| Wihifte Rine Power Project

GROUNDWATER INVESTIGATION
PHASE 3

TECHNICAL REPOR Caur #2
APPENDICES 2™

G-APPLICANT

3 — OTHER
thﬁ g "I/’-— 9)} -




GROUNDWATER INVESTIGATION
PHASE 3

APPENDICES

Technical Report -
for the

WHITE PINE POWER PROJECT

Prepared For

Los Angeles Department of Water and Power

LEEDS, HILL AND JEWETT, INC
1275 MARKET STREET
SAN FRANCISCO, CA 94103
TELEPHONE (415) 626-2070

May 1983



uuuuuuuuuuuuuuuuuuuuuu

APPENDIX A



LEEDSHILL

LEEDS, HILL AND JEWETT, INC.

afy
BLM
cfs

°F
DTW
DWR
EDI
gpd/ft
gpm
gpm/ft
HLA

hp
LADWP
LEEDSHILL
mg /1
msl
NDCNR
ppm

S

SC

SCS

List of Abbreviations

acre-feet per vyear

Bureau of Land Management

cubic feet pér second

degrees Fahrenheit

depth to water (from ground surface)

Division of Water Resources

Environmental Dynamics, Inc.

gallons per day per foot

gallons per minute

gallons per minute per foot

Harding-Lawson Associlates

horsepower

Department of Water and Power of the City of Los Angeles
Léeds, Hill and Jewett

miiligrams per liter

mean sea level

Nevada Department of Conéervation and Natural Resources
parts per million

drawdown, from static water level to pumping water
level, in feet : .

coefficient of storage (dimensionless, ft3/ft3)
specific conductivity

U.S. Soil Conservation Service



LEEDSHILL

LEEDS, HILL AND JEWETT,INC.

'sq. mi. square miles

t time

T coefficient of transmissivity (gpd/ft)
TDS Total Dissolved Solids

USGS U.S5. Geological Survey

VES _ vertical electric soundings

WPPP White Pine Power Project

WRB Water Resource Bulletin

WSP - Water Supply Paper
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LEEDSIILL

LEEDS, HILL AND JEWETT,INC.

KEY TO FIELD DRILLING LOGS

i S4-510-

0 to 10 min/ft scale

:{ 50 <=—sample number

} sampled interval ..

10 to 20 min/ft scale

0 to 10 min/ft scale

Penetration rate scale adjustment

Samples classified in accordance.with

the Unified Soil Classification System.



FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: { ADWP Hole No: 1-A
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5981.6
Location: Steptoe Valiey ' Dates drilled: July 1982 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary Nov. 11, 1982
0-9951t., 12.25" tricone bit. Page . 1 of 10
Elev. (Penetration|Depth|Graphic Sample
(feet)|Rate (min/ft) (feet) No. Description Remarks
5980- = i + GRAVEL (GW); poorly sorted
i . .
Light brown silty sandy gravet
with subangular rock fragments.,
slightly calcareous.
- SILTY SAND AND GRAVEL (SM/GM):
: poorly sorted light brown
5 gravelly sand, subangular, fine
o). to coarse grains, calcareous.
'0 R
5040- 2 (grades siltier)
i %”;_
— 2104
Lig .44 9.
RN g b
SRE M kY
HI] DN N S5
T >4 4
T ;L {grades more gravelly)
: T 4D,
= 40 s
5940~ [T ! et
D& (grades less gravelly)
A y
by ~47
Y e
i 20T
o 50 1995+
REe s
: <P X
N BN
l: : N 2
- 60 BPsb
5920~ |H—+ = ><;'. 4
T ‘ ﬁ:+ D'-'-‘ - .
e DIog X 7
e u D108
H I D, i
N ( . A - ;
.jll 1 ‘—'?O“P‘ _?O_
i ik
Qo o0 (grades more aravelly)
; hEe| 8
i [h: “1d
T ol
i i ] \a .'Q’,-:.‘
! S 80 By-80-
5900~ T Add @
- 1 : v &) 7;
! ] '_LT é Je >c 9
—id 9 _>..§
90 LR Rl 0n
[ — T . — —
bl CLAYEY GRAVEL (GC): brown clayey
s !Fc B 10 silty gravel, poorly sorted
: q"J"f—‘?S— angular rock fragments in clay
; ' silt and sand matrix.
BERS
I EENC Ky AN 1CwCTYTTY e




FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Cliept: LADWP Hole No: 1-A

Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5981.6

Location: Steptoe Valley Dates drilled: “July 1982 Datum: Surveyed Elev.

Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary Nov. 11, 1982
0 - 9951t., 12.25" tricone bit. Pace 3 of 10

Elev. |Penetration|Depth|Graphic|sample

(feet) |Rate(min/ft) (feet)) Log No. Description Remarks

0 5 10 od 5 e . : ;
5780- — “c:}::ﬂ{; SAND (SWY; poorly §orted sand., Drilling slow
: RS fine to coarse grains composed and rough.

co

%o %5l 24 Tof chert, quartz and rock
\ fragments.

21002 %210~

Rough drilling.

- ——{ =220 =500 $:2-220-
57601 —— o0 500 ¢

= -] q
b0 20y 26

Q
JE-.
0%0
°
0
°o
oo

T eogoneﬂgoo
00 ¢ 00 §
= e°'°°oe°°°o
: H 230270, =230~
. T De°e°e°oc
T A T ©o 5 00 o N N
EARREEUR SARPIALY Prill rig
T P o q .
Em BERE C9%as% 27 chattering.
i . i Lo °a°u°c .
AT B P %00 (some volcanic rock fragments
B , e ° 00 %o .
N | 240 ke’ d 540~ included).
5740-| CT (4% d o bo og -SILTY SAND (SM): poorly sorted
T F° o P ° . E .
RUN] ;“J;o{w silty sand, very fine to coarse
= bdo’bod’4-245- grained, subrounded to sub-
t o oo
Wi ' bdokoiny angular.
i . L u°°‘£o‘°° 29
- —250-F4° £ o {250
o DOD o °
9% { 2 o0 Rough drilling.
Ooﬂeoeo ° 30
lo [0 °lo °
L[ oq 2 oo
i o D°°nn ° 255% v
1 ! o o] ~
e 260_0_*’:10:11 SAND (SW); poorly sorted sand,
57204 ok H r :”"g:ou"g 39 fine to very coarse grained. sub-
- ' ' °°o°°°°§°°1 angular, abundant chert fragmentsi
- | oo 2 oo ';___ -
T 2002002205 STLTY SAND (SM): poorly sorted
T : i ol 9 o . .
A1 feofeqs| 32 | silty sand, very fine to coarse
i IR £Ef2d °Po 3
4+ _ o, 0o de grain., subangular.
R N T-ZA O~u5°e nqoL—z_/O_ 1 h
1 obo 9%0b 2 Drills smoother.
if I )1: eo oozeo
ANE % 102fo| 33
[ ! [ q
c ]! >u°°oo°c°o
[ T gbo ob °
; — . ﬁ:oo:%eo ,
Lo ps0bf T 5220
5700~ oAt ‘:°:°°:j°°°
E ) : :JI §°>°° 00002
. H 1 o o o o
F— DI oooj ° 34
T gupoo Oneg .
L "qoo oflo
—J DJQQOOO eOo
L——ZQO_?;FOO uo 0_0.4._290_
" Lo |9 ofo 3
[ N ;"p{
T w]: oo J o 35

]
—p
=
-
.
00

a

FEENQ HiILT AND IFWETT INC



FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 1-A
Drilling Co.: Thompson Drilfing Company, Las Vegas, Nevada G.S. Elev: 5981.6
Location: Steptoe Valley Dates drilled: July 1982 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/ Mud Rotary Nov. 11, 1982
0 -9951t., 12.25" tricone bit. Pace 5 of 10
Elev. |Penetration|Depth|Graphic|sample
(feet) |Rate(min/ftY) (feet) . Description Remarks
0 5 10 ;
| ’
5580 coarse to fine sand, angular
to subangular quartz and rock
fragment grains.
: SAND (SW); poorly sorted sand
— 410 and gravel, coarse to fine
grained, subangular, rock
fragments.
— |
i GRAVEL (GW); poorly sorted
gravel and sand, angular grains,
5560— gravel 1/10" to 2/10", fine to
i coarse sand » clasts include
e olovine, feldspar, quartz and
- ;j: rock fragments.
-
N ' Size and angularity
—h of cuttings indicate
—F - breaking of cobbles
L FEN R and boulders.
5540- fi :
T
* T
- Angular rock frags.
552055 f:i
T T
R
AN l; (grades more sandy)
b
o e
T
BEEE
RN
. |
5500~ _—
1 - | : |
i =
I EFNS KL AND IFWETT INC




FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: _1-A
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5981.6
Location: Steptoe Valley Dates drilled: July 1982 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/ Mud Rotary Nov. 11, 1982
0 - 9951t., 12.25" tricone bit. Page 7 of 10
Elev. |Penetration|Depth |Graphic|sample
(feet)|Rate (min/ft) (feet)) Log No. Description Remarks
538070 10 D GRAVEL (GW); poorly sorted
) 71 gravel and sand, small to large
gravel, fine to coarse sand,
angular to subangular, igneous
N composition.
Drill rig
chattering.
5360~

L Angularity of
— cuttings indicates
\ t 2 1
5340- | T breaking of cobbles
EEE! and boulders.
] 1
Drill rig
chattering.
5320- h
—
-
SRE (grades silty)
|
T

5300- |

(grades sandier and very siity)

I EENC 1l AND IFWETT NG




FIELD DRILLING LOG

Drilling Co.: Thompson Drilling Company, LasVegas, Nevada

Project: WHITE PINE POWER PROJECT Client: LADWP

Location: Steptoe Valley Dates drilled: July 1982

Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary

0 - 9951t., 12.25" tricone bit.

Hole No: 1-A
G.S. Elev: 5981.6

Datum: Surveyed Elev,

Nov.11, 1982

Page 9 of 10

Elev. |pPenetration|Depth |Craphic|sample
(feet) |Rate(min/ft) (feet) Log No. Description

Remarks

Drill rig

5180-| — % SILTY SAND (SM): brown poorly
"L ool % 1 sorted silty fine to coarse

chattering.

b d°efo] 93 | sand, subangular to angular,

— - ol o2 oo composed of igneous rock frag-

ments.

—810—+F6 oo =810

> p ol o |« 94
od O po
o

82010l 12 -820

5160~ | [— = 2Le e,

8305 e $4-830

iINMERE

of
%
2
’ %fu%f 95 | (grades siltier)
9
,-D
9

84,01

She -840
5140-17 u

o

o
o0

[

— o o
- o Lafeelk] o7

T oq °
~ —850 [, p4-850

43311 98

Drill rig

o
o
o
o
°

chattering.

i et o 9 W A A A B9
51201 - e o2,

1517 99
00

o 1={-870

~870-]

( °oo°°°on° 100
p

Drill riag_

Y 1
NCM
°

chattering.

L 88012+ 14-880

5100-| I

ool 101

Loud drill riaq

chatter.

P Cone L AN ICOaCTTT

1




FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada

Location: Steptoe - Valley Dates drilled: 7-82 to 8.82
Drilling Methcd and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary-
0 - 50 ft., 17.5" tricone bit; 50 - 4601t., 11" tricone bit.

Hole No: 1-B

G.S. Elev: 5961.2
Datum: Surveyed Elev.

Nov. 11, 1982

Page 1 of _ 5

Elev. |Penetration|{Depth |Graphic{Sample
(feet)|Rate(min/ft) (feet) Log No. Description

Remarks

5960-|¢———-° GRAVEL (GW); poorly sorted silty

1 |sandy gravel, 1/10" to 3/10",

subrounded clasts composed

primarily of sandstone & lime-

- - 10 leera ma —10- stonesr calcareous.
e TSR SAND (SW); poorly sorted fine to

o
5’9 9o |coarse sand, subrounded, com—

0 0% 0® posed of sedimentary & igneous
°%0 0°%0 clasts, calcareous. '

- 20 i ~20-

5040 = —— o °°°°§°°°< SILTY SAND (SM): very silty

T ob 9 od o brown, fine to coarse sand, sub-
— oo ol o rounded, sedimentary & igneous

clasts.

30 =} g iof —30-

5920-| Fo

20
]

I——SO —-g o .

1 ~50-

J B
o
o
°

_55_

5900-| At L3

_65_

_?O_

o
g
a
o
o
o
o
o
L)
o
o
o
o
[}
0,
o -] °D°
o ODDO
— Lo o c-—]_. -
60 N 5| ~60
O]
o
o
o
[
o
o
o
o
[
o
o
o
O]
N}
o
o
o
o
o
o
o
L]
0,

L 80 OEF:TE -80-

5880 [T aN

b9 %he 10

LI o ol o Wl

Lise 3 Aninm [N onR Y VN malie oiin of

(XK




FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 1-B
Drilling Co.:. Thompson Drilling Company, Las Vegas, Nevada . G.S. Elev: 5961.2
Location: Steptoe  Valley Dates drilled: 782 to 8-82 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary Nov. 11, 1982
0- 50 ft., 17.5"tricone bit; 50 -4601t., 11" tricone bit. Page 3 of 5
Elev. |Penetration|Depth |{Graphic|sample
(feet)|Rate(min/ft) (feet)) Log No. Description Remarks
0 10 "o Pol o .
5760-| = ot qo b SILTY SAND (SM); brown silty
: 20:03;:0 53 sand, fine to coarse grained,
=°°°q°°°u>°°:,,°: subrounded to subangular,
D°°°o°°’o°tp,°c composed of igneous rock clasts.
°o°°oﬁc°°o
—210—J5—°;°D°°’;D-m:—210
T oPolofoe
L i g<o do
DDDSODDOEOC
SDCOO OGDO
-] o o o
50ol;":a‘:,mo":aq 24
gﬂﬁo OEDO
: _ZZO_MOFDDQO :-;-._.220
5740~ 1= e 923 .9°
- o P olo o
: HELER ofojofo
oo"g%o" P
| ; J‘ °o°)°° 00100 25
— T 230kt -230 -
T N °00e 0,0 26 SAMD_(SW); poorly sorted fine
BaE NEEEE 00 g0 %0 to coarse grained sand.
: ; 3 -235-
! R 27 ;
: i 333~ SILT (ML); brown sandy silt
540 SARPENS 5 SAND (SW); poorly sorted fine
. - "2 0% 0, 5 :
5720-| Bl 0 2% 2% 2482_ to coarse grained sand.
=T b Fodefed 29 [ SILTY SAND .(SMY; Light brown
: Lelofe1ed-245~ silty sand with minor amounts of
: BIRASEEA 30 gravel, very fine to coarse
it ol 9 op 3 subangular grains.
NS —25012f %L 4%{-250
‘[ °°°°°¢°°°°C
: c»° oooo Ooc ) DF:ILL r']g
£ olo 4 "op g chattering.
-] o o o
4 P‘Lf} ofoy 31
L Poloqole
e 26015 S 18260
5700~ I b o, 3.2k,
N it o ol o
.; i|| BO o o o
1] R b°°°<°°°°c 32
| ']i o ooc o
] ol 4 ol
L 1%k 1%
T :! ’ | _270—:2000‘:00119_:_270_
l 4 H T OO OOOO Oo - -
T A Lolodolod Drill rig
: i L L oo ofo J -
: - RN chattering.
[ Ll ololojo 33
[BREE | P olo 4 of0 §
R Polofo 04
o o o o
L2801 -2 80— :
5680- | SILT (ML) : brown sandy silt.
34
— 2901 H-290-
. 35
; i

FFFDS. HItE AND UFWFTT. INC



FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 1-B
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elevz_.sv;m_z
Location: Steptoe Valley Dates drilledg: 7-82 to 8-82 Datum: Surveyed Elev.
Drilling Methed and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary Nov.11, 1982

0-50 ft, 17.5" tricone bit; 50 - 460 ft., 11" tricone bit. Page 5 of &

Elev. |Peretration{Depth |[Graphic|sample
(feet) |Rate (min/ft) (feet) Log No. Description Remarks

5560~ |1— 0 48 |-SILTY GRAVEL (GM): silty gravel,

1-405- SAND (SW); fine to coarse

49 [ grained sand, subrounded., rock

p fragments.
—410 -410
> GRAVEL (GW); poorly sorted Drill rig
slightly sandy gravel, sub- chattering loudly.

50 | angular to angular, rock

fragments.

L 420-F2:

5540~ g 4e0
51
—{ F430-B 52 £3:59-430
5520- | P R oy ~i40 Drill rig
A n chattering.
Fe 53
s
HH e
T 4650 5450
| T Ao
o
HE 54
A e042ms2l 46D
5500~ |~ : -~ 46 T.D. = 460 feet.

Auqust 3, 1982.

I EFENQ Wittt ANNDN IEWETT KT



FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: _1-C
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5983.0
Location: Steptoe Valley Dates drilled: August 1982 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/ Mud Rotary Nov. 11, 1982
0- 50 ft, 17.5" tricone bit; 50 - 470 ft.,, 11.5" tricone bit. page 2 of 5
Elev. |Penetration|Depth |Graphic|sample
(feet) Rat_e(min/ft (feet) Log No. Description Remarks
5 : [SPRr: O
(i .l &OE-??'Q’ SILTY SANDY GRAVEL (GM): poorly
5780~ uOfg 22 sorted silty sandy gravel,
?;j"q’{j{@-105- angular to subrounded 1/10" to
: 5%"{) 23 | 5/10" clasts, calcareous.
—110-%&?;.4—110
T
— 73-115-1 GRAVEL (GW): poorly sorted sandy
4| 25 | gravel, angular, predominantly
_ _'_"._‘_120 inneous clasts.
— SILTY GRAVEL (GM); poorly sorted
5760- - silty gravel, subangular 17107
xS 26 | to 5/10" gravel composed of
; f rock fragments.
: ol3
: —130 ~559—=t=1~130 :
i NEEAIY SILTY SAND (SM); brown silty
T gravelly sand, fine to coarse
A BREARE ot ofedey 27 | grained.
— ; e g°°:o°°4
: 14612 3 <bw-140
il ° o2 do 4
5740~ 14 Oog °°°;°:
‘ bloolodey 28
L1° _fo’:i_Mg GRAVEL (GW): poorly sorted
! _150_;Q095§ gravel and sand, subangular.,
H ] q:_bfé-:c 29 | 1/10" to 5/10" gravel and fine
! ; quogc to coarse sand, composed of rock
°{,\b-gr°\‘-1 55+ fragments.
JOLCR] 30 | SILTY SANDY GRAVEL (GM); brown
. P ) ‘._QQ: . -
was nEmuns | EEPYN ST E N & M) silty sandy gravel .
. =S N ERRE 9% 0% SAND (SW); poorly sorted silty
5720~ |- naN gravelly sand, fine to coarse
g 2% 31 | grained sand with 1/10" to 5/10"| Rig chattering.
1 ' [0 % 0% gravel, subangular to angular
Hrr L 170 170 rock fragments.
i . GRAVEL (GW); poorly sorted sand
i 3o |_and gravel.
':. 90 178 (grading silty)
] Qof{ 33 | SILTY SANDY GRAVEL (GM); brown
—- 180 5 B . -
B AREEERE NPy -1819 silty sandy gravel.
5700~ e "
— 34
—-190 - -
190 SILTY SAND (SM); brown fine to
coarse silty gravelly sand, sub-
: 35 | angular to subrounded, composed
e of rock fragments.

LEEDS. HII'I AND JUFWFTT. INC.



FIELD DRILLING.LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 1-C
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5983.0
Location: Steptoe Valley Dates drilled: August 1982 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 280 Drill Rig/Mud Rotary Nov. 11, 1982
0 - 50tt, 17.5" tricone bit; 50 - 470 ft., 11.5" tricone bit. Page 4 of 5
Elev. |Penetration |Depth{Graphic| Sam.
(feet) |Rate(min/ft) (feet) Log Loc. ' Description Remarks
[ 2 10 :"U{D‘ZFO SILTY GRAVEL (GM); brown poorly
5580~ °°°g°°°°é° sorted silty sandy gravel, sub-
3°°°ofo"b°o 46 |@ngular to subrounded.
] ° 0000 DCDOO
‘H. noa 09 Dopu
—310 et do o310
—:—- 'eon anogo
=) o g°>°o°g° 47
° aoazoc o]
AR N
o qo° 0
~320 =% ee e .1+4-320
000 DQDOOOOO 48
5560- ; ajeede ge
S=7 3257 GRAVEL (GW): brown sandy gravele
— _ g Little or no fines, 1/10" to
— 230 2/10" gravel, medium to coarse
- : . grained sand.
e e
- ; 0-.-_&-335—
; - 3400
T D
5540 -C
=345 ' Drill rig chattering
: “00{ )=
LA 350508 04350~
1 ! C
i i ! [
L $
N i ! t V0N
™ i = 60— 3 O:.“ . . .
— bt 3 \ 0 ¥ Drill rig chatterin
5520 - AN
N RN LS
| i {0 ; i .:'.‘-3
L I Ca 0l
e L 370 g 'C—S?O—
H 11 o ©Jool SILTY GRAVEL (GM); brown poorly
S o afool o] sorted silty sandy gravel, sub-—
! T °Z°°°°q 54 langular to subround, very fine
- o d o Jo o] to coarse grained sand. Drill_rig chattering
11380 -k2kdad 330 ;
Tt 020 GRAVEL (GW); brown slightly
T Q_:Q'?:‘?-' .
5500- T 03'6‘;‘--9-.'0" silty sandy gravel., subanqular
o' QerTq to subrounded, very fine to very
. :Ogo 55 -
— 336" coarse grained sand clasts com-—
0.5 O g
5 . osed of 1gneous rock fragments.
3904309543902 = :
— 0y
Va’0:0%
— Y . . .
2o Drill rig chattering
. Q“(J"’D" 56
1T ) DQ—O‘{'O-&?
H— SUSENY

IFFNS HITT AND OFWFTT INC




FIELD DRILLING LOG

Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: _wWSw-1
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: *5982
Location: Steploe Valley Dates drilled: July 1982 Datum: Field Approximation
Drilling #Hethod and Bit Sizes: Challenger Model No. 124 Drill Rig/Air and Foam Rotary
0-125ft., 12.25" tricone bit. Page 1 of 2
Elev. |Penetration|Depth [Graphic|sample
(feet) |Rate{(min/ft} (feet) No. Description Remarks
5980 e v 10 B da SILTY SAND AND GRAVEL (GM/SM);
— =T poorly sorted silty sand and
;“V% 1 gravel, subangular gravel, fine
1A to coarse gained sand, composed
52D, of rock fragments, calcareous.
L 10 - H -10- g -
iy
Y
ey
5
p
O o
>
- 20 B0
5960- :
RN
30 B
RN D -
[ T
P .
R R gt
|- 40 202
5940~ | FHF
[ 1 R
i t >cj\
Zigat
BRI 2
] gl=0 &
— 50 91 -50-
T ?-:Q ais)
' DLali
ED_O".‘ Cp
. G
EEENE e il -53-
T o .
B 1 g . 60 _ 4906-2 5
I o se3ayfe 6>
2920~ P :.-'c.;:ﬂv?E e
IAEREEE A
T R PNPEN
1 B P joc i 6
B AR S AIARY
i — 70 —'XZQC?Z—( _70_
! 1 e RIS i )
R -:D.o '&(
i 2 690 ‘?" <
r Gt
9~£%§3
iy ‘bé0°>
. — ~ 80 9-F)e 84
; et Ao k-81-
5900~ | o B 5ty
700" | e DI T
h— [ s
. ° c E’_ -
Y ';:féjé 90@ 5
5 " .‘."C:;'.CP‘.
. la) L4 T
—90 _??5.;‘-’ 5 ~90-
Sr o 8
ORSE 9
MLE
I oto Do
IR B i%(BoF

LEEDS. HILL AND JEWETT. INC.



FICLLL uRILLINY Luv

Projecc: WHITE PINE POWER PROJECT Client: LADWP Hole No: 2A
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5840.9
Location: Spring Valley. Dates drilled: 7/82 to 8/82 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Chailenger Model No. 124 Drill Rig/Mud Rotary Nov. 11, 1982
0 - 1000 ft., 12.25" tricone bit. Page 1 of 10
Elev. |Penetration|Depth|Graphic ample
(feet)|Rate(min/ft) (feet) Log No. Description Remarks
0 - ool of o .
5840-{0 ~— %~ J” SILTY SAND (SM); brown silty
e EEESR °23%1F: sand, subrounded to rounded
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Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 2A
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5840.9
Location: Spring Valley Dates drilled: 7/82 o 8/82 patum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Mcdel No. 124 Drill Rig/Mud Rotary Nov.11, 1982
0 - 1000ft., 12.25" tricone bit.: Page 3 of 10
Elev. |Penetration|Depth |Graphic amplef .
(feet)|Rate(min/ft) (feet) No. Description Remarks
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Project: WHITE PINE POWER PROJECT

Client: LADWP

Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada
Location: Spring Valley

Dates drilled: 7/82 to 8/82

Drilling Method and B_it Sizes: Chailenger Model No. 124 Drill Rig/Mud Rotary

0 - 1000 ft., 12.25" tricone bit.

Hole No: 2A

G.S. Elev: _5840.9

Datum: Surveyed Elev.

Nov.11, 1982
Page 5 of 10

Elev. |Penetration|Depth |GraphiciSamplé :
(feet)|Rate(min/ft) (feet) Log No. Description Remarks
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Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 2A
Drilling Co.: - Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5840.9
Location: Spring Valiey Dates drilled: /82 o 8/82 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 124 Drill Rig/Mud Rotary Nov.11, 1982
0 - 1000 ft, 12.25" tricone bit. Page 7 of 10
Elev. |Penetration |Depth GraphicfSample
(feet}|Rate(min/ft) (feet) Log No. Description Remarks
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Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 2A
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5840.9
Location: Spring Valley Dates drilled: 7/82. to 8/82 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 124 Drill Rig/Mud Rotary Nov. 11, 1982
0 - 1000 ft., 12.25" tricone bit. Page 9 of 10
Elev. |Penetration|Depth GraphiciSample]
(feet) [Rate(min/ft]) (feet) Log No. Description Remarks
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Project: WHITE PINE POWER PROJECT | Client: LADWP Hole No: 28
Drilling Co.: _ Thompson Drilling Company, LasVegas, Nevada G.S. Elev: 5822.8°
Location: Spring Valley Dates drilled: August 1982° Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 124 Drill Rig/Mud Rotary : Nov. 11, 1982
0-50tt., 15" tricone bit; 50-490ft., 9 7/8" tricone bit. Page 1 of 5§
Elev. |penetration|Depth|Graphicisample
(feet)|Rate(min/ft) (feet) Log No. Description Remarks
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Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: 2B
Drilling Co.: Thompson Drilling Company, LasVegas, Nevada G.S. Elev: 5822.8
Location: Spring Valley Dates drilled: August 1982 Datum: Surv’eyed Elev.
Drilling Method and Bit Sizes: Challenger Model No. 124 Driil Rig/Mud Rotary . Nov. 11, 1982
0 - 50ft., 15" tricone bit; 50- 490ft., 9 7/8" tricone bit. page 3 of 5
Elev. Penetrgtion Depth |Graphicfsample
(feet){Rate(min/ft) (feet) No. Description Remarks
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Project: WHITE PINE POWER PROJECT

Client: LLADWP Hole

Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S.

Location: Spring Vall

ey

Dates drilled: August 1982 Datum: Surveyed Elev.

Drilling Method and Bit Sizes: Challenger Model No. 124 Drill Rig/Mud Rotary

0 -50ft., 15" tricone bit; 50- 490ft., 9 7/8" tricone bit. Page

5 of 5

No: 2B
Elev: 5822.8

Nov. 11, 1982

Elev. |Penetration|{Depth |GraphiciSample
(feet)|Rate(min/ft) (feet) Log No Description Remarks
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Project: WHITE PINE POWER PROJECT Client: LADWP Hole No: _ 2C
Drilling Co.: Thompson Drilling Company, Las Vegas, Nevada G.S. Elev: 5836.8
Location: Spring Valley Dates drilled: August 1982 Datum: Surveyed Elev.
Drilling Method and Bit Sizes: Challenger Mode! No. 124 Drill Rig/Mud Rotary Nov.11, 1882
0 - 50 ft., 17" tricone bit; 50-21011, 11" tricone bit. Page 2 of 3
Elev. |Penetration|Depth|GraphiclSample
(feet)Rate(min/ft) (feet) Log No. Description Remarks
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I INTRODUCTION

This report presents the results of geophysical well logging
and surface electrical resistivity (VES) studies conducted in
Spring and Steptoe Valleys, covering portions of White Pine
County in the vicinity of Ely, Nevada (the work in Steptoe
Valley also covered a very small area in Elko County). The
results of these studies will be used to help define ground-
water regimes for a water supply program for the proposed White
Pine Power Project in the area.

The studies were.performed in August 1982 by Harding Lawson
Associates (HLA) for Leeds, Hill and Jewett, Inc. (LEEDSHILL),
as authorized by an HLA Service Agreement dated July 23, 1982,
signed by J. S. Nelson of HLA and R. Hungett of LEEDSHILL. HLA
field‘personnel included R. F. Corwin, W. J. Henrich, D. W.
Gibbs, E. J. Ticken, and R. J. Palm. G. Nakano of LEEDSHILL
selected VES sites and provided field liaison and other assis-

tance.

A. Scope
1. Geophysical Well Logging

Approximately 3000 feet of geophysical well logs were
recorded. In both Spring and Steptoe Valleys, the geophysical
well logs were recorded in two boreholes, one about 1000 ft deep

and the other about 500 ft deep, separated by about 900 ft. The
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east by the Snake Range and on the west by the Schell Creek
Range. VES-5A was located close to logged Boréholes 2A and 2B.
Soundings VES-ST]l through VES-ST21 were performed in Steptoe
Valley (Plate 1), which is bounded on the east by the Schell
Creek Range and on the west by the Egan and Cherry Creek
Ranges. Sounding VES-ST7 was located close to logged Boreholes
1A and 1B.

Both Spring and Steptoe Valleys are typical of the Basin and
Range province in which the survey area 1s located, in that they
were formed by downward block faulting associated with exten-
sional tectonics and subsequently filled with sediments derived
from the surrounding mountain ranges. The sediments are com-
posed of interbedded and intermixed gravels, sands, silts, and
clays, and were deposited by alluvial, lacustrine, and eolian
processes. Bedrock may be present at a few of the VES sites,

but almost all of the sediments are thought to be unconsolidated.
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can be be expected in valleys located in this Basin and Range
depositional environment.

Quantitative modeling studieé of the VES data indicate that
it would be difficult to trace most relatively thin layers (less
than about 50 feet thick) between VES stations, if these layers
lie below a depth of about 200 feet. Therefore, the absence of
a relatively thin high-resistivity aquifer layer or low-
resistivity clay layer on a given VES section does not neces-
sarily mean that the layer does not exist at that station.

Most of the sediments in both Spring and Steptoe Valleys
have resistivities between 20 ohm-m and 250 ohm-m, which indi—
cates good water production potential. Most of the areas having
resistivities greater than 250 ohm-m are found at relatively
shallow depths in Spring Vvalley and may represent unsaturated
material above the water table. Major areas of low resistivity
(below 20 ohm-m) are seen mainly in the deeper, central portions
of the two valleys. These areas probably represent clay-rich
formations of poor water production potential.

Resistivity values in Steptoe Valley generally-are slightly
lower than those in Spring valley. This may be caused by a
somewhat higher general clay content, by a different predominant
clay type, or by a lower average pore water resistivity in

Steptoe valley.
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a) Natural Gamma Log

~The gamma probe contains a detector made up of a
sodium iodide crystal. The crysfal absorbs the gamma ray radia-
tion and converts it to a light flash (scintillation). The
light is received by a photomultiplier and is converted to an
amplified voltage signal that is proportional to the intensity
of radiation. The intensity of radiation is recorded in counts
per minute.

The emission of gamma rays is statistical in
nature. However, the number of rays counted over a sufficiently
long period of time will be practically constant. The period of
time needed for an average value is several seconds. This sam-
pling period is known as the time constant. Time constants for
this survey were maintained at 5 seconds.

Gamma rays have no electrical charge and no mass and
therefore are capable of penetrating rock formations. In gen-
eral, the depth of investigation for rock formations is 6 to 12
inches; for unconsolidated sediments the depth of investigation
is 12 to 18 inches.

b) Normal Resistivity Lag

The electrode configuration for the normal resistiv-
\
ity device is shown on the left-hand side of Figure 1. Alter-
nating current (17 hertz) is forced to flow between electrodes A

and B. The resulting potential difference is measured between
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electrodes M and N. The in-line distance between A and M is
known as the electrode spacing. The spacing désignafes the type
of normal resistivity log. Spacings of .25 and 2.5 feet were
used in this survey. Theoretically, 50 percent of the potential
drop occurs along a radiél distance from M equal to two times
the AM spacing. The radius of investigation, therefore, is
approximately equal to 2 AM. Resistivity measurements are made
in ohm-feet, but they have been converted to ohm-meters on
Plates 2 through 7 for comparison with the VES data.

c) Lateral Resistivity Log

The electrode configuration for the lateral device
is shown on the right-hand side of Figure 1. Alternating cur-
rent is forced to flow between the A and B electrodes. The
Tesulting potential difference i1s measured between electrodes M
and N, For this particular instrument, the lateral designations
of .25 and 2.5 feet refer to the distance between the A and M
electrodes. According to the manufacturer, the radius of inves-
tigation for this lateral configuration is approximately equal
to the MN spacing (9.88 ft for the .25 device and 7.5 ft for the
2.5 device).

For reasons explained in the following section, the
2.5 lateral resistivity log readings were assumed to give the
best estimate of the true formation resistivity values in the

earth. To obtain correct absolute values for this device, a
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100° C. The readout on the log gives the temperature (in °C) of

the borehole fluid as a function of depth.

B. Electrical Resistivity Measurements

l. Field Procedure

We obtained vertical electrical sounding (VES) data
using the Schlumberger array (see Figure 2). This consists of
four electrodes arranged in a colinear array. Electrical cur-
rent (I) is introduced into the earth through the two outer
electrodes (AB) while the resulting potential drop (V) is mea-
sured between the two inner electrodes (MN). By separating the
current electrodes by increasingly greater distances, the elec-
trical current is forced to flow deeper into the subsurface,
thus increasing the depth of the sounding. The potential elec-
trodes MN are maintained at a fairly close spacing relative to
the current electrodes AB (AB/MN > 4). MN is increased only
when the potential becomes too small to measure accurately. In
many cases, lateral resistivity variations or other factors
cause a shift in the apparent resistivity data when MN is
expanded. Therefore, it was our procedure in the field to over-
lap the data whenever the shift was made. That is, we would
repeat at least two readings using both the initial and the

expanded MN. Any measured MN shift then could be compensated
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for by shifting the data taken at the larger MN spacing to over-
lap those taken at the smaller MN spacing (see Figure 2).

For the vertical electrical soundings we took readings
at 18 different AB/2 values ranging from 1.000 meter to 681.3
meters. Our AB/2 spacings (shown on the data sheets in the
Appendix) were chosen to provide distribution at even loga-
rithmic intervals with 6 data points per cycle.

The input current (I) was read on an analog meter
included in the transmitter, and the voltage (V) was measured
with a digital voltmeter and also monitored on a high impedance
chart recorder (see Instrumentation section below). The data
were reduced to apparent resistivity values (as described in
Section IV; Data Reduction) and plotted in the field to allow
any questionable readings to be re-measured.

2. Instrumentation

Almost all of the readings were made using a Scintrex
Model IPC-7 resistivity-induced polarization transmitter. This
unit has a maximum current capacity of up to about 10 amps and
selectablé voltages of up to about 1200 volts, and is rated at
1250 watts. Current was input to the earth in the form of a
square wave. A complete current cycle consisted of an 8-second
positive pulse, an 8-second off period, an 8-second negative
pulse, and an 8-second off period. When the Scintrex unit was

down for repairs for brief time periods, a backup transmitter
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sites was good. Vegetation consisted of varying mixtures of
sage, shadscale, greasewood, and rabbitbush. Most VES expan-
sions were made along existing dirt roads, with electrodes
placed in undisturbed soil adjacent to the road. The weather
was clear throughout most of the survey period, with occasional
lightning storms. Measurable rainfall, with associated muddy
surface soil, occurred only during soundings VES-2 and VES-
$T21. 1In general, variations in soil, terrain, weather, and
vegetation conditions were relatively minor and should have had

little or no effect on the interpretation of the VES data.
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part of this procedure the program computes the theoretical
values of (% corresponding to the model. These theoretical
values are tabulated in the Appeﬁdix along with the observed
valﬁes and the calculated model thicknesses and resistivities.
The validity of each model can be determined by comparing the
observed Py with the theoretical values. This is illustrated

by the sample curve shown on Figure 2.
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clay content is qualitative; a high gamma intensity indicates
high clay content (clay-rich soil or shale lithology), and a low
gamma intensity indicates low clay content (suggesting a sandy
or gravelly soil or a sandstone).

The ultimate sources of potassium in soil sediments are
feldspars and mica minerals. Feldspar minerals, as components
of igneous and certain sedimentary rocks, Qeather and decompose
into clay minerals. Under conditions of rapid deposition and
burial, however, feldspar grains may survive decomposition and
mechanically break down into sand and gravel. These feldspar-
rich sands and gravels will yield gamma ray intensities compa-
rable to clay-dominated formations.

2. Resistivity Logs

The normal and lateral resistivity logs measure the
ability of a formation to conduct electric current through
fluid-saturated pore spaces (resistivity is the inverse of
conductivity). At a given temperature, the resistivity of a
formation is a function of the geometry of interconnected pore
spaces, the percentage of fluid saturation, and the ion concen-
tration of the pore fluid. Clay-dominated formations have low
resistivities because pore waters are subject to desorption of
exchangeable ions from clay minerals. These ions increase the
conductivity of the pore water and thereby reduce the resistiv-

ity of the fofmation. Clastic or sand dominated formations
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less than about 80% of the true formation resistivity. There-
fore, throughout this rebort we will assume that the measured
2.5 lateral resistivity values are essentially equal to the true
formation resistivities.

Because the geologic material within a given layer is
never perfectly uniform, short-wavelength resistivity variations
will be superimposed on the average resistivity value for each
layer. In many cases it was relatively easy to estimate a
reasonable single average resistivity value for a given layer
(for example, the 100 ohm-m value for Layer A in Borehole 2A
(Plate 2), discussed below). 1In some cases, however, it was
impossible to pick a single representative resistivity value for
a layer; In such cases, only an estimated resistivity range for
the layer is given (for example, Layer D in Borehole 1B, shown
on Plate 5).

3. Self-Potential Log

The borehole self-potential log is a measure of natural
DC voltages that are generated within the borehole. Electro-
chemical potentials are produced when there is a difference in
ionic concentration between the borehole fluid and the formation
water. In a clastic permeable formation, a potential forms
where the borehole fluid and formation water come in contact.
The differences in ion mobilities within the two solutions cause

a charge imbalance at the cdntact, and this imbalance produces a
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The temperature log (Plate 2) shows no measurable
response to Layer A, indicating that the water in the layer is
not geothermally heated and that.any cold water flow in this
layer is not great enough to transfer a significant amount of
heat into or out of the borehole. The caliper log does not show
any change in diameter in this interval, indicating either that
a very slight amount of natural clay may be acting as a binder
to keep the gravel together or that the mud cake wall was func-
tioning properly. The gamma log shows a strong decrease in
intensity opposite Layer A, indicating that this layer contains
considerably less clay than those above and below it.

The self-potential log shows a negative deflection for
Layer A, as would be expected for a gravel saturated with water
having a slightly higher salinity than that of the borehole
fluid (as discussed later, measured borehole fluid resistivities
ranged from about 5 ohm-m to 15 ohm-m, while in-situ formation
water resistivities are probably about 10 ohm-m). The response
of all four resistivity logs is similar in nature, in that they
show a negative "kick" and a slight decrease in resistivity at
the upper boundary of Layer A and a strong resistivity decrease
at the lower boundary between the gravel and the underlying
clay. Examination of the 2.5 lateral resistivity log indicates
an absolute resistivity value of about 100 ohm-m in the central

part of the layer, away from the influence of the boundaries.
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homogeneous layers extending an infinite distance in-every
direction from the center of the VES. Lateral variations in the
resistivity of a given layer, dibping layers, crossing of a
fault or contact, or the pinching out of a layer within the
range of the current electrodes all will cause distortions of
the VES sounding curve. In many cases these distortions can be
recognized and removed from the data, but sometimes they cannot
be distinguished from distortions caused by additional layers,
and so three-dimensional geology with lateral resistivity varia-
tions can be erroneously inferpreted in terms of simple hori-
zontal layering.

For this particular survey, most of the VES curves
showed some evidence of lateral resistivity variations (as
tabulated in the Appendix). . The distortions were not of the
severe type generated when a fault or contact is crossed, but
rather were representative of the types of distortions that
would be caused by changes in the geoelectric properties of a
given layer or by the pinching out of a layer of one resistivity
and its replacement by another layer of different resistivity
within the range of the current electrodes. The effects of
these lateral variations cannot be described quantitatively
without using an elaborate 2- or 3-dimensional computer program,
but they probably led to relafively minor errors in the derived

thicknesses and resistivities of the major layers shown in the
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interpretation procedure tends to smooth minor "wiggles"™ in the
sounding curves, a VES interpretation usually is a simplified
version of the actual complex layered geology beneath the center
point of the sounding. Thus, as mentioned above, a single layer
on the geoelectric section may represent a number of actual geo-
logic layers having different resistivities. Also, layers that
are relatively thin may not be seen on the geoelectric section
even if they have a high resistivity contrast with surrounding
layers.

This point is important when considering the rela-
tionship of resistivity values to formation water content. A
geoelectric layer of 80 th-m resistivity, for example, may
actually consist of a number of thin, relatively high resistiv-
ity laYers that are good water 'producers along with one or more
thin, low resistivity layers of high clay content or very high
resistivity layers of low porosity that are poor water pro-
ducers. As discussed below, geoelectric sections of moderate to
high resistivity probably represent the best formations for
water production. However, within such formations there may
exist numerous lenses and thin layers of higher or lower

resistivity material that have lower water production potential.
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where a and m are characteristic of the rock or sediment frame-
work. For unconsolidated sediments in the porosity range of
about 10 to 30 percent, a may be taken as 1 and m as 2 (Keller
and Frischknecht, 1966).

The average values of Pw for water produced from Boreé
holes 1A in Steptoe Valley and 2A in Spring Valley were about 24
ohm-m and 35 ohm-m, respectively. Both of these are high values
representative of frefh water. Taking a representative value of
25 ohm-m for Py Archie's law gives

Pe = 25¢72.
A plot of this equation is shown in Figure 3.

From Figure 3, for Pw = 25 ohm-m, formation resistiv-
ities in the 20 percent to 40 percent porosity range thought to
be typical of most of the study area should vary from about 625
ohm-m for ¢ = 20 percent to about 160 ohm-m for ¢ = 40 percent.
However, the presence of even a very small amount (a few tenths
of a percent or less) of clay in a formation usually limits
actual effective in-situ values of Py to no greater than about
10 ohm-m (Keller and Frischknecht, 1966; Grant and West, 1965).
(Other factors, such as surface conduction effects in non-clay
minerals, alsoc tend to limit in-situ values of P, to about 10
ohm-m.) The curve for Py = 10 ohm-m in Figure 3 indicates

that formation resistivities for fresh-water saturated sediments
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should vary, then, from about 250 ohm-m to about 60 ohm-m in the
porosity range between 20 percent and 40 percent.

However, this simple intérpretation is complicated by
the presence of additional clay in a formation. Because of the
ion exchange capacity and surface conduction properties of
clays, small additional amountg of clay can cause further large
reductions in formation resistivity values. Thus, the amount
and type of clay in a given formation must be known in order to
unambiguously relate formation resistivity and lithology.
Unfortunately, this information can be obtained only from bulk
borehole samples; and even when samples are available, the clay
percentage is difficult to determine and the type of clay usu-
ally can be determined only by an elaborate X-ray analysis.

In order to relate formation resistivity and lithology,
then, we must make use of any available "ground truth". 1In
addition to the resistivity values provided in Section VI of
this report, other "ground truth" data include published results
of resistivity surveys in areas of known lithology and VES data
from this survey taken in areas of surface clay deposits. Con-
sidering all of these data, we have established the approximate
correlations listed in Table 1.

Several points should be noted with respect to Table 1.
First, the formation resistivity ranges given are only approx-

imate, and in reality there is considerable overlap between
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ranges. Ffor this reason, the boundaries between formations of
different resistivities shown on Plates 8 through 13 serve only
as rough indicators of transitioﬁal zones between regions of
generally higher or lower resistivity, and boundaries between
regions having resistivities near the limits of a given range
(e.g., between regions of 19 and 21 ohm-m or 240 and 260 ohm~m)
are somewhat arbitrary. Second,'no numerical values are given
for clay content and porosity, as these would have to be estab-
lished by actual sampling and measurement for each formation.
Third, without knowledge of formation clay content and type_it
is not possible to choose a single combination of clay content
and porosity from the multiple possibilities within each forma-
tion resistivity range. Such a choice can be made only by
considering the sampling and well testing results from the
formation, along with other available geological information.
From the correlations between resistivity logs, geologic
logs, VES data, and well production tests shown on Plates & and
7, it appears that formations of very low to low resistivity
(below about 20 ohm-m) in the logged wells tend to contain
significant amounts of clay rather than being of very high
porosity. Thus, based on the resistivity log data, formations
having moderate to high resistivities (between a lower limit of
about 20 ohm-m and an upper limit of about 250'0hm-m) probably

represent the best water producers. All formations having
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VI SURVEY RESULTS

A. Geophysical Well Logging:

1. Spring Valley

a. Geophysical Well Logs

Within the suite of geophysical well logs obtained
in Spring Valley (shown on Plates 2 and 3) the combination of
natural gamma and resistivity proved to be the most effective in
déiineating geologic boundaries and identifying sediment compo-
sition as indicated by the geologic logs. Detailed descriptions
of the correlation between the 2.5 lateral resistivity logs, the
geologic logs, and the VES data from Spring Valley are given in
the next section.

As expected from the interpretation principles dis-
cussed earlier, over most of the logged intervals the combina-
tion of relatively low gamma intensity and relatively high
resistivity correlated with clean sands and gravels saturated
wifh fresh water, while high gamma intensity together with low
resistivity indicated sediments having a high clay content. The
self-potential readings also generally responded as predicted by
theory, with sandy layers showing negative self-potential
deflections. However, the magnitude of the self-potential

deflections generally was small, probably because of the low
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gamma, resistivity, and self-potential response was not suf-
ficiently diagnostic to allow a given layer to be unambiguously
designated as clay- or sand-domihated. However, it was possible
to assign a reasonable resistivity value, or range of values, to
the 2.5 lateral resistivity log readings in these intervals. By
combining the lateral resistivity logs, the geologic logs, and
the well production test data for Spring Valley {shown on
Plate 6), we were able to infer that formations. having average
resistivities of about 10 ohm-m or less (e.g., Layer B,'between
about 190 ft and 240 ft in Borehole 2A) had high clay content
and were poor water producers, while formations having average
resistivities of about 30 ohm-m or greater had low to moderate
clay content and were good water producers. Thus, the resistiv-
ity boundary between formations that are good or poor water
producers in Spring Valley appears to lie somewhere between
about 10 ohm-m and about 30 chm-m. As discussed in Section V,
this lower boundary appears to be at about 20 ohm—m. The high-
est 2.5 lateral resistivity value seen within a good water
producing interval in Borehole 2A was about 135 ohm-m. As dis-
cussed in Section V, the upper formation resistivity limit for
good water production appears to be about 250 ohm-m.

Finally, inspection of Plates 2 and 3 indicates that

there are a number of intervals within which the geologic and
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sandy gravellv clay (Layer B) is clearly indicated by a resis-
tivity drop from 100 ohm-m down to 10 ohm-m. At about 240 ft,
the transition from clay (Layer B) to sand (Layer C) is indi-
cated by a resistivity rise from 10 ohm-m to 60 - 80 ohm-m, and
the transition from Layer C to a sequence of thinner layers of
higher clay content at a depth of 330 ft to 350 ft is indicated
by a drop to 35 ohm-m resistivity. The 10- to 20-ft differences
between the boundary depth interpretations for the two logs
probably are.due to the differences in clay content, porosity,
and salinity response discussed above.

An example of an interval in which geologic and geo-
physical well log interpretations differ somewhat is seen in
Borehole 2B (Plate 3), between about 45 ft and 210 ft. In this
interval, a number of thin la?ers (10 ft to 30 ft thick) of
varying resistiyity are shown opposite a continuous sand and
gravel section on the geologic log. As most of these layers
have resistivities between 60 ohm-m and 175 ohm-m, they fall in
the range expected for saturated sands and gravels. Thus, these
fhin layers probably represent differences in grain-size sort-
ing, porosity, and clay content within the sand and gravel sec-
tion, rather than gross lithologic changes.

Based on common resistivity log signatures, three
discrete continuous geological layers were identified in the two

boreholes. These correlative geological layers are represented
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extending from 420 ft to 1350 ft is a reasonable average of the
conductive 10 ohm-m to 40 ohm-m material seen below 420 ft on
the resistivity log. No ground truth is available for the 3
ohm-m layer beginning at 13250 ft, which probably represents a
saline clay formation.

The 31 ohm-m layer extending from 170 ft to 420 ft
on the VES section shows no indication of the 60 - 80 ohm-m
Layer C that is seen on the resistivity log and correlates with
a sand section on the geologic log. A resolution study of the
type described in Section V was conducted on the VES data to
determine whether Layer C should have been detectable by the VES
sounding. The conclusion of this study was that, for the thick-
ness and resistivity values shown on the resistivity. log, Layer
C should have been detectable from the VES field data. However,
the detectability was marginal, and if Layer C was somewhat
thinner than indicated, or if its resistivity contrast was some-
what smaller than that shown on the resistivity log, this layer
probably would not have been detectable. Thus, we feel that it
is about equally probable that (1) Layer C pinches out or
becomes considerably less resistive to the west of Borehole 2A
or (2) Layer C was present beneath the VES station but was not
detected.

Comparing the averaged resistivity values shown on

the VES section with the results of the well production test
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the expected decrease, was recorded opposite high-resistivity
clean sand. This inconsistent gamma response probably was
caused by the presence.of a Considerable amount of potassium-
rich volcanic clastics in many of the logged intervals in the
two boreholes. The high gamma emission of the potassium in
these clastics probably masked most gamma indications of clay
content or lithologic boundaries. The relatively constant gamma
emission level over such a large percentage of the logged inter-
vals also suggests that most of the sediments in the Steptoe
Valley boreholes contain roughly equal amounts of potassium-rich
material; thus, they may be poorly sorted in comparison with
those in Spring Valley.

The self-potential logs in the Steptoe Vvalley bore-
holes showed a response similar to that seen in Spring Vvalley,
with»small—magnitude negative self-potential deflections indi-
cating sand-gravel layers. Examples of high-resistivity, nega-
tive self-potential intervals defining sand and gravel layers
include 350 ft to 400 ft in Borehole 1A and 223 ft to 233 ft in
Borehole 1B.

The caliper logs in Boreholes 1A and 1B showed no
significant deviations from the bit diameter, indicating some
combination of good drilling practice and the possible presence
of a clay binder in the logged sediments. The temperature log

in Borehole 1B (not shown) was similar in nature to that seen in
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porosity, and clay content. As none of the layers in either
borehole has a resistivity of less than 20 ohm-m, clay content
would be expected to be low to mbderate throughout; probably
less.than a few percent. Thus, for example, a change from 1% to
2% formation clay content, which would be difficult to detect on
the geologic log, would strongly reduce the formation resistiv-
ity. This sensitivity of the resistivity values to small varia-
tions in already low clay contents (and to salinity and porosity)
probably explains both the generally different formation bound-
aries and the greater layering complexity on the resistivity
logs as compared to the geologic logs. |
Based on common resistivity log signatures, two
discrete continuous geologic layers cogld be identified and cor-
related between Boreholes lA and 1B. These layers are labeled E
and D on Plates 4, 5, and 7. Layers E and D_have comparable
resistivities in both boreholes, but the thickness of Layer D
decreases from 80 ft to Sd ft between the two boreholes. The
resistivity log of the layers lying between E and D, labeled as
interval F, shows significant variations in resistivities and
layer thicknesses between the two boreholes. Correlation of
individual layers between boreholes was not possible. Since
resistivities in interval F show a general decrease from Bore-
hole 1A to 1B, we can assume that sand content is decreasing and

that clay content is increasing in a westerly direction.
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pinches out or significantly changes its properties before
reaching the VES site.

A computer study of the type described in Section V
was conducted to examine this problem. The results of this

study indicate that:
(1) If the thickness of Layer D at the VES site is as
shown on the resistivity log of Borehole 1B, and
the layer is underlain by 34 ohm-m material, it

would be marginally detectable by the VES measure-
ment .

(2) If the thickness of Layer D at the VES site is
somewhat less than at the borehole, and/or if its
resistivity is somewhat lower, it would be diffi-
cult to detect in the VES data. '

(3) If Layer D at the VES site is of 70-95 ohm-m resis-
tivity and is significantly thicker than the 80-ft
value measured in the borehole (i.e., if it extends
to greater depth), it would have been detected by
the VES measurement.

Thus, we conclude that if Layer D extends to the VES
site it probably is thinner and/or less resistive than it is in
Borehole 1B (though it still may constitute a good agquifer). If
Layer D were thicker and/or more resistive at the VES site than
at Borehole 1B, this almost certainly would have been apparent
in the VES interpretation.

Based on well production test results from Borehole
1A (Plate 7), the intervals between 110 ft and 120 ft and
between 350 ft and 480 ft are good water producers, while the

region between these intervals (Layer F) seems to act as a leaky
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(6) From the discussion in the previous section, it is
apparent that relatively thin deeply buried layers such
as Layer C in Spring Valley (Plate 6) or Layer D in
Steptoe valley (Plate 7) would be difficult to track
between VES sites.

(7) Formations having resistivities between 20 ohm-m and
250 ohm-m, indicated on the plates by a common lined
pattern, probably represent the best potential water
producers.

1. Spring Valley

The geoelectric sections for Spring Valley are shown on
Plates 8, 9, and 10. Plate 8 shows a north-south section along
the east side of the valley; Plate 9 shows a north-south section
along the west side of the valley; and Plate 10 shows a series
of east-west cross sections.

It is apparent from Plate 8 that most of the formations
on the east side of Spring Valley have resistivities that fall
between 20 ohm-m and 250 ohm-m, and thus probably repfesent good
potential water producers. Near-surface areas of high resistiv-
ity extending from south of VES-7 to VES-17, and from south of
VES-19 to VES-20, may represent partially saturated material
above the water table. A small area of 290 ohm-m material at
the bottom of VES-19 may represent either bedrock or a region of
very low porosity sediments.

The resistivity distribution on the west side of Spring
valley (Plate 9) is more complex than that on the east side.

The bulk of the material on the west side of the valley has
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2. Steptoe Valley

The geoelectric sections for Steptoe Valley are shown on
Plates 11, 12, and 13. Plate 11 shows north-south sections in
the southern and central portions of the valley; Plate 12 shows
north-south sections in fhe northern portion; and Plate 13 shows
an east-west cross section in the central Cherry Creek area.

Resistivity values in this valley appear to be generally
lower than those at similar depths in Spring Valley. Although
this may be caused by higher clay cpntent and/or higher porosity
values in Steptoe valley, it also may reflect a somewhat dif—
ferent predominant clay type and/or pore water salinity between
the two valleys. As noted in Section V, the average resistivity
of the water pumped from Borehole 1A in Steptoe Valley was about
24 ohm-m, while the water pumped from Borehole 2A in Spring
Valley averaged about 35 ohm-m. Because Archie's law (Section V)
indicates that formation resistivities are directly proportional
to pore water resistivities, lower pore water resistivity in
Steptoe Valley could account for the generally lbwer measured
VES values in Steptoe VvValley. However, as discussed in Sec-
tion VvV, it should be kept in mind that in-situ pore water
resistivities are lower than those measured for pumped samples.
In addition, it is not known how representative these measured

pore water resistivity values are for their respective valleys.
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The VES profile for VES-ST1l, ST2, and ST3, shown on
Plate 11, indicates that most of_the shallow material seen in
the three southernmost soundings lies within the 20 to 250 ohm-m
range. However, both VES-ST1l and VES-ST3 show relatively clay-
rich 14 ohm-m material at depths of a few hundred feet. The two
sméll shallow high-resistivity lenses seen at VES-S5T2 may be
caused by partial saturation above the water table.

For the profile between VES-ST4 and VES-ST13, all of the
shallow and much of the deep material is of greater than 20
ochm-m resistivity, so it may be considered as promising for
water production. Two large, deep wedges of low-resistivity
clay-rich material come close to the surface at VES-ST5 and
VES-ST12. The material in these wedges probably has relatively
poor potential for water production.

The east-west cross section in the Cherry Creek area
(Plate 13) shows that most of the relatively shallow material in
this area is of greater than 20 ohm-m resistivity, indicating
good water production potential. Except for VES-ST8, this
higher resistivity material is underlain, at depths between
about 100 ft and 500 ft, by a thick section of low resistivity
clays having poor water production potential.

The north-south section between VES-ST1l4 and VES-STI19
(Plate 12) is of nearly uniform resistivity, with the great bulk

of the material ranging between 20 ohm-m and 60 ohm-m. Although
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VII CONCLUSIONS AND RECOMMENDATIONS

Based on the geophysical and'geological well log data, on
production test results, and on theoretical considerations,
materials having resistivities between about 20 ohm-m and about
250 ohm-m appear to represent fresh-water-bearing formations
containing varying percentages of gravel, sand, and silt, with
low to moderate amounts of clay. Such formations should have
good potential for water production. Formations having lower
resistivities probably are of high clay content and may contain
saline pore water.' Such formations would have poor water pro-
duction potential. Formations having resistivities of greater
than about 250 ohm-m probably are of very low porosity (énd may
be consolidated rock in some areas) or may represent zones of
partial saturation above the water table. These high resistiv-
ity formations also would have poor potential for water produc-
tion.

It should be kept in mind that the maximum and minimum
in-situ resistivities measured by the 2.5 lateral logs were 200
ohm-m and 10 ohm-m, respectively. Thus, our conclusions regard-
ing the nature of materials having resistivities of less than 10
ohm-m or greater than 200 ohm-m are based only on theoretical
inference. We are reasonably confident that materials having

resistivities of less than 10 ohm-m contain saline pore water
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soundings in each valley. IP measurements involve the deter-
mination of the decay time of an electrical pulse transmitted
into the earth. Because decay time is strongly related to clay
content (Zohdy et al., 1974), the measurements give an indica-

tion of the variation of clay content with depth.
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IX TILLUSTRATIONS
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Appendix

ELECTRICAL RESISTIVITY DATA



Notes:

(1)

(2)

(3)

(4)

(5)
(6)

Harding Lawson Associates

ELECTRICAL RESISTIVITY DATA

Pay = Measured apparent resistivity (ohm-m).
Values have been adjusted for MN shifts and
slightly smoothed if necessary.

pat = Theoretical apparent resistivity (ohm-m)

generated by computer program INVERT for
layered interpretation shown below.

A "yes" listing opposite "distorted?" means that
effects of lateral resistivity variations are seen
in the VES field curve.

layer number for computer VES interpretation.

n =
p = resistivity (ohm-m) of layer n.
d = depth to bottom of layer n (ft).



sak sak sak ou sak Sak

ou JPa3403SLp
€L 6
T€T 201 8
21 8¢ AN i £0T 8r8 14
12 589 b (121 81 2SET 091 £1e vb°0 9
LY (81 €01 8bb 1€ 91t L°8B 118 2T (874 2€21 922 S
(01594 88 02§ ST1e 121 691 €€ (88 0§ G2 ¢l €€l 619 6e¢ v
09 61 S{T 6¢ 5SS 1T £g 61¢ 0¢ 811 9¢ 2% 91¢ 121 £
'ANS [ v0L 6 STT 82 1€2 62 ST1¢ §°6 Ll . 8°8 698 14 Z
06 (72 162 £°¢ 96¢€ §°1 ovt L0 £28 L°1 2% 172 S00% 2°g 1
a p d p d p d p 9 p 9 p d p u
8°ET I1°F1 £°2¢2 24 11 11 v 91 GGl 1T 001 0°01 876 0S¢ 0LE £°189
2°91 §°ST AR LY 6°91 91 0°ee 2¢ £ET €21 6°GI S°91 SEb ovy 2 vav
9°61 8°61 1°66 86 9°¢€e £e 6°62 1€ 8/1 81 6°1¢ £e 00s 00s 2’91t
9°62 §° (2 8.1 SLT [°§€E SE 0°9¢ L€ vve 0ge £°1¢ G°¢t 12§ T4 AR 4
b0ob A4 L2 5§62 G99 65 1°2¢ 144 00¢ 262 0°9¢b 1387 205§ 06t 8791
£°0L 69 23129 (0] 1°¢8 v8 2 8y 5°9p L1 T4 6°09 5§ 19 0Lb 0001
0Tt 201 (98¢ §56¢ €01 501 9°¢gs 2s 262 SIE 1°89 S°L9 18 Sib £1°89
(8721 6¢€1 429 69¢€ Ert 1Al 6°19 129 1474 8¢ £°69 272l 08¢ 0Lt ey b
18T §S61 20¢ EEE STT 021 v 28 S hL 061 A4 v°9§ ¢ 09 88¢ 06¢€ 29°1¢
421 641 €92 252 01t (1T et vl T 091 59 g8 °9¢ 9t oty s 12
921 821 552 2ee 201 L0T 991 291 v0OT 901 £°0b G°8¢ 509 0bs 89°v1
ETT 0TI 10¢ 662 0°16 96 102 {12 2748 b8 1°Tp £°8¢ 264 0c8 00°01
01 201 124% 09¢ 9°6L 08 812 (0124 €01 68 'ANA 6°GY £80T1 00¢1 £I18°9
90T S0T 4% 9eY 6°0L 19 vee 124 Shl 921 8°€S 'A°] 9291 0541 Zv9y
v0T 611 1747 8 €714 L9 §2¢e Lbe 861 981 56§ 8 S JAN 24 (810]724 291°¢
001 21T Obb 16t £°€6 98 2ée 222 69¢ 062 1°2§ £S5 6L1¢€ 00T1¢ A
£°96 66 06¢ (0]0]7 6b1 el AN €81 G8¢€ 66¢ v°9b v-9b 9G69¢ 069¢ 891
£°€6 56 Spe LEE 1€ 9¢¢ £02 §S61 2bs (0] 80 271 898¢ 000v 000°'1
w w m
umo Ema uma Emu qu Emu umq Emu uaq Ema umq %y uaq i Nﬂmv<
9-S3A §-S3A YS-S3A v—S3A £-S3A ¢-S3A T1-S3A

Yiva S3A A37IVA ONIYdS

A-2



sak

safk ou ou ou ou safk 3P33u03sLp
£°8
971 62§
001 GLE 6
1°9 81¢ 3
£ve 02 92 14 961 201 L
62 LL9 89 61¢ 6€ £01 89¢ 143 Al 0t 0ST 9
22 §59¢ S€ 82 S6b 9c1 119 £92 591 8¢ 6t L8 v6 S
L2 0°¢ ov EPET 4 £1¢e £6§ 90¢ 18 187 187 o€ 08§ v 4
001 09 128! 06 2l1e 917 041 24 £y 12 16 21 12741 1€ £
96¢ L7E v9 97 0y §°¢ STT 91 L°21 S°1 0°8 22 85S¢ S Z
682 6°0 592 8¢ 881 9°1 G562 12 L1y £°1 612 9°1 26 £ T
d P 9 P d p d p d p d p d P u
p01 b6 6°8¢ [0}4 b 82 82 £'bs 0§ 1°62 62 b1 £l 1°66 S01 £°189
9°06 18 0 o (814 S°EE £e 2°98 28 2 8¢ 8¢ €712 22 8°/6 0T 2 v9b
€01 £6 0°1v ob 0°8¢ L€ 0ST 0sI 6719 £9 L°6E 18 G°G6 101 2 91¢
1821 SE1 A4 T 9°th ' 8€2 (0] 24 2°66 00T 2°0L 69 8768 56 v-G612
181 961 2 9% 44 9°%S LS 81¢t o1e SET ovl 1198 AN 6°v6 £01 8°9v1
90¢ 0ge 2°S§ SS 6°14 2l 96¢ 09¢ €51 191 Sl gvl 191 LET 07001
v1e §5¢¢ 0°0¢ 0f 9°68 26 e 6vE 091 SG1 661 S61 € 0ge £1°89
2l 01e 9°68 98 001 501 20¢€ 20¢ et 2E1 151 I4Al 09§ Q6¢ Zh 9y
€02 S61 1°66 201 101 001 6v2 9p2 111 807 veET T€T 22l 069 29°1€
881 0/1 £°96 86 L°b6 06 102 S61 1°26 26 811 61T £G4 008 psT12
891 91 6°16 (8 0°v8 Ll 991 851 v Ll 8/ 901 501 189 06/ 89 %1
12720 221 068 8/ 0°1¢ 69 vl op1 5°99 59 6°v6 06 196 0v9 00°0T1
€21 66 18 €L L°LS 86 €1 121 VLS §S 6°€8 6/ SEY 08v £18°9
24} 06 8°16 001 2°5b LY 821 g2l 9°8¢% Sy 97¢¢ 99 2t 0ge Zr9°y
891 LTT 21 821 'A% L€ SET PET 1°6¢€ 5°9¢ 9°€9 59 vEe 01e 291°¢
ve 0ee vil 891 9°1¢ A 8S1 0ST1 L€ 2t 5765 5705 /1 €51 bvS17¢
r0€ 02¢ 74 T4 6°8Y 9Y 061 081 §°yS 9§ 0°6¢ 69 €1 ogl g9r -1
82¢ 0tE 9y2 ove v 68 06 ove 9¢2 921 521 STT 111 011 021 0001
1 w w w w w w
%y %y “mq 2y ucq %y “aa ey umq ®y uaq By “ma i NA\mv<
€1-S3A Z1-S3A T1-S3A 0T-S3A 6-S3A 8-S3A £=S3A

V1V3 S3A A3TIVA 9NIYdS

A-3



ou sak ou sof ou sak 2P31403sLp
062 01
VA St/ 6
181 0L¢e 74! Ll 8
1L 16¢€ 80¢ 2§ €05 91 1€0T L
ST¢ 229 g6ty 0t 1324 v6 €6 €Tl 959 9
SvS 221 60T 22 6¢ 1 §°¢ G8 69¢ 6¢ 56¢ Svb S
0S¢ £S 81 'y £l b6 ST 2t v6¢ 91 g2l €01 261 £6 b
%% 61 74 9°¢ Al Tve 86 8¢ £5¢ £9 ST ] 61 0°8 £
€1l - 01 SEY "¢ 6¢ 6S1 14 [ {11 81 19 v 96 0y 4
1€ 9°0 1849 ST Ze SE 12¢ §°T 1vs G 1 62¢ £ 25t £°¢ 1
d p [¢] p [¢] p 2] p d p d p d p u
56 001 G591 (91 1761 8781 021 p1l LS 2§ 6°8¢ (017 §°L(9 59 £°189
LZl £el vt I4A 6791 9791 20T 96 1746 €9 2'6¢ ov S0T 88 ¢ bav
LT 081 vl ¢tl 6761 ST §°p8 28 £799 £9 6°6¢ oy £91 9pT 2°91¢
12¢ 0ove 981 (ST 591 £°91 v'S¢ 4 6°€6 26 L7y 14 802 02¢ v G1¢
€L2 962 Sve oee 6°81 0°6T 1°¢8 £8 182! Gvl STy Ly 1224 8¢¢ 891
£e€ (0123 £8¢ 06¢ 1722 £°€e T11 811 261 861 2 19 66 91¢ 01¢ 07001
96¢ 09¢ 582 06¢ 9°ve 0792 Elal Sh1 €22 8¢¢ 1728 £8 61 061 £1°89
LSE 09¢ 192 042 G 62 8°9¢ 691 081 gee 194 €01 601 22! 891 2y 9%
2t 0ote bee 0ge 1°6¢2 9°§¢ 691 261 91¢ Gee STT A 161 ol 29°1¢
962 262 £81 161 6°€¢ £°be €51 G/1 G561 00¢ 61T 621 821 811 vS° 12
52 G9¢ Sl 18T 6722 v*ee 621 vhl TL1 691 [11 (11 901 £01 8971
91¢ vee STI 601 2 e 212 60T 001 6v1 21 401 £6 0°68 98 00°01
LT SLT L°b6 144 6°1¢ v 0c v 18 0¢ £el 121 €01 9¢ 0°99 74 £18°9
I4a! 121 284 8G 8°1¢ 0°12 1°09 €9 (21 (11 2°vb 34 2 s £9 A
821 2766 1769 A 8°1¢ 1°1¢ v Es 6b 8¢1 {11 0°86 98 1°99 el 291°¢
121 0°68 801 28 8 1¢ vee 101 74 vl GET T4 It 811 01T 2] 4
0¢1 801 2s¢ 022 8°1¢ v ee JA%4 00¢ 661 G81 991 091 661 661 89v°1
St 951 98 09¢% 8 1¢ 6°1¢ Gev (0137 96¢ 00t 002 002 €Ll 85¢ 000°1
w u
Yo, uo e, sma uma E@Q uf e e, Wy T, 0, Yo, 3 Nﬁ\mw
02-S3A 6T-S3A 81-S3A LT-S3A 91-S3A ST1-S3A p1-S3A

Viv3 S3A A31VA ONIYdS

A-4



ou

Sk

S9k

sk

S3k ou ou 3pa3A0ISLD
L7 62 6
/AN0] 66/ Al 4% 618 8
At 9y 94T 1 8T LS 68¢ 8T £6¢ L
V'8 8221 44 G2l ve 60TT Le 0Ty AY4 9/ LY 962 9
02 (8§ §6 €9 12 986 78§ 66 01 b6 v6T €el S
v9 521 9/ 02 16 1°9L 08 G2 v0e £°6 9.8 1€ £l 14
{81 45 1A v°9 6¢ L'y 14 0°g €101 G L 1224 81 Se b6l £
06 ST £Es S°b £21 0°¢ 9! G2 899¢ 06 0£9 £°8 Ll g2 Z
861 6°1 962 871 4%% 9°1 G2 G 1 (b6 L1 9.¢ 270 282 §°¢ I
d p d p d p d p d p d p d p u
0°21 0°21 6°8 6°8 €741 L7LT 6°ve S be 6761 £°91 L°GE S¢ 8¢l 0°v1 £°189
T1°€1 821 96 L76 §°61 §°61 r°92 92 L°81 0¢ v 6€ 6€ 0"l vl A 2%}/
L°S1 9751 201 €701 6702 0702 512 62 1°9¢2 {2 b eb 1387 97yl €761 2 91¢
2°61 2°61 8701 8°01 §°12 5702 §°8¢Z §°/2 0°8¢€ g€ b9 Sb 0791 9t b 51¢e
Rl 24 §2 €721 €21 6722 §°2¢2 9°0¢ G'62 8°16 £§ 8765 66 v°8T STLT 8°9v1
v be §'ce L7LT (1 8°/L¢ 62 1°6¢ G°gE £°89 L9 €16 S8 v 12 02 0°001
¢ 14 4] 8°62 5S¢ G'6¢€ |84 A 8¢ 6°G6 06 6€T LET AR 4 £e €189
2 el §°8¢ 13A 0§ 6°9G 9799 €719 1§ 9¢T €1 261 v81 §°9¢2 X4 2y 9y
2796 10T 0°99 89 1°¢L 2°hL 0°6S 29 vLT 891 Lve 162 1°0¢ £¢ 29°1¢
vIl STt 6°LL 9/ £°28 b8 2°49 99 961 21e (62 v6¢ ¢°'8¢ 6€ vG 12
021 STI v v8 08 0°68 8°06 070 5 89 212 (61 £ee 1ee 1°1§ LY 8971
STI ITT 0%26 {8 0°p8 bZ8 L72L /ANl 10€ 1§24 29¢ 6b¢ 07499 09 00701
901 0°(6 61T €Il £°08 S 9L 9°2. 69 VA" 8727 |87 vOb 2L 9¢ €18°9
00t 6°68 ¢81 991 14 L°CL 6°69 89 (66 (88 L8Y 926§ 9°b6 86 A'A N
201 L°E8 99¢2 (8¢ §°2¢ 8°2L 9°L9 89 89¢cT 29¢tl gs 6 029 621 ott 291°¢
Tl 211 62¢ 6€€ 0°16 €8¢ 9°G¢ AR 2051 9€6T 866 GE9 641 2Lt bS1°2
SET (82 8be 141y vl veET L0T 9766 0crl 6101 219 0.8 82¢ G2 89b 1
191 LLT GEE ove 212 v0< 6G1 2] 4 1621 v2el €19 98b 6G¢ 092 000°T
w w w w w w ) w (w)
“ma g “na %y “ma sy uma %y uma % uma g i ¥y 2/9v
91S-S3A G1S-S3A VP1S—S3IA PLS~S3A £1S5-S3A 21S-S3A TLS-S3A

ViVQ SIA AITIVA 30L43LS

A-5



ou Sak S3ak ou ou ou S9A jpR34015Lp
't 8
61 §¢ S'IT 18¢ L
184 vEOT It TLET T2 01 £°¢ 6°¢ ST 9
1€ LLe L1 69¢ L L°PT v 5621 S'Y (121 9¢ 4% 816 S
1S 61 €11 28 Sy I°11 Ge 0vS [T 869 19 0STT et 801 1
9tT GG 2y S'b 1828 L7 9¢ 921 8y TAl 951 86 LT S £
|84 S £0T 672 8§ L2 L2 8§ 18 el 88 12 28 £ b4
a1y v e GLe 9°1 |74 £°1 9 L°E 06 £°1 £Le b4 1824 14 1
¢ P ¢ P d P d P g P J P d P u
8°6¢ §°6¢2 9 4T SvI 29 9 v 87/ LG G°§ 6706 16 2 ée G§'2¢e £°189
£°pE gyt B8 CT STET '8 8 L°TT 0721 6°8 v'8 9796 G°LS v L2 L2 2 Y9
0Lt §°9¢ AR Al 9°01 8°0T 0°L1 "RA 8¢l 0°¢l 8709 29 1°¢¢ S 1€ 2°91¢
TANAS LE 8°61 91 AR S €l 0°2¢ G°22 G971 9°/(T 8 9 99 §'9¢ 9¢ v°61¢
58t LE £°81 (604 9°ST ST 9°6¢ 9¢ £702 G*ee 1724 0L 9 bb STvb 8791
£'2y 15 6762 8¢ B LT 81" L7L2 8¢ 0°L¢ X4 0798 28 £°09 S§ 07001
9°¢§ £S /AR N 4% £°61 £°02 v°8e €782 0°6¢ 2% 50T L0T Z2°18 G708 £1°89
1°T¢ G4 v 89 9799 1°02 G 12 872 §°/2 02y £76¢€ 021 121 .86 €01 v 9y
0°696 G6 v 06 €16 €702 L7T2 2°9¢ 292 G*9yp G°SY 921 121 (0T It 29°1¢
LTT 021 201 {01 £°02 2 12 2 e §°€2 6°6b 6°8b 121 G2l 901 50T vS 12
EEl 8€1 90T 87601 1°¢€2 £°0¢ 0722 8702 G bS €728 481 60T 266 101 89°pT
L1 A 50T 1°801 0°ye 5 g2 v 6l 9 81 £°19 L766G 201 £°96 0°68 G728 00° 01
SLT S9T1 101 G°56 9 4§ S*LY 6 9T L°91 1°69 1769 296 2'88 £°9¢ 6°G9 £18°9
SEe ST¢ ) PARY:! 9'6/ |04 S el g€l 9°6/ L°08 £°56 1708 1°€9 81§ P9y
91¢ 01¢ G768 L718 [°G8 6706 8701 €711 v 6L G728 20T 8°v6 9°/§ 2'9¢y 291°¢
§8¢ 06¢ 9°'86 9748 08 1°¢€8 5°8 1°6 S'18 6768 vel 821 LYl 9% A 4
LTy 5187 ettt ¢Tl LML 1°9£ 0L A £°€8 16 €91 GL1 611 111 89v° 1
22y (01017 £81 081 ¢! S°¢gL 1°9 0°9 2°G8 G6 602 1€¢ €LT v9T1 00071
u W w w {w)
e, e, umu Ecq umq Emu e, Ye, Yo, e, Yo, e, Ye, e, > /gy
E£T1S-S3A ¢TL1S-S3A TTLS-S3A 0T1S-S3A 61S—S3A 81S-S3A £1S-S3A

Y1va S3A A3TVA 30L43LS

A-6



sak sak sak ou LET s34k sak Pa1J0gsLp
LT 8
8y 0¢ T6€T 14 L
§°¢ T0€T LS 10T LS bel 9¢ SS 9
8¢t 2Ly TZ 88 G2 09 9¢ 1347 (9 G8ET 0¢ 166 6¢ 12723 S
24 042 £)7 €2 18 v66 oy eve 251 v0T 6%1 0ly £6 v Sh 971 v°9 1%
29 98 Lh1 £°6 52 L5¢ 96 6! 6t 0°¢ 682 LT 6T {81 £°§ G2 £
6ET oy £8 8°¢ €21 2t 66¢ 09 8LY L'y Ll 8T LE §'§ 6¢ 172 14
74 87§ 81 £°¢ 96¢ LT 56 §°G £Le 6°1 621 1°¢ 81 072 0L /ANt I
d p d p d p d p d p d p d p d p u
£°GT 2°St v 6T §'02 §°¢¢ £t 9°/§ 36 072§ S°ES £°88 06 0°6¢ 5¢ £°9y Sb £°189
p°SI S°b1 0°02 0¢ 2 ve 13 9°6§ vS T°6v 0§ S°16 26 §°2¢ §°2¢ £°EY G2y 2 v9y
06T LT v 0e G561 2 be §pE 6725 15 8°Gb 14 60T 20T 112 12 1°6¢€ 6€ 2 91¢
9°¢g¢ G702 6°02 0¢ G°2¢g et 8°6Y 6% 8°Ep £y 8T {21 {702 02 8 vE g ge 128184
6°9¢ 24 9°1¢ 22 2 0t §7¢L8 8 8% 6% 8Ly LY €Ll 08T €12 2e /AN 3 G 0t 8°9vT
0°1¢ 1€ 9722 14 5°8¢ 92 276§ £9 9°¢9 09 £02 012 8°€¢ 14 0°6¢ 6¢ 0001
3 7 G bE 5 gl 8¢ 1°8¢ §°9¢ 8°E6 16 5706 98 0¢¢e 60¢ 6°8¢ 582 1742 8¢ £1°89
2°09 £°09 L7Ye 5'62 v 1g G I¢E IST 6ET 81T {11 612 £1¢e 27§ 9 ve 0°6¢ AT v 9y
v°E8 1°6¢ 1°8¢ 6°L2 8°2b PR 902 £0¢ SET eel 10¢ 02 £76¢ 8°9¢ AR 1°12 29°1¢t
€01 L0T p*9g 9°62 99 9769 1A 8be 18741 PEal 1748 {81 8°8¢ £7LE £€°61 At vsT1e
ETT 6TT L°8Y 6°LE 6768 (716 Sge 152 0pT vl wrl £EST S ve £°9¢ 0791 G €T 89°v1
£T1T 11T €769 L'h9 60T 211 {12 €02 9tT 6ET 81T STT 9762 v 0t {21 201 00°0T
L0T L0T 279 6°89 6T1 811 68T 691 5T 6€1 2766 66 8°9¢ 1°6¢ 6°6 0°8 £18°9
0°L6 9756 G°BS S*1¢ 521 611 84G1 161 LT 291 816 9°06 v79¢ 8°1¢ /A4 9°9 Zv9°y
(8 G*(8 9°6v 6766 €Ll €21 1€T 8ET 194 £2¢e 8°v6 2°26 9792 £°9¢ LS 0°9 291°¢
0°08 2°8¢ G'6E 8°8¢ 28T 1241 It vt 062 £62 v0T 501 L°S2 £°82 ¢ 5°9 AT
£°9¢ 6°89 970t L'9¢ 261 LT 20T 0796 01¢ £1E STI AN 9°¢2 £°€e | A RN 89y°1
6"V STvL 2've v8I1 8b¢ 062 §°L6 2'96 20t 86¢ £el 221 2°1¢e 1712 6°€EE [AR13 0001
w w w w
umq 9 umu Ema umu qu umq‘ qu d Ema umq qu Ly i umq ¥ mmm@
T21S-S3A 021S-S3A 6TLS-S3A 8TLS—S3A LTLS—S3A 9T1S-S3A STLS-S3A pTLS-S3A

Y1v¥a S3A A377vA 301d3LS

A-7



Harding Lawson Associates

DISTRIBUTION

20 copies: Leeds, Hill, and Jewett, Inc.
1275 Market Street
San Francisco, California 94103

RFC/WJIH/JSN/jd



EEEEEEEEEEEEEEEEEEEEEE

APPENDIX D



LEEDSHILL

LEEDS, HILL AND JEWETT,INC.

head on the boundaries of the aquifer system are given as either

- Dirichlet or constant head conditions,

hiM,,t) = n* . (D.3a)

where h* is the known head, or Neumann conditions which control the

flux through a boundary, My, or
g - n= g* ‘ . (D.3b)
g* is the known flux and n is a unit vector normal to the boundary.

At the beginning of the simulation period, the initial
conditions or initial state of the basin are given as
h (x, o) = g(x) _ (D.4)

where g is a function defining the spatial variability in the

hydraulic head at time = 0.

D.2 Numerical Solution

The Galerkin finite element method is used to obtain
the numerical solution of the mathematical model, described by

equtions (D-1, D-4). In contrast to finite difference methbds,
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where A is the domain of the problem. (32)

These integral equa-
tions may be simplified to a system of ordinary differential egua-

tion in time, or

ch + Hh + £ = 0 (D.8)
where h is h x 1 a column vector of the nodal values of the hydrau-
lic head, h is the time derivative of h. Typical elements of C and

H (n X n coefficient matrices) ‘are:

Cij = SA SNi Nj dA . _ (D.9%a)

aNi N3 Ni BNi

L an (D.9b)

The f vector contains the source, sink term and the

boundary conditions of the problem.

A finite difference approximation is used to solve ordi-
nary differential equations described by equations (D.8). Discre-
tizing the simulation period into a series of discrete intervals,

then an implicit finite difference solution of equation 1is
kK _ pk-1 K
R n }+ Hh™ + £ =0 (D.10a)
At

where k is an index of the time step. The head values at any time

At, is then,
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1.0 INTRODUCTION

This report summarizes the results of a program
conducted by Civil-Deéign personnel of the Powér Design and
Construction Division to monitor water levels and flow rates
in selected wells, springs, and seeps during the White Pine
Power Project (WPPP) aquifer pumping tests in Steptoe and
Spring Valleys. Data were recorded and plotted on a chronological
basis.to establish a pretesﬁ data base and to observe any
water level fluctuations. The plotted data indicates the
pumping of the aquifer wells had no influence on the monitored
locations. Any observed trends in the data are probably
seasonal in nature and unrelated to-pumping activity. A
more detailed discussion of the data follows in the analysis

section of the report.



3.0 MONITORING SITES

3.1 Steptoe Valley

Four stockwatering wells were initially selected
for the monitoring program in Steptoe Valley. Two wells
were later added, making a total of six stockwatering wells
monitored within a three mile radius of the test production
wéll. The approximate well locations are shown in Figure 7.
A brief description of each of the wells follows:

The 4 Post Well,.a later addition to the monitoring
program, Well WW1796 and the Salvi Well are all abandoned 4-
inch-diameter stockwatering wells with casings projecting
above ground. The Hiils Brothers Well, later added to the
program, and Well WM1796 are both pumped seasonally for
stockwatering purposes. Although effofts were made to
monitor these wells after any pumping influence, some measurements
were taken when the well was being pumped (the data points
are so noted on the chronclogical plots). The well referred
to in this report as the Steptoe Valley Windmill is used for
stockwatering purposes. The windmill was pumping continuously
but was shut off one day before aquifer pumping started.

Chronological plots of water levels for these
wells are shown in Figures 3 through 8.

3.2 Spring Valley

Five springs and seeps and one abandoned stockwatering
well located within a 2-1/2-mile-radius of the test production
well site were selected for the monitoring program. The
locations of the wells and springs are shown in Figure 8.

At Springs 1, 2 and 3, observation wells with a



4.0 ANALYSIS OF OBSERVATIONS

4.1 Steptoe Valley

The Four-Post Well, Wells WM1796, WW1796, and the
Salvi Well all showed a slight downward trend from the
beginning of the monitoring period until approximately the
end of August. The water levels then remained relatively
constant until the latter portion of September. The water
levels in late October showed a marked upward swing. The
pumping test period, beginning on August 29 and ending
September 29, clearly did not influence any water levels
duringlthe monitoring pepiod. The downward trend at the
beginning of the monitoring period may indicate a possible
seasonal fluctuation. The upward swing at the end of the
monitoring period is probably due to wet weather conditions
in the previous week.

The Hills Brothers Well did not exhibit fluctuations
during the moniﬁoring period. However, since daily monitoring
of the well began in the lafter portion of August, a downward
trend during August as observed in the other wells was not
apparent. This well did exhibit an upward swing after the
wet weather conditions as did the other monitoring wells.

The Steptoe Valley Windmill exhibiﬁed large
fluctuations at the beginning of the monitoring period in
August. These fluctuations were probably due to the sporadic
pumping of the windmill. During the period of aquifer
pumping, a gradual upward trend was noted. This rise in
water levels was also observed in the other monitored wells

and 1s probably due to wet weather conditions.



‘e

be a reliable indicator of pilezometric levels and not subject
external mechanisms which might cause fluctuations.

Flow and depth to water below top of casing measurements
for Springs 4 and 5 did not show any trends throughout the
duration of the monitoring program. Variations in the flow
values are mainly due to different-monitoring procedures.

During and after the period of the pumping test
(Septémber 16 through October 3), the water level measurement
of the springs and wells showed no deviation from their
previous trends. No fluctuations were observed which could
be correlated with the timing and duration of the test

pumping.
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WPPP-Spring Valley
Well Log - Spring No. 1
Observation Well 1

Figure 12
Depth Description
0-1 1/2" Light brown clay, silty sand, medium
dense, minor gravel, minor roots.
ﬁ 1 1/2-9" Grey blue sandy clay! minor gravel,
medium soft, very moist.
., 9-10" Brown silty clay, medium soft, very
) moist.
10-11" Color to red brown.
5! Perforated slots
; 7' Pea gravel from 11-4'
4! Native material 4'-surface
- 37.5” Casing above ground.

(3.125")



Depth

0-4'

7-16 1/2"

l6 1/2!

3' g 1/2"
(3.71")

WPPP — Spring Valley
Well Log - Spring No. 2
Observation Well 2A
Figure 13

Description

Light brown fine silty sand, red,
dense, slightly moist to moist,
small roots and gravel.

Grey blue clayey sand, medium
dense, moist.. Moisture increasing
with depth.

Green clayey sand, medium dense, .
moist.

Red brown gravelly clayey sand.

Perforated slots
Pea gravel from 16.6-6.6"
Native material 6.6'-surface

Casing above ground



Depth

0-7"

7-10"

10-11"

11"

5I
7'
4!

34.5"
(2.875")

WPPP -~ Spring Valley
Well Log -~ Spring No. 3
Observation Well 3A
Figure 14

Description

Light brown medium sand, dense and
moist. Becomes more moist with depth.

Slightly clayey dark and light brown
mottled sand.

Mottled green and brown clay.

Mottled green and blue clay.

Performations

Pea gravel from 11-4'

Native material 4'-surface

Casing above ground



WPPP - Spring Valley
Well Log - Spring No. 3
Observation Well 3B

' Figure 15

Depth Description

0-2" Dark brown, slightly damp silty clay
containing abundant organic material.

2~-4" Very dark brown to black, damp to
moist slightly silty clay containing
organic material, plastic.

4-6" Very dark grey brown to brown moist to
wet, slightly silty clay containing
organic material, plastic, slightly
sandy at bottom.

6-8" Dark grey brown grading to dark grey,
wet, silty sandy clay grading to
clayey silty sand. Sand is fine to
medium grained, predominantly medium
grained, well sorted, subangular.

8-9' Dark grey grading to dark green wet
silty sandy clay grading to clay.

2! Perforated slots

7 1/2° Pea gravel 9-1 1/2°

1 1/2‘ Native material 1 1/2'-surface
39.84" Casing above surface

(3.32)
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