamma-ray and neutron moisture tools on September 28 and 29, 2001.
Cesium-137 was detected near the surface at 1.1 to 0.4 pCi/g. No other manmade radionuclide was
detected.
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1.0 Introduction

Two new Resource Conservation and Recovery Act (RCRA) groundwater monitoring wells were
installed at the single-shell tank farm Waste Management Area (WMA) TX-TY in August 2001 through
October 2001 in partial fulfillment of Tri-Party Agreement (Ecology 1996) milestone M-24-00M. The
well names are 299-W14-18 and 299-W15-765; the corresponding well numbers are C3396 and C3397,
respectively. Well 299-W14-18 is located east of the northern part of 241-TX tank farm and is a down-
gradient well replacing well 299-W14-2, which is dry. Well 299-W15-765 is an upgradient well, located
west of 241-TY tank farm, and replaces well 299-W15-12, which is dry. The locations of all wells in the
WMA TX-TY monitoring network are shown on Figure 1.

The original assessment monitoring plan for WMA TX-TY was issued in 1993 (Caggiano and Chou
1993). That plan was updated for the continued assessment at WMA TX-TY in 2001 (Hodges and Chou
2001). The updated plan provides justification for the new wells. The new wells were constructed to the
specifications and requirements described in Washington Administrative Code (WAC) 173-160 and
WAC 173-303, the updated assessment plan for WMA TX-TY (Hodges and Chou 2001), and the
description of work for well drilling and construction.'

This document compiles information on the drilling and construction, well development, pump
installation, and sediment sampling applicable to the installation of the two new wells. Appendix A
contains the Well Summary Sheets (as-built diagrams), the Well Construction Summary Reports, and the
geologist’s logs; Appendix B contains results of physical properties testing; and Appendix C contains
borehole geophysical logs. Additional documentation concerning well construction is on file with
Bechtel Hanford, Inc., Richland, Washington.

English units are used in this report because that is the system of units used by drillers to measure and

report depths and well construction details. To convert to metric units, multiply feet by 0.3048 to obtain
meters; multiply inches by 2.54 to obtain centimeters.

2.0 Well 299-W14-18

2.1 Drilling and Sampling

Well 299-W14-18 was drilled during August to October 2001 with a cable tool rig and core barrel
from the surface to 95 ft below ground surface (bgs) and cable tool rig and hard tool from 95 ft bgs to

" Letter from J. S. Fruchter (Pacific Northwest National Laboratory) to G. B. Mitchem (Bechtel Hanford
Inc.) Description of Work for Drilling of CY 2001 RCRA Groundwater Monitoring Wells, dated April 16,
2001.
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total depth of 261.5 ft bgs. Temporary 10-% in.-outside-diameter, carbon steel casing was used from the
surface to 68.6 ft bgs and 8 % in. temporary casing was used from the surface to total depth. Five feet of
bentonite and 30 gal of water were added to the borehole at 69 ft bgs (where casing was downsized) to
prevent spreading of contamination. An unknown amount of water was added to the borehole during hard
tool drilling.

The sediments encountered during drilling were predominantly sand, silty sand, and sandy gravel of
the Hanford formation from the surface to about 88 ft bgs; Plio-Pliestocene silty sand from about 88 to
112 ft bgs; and Ringold Formation sand, sandy silt, gravelly silt, silty gravel and sandy gravel from about
112 ft to total depth (261.5 ft bgs). The geologist’s log is included in Appendix A.

Grab samples for geologic description and archive were collected every 5 ft throughout the borehole.
Also, two split spoon samples were taken from 222.0 to 224.0 ft and from 255.0 to 257.0 ft bgs for
analysis of particle size distribution. Particle size distribution data are in Appendix B.

Two groundwater samples were collected during drilling. The samples were collected from the top of
the uppermost aquifer and at total depth. The samples were analyzed in the Pacific Northwest National
Laboratory at 3720 building using standard operating procedures. The samples were tested for anions,
specific conductivity, metals, pH, technetium-99, and uranium-238. All available analytical data are
given in Appendix B.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide
contaminants. Radiological contamination was found between 47 and 65 ft bgs.

The borehole was geophysically logged with spectral gamma-ray and neutron moisture tools on
September 25, 2001. Cesium-137 was identified at the surface and at 35 to 40 ft bgs with a maximum
concentration of 50 pCi/g. Cobalt-60 was also identified between 35 and 40 ft depth. Europium-152/154
was identified between a depth of 35 and 65 ft and 85 and 95 ft, with the maximum concentration of
about 100 pCi/g in both zones.

2.2 Well Completion

The permanent casing and screen were installed in well 299-W14-18 in November 2001. A 4-in.-
inner-diameter, stainless steel, wire wrap, 20 slot screen was set from 253.05 to 218.06 ft bgs. The
permanent casing is 4-in.-inner-diameter, stainless steel from 218.06 bgs to 2.0 ft above ground surface.
A 2-ft-long stainless steel sump is below the screen from a depth of 255.05 to 253.05 ft.

The filter pack is 10 to 20 mesh silica sand from 261.5 to 208.4 ft bgs. The annular seal is bentonite
pellets from 208.4 ft to 203.3 ft, granular bentonite from 203.3 ft to 10.5, and Portland cement grout from
10.5 ft bgs to the surface. A 4 ft by 4 ft by 6 in. concrete pad was placed around the well at the surface.
A protective casing with locking cap, four protective steel posts, and a brass marker stamped with the
well number were set into the concrete. The protective casing extends 2.48 ft above the concrete pad.
The Well Summary Sheet (as-built) and Well Construction Summary Report are included in Appendix A.



The vertical and horizontal coordinates of the well were surveyed in December 2001. The horizontal
position of the well was determined by Global Positioning System observations referenced to horizontal
control stations established by Rogers Surveying, Inc., Richland, Washington and the U.S. Army Corps of
Engineers. The coordinates are Washington Coordinate System, South Zone, NAD83(91) datum.

Vertical datum is NAVD 1988 and is based on existing benchmarks established by the U.S. Army Corps
of Engineers. Survey data are included in Table 1 and the survey data sheet is included in Appendix A.

Table 1. Survey Data for New Wells at Waste Management Area TX-TY

Well Name Easting (m) Northing (m) Elevation (m) Reference Point
299-W14-18 566897.47 136344.15 Center of casing
205.019 “X” on rim of casing
566897.44 136344.43 204.263 Brass cap
299-W15-765 566697.02 136373.06 Center of casing
205.299 Top of casing
566697.00 136373.39 204.505 Brass cap

2.3 Well Development and Pump Installation

Well 299-W14-18 was developed in November 2001. A temporary, 3 hp, submersible pump was
used to remove approximately 910 gal of formation water at 10 gpm with a drawdown of 20.3 ft and
600 gal at 5 gpm with drawdown of 19 ft. The pump intake was at 248 ft bgs and final turbidity was
1.23 NTU.

A dedicated submersible sampling pump was installed in well 299-W14-18 in November 2001. The

sampling pump intake is at 240.35 ft below top of casing (the casing extends 2.48 ft above the concrete
pad) or about 17.7 ft below the water table. Static water level was 220.17 bgs on November 8, 2001.

3.0 Well 299-W15-765

3.1 Drilling and Sampling

Well 299-W15-765 was drilled in September 2001 with an air rotary drill rig from the surface to a
total depth of 267 ft bgs. Temporary 10-in.-outside-diameter, carbon steel casing was used for the entire
depth. Unknown amounts of water were added to the borehole at 140 ft and 220 ft bgs to unplug the drill
bit.

The sediments encountered during drilling were dominantly sand, gravel, sandy gravel, and gravely
sand of the Hanford formation from the surface to about 93 ft bgs; Plio-Pliestocene silt and sandy silt
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from 93 ft to about 115 ft bgs; and Ringold Formation sand, sandy gravel, gravelly sand, and gravel from
115 ft to total depth (267 ft bgs). The geologist’s log is included in Appendix A.

Grab samples for geologic description and archive were collected every 5 ft throughout the borehole.
Also, two groundwater samples were collected during drilling. The samples were collected from the top
of the uppermost aquifer and at total depth. The samples were analyzed by the Pacific Northwest
National Laboratory using standard operating procedures. The samples were tested for anions, specific
conductivity, metals, pH, technetium-99, and uranium-238. All available analytical data are given in
Appendix B.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide con-
taminants. No contamination was found by field screening methods. The borehole was geophysically
logged with spectral gamma-ray and neutron moisture tools on September 28 and September 29, 2001.
Cesium-137 was identified from the surface to a depth of 6 ft. Cesium-137 concentrations ranged from
about 1.1 pCi/g at the surface to 0.4 pCi/g at 6 ft bgs.

3.2 Well Completion

The permanent casing and screen were installed in well 299-W15-765 in October 2001. A 4-in.-
inner-diameter, stainless steel, wire wrap, 20 slot screen was set from 255 ft to 220 ft bgs. The permanent
casing is 4-in.-inner-diameter, stainless steel from 220 ft bgs to 2.3 ft above ground surface.

The filter pack is 10 to 20 mesh silica sand from 265 ft to 209.5 ft bgs. The annular seal is bentonite
pellets from 209.5 to 204.8 ft, bentonite crumbles from 204.8 ft to 10.2 ft, and Portland cement from
10.2 ft bgs to the surface. A 4 ft by 4 ft by 6 in. concrete pad was placed around the well at the surface.
A 6-in. stainless steel protective casing with locking cap, four protective steel posts, and a brass marker
stamped with the well number were set into the concrete. The protective casing extends 2.61 ft above the
concrete pad. The Well Summary Sheet (as-built) and Well Construction Summary Report are included
in Appendix A.

The vertical and horizontal coordinates of the well were surveyed in December 2001. The horizontal
position of the well was determined by Global Positioning System observations referenced to horizontal
control stations established by Rogers Surveying, Inc., Richland, Washington and the U.S. Army Corps of
Engineers. The coordinates are Washington Coordinate System, South Zone, NAD83(91) datum. Verti-
cal datum is NAVD 1988 and is based on existing benchmarks established by the U.S. Army Corps of
Engineers. Survey data are included in Table 1 and the survey data sheet is included in Appendix A.

3.3 Well Development and Pump Installation

Well 299-W15-765 was developed in October 2001. A temporary, 3 hp, submersible pump was used
to remove ~2,250 gal of formation water. First, about 1,470 gal of water were removed from the well at
30 gal/min with a drawdown of about 4.7 ft. The pump intake was at 252.8 ft bgs. Second, about 780 gal
of water were removed at 30 gal/min with the pump intake at 237.8 ft bgs resulting in 4.3 ft of drawdown.
The final turbidity was 4.69 NTU.



A dedicated, Redi Flo-2 submersible sampling pump was installed in well 299-W15-765 in October
2001. The sampling pump intake is at 228.38 ft bgs (or about 7.9 ft below the water table). Static water
level was 220.51 ft bgs on October 31, 2001.
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WELL SURVEY DATA REPORT

ERC Project: 22192

Prepared By: Gary B. Wagner, P.L.S.
Company: Rogers Surveying, Inc.

Date Requested}| 11/19/01

Requestor:

Date of Survey: 12/05/01

Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone

Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work:

Civil sﬁrveying fpr eleven groundwater wells

in 200W & 200E Areas.

Horizontal Datum: NAD83(91)

Vertical Datum: NAVDSS

Units: Metric

Hanford Area Designation: 200W

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
HSWB-037 & GPS 31

Vertical Control Monuments:

HSWB-037 .
Well Name | Well ID | Easting Northing Elevation
299-W14-18 | C3396 566897.47 136344.15 Center of Casing
205.019 | “X” on Rim
566897.44 136344.43 204.263 | Brass Cap
Notes:

Surveyor Stateq:iient:

I, Gary B. Wagney,, a professional land surveyor
registered in the state of Washington (Registration
No. 30440), heredy certify that this report is based
on a field survey performed in December, 2001
under my direct sypervision and that the data
contained here isitrue and correct.

Certification Seal

BHI-EE-202 (09/98)
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- 3:::, - A |2 pal  surface, Casing
- 0.5 > %' i Silly SAND (wS) 18,1+ backora
- 75% Sasd, 25% S:ft. 20% v.cse- cse sﬂ:(;
- Yo%e med, 407, Fu-v. fn. 25Y4/2(dk groyrh 5"t Golfect gqrab
L — _;rf: brown) ﬁpis-}; mod) sorted, SA-Sk | 907 | sample for_archiye
- 4 basett/mafic, bode gfz/Yeld S1Ll-o«:3 rxn HC
- i ~ gradial sl decrease -
- 8'— 13" + SAND (S)
- 5% Sanch, Sk Selt lo: Archive sample
jo —[Archiye] Xk vese cs M V.
|9t 0YRS/2 (araysh _brown) ymaist , mod serds| € 8. al backoodes
- SA - Aungular s SS-607n ofe/Feld, Yo-45% fevels
- basa/t /o (C L m 28~ 2
- he rxo HAC! \ lSI'- Archive Sa
(5 —|Aechive 13~ 34" : Sendly GRAVEL [sG)] a8X: bac kgroue |
| 3reb 70 % Grave| 307 Sand, tr s/lt: oym [LEL <dete
- boRC )| tr large coblle, 20% sm. cob, 50 vcser
- M J%% cse 'pe‘I 30% med- . Ty ?‘L Sand 'precp
- ‘ot‘jo‘. e3¢ - med YR L2 (1t browon.sh gbqy\ s/
20 —|Arkive @2’ Im.a:'s{‘; Iocur‘\,.r J‘orf"etf'; Grave/ R- SR LD’_A_M_A_LL:_M
—| "Ik :C:D'“F 257 basalt, 75% srahx‘lic/?fm’[r J mak Y- ‘qckgrounco
- L : Size > 20 cwm ; It caloche coaling o
- o] Some grave | (*" Sf-rcM_g rxu}
25 —|Arche X sl tacreage w SMfE S 1‘!-- A 2s’: ﬁrc’u’yc Sam::’e
—| ~9rab b C}\rqye{ ~ Lol ’(-3.? : L‘!Céjrn.u&nf
- n’}p St decrease 4t tr
- TR0 e) Sand__predom. _Cse 2> %02 lasalt
Reported By: L.D toelker Reviewed By: Dc e ,ée_S‘
Title: Geolos s i Tite: (Geo[oorsT
Signature: ,@W% lDate: - 30-¢ ) | Signature: //#&1 ZM |Date: /g/é_?bl
- g 7

Q

-



BOREHOLE LOG

Page 2_of 4

Date: R-.=2m- 0O
wellD: C 339 lWell Name: 2Q9-‘\w/ j4~| & |location: SE  commer 24[-TY /2mw
Project: CY ol RPCRA  Drillina Reference Measuring Point: S pou hel ' Surfece

Sample SJampIe Description Comments:
D‘;f_‘h Type | Blows Gt’*ghic Group Name, Grain Size Distribution, Soil Classification, Color, &iﬁggf’:ﬁfﬁ;’c"g&Dgr'a’?gg
(Ft.)y N | Recovery S | Moisture Content, Sosﬂireg,‘ RAgggtlii:tzléﬂgleralogy, Max Particle San; g:g VJ:;'; feavrz::'ler
30 —[Hdics| Q"é\g L Cable #vl, C5
-9mé A .,’é . P
- oA Sanaﬁy GRAVEL (SG) somifak casing lo’/ff/?’/P
~|Drive ; fo above. 604 3mue/’ Yol Send
-| barre| At silt, Tr boulder /33’—75—2",—,9 207% | 30" Archive sampll
- : 4 cobble, Y0% v.cse-cse peb, 3O mecd,
35——:1;5',—";‘%?— [O7e v‘ﬂ fo_peb - Ln MM 35,1 Archive va[,._
- —Sharp contaced ~ a.8.): Lg:kgtzmd
- 34 > SanD (S)
- (00 % Sand, 4t s:lt. Sard predow |OVM[J1gL <dotecd
- med- ¢ se. (YR 5/3 arowh\, s/ hol'ﬂl;
4o — Ak fve modd) -+ toe {] Sor-%c:ﬁ; SA ; 75 % ofr /R, Y 4:-:/:'1;&1,19_
- “gmb 257 baseft fothes maf e, i e | :
- po__rxn HC)
- 36 silt ~5h
- H6': Sasd cse -v.cse | tr v. fn YY) qg%Amkwcé'::,mL sampl
45— BEHET basatt wp bo ~ 4037, #
- 4148~ RAD @ o
- " 6489 bovel =
- Sanp (S) o5 aboye A9 dpm
50— @No ﬂ.rc[/ve Sampids
- ~ Loeo 51 ~o.’ thek /Qy:r— of wif be coffected
- dpm silty sand, then back to Sanch| while AR rwodsy
- na 5 e
- -ne_alpha, anly fefe/
55— tammg
- Lovo SAND ( S) Simelar 1‘0 aboye
- 4 tou?s_sand, dr_sclt.
- predom wmed Jr¥ , wmod: well sneted
Reported By: L. DWW [Ker /Jﬂ/@amé’ Reviewed By: Tess Hodeing
Title: (ceoloa,/ st Tite: Quoleaist -
Signature: ,ﬁ Date: §-2/-0/ lDate: wilslat

BHI-EE-183 {12/97)

Signature: _Zu. W
4 /

A.6



BHI-EE-183 (12/97)

Page 3 of 7.
BOREHOLE LOG S ATY
Well ID: C 339 IWelI Name: 299~ Wi~ § Location: S€ carpey of 20/~ TY /zac W/
Project: cy '0 ] RCRA Drilliug Reference Measuring Point: Grou udd Surface
Sample 7 Sample Description Comments:
Dle:pth Type | Blows Grliaphic Group Name, Grain Size Distribution, Soil Classification, Color, M[)e‘:r‘:g:io;/li?;;:{géfoggifr;gg
(Ft) No. |Recovery 09 | Moisture Content Sogung, :ngutllant{, ﬂgeralogy. Max Particle Sampling Tool, Sampler
1z eaction fo Size, Water Level
bo — . SAND /S) Simcilar 74 above. Gable w[w/,, Heeodbed
- JP:OO oo ?e thcp’ tr sc/t breddom cse-med CS casrpg
- oo 'DYRS/Z /erv:;l. Aru) S/ palst  mmod - 1o ’/i"’()p/c[-%”lb
v 551
- Lpm welfl 5°l"7{"-'cp 54 Lo -70 7a ?1‘!/&{&0 we alphg - tu
¢ M4 N
- Jo-Yo7, J;aja £ /o#er me x| 1o rxp e3 ALY ‘Cfrr'nm'»g
65'— 453;: ;.,L,_—, '}v cﬂecrm—sc
- 64’ fr e [ /Fu .DC‘:\
- 8 4y arave] AI Pu- Fu pel) 69" 8% af
PR 2K - ~ !
- &ckjmq k cve
70 —[oechue
_ 5:m2|¢ T0 44 archive sampl e
- *, 0. 7@ backgsr
- sor .
75— [T e | 154+ archive senpld
- : o, P o backgh.
86 — Avchire él e ’O-c+ qu-c{m;-ﬂl StnP'Q
| Z2mele | vackyr o, @. 2 Lhaclesr.
- Small cut ¢ fillabuchures £5-37° o F vf grnd
85 —[Ankive A, B | send and 11t Donetenceed 2% Jnickness | 85 Aehwesameole
|2 e Saud o P el Blad o
budtﬁﬁ
- e Semdy St or Sty Sand . 264
- ’jz st 1sz=un4> SA-SR, Sundis f-medamd
Reported By: LD s lker f RF Raid| Reviewed BY:  Tess Hecking
s -
Title: (C—U{O’ql 5+ Title: c'le.olac i3 i
Signature: MM lﬁ?(&d&!Dat& 4 o(T o] |Signature: /&i W lDate: n/sia
/

A7



BHI-EE-183 (12/97)

Pagemi of 9
Well 1D C 33, |Wen Name: dA— )~ |8 |Location: SE (omer AH~TV Funtlirm 7@/
Project: ¢ y ol ﬁ Cha ,Dr//ﬂq'q Reference Measuring Point: 5?; et 5’_?}/;%66
Sample Sample Description Comments:
D'e:pth Tvoe | Blows Graphic | Group Name, Grain Size Distribution, Soil Classification, Color, MZ?E«%OEA(;E:;?:;PSME
(Ft) lﬁp Log | Moisture Content, Sorting, Angularity, Mineralogy, Max Particle : 9
o. |Recovery Size Reaction to HCI Sampling Tool, Sampler
! Size, Water Level
Ao~ ariz lrhd Fogm 885wy’ SandySut, 5% sand(yf-€|4bed dPo<
- . ) Belt . Unik | ~yelloy-bry Agﬁlmfgﬂ somple
- s o Ileabl 4 rx’
- 4o Hel. Becomes {-'gwmny pure sillz - mV-Jk “zpp @ 325 (7D
A5 — e | 520hrs : Mg X A<
- Fehved Frad mab.
- eud Shfe o5y |
e Begin " Hard Toaliag *
-~
{0 0—|arcuve | r2sohs. bkqg & BeX
—
- Aeehive + 3""\& Sﬂm’?le
‘05-— Arcye | i2sehe e ns' _.T"“'Q Cyrnvels . may size = s, 3nuw|t . Ek.j ¥ B ot
- ol ebill elasgilied o3 Q-»Jl S Arcbive + :’r-.l': Sm-\?l
’ 1 0 —{Ameniie | 1352 . -;' @ 1o ) Trace oaravel conignues - -Hnu:’k bke ¥ Bot
2 =
- ok oroysh mreseat do eheace Lithelaay Archive ¢ acely gampl
) 1 %} 7 ~ 1
- : c|u§§:4£;¢-¢.kun.
- uy - 120’ S:H«,. Send * T0% S  30% M
1} S [aratie | wiews. Sond _ fing - v.Fine , 3ub end - sub- ang. wefl sert H":, X B«
- et Lroma 'l'mnf -‘un‘iu;‘ ; Sit%  deceenses. Archive + _Sn.l, r-..-“.fe
- coloe Cwetd: 2SYR_ Y3 gkt browra
- Color (er\ : 1syp % pink
Reported By:WMé / Tess Hocking Reviewed By: L. Wellcer
o - ) -
Title: ﬁ /,G&loq-""‘ Title: 660{0 q;s“
Signature: Date: 12 /¢ /a1 Signature: ﬁ@ %

IDate: l-2~6/

A8



BHI-EE-183 (12/97)

A9

Page 5 of 9
BOREHOLE LOG Bl 55 e,
WelllD: ¢ 3349 |We|| Name: 299. wig-(g Location: S Qerner 241 - Tu Ta Teak Farm,
Project: CY-01 RERA DRILLING Reference Measuring Point:  £.ound Surflace
Sample Sample Description Comments:
Depth Graphic | roup Name, Grain Size Distribution, Soit Classification, Color, Depth of Casing, Drilling
(Ft) Type Blows Log © : . " N Method, Method of Driving
> N Moisture Content, Sorting, Angularity, Mineralogy, Max Particle :
0. | Recovery Size. Reaction o HCI Sampling Tool, Sampler
' Size, Water Leve!
120 ~—jARubivE | 1514k, {20 = IZS" Smo\\.’. LUt See abave Jtscri?{-ion; bk:‘ d Bt
- _(QS'/. M, 35% S\ Drehive J“\b !\m‘rlﬁ
|25 —[MEIvE | eamin. 125 ~ 145 Carowelly, Silb: 75% M 20% 6 S%S.[bkq 38 «
t H—
- SiH% jncreases  Goavel coyshad olve to Arclive & arwh Sample.
- “haed  Josling” Moy size = sm. aramyle , mod, Serl
J = !
- ¥ ﬂ:t\ll‘hl.a;i of goave ynknown ; Send % decrdases
—_ :-u-'H? Calor (\'N-f\ v 7.8 YR % dack brawn.
1950 —[axemvE 13iRACT. bka, J Bl
- Acchive + g_r-,b Lo ’.I-
135 —[EEmwe | wiors  |5EenEle s3s’ Graselly Silh: ISUM, 28% bky. 48«
2o
- Soance At ebove Yo sand. Qrelive + 3(«\ semale
140 —latoive =4 @, I40' Gra»r:,\l-:\, Siip: T8/, 25 '/é:; Serve 3 % Pyoh
- ad alove. Py 2 e
—_ o g .2
-
- Gt = S
oo
2.?_‘;‘__‘, \ . .
145 —|Avciwg | 1417 k0. :—:’_-_—,_ 145 - 155 Sildy, Gravel t Se%L M L FOL & . Lk_..’ } B
©~o-e !
- EEEE‘: ik % olecranses  gliaktly : Grravel % ingrempay ; | + {3 TYY
o6 -05.—: = ! ’
. ;5;?_-_-_:&“,.;',&;.,“ for beth ot Yo Same a3 ebaee,
- 6a02s :
el Al
og_—_o—
- B.e o2
Reported By: ... i, chiny Reviewed By: L.D. Wallker
Title: ¢ ulenicd Title: _6,_.0[05' ss 4
Signature: W-J-Q'" IDate: 0]t fo Signature: %@ M |Date: /-2 -0/
/ /




Page _b_ of §
BOREHOLE LOG Date! ;o - j1-a1
WelllD: ¢ 339¢ lWeIl Name: 2q4-\ai4-1g Localion: SE Guppar of  241- TyTy Farm
Project: RCRA  DRILLING Oy -0l : Reference Measuring Point: ¢y reund: Surface
Sample Sample Description Comments:
Diffztlh Type | Blows G'fg:'c Group Name, Grain Size Distribution, Soil Classification, Color, lvlljeiﬁct::iol'\n?:: ‘ijr:jgc.’fD [;I:g:gg
- No. |Recovery Moisture Content, Sogng. ggggtliantz'é ﬂlgleralogy, Max Particle Sampling Tool, Sampler
18, on Size, Water Level
S:E?r"' ' .
150 — [ERCINE| easzwn. |20 S¥@ y50 S‘“‘. Curavel : 0% M 40% G . ba. ¥ B
52050 : =
- ST, Silt % increa . Accive & gea
- a:;ga‘:i Y i 3 ule ingrafony : bazal}
0 '— 00| =7
3800 . : Y/
- - -lutr"u’d. droce wnlencwn. ;_Ca\or t T.ENR /o
- Q| yery dark amy.
o 'y ¥ - T
1S5 — we_| losThs. F o bke. ¥R
S J
- SIS = joo" CGreavelly Qilk: ISA M, 2S% G ; [ Acchive & grab sample |
- 2 Similar Yo lost siven deserindion (pa.5Y);
Tt 5, - ' T
- 5%, color: T.S YR % vty dork army. 3 mingenloa . ;
kel "ol 1 = Sy I o7
- %}h ‘: as sbove.
(20 ——| ARCWIVE | (Hotkint. '3':' —_ ke, X P ot
Do 0 6=1 o
-8 ’ .
- E‘g::.og 100 = 1bS Sil),, Geravel @ JOo% M, W% G . Acchive + qrab gample
- ;;E_—'i%.- Similar tv above éucri"kon. H nmtm\aa‘; H
- Q.é:%:g lo % izh brown
S O0ses
- S8 O
PO o = a—
1S —|ARCHIVE | ©813 ha. _Lg:. JBa
— : Aﬂ'—l\ivl + gqenb gample.
] 3 .
- ?{ and % ince v line | well gork » golar:
- ""T;g:_! 7.5 YR 36 vary derk ami n-‘-us(n;.l,: Sane af
- X, ‘: abeve.
110 ——[ameawe | it b, bka, Y Bw=
- o’ Goravelly Silk: TJo% M, 15% G, 15%5; [Ackive & qeab sasples.
- :jnwc.\ %. Ja.:r“u.; Sand % increcges |
3 Ly
- e ?_ﬂt‘righ-n * Mb«t(&‘e:,\i Hs some : eolor: S NR 1\
118 —Eane ] 13528, PR Sd by, ¥B
- =o.0] l Ciea To IS% &, 1S% S, el + qmb
6 '
- .J_j;p_mg_gs ebeye eolor: 7.5 YR h pinkish aray.
Reported BY:  Teee Veeks aq Reviewed By: L.D Wa lker
Title: C-lgolo q(s“- Title: g&o /D'Q i3 7{
|Date: wlisia Signature: %@' M IDate: H-2-0/

BHI-EE-

Signature: b: MQ,.
4 /

183 (12/97)
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Page 7_of 9
BOREHOLE LOG ) Date: - 5 -e1
WelllD: 339, \Well Name: zqq - wig-18 Location: SE (. ner of ZU4l~TxT. Form,
-
Project.  RerA  DRILLING CY -oi Reference Measuring Point: Girgund Sorace
Sample Sample Description Comments:
Déf_t)h Type | Blows G'fggic Group Name, Grain Size Distribution, Soil Classification, Color, Miﬁaohif:ézgéfggagg
. No. |Recovery Moisture Content, Sons‘t_mg, éng;l_antilé I;_Allaeralogy, Max Particle Sampling Tool, Sampier
1ze, Reaction Size, Water Level
180 — [ERCHE ] omatis. (RO jgo’  Gravell, Sifh: TO% M, Zo% G, 10%S; lbky ¥ B
- ) Colom: JO YR r/Z :r-..,.hlu brown. Arhive * JmL s-ur‘u
185 —[ABcuiug | 1230 [ (85 Geavell, Silt : To% M 20% S, 10%4G; blg. ¥ 8 w
A [ M
- 7 Jeolor 1 same os obeve : Guravel smax gie = Arclive + PTY samples.
- i Sm.  cobble. - mhur-.\-j ! same a3 before,
190 — UE | 1424 . 190 = Zoo' S..\J.\F Sk SS% M 40% S,.5% &, bks IE ok
- d S ceages » Sangd v ine = Gine | vowell Archive & 3:\; Y [lo.:
- rn.vl.‘ 7 decrtanses mous
- aranvie mod, Secd, . mineralsayt
) -~
%
- ot obeve : cColor: joYR /32 brewn.
195 — [ARcRuE | bke. ¥ B
rJ
- Arehive * :m\: SAM&
200 — [FECRIE | (608 . d 200 - 205 C'u-n.ua.l\\‘. s..\.l.'. S SS% M bla. ¥y Ben
- l2s% S, 10% ‘G\ - Sitk the Same ;. Sond % | Aechive grmb Saeples
- e  sam %
- neréases mineraleagy ¢ basall r qiu-\r“lc'k N ound
- ) -‘u.r-\-z '(.'!“?“ and s-f'n.n-Lluc -Iv-uc\ meon
205 - [ARCHE | 1150 hes. ol Size = ':- 3ra...h ang. - t_uu%_'_ colar b\t‘q’- ¥YBea
— | Samt o3 abaye Previve .* 3:;5 M‘k‘—s‘
- PIER
Reported BY:  Tess ook ing Reviewed By: LD, Wa lfer
-
Title: C‘!&nloa igd Tite: @0/091'57‘
Signature: lDate: to/1e ler | Signature: /:9 |Dat6= H-5-09)

BHI-EE-183 (12/97)
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BOREHOLE LOG

Page 8 of 9.

Date: 45 - 1o =01

Well ID: 2390

lWeIl Name: zaq.- 14 - I8

Location: SE @erner of

24t - TuTy Tank Farm.

Project: RewA pRILLING

Cy-01 Reference Measuring Point: @aund Serfece
Sample Sample Description Comments:
T | Ty | Biows | S| o Name cri Stz ltioutor S lasefcaton, Sl | s, ethod o Drung
0. jRecovery Size. Reaction to HCI Samplmg Tool, Sampler
' Size, Water Level
210 — [ARERRE] 14w, gizos =210’ Silly Cravel : LO% M, 3S% 6, S lbky. Y Bt
- SMH% inereases.: Ciravel % incceeses Brchive + amh sample
- me o5 obeve, mindralogy’ besall quachiile,
- . :nmtk. (race _'.Itu?n.r\; Sand %
- Som@ o5 obwe : color: Same as
215 —[ARCHVE | 1047 hn. I-_,h:_ YB=
- _ Archive + gomb n#lg,
- pioydlz10- 215" Sandy Silk: Go% M, 3S% S, SUG,
- SRSl S14%  Hhe same; Graval and Sand %5 Elip-
St . .
- Y :é...é_?oé £|-; . CGrovel Same a5 before : Sand same Gl = 214.25 bgc
220 — [ARCRIVE | 1927 hes, _';'_T‘-;“ os belece . some caler bla. Y B ot
- ot i Archive & omb saaple.
N TR T 'f:-’i'" 3 215 ~ 220" (—‘w.v._\\\]. Sy : eS% M, Z2Z5% §,10%
- r SiM% incrganer . Send % decreages |, bks. yBe
—|eete L I1780ks. t same as  beloa . Gravel % increazes lidspean San #
225 —[EEEGE] woei . (R - A ang , ma . s puissealogy: [bba. Y B ot
- e Iy - cante . ue %_ba | Archive & gomb semple |
- ‘:':., % M Color @ Seme oy aboye
- _' 220 - 285 Gravelly Sandy Silh: Go% m, 3%,
230 —ARCHVE] 1041 hes. : 10% G ; Si\% decceases . Sand % jncreases él:: JBx
- ol Hi_& same o3 bolere ; ﬁnu\ Yo Tame, Archive + b sample
- LM mineralony: arartzile, barall quarks | aradile,
- o Serpantine.
23S — [EETRRE ] 132 e -“-:e 230 mintr—-\csgl'- quartrile, avactz, basalt ‘o\::’. ¥B o
— 3 Archive *‘ J.mL_L‘:lﬁlL_
- 7 235 - 240" Giravell, SiM: Go% M, Zo% S, zok
- G SiHY sheos Y tame s Send% decreases
- e - v bine | we wett sad, : Geavel % inereases,
Reported By:  —r_.. Hocking Reviewed By: LoD e e o
Title: Gglu‘}is“' Title: Geo /Oﬁrlbit

Signature: 4 =/ Y e B
7

l Date: /o186 Signature:

P 4

|Date: H-5-0]

BHI-EE-183 (12/97)



BHI-EE-183 (12/97)

A.13

Page 9 of T
BOREHOLE LOG 5 o 15 oo
WelllD: ¢339 |well Name: 2a1q - vay - 18 Location: $€ Cornes of 241-TyTy Tank Parm,
Project: Rega DRiLLING  CY -0l i Reference Measuring Point: Cirognd Durface
Sample Sample Description Comments:
Depth Graphic . I . e Depth of Casing, Drilling
(L) Type Blows Log Grqup Name, Grain Sl;e Dlstnbutu?n, Sqﬂ Classification, Co]or. Method, Method of Driving
Moisture Content, Sorting, Angularity, Mineralogy, Max Particle :
No. | Recovery Size. Reaction to HC! Sampling Tool, Sampler
! o Size, Water Level
£o3 .
240 ~— [IEFEmE | e M [FHEEERN 23¢ (cont'd) ) may size: la. ara by, ¥ Bot
- A ingrols A o4 baga il yniper Prebive & 3".\. a.q:le
17}
- L oned  sarpenbing, ane, - sa_}:,.\:’ . golar : TEYR h
-— Ty ?;nk!sl\ ardy,
— } P
L 2 T
245 — [ARCHIVE | o848k, [RSEMIEN 3 o — 261, :Cm..\\.' Sendy  Sil} : Go% H  2%S,10% | bke. JB
- aboye d Archive & srnh &Flg
- si T bple colog : samq a9
250 —[Frare ] \IKo s (3 24s’ C-\ro.udh: Sq..al Silk: se% M. 75%%, 25%! Aahwe -gm Sy 1
- P G ar;gc.l size = md. amggc } m;ncr'-\las\,ﬂ !
3 5,
- ¥ j;uﬂr*t;k‘r quartz , bagell ; golor: 7.8 YR ;3
- % broawa,
- i
255 —[mnic_] '328 Arthwr_‘?jmb +Ss
260 —[oRve | 15 12 fivdnive ranb gy
- Tp= 2p[.5"
- W &
265 —
Reportsd By: Toos Hoek Ing [ e Trie ReviewedBy: L. 0.l [ Kepr
Tie:  Gieo log st . Tile: Leologis+
J
Signature: 4. 2/ ‘é/;/e-é"-ﬁ. |Dala: fialer  |Slonature:  ZZF M |Date: H-5-81
{



Start Date: TO=T=OT 50\ Q\J

WELL CONSTRUCTION SUMMARY REPORT Finish Date: jo-d-o1 (oo

=

-

Page _| of _\

Well Name: 30q-315 145 (‘%ﬁ) WellNo: .3y 349

— oo X-SP- ;
Specification No.: © 250 X-5F lRev. No: ©

ECNs: o\ @ \ Start cord T ROBIRIL Approximate Location: \wee e side ©% TX ~TY
Project: ¢ § o ¢ fenf Ocilling Other Companies: MaCYEL v T

Drilling Company: @ e sonant Soniec -?_\n o Geologist(s): T. Herling , T.m. Fawrate, C.Trloe,
Driller: v * 9. <. ae i N

Interval Shoe O.DA.D. {Auger DiameterFrom _____ to ___ |
10" Theeaded Carbon Sheell 0 - 265 L] o %" / 10" |Cable Took DiameterFrom______ to
. G Air Rotary: ¥ 0" Diameter From __ o' to 2eSw
- AR, wiSonic: DiameterFrom______ to _(Swp
- DiameterFrom__  to _ |
| DiameterFrom ______ to _ |
*indicate Welded (W) - Flush Joint (FJ) Coupled (C} & Thread Design DiameterFrom _____ to _ |

27” & S [orling Fluid: X5 Pen Ay

Total Drilled Depth: -+, |Hole Dia @ TD: & " 15% |Total Amt. Of Water Added During Drllng: _pretoousts 1) 13
Well Straightness gmutts: PASSED wsing o 20.4° " | static Water Level: 2%, 8 ,hs Date: gja7 for

oI5 R dlevrnos's oot 1T GEQPHYSICAL LOGGING
Sondes (type) Interval Date

Sondes (type) Interval Date

SizeWt./Material Depth Thread g::: Type : Mnu:f’;szv":l:'.rp“k Volume ’;?::
- Iba o::nacaq“'...-f"&:' 330" 270" f.’fg‘%o = Colarade 10-10 mesh silica sand 2@S - 209.5 49958 | 1o-20
4y Souen sygedr o 220 - 258" [SABT L 00’ | " Bealonle paleds 209.5 - 2048 lpugpi®| My
U Ib ss 204 Suen _Zis_'_ﬂ.fﬁ - Benbonide crumbles 2048 - 192 |ipg 55t} |8 —20
' = Portland cament o3 _-_o |ywsp’| -

T i OTHER ACTIVITIE e
Aquier Test oo\ Aesysloevmevt, {bate:N} 3olot |Well Abandoned: {ves:  INo:
Description:u,{“q“ 2¥Me suorecrsible pure wlintale seT Description:

z.2” 3 Y, 0 3 o

wd QI 1 . s/ .

4
droawdown o 4,399

Date;
Washington State Plane Coordinates:

Protective Casing Elevation:

Brass Cap Elevation:

TR

MAl

phhier

Fboas silice sard s 4 so™ Vet T vsed  \SD  SOT Y
trumbles used: § 94 bags opetlond c

Reported By To.c MQCL:D\J

as

et wood)

Reviewed By: € wouvares o rtinez,
Title: C-\eolaj-‘;_{ o~ [Date: 104 o ﬂﬂe:%tb\og‘ist . lDate:\.\\o‘llN
Signature: 7., q Signature: ¢ O-p w00 Ao Tang
7 SAN

BHI-EE-181 (12/97)



WELL SUMMARY SHEET

Page_]| of %

Date: jo-y-0)

WellID: ¢ 3304

Well Name: 3aa-uoi1g =65

BHI-EE-189 (12/97)

A.15

Location: LoesT Side of TX-TY Project: cyot nerA Deilling
-t
Prepared BY:  Jess Moding ‘Date: 1o /4[n Reviewed By: 7) (i y/e lDate: /0//5/0/
N 4 °
Signature: A Signature: M
4
CONS'I/RUCTION DATA GEOLOGIC/HYDROLOGIC DATA
Depth in X
Description Diagram Feet Gfg ghlc Lithologic Description
) i 0-2'  Deill Pad
a =
4_Tb 85 3edi  Risem E’” ,%, : 2-5' G\rn.ue\\\’p Sand [35]
[ 7] i -2 O 1
+3.307 —> 270 bos ':,:r E} 5“ : il 5-25 S...\A\’, Grasel [56] _
B 7 > 1
£s 3eqdl. C.ero! :I,:lr :“’:, 25-30 C-.\uwn_\ [Gl
" N ! IHHI
4 TD Cowt. wiimg WeAP Scpeen T A 30-35" Silky Cravel Im&]
[ 1if /
2264 255 vus iy 5 ;j : 4o 35 - 40 Slidhtly SiH Grave lly Sa.‘a[c-#gs
e = pirif I\ IHH ; ™ aanny | i
Aty ehnt f4o-9az" Sand [S]
25t "’ it 3]
4'Tp  s93eui _sump :::/ ;':;£
255 by > 2571 bys i prss
:, Y ! ’; '
ird! ' / : I:
I I
C,g\oro.:.lo 16-20 _megh silice  gand " :; l,' I,:Ef 8o
, r ’ ]
265.6 by v 209.5 ' by ”:,l ’,,’;' - 192-93  Sildy Send twsd
7 , P A ’, A -+ ; 7
kARt A a3-jos_ Sitd [mi
[ 1 i i
4 Bankonile Pelleds ! : ; ' ;l;’, oS =110 Graue“\f Silt r_aM]
. t ’ {
209.5 'y, —» 204.8 bs. S 14! j::’, we - ' Sandy Sild Tsml
i H] i
1hul f;ﬂ; 120 217~ 120" Sand L8]
{ t 7
i it
Bantanile  8-20 sesh _crombles Jr, ;'; I:’,: - 120 - fzsl S'\'\A\; Sty ESM]
. 13,8 1Y s
2048 pas > 10.2 bey il iiins - s -1z’ st [ml
B = 133y ris
! iy - i3o- 135" Sand [ 8]
1 I >, [
Parkland Cament )i I iy - 135 - 136 Sil-h’.- Cravel Tma]
} - ti it i : ‘
16.2 bes —> o ,' ' ; Al jwo — ~ 146 Gravel [ 6]
d
i ' (3]
1y iy
A [
i !
/
/ ; h
y !
' 1
/ § 1]
[ |51 - 1O Cﬁrau!l [C‘Il
X
1o - 170" Sandy Girave l (sal
)
NOTE: ALl TEMP. CASING 110 = 115" Gravel L &]
REMONED FRoM GROUNY 3
NOoT To =cALE



Page 2 of 2
WELL SUMMARY SHEET Date: 4o- 4-o1
Well 1D: €3397 WellName:  za4. Wi15- 765
Location: west side of 241 Te, Ty Faem. Projectt  Re¢rA briceine Ey-oi
Prepared By: Tees Uoeling Date: jafy/fa) ' Reviewed By: D Qééée,égg‘ lDa\e_: /0/6/0/
Signature: 4 W Signature: o
©  CONSTRUCTION DATA GEOLOGIC/HYDROLOGIC DATA
g Depthin
Description Diagram Feet Grg}ghic Lithologic Description

NoTE: Aty TEMP. CASING

ONED  FRoM GRoUML

//o/e'm‘/\s Lrom

Ground_surface s feef-

NoY TO ScALE

80

145 - zeo SMA‘}, Gravel [ s641

700~ 220 Sitky Greve ) [mG]
220~ 230" Sitry Sandy Grase ) [msta]
236-235 Crrave ) J[.C—\]
235-246" Silhy Geavel [ma]
240 - 280" Silly Sendy Crave[ms6]
2s6- 255" Qravet (&1

25 - 265" Sendy, Gravel [5G

A f
Th = 266" b_',“
SWL = 219.8 bas (ﬁh.'rlaa\‘

BHI-EE-189 (12/97)
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WELL SURVEY DATA REPORT

ERC Project: 22192

Prepared By: Gary B. Wagner, P.L.S.
Company: Rogers Surveying, Inc.

Date Requested: 11/19/01

Requestor:

Date of Survey: 12/05/01

Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone

Survey Co. Point of Contact:
Gary B. Wagner, P.L.S,

Description of Work:

Civil surveying for eleven groundwater wells
in 200W & 200E:Areas.

Horizontal Datum: NAD83(91)

Vertical Datum: NAVDSS8

Units: Metric

Hanford Area Designation: 200W

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
HSWB-0317 & GPS 31

Vertical Control Monuments:

HSWB-037 ;
Well Name ‘Well ID | Easting Northing Elevation
2909-W15-765 | C3397 | 566697.02 136373.06 Center of Casing
} 205299 | “X” on Rim
566697.00 136373.39 204.505 | Brass Cap
Notes:

Surveyor Statement:

I, Gary B. Wagnen, a professional land surveyor
regisiered in the state of Washingion (Registration
No. 30440), hereby certify that this report is based
on a field survey performed in December, 2001
under my direct syypervision and that the data
contained here is true and correct.

Certification Seal

BHI-EE-202 (09/98)
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BHI-EE-183 (12/97)

A.18

Signature: L9 g -‘(V\Q'J;t'u‘:&

Page _1 of 9
BOREHOLE LOG Date: q-iq.0
WellID: 3309 |Well Name: z249- 1515 - Jbg Location: wesr side of Tu, Ty Farm
Project:  pepa DRI W . F‘:, — a1 Reference Measuring Point: Grround Sulace
Sample @ Sample Description Comments:
Depth Tyoe | Blows Graphic Group Name, Grain 8ize Distribution, Soil Classification, Color, MZ?&Z%E?:&%PS:&?{?
{F1) yp Log Moisture Content, Sorting, Angularity, Mineralogy, Max Pamcle : 9
No. | Recovery Si Sampling Tool, Sampler
ize, Reaction to HCI Size, Water Level
b3
6 — % N/A 0-2"' Dr:l\]nj Pad Aiy ﬁo#wy LSy
- ™ Yeoiepne Wit
- 2:S"  Geavelly Sead : 80% S, 15%6  s%M{EON
- Send s well soidd. | guh, mne. |, mey dize s mred:
- i Graval s ang. - ead. mcs'H}. cronhed bucafb
§  —[AEavE ey Sige = ebble = sm. cable ; sil %_is low,
- 5-25’ Sandy Gravel : Go% G, 35% 5, 5% M,
- | Gravel He some + Send med.—.c.-..c; silt
- : ‘Hne Samé.
10 —[ARtE
IS —[BRchwE 15" Gravel s 70% _and Send ix 30%
- el {med. - v. Ceqrsn) . botl -:wj. - sl
s somaL: Gmuz[.
20 —[AECuVE °1® 20" Grovel 15 86% anel  Send is 20%;
- o. Gravel shilt the semp : Dand v coarse . ang. —
O ’ +ang.
- S shil\ 5:“;{7 Gravel.
— { @ 2z’ CGiravel e same buol smaller,
2§ ——[ARCHIVE & max size = med. ':0.\1\)‘:,- Send tee same :
- frace il
- QR0 26 - 30°  Grravel : Go% &, P% S |
0608
— \ %10306"0 Descrirl-ims the same:  J
.|Reported By: Tess Hoc(cr‘nj Reviewed By: Chartane Yardine v
Title: C"TQO/Oq;SJ— Title: ¢, m(s%‘.st
7
Signature: g~ 7, J ) — IDatei a1/ |Da'91 wleglo,
4 /




BOREHOLE LOG

Page Z_of 9§

Date: q.1q-0)

well ID: ¢ 3397 lWeII_I*ja'me: 299- WS- 70L5. . . |location: . \JEsT Side of Rudd-eTx o Fog - cosp
Project ReCRA DRILING ¢ KY-O Reference Measuring Point: G pyad Sucface
Sample Sample Description Comments:
U0 | e | o | OCEy| G o, oS viuin et Otsin, St | o
No. |Recovery Size, Reaction to HCI Samphng Tool, Sampler
Size, Water Level
36 — v&mlw?; N/A E;éf;_{go) 30- 35" S.‘l-‘r}. Geevel @ 15% G 2S% M ; Air Ral—ar\i_ wsina
- 'g?-e-o%: Curavel max_size 2 md. = sm. .pq_lahla pSub. any. = +elen it
- 503(2_5—;; sub. eed. , mestly croshed basall "/ seme mived otz
- 5os2 = Silt % hishee - dve bo injected HiO i
- 3 salersted do wiscous wmud.
35 —[REthwE a .
- 35-do’  Slightly S} Gravelly Sand : b0% S,
- 30% G , le%n : Lane y. fine v. well sar, |
- cad. - sub. cad. ; Gieaved sob. rad. - Ang. | e
- “size s sw. pebble , shill meshly grushe basall;
4o ——[preuive | St % down.
- :@ 37" Sand coarse = v, coarss , pesr seck:
- (S5% S 30% & , 15% M) = sk Stighly
= Silf quJ? Send.
HS —{PRCANE
- 4o 92 Sand 1 8% S, 0% G, SK M ;
- : Sand  y. coarse = v. fine v, well sech, i Grovel
- .';:' sl _sm. ’pf.\:He L osilt % lower.
o —[pechvE
55 —[ARAWE
- v
Reported By: 7.5 uﬁ_ld“j Reviewed BY! ¢ 1\ o Ve “ar eslivre 2,
Title: Crealogish a Title: G{O\Oq\“\.‘bt
Signature: L 'Date: 4fi9fe1  |Signature: QMMM:\ IDate:\\Du\m
/

BHI-EE-183 (12/97)
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BOREHOLE LOG

Page .3 of 9_

{F1) Type Blows Log
No. |[Recovery

Date: 9-/9-e)
Well I0: ¢ 3397 IWe” Name: zaq- wis - 165 Location: wWesT Side of 241- Ta, T,
Project: pepn DRILLING ©XY -0t Reference Measuring Point: fcquned Surluce
Sample Sample Description Comments:
Depth Graphic Depth of Casing, Drilling

Group Name, Grain Size Distribution, Soil Classification, Color,
Moisture Content, Sorting, Angularity, Mineralogy, Max Particle
Size, Reaction to HCI ’

Method, Methaod of Driving
Sampling Tool, Sampler
Size, Water Level

€ s’ Sond  Line -~ med. v, el sorl .

Ale
o — RCHIVE Nlﬂ P @0' Sﬂme‘l v well serl. . rael. -;v'-u— Al'( RE‘LB\P\II
- v.fine ( 100% 5\ us‘-n;{"‘l“unt Lit
6s — REMVE

sub. _rnd. - sub. A-\:'. ('OO% 53

70 ——Tau Cihiv

T8 —[RRE

@ 75"  Trace acenules (as% 5, 5% &)

8o . [anchive

85 ——l AReulvp

@ 85' Sand fine = v.fine (100% 8)

_ A

Reported BY:  Toge Ioekiag
g

Reviewed BY! ¢\ o\ via WAool e T

THe:  Gieolegist

Tme;G-‘La\uc“‘. 5T

Signature: l:)u., /I q————"
i’ /

BHI-EE-183 (12/97)

1Date: 9]z ]a  [Signature: o o R e Date! \yW\oL\g

A.20
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Page _Y_of 9
BOREHOLE LOG Date: q.2-01
WellD:  c3399 ‘We"Nam33 Zaa- WIS~ 7oy Localion: wWEST side of 2di- Tu, T,
Project  pepa bR A t_%‘:y.m Reference Measuring Point: Q.. ,cd  Surfoce
Sample Sample Description Comments:
Df;__‘:‘lh Type | Blows Grfggic Group Name, Grain Size Distribution, Scil Classification, Coler, &ﬁaohﬁ;g&g&? S:Lr:gg
. No. |Recovery Moisture Content, Sog:lng, sngutliantyt(, I;Aqlgleralogy, Max Particle Sampling Tool, Sampler
128, Reaction lo Size, Water Level
ATE ;
%o —fEmmE] Mg e % Sand iz fine- v.line |, some AR RomR Y
- mice chips ‘n.—esu" (ﬂs’/. S, 5% H) - wsing bz
- Sl’l“ Sﬁntj
- 92 - 3" Silly, Sand: 0% S 25%U M,
T
98 —-lARCHIVE ] S% & Sand  w.fine wivell soek. | rad |
- <% \ni‘}ku Trage Girovel arenules.
- 93 ~ jo5°  Silk l0o% M, st %
- Neey \m:jh - Mo SAND Mo GeaAvey PRESENT
100 ~—— [ BECH
- @ ' l:. grnnu(ts appeal
- o~ (5% M 5% &)
°o. 2o
_ puni )
- o]
2855
- -_—Qw— 4
3Zemy ;
to§ — {AFCHE =% Hes - no” Creavelly, SiM : 8S% M, ISZG,
on-: '.
- o -, St % ebill gohiab Gerovel  may aize =
o .20 S
- BT e pebble rad. well serd, wno saup
_ 2 _eo
oTe T PRESENT
— _0'5 :_—;
po — [BizENE 1 o= 7' Sendy SiW P PU M Z5%S S%
: } *
- ; G_;  SW% dm??i.-.:) bl skl “‘5\".‘
- Sond  w fine Sm:'».o_af —well <orted ] rad.
- Gerovel max sixe _sm. 3mm;[e rnd, | well
- sork.
NS —ACHIVE ]
' ' S Qo. iu‘/
- 117 -izo Sand : BE% S 45;“- H
- Send c:n( - v-c:-\t. rad- . v well socd. ;
- Silt % fews. Mo gRaveL  PREENT
- \ :
Reported By: ¥, ess l—"aclc.‘-:j Reviewed By: S\avteno warctingz.
Title: Geoloj a'S'[' Title: G'?.o Loa“.st
Signature: 4, ﬂ [ 2 |Date:q/¢.}.. Signature: ¢ g 0.0 ¢ Area¥) Date: g\ oy \er)
- 7 /




BOREHOLE LOG 4 Page 5 of 9

Date: 4 .24.01

welllD: ¢339 \Well Name: 244- Wis- 765 Location: w&sT Side of 2¢1-Twe T,
, ) : . ’
Project  pepg bRl NG & V-0l Reference Measuring Point: @, ol Surface
Sample Sample Description Comments:
Depth Graphic | Group Name, Grain Size Distribution, Soil Classification, Color, | DeP,of Casing, Drling
(FL) Type Blows Log Moisture Content, Sorting, Angularity, Mineralogy, Max Particle Method, Method of Driving
No. |Recovery ' Sizg'RQS:ti?)?\nt’é HCl 0¥ Sampling Tool, Sampler

Size, Water Level

e ——3%: N/A

2o = 128" Sandy, SiM: Tok M 30%3D AR _ROTARY

Similor Yo abosve dzscri?\—isn

using vt cone bz

125 =120 S+ 4S5 M, S%S

i o abav eseciotan | Send \!-(—?ne'

128 — i

v well su"' o Some Mica ?rzsw’i‘.

[}
130 — [ HELHwE 130135 Sand * 95% S, S% M

Sand  rmed, - coarse med. Sorl sub. rad. —

Sub. ors mico ¥ flabes of _P\:rn'le PFC{!.’I‘)L"

SV % . low.

V35— [AEZH

1135- 136" Silky Giavel @ 5% G, 25% M,

c‘\ﬂ.vl—‘ mox  Si2@ = ’q. qrn\vll - %m. .ptbblt "
S

s0b. end. = Sub. ang, mod. serk. i Silt %

incréadivng.
o

ol

4o —[ARCHIVE ;,:-% 136 "J'-IO' Gravel 10o% & - Gravel
g
- cé‘u may  sizg © med, pebble Sub. ans. - Sna,
e — t s} 3
- o‘,‘ ?oor\y saed.  — mosH.’. arushed bagald
- inler mived ?h. and -Ca-le'ua.u.
WS —[azcing “olivo = 150" Send,, Grrave| : I5% &, 25% 3 ;
) T !
- 4 Cnra.ul.\ oy Size T la. aranvle Sub. Ang. —
. 35 + )
- Pk ang. , poor serd. =  crushed baszat}
= ] Qe v concse —Poec cert . 3B ane. =
- A v, . Black in color.
Reported By: Tess heling Reviewed BY: ¢ vio o, "o etine 2
—
Title:

G es ’:’q st Title: G, oo n“. T
Signature: 4, L/ o JEate: elatler  |Signatureley 00 o o IDate: wWoulos
. /7

-,

BHI-EE-183 (12/97)
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BHI-EE-183 (12/07)

A.23

Page © O1 9
BOREHOLE LOG TP
Well ID: ¢ 2397 |well Name: 0. 1315 - 205 location: \yesT Side of ZHI-Te T
Project acrA dRuLLiNG  CRy-ol Reference Measuring Paint: @ roupd Surface
Sample Samptle Description Comments:
Depth Graphic | Group Name, Grain Size Distribution, Soll Classification, Color, Depth of Casing, Drilling
(Ft.} Type Blows Log . " . p . Method, Method of Driving
Moisture Content, Sorting, Angularity, Mineralogy, Max Particle .
No. |Recovery Size. Reaction 10 HCI Sampling Tool, Sampler
1ze, keaction to Size, Water Level
150 ——IAReiive | /A 150 - i1’ G,,Mdl\', S:IL\‘, Sand : S5%S Z5%M, s A, R,LMT
- 1 70% G N Sand g fine, v well sock sub, fra. vxsir\:: tdlcane bit
- b, rmd. Sitt % inereaginag '.G\f-w:.l su). q-j, -
- sub rnd. bl b heasall mex 3ize T 3m. ';&bb_“.
- med.  sort
1SS —|Agenmive
- o 15t = (S5 Cuevel ¢ 400% & . Siallae
b +9 IQS‘ 3"\,'” .:'c{cr-'?l-l'on.
- 155 - 157 Chravelly Sandy Silt: So% M,
10 =—|feihive == 30% S 20% & Silt%  increases sroisbure
- l:“vm'p,',‘j ?N_;o.y”t . Sand med. mod. sork . rud. :
- Grave] Hie  same.
- 157 <10 Crravel @ 100% €4 ;  Similer Yo
1S —— AR last qiven Jr_sc-:.leo-\-
— A l‘l.O' Sﬂnr\ulv-,; Grevel ¢ s6% G S0%S ;
- . C—mwe.] ana- Moy iz = ;r_—pgg.hh]g R beie il
- : c?h. . f—eus;».rs -crushaed ; Send Sine o med.
170 — ARcpwE 2 mod <ok b, a.\a. - &ub « rnd.
; B
— 170 = 15 Giravel @ no% G Stmilar do
- las} given Af-séri?ln'lﬂ may 3ize = sm. mebble.
[
- goooo%ﬁ
]
175 e AR e HIE %_%oﬂg- 1s - i1go S;lL'. Crrevel = 75% &, Zo% M
- °-°?3°_..Q 5% S : Swilar Yo lasd ajyen
O5hel . ' -
- —'.F"“(). desf_dpl—ipn moisbure  olumoing.,
5 ’ v
- \ e 179 (70% &, 20% M 10% §) -
Reported By: Tess  Hoeleing Reviewed BY: & \~no vvayva Wrosiine
—
Title: C-:ealaJ-‘s+ Tme:%-«.n\ac-;\‘ls‘c'
Signature: , lDate: 9fai]or  |Signature: oy Qe s e = I IDate: I T
7




‘ -
BOREHOLE LOG Poge L

Date: G-2¢4-0}

Well ID: ¢3357 \Well Name: - a5 - WIS - 765 Location: \ygsT SivE 241 - T¥, Ty Farm
Project:  pera  mrictine chv-ol Reference Measuring Point: €, pund Sorlace
Sample Sample Description Comments:
Depth Graphic A - . e Depth of Casing, Drilling
Fi Type Blows Log Grqup Name, Grain Sn;e D|stnbuuqn. Sqnl Classification, quor. Method, Methad of Driving
(Ft) N Moisture Content, Sorting, Angularity, Mineralogy, Max Particle :
0. |Recovery Size, Reaction to HCI Sampling Tool, Sampler

Size, Water Level

-8
180 ——[ARCHIVE N/A

180 — IQS‘ C’\faue.\\“. Send : 80% S, 2096 .| Conlinve A Ratary
7

Sond  finer v.line v well sard | syt rnd - Drilking. wsine
" ~J

. 3
Svb. LN color = 2. YR A dack redeish l;r\-.u\.-r tricome Wil
mesty
17
7

Crnvel may size = md - Jo arenule
-~ o

cevabed basell “some unbnowns mices in

185 ——lARchive

sub. eng - cn.

190 ~—|ARWIVE

@ 191" cobbings pub
- )

in barrels,
t
- 195 - 200 Sandy Gravel: 70% G, 25% S
195 —[Azcwrve Heriyai 5% M ;. Gravel may size = sm. pebhle
- N o 5| sub. rade = sub ane, poar secl. ] Mos+L’.
- T ; S crushed  basall YV osome q'-l»'& mixeed in,
- 2.0 Sand _ Line = _med mod, soct . rad.
- calor = JOYR 2/7- \;er\; dark. brun, ; St %
20— Areniveg _oq =4 o,
- ST
0:':0' ‘ ;
- .”‘._-"3.58?— 2c0-220 Sily Beavel: TS% &, 20% M,
- -oo—-? ] ry S_; Grovel seme as abaue | Sily%
- 5Ot i cconsing ; Sand .0 loe = 7.5y8
90_:'89 lﬂcfeC\Sm.j - an v.tine , Caler = 7. 3
o5 ——[Amepive OFZ IS Liakt bewn. |,y well serl.
Eelyiley
- ©—0 09
5,009, .
- 0‘309.6%?@ 205 Mo _eavn  Presewt ( Bo%é 20%4M
— 0 g 03
~ 057 Jav
L02a0 Q)|
- Y [02Q%%
Reported By:  Jess Moclingy Reviewed BY! oy 2 cvq e “\nact s vrez_
X1 .
Title: C—lca‘a:, ish | Title: Geo\oa‘.at
v ) N :
Signature: s W iDate: eitlo: Signature: ! Date: w\ol, \o\
’ /

BHI-EE-183 (12/97)
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BOREHOLE LOG

rage @ Ol 1

Bate: 4-20-0,

No. |Recovery Moisture Content, Sorting,

FL) Type Blows Log Group Name, Grain Size Distribution, Soit Classification, Color,

Angularity, Mineralogy, Max Particle

Well ID: ¢ 3397 lWell Name: zae, - WIS - 6% Location: wWEST s1v& oF 241~ Tu , To Fare
Project  peed prulNne CFes Reference Measuring Point: Gisund - Sorfaze
1 Sample Sample Description Comments:
Depth Graphic Depth of Casing, Drilling

Method, Method of Driving

Size, Reactionto HCl saggi:gvs-:g; f:‘zfler
zw—A&vlvP‘—E N/A %:,':_C?-é'.l: ® 210 ' SAND  BEtomEs PRESENT AdAm - Conlinve Air E.I-w;,
- %@E’%’% (7s% ¢, 20% 1 _s% $); Crmsad ang. = ub. D""l;"j' Laine
- %%Téfé ang. o besalt, oty Celdgecs | gmnide:  |tcicone e
- St

&
géib; Sond L:.\g well sard.

215 — |[ARCHIVE

@ 2is' (70%G ., 20% M _16% S) Send

: increases Cr\r-—.ue_\

decreages but itg

. dek_(‘.?"-‘.or\ 5-'--.75 the same

Co.'ele Lne‘ W/

S-al.'l-s?oel\ SAM'.?l{

Feleen [ z20 - zzz']

Yy SO
\ B TS,
220 —|aRemve SR 2
ol la _ o
—| =t [ 15% S, 0% M
[foc| 55| s0% !
- ﬂ 2 y an:,. + ?eer SA('\-- »

C’\r-we.l moax  Si2e = la. pebble
3 ”

basall -ﬁ-z . fcus?-‘r.

S50% recavery.
]

grecile : Sand c:v\l
5 +

- mf_al. L pear Sor"—
f

svb. sne- sub. end.
[

it %  decreasing,
[S]

anl-l-\qg Q‘-f Rolﬂ.r.’;

» S ——lARCHWE

Dritling
-

EST. WT = 228 a5

[
Aer. wr = 2138 by s

2 Jo—|A2enive

230 ~ 235 Geavel : 0% G 10% M

05

No sANYD PRESeENT

Q
g
8-0-5'; G-\(A_“g\ Hee Ssane ; Sl _the seme

S0
2
YN

(]

(o]

o

I
2O 00
Oﬂlao
O
ol ek
oS

26

!

|
Oo
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BOREHOLE LOG

rage 2 Ol 1
Date:

lWell Name: zas- w5~ 765

{Location:
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Reference Measuring Point:

Gerund Sofae

No. | Recovery

Graphic
Log

WelllD: ¢ 3397
Project geen  drivting :%b— ol
Sample
Depth
{Ft) Type Blows

Sample Description

Comments:

Group Name, Grain Size Distribution, Soil Classification, Color,
Moisture Content, Sorting, Angularity, Mineralogy, Max Particle
Size, Reaction to HCI

Depth of Casing, Drilling
Method, Method of Driving
Sampling Tool, Sampler
Size, Water Love|
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Appendix B

Physical and Chemical Properties Data

This appendix includes the results of testing for particle size distribution on split spoon samples from
the wells 299-W14-18 and 299-W15-765. The particle size analyses were done by CH2M HILL Hanford,
Inc. using standard sieve techniques. Also in this appendix are the results of laboratory testing for metals,
anions, electrical conductivity, technetium, and uranium-238. Laboratory analyses were done at Pacific
Northwest National Laboratory using standard laboratory procedures.
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Table B.1. Electrical Conductivity and pH in Wells 299-W14-18 and 299-W15-765

Well Name and Depth (ft) pH EC (mS/cm)
299-W14-18
220 7.65 0.543
262 7.61 0.269
299-W15-765
238 7.39 0.352
265 7.46 0.674
Table B.2. Metals in Samples from Wells 299-W14-18 and 299-W15-765
Al As B Ba Ca Rad Cd Co Cr Cu Fe
Well Name and 394.4® 193.7 249.7 4554 393.7 228.8 228.6 267.7 324.8 274.0
Depth (ft) <125® <125 <125 <25 <50 <25 <25 <30 <50 <50
299-W14-18
220 <125 (25) @1 87 40281 <25 <25 <30 <50 (10)
262 <125 (12) (29) 53 19041 <25 Q) 3) ) 67
299-W15-765
238 <125 <125 (66) 41 29789 <25 ) <30 <50 <50
265 <125 (41) (19) 78 68144 <25 3) 3) <50 109
K Rad Mg Rad Mn Mo Ni Sr Rad Zn Na Rad S Ti Zr
Well Name and 766 279.6 294.9 204.6 231.6 407.8 213.9 589.6 182.6 | 3349 | 3438
Depth (ft) <12500 <50 <113 <25 <50 <50 <25 <2500 | <2500 | <2500 | <I25
299-W14-18
220 7589 14926 559 174 ) 198 <25 36356 | 18402 | <125 <125
262 5175 6652 141 96 3) 91 ) 16576 | 10155 | <125 <125
299-W15-765
238 4282 10115 164 244 3) 133 <25 18486 | 13805 | <125 <125
265 5120 23041 538 105 3) 286 <25 19334 | 16720 | <125 <125

All concentrations are reported in pg/L (ppb).

(a) Wavelength.

(b) Lower limit of quantification.
(c) Indicates analyte below lower limit of quantification or suspect value.
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Table B.3. Technetium-99 and Uranium-238 in Samples from Wells 299-W14-18 and 299-W15-765

Tc-99® U-238
Well Name and Depth (ft) <0.05® pg/L <0.025 ug/L

299-W14-18
220 (0.006) 0.564
262 (0.005) 0.143
299-W15-765
238 (0.004) 0.270
265 (0.009) 0.913
All concentrations reported in pg/L (ppb).
(a) Isotope of choice.
(b) Lower limit of quantification.
(c) Signifies value is below limit of quantification.

Table B.4. Anions in Samples from Wells 299-W14-18 and 299-W15-765

Well Name and

Depth (ft) Fluoride Chloride | Nitrite | Bromide | Nitrate | Sulfate | Phosphate | Carbonate
299-W14-18
220 0.87 31.71 4.27 <1.00 56.85 55.58 <1.50 64.24
262 0.70 7.59 <1.00 <1.00 3.26 32.22 <1.50 73.01
299-W15-765
238 0.95 14.10 2.05 <1.00 24.27 42.93 <1.50 77.59
265 0.42 19.39 2.77 <1.00 174.11 52.11 <1.50 95.97

Note: All concentrations reported in parts per million (ppm).
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CH2ZN Hilf Hanford, Inc.

SIEVE ANALYSIS
l[\EELL NAME  299-W14-18 ||DEPTH 222.9:—223@ | SAMPLEF ~ W14-18-222.0|WELL ID# C3396 |
TESTED BY JMWimett  [[CONTACT Dave Weekes |[FHONE 3720601 IDATE 11/02/2001 |
SAMPLE SIEVE CUMULATIVE| % WEIGHT % Grain Size | COMMENTS
WT (g} SIZE IN. WEIGHT{g} RETAINED | PASSING {(mm)
985.80 2" 0.0 0.0 100.0 50.80
1.5" 0.0 0.0 100.0 38.10
K 71.9 73} 92.7 19.05
yg" 2525 256 74.4 0,42
#4 392.3 39.8 60.2 4.70
#10 516.0 52.3 477 1,98
#20 601.6 61.0 39.0 0.83
#40 652.7 66.2 338 0.42
#60 720.8 734 26.9 0.25
#100 795.2 80.7 19.3 0.180
#200 854.6 86.7 13.3 0.074
Sieve Analysis Data for Sample W14-18-222.0
U.S. Std. Sieve
g g & §
100% % ® %
90%
80%
70%
L T R Iea I E 5 S S Sl S SRS
< 60% ‘
[ [ S SOOI J P A
S :
L 50% i
[ H
s S ST
40% j
- TR RO VOO OO 25 OO OUUUUNNT W AU UM £ o ]
30% :
20% :
10%
0% I :
100. 10. 1. 0.1 0.01
Grain Size, mm
Comments: Silty Sandy Gravel

All data are accurately and completely recorded.

Checked By:

U

DChekrs Date: [ /// 27/0 /
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CHZM Hill Hanford, Tnc.

SIEVE ANALYSIS
r_[u_ NAME _ 200W14.18 |[DEPTH 25502570 |SAMPLE# _ W14-18-255.0]WELL ID# C3396)
TESTED BY __ JMWimett |[CONTACT ___ Dave Weekes |[PHONE _____ 372.0601 |DAIE  11/02/2001
SAMPLE SIEVE | CUMULATIVE| % WEIGHT % Grain Size | COMMENTS
WT (g) SIZE IN. WEIGHT(g) | RETAINED | PASSING (mm)
574.70 2" 0.0 0.0 100.0 50.80
15" 0.0 0.0 100.0 38.10
34" 307 a1 959 19.05
38" 102.1 105 895 9.42
#4 2538 26.0 740 270
#10 494 5 50.7 493 1.98
#20 599.2 615 38.5 0.83
#40 653.1 67.0 33.0 0.42
#60 754.9 774 226 0.25
#100 8216 843 15.7 0.150
#200 867.2 89.0 11.0 0.074

Sieve Analysis Data for Sample W14-18-255.0
U.S. Std. Sieve

o o
100% ——e— ; — T g ;

460
l#100
1200

90%

80%

70%

60%

.........................

50%

40%

Percent Pagsing

............................................

30%

..................

20%

10%

....................................................

0%
100, 10. 1. 0.1 0.01
Graln Size, mm

Comments: Silty Sandy Gravel

All data are accuralgly and completely recorded.

Checked By Gl e, DCl/cefes Date: //72_/ o/
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Appendix C

Borehole Geophysical Logs

This appendix contains the borehole geophysical logs obtained from boreholes 299-W14-18 and 299-
W15-765. The logs were run and analyzed by MACTEC-ERS. Analyses of the results are included with
the logs.
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299-W14-18 (C3396)

-
MALTEC ENIBDRWENTAL AESTORATION FEAVGES L LT

Log Data Report
Borehole Information;
Borehole : 299-W14-18 _ | Site: Between TX/TY and T-28 Crib
Coordinates {Plant) GWL' (ft): 218.5 GWL Date: 10/25/01
North East Drill Date TOC Elevation | Total Depth (ft) Type
not available not available 10/01 not available 2185 cable tool
Casing Information:
Outer Inside
Diameter  Diameter Thickness
Casing Type Stickup {ft} (i) {in.} {in.} Top (ft)  Bottom (ft)
Steel {threaded) 173 10.75 9.375 0.6875 0 68.0
Steel (threaded) 4.1 8.625 7.625 05 0 260.0

Borehole Notes:

The casing depth information provided above is derived from personal communication with the Bechtel
Hanford Incorporated site representative. The casing size information is confirmed fromtape and caliper
measurements collected in the field by MACTEC-ERS personnel.  Logging measurements are referenced
to ground surface. The groundwater depth is determined from moisture logging measurements.

Logging Equipment Information:

Logging System: Gamma 2B | Type: SGLS (35%)

Calibration Date: 09/00 Calibration Reference: GJO-2001-245-TAR

| Logging Procedure: MAC-HGLP 1.6.5

Logging System: RLS-1 | Type: RLS (70%)

Calibration Date: 10/00 Calibration Reference: RLSG070005000

| Logging Procedure: MAC-HGLF 1.6.5

Logging System: RLS-1 | Type: Moisture
Calibration Date: 07/01 Calibration Reference: RLSMO00.0 (Randall 2001)
| Logging Procedure: MAC-HGLP 1.6.5

Spectral Gamma Logging System {(SGLS) Log Run Information:

Log Run 1

Date 09/25/01
Logging Engineer | Spatz
Start Depth 0.0
Finish Depth 700
Count Time (sec) 200
Live/Real R

Shield (Y/N} N
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| Log Run 1
MSA Interval (ft) 1.0
ft/min nfa”
Pre-Verification BO0OS8CAB
Start File BO058000
Finish File 80058070
Post-Verification None

Radionuclide Logging System (RLS) Spectral Gamma Log Run Information:

Log Run 4 5 6 (Repeat)
Date 10/24/01 10/25/01 10/25/01
Logging Engineer | Spatz Spatz Spatz
Start Depth 256.0 68.0 119.0

Finis h Depth 119.0 119.0 83.0

Count Time (sec) 160 100 100
Live/Real R R R

Shield (Y/N) N N N

MSA Interval {ft) 1.0 1.0 1.0

ft/min n/a nfa n/a
Pre-Verification B0611CAB B0621CAB B0621CAB
Start File B0611000 B0621000 B0621052
Finish File B0611137 B0621051 B0621088
Post-Verification BO611CAA BOB21CAA BO621CAA

Radionuclide Logging System (RLS) Moisture Log Run Information;

| Log Run 2 3 (Repeat) 7 8 (Repeat)
Date 10/03/01 10/03/01 10/25/01 10/25/01
Logging Engineer | Spatz Spatz Spatz Spatz
Start Depth 0.0 69.25 68.0 100.25
Finish Depth 69.25 60.0 2185 83.0
Count Time (sec) n/a n/a n/a n/a
Live/Real n/a n/a n/a n/a
Shield (Y/N) N N N N
Data Interval {ft) 0.25 0.25 0.25 0.25
ft/min 1.0 1.0 1.0 1.0
Pre-Verification C0222CAB C0222CAB C0252CAB C0252CAB
Start File C0222000 C0222278 C0252000 CR252000
Finish File C0222277 C0222315 C0252602 C0252069
Post-Verification C0222CAA CO222CAA CR252CAA CR252CAA

Logging Operation Notes:

Spectral gamma logging using the SGLS and RLS and moisture logging using the RLS were performed in
this borehole during September and October 2001 on four separate days. The logging occurred inside two
different casing configurations as the borehole was drilled. A longer count time (200 sec) than usual (100
sec) was required with the SGLS because of the relatively thick casing. Because the RLS employsa
detector with greater efficiency than the SGLS (70% versus 35%), logging with the RLS was conducted at
100 sec. Data repeat sections for each logging system were collected to measure their performance.
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Analysis Notes:

[ Analyst: | Henwood | Date: | 11/06/01 | Reference: | MAC-VZCP 1.7.9 Rev. 2 |

Only a pre-run verification of the SGLS was performed for log run 1 on 09/25/01. A mechanical problem,
unrelated to tool performance, disabled the logging system and precluded collection of a post-run
verification spectrum Acceptance criteria for the pre-run verification spectrum were met and this spectrum
was used for the energy and resolution calibration for the data processing.

No verification criteria have been established for the RLS spectral gamma measurements. RLS pre- and
post-run measurements generally indicate consistent performance of the system during log run 4 on
October 24. A significant difference is apparent for peak resolution between the pre - and post-run
measurements for log runs 5 and 6 on October 25. The poor resolution in the post-run spectrum appears to
be caused by significant gain drift during spectrum collection where peak broadening is exhibited. Gain
drift is usually gradual, occurring throughout a log run, and does not change rapidly enough to affect an
individual spectrum using normal counting times. This gradual drift can be corrected during data
processing by performing peak energy calibrations on individual spectra. Review of spectral data in this
borehole indicates the gain drift is unpredictable and can occur within a time period of 100 sec.
Radionuclide concentrations in a spectrum where significant drift occurs during the 100-sec collection time
cannot be properly quantified using routine processing and the reported concentrations may be low.

Verification measurements were also collected for the RLS moisture system. Acceptance criteria have not
yet been established for this legging system. However, the pre- and post-run total count rate measurements
agree within about 5%, suggesting the logging system was operating properly during data collection.

Each spectrum collected during a log run was processed in batch mode using APTEC SUPERVISOR to
identify individual energy peaks and determine count rates. Concentrations were calculated with EXCEL
using an efficiency function and corrections for casing and water as appropriate. Calibration data used to
calculate radionuclide concentrations are available for the RLS spectral gamma measurements. However,
no dead time, casing, or water corrections are available. Therefore, corrections derived for the SGLS were
applied to the RLS data. The H4g; peak at 1764 keV was used to determine the naturally eccurring B8y
concentrations rather than the *'*Bi peak at 609 keV. The higher energy 1764-keV energy peak exhibits
slightly better count rates than the 609-keV peak because of less gamma attenuation caused by the
relatively thick casing in this borehole.

For the neutron moisture logs, calibration functions are available for 6-in. and 8-in.-diameter boreholes
with conventional ASTM schedule-40 steel casing. The calibration function converts total neutron count
rate to volume percent moisture content. Neutron moisture data from the interval between 0 and 69 ft (10-
in. casing) were collected. Borehole size has a significant influence on the neutron count rates and the
calibration. Calculations for percent moisture are therefore not accurate for this interval, For this reason
and because the moisture profile for the interval is featureless, the data were not presented in log plots.
Neutron moisture data from the interval between about 68 and 218.5 ft (8-in. casing) were analyzed using
the calibration function for an 8-in. borehole. A correction factor developed from data provided by
Meisner, Price, and Randall (WHC-SD-EN-TI-306) was applied to the data in the 8-in. interval to account
for the 0.5-in. casing thickness. This factor increased the calculated moisture content by approximately 17
percent,

Repeat log plots at selected depth intervals for spectral gamma concentrations and neutron moisture
measurements were evaluated. The spectral gamma plots generally indicate good agreement between
successive log runs, demonstrating repeatability in both depth and concentration measurement. Gain drift
in individual spectra may have caused peak broadening resulting in an under-estimation of concentrations,
In the repeat interval from83 to 119 ft, it is apparent that this oceurs, particularly in the interval from 83 to
95 ft where the repeat data indicate higher concentrations than in the previous log run. The total gamma
data collected from the same log runs indicate excellent repeatability, suggesting the tool is functioning
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properly but that the counts are not being aftributed to the proper energy level. The moisture plots indicate
good agreement.

Log Plot Notes:

Separate log plots are provided for the man-made radionuclides ('*'Cs, **Eu, "*?Eu, and #0Co), naturally
occurring radionuclides (‘"’K, 22Ty, 28y [KUT]), a combination of man-made, KUT, total gamma and
moisture, total gamma plotted with dead time, and repeat section plots for spectral gamma and moisture
measurements. For each radionuclide, the energy value of the spectral peak used for quantification is
indicated. Unless otherwise noted, all radionuclides are plotted in picocuries per gram (pCi/g). The open
circles indicate the minimum detectable level (MDL) for each radionuclide. Error bars on each plot
represent error associated with counting statistics only and do not include errors associated with the inverse
efficiency function, dead time correction, casing corrections, or water corrections. These errors are
discussed in the calibration report.

Results and Interpretations :

The man-made radionuclides detected in this borehole were l37Cs, '52Eu, 154Eu, and #°Co. "¥'Cs is detected
near the ground surface and at about 35 ft with a high concentration of about 50 pCi/g. %°Co is also
detected at about 35 ft in depth. '**"*?Eu is detected in two distinct intervals from about 35 to 65 ft and
from 85 to 98 ft; the maximum concentration of '**Eu is about 100 pCi/g in both intervals. No man-made
gamma -emitting radionuclides were detected below 100 ft.

The KUT logs indicate a lithology change at about 34 ft that coincides with the depth that significant man-
made radionuclide contamination is observed. A second interval of man-made contamination is observed
at a depth of about 87 ft that coincides with the bottom of the Hanford formation and the top of the
carbonate-rich paleosols of the Pliocene-Pleistocene that are interpreted as lying between 88 and 112 ft. A
caliche layer with characteristically high naturalty occurring ***U and “K concentrations is indicated at
about 110 ft. The interval between 90 and 98 ft is interpreted, on the basis of relatively high >*2Th
concentrations, to consist of the early Palouse soil, a silty sand to sandy silt. The combined carbonate-rich
soils and the early Palouse soils separate the Ringold formation (112 ft) from the Hanferd formation that
ends at about 89 ft. The top of the early Palouse appears to retard the downward movement of the
contamination.

The elevated naturally occurring **U concentrations measured during log run 1 from 0-69 fi relative to the
281J concentrations in the remainder of the borehole are atiributed to elevated radon (***Rn) concentrations.
BBy is actually determined from the *'*Bi peak, which is also a short-term daughter of **Rn. The **?Rn had
dissipated from the borehole prior to the subsequent logging runs.

Relatively higher moisture content appears to exist in the interval from 87 to 112 ft. This depth interval
coincides with the Pliocene-Pleistocene unit discussed above. The highest moisture content occurs at the
top of this unit and in the two caliche layers at about 97 and 109 ft in depth. Another interval between
about 188 and 195 ft exhibits slightly elevated moisture but cannot be correlated with any obvious
lithologic unit. The meisture log indicates water is encountered at about 218.5 ft.

' GWL — groundwater level
2 TOC - top of casing
3 n/a - not applicable

CS5



299-W14-18 (C3396)
Man-Made Radionuclide Concentrations
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299-W14-18 (C3396)
Natural Gamma Logs
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299-W14-18 (C3396) Combination Plot
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299-W15-765 (C3397)

-
AACTEC ENVIOWIENTAL REETORATION SERWCES, LLC
Log Data Report
Borehole Information;
Barehole: Z09-W15765 (C3397) I Site: West of TY Tank Famm
Coordinates (Plant) GWL (ft)": 220.2 GWL Date: 8/27/01
North East Drill Date TOC” Elevation | Total Depth (ft) Type
Sept. 2001 Unknown 2655 Sonic
Casing Information:
Outer Inside
Diameter Diameter Thickness Top Bottom
Casing Type Stickup (ft) {in.) fin.) (in.} (ft) {H)
Steel thread 0.2in. 10 3/4 93/8 11/16 0 265.5

Borehole Notes:

The BHI site geologist reported the GWL. Acconding to the driller, casing to 265.5 ft and 0.5 ft of fill
inside of casing indicates that the depth to bottom is 265.0 fi. The logging engineer measured the pipe
stickup at the borchole using a sieel tape. Calipers were used to measure casing outside diameter and inside
diameter only. The casing thickness is calculated.

Logging Equipment Information:

Logging System: Gamma 1D [_Type: SGLS (35%)
Calibration Date: 09/00 Calibration Reference: GJ0-2001-243-TAR

| Logging Procedure: MAC-HGLP 1.6.5
Logging System: R_EM | Type: Moisture
Calibration Date: 07/01 Calibration Reference: RLSM00.0 (Randall 2001)

| Logging Procedure: MAG-HGLP 1.6.5

Spectral Gamma Logging System (SGLS) L.og Run Information:

Log Run 1 2 3 4
Date 09/28/01 09/29/01 09/29/01
Logging Engineer Spalz Spatz Spatz
Start Depth (/) 0.0 266.0 137.0
Finish Depth (it} 137.0 138.0 110.0
Count Time (sec) 200 200 200
Live/Real R R R
Shield {Y/N) N/AY N/A N/A
MSA Interval (ft) 1.0 1.0 1.0
ft/min N/A N/A N/A
Pre-Verification ADCD4CAB ADDD4ACAB ADDDACAB
Start File A0004000 AD0D4138 ADDD4267
Finish File A0004137 AD0D4266 AD0D4294
PoskVerification ADDD4CAA ADDD4ACAA ADODACAA
Depth Return Error (1t) -0.04 N/A -0.15
Comments Repeat section
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Neutron Moisture Logging System (NMLS) Log Run Information:

Log Run 1 2 3 4
Date 09/28/01 09/28/01 00/28/01 09/28/01
Logging Engineer Spatz Spatz Spatz Spatz
Start Depth (ft) 0.0 98.0 186.0 122.0
Finish Depth (ft} 100.0 198.0 220.5 100.0
Count Time {sec) N/A N/A N/A N/A
Live/Real N/A N/A N/A N/A
Shield {Y/N} N/A NIA N/A N/A
MSA Imerval {ft) 0.25 0.25 0.25 0.25
ft/min 1.0 1.0 1.0 1.0
Pre-Verification C0202CAB C0202CAB C0202CAB C0202CAB
Start File C0202000 C0202400 C0202800 C0202899
Finish File C0202399 C0202799 C0202898 CD202986
Post-Verification CO202CAA CO0202CAA CO202CAA CO202CAA
Depth Return Error (fi} N/A N/A N/A +0.10
Comments None None None Repeat section

Logging Operation Notes:

Zero reference is the top of ground surface, and log depths are relative to ground level. Water was detected
below 220 fi. During logging, the sonde is centralized in the borehole for both the SGLS and NMLS.

A longer count time (200 scc) was required with the SGLS because of the relatively thick casing. The
borehole was logged in the drill pipe before completion as a groundwater monitoring well. In order to

obtain reliable specira while minimizing overall logging time, the depth interval was increased from 0.5 fi
to 1.0 fi. .

Fine gain adjustments were not necessary during the SGLS logging runs. Log run | was terminated to refill
the sonde with liquid nitrogen. The neutron log was run on a second logging truck, RLS -1.

Analysis Notes:

[ Analyst:| Sobczyk | Date:| 10/02/01 | Reference: | MACVZCP 1.7.9Rev. 2 |

Pre-run and post-run verification spectra for the SGLS were evaluated. The acceptance criteria for field
verification of the Gamma 1D logging system are in the process of being established. Examinations of
spectra indicate that the detector appears to have functioned normally during the log run, and the log data
are provisionally accepted, subject to further review and analysis.

Individual spectra were processed in batch mode using APTEC SUPERVISOR to identify individual
energy peaks and determine count rates. Concentrations were calculated with EXCEL. Corrections were
applied for a casing thickness of 11/16 in. from the ground surface to 266 ft. A correction for water in the
borehole was applied below 220 fi, and this depth was determined from the neutron-moisture log. Dead
time corrections were not necessary. The rerun of the SGLS showed good repeatability.

Pre-run and post-run verification spectra for the neutron tool were evaluated. The pre-survey verification
spectrum (file C0202CAB) recorded 755 gross cps while the post-survey verification spectrum (file
C0202CAA) recorded 716 gross ¢ps.

Moisture calibration models at Hanford for 10-in. holes with 11/16-in. casing have not been established.
Thus, the neutron log was not processed to estimate volumetric moisture content because the relatively
large borehole diameter and casing thickness are beyond the range of conditions for which the tool was
calibrated. Neutron data are presented as gross counts, In general, an increase in neutron count is indicative
of an increase in moisture content, but a quantitative calculation of volumetric moisture cannot be made at
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this time. The rerun of the neutron-moisture tool showed good repeatability with the exception that the two
runs appear to be off-depth. This apparent discrepancy is due to acquiring data in continuous mode in
different directions. During the original log, data was acquired while going deeper into the hole, and the
data are shifted upward about 1.5 in. During the repeat logging, data were acquired while coming out of the
hole, and the data are shifted downward about 1.5 in. In addition, the repeat log had a depth return error of
0.10 ft.

Log Plot Notes:

Separate log plots are provided for gross gamma, naturally occurring radionuclides (**K, ¥Th, U, and
associated decay progeny), and man-made radionuclides. For each radionuclide, the energy value of the
spectral peak used for quantification is indicated. Unless otherwise noted, all radionuclides are plotted in
picocuries per gram (pCi/g). The open circles indicate the minimum detectable level (MDL) for each
radionuclide. Error bars on each plot represent error associated with counting statistics only and do not
include errors associated with the inverse efficiency function, dead time correction, or casing and water
corrections. These errors are discussed in the calibration report. A combination plot is also included to
facilitate correlation. A gross neutron log of neutron counts is also shown on the combination plot.

Results and Interpretations:

1¥7Cs was the only man-made radionuclide detected. *'Cs activity was detected from the ground surface to

a depth of 6.0 ft. The measured B¥cs activity was about 1.1 pCi/g at the ground surface decreasing to about
0.4 pCi/g at a log depth of 6 ft.

The changes in gross gamma counts depend primarily upon changes in *°K activities. The increase in gross
gamma counis from about 75 cps to about 110 ¢ps at a log depth of 40 fi corresponds with an increase in
apparent K activity from about 10 to 17 pCi/g. This increase in total gamma is interpreted as the Hanford
H2. The increase in >*“Th activity from about 0.5 to 0.8 pCi/g and the increasc in gross gamma counts from
110 to 135 cps at 93 {t are tentatively picked to represent the top of the Early Palouse Soil. On the basis of
low K-40 activities, the carbonate-rich paleosols of the Pliocene-Pleistocene are interpreted as being
between 101 and 115 ft. The caliche layer with characteristically high uranium content (greater than 2.0
pCi/g) is present between 111 and [13 ft,

Below 220 ft, the apparent increase in **U activity based on 609-keV spectral line of about 1.0 pCi/g is
greater than the apparent increase in ™ U activity based on 1764-keV line of about % pCi/g. This apparent
increase in 2**U at groundwater may be the result of dissolved radon {*?Rn) in the water, an incorrect water
correction factor, or a combination of both. The apparent concentration based on the 609-keV peak appears
to increase more than that based on the ! 764-keV peak, because the water correction factor decreases with
increasing energy level. If the source of the gamma photons is within the water, then there is less
attenuation than would be expected, and the effect of the water correction is an apparent increase in the
calculated concentration. Alternatively, the water correction factor may be too high, resulting in the
apparent increase. Al this time, the apparent increase in >**U at groundwater is under review, and the water
correction will be changed if necessary.

The neutron moisture tool’s depressed response in this hole is due at least in part to the low-activity source,
short source-to-detector spacing, and large borehole diameter. The highest neutron counts occurted in the
groundwater as expected. The higher neutron counts that occurred in the 93- to 115-ft interval correspond
with the Plio-Pleistocene as interpreted from the SGLS data.

Reference:; Randall, R., 2001. Certificate of Calibration RLSM00.0, July 11, 2001, Three Rivers Scientific,
Richland, WA.

' GWL - groundwater level

2TOC- top of casing
* N/A - not applicable
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299-W15-765 (C3397)
Man-Made Radionuclide Concentrations

¥ Cs (662 keV)
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299-W15-765 (C3397)
Natural Gamma Logs
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299-W15-765 (C3397) Combination Plot

"$TCs (662 keV) *’K (1461 keV) Z°U (609 keV
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299-W15-765 (C3397)
Rerun of Natural Gamma Logs
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299-W15-765 (C3397)
Total Neutron

Rerun of Neutron-Moisture Log
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299-W15-765 (C3397)
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