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APPENDIX C 

SUMMARY OF V I S I T S  

The fo l lowing i s  a l i s t  o f  people, agency, address and date o f  v i s i t s  
and telephone contacts. 

Robert T. L i t t l e t o n  (Chief Geologist) 
U.S. Bureau o f  Reclamation 
Box 427 
Boulder City, Nevada 89005 
Telephone: (702) 293-8553 

W i l l i a i n  F. Hardt (Geologist) 
Donald Hart ley (Hydrologist) 
U.S. Geological Survey 
Water Resources D iv is ion  
24000 A v i l a  Road 
Laguna Niguel , Cal i fo rn ia  92677 
Telephone: (714) 831-4232 

Dona1 d Twoyood’ (General Manager) 
Beufort Bradley (Water Master) 
Lonnie McGl ockl i n (Assistant Manager) 
J. Sal ontai  (Engi neeri ng Supervisor) 
Iriiperi a1 I r r i g a t i o n  D i s t r i c t  
333 East Main 
Iniperi a1 , Cal i f o r n i  a 92251 
Telephone: (714) 355-1112 

David Layton (Environmental Sc ien t is t )  
Kenneth Pintental (Mechanical Engi neer) 
Lawrence Livennore Laboratories 
Universi ty o f  Ca l i fo rn ia  
Livennore, Ca l i fo rn ia  94550 
Telephone: (415) 422-3880 

Date o f  Contact 

6/5/78 

6/7/78 

6/9/78 

6/ 22/ 78 
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Omar Loe l tz  (Geohydrologi s t )  
U.S. Geological Survey 
Yuiiia , Arizona 
Telephone: (602) 726-2680 

Lee Outcher (Geohydrol ogi  s t  ) 
U.S. Geological Survey 
Denver, Colorado 
Telephone: (303) 234-3661 

Bruce Massey (Hydrologist)  
U.S. Geological Survey 
Sacrament 0 ,  Cal i f o rn i  a 
Telephone: (916) 784-4258 

W i  I f  red E l  der (Geologi s t )  
Un ivers i ty  o f  C a l i f o r n i a  
I n s t i t u t e  of Geophysics and Planetary Physics 
Riverside, C a l  i f o r n i  a 
Telephone: (714) 787-3439 

Ve i l  Ponder 
Cal i f o r n i  a Regi onal Water Control Board 
Region 7 
73271 Highway 111 
Palm Desert, C a l i f o r n i a  92260 
Telephone: (714) 346-7491 

Walter Randall (Geologist) 
Geothennal Resource In te rna t iona l  
4677 Adii i i ral ty W a y  
Marina del Rey, C a l i f o r n i a  90291 
Telephoner (213) 821-8802 

W i  11 i am Smith (Geologist) 
Republic Geothennal 

Santa Fe Spr i  nys, Cal i f o r n i  a 90670 
Telephone: (213) 945-3661 

P.0. BOX 3388 

Date o f  Contact 

Tel ep hone 

Tel ep hone 

Telephone. 

Telephone 

Telephone 

Telephone 

Tel ep hone 

Richard Swanson (Geothermal Program Manager) , , 5/ 17/78 
San Dieyo Gas & E l e c t r i c  
San Dieyo, C a l i f o r n i a  
Telephone: (714) 232-4252 

A l f  redo Manon Mercado (General Superintendent) 
Canision Federal de E lec t r i c i dad  
P.O. Box 248 
Cal ex i  co, C a l i f o r n i a  92231 
Telephone: 2-20-12, ext. 121 

I 

5/ 16/ 78 
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. .. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

7 

64 Year Average 

Inches Centimeters 

0.36 0.91 

0.32 0.81 

0.19 0.48 

0.12 0.30 

0.02 0.05 

0.00 0.00 

0.08 0.20 

0.38 0.96 

0.4 1 1.04 

0.23 0.58 

0.19 0.48 

0.51 1.29 

2.81 7.14 

TABLE 10-1 

PRECIPITATION DATA, IMPERIAL, CALI FORNlA 
FROM JANUARY 1914 -r DECEMBER 1977 

Maximum 
Inches Centimeters 

2.30 5.84 

Minimum 
Inches Centimeters 

0.00 0.00 

1 .go 4.83 0.00 0.00 

1.41 3.58 0.00 0.00 

1.1 1 2.82 0.00 0.00 

0.4 1 1.04 

0.00 0.00 

1.31 3.33 

3.87 9.83 

2.84 7.21 

2.86 7.26 

1.51 3.83 

1 .89 4.80 

COEFFICIENT OF VARIATION % 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

January 
February 
March 
April 
May 
June 

1.33 July 
1.52 August 
1.47 September 
2.04 October 
2.79 November 
0 December 

2.56 
1.88 
2.41 
2.31 
1 .86 
1.62 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1977 
Inches Centimeters 

0.05 0.13 

0.02 0.05 

0.04 0.10 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.01 0.02 

3.87 9.83 

0.00 0.00 

0.29 0.74 

0.00 0.00 

0.93 2.36 

5.21 13.23 

Source: IID, 1978. 

c r 



Order - Year - 
1 1926 

1 1977 

3 1927 

4 1921 

4 1976 

6 1947 

7 1940 

8 1946 

TABLE 10-2 

MONTHLY MAXIMUM PRECIPITATION 
IMPERIAL VALLEY 

1914 - 1977 

Source: VTN, 1978. 

August 

December 

August 

September 

December 

December 

August 

Probability of 
Exceedence 

~~ 

0.01 6 

0.016 

0.047 

0.062 

0.062 

0.094 

0.109 

0.125 

Inches 

3.87 

3.87 

2.92 

2.84 

2.84 

2.46 

- 

2.38 

2.16 

Month 

December 

- 
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Source: Littlefield, W. M., 1966 
Hydrology m d  Physiography of the 
Satton Sea, California, U.S.G.S 
Hydrologic Investigations 
Atlas HA-222 
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5 10 15 
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FlGURE fD-5 

AREA AND VQLuMEClJRVEs FOR THE SALTON SEA 
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TABLE ID3 

PAN-EVAPORATION RATES, 

SEPTEMBER 1065 -SEPTEMBER 1976 
UNIVERSITY OF CALIFORNIA FIELD STATION HOLTVILLE 

Month 

JANUARY 

- 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

TOTAL 

Inches 

3.33 

4.41 

7.38 

9.94 

13.40 

16.1 2 

16.4 1 

14.14 

~~ 

11.67 

7.86 

4.76 

3.2 1 

1 10.63 

Source: VTN: Heber Geothermal Demonstration Project, 1977 

Centimeters 

8.46 

11.20 

18.76 

25.25 

34.04 

38.40 

39.14 

35.92 

29.39 

19.96 

12.09 

8.16 

280.76 

ID-9 



Flow 
(MOD) 

0.65 

0.085 

0.46 

1.38 

0.121 

0.04 

0.2 1 

0.30 

0.25 

0.19 

0.03 

0.006 

2.7 

0.038 

0.006 

0.001 

0.0007 

0.005 

0.1 

TABLE ID4 

EXISTING WASTE WATER DISCHARGE, IMPERIAL VALLEY, CALIFORNIA 

City of District 
8d Designator 

City of Calexico 

Heber Public Utilities 
District 

City of Imperial 

City of Brawley 

Seeley County Water 
District 

Pioneer Memorial 
Hospital District 

City of Westmorland 

City of Holtville 

City of Calipatria 

Niland Sanitary District 

County of Imperial 
Country Club 

Meadows Union 
School District 

City of El Centro 

Imperial Junior 
College District 

McCabe Union 
School District 

County of Imperial 
Red Hill Marina 

County of Imperial 
Bomby Beach 

California Department 
of Fish and Game 
Wister Unit 

Imperial Irrigation District 
Steam Power Plant 

Population 
Served 

10,200 

500 

3,500 

15,750 

926 

275 

1,600 

3,700 

2,500 

1,200 

100 

380 

20,000 

2,700 

325 

95 

60 

30 

- 

Type or Degree 
of Treatment 

Activated Sludge 

Raw Sewage Lagoons 

Primary sedimentation 

Primary Sedimentation 

Raw Sewage Lagoon 

Activated Sludge 

lnhoff Tank 

lnhoff Tank, 
Trickling Filter 

Raw Sewage Lagoon 

lnhoff Tank 

Biofiltration 

Septic Tank 

Primary Sedimentation 

Package Plant 

Package Plant 

Raw Sewage Lagoon 

Septic Tank 

Septic Tank 

None 

Effluent 
Disdarge 

New River 

Central Drain No. 3 

Private Drain 
Dolson Drain 

New River 

New River 

New River 

Trifolium Drain 
Ditch No. 6 

Alamo River 

Alamo River 

R Drain 

Barbara Worth Drain 

Sub surface 

Central Drain 

Central Drain 
Alamo River 

Wildcat Drain 
New River 

Evaporation Ec 
Infiltration 

Evaporation 

Evaporation & 
Infiltration 

Central Drain 
Alamo River 

ID-10 



I TABLE I O 4  (Cont'd.) 
EXISTING WASTE WATER DISCHARGE, IMPERIAL VALLEY, CALIFORNIA 

City of District Population Flow Type or Degree Effluent 
and Designator Served (MGD) of Treatment Discharge 

'hb US. Gypsium 

Agriform Company 

0.06 

0.0007 

Lagoons 

Lagoons 

Evaporation 

Evaporation 

Southwest Marketing 
Corporation 0.06 Ponds Evaporation 

0.0002 
0.005 

Anra Meat Packing Co. - Burial in trenches Evaporation 
Lagoons Pasture irrigation 

& evaporation 

Sinclair Geothermal Wells - 0.00 Temporary storage only Evaporation 

0.20 Temporary storage Evaporation Union Oil Company - 
Imperial Thermal Products - - 

1.40 

Temporary storage Evaporation 

Valley Nitrogen Producer, 
I nc. - pH control and Date Drain 

chromate reduction Alamo River 

C & D Truck Service 
., 
0.005 Alamo River Raw Sewage Lagoons 

Trifolium Drain 
No. 6, New River 

Walker Livestai 
Sedimentation Tanks Transportation - 0.001 

Rockwood Chemical 
Compeny - 0.0005 Impehious Basin Evaporation 

Clarifier, Stabilization New Side Drain . 
Lagoons Alamo River 

Holly Sugar Corporation , - 1.1 1 

USN - Naval Air Facility 
El Centro 2,600 0.30 ' Raw Sewage Lagoon New River 

Flow 
(MGD) 

Sum 
Drainage 9.366 (1 0,490 Acre-feedyr) 
Evaporation, irrigation and infiltration 0.299 ( 335 Acre-feedyr) 

Total 9.665 (10,814 Acre-feet&) 

i 
I 

~ 

i 
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TABLE 10.5 

WATER QUALITY DATA, NEW RIVER AT INTERNATIONAL BOUNDARY 

Parameters* 

Instantaneous Discharge (CFS) 

Ca 

MQ 
Na 
K 

HCO3 
Aklalinity as CaC03 

so4 
CI 

F 

Kjeldahf - N 

Total - P 

Dissolved Residue at 180°C 
Conductance (Micrornhos) 

Ph (Scale) 

Temperature (OC) 

Turbidity (NTU) 

Phytoplankton (Cells/ml) 

Fecal Coliform (Colonies/100 ml) 

Streptococci (Colonies/100 ml) 

Total Organic Carbon 

Suspended Solids 

CALEXICO, CALIFORNIA 
FEBRUARY 1973 to SEPTEMBER 1976 

No. of Samples 

48 
47 
46 
47 
46 

47 
47 
47 
47 

4? 

39 
39 
47 
48 
47 

48 
38 
37 
42 
45 

11 
31 

Average 

146.73 
251.23 
128.69 

1,090.85 
57.62 

294.96 
242.00 
807.02 

1,813.83 
.74 

5.95 
1.39 

4,533.40 

6,987.18 
7.63 

24.1 9 

23.05 

25.66 x lo5 
5.21 104 

3.835 105 

24.91 
126.10 

*Dimension in mg/l except whem specifid. 

Source: USGS Water R~~ources Oats for California, 1973 - 1976. 

10-1 2 

Coefficient of 
Standard Deviation Variation % L 

28.66 19.53 
18.21 7.25 
13.83 10.75 

1 15.66 10.60 
21.77 37.77 

30.28 10.26 
24.88 10.28 
62.92 7.80 

191.99 10.58 
.18 24.70 

2.76 46.31 
.38 27.49 

4 16.80 9.19 
784.20 1 1.22 

.29 3.79 

6.30 26.04 
31.00 134.50 

5.237 x 1d 100.52 
24.454 105 95.30 
5.722 x lo5 149.22 

9.03 36.24 
74.91 59.41 



Month 

January 

February 

Match 

April 

May 

June 

- 

July 

August 

September 

October 

November 

December 

Total 

Source: IID, 1978 

Sandy Beach 

TABLE ID-6 

SALTON SEA, 1977 
MEASUR ED PAN-EVAPOR ATION 

InCheS 

3.46 

5.61 

9.49 

9.53 

12.75 

14.89 

- 

15.04 

15.62 

12.56 

8.68 

7.38 

' 4.68 

1 19.69 

Centimeters 

8.79 

14.25 

24.10 

24.21 

32.38 

37.82 

- 

32.20 

39.67 > 

31 .SO 

22.05 

18.74 

1 1.89 

304.01 

InCheS 

2.85 

5.10 

7.57 

8.47 

10.55 

12.97 

- 

12.62 

12.37 

10.36 

7.19 

5.79 

4.52 

100.36 

Devil's Hole 

Centimeters 

7.24 

12.95 

19.23 

21.51 

26.80 

32.94 

32.05 

31.42 

26.31 

18.26 

14.71 

1 1.48 

254.91 

Salt Farm' ' - *  .- 

Inches Centimeten - 
2.98 7.57 

I 12.93 5.09 

8.08 20.52 I 
8.92 22.66 

I 

11.32 28.75 

13.80 

13.64 

35.05 

34.64 

I 1 1.06 28.09 

7.57 19.23 

6.32 16.05 

4.3% 11.12 

106.63 270.84 
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APPENDIX E 

GROUND WATER QUALITY DATA 
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TABLE IE-1 

GROUNDWTER QUALITY DATA 

Results in mi 1 1  igrams per 1 iter , except as indicated. 
Adapted from: Geohydrologic Reconnaissance of the Imperial Valley, California, 

U.S.G.S. Professional Paper 486-K, O.J. Loeltz, et al, 1975. 
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.. 

TABLE I€-2 
GROUNDWATER QUALITY DATA 

Results In allllgruns per lltcr, except as lndlcated. 
Adapted from: Ceohydrologlc Aoconnalrsance .o f  the Impcrlal Vallty, Callfornir, 

U.S.C.S. Professlonal Paper 486-KD 0.J. Loeltz, e t  al, 1975. 
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TABLE IE-3 

6ROUHOWAfER qoALITY DATA 

Results in milllgrams per lJter, except as indicated. 

Adapted f rom:  Geoh rologic Reconnaissance of the Imperial Valley, California, 
U.S .cS .  Professional Paper 486-K, O.J. Loeltz. et al. 1975. 

f 

c 
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APPENDIX F 

GEOPHYSICAL WELL LOGS 
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AREA I 

24- 

235 

Dissolved f4g (mg/l) 
, Dissolved Na (mg/l ) 

Dissolved K (mg/l) 

CO? (ms/l) 

I Dissolved Na+K (mg/l ) 

HCO3 (msV1) 14 / 

Is/ell tiame: R . 4. W/nj  DER 
Hell Location: /&s 2/ / 6  B/s 
Elevation of Land Surface (NSL):  320 F7. 

Sampling Depth Interval : 
Date of  Sample: 
Sampled By: 
Analyzed By: 

Depth o f  Me1 1 : 94-7 FT. 
5qr - 866 FT 

7-19 - 6 } 

/Dissolved Si02 23 
Dissolved A1 (pg/1) 
Total Fe (pg/l ) 
Dissolved Fe (pg/l) 
Ferrous Fe (yg/ l )  
Total Mn (pg/ l )  
Dissolved !,In (ps/ l )  
Dissolved Ca ( m d l )  I 8 1  

Alkal ini ty  as CaC03 (mg/l) I 
Dissolved SO4 (mg/l ) 157 
D i  ssol ved C-l (mg/l ) 358 L - 

Dissolved F (mg/l) 6.5 , 

LEissolved W03 as N (mg/l) I I 

Total NO3 (mg/l ) 2.6 
D i  ssol ved NO3 (mg/l ) 

m s o l v e d  N02tN03 as  N (mg/l)( I 
rDissolved N H 3  as N (mg/l ) 
Dissolved NH3 as NH4 (mg/l) 

tTDS residue a t  180°C (mg/l) 1 
s I 

- i s  (mg/l) 477 . 

Hardness (Ca, Mg) (mg/l) 3&q- 

Non-COg hardness (mg/l ) 14-8 

TDS (tons/acre-f t. ) 

Percent Na 
SAR 

Sped f ic conductance (phos) 1700 
Pi4 8.0 
Temperature O C  

co2 (mg/l) 3. I ~ 

Total As (pg/l) I ’  
I D i  ssolved As (pg/ l )  I 
/Dissolved Ba (,ug/l ) I 

NOTE: Data adapted froin _-__-.---_ Selected Data on I h t c r  - Islells, Geothermal Wells and Oil Tests 
- i n  I E r i a l  Valley ...---* California U.S.G.S. Open File Report, July,  1976, by 
B.F. tiardt and 3.  J. French. 
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- 

/Q Dissolved Si02 
Dissolved A1 (flg/l) 

Idell Name: R .  G. h///IlDER 
I.lell Location: 
Elevation of Land Surface (PISL): 326 F7. 

Sampling Depth Interval: 5qp - 806 F i .  
Date of Sample: 
Sampled By: 
Analyzed By: 

16 s 2 1  E / 6  g 

Depth o f  I.Iel1: 847 F7: 

/b  - 27- 6 2 

~ 

Total NO3 (mg/l) 
Dissolved NO3 (mg/l ) 
Dissolved N02+N03 as N (mg/l) 
Dissolved "3 as N (mg/l) 
Dissolved NH3 as NHq (mg/l) I 

L 

L . -  - 

Total Fe (pg/l) 
Dissolved Fe (pg/1) 
Ferrous Fe (pg/1) 
Total Mn (pg/l) 
Dissolved f4n ipg/l) 

r 

c L U P  

Non-CO3 hardness (mg/l ) 130 
Percent Na 
SAR 

Specific conductance (pmhos) /?OO 
PH 7.3 , 
Temperature O C  

L 

3. / co2 (ms/1) 
'Total As (pg/l) 
Dissolved As (pg/1) 

3 PP 

L I 

Dissolved Ba (pg/l) 
Dissolved 6 (pg/l) 
Dissolved L i  (rg/l) 
Dissolved Sr ( l g / l )  
c 

NOTE: Data adapted from ---- Selected Data on Water Wells, Geothermal Wells and O i l  Tests 
i n  Imperial Valley California, U.S.G.S. Open File Report, July, 1976, by 
m H a r d G d  3. 3. French. 
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A R E A  I 

- Total NO3 (mg/l) 
D i  ssol ved NO3 (ng/l ) 
Dissolved NO2+NO3 a s  N (mg/l) 
Dissolved NH3 as N (mg/l ) 
Dissolved N H 3  as NN (mg/l) 

I k l  1 Name : L C R P  6 
Idell Location: 
Elevation of Land Surfiice (HSL): 
Depth of  \.le1 1 : 
Sainpl i ng De$h Interval : 
Date o f  Sample: 

Analyzed By: 0 SG;S 

/As 2 0 ~  3 / K / S  
/55 FT. 

346 - 520 FT. 
/ooo FT. 

C- 2 - 6 2  
Sampled By: u s q s  

0 4  G s s o l v e d  Si02 
Dissolved A1 (Fg/l)  

ITotal  Fe (Fg/l) 
I 

I 1 
21 

Dissolved Fe (pg/l)  I I 

PH 
Temperature "C 

~ Dissolved ( ~ $ 1 )  

Dissolved Na (mg/l ) 
' Dissolved Na+K (mg/l ) 

8. b 

I 1 Dissolved K (mg/l) I 5.9 1 

co2 (mg/1) 2 0 4  

'Total As (pg/l)  
Di ssol ved As ()1g/1) 
Dissolved Ba (,ug/l) 

Dissolved L i  (pg/l)  
Dissolved S r  (pg/ l )  

r 

Dissolved B (pg/l)  196 

HC03 ( W 1 )  
co3 ( W l )  
A1 kali  n i ty  as CaC03 (mg/l ) 
Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l) 
Dissolved F (mg/l) 
Br (ms/l) 

Dissolved NO3 as N (nig/l) I 

Hardness (Ca. Mg) ( m d l )  
[Non-COj hardness (mg/l ) 

NOTL': Data dd,iptcd Frw -- Sclccted -_.-__ ---- Uata  on Water Glells, Geothermal Wells and O i l  Tests 
-- in Impr i a l  - Val l eyQl i fo rn ia ,  U.S.G.S. Open F i l e  Reports Ju ly ,  1976, by 
B.F. Ilar<k and J. J. 
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W 
Ikl1 N m e  : 

Vel1 Locati 

I 

I c R P  4 
= / & S Z O E ~ J K  S 

lo00 F7. 

4 - 26 - 6 3 

Elevation of Land Surface (NSL): / s5~7 .  
Depth of  \.le11 : 
Sarnpling Deiith Interval: 346 - 520.F7: 
Date o f  Sample: 
Sampled By: V s ~ s  
Analyzed By: 0 S G ; ~  

ater Wells, Geothermal Wells and Oil Tests 
.S. Open File Report, July, 19y6, by 

L. 
IF05 



AREA 1 

Total NO3 (mg/l) 
D i  s o l v e d  NO3 (mg/l ) 

Ikl  1 Name: LcaP 6 
\*/ell Locdtion: 
Elevation o f  Land Surface (HSL): /55 m. 
Depth o f  Hell: / O b 0  ?=T. 
Sainpling Depth In tcrva l :  3.e6 - 520 FT 
Date of  Sample: / -  13 - 6+ 
Sampled By: U S  &) S 
Analyzed By: (J s 0, S 

/& S 20 E 3/ /< / S  

Dissolved NH3 a s  N (mg/l) 
Dissolved NH3 a s  NHq (mg/l) I Ferrous Fe (pg11) I I 

TDS (tons /acre-f t. ) 
Hardness (Ca, Mg) (mg/l) 
Non-Cog hardness (mg/l ) 
Percent Na 
SAR 
pecific conductance (phos) 

Total Mn (pg/ l )  
D i  ssol ved Fin (ug/ l )  

28a 
I s 7  

//so 

I 80 I 1 Dissolved Ca (mg/l ) 
Dissolved i*?g (ns/l) 

Dissolved Na+K (mg/l ) 
Dissolved Na (mg/l ) 

Dissolved K (mg/l) 

20 

if-6 , 

cog (ms/l) 
- Alkalinity a s  CaC03 (mg/l) 
I Dissolved SO4 (mg/l ) 

123 

312 
Dissolved C1 (mg/l) IO 6 
Dissolved F (mg/l) 6.3 

IOissolved iiO3 as N (mg/l) I I 

. J 
Dissolved Ba ’ (pg/l)  
Dissolved 8 (pg l l )  
Dissolved L i  (pg/l)  
Dissolved S r  (pg/l)  

ITDS residue a t  1 8 O O C  (mg/l) I 
I I 

PH 
Temperature O C  

m a l  As ( rg / l )  
Dissolved As (pg/1) 

NOTE: Data adapted froin Selec ted  Data on Water Wells, Geothermal Hells and Oil‘Tests 
{:-!i:iperaal V ; l l ~ y ~ ~ a ~ ~ o r n i a ,  U.S.G.S. Open File Report, July, 1976, by 

t Itiw t an 3 . trench. 

Li 
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k, 

Dissolved As (rgl l )  
I 

I '  I 

AREA 

Dissolved Ba (pg/1) I I 

k l  1 Natie : 

. 
Dissolved B (m/lI  I I 

I 
LcRP lI 
JSS I 8 E j 5 . 1  S \:e11 Locctio..: 

Elevation of Land Surface (IISL): 
Depth o f  \.le1 1 : 1/40 F7: 
Sainpling Oel)th Interval: 
Date o f  Saaple: 

120 FT. 

309 - 894- FT' 
4 - 4- - 63 

Temperature OC 

co2 ( W l )  

Sampled By: 
Analyzed By: 

32.2 
7. a 

Dissolved Si02 30 
Dissolved A1 (pg/l) 

Dissolved Ca (mg/l) /q 
DiSSG? We '@ (mg/l) 27 
Dissolved Ma (mgtl) 

Dissolved Na+K (ngll) .55+ 
DissolW K (mg/l) 

-- 

Dissolved SO4 (mg/l-)-- 

Dissolved C1 (mg/l) 1050 
Dissolved F (mg/l) 
Br ( W l )  .~ I 

I h a / \ )  I I 
Dissolved NO3 as N (mg/l) 

Total NO3 (mg/l) 
D i  ssol ved NO3 (mg/l ) 
Dissolved N02tN03 as N (mg/l) 
Dissolved NH3 as N (mg/l) 
Dissolved NH3 as NHq (mg/l) 
TDS residce a t  180°C (mg/l) 

1 - -  I 
Non-CO3 hardness (mg/l ) I e 9  
Percent Na 
SAR 

I 

Speci f ic conductance (phos) I 
I 38 6 6 

PH I 7.2 

1 ,-- 
Total As (rg/ l )  I 

lissolved L i  (pg/l) 
Dissolved S r  (pg/1) 

NOTE:, Data adapted front Selected Data on \.later Wells, Geothermal Wells and Oil Tests 
- ,  in_In,ycrinl Vallc - b - l m r x U r G . S .  Open File Report, July, 1976, by 
BX. Hardt a n d v x h T -  

I F-7 



I 

I I 

AREA 

I 1 

I I 6 5  Dissolved C a  (mg/l ) 

Dissolved Na (mg/l ) 
D i  sso! %red ikj (zy?/l) 211 

I 

Dissolved K (mg/l) 
H C 0 3  (ns/U 
co3 ( m / U  
A1 kali nity as CaC03  (mg/l ) 
Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l ) 
Dissolved F (mg/l) 
Br (mq/ll 

lie1 1 Naiiie : L c R p  / I  
!+!ell Locat ion:  
Elevation of  Land Surface (NSL): 

Depth o f  \.le11 : 1 1 4 0  F7. 
Sainpling Depth Interval: 
Date o f  Sample: 5 - 1 0  - 6 3  

/ S S  11 E 15h-f I S  
/20 FT. 

309 - 84fFT. 

Sampled By: 0 S G S  
Analyzed By: uscjs 

7 0  

57 
170 

164-0 
0.6 

Dissolved Si02 I 3 5  I 
I D i  ssolved A1 ( p g f i  ) I I 

Total Fe (rg/ l )  
Dissolved Fe (pg/l) 
Ferrous Fe (pg/l) 
Total Mn (pg/l) 
D i  sso?ved :In &/l)  

I 5+3 I D i  ssol ved Na+K (mg/l ) 

Dissolved N O 3  as N (mg/l) I I 

Total N O 3  (mg/l ) 3.8 
D i  ssol ved NO3 (mg/l ) 
Dissolved NO2+NO3 as N (mg/l) 
Dissolved N H 3  as N ( n i g / l )  
Dissolved N H 3  as N H 4  (mg/l) 
TOS residue a t  18OOC (mg/l) 

TDS (tons/acre-ft.) 

., 

ms (mg/ l )  2020 

IYardness (Ca, Mg) (mg/l) I 
N o n - C O 3  hardness (mg/l ) 
Percent Na 

P~ 7.3 
Temperature "C 

Total As ()lg/l) 
Dissolved As ()lg/l) 
Dissolved Ba (flg/l) 
Dissolved B (pg/l) 
Dissolved L i  (Pg/1) 

- 
I 680 

NOTE: Data adapted froin ~ ~ l - c ~ & d  Data on \.later \*,!ells, Geothermal !-fells and O i l  Tests 
--.-- i n  Irllpcrial .- ---- -. Valley Cdlifornia, U.S.G.S. Open File Report, July, 1976, by 
6.1'. Hdrdt and 3. &-French. 
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W 

, 

AREA I 
Ilcl 1 Nmc : L C R P  / I  
\.!e11 Location: 15s  /8E / 5 b f / 4  
Elevation of Land Surface (;.ISL): 
Depth o f  \Jell : 

Sainpl i ng DeGth Interval : 309 - 84+ FT 
Date of  Sample: I - / + -  6+ 
Sampled By: U S G S  
Analyzed By: OSGS 

/20 73,- 
114-0 F7. 

I 

2 3  Dissolved Si02 
Dissolved A1 (pg/1) 
Total Fe (iJg/l) 
Dissolved Fe (pg/l) ’ 

Ferrous Fe (vg/l) 
Total Fln (pg/l) 
Dissolved :.in ( ~ s / l )  

c 

Sped f ic conductance (phos)  
PH 
Temperature *C 

Total NO3 (mg/l) I I 

37q6 
5?3 . 

. - -  I 
TDS residue a t  180°C (mg/l) 

TDS (m9/1) 1460 
TDS ( tons/acre-f t. 1 

I 
J 

r 

co2 (m9/1) +. 0 
Total As (pg/l) 
Dissolved As (iJg/l) 
Dissolved Ba (pg/l) 
Dissolved B (pgll)  

Dissolved Sr (pg/l) 

L 

Dissolved L i  (pg/l) - 

I SAR 
I i 

NOTE: Oata adapted from Selected Data on Hater Wells, Geothermal Wells and Oil Tests ’ --- i n  Inlperial .---- Valk-f-C%fi?o~1~~~.G.S. Open File Report, July, 1976, by 
B.F. fisrdt and’ J. K-ch. 
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We1 1 Name: L C R P  1 2  
Vel1 Locdtion: 16 S / q E  / /  D / S 
Elevation o f  Land Surface ( i lSL):  

Depth o f  We1 1 : /do0 FT. 
Sampling Degth Interval: 
Date of  Sample: 5 - 2  - 6 3  
Sampled By: U S G S  
Analyzed By: U S G J S  

/55 7=7 

300 - 610 ~ 7 .  

Total NO3 (mg/l) 
Dissolved NO3 (mg/l ) 

' Dissolved N02+N03 as N (mg/l) 
Dissolved "3 as N (mg/l) 
Dissolved "3 a s  NHq (mg/l) 
TDS residue a t  180°C (mg/l) . 

1. I 

[Total Fe (pg/l)  
I 

I 

Dissol ved Si02 
Dissolved A1 (pg/l)  

26 

Dissolved Fe (pg/l)  
Ferrous Fe (Fg/l)  

I Dissolved NaiK (mg/l) I 2531 

I 

Total Mn (pg/ l )  
Dissolved ;in (pg/l)  

w Dissolved Ca (mg/l) 
Disso?ved Kg (mc$l) 
Dissolved Na (myjl ) 

51 

3.4- 

1Dissolvcld HOg as H (c~g/ l )  I I 

TDS (mg/l) 95s 

P n e S s  (ca, Hg) (mg/I) 
Non-C03 hardness (mg/l ) 

Specif ic  conductance (phos) 

Percent Na 
SAR 

160 
5z 

/ 4 9 0  

-Di ssol ved As (Pg/l) 
Dissolved Ba ( r g l l )  
Dissolved B (pq/l)  

I 

Dissolved K (mg/l) 
KO3 ( m d l )  
co3 (m9/1) 
Alkalinity a s  CaC03 (mg/l) 
Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l) 

I Dissolved Li (pg/l) I I 

131 

/67 
285 
216 

I D i  ssol ved S r  (pg/ l )  1 I 

PH 
Temperature "C 

co2 (ms/l) 
Total As (Fg/l)  

NOTC: Ddta  adapted from -- Selected ..---- Data on Hater Wells, Geothermal Wells and Oil Tests 
-- i n  Iiiipcrial Valley California ---' U.S.G.S. Open File Report, July,  1976, by 
U . F .  Harcit and 3. J. French. 

7.7 
2q.4 
42 ,  

IF-10 
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AREA I 

Dissolved Si02 
Dissolved A1 (pg/1) 

We1 1 Name : GCR? 1 2  
\*jell Location: 
Elevation o f  Land Surface (I-EL): 
Depth o f  !!ell : 
Sainpling Degih Interval:  
Date of Sample: 
Samplzd By: c)Slr;S 
Analyzed By: v S G 5  

16s /9E / I  D 1s 

/boo FT- 
/S5 FT. 

300 - 610 ET. 
/- /4 -64- 

2 5  Total NO3 (mg/l) 
Dissolved NO3 (mg/’l) 
Dissolved NO2+N03 as N (mg/l) 
Dissolved “3 a s  N (mg/l) 
Dissolved N H 3  as NHq (mg/l) 
TDS residue a t  180°C (mg/l) 

Total Fe ()lg/l) 
Dissolved Fe (p”g/l) 

/* 2 

Ferrous Fe (ug/l) I 

Hardness (Ca, Mg) (mg/l) 
Non-COS hardness (mg/l ) . 
Percent Na 
SAR 
Specific conductance (phos)  

Total Nn (pg/l)  
Dissolved i4n (ps / l )  

2 3 i  
/ I 3  

/360 

76 , 

8, b 
Dissolved Ca (mg/l) 
Dissolved Mg (mg/l) 

-PH 

Dissolved EO3 as N (i:ig/l) I 1 

7. 3 

I - -  
TDS (tons/acrc-ft.) I 

1 

Tota l  As (pg/l)  
-Di ssolved As (pg/l)  

I Dissolved Ba (pg/l ) I 

NOTE: ,Data dddptcd froin Selected Data on \.later Wells, Geotlicrmal tlells and Oil Tests 
‘In --- h e r i a l  --.- V a \ l ~ - ~ a i ~ f o r n i a ~  U.S.G.S. Open File Report, July,  1976, by 
I3.k. Hardt a n d 3 .  JFEZ’ZhT8 
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' AREA 

Dissolved Si02 
Oissolved A1 (rJg/l) 

We1 1 Name: 
Well Locat 

27 

I 
L 

Total NO3 (mg/l) 
Dissolved NO3 (mg/l ) 

L c R p  I8  
on: 

Elevation of Land Surface (FlSL): / / 8  FT. 
Depth of  Uell : 
Sampling Depth Interval:  - 630 FT. 
Date of Sample: 

/ b S  / t  E 3 Z R  / S 

? I S  F T .  

6 - 3 0  - 6+ 

6 1  5 

Sampled By: 
Analyzed By: 

~ 

Dissolved Fe (pg/l)  
'Ferrous Fe (@l) 
Total  Mn (pg/ l )  

c 

v sqs 
U S G S  

Dissolved NN3 as N (mg/l) 
Dissolved N H 3  as NHq (mg/l) 
TDS residue a t  180°C (mg/l) . 

TDS (mg/l) 
TDS (tons/acre-ft.) . 

. 1 Total Fe ( W l )  
I 

I I 

874- 

Non-CO3 hardness (mg/l ) 

fDissol ved ifn ( W l  ) 
I 

I 

Percent Na 
SAR 

- -  

Dissolved Ca (mg/l ) 23 
Dissolved Mg (mg/l) ? a  6 
D i  ssolved Ha (mg/l ) 271 

Dissolved K (mg/l) 4 
Dissol ved Na+K (mg/l ) 86 

/2 

Alkalinity a s  CaC03 (mg/l) 
Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l) 

PH 
Temperature *C 

co2 ( m g m  
Total As (pg/l)  
Dissolved As (pg/l)  
Dissolved Ba ()lg/l) 

I - - -  
- Dissolved-F (mg/l) /* 7 
Br (mg/1) 

#.a 

3.3 

]Dissolved ?I03 as  N (ng/ l )  I I 

Specif ic  conductance (phos)  I / a d  

Dissolved Li (pg/ l )  
Dissolved S r  (pg/l ) 

NOTE: Data ac!apted frotri Selected Data on Water bklls, Geothermal Wells and O i l  Tests 
---- i n  Iillperial -e-- Valley - California,  U.S.G.S. Open F i l e  Report, Ju ly ,  1976, by 

-----_I_- 

B.F. tinrdt and 3. J. French. 
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AREA 
W 

i 

! 

I 
~ 

1 

w 

2 

Well Name : S P C  
\-Jell l .oci?t i  11: 

Elevation of Ldnd Surface ( ; E L ) :  

Sarnpling Cejith Interval: 1 5 0  - 1600 F7: 
Date of Sample: 7- 8-63;. 

/ Z S  / 6  E 74 /$ 
220 F r  

Depth o f  \-le1 1 : / b o b  F7. 

Sampled By: U S G S  
Analyzed By: c) J G  s 

Dissolved Si02 I 1 8  i 1 Dissolved A1 (pg/l) I I 
Total Fe (rg/ l )  
Dissolved Fe @g/l ) 
Ferrous Fc (pg/l) 

- -  , I 

Dissolved -- Mg ( m ~ / l )  I 22 
Dissolved Na (mg/l) 

D i  ssol ved Na+K (mg/l ) S66 I I 

Dissolved K (myll) 
i 

1 Dissolved !SO3 as N (mg/l ) I I 

J 

Total NO3 (mg/l)  
C i  ssol ved NO3 (mg/l ) 
Dissolved NOz+NO3 as N (mg/l) 
Dissolved "3 as N (mg/l) 
Dissolved N H 3  as NH4 (mg/l) 
TUS residue a t  180°C (mg/l) 

I 1750 
TDS (tons/acrc-ft.) 
Fiardness (Ca, Mg) (mg/l) 
Non-CO3 hardness (mg/l ) 
Percent Na 

Specific conductance (pmhos) I 31573 I 
PH 7.6 _. 
Temperature "C 33.3 

Total As (yg/l) I I 
Dissolved As (pg/l) 
Dissolved Ba (pgll) 
Dissolved B (pg/l) 

t 

. -  - 

Dissolved~Li (pg/l ) ! 
Dissolved Sr  (/Jg/l) I I 

IF-13 



tlell Name: SPC 
\jell Location: 12s 1 6 ~  9jf S 
Elevation of Land Surface (HSL): 220 F7. 
Depth of  Well : 
Sampling Depth Interval:  /5b - /OOb 7-2/: 
Date of  Sample: 

Analyzed 0y: us4 s 

1 6 0 s  FT 

7- 9 - 63 
Sampled By: U S G S  

Dissolved Si02 3 p  

Dissolved Ca (mg/l) 
D i  sso? ?red I4g (mg/l) 

Total Mn (pg/l)  
D i  ssol ved iqn (~.tg/l)  

8 3  
2 9  

D i  ssolved lta (mg/l ) 
Dissolved Na+K (ng/l ) 
Dissolved K (mg/l) 

Alkalinity as CaC03 (mg/l) I 4.2 'p 
Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l ) 
Dissolved F (nig/l) 
Br (mcj/l) 

Total NO3 (mg/l ) 3.7 
D i  ssolved NO3 (mg/l ) 
Dissolved N02+N03 as  N (mg/l) . - 

Dissolved NH3 a s  N (mg/l) . ~ 

Dissolved "3 as Nb (mg/l) 
TDS residue a t  18OOC (mg/l) 

I -80 TDS (ms/l) 

SAR I 1 
366 0 

PH %+ 
Specif ic  conductance (pmhos) 

- Temperature O C  3+* 4- 
COP ( W l )  33 - 

Total As (pg/l)  I 

Dissolved L i  (jJg/l) 
D i  ssol ved S r  (pg/l ) 

NOTE: Data adnyted froiii Sclcctcd Data on Water ----- Wells, Geothermal Wells and Oil Tests 
--- i n  Iinpcrial - Vallft%irf6%'ia --.---- * U.S.G.S. Open File Report, July,  1976, by 
U.F .  Hsaf-a%-J. J.  French. 
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W 

I 

I 

I 

j 
I 

I 

TDs (mg/l) 
TDS ( tondac re - f  t . ) 
Hardness (Ca, Mg) (mg/l) 

AKEA 3 

Well Name: 7. r".l. ;rAcoBS 

Depth of Well : 

Well Location: 1 2 s  ?E zzAa* 
Elevation of Land Surface (MSL): - /I F7. 
Sarnpling Depth In te rva l :  3 3 0  70 667 F7. 
Date o f  Sample: 4-2s-62 

667 FT 

Sampled By: 0 S l ; S  
Analyzed By: V S G S  

/s80 

4m 

Total Mn (pg/l ) 
Dissolved Mn (yg/1) 

I 

Alka l in i ty  a s  CaC03 (mg/l) I 

Dissolved NO3 as N (mg/l) I I 

D i  ssol ved NO3 (mg/l ) 
Dissolved NO2+NO3 as N (mg/l) 
Dissolved NH3 a s  N (mg/l ) 
Dissolved NH3 as N q  (mg/l) 
TDS res idue  a t  1 8 O O C  (mg/l) 

Non-CO3 hardness (mgfi ) 4.10 
Percent Na 
SAR 

I 

Sped f ic conductance (phos)  I 2770 

LDissol ved S r  (pg / l )  1 
NOTE: Oata adapted frbm Selec ted  Data on Water Wells, Geothermal Wells and Oil Tests 

i n  Imperial Valley Ca l i fo rn ia ,  U.S.G.S. Open File Report, July, 1976, by 
B.F. Hardt and 3. 3. French. 

w. 
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AREA 

Dissolved Si02 

Dissolved A1 (pg/l) 

3 

/y 

Well Name: 7-. N .  JACOBS 
Well Locat on: 1 2 s  TE 2 2 A z S  
Elevation o f  Land Surface (MSL): - 12 Fz 
Sampling Depth-Interval: 
Depth of Well : 667 FT. 

3p0 - 667 ~r 

TDS (tons/acre-f t. ) 
Hardness (Ca, Mg) (mg/l) 

Date of Sample: 
Sampled By: U S  q s 
Analyzed By: /) S 4 s 

7- 2 q  - 63 

44-2 
%&COT hardness (mg/l ) 
Percent Na 

/Total Fe (pg/l) 
I 

I 1 

36 0 

Dissolved Fe (pg/l)  
-Ferrous Fe (pg/l) 

PH 
Temperature O C  

Di ssol ved Na+K (mg/l ) 

1.9.~ 
3 0 . 0  Alkalinity a s  CaC03 (mg/l) 

Dissolved SO4 (mg/l ) 
- Dissolved C1 (mg/l) 

Br (ciy/I) 
---.-- Dissolved F (isg/l) 

-- 
Dissolved NO3 8s N (ms,'l) I 

8 2  
490 
5 5 0  
0.8 

Total NO3 (mg/l) I 
Di ss.01 ved NO3 (mg/l ) . 

1 1 
I 

Specific conductance ( p h o s )  I z63a l  

~ 

Dissolved Li (pg11) 
Dissolved Sr  (pg/l)  

NOTE: Data zdapted from Selected Data on klater Wells, Geothermal Wells and Oil Tests 
in Imperial Valle California, U.S.G.S. Open File Report, July, 1976, by 
t3.F. Hardt and J. + 3. Frenc 
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AREA 3 

Total NO3 (mg/l ) 
Dissolved NO3 (mg/l ) 
Dissolved N02tN03 as N (mg/l) 
Dissolved NH3 a s  N (mg/l ) 
Dissolved NH3 a s  N H q  (mg/l) 
TDS re s idue  a t  180°C (mg/l) 
TDS (mg/l) 
TDS (tons/acre-f t . ) 
Hardness (Ca, Mg) (mg/l) 
Non-CO3 hardness (mg/l ) 
Percent Na 
SAR 
SPeci f ic conductance (mhos 1 

Well Name: 7 . M .  JACOBS 
Well Location: 
Eleva t ion  of Land Surface  (MSL): - /277. 
Depth of  Well : 
Sampling Depth In te rva l :  
Date of  Sample: 
Sampled By: WOCAT'uNA L 
Analyzed BY: F00c47/a~4 L 

12s 9~ 2 2 A  2s 
&& 7 m. 
r -  24 -73 

380 - 667 ~ 7 ,  

It 

Dissolved Si02 
Dissolved A1 (pg / l )  
Total Fe (pg / l )  
Dissolved Fe (pg/ l )  
Ferrous Fe ( m / 1 )  

I 

Temperature OC 

Total As (pg/ l )  
Dissolved As (pg/ l )  
Dissolved Ba (pg/ l )  
Dissolved B (pg/l ) 
Dissolved L i  ()1g/1) 

co2 ( m m  

I 

Total tlln (pg/l ) I t 

30.6 

I 

1 

Dissolved Mn (.ug/l) I I 
Dissolved Ca (mg/l) 
Dissolved Mg (mg/l ) 
Dissolved Na (nig/l ) 

- 

Dissolved NatK (mg/l ) 
Dissolved K (mg/l) 

55 

4. R 

co3 (mg/l) 
A lka l in i ty  as CaC03 (mg/l) 
Dissolved SO4 (mgll ) 
Dissolved C1 (mg/l) 

I 

Dissolve; F (mgfl) 
*--.- 

Dissolved NO3 a s  N (ng11) I 1 

' I  I 

PH I 8,s 

D i  s so l  ved Sr (yg / l )  I. I 
NOTE: Data adapted .from Selec ted  Data on Water Wells, Geothermal Wells and Oil Tes ts  
- i n  Irrrperial Valley Ca l i fo rn ia ,  U.S.G.S. Open File Report, Ju ly ,  1976, by 
B.F. ttardt and 3. J. French. 
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AREA-- 3 

/ b o  , 
Dissolved Fe (pg/1 ) 
Ferrous Fe (pg / l )  

Well Name: HARPERS k k u  
Well Location: 
Elevation o f  Land Surface (MSL): -/IS FT, 
Depth o f  Well: 320 F T  
Sampling Depth In te rva l  : MA. 
Date of Sample: / - % + / 9 / P  

Analyzed By: us(;s 

/ZS /OZ 26/cl/ S 

Sampled By: U S G S  

- 
TDS res idue  a t  18OOC (mg/l) 
TDS (ms/l)  

Dissolved Si02 
Dissolved A1 (pg/l ) 

9ss. 

Total Fe ( N q / l - )  7 1  

J 

Total Mn (pg / l )  
D i  ssol ved Mn ( u q l l )  

-I - I I 

- .  

TDS ( tons  /acre-f t. ) 
Hardness (Ca, Mg) (mg/l) 
Non-Cog hardness (mg/l ) 
Percent Na 
SAR 

193 
//z . 

D i  ssol ved Ca (mg/l ) 56  

Dissolved Na+K (mg/l ) 
Dissolved k-(rng/l) 
HCO3 (ing/l) 
CO? (mcJ/'t 1 
--I- 

236 , 

98 . 

Total NO3 (mg/l ) I 
Dissolved NO3 (mg/l ) 
Dissolved N02+N@ as N (mg/l) 
Dissolved NH3 as N (mg/l) 
Dissolved N H 3  as NH4 (mg/l ) 

Alka l in i ty  a s  CaC03 (mg/l) 
Dissolved SO4 (mg/l ) ------- 
Dissolved C1 (mg/l) 
Dissolved (nig/l) 
Br ( w / l )  
I ( W 1 )  
Dissolved NO3 as N (mg/ l )  

,----- 

--- 
--I.--- -------. 

80 
216 
336 

- 
A 

Spec i f i c  conductance (pnhos) I I 

Total As (pg / l )  
Dissolved As (pg / l )  
Dissolved Ba ( p g l l )  
Dissolved B (pg / l )  
Dissolved L i  (pq/1) 
Dissolved S r  (pg/1) 

NOTC: Ddta zLl.iyted froni -- Selected Data on N a t z  Wells, Geothermal Wells and O i l  Tests 
-_-_ i n  1i:ipcrial - -_ -- --_.- Valley ~ __.- Cal i fo rn ia ,  U.S.G.S. Open File Report, July, 1976, by 
B.F. tldrdt and J. 3. French. 
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AREA 

TDS res idue  a t  18OoC (mg/l) 
TDS (mg/l) 
TDS (tons/acre-ft .  ) 
Hardness (Ca, Mg) (mg/l) 
Non-CO3 hardness (mg/l ) 
Percent Na 
SAR 
Speci f ic  conductance (pmhos) 
PH 

3 

/OS0 

356 . 
277 

~ 770 

Well Name: HARPERS klzu 
Well Location: 1 2 s  /OE 2 6 M I S  
Elevation o f  Land Surface (MSL): 

Depth o f  He1 1 : 320 FT. 
Sampling Depth In te rva l :  
Date of Sample: / - 9 - q  
Sampled By: scs 
Analyzed By: O ~ E K  

- / / S F 7  

N. A . 

Dissolved Ca (mg/l) 
Disso!ved Mg (ms/l) 
D i  s so l  ved NaTmQ/l) 

D i  ssol ved si07 I I 

87 , 
34- 

L I 

Dissolved A1 ( ~ g / l )  I I 

Dissolved Na+K (mg/l ) 
Dissolved K (mg/l) 
HC03 (mg/l) 
co3 (mg/l) 
A l k a l i n i t y  a s  CaC03 (mg/l) 
Dissolved SO4 (mg/l ) 

-. - - I 

Total Fe (Fg / l )  I I 

222 

97 

Po 
2 2 4  

Dissolved Fe (pg/ l )  
Ferrous Fe (ug / l )  

Dissolved As (pg/l ) 

Dissolved B (pg / l )  
Dissolved L i  (pg/l ) 
I Dissolved S r  (pg/ l )  

Dissolved Ba (pg/l)  

Total Mn ( p g / l ) - - I i  

I 

220' 

I 

Dissolved Mn ( u q / l )  I I 

C" , 
Dissolved C l  (mg/l) I 3s5 1 
Dissolved F (mg/l) 
8r (mg/l) 

Gissolved NO3 a s  N (nig/l) I 1 

Total NO3 (mg/l ) 
D i  ssol ved NO3 (mg/l ) 
Dissolved NOz+NO3 a s  N (mg/l) 

I 

Dissolved NH3 a s  N (mg/l ) 
Dissolved NH3 a s  NHq (mg/l) 

NOTE: Data adapted from Selec ted  Data on-Water Wells, Geothermal Wells and Oil Tests 
i n  Imperial Valley-California, U.S.G.S. Open File Report, J u l y ,  1976, by 
B.F. Hardt and J. J. French. 
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AREA 3 

!Jell Name : N A R P W S  dELL 
\*;ell Location: 
Elevation of  Land S u r f a c e  (tlSL): - / /SFT.  
Depth of  Well : 
Smpl i ng De,:th I n t e r v s  I : #, 4 
Date of  Sample: 9- 2s-62 

Analyzed By: u s s 

1% s I O  6 26 MI S 

3 2 0  FT. 

Sampled By: u s q s  

Di ssol ved Na+K (my/l ) 
Dissolved K (my/l) 

Ferrous Fe (Ng/l) I I 

292 I 

Total t+ln (pg/l) 
D i  s o 1  ved iln (gg/ l )  

SAR 
Specific conductance (phos) l q z b  

I Alkalinity as C a C 0 3  (mg/l) Temperature "C 28.3 

Dissolved KO3 as N (mg/l) I 1 

Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l) 
Dissolved F (mg/l) 

-~ - 

Total NO3 (mg/l ) 
D i  ssol ved NO3 (mg/l ) 
Dissolved N O p N O 3  as N (mg/l) 
Dissolved "3 as N (mg/l) 
Dissolved NH3 as NHq (mg/l) 

233 

370 
6.8 

I 

TDS residue a t  1 8 0 O C  (mg/l) I I 
- ms (mg/l)  I /o3a1  
TDS (tons/acre-f t . ) I 
Hardness (Ca, Mg) (mg/l) 240 

Non-CO3 hardness (mg/l ) 132 
Percent Na 

i 1  ' I  - . 

Dissolved As (pg/l) 

l---l 
I -  - - 

Dissolved Ba (pg/l) 
Dissolved B (pgll) I I 
Dissolved Li (jJg/l) 
Dissolved Sr (pg/l) 

NOTE: Data adJptrd from Selected Data  on \htcr Glells Geothermal Wells and Oil Tests 
i_n__Iapcr i a1 V;l 1 1 ~ y - C ~ l - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ - ~ n ~ t ,  July , 19 76, by 
B.F. Hardt arid J. J. French. 
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W 

TDS (mg/l) 
TDS ( tons /acre- f t . )  

E leva t ion  of Land Surface (I-1SL): 

Depth o f  \.le11 : 326 FT. 
Sarnpl i ng Depth In t e rva l  : N .  A 
Date of  Sample: 5-/2-67 

Analyzed Fy: 
Sa iy l  ed By: OTHER 

/L-+ 

-//s FT. 

PH 
Temperature "C 

co2 (ms/l) 

Total  NO^ (mg/l ) 

Dissolved "3 as N (mg/l) 

7.7 
23.9 

3.4- 

I 

Dissolved "3 a s  NHq (mg/\ ) I 
TDS re s idue  a t  18OOC (mg/l) 1 

Hardness (Ca, Mg) (mg/'l) 
Non-CO3 hardness (mg/l ) 
Percent Na 

SAR I 8 . 5  
S p e c i f i c  conductance (pmhos) I / 7 ~ 4  I 

Total As (pg / l )  I 1 

D i  ssol ved S r  (pg/ l )  I I 

NOTC': Data adapted from Se lec t ed  Data on \.later Wells, Geothermal Glells and O i l  Tests 
. i n  --- I x g r i a l  Vallcy-t%-~f&nia, U.S.G.S. Open F i l e  Report, July, 1976, by 
B.F. Hast and 3.*J,77rench0 
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\le1 1 Nanie: L C R ?  19 
\:ell Location: 
Elcvittion of Land Surface (flSL): 

Depth o f  Well : 457 FT. 
Saapling Dej1t.h Interval:  3 / 0  - &SO FT. 
Date of Sample: 5 - 2 6 - 6 9  
Sampled By: U S G S  
Analyzed By: () SC, s 

/ 2 S  / / E  / r f  i s  
- 17.5 Fr 

Dissol ved Si02 
Dissolved A1 (pg/ l )  

I 1 Total Fe (pg/ l )  I I 
L i 

Dissolved Fe (pg/l)  20 
Ferrous Fe (pg/ l )  

I 1. 

Total Mn (pg/ l )  
D i  ssol ved ifn (&g/ l )  

I 
Dissolved Ca (mg/l) 3q 
Dissol w d  i*!q (mc/l) ?e+ 

Di ssolvod Na (mg/l ) 470 
D i  ssol vcd Na+K (my/l) I I 
Dissolved I( (ing/l) 4.4- 
HC03 (ns / l )  Z O O  

co3 (mg/l) 
Alkalinity as CaC03 (mg/l) 16 4 
Dissolved SO4 (mg/l ) 2476 
Dissolved C1 (mg/l)  4 4 5  
--- Dissolved F (nig/l) 
Br (mr)/l) 

/. 8 

Total NO3 (mg/l) ,ow I 
I 

D i  ssol ved NO3 (mg/l ) 
L Dissolved NOz+NO3 as N (mg/l) 
Dissolved “3 a s  N (mg/l) 
Dissolved “3 as NHq (mg/l) 
TDS residue a t  18OOC (mg/l) 

TDS ( toWacre - f t . )  

Non-CO3 hardness (mg/l ) 

SAR IP 

TDS (ms/l) 14-40 

Hardness (Ca, Mg) (mg/l) I 3 z  

Percent Na 68 
t .. 

Spec1 f ic conductance (phos)  I 2+76 

Temperature OC 32.8 

Total As (pg/l)  
co2 ( W l )  2.0 . 

Dissolved ‘As (pg/l)  
Dissolved Ba (pg/l)  
Dissolved 8 ( W 1 )  2006 

I 

L I 

- - 1 D i  ssalved 803 as N ( m ~ / l )  I I Dissolved L i  (pg/l)  
Di ssol ved S r  (pg/l ) 

NOTF: D a t a  adapted from -_._ Sclcctcd - .--- Data ---.---1 on Hater Wells Geothermal Wells and O i l  Tests 
---- i n  Iaiperial _--- Valley_-Californ&, U.S.G.S. Open F i l e  Report, July,  1976, by 
I3.F. liardt and 3. 3. French. 
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AREA 3 

‘Dissolved NO~+NO-J as N (mg/l) 
. 

Dissolved NH3 a s  N (mg/l) 

U We1 1 Name : L c a P  14 
N C I I  Loc,ttioli: / 2 S t / € / 8 J  I S 
Elevation of  Land Surface (HSL): 
Depth of  We1 1 : 
Sampling D q t h  Interval:  
Date of Sanple: 

-/7S FT 

316 - 6m FT. 
457 ?=T. 

7- 2 - & 
Sac2lrd By: u s q s  
Analyzed By: (I s(;s 

Dissolved Si02 
Dissolved A1 (pg/l) 
Total Fe ( rg / l )  
Dissolved Fe (pg/l)  
Ferrous Fe (Ug/l) 

1 

Total Mn (pg/ l )  I t 
I 

D i  ssol vod Nn (ps/1) I 1 
- 

Dissolved Ca (mg/l) 30 
Disso?ved #g (m/ l )  9.0 ~ 

Dissolved fia (mg/l ) 472 

Dissolved K (mg/l) u. 4 

Dissolved Na+K (ng/l ) 

A1 kal i nity as CaC03 (mg/l ) 157 , 

Dissolved SO4 (mg/l ) 2 8 5  
est 

-.- Dissolved F ( m g / l )  /.2 

l issolved C1 (mg/l) 

j issolvcd :io3 as N (tlg/l) 1 I 

Total NO3 (mg/l) I I 

TOi  ssol ved NO3 (mg/l ) I I 

- - .  I 

[Dissolved N H 3  as NHq (mg/l) 1 ‘1 

rTDS residue at  180°C (ms/l) .I 
I 

TDs ( W / U  /e20 
rOS ( tons/acre-f t. 1 
?lardness (Ca, Mg) (mg/l) 
Non-CO3 hardness (mg/l ) 

/ I  2 

, 

Percent Na 89 . f 
_I i SAR /9 

I 2&6 I -j Specif ic  conductance (phos)  I 
PH p.4- 

co2 (mg/l) 1.2 
Temperature O C  32.8 

Total As (Pg/ l )  
&Di ssol ved As (pg/I) 

L 

Dissolved Ba (pg/l)  

t Dissolved B (pg/l)  2666 i 
Dissolved L i  (pg/ l )  -- 
Dissolved S r  (pg/l)  

I . -  - 3 
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APEA 4 

Total NO3 (mg/l ) 
Di ssol ved NO3 (mg/l ) 
Dissolved NO2+NO3 as N (mg/l) 

Dissolved NH3 a s  N (mg/l ) 
Dissolved N H 3  as NH4 (mg/l) 

He1 1 Name: I c R P  8 
\k11  Location: 
Elevdtion of  Land Surface  (;&I-): 

Depth o f  \/ell : 
Sainpling De,)th In t e rva? :  
Date of  Sample: 

/+S / / E  3% / S  

q8S F7: 
88 7-7. 

/35 - 546 ~ 7 .  
+e 3 - d t  

a. 2 

Sampled By: 0St;S 
Analyzed By: V S G S  

Total Mn (pg/l  ) 
D i  ssol v2d i.in (!.is/l) 

Dissolved Si02 
Dissolved A1 ( p g r l )  
Total Fe ( g / l )  
D i  s so l  vedFe (pg/l ) 
Ferrous Fc ( N q / l )  

I 
Dissolved Ca (mg/l) 
D i s so 1 Yed ;4g (n$/l) 
Dissolved Na (mg/l ) 

Dissolved K ( m d l )  
- Dissolved #a+K -- (ng/l ) 

/33 . 

4+5. 

36 

PH 

_I- 
. -  . 

7.5 

c O 2 I m g / l  
.Total As ( r g / l )  
Dissolved As (pg / l )  
Dissolved Ba (pg / l )  
Dissolved B (pg / l )  
c 

ITDS re s idue  a t  180°C (mg/l) 1 
1 1 

Dissolved SO4 (mg/l ) 
Dissolved C1 (mg/l) 
Dissolved F (mg/l) 

TDS (ms/ l )  
TDS (tons/acre-f t. ) 

Hardness (Cas Mg) (mg/l) 4-86 
Non-COg hardness (mg/l ) +/3 
Percent Na 
SAR - 
Speci f ic conductance (pmhos) 3800 

T 

827 
365 ~ 

/. 4 

[Dissolved L i  (pg / l )  ! 
I - D i  s s o l  ved Sr (pg / l )  

N O T C :  IhL i  ctdapt1.d fvolii _._- Svl(!(:tcd _- ..-- ----.------ [lata on \.later Wells, Gcotti~.rmal !fells and Oil Tests 
- i n  ----- 1,:ipcrial -- - ___-_- Valley - - Cal i fo rn ia ,  __-_-- U.S.G.S. Open File Report, J u l y ,  1976, by 
B.F. Ilardt and J .  J .  trench. 
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AREA 4 

Dissolved Si02 
Dissolved A1 (pg / l )  
Total Fe (Pg/1) 
Dissolved Fe (pg / l )  
Fer rous  Fc (Ng/l) 

We1 1 Name : LcRP 8 
k!ell Location: 
Eleva t ion  of Land Surface  (NSL): 

Sainpling DeGth In t e rva l :  
Date o f  Sample: 
Saa;)led By: S 4 S 
Analyzed By: U S  s 

/+s //;E 3 2 R  / s  
t f  FT. 

Depth of  Well : 98s F7. 
/3r- 5-60 ~ 7 .  

5- / / -62 

1 5  

D i  ssol ved i4n (pg/I 
Total Mn ( p g / l )  

Dissolved tJa (mg/l ) i I 
Dissolved Na+K (ng/\ ) 
Dissolved K (mg/l) 

C / O  . 

co3 ( W l )  

A1 kal  i nity as CaC03 (mg/l ) . 64 
Dissolved SO4 (mg/l ) lo t6  

318 Dissolved C1 (mg/l) 
Dissolved F (nig/l) 
Br h i / l  1 
-. 

Total NO3 (mg/l) 
Dissolved NO3 (mg/l ) 
Dissolved N02tN03 as N (mg/l) 
Dissolved NH3 as N (mg/l) 

I 

Dissolved NH3 as NHq (mg/l ) 
TDS res idue  a t  180°C (mg/l) . 

TDs (ms/l)  2 140 
TDS (tons/acrc-f t. ) 
!!ardness (Ca, Mg) (mg/l) I 5/5 - Non-C03 hardness (mg/l ) 463 
Percent Na 
SAR 
S p e c i f i c  conductance (phos)  29 26 - -  
PH 7.7 
Temperature "C 

co2 (ms/l)  2.7 - I # 

Total As (pg/l ) I 
I 

Dissolved As (pg / l )  I 1 
Dissolved Ba (pg / l )  l - - - l  
Dissolved B (j.tg/l) I I 
Dissolved L i  (pg/ l )  
Dissolved S r  (pg / l )  ' 

> 

NOTC: Data adapted from Sc!lcctcd Data on Water Wells, Geothermal Wells and Oil Tests 
-..I i n  Iiiiecrial .---.-I---- V ~ l l l ~ - - ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ G ~ ~ ~ e n  File Report , July, 1976, by 
R.F. I h r d t  and J. -jy-F%'EFl. 
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GEOPHYSICAL WELL LOGS 
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EXPLANATION 

T” 

IG-7 



JACOBS WELL 1 (TMJ) 
ALTITUDE NA. 
TlZSlUSE - 22A2 

tELf 
POTENTIAL 

RESISTlVlTY 
16 INCMES NORMAL 

0hIn.nrmfa 
16 30 

I 
0 
I I 
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SOUTHERN PACIFIC RAILROAD CO. (SPC) 
ALTITUDE 220 FEET 167.1 Maten) 

TlZSIRWE-9A 

0 
I 

R E S I S T I V I ~  
16 INCHES NORMAL 

ohnl-nran 

1s 
I 

3a 
I 
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AUTHOR Bloyd 6 Robson AUTHOR Dutcher 6 k y l e  AUTHOR Kunkcl 6 Chase 
TITLE Math Ground water TITLE Geologfc 6 Hydrologfc TlTLEGeology I Ground ' 

Model of Indian Uells,Valley, Features o f  Indian Uells. hater in Indfrn Yells. WlCS KEY WORDS 

I I I I 

9 
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3 
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1 1 

I- -- NATE R E G E T  
VJATER DEMAND 
JVATER CNJALITY 
WATER SUPPLY I I 
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APPENDIX C 
L 

The fo l lowing i s  a l i s t  o f  people, agency, address and date o f  v i s i t s  
and t e l  ephone contacts . 

W i l l i a m  R. Moyle, Jr. (Hydrologist) 
USGS 
Water Resources D iv i s ion  
24000 A v i l a  Road 
Laguna N i  guel , Cal i f  . 92677 
Phone - (714) 831-4232 
Date o f  v i s i t :  Ju ly  26, 1978 and August 17, 1978 

Mike Mal lory (Hydrologist) and Charles Lamb (Hydrologist) 
USGS 
Water Resources D iv is ion  
24000 A v i l a  Road 
Laguna N i guel , Cal if. 92677 
Phone - (714) 831-4232 
Telephone contact 

Frank 01 mstead (Geologi s t )  
USGS 
Geologic D iv is ion  
345 M i  ddl e f  i e l  d Road 
Menlo Park, Cal  i f .  94025 
Phone - (415) 323-8111 
Telephone contact 

Marvin Furman (D iv is ion  Chief) 
USGS 
Conservation D iv is ion  
2465 East Bay Shore 
Palo Alto, Ca l i f o rn ia  
Phone - (415) 323-8111, ext. 2888 
Date o f  v i s i t :  August 1, 1978 

James C. Blodgett (Hydraul ic Engineer) and G i lbe r t  Ber to ld i  
USGS 
Water Resources D iv i s ion  
2800 Cottage Way 
Sacramento, Cal  i f o r n i  a 95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3, 1978 

. .  
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Joseph Poland (Hydrologist) 
USGS 
Land Subsidence Research Div is ion 
2800 Cottage Way 
Sacramento, Cal i fornia 95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  

Hibbard (Dick) E. Richardson (Ground Water Section Head) 
U.S. Bureau of Reclamation 
2800 Cottage Way 
Sacramento, Cal i forn ia  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3, 1978 

August 3, 1978 

John Moon and Douglas Kleinsmith 
U.S. Bureau of  Land Management 
2800 Cottage Way 
Sacramento, Cal i forn ia  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3 ,  1978 

Carl F. Austin and J. K. Pringle 
Naval  Weapons Center 
China Lake, Cal i forn ia  93255 
Phone - (714) 939-2700 
Telephone contact 

Charles McDonald 
United States Forest Service 
Ind i  o National Forest 
Phone - (714) 873-5841 
Tel ephone contact 

Dona1 d Oaks (Ehgineer) 
Ca l i fo rn ia  Department o f  Water Resources 
1416 9th Street 
Sacramento, Cal i f o r n i a  95802 
Phone - (916) 322-2844 

Maurice D. Roos (Engineer) 
Ca l i fo rn ia  Department o f  Water Resources 
1416 9th Street 
Sacramento, Ca l  i f o r n i  a 95802 
Phone - (916) 445-2578 
Date o f  v i s i t :  August 2, 1978 

Date o f  v i s i t :  August 1, 1978 \ 
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Dennis Olmstead 
California Department of Oil and Gas 
1416 9th Street 
Sacramento, Cal i forni a 95802 
Phone - (916) 445-2578 
Date of v i s i t :  August 2 ,  1978 

Gerald Gewe 
Los Angeles Department o f  Water and Power 
111 N .  Hope Street 
P.O.  Box 111 
Los Angeles, California 90051 
Phone - (213) 481-6194 
Date of v i s i t :  August 22, 1978 

\ 
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APPENDIX D 

Aquifer Character1 s t  i c s  

The term "aquifer" i s  applied t o  any water-bearing formation o r  rock 
u n i t  that  i s  capable o f  y ie ld ing  an adequate water supply. The adjec- 
t i v e s  "excellent," "good," ''fair,'' o r  ''poor" may be used t o  denote the 
degree t o  which the y i e l d  from an aqui fer  i s  adequate, but they are not 
spec i f ic  enough f o r  a quant i tat ive appraisal o f  an aquifer o r  f o r  
comparing one aquifer w i t h  another. To be more specif ic, the water- 
bearing a b i l i t y  o f  an aqui fer  may be expressed i n  terms o f  t he  aqui- 
f e r ' s  transmissivity. Transmissivity i s  expressed as the r a t e  o f  f l a w  
i n  gallons per day through a one-foot-wide ve r t i ca l  s t r i p  o f  the e n t i r e  
saturated thickness o f  the aqui fer  under a u n i t  hydraul ic gradient a t  
the prevai l ing temperature o f  the water. 

,. The water-bearing a b i l i t y  o f  an aqui fer  may also be expressed i n  terms 
o f  f i e l d  hydraul ic conductivity. As used i n  t h i s  report, the f i e l d  
hydraul ic conduct iv i ty i s  the r a t e  o f  f l a w  i n  gallons per day t h a t  w i l l  
occur through a one-foot-square cross-section o f  the aqui fer  under a 

. u n i t  hydraul i c  gradient. Generally, the horizontal hydraulic conduc- 
t i v i t y  o f  an aqui fer  i s  greater than the v e r t i c a l  hydraul ic conduc- 
t i v i  ty. 

This i s  especial ly t r u e  f o r  a l l u v i a l  materials because o f  s ize sor t ing 
and the alignment o f  p l a t y  and e l l i pso ida l  grains t h a t  occurred during 
d e p o s i t i o n  o f  t h e  m a t e r i a l  . The v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  
o f  some aquifers that  consist o f  many d i f f e r e n t  s t ra ta  ranging from 
clay or s i l t  t o  sand or  gravel may be only hundredths o r  thousandths o f  
the horizontal hydraul i c  conductivity. Horizontal hydraul i c  conduc- 
t i v i t i e s  i n  Imperial Valley range from a f r a c t i o n  o f  a gal lon per day 
per square foot  t o  several thousand gallons per day per square foot  f o r  
we1 1 -sorted sand and gravel . 

- 

I ID-2  



Transmissivit ies commonly are computed from the resu l ts  of control led 
pumping tests. They also an be computed on the basis of the width of 
a ver t i ca l  section through which ground water i s  moving a t  a known r a t e  
under a known hydraul ic gradient, o r  on the basis of the  specif ic 
capacity, which i s  the ra te  o f  y i e l d  per u n i t  drawdown, o f  a wel l .  

Another important character is t ic  o f  a water-bearing rock i s  i t s  capa- 
c i t y  t o  store .or t o  release water i n  response t o  changes i n  head. A 
measure of t h i s  character is t ic  i s  ca l led  the storage coef f i c ien t  and i s  
a dimensionless number tha t  i s  defined as the volume o f  water t ha t  i s  
released from or i s  taken i n t o  storage per u n i t  surface area o f  an 
aqu i fe r  per  u n i t  change i n  t h e  component o f  head normal t o  t h a t  

surface. 

When water i s  confined-that is, when it occurs under artesian con- 
, dit ions-the changes i n  storage that  resu l t  from changes i n  head are 

a t t r ibu ted  e n t i r e l y  t o  compressibl l i ty of t he  water and o f  the aquifer 
materials. Storage coeff ic ients under artesian conditions are small . 
and generally range from about 0.00001 t o  0.01. 

I n  water tab le  aquifers, the changes i n  storage ' that resu l t  i n  changes 
i n  head are defined by the spec i f i c  y i e l d  which i s  the percentage o f  
water by volume tha t  can be drained from a porous rock under gravity. 

Aqui fer  character ist ics can be determined by pump tests. A l l  pump 

.C 

tes ts  f o r  t h i s  area are located i n  the Indian Wells Valley. These 
tes ts  were conducted by wel l  owners, USGS Naval Weapons Center a t  
China 'take and . The results of these 

'pump tes ts '  are Speci f ic  y ie lds  f o r  the deep 
aqui fer  are sh 
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TABLE IIE-1 

RESULTS OF PUMPING TESTS, INDIAN WELLS VALLEY, CALIFORNIA 

Interval 
Well Tested (ft. Draw- Specific Trans- Hydraulic 

Date o f  Depth below land Yield down Capacity mlsslty Conductivity 
Test (ft.) surface) (GPM) (ft.) (GPM/ft) (GPM/f t )  (GPM/ft2) 
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TABLE IIE-2 

GROUNDWATER QUALITY DATA 
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Results in milligrams per liter, except as indicated 

Adapted from: R.L. Banta, Groundwater Data, 1972, Indian Wells Valley, 
California, U.S.G.S. Open-File Report, 1973 
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APPENDIX C 

SUMMARY OF V I S I T S  

i 

The fo l l ow ing  i s  a l i s t  o f  people, agency, address and date o f  v i s i t s  

and telephone contacts. 

W i l l i a m  R. Moyle, Jr. (Hydrologist)  
USGS 
Water Resources D i v i s i o n  
24000 A v i l a  Road 
Laguna Niguel, C a l i f .  92677 
Phone - (714) 831-4232 
Date of  v i s i t :  

Mike Mal lory (Hydrologist)  and Charles Lamb (Hydrologist)  
USGS 
Water Resources D i v i s i o n  
24000 Avi l a  Road 
Laguna Niguel, C a l i f .  92677 
Phone - (714) 831-4232 
Telephone contact 

Ju l y  26, 1978 and August 17, 1978 

Frank Olmstead (Geol o g i s t )  
USCS 
Geologic D i v i s i o n  
345 Middlef  i e l d  Road 
Menlo Park, C a l i f .  94025 
Phone - (415) 323-8111 
Telephone contact 

Marvin Funiian ( D i v i s i o n  Chief) 
USGS 
Conservati on D i  v i  s i  on 
2465 East Bay Shore 
Palo Al to,  C a l i f o r n i a  
Phone - (415) 323-8111, ext. 2888 
Date o f  v i s i t :  August 1, 1978 

Char1 es McDona 1 d 
Uni ted States Forest Service 
I n d i o  Nat ional  Forest 
Phone - (714) 873-5841 
Te 1 ep hone contact 
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Donald Oaks (Engineer) 
C a l  i f o r n i a  Department of Water Resources 
1416 9 t h  St ree t  
Sacramento, C a l i f o r n i a  95802 
Phone - (916) 322-2844 
Date o f  v i s i t :  August 1, 1978 1 
Mau i c e  D. Roos (Engineer) 
Cal f o r n i a  Department of Water Resources 

Sacramento, C a l i f o r n i a  95802 
Phone - (916) 445-2578 

Dennis Olmstead 
Cal i f o r n i a  Department o f  O i l  and Gas 
1416 9 t h  St reet  
Sacramento, C a l i f o r n i a  95802 
Phone - (916) 445-2578 
Date o f  v i s i t :  August 2, 1978 

1416 1 9 t h  Street  

\ Date o f  v i s i t :  August 2, 1978 
\\ 

Gerald Gewe 
Los Angeles Department o f  Water and Power 
111 N. Hope Street 
P.O. Box 111 
Los Angeles, C a l i f o r n i a  90051 
Phone - (213) 481-6194 
Date o f  v i s i t :  August 22, 1978 

James C. B1 odgett (Hydraul i c  Engineer) and G i  1 b e r t  B e r t o l d i  
USGS 
Water Resources D i v i s i o n  
2800 Cottage Way 
Sacramento, C a l i f o r n i a  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3,  1978 

Joseph Poland (Hydrologist)  
USGS 
Land Subsidence Research D i v i s i o n  
2800 Cottage Way 
Sacramento, C a l i f o r n i a  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  

ttibbard (Dick) E. Richardson (Ground Water Section Head) 
U.S. Bureau o f  Reclamation 
2800 Cottage Way 
Sacramento, C a l i f o r n i a  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3, 1978 

August 3 ,  1978 
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John Moon and Douglas Kleinsmith 
1J.S. Bureau o f  Land Manageiiient 
2800 Cottage Way 
Sacramento, C a l i f o r n i a  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3 ,  1978 

Car l  F .  Aust in and 3 .  K.  P r i n g l e  
Naval Weapons Center 
China Lake, C a l i f o r n i a  93255 
Phone - (714) 939-2700 
Telephone contact 
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APPENDIX D 

SURFACE WATER DATA 

Prec ip i ta t ion 

The average annual p rec ip i ta t ion  i n  Mono Basin varies from 40”inches 
near the top o f  the Sierra Nevada i n  the western part  o f  the  basin t o  
10 inches i n  the east. Prec ip i ta t ion  i n  the area occurs predominantly 
as snm, and over two-thirds o f  the average annual p rec ip i ta t ion  occurs 
during the months o f  November through March. 

The decreasing r a i n f a l l  from west t o  east, as re f lected i n  the  mean 
seasonal p rec ip i ta t ion  measurements f o r  E l lery ,  Gem and Lundy Lakes 
(25.55, 23.93 and 15.6, respectively) i s  the consequence o f  the “rain- 
shadow” ef fect  of the Sierra Nevada. Additional records o f  precipi-  
t a t i on  f o r  any length of t ime f o r  the  easternmost port ions o f  the basin 
are not available. 

Evaporation 

The amount o f  water evaporating from Mono Lake has changed as the t o t a l  
surface area of the lake has changed. I n  1959, when Mono Lake had 
surface area o f  approximately 55,000 acres, evaporation was estimated 
t o  be 187,000 acre-feet per year assuming a net evaporation ra te  o f  3.4 
acre-feet per year (DWR, 1960). By 1974, the surface area o f  Mono Lake 
had decreased t o  43,500 acres, and the annual amount of  evaporation t o  
approximately 148,000 acre-feet. The reduced surface area o f  Mono Lake 
i s  a continuation of  trends since 1919 which has seen the surface 
elevat ion of  the lake drop from 6,428 fee t  MSL t o  6,382 feet  MSL i n  
1974, an overal l  reduction of  46 feet. The diversion o f  water from the 
basin f o r  i r r i g a t i o n  and urban uses i s  pa r t l y  responsible f o r  the 
decl i niny surface area. 
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Evaporat ion a t  Grant Lake i s  cons iderably  l ess  than a t  Mono Lakc 
because of i t s  smaller area and higher elevation (cooler year round 
temperatures). Grant Lake i s  a man-made reservoir  wi th  a maximum 
storage capacity of 47,500 acre-feet . With an average annual evapora- 
t i o n  ra te  of 2.5 feet per year, mean evaporation from Grant Lake i s  
2,450 acre-feet per year. 

Surface Water Balance 

I n  1959, surface water inflow i n t o  Mono Lake was estimated a t  137,000 
acre-feet by the Ca l i fo rn ia  Department of Water Resourcs (1960). The 
consumptive use of water was 32,000 acre-feet and the annual export was 
75,800 acre-feet. I n  1974, the consumptive use was 7,300 acre-feet and 
the  export was 102,200 acre-feet. The natural runof f  discharge i n t o  
Mono Lake i s  106,500 acre-feet, about 28,300 acre-feet less than the 
1959 i igure. The Los Angeles Department of Water and Power (LADWP) i s  

cur ren t ly  ext ract ing 102,200 are-feet (140 cfs) from Mono Basin t o  
Owens Basin (Gewee, pers. comm., 1978). Water supply and u t i l i z a t i o n  
i n  the Mono Basin are summarized i n  Table 111-3. 

Water Qual i ty 

T)le I ,  s a l i n i t y  o f  Mono Lake has increased as the surface elevat ion o f  the  
lake has dropped. I n  1975, the t o t a l  dissolved sol ids (TDS) count f o r  
the lake was over 60,000 ppm as compared t o  51,300 ppm i n  1953. Mono 
Lake i s  a l k a l i n e  due p r i m a r i l y  t o  t h e  h i g h e r  b icarbonate content  
o r ig ina t ing  from the surrounding strata. The chemical composition of 
Mono Lake makes i t  unsuitable for  f ish and discourages recreational 
uses. 

Streams fed by m e l t i n g  snow and runoff f rom t h e  High Sierras are  
generally calcium carbonate i n  character, wi th TDS concentrations o f  
less than 200 mg/l *The water i s  s o f t  t o  moderately hard. 

I- 
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c, Climate and Prec ip i ta t ion 

The iiiajor cl imate control o f  the Long Valley area i s  the towering 
S i e r r a  Nevada, which acts as a ba r r i e r  t o  the  prevai l ing westerly winds 
and Paci f ic  storm systems. The average temperature was about 43OF a t  
t h e  Long Va l ley  Dam, which has an e l e v a t i o n  o f  about 6 ,700  fee t .  

_-- - -- .--- -- 

About 70-80% o f  the t o t a l  p rec ip i ta t ion  i n  the  mountains, and a some- 
what s m a l l e r  proport ion i n  the val ley, f a l l s  as snow from November 
through Apr i l .  Annual precpi tat ion w i th in  the Long Valley drainage 
basin ranges from 62 inches a t  Mammoth Mountain t o  10 inches a t  Long 
Valley Dam. 

---_ Surf ace RucofX 

Mot streamflow or ig inates i n  the S i e r r a  Nevada along the west and south 

inargi n o f  the basin, where prec ip i ta t ion  exceeds potent ia l  evapotrans- 
p i r a t i o n  and snowpack l as ts  i n t o  the l a t e  spring i n  most years. The 

Sierra Nevada streams are measured by the Los Angeles Department o f  
Water and Power. Mammoth Creek, which i s  the headwaters o f  Hot Creek, 

has the fol lowing f low regimen as measured a t  Highway 325 and expressed 

i n  cfs. 

Jdn. Feb. Mar. Apr. May June 
8.0 7.5 7.4 12.9 43.7 77.4 

July Aug. Sept. Oct. Nov. Dec. 
45.5 18.7 10.1 8.4 8.7 9.1 

Evapo', ran s p i r a  tjo-n -.- 

The surface water balance i n  the Long Valley Basin i s  affected by the 
evaporation and t ranspi ra t ion character is t ics  o f  high groundwater tab le 

resources w i th in  the basin. I n  1960, the Ca l i fo rn ia  Department o f  
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Water Resources adopted two feet per  year as the  evapotranspirat iot l  
standard f o r  h igh groundwater (3  f e e t  depth below surface) l eve l  areas 

i n  the a l k a l i  lakes region nor th  of Lake Crawley. This f i g u r e  gener- 
ates an evapotranspirat ion value o f  16,000 acre-feet per year (22 c f s )  
f o r  these high ground water areas o f  Long Valley. However, l a t e r  
studies by Sorey (1977) estimated 17.94 c f s  o f  evaporation f o r  shallow 
ground water areas. Areas of i r r i g a t e d  grassland (4,695 aacres i n  Long 
Val ley) were found t o  have an evaporation r a t e  o f  15.2 c f s  (Sorey, e t  
a l . ,  1977). The Long Valley Basin has a t o t a l  area o f  32 square mi les 
having a shallow ground water l e v e l  (8 f e e t  o r  less).  

Evaporation d i r e c t l y  from Lake Crawley a l so  f igures i n  the  ove ra l l  
water budget for  t h e  Long Valley Basin. As f o r  ground water evapotran- 
s p i r a t i o n  rates, the estimates o f  water evaporation from Lake Crowley 
have changed over time. I n  1960, t h e  C a l i f o r n i a  Department o f  Water 
Resources es tiinated an annual evaporation o f  10,000 acre-feet (13.7 
c f s ) ,  based on 2.4 f e e t  per year rate.  I n  1967, the evaporation a t  
Lake Crowley was estimated a t  9,260 acre-feet per year, o r  12.7 c f s  
(CDWR, 1967). ‘In 1977, Sorey, e t  al., ca lcu lated 12,100 acre-feet 
(16.6 c f s )  o f  r as having evaporated from a lake surface o f  5,187 
acres. This value was used i n  the  water budget computations. 

Lake Crawley has enlarged over 
excess water input  i n t o  the rese rvo i r  as opposed t o  output. 

he past several years as a r e s u l t  of 
A t  t h e  end 

a t e r  year, 35 c fs  inore water was stored i n  l a k e  Crowley 
ginning of t he  1964 water year. This amounts t o  an 

a1 increase o f  3.2 c f s  (2,336 acre-feet). Based on t h e  
aporat ion r a t e  and amount i n  1960 (2.4 f e e t  per  year, 
f e e t )  t h e  l a k e  sur face was e s t i m a t e d  a t  4,166 acres, 
,187 acres i n  1977, a 25% increase. 
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Surf ace -&ter Budget 

The water budget f o r  Lake Crowley and the Long Valley watershed i s  
shown i n  Table 1110-1. The annual in f low o f  water i n t o  the  reservo i r  
i s  384.2 c fs .  Discharge from the reservoir ,  e i t h e r  down t h e  Owens 
River gorge o r  i n t o  the  Los Angeles Aqueduct system, amounted t o  346 
cfs.  The loss through evaporation o r  i r r i g a t i o n  accounts f o r  another 
50 c f s  o f  water loss from the basin. The reservo i r 's  average annual 
increase o f  storage has amounted t o  3.2 c fs ,  which has a negative 
e f f e c t  on the t o t a l  out f low from the basin. 

The t o t a l  basin outf low f o r  Long Valley, inc lud ing downstream d is -  
charge, aqueduct export, evaporation, and i r r i g a t i o n ,  i s  393.9 cfs,  
about 8 c f s  greater than t o t a l  inf low. Groundwater i n f l ow  i n t o  the  
reservo i r  which i s  not accounted f o r  i n  the above f igures may explain 
the  dif ference. 

Water Qual i t y  

The qua l i t y  o f  the surface water i n  Long Valley i s  general ly excel lent. 
The waters from the lakes and creeks o f  the  lower slopes o f  t he  Sier ra 
Nevada are yeneral ly calcium bicarbonate i n  character and have a TDS 
leve l  usual ly  less than 100 ppm. 

However, a few small isolaed sources, each a t  ho t  springs, produce 
water wi th  a mineral q u a l i t y  which does not meet accepted standards. 
Generally, .the poor q u a l i t y  from these iso la ted  sources stems from 
concentrat ons o f  boron and sodium i n  excess o f  t h a t  used f o r  i r r i g a -  
t i o n  water. However, when the  water from these sources i s  mixed w i t h  
o t h e r  water  i n  t h e  area, t h e  r e s u l t  has been a very  good o v e r a l l  

q u a l i t y  o f  water supply (CDWR, 1977). The average TDS f o r  1958 was 184 
ppm f o r  water sampled a t  t he  ou t l e t  o f  Long Valley Reservoir. 
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TABLE IIID-1 

SUMMARY OF WATER BALANCE FOR THE 
LONG VALLEY WATERSHED 

W 

Cfs 

384.2 

Item 

Surface riinaff 

Water utilization 

Export to Los Angeles aqueduct 

Discharge down Owens River Gorge 

342.0 

4.3 
Evaporation 

18.0 

16.6 

Irrigated grassland 15.2 

from shallow groundwater 

from Lake Crowley 

Change in reservoir storage, 1964-1974 - 3.2 

TOTAL 392.9 

Acre-Feet 

280,500 

249,660 

3,140 

13,140 

12,120 

11,100 

- 2,340 

286,800 
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Eecler (1976) studied the arsenic concentrat ions i n  t h e  Lake Crawley 
area. About 60% o f  t h e  arsenic discharged t o  Lake Crawley i s  der ived 
froirr t he  springs i n  Hot Creek Gorge. The ho t  spr ing water contains 
about 1 ppiii arsenic and i s  usual ly  d i l u t e d  t o  0.2 ppm i n  Hot Creek. 
The arsenic from Hot Creek i s  d i l u t e d  t o  less than 0.1 ppm when mixed 
w i t h  Owens River water. A f t e r  f u r t h e r  d i l u t i o n ,  t he  arsenic con- 
cen t ra t i on  i n  Lake Crowley i s  w i t h i n  the recommended standard f o r  
pub1 i c water suppl i es 

b 
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GROUND WATER DATA 

General Geology 

The Mono-Long Val ley KGRA study area i s  located i n  the basin and ranges 
geomorphic province on t h e  eastern slopes o f  t h e  S ie r ra  Nevada, This 
area i s  characterized by down chopped blocks which form topographic and 
s t ruc tu ra l  depressions and up1 i f t e d  mountain ranges. Val leys and 
basins of importance which are p a r t i a l l y  enclosed by the KGRA are t h e  
Mono-Valley and Mono Basin t o  the  nor th  and Long Valley t o  t h e  south. 
The predominant geomorphic feature i s  Mono Lake which i s  enc i rc led by 
t he  Mono groundwater basin. 

Mono Basin i s  a la rge  roughly rectangular block t h a t  has subsided along 
nearly ve r t i ca l  f a u l t s  and has accumulated approximately 18,000 f e e t  o f  
low densi ty sediments and volcanic deposits o f  Cenozoic age. Long 
V a l l e y  i s  o f  s i m i l a r  s t r u c t u r e  i n  t h a t  i t  i s  a c o l l a p s e d  c a l d e r a  
bounded on a1 1 s ides  by near  v e r t i c a l  f a u l t s  and has accumulated 
approximately 11,000 fee t  o f  low densi ty sediments and volcanic de- 
pos i ts  o f  Cenozoic age (Pakis ter  1964). Cenozoic deposits in lude lake  
beds, a l l u v i a l  fan  deposits, g lac ia l  moraines, r h y o l i t i c  and b a s a l t i c  
flows, t u f f  and breceia. Recent s o i l  and windblown sand cover much o f  
the va l ley  area (Pakis ter  1964). 
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APPENDIX F 

GROUND WATER PROCUREMENT 

L 

The ground water procurement w i  11 general l y  requ i  r e  da ta  c o l  l e c t i o n  f o r  

the  fo l l ow ing :  

P h y s i c a l  d e f i n i t i o n  o f  t h e  a r e a l  e x t e n t ,  t h i c k n e s s ,  and 

depths t o  p roduc t ive  aqui fers .  

In fo rmat ion  on water  l e v e l s ,  water  q u a l i t y  and temperature, 

Determinat ion o f  hydraul  i c  p roper t i es  on ground water  move- 

ment, recharge, discharge, and ground water i n  storage. The 
general ground water eva lua t i on  procedure i s  o u t l i n e d  on  

F igu re  111 F-1. 

Ground . d e r  Exp lo ra t i on  Program 

The ground water e x p l o r a t i o n  program w i l l  i n c l u d e ' d r i n k i n g  w e l l s  for 
geophysical logg ing  and a q u i f e r  t e s t i n g .  Exp lo ra t i on  w e l l s  w i l l  extend 

t o  a depth o f  1000 fee t .  The number o f  w e l l s  should be approximately 1 
we l l  f o r  every 10 square m i l e s  o f  s u r f i c a l  area i n  t h e  two ground water  

basins. Therefore, t h i s  w i l l  r e q u i r e  a t o t a l  o f  5 1  e x p l o r a t i o n  w e l l s  

f o r  t h e  var ious  bas ins which have ground water p o t e n t i a l  (see F i g u r e  

I 1 1  F-2). Table 111 F-1 i s  a summary o f  these p o t e n t i a l  areas w i th  t h e  

number o f  e x p l o r a t i o n  w e l l s  requi red.  The methods used i n  t h i s  program 

w i l l  conform t o  t h e  standard methods and equipment, 
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GENERAL GROUNDWATER EVALUATION PROCEDURE 

* -  

IDENTIFICATION OF AQUIFER 
BY THICKNESS, AREAL EXTENT 
AND OEWH 

ACQUISITION OF WATER LEVEL 
AND WATER QUALITY DATA n 

1 

I 
TESTING OF AQUIFER FOR 
PRODUCTIVITY 

ESTIMATION OF GROUNDWATER 

ESTIMATION OF GROUNDWATER I RECHARGE: 

Figure IIIF-1 
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TABLE I11 F-1 

SUMMARY EXPLORATION WELLS REQUIRED 

No. o f  Exp lora t ion  
T e s t  We1 1 s - A r e a  

Mono Basin  35  

Long Val  1 ey Basin 

TOTAL 51 
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potent i a1 
depth o f  
phys i cal 

a. 
b. 
C. 

d. 

Geophysical Logging Program 

This program w i l l  determine the  areal extent, thickness, and depths t o  
s t r a t i g r a p h i c  u n i t s  t h a t  may be productive aqui fers  t o  a 

1000 feet. This program should include t h e  fo l l ow ing  geo- 
oggi ng: 

Spontaneous e l e c t r i c a l  po ten t i a l  
R e s i s t i v i t y  
Acoustic logs 
Temperature 1 ogs 

Spontaneous e l e c t r i c a l  p o t e n t i a l  measurements should r e p o r t :  a )  
l oca t i on  o f  aqui fer ,  b) thickness o f  aqu i fe r  and, c)  water qual i ty .  

R e s i s t i v i t y  logs should indicate:  a) water qual i ty ;  b) po ros i t y  o f  
fornat ion;  c)  l oca t i on  o f  aqu i fe r  and, d) s a l i n i t y  o f  pore f l u i d .  

Acoustic logs should repor t  poros i ty  o f  formations. 

For temperature logs, i n d i c a t e  temperature encountered with depths. 

I n  addi t ion,  d r i l l  cu t t i ngs  should be logged f o r  a l l  wel ls. 

Ground Water Q u a l i t y  Testing Program 

Analysis o f  ground water q u a l i t y  w i l l  be done upon completion o f  each 
wel l  water l eve l s  should be measured and water samples taken quar te r l y  
f o r  a minimum o f  one year. Water sample analysis should be performed 
f o r  t o t a l  d issolved so l i ds  and temperature f o r  the various aquifers. 
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Aquifer Testing Program 

The aquifer testing program will determine the hydraulic properties of 
the existing aquifers. Well design and aquifer test criteria will 
consider the following: 

a. 
b. 
C. 

d. 
e. 
f. 

9. 
h. 
i. 

We1 1 diameter 
Well depth 
Well screen length 
Type of pump t o  be employed 
Capacity o f  the pump 
Rate of discharge and measurement techniques t o  be employed 
Length of time of the test period 
Method of discharge disposal 
Number and location of observation wells 

Measurements o f  water depth s h o u l d  be conducted according t o  the 
following schedule: 

RANGE OF TIME INTERVALS BETWEEN WATER LEVEL MEASUREMENTS 
IN THE PUMPED WELL 

Time Since Pumping Started Time Intervals 

0 - 5 minutes 0.5 minutes 
5 - 60 minutes 5 minutes 

60 - 120 minutes 20 minutes 
120 - s h u t  down of the pump 60 minutes 

After the pumping t e s t  i s  completed and a l l  information has  been 
collected on well discharge, drawdowns in pumped well, regional trend 
o f  the water table, etc., the available data  should be analyzed. This 
da ta  processing should include: a )  compilation of the da ta  in the form 
of graphs; b )  correction o f  the drawdown data f o r  regional changes o f  
the water level in the aquifer not induced by pumping, and for changes, 
i f  any, in barometric pressure during the test, and c) determination of  
the type of aquifer t h a t  has been pumped. 
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APPENDIX C 

SUMMARY OF VISITS 

The fo l l ow ing  i s  a l i s t  o f  people, agency, address and date o f  v i s i t s  
and telephone contacts. 

James C. B1 odgett (Hydraul i c Engi neer) and G i  1 b e r t  Be r to l  d i  
USGS 
Water Resources D i v i s i o n  
2800 Cottage Way 
Sacramento, C a l i f o r n i a  95825 
Phone - (916) 484-4606 
Date of  v i s i t :  August 3, 1978 

Hibbard (Dick) E. Richardson (Ground Water Section Head) 
U.S. Bureau o f  Reclamation 
2800 Cottage Way 
Sacramento, C a l i f o r n i a  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  

J u l i e  Donnelly (Geologist) 
U SGS 
Geol ogi c D i  v i  s i  on 
345 M i  ddl e f  i e l  d Road 
Roan 1222, Bldg. 2 
Menlo Park, C a l i f o r n i a  94025 
Phone - (415) 323-81 11 
Data o f  v i s i t :  

August 3, 1978 

August 1, 1978 

Frank Olmstead (Geologist) 
USGS 
Geologic D i  v i  s i  on 
345 M i  ddl e f  i e l  d Road 
Menlo Park, C a l i f .  94025 
Phone - (415) 323-8111 
Telephone contact 



Marvin Furman (Div is ion Chief) 
USGS 
Conservation D i  v i  s i  on 
2465 East Bay Shore 
Palo Al to ,  Ca l i f o rn ia  
Phone - (415) 323-8111, ext. 2888 
Date o f  v i s i t :  August 1, 1978 

Dona1 d Oaks (Engineer) 
C a l  i f o r n i  a Department o f  Water Resources 
1416 9 th  Street 
Sacramento, Ca l i fo rn ia  95802 
Phone - (916) 322-2844 
Date of v i s i t :  August 1, 1978 

Dennis Olmstead 
Cal i forn ia  Department o f  O i l  and Gas 
1416 9 th  Street 
Sacramento, Ca l i fo rn ia  95802 
Phone - (916) 445-2578 
Date of v i s i t :  August 2, 1978 

G i  1 be r t  Ber to l  d i  (Hydrologi s t )  
USGS 
Water Resources D iv is ion  
2800 Cottage Way 
Sacramento, Ca l i fo rn ia  95825 
Phone - (916) 484-4606 
Data of v i s i t :  October 13, 1978 

Dick L a l l t i n  (Hydrologist) 
C a l  i fo rn ia  Department o f  Water Resourcs 
Red B l u f f ,  Ca l i fo rn ia  
Phone - (916) 527-6530 
Date o f  v i s i t :  October 13, 1978 

0 

Kenneth Mui r (Hydro1 ogi s t  ) 
USGS 
Water Resources D iv is ion  
855 Oak Grove 
Men1 o Park, Ca l  i f o r n i  a 94025 
Phone - (415) 323-8111 
Date o f  v i s i t :  August 1, .1978 

Nei l  Crow 
Lawrence L i  vermore Labratory 
Phone - (415) 422-3880 
Telephone contact 
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APPENDIX D 

SURFACE WATER DATA -- -----.---- 

IV.D.1.0 Cache Creek Basin 

IV.D.l . l .  C l i m a t e  

The climate o f  t h i s  region i s  a Mediterranean type characterized by 
mi ld  wet winters and cool dry summers. The seasonable d i s t r i bu t i on  o f  
p rec ip i ta t ion  i s  large ly  control led by the high pressure c e l l  tha t  i s  
normally present o f f  the Cal i forn ia  coast, par t i cu la r ly  i n  summer. The 
frequent winter storms generally occurs when t h i s  high pressure c e l l  
moves away of  i t s  summer position. Snow occurs i n  moderate amount 
above 2000 feet  elevation, but ra re ly  remains on the  ground f o r  long 
periods o f  time, and has l i t t l e  or  no e f fec t  on the regimen o f  runoff. 
Prec ip i ta t ion rarely occurs from June through September, and i s  l i k e -  

w i  se geographical l y  i nf  1 uenced . 
Along the coast the cl imate i s  marked by moderate and equable tempera- 
tures, heavy and recurrent fogs, and prevai l ing west t o  northwest 
winds. I n  land, temperatures have a wide range and winds are generally 
moderate, i n  the neighborhood o f  10 mph. Temperatures are largely  
influenced by a l t i t ude  and by loca l  topography. The inf luence o f  ocean 
decreases markedly wi th  distance froin coast. Therefore, s u m r s  become 
hot te r  and winters ooler going east from coast t o  Putah-Cache water- 
sheds. S i m i l a r l y ,  diurnal extremes become greater t o  the east. 

IV.1.1.2 Prec ip i ta t ion 

Annual p rec ip i ta t ion  ranges from 22 inches on the  surface o f  Clear take 
t o  about 80 inches over Mayacmas Mountain southwest o f  the basin. 

IVD-2  



On the average, about 95% of the prec ip i ta t ion  occurs from October 
through A p r i l  (F igure  I V D - l ) ,  t h e  i n t e r v e n i n g  summer months are  
la rge ly  devoid o f  prec ip i ta t ion.  Data  showing average r a i n f a l l  f o r  a 
48-year period fo r  Lakeport and Clear Lake Highlands indicate a very 
e r r a t i c  pattern of prec ip i ta t ion.  Prec ip i ta t ion wi th  about 90 precent 
p robab i l i t y  o f  being exceeded i n  a given year averages about 60 percent 
o f  the annual p rec ip i t a t i on  (see Figure IVD-2). 

Snow covers the summit areas f o r  periods ranging from a few days t o  
severa l  months, depending on storm i n t e n s i t y  and general ambient 
temperatures. During the winter of 1973-74, snow depths o f  three fee t  
o r  more were observed. Lesser amounts were observed f o r  sho r te r  
periods, and snow squalls were common as l a t e  as May, 1974 (Environ- 
ment a1 Consult ants 1974) 

IV.D.1.1.3. Surface Runoff 

Soi l  permeabil ity i n  the Cache Creek Basin i s  generally good, but the 
s o i l  mantle i s  r e l a t i v e l y  th in ,  and the water-holding capacity i s  low 
t o  moderate, hence the  major i ty .of the  prec ip i ta t ion  runs o f f  rapidly. 
The monthly d i s t r i b u t i o n  of  surface runoff  i s  s im i la r  t o  the  precipi ta-  
t i o n  as i l l u s t r a t e d  i n  Figure IVD-1. Winter storms begin i n  October 
and reach t h e i r  peak i n  January or  February. The surface runof f  does 
not respond quickly t o  Prec ip i ta t ion  i n  October and November, because 
the s o i l  moisture d e f i c i t  formed i n  the  summer must be sa t i s f i ed  f i r s t .  
Generally, runoff  peaks i n  January and February and then recedes wi th  
the diminishing r a i  n f a l l  . 
Skeleton re1 a t  ns of p rec ip i ta t ion  a o r  the hydrologic un i ts  

i n  which t h e  s tudy area i s  l o c a t e  
Actual '  amounts for  a speci f ied t i m e  would be expected t o  d i f f e r  some- 
what due t o  unique topographic and vegetative character ist ics o f  any 
specif ic s i te.  However, the relat ionships shown i n  the tab le can be 
used f o r  comparative purposes . 

I'VD-3 



mi. wiv. DEC. JAN. FEE. MAR. APR. MAY JUN. JUL. AUG. ! 

80% 

30°C 

10°C 

ooc , 

MEAN MONTHLY WATER TEMPERATURE (1951-68) AND'RUNOFF (IW~-W CACHE 
CREEK NEAR LOWER LAKE, LAKE COUNTY, CALIFORNIA, U.S.G.S. 11410, 

AND PREClPiTATlON (1920-71) AT LAKEPORT 

c 6- 



I i W
 

E w
 

p
: 
3
 

&
L
 

e 

IVD-5 



TABLE IVD-1 

PRECIPITATION - RUNOFF RELATIONS FOR 
CLEAR LAKE AREA 

Precipitation 
(inches) 

14 

17 

26 

28 

29 

31 

35 

80 

Runoff 
(inches) 

1.6 

3.4 

7.9 

9.1 

0.8 

11.4 

15.0 

60.0 

Source: Rantz, S.E., Mean Annual Runoff in the 
San Francisco Bay Region,. California, 
1931.- 1970. MF-613. U.S.G.S.. 1974. 
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The f l o w  duration curve i s  the simplest means of expressing the t i m e  
d i s t r i bu t i on  of discharge-it shows the  percentage of t ime, f o r  a given 

per iod,  t h a t  any s p e c i f i e d  discharge i s  equaled o r  exceeded. It 
provides a useful device f o r  analyzing the a v a i l a b i l i t y  and v a r i a b i l i t y  
o f  stream flows. 

Flow duration curves were developed for the North fo rk  o f  Cache Creek 
and Cache Creek near Lower Lake (Figure IVD-3, IVD-4). The steep 
slopes .of  these two s i m i l a r  curves show t h a t  t h e  f l o w  i s  h i g h l y  

variable, ind icat ing the streams have a wide range o f  discharge. This 
type of pat tern usual ly indicates that  there i s  l i t t l e  l a g  between 
r a i n f a l l  and runoff. I n  the North Fork o f  Cache Creek area, t h i s  
condi t ion i s  due t o  the shallowness o f  so i l ,  the lack of a snw pad and 
no ground water fed baseflow. Figure IVD-3 indicates the f l o w  duration 
curve f o r  the North Fork o f  Cache Creek. 

The f l o w  d u r a t i o n  curve of Cache Creek near Lower Lake has minor 
di f ference from the North Fork's. This dif ference i s  caused by the  
regulated f low a t  Clear Lake dam. Therefore the f lood peak and 'the dry 
period slopes o f  Cache Creek are not steeper than that  o f  t he  North 
Forks. The steepest slope happens a t  t he  50 percent probabi l i ty ,  which 
indicates the f low regimen i s  a r t i f i c i a l l y  controlled. Figure IVD-4 
indicates the flow duration curve f o r  Cache Creek. 

Appendix E gives skewness (g), coe f f i c ien t  o f  var ia t ion (CV), and 
percentage o f  annual discharge. I f  skewness i s  posit ive, it means the  
probab i l i t y  d i s t r i b u t i o n  has long t a i l  i n  the  r i gh t ;  on the  other hand, 
i f  skewness (9) i s  negative, the d i s t r i bu t i on  curve has long t a i l  on 
the l e f t .  The coef f i c ien t  o f  v a r i a b i l i t y  indicates the  consistency o f  
flow. Most o f  the ephemeral streams have coef f i c ien t  o f  v a r i a b i l i t y  
greater than one. That means t h e i r  dtscharges vary great ly year from 
year. For a year-round, sustained base-flow stream, the coef f i c ien t  
should be less than one. Most of the streams i n  Cache Creek basin have 
coef f ic ient  of V a r i a b i l i t y  greater than one - i n  October when the ra iny 
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PERCENTAGE OF TIME INDICATED DISCHARGE WAS 
EQUALED OR EXCEEDED 

FIGURE IVD-3 

FLOW DURATION CURVE OF NORTH FORK CACHE CREEK NEAR LOWER 
LAKE, LAKE COUNTY, CALIFORNIA, 11-4515, MEAN ANNUAL DAILY 

DISCHARGE WAS 188.1 CFS FROM 1931 TO 1968 
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PERCENTAGE OF TIME INDICATED DISCHARGE WAS 
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FIGURE IVD-4 

FLOW DURATION CURVE OF CACHE CREEK NEAR LOWER LAKE, 
LAKE COUNTY, CALIFORNIA, 114510, MEAN DAILY DISCHARGE 

WAS 318.2 CFS FROM 1945 TO 1968. 
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season begins and the s o i l  moisture i s  depleted. I n  summer the Paci f ic  
High prevents storms from moving i n t o  t h i s  basin so tha t  the  streams 
have less var iab i l i t y .  It should be noted tha t  the  coef f i c ien t  o f  
v a r i a b i l i t y  of a b i g  stream i s  always less than tha t  o f  t he  small 
stream and negatfve skewness occurs on streams regulated by a r t i f i c i a l  
means. 

I V .D . 1.1 . 4 Evaporation and Transportation 

Evaporation data i n  Lake County are l imi ted. The Class A pan evapora- 
t i o n  data f o r  the year 1971 were 68 inches f o r  Finely, 78 inches f o r  
Lower Lake and 59 inches f o r  Upper Lake. The months o f  June, July, and 
August evaporate more than any o the r  months o f  t h e  year. Ten t o  
fourteen inches o f  water are l o s t  i n t o  the atmosphere i n  the s ing le 
month o f  Ju ly .  Cotresponding t o  t h e  r a i n y  season, t h e  pe r iod  o f  
October through Apri 1 has the 1 w e s t  evaporation rate. 

For Clear Lake, the long term annual lake evaporation from the Upper 
A r m  was est imated t o  be 47 inches, w h i l e  t h e  two lower  arms were 
estimated t o  be 54 inches a t  each si te.  The weighted average o f  49 
inches, o r  4.1 feet, was calculated f o r  the  en t i re  lake. 

Evaporation from the surface o f  Clear Lake i s  calculated t o  be 199,750 
acre-feet annual ly, assumi ng a surface area o f  68.5 square miles and an 
evaporation ra te  o f  4.1 feet. Consumptive use o f  water by crops i s  
estimated t o  be 45,620 acre-feet per year f o r  the Clear Lake basin 
(Development & Resources Corp., 1976). Domestic and municipal use 
accounts f o r  4,000 acre-feet annual ly. 

IV.D.1.1.5 Clear Lake Outflow 

Outflow from Clear Lake i s  cont ro l led t o  a large extent by the Clear 
Lake out le t  canal or  t ha t  por t ion o f  Cache Creek above Clear Lake Dam 
and Clear Lake Dam i t s e l f .  Clear Lake Dam i s  owned and operated by the 
Yo10 County Flood Control and Water Conservation D is t r i c t .  



The a n n u a l  outf low from Clear Lake f o r  the period 1910-1911 t o  
1971-1972 is reported on Table IVD-2 and depicted i n  Figure IVD-5. The 
average annual outflow for this period is calculated t o  be 226,400 
acre-feet, w i t h  the highest, 684,500 acre-feet, occurring i n  1940-1941 
and the lowest, no outflow, occurring i n  1932-1933. 

For the period 1910-1911 through 1959-1960 the apparent net supply of 
water t o  Clear Lake, accounting for  evaporation and upstream deple- 
t ions, averaged 408,000 acre-feet. 

For the same period the average outflw was 221,800 acre-feet. The 
difference indicates an average annual loss of 186,200 acre-feet. Th i s  
loss is for a l l  practical purposes attributable t o  evaportion from the 
surface of the Lake. 

Shown i n  Table IVD-3 i s  the DWR calculated apparent net water supply t o  
Clear Lake i n  relation t o  the runoff reported fo r  the principal 
tributary creeks--Kelsey, Abode, Highland, Scott and Middle. The 
information presented reflects the relative significance of these 
tributaries dur ing  historically dry and wet years. On the average the 
five major tributaries constitute 33% o f  the to t a l  apparent net supply, 
o r  a b o u t  20% of the t o t a l  water supply t o  Clear Lake. The major 
tributaries probably do not contribute more t h a n  an average of 5% 
each. 

IV.D.1.1.6 Water Quality 

The quality of rface waters i n  this region is genera ly  good except 
certain waters i n  Clear Lake are h i g h  i n  boron as a result of recent 
volcanic act ivi ty .  Clear Lake I s  class ied as Class I1 water for use 
primarily i n  i r r iga t ion  due t o  i t s  h i  

The streams of the Cache Creek watershed are calcium-bicarbonate i n  
type. The water in Clear Lake can be classified as a magnesium-calcium 

concentrat ion of boron. 
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Tab1 e 1VO-2 

C t E b D  LALX OUTFLOW 
tac re- hat )  

Total Annual Outflow Total Se88Old OutflW 
from Clrar Lake Octobar I - March 31 Water Year 

19 10- 1 I 
19 I2 
1913 
19 I4 
1315 

1916 
1917 
1918 
I919 
1920 

192 1 
1922 
1923 
1924 
1925 

1926 
1927 
1928 
1929 
1930 

1931 
19 32 
1933 
1934 
193; 

1936 
1937 

19Yi 
1940 

m a  

L941 
1942 
1%3 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1913 
1954 
I955 

1956 
1957 
1.JM 
1959 
1960 

1061 
1 4 7 2  
I-,. ,; 
1964 0 

19b5 

: -1 
J-I-' 

: '., . 
l U 0 3  

1970 

1971 
1971 

Averate 

246,250 
111.960 
82, 980 
577,570 
$39. LbO 

322.230 
125,700 
102.100 
129,400 
4,600 

221,090 
140,520 
113.600 
7,400 

177, 7 10 

161,760 
597,500 
206,750 
36,200 
93,800 

2.400 
44,720 

0 
36.800 

I AS, 600 

254,130 
163, LOO 
518,780 
4l.440 
294.7 10 

684.500 
9 i S .  9S0 

90,560 
134,280 

202,570 
31,610 
77, I 4 0  

1 IS, 540 
84,380 

244,900 
460,850 
295,000 
228.460 
105,170 

149,150 
114,860 
741,620 
111,360 
101,270 

105,000 
175, 301) 
28s. 500 
113.400 
392.700 

239,900 
314,100 
243.4JO 
S19,?00 
494.000 
Z93.400 
61.810 

226,400 

3St,28fJ 

96,000 
21.000 
41,000 
406,000 
314,000 

183,000 
9.000 
6,000 
3,000 
4,000 

I10,OOO 
6.000 
4,000 
7,000 

0 

5.000 
317,000 

16,000 
4,000 

0 

z.000 
0 
0 
0 
0 

187,000 
I8.000 

497,000 
1,000 

139,000 . 
501,000 
326.000 
173,000 
2. loa 
I, 8oa 

40,300 
1,900 
I, 200 
2,400 
2,700 

109,100 
S 13,000 
159,800 
64,100 
2,100 

441,400 
I, 600 

458,900 
46,100 

3, 100 

2,900 
61,100 
48,900 
7,900 

240,600 

107.300 
134,900 
I IS, 400 
385,000 
371,100 , 

137,500 
6.000 

107,600 

*cv' 
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T@R? *4 VI!!- 3 
LAKE COUNT" 

APPARENT NET WATER SUPPLY TO CLEAR LAKE AND CONTRIBUTION BY MAJOR TRIBUTARIES 
(acre-feet) 

Runolf from I ' r r n i i v l l  ?I iburarleo 0iffere;tcu ectwccn 
Xet Supply and 
Total Rw~oi[ 

Apparc~it  
Not S*rrpli. K o b q  Creek Adobe Creek H i & h b n d  Creek ScoUs Creek Middle Creek Total Y eat 

- .  
1924- L 5 

1926 

1921 

1928 

1929 

1929-30 

1931 

1932 

1933 

1934 

1935 

1936 

1931 

U 1938 

0 1919 
I 
C. 1939-4U 
P 

1941 

1942 

494 3 

1944 

1944-45 

533, owt 

683.000 

J46.0UII 

4 11, 009 

139.000 

339.001) 

88,000 

259.000 

16s. 000 

228, 000 

444,000 

47s.oov 

321,000 

985.000 

133.00U 

612,000 

961,000 

720,0@0 

s 18. oou 
229,081J 

302.000 

52,000 

4S.000 

79,000 

36,000 

18, 0 0  

34,000 

9,000 

24.000 

18, do0 

2 I, 000 

46,000 

53,000 

31,000 

111,000 

8, 000 

71,000 

99.000 

74,000 

47,000 

29,OQO 

40, 066 

7,030 

4.210 

11,310 

6,180 

3.200 

5,140 

2,920 

4,860 

3,690 

4,000 

5,980 

4, 880 

7.070 

14,310 

3.060 

9.460 

13.880 

10, I40 

7. a10 

4.3SO 

5,160 

Source: Development and Resources Corp., 1976. 

c 

12.420 

7,310 

19,930 

IO, wo 
5,510 

8,950 

5,000 

8, 500 

6.390 

6,940 

IO, 440 

12,390 

8,510 

ZS, 300 ' 

5,210 

16,650 

24, 530 

14, 900 

12, uo 
7.540 

8, wo 

52, zoo 

94, loo 

39, 900 

8.100 

30,600 

5, 300 

26,000 

13.500 

16,900 

37.500 

49,000 

26.100 

126.000 

1.000 

30,300 

74, 600 

122,300 

82, 100 

49.100 

20,400 

29, 000 

46.600 

19.850 

18.320 

38.610 

1.4m 

29,190 

4,420 

23,080 

16, M)O 

13,960 

35,O I O  

45,960 

LO, 910 

102.890 

9,190 

66.100 

84,100 

66,010 

45,250 

12,580 

27,530 

110,300 

106.610 

283,260 

131,550 

42,890 

107.880 

26.640 

86,440 

s0,3m 

62,800 

134,930 

161,420 

91,460 

379.500 

13,120 

343, 810 

2s0, I 5 0  

160, 130 

73, 870 

110,680 

240.4 10 

32 

31  

41 

32 

31 

32 

31 

33 

35 

28 

30 

35 

28 

38 

2s 

39 

36 

35 

31 

32 
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bicarbonate type. The ion i c  composition o f  the water i n  Clear Lake I s  
t yp ica l  of a l l  waters i n  the coastal range whiih are influenced by the 
in f low of winter rains, followed i n  summer by long periods o f  intense 
evaporation wi th  l i t t l e  or  no inflow. 

Total dissolved so l ids o f  Clear Lake i s  less than 200 ppm. For the 
p e r i o d  measured, pH values were between 7.2 and 9.7 (CDWR 1966). 
Generally, pH values remained below 8 during the winter months. As 
algae production increased, pH values increased t o  between 8 and 9. 
Surface w a t e r  temperature varies f rom 26OC i n  August t o  7 O C  i n  January 
(Figure IVD-1) . 
IV.D.1.2 Putah Creek Basin 

IV.O.1.2.1. Prec ip i ta t ion  

.c 

'. 

. , .  . .  

_ .  P r e c i p i t a t i o n  over M o n t i c e l l o  Dam was 21.7 inches f o r  t h e  p e r i o d  
1914-47, and was 42.4 inches a t  Middletown. About 80 inches of pre- 
c i p i t a t i o n  f a l l s  over the Mayacamas Mountains, and 30 inches around the 
V a l  1 ey f 1 oops . Average annual preci p i  t a t  ion over Upper Putah Creek 
above Middleton was estimatd t o  be 4.4 feet  (Development and Resource 
Corp., 1976). 

The monthly d i s t r i b u t i o n  o f  the prec ip i ta t ion  i s  shown i n  Figure IVD-6. 
Over 95% of the annual p rec ip i ta t ion  occurs during October through 
A p r i l .  A t  Middleton, t he  heav ies t  p r e c i p i t a t i o n  occurs d u r i n g  . 
December, 9.56 inches, January, 10.85 inches, and february,7.5 inches. 

IV.D.1.2.2 Surface Runoff 

Putah Creek near Guenoc has the same type o f  f low-duration curve as 
North Fork o f  Cache Creek. Figure IVD-7 indicates that 50% of the 
time flow, i s  19.7 cubic feet  per second. About ten percent o f  the 
t i m e  i n  a year the flow would exceed 7,880 cubic feet per second. The 
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FIGURE IVD-7 

FLOW DURATION CURVE OF THE PUTAH CREEK NEAR GUENOC, 
CALIFORNIA, 114535, MEAN DAILY DISCHARGE WAS 

1971 CFS FROM 1905,1906,1931 TO 1968. 
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steep slope o f  t h i s  flow-duration curve indicates that  Putah Creek 
near Guenoc has wide range o f  flow. 

Low-flow frequency curve was derived i n  t h i s  study (Figure IVD-8). The 
f l a t ,  roughly. pa ra l l e l  curves are typ ica l  o f  those f o r  streams i n  t h i s  
area. The nine l o w - f l o w  frequency curves f o r  Putah Creek near Guenoc 
are steep because the l o w  flows a re  poorly sustained. The curves are 
c losely spaced f o r  durations o f  1 t o  120 days because v i r t u a l l y  no 
runof f  producing rains occurs i n  the region f o r  a t  least  4 consecutive 
months i n  each year. The curves f o r  durations o f  183 .and 365 days are 
spaced fa r ther  apart because these longer durations include periods o f  
storm runoff  . 
Before completion o f  the Monticel lo Dam, the discharge o f  Putah. Creek 
near Winters measured 460.4 c f s  annually. A f te r  1957, the annual 
discharge was reduced t o  282.6 cfs. USGS has estimated the unimpaired 
discharge t o  be approximately 518 cfs, including the adjustments f o r  
the change i n  storage and evaporation from Lake Berryessa (USGS 1977). 

I V  .D. 1.2.3 Evaporation and Transpi r a t  ion 

The annual evaporation f o r  Lake Berryessa was estimated t o  be 74,000 
acre-feet, about 3.9 fee t  (CDWR, 1965). Consumptive use o f  water i n  
the Coyote Valley and Middleton area was estimated t o  be 11,300 acre- 
fee t  (Development and Resources Corp. , 1976). 

IV.D.1.3. Russian R i v e r  Basin 

IV.D.1.3.2 Prec ip i ta t ion 

Prec ip i ta t ion over most o f  the watershed i s  i n  the  form o f  r a i n  and 
shows wide seasonal variations. Any snow f a l l i n g  on the  higher eleva- 
t ions  melts quickly and does not re tard runoff. The monthly d is t r ibu-  
t i o n  o f  p r e c i p i t a t i o n  a t  Healdsburg shows t h e  i n f l u e n c e  o f  t h e  

cy. 
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Mediterranean c l imate ,  wi th  d i s t i n c t  wet and d r y  seasons (F igure  
IVD-9). The r a i n y  pe r iod  extends f rom October through May, w i th  
December and January the wettest months. The summer months o f  July, 
August and September a re  v i r t u a l l y  d ry  throughout t h e  watershed. 

The 40-inch isopluv ia l  l i n e  covers most o f  the val ley f loors. Heavy 
prec ip i ta t ion  f a l l s  over the Mayacamas Mountains, between Mt.  Helena 
and Cobb Mountain. Annual p rec ip i ta t ion  as high as 80 inches i s  normal 
i n  the Putah, Cache, and Russian River watershed areas. Mt. Hood and 
Bald Mountain d iv ide the Russian and Napa Rivers, and each has precipi-  
t a t i o n  o f  over 60 inches. I n  t h e  Russian R ive r  Basin, t h e  area l  
d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  i s  mainly a f u n c t i o n  o f  e levat ion.  

IV.D.1.3.2 Surface Runoff 

The basic factors that  a f fec t  the d i s t r i bu t i on  o f  stream flow with 
respect t o  time are topography, t r i bu ta ry  patterns, geologic structure, 
s o i l ,  vegetation, and meterological conditions. The f l o w  duration 
curve i s  the simplest means o f  expressing the d i s t r i bu t i on  of dis- 
charge, showing the percentage o f  t ime f o r  a given period tha t  any 
specified discharge i s  exceeded. It then provides a useful device f o r  
analyz ing the  a v a i l a b i l i t y  and v a r i a b i l i t y  o f  stream f l o w  (Rantz 
1964). 

The monthly d i s t r i b u t i o n  o f  r u n o f f  shown f o r  Russian R ive r  near 
Healdsburg i s  typ ica l  o f  most basins i n  the  northern Ca l i fo rn ia  Coast 
Ranges. These basin have negl ig ib le  snow-melt runof f  and a r e l a t i v e l y  
impermeable mantle rock. Figure IVD-10 i l l u s t r a t e s  the f low duration 
curve o f  the Russian River near Healdsburg. The slope o f  t h i s  f low- 
duration curve i s  as steep as those o f  Putah and Cache Creek water- 

sheds. The Russian River discharged 118 c f s  90% o f  the time. Near 
Healdsburg about 10% o f  the t i m e  the  discharge would exceed 3,000 cfs. 
Approximately 50% o f  the time, the runoff  was 368 cfs. 
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FIGURE IVD-9 

MEAN MONTHLY WATER TEMPERATURE (1966-68) AND RUNOFF (1959-68) . 

AT RUSSIAN RIVER NEAR HEALDSBURG, SONOMA COUNTY, CALIFORNIA, 
U.S.G.S. 11-4640, AND PRECIPITATION (1876-1977) AT HEALDSBURG. 
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Figure IVD-11  shows the low-flow frequency curves f o r  Russian River 
near Healdsburg. The curves can be used f o r  design o f  reservoir, water 
supply, and waste discharge. Because most of the runoff  occurs during 
the period o f  November through Apr i l ,  a l l  o f  the curves, except 365 
days, are spaced closely together. 

1V.D. 1.3.3 Evaporation and Transpiration 

The Russian River Basin has an evaporation regimen qu i te  s imi la r  t o  
tha t  o f  the Putah and Cache Creek watersheds. The recorded annual 
evaporation a t  Coyote Dam was 67.05 inches (CDWR, 1974). Assuming the 
surface area o f  Lake Mendocino i s  constant throughout the whole year, 
1,700 acres, about 9,500 acre f e e t  o f  water  would r e t u r n  t o  t h e  
atmosphere. 

There are approximately 18,000 acres o f  i r r i ga ted  land above thet gaging 
s ta t i on  near Healdsburg. If consumptive use o f  water i s  three fee t  on 
the average, a t o t a l  of 54,000 acre-feet of water i s  consumed w i th in  

I 

the Russian River basin. 

IV.D.1.3.4 Water Qua l i t y  

Generally, the surface w a t e r  i n  the Russian River 
excel  l e n t  qual i ty. Chemical analyses f o r  r u s  

watershed i s  o f  
i a n  R i v e r  near 

Guernevil le ind icate the  specif ic conductance ranging from 82 t o  384 
micromhos and percentage sodium ranged from 11 t o  23.- The water was 
general l y  moderately hard (ave ppm as iCa~o3). It was Class I 
(excel 1 ent t o  good) 5 rri ga i t h  a l l  parankers since 1958 
when releases from Coyote Dam commenced. The r a t i o  o f  - to ta l  dissolved 
so l ids t o  speci f ic  conductanc s 0.6 (DWR, 1968). 

a t e r  a r e  descr ibed i n  5 
n the northeastern 

corner o f  the watershed. Lak the subunft and the 
pr inc ipa l  streams are the  East Fork Russian River and Cold Creek. Most 
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FIGURE IVD-11 

LOW FLOW FREQUENCY CURVE OF RUSSIAN RIVER NEAR HEALDSBURG, 
SONOMA COUNTY, CALIFORNIA, U.S.G.S. GAUGING STATION 11-4640. 

YEAR ANALYZED IS FROM 1940-1958 
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o f  t h e  water  i n  t h e  subuni t  i s  imported from t h e  Eel River.  The 
Forsythe Creek subunit i s  lcoated i n  the northeastern corner o f  the 
watershed. The pr inc ipa l  stream i s  Forsythe Creek. Walker Creek, M i l l  
Creek and Sward Creek are t r ibu tary  t o  Forsythe Creek. The upper 
Russian River subunit contains the Ukiah t o  Sane1 Valleys. The pr in-  
c ipa l  streams are the Russian River, York Creek, East Fork Russian 
River, Orrs Creek, Robinson Creek, McNeb Creek, Fe l i z  Creek, Sulphur 
Creek, Cumisky Creek and Piston Creek. The Sulphur Creek subunit 
consists B ig and L i t t l e  Sulphur Creeks. The Middle Russian River 
subunit i s  northeast of Healdsburg. The pr inc ipa l  stream are Ash 
Creek, the Russian River, Franz Creek, Sausal Creek, and Mayacama 
Creek. This subunit receives drainage from the upper Russian River and 
Sulphur Creek subunits. 

The water i n  Coyote Valley subunit i s  calcium-bicarbonate. It was 
e x c e l l e n t  q u a l i t y  and tes ted  a s  Class 1 i r r i g a t i o n  water. To ta l  
dissolved so l ids  ranged from 84 t o  186 ppm and hardness ranged from 55 
t o  174 ppm as CaCO3. High concentration o f  i r on  (0.01 t o  2 ppm) and 
maganese (0.08 t o  0.14 ppm) were recorded i n  the East Fork Russian 
River above Lake Mendocino. Values o f  pH ranged from 7.3 t o  8.5. 
Hach t u r b i d i t i e s  ranged from 5 t o  275 JTU. The highest values occured 
during periods o f  high runoff. 

The water qua l i t y  o f  Forsyt,he Creek subunit was calcium bicarbonate i n  
type and was excellent. Total dissolved sol ids ranged from 99 t o  164 
ppm and hardness sfrom 64 to .144 ppm as CaC03. values o f  pH ranged 
from 7.1 t o  8.3 and t u r b i d i t y  ranged from l e s s  than 5 t o  55 JTU. 

The water qua l i t y  i n  a l l  the  streams o f  the upper Russian River sub- 
un i t ,  except Sulphur Creek, was excel lent. t was cal c i  um-magnes i um 
bicarbonate i n  type. Total dissolved sol ranged from 90 t o  232 
ppm %and hardness ranged from 61 t o  200 ppm as CaC03. High concen- 
t ra t i ons  o f  i r o n  were recorded i n t  he East Fork Russian River below 
Lake Mendocino (0-3.5 ppm), York Creek (0.15-0.57 ppm), and Sulphur 
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Creek (0.02-0.67ppm ). Manganse ranged from 0.32 $0 0.47 ppm were 
recorded bel ow take Mendoci o . 
Sul phur  Creek contai ned highly mineral ized water f r  i chy Spri  ngs . 
Downstream f Vichy Springs,  the water  was sodium bicarbonate  i n  
type. Total d i sso lved  s o l i d s  was 769 ppm. Boron was 69 ppm. Fortun- 

Sulphur Creek i s  d i l u t e d  as it  flows in to  the Russian River. 

T h e  upper Russian River subuni t  had pH ranged from 6.7 t o  8.9 and 
t u r b i d i t y  from less t h a n  5 t o  375 JTU. Temperature ranged from 39 t o  
9OOF. The scharge of Lake Mendocino's t u r b i d  water increases t h e  
s u b u n i t ' s  t u r b i d i t y  (DWR 1976). 

The  water  of the Sulphur Creek subuni t  was calcium magnesium bicar - .  
bonate. I t  was excellent q u a l i t y  except boron concentration. Total 
dissolved so l ids  ranged from 98 t o  300 ppm and hardness ranged from 93 
t o  300 ppm as CaC03. Highly mineralized water flows Jnto Big Sulphur% 
Creek from hot sp gs ,  steam vents, and coding ,towers o f  t h e  geo- 
thermal I ,  power p l a n t  a t  The Geysers. Values of pH ranged from 7.7 t o  
8.9 and t u r b i d i t i e s  ranged from less t h a n  5 t o  8 JTU. 

< 

', 

T h e  w a t e r  i n  Middle  Russ i an  River s u b u n i t  was e x c e l l e n t  q u a l i t y ,  
s u i t a b l e  f o r  Class  1 i r r i g a t i o n  water. Water i n  t h i s  subuni t  was 
calcium-magnesium bicarbonate.  Total d i sso lved  s o l i d  ranged frm 113 
t o  206 ppm and hardness ranged from 43 t o  180 ppm as CaC03bc Values 
o f  pH ranged from 7.1 t o  8 .8 ,and  t u r b i d i t i e s  ranged from less than 5 t o  
91 JTU. F i g u r e  IVD-9 shows the monthly w a t e r  temperature o f  t h e  
Russian River near Healdsburg. 

The water  q u a l i t y  below t h e  Middle Russian River subuni t  d i f f e r  not too  
much from the Middle Russian River subunit .  B u t  t h e  b io logica l  q u a l i t y  
is degradated because of the discharge of waste water and recreation i n  
the lower  Russ i an  River r each .  T h e  coliform counts i n c r e a s e d  i n  
summer due t o  the increase  of v i s i t o r s .  Phytoplankton growth are 
approaching nuisance. levels i n  many sections of  lower Russian River. 

. .  
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IV.D.l.4 Napa Rivzr Basin 

IV.D.l.4.1 Precipitation 

The Napa River Basin 4s under the influence of the "Pacific High'. 
Therefore, i ts  climate is' a Mediterranean type w i t h  about 90% of the 
total  precipitation occurring during the period October through March 
(Figure IVD-12). January is  the wettest month and July through 
September i s  the driest period. 

The areal distribution OF rainfall is a function of elevation and 
distance from the ocean. Most of the precipitation falls over the 
mountains along the Wapa 'an 
the Napa River. M t .  Helen e headwater area of the Naps River, has 
an annual precipitation of 70 inches, and Bald Mountain, t o  the south- 
west of St. Helena, has an annual precipitation of over 60 inches. 
Down i n  the valley floor, ,the precipitaion varies from 37 inches a t  
Calistoga t o  35 inches a t  S t .  kelena and 25 inches a t  Napa State ' 

Hospital . Precipitat 
River. 

IV.D.1.4.2 Surface Runoff 

Figure IVD-13 is  a flow 
Helena. This  one the curves shown for the 
Creek basins. Th ep slope' definitely i n  there is  no ,' 

sustained base f l  only fed by 
precipitation. Shallow soil depth and impermeable rock mantle' can not 
retain precipitation for later release and hence the time o f  concentra- 
t i o n  is  short. 

Figure IVD-13 also indicates t h a t  about 10% of the time, the Napa River 
has runoff of 200 cfc  and  90% of the  time, 0.37 cfs.. The median 
discharge was about 7.5 c f y '  and the mean discharge was about 94 cfs. ' 

This latter figure occurred only about 15% of the time. 

ation curve of the Naps River near 
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FIGURE IVD-13 

FLOW DURATION CURVE OF NAPA RIVER NEAR ST. HELENA, 
NAPA COUNTY, CALIFORNIA, MEAN ANNUAL DAILY 

DISCHARGE WAS 93.73 CFS FOR 1031 - 1068 



The average annual discharge measured near the City of Napa was 150 cfs 
(Appendix F). The Napa River near Napa has the same runoff regimen as 
near St .  Helena but  only the magnitude is  la rger  near Napa. Agri- 
cultural  and domesic withdrawal account fo r  most of the water depletion 
i n  Lake Hennessey, and the ground water reservoir. 

The import of Russian River water through Knights Valley Aqueduct t o  
Lake Hennessey has been s tudied ,  yet not authorized. The proposal o f  
t h i s  aqueduct indicates the shortage of dependable water i n  the Russian 
R i ver bas i n . 
IV.D.1.4.3 Evaporation and Transpiration 

Evaporation was about 51 inches per year measured a t  the Class A pan near 
Yountville. Lake Hennessey has 860 acres of surface area [California 
Region Framework and Study Committee 1970). The t o t a l  Lake surface 
area w i t h i n  the Napa River Basin probably would never exceed 1,000 
acres. Assuming the evaporation r a t e  was the same over whole watershed 
and had a pan coeffcient of 0.8, the evaporation from Lake Hennessey 
would be 3,450 acre-feet per year. 

About 10,000 acres o f  land above the Napa gaging s ta t ion  i s  i r r igated.  
Because of the lack of data on crop patterns,  a 1.5 acre-feet per acre 
water consumption use was estimated t o  a l l  of the irr igated land. 
Based on this analysis, the consumptive use of water i n  Napa Valley 
above Napa t o t a l s  15,000 acre-feet annually. 

The extraction of water by ground water recharge, evaporation and 
t ranspirat ion outside the evaporation from lakes and i r r iga ted  lands 
probably would amount 290,000 acre-feet f o r  a 218 square miles water- 
shed above Napa. The assumption of a uniform precipitation o f  3 feet 
depth was adopted f o r  this  estimation. 
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APPENDIX E 

This appendix presents in tabulation form of hydrologic data used in The Geyser's KGRA 
study. Most of the data are excerpted from Volume 1 and 2 of the California Streamflow 
Characteristics, published by U.S. Geologic Survey a t  Menlo Park, California, 1971. The 
meanings of several symbols and abbreviations are explained as follows. 

In the table, Q means average discharge, expressed in cubic feet per second for al l  days. The 
small g is the skewness which indicates the flow distribution curve having long tai l  over the 
right side if g is positive; and to the left if g is negative. Statistically speaking skewness is the 
third moment about the mean. CV is the abbreviation of the coefficient of variability which 
is the quotient of standard deviation divided by mean. % is the percentage of monthly 
discharge to annual discharge. 
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c 
Conn Creek Near St. Helena' Napa River Near Napa' Big Sulfur Creek Near Cloverdale3 

Napa Watershed 

1946 - 1959 
Napa Watershed 

1930 - 1932,1960 - 1968 
Russian Watershed 

1959 - 1968 

Q 9 CV % Q g cv % Q 9 CV % 

Oct. 1.75 1.50 1.35 .63 29.51 3.46 3.29 1.64 49.22 2.17 1 95 2.20 

NOV. .40 2.72 2.37 .14 32.96 1.32 1.36 1.83 107.9 .81 .95 4.82 

Dec. 40.93 2.42 2.13 14.71 272.2 1.22 1.20 15.10 328.6 .88 1.09 14.66 

Jan. 

Feb. 

Mar. 

Apr. 
c) 

m 
I 

< May 

w Jun. 

Jut. 

Aug. 

Sept. 

72.58 

79.43 

36.58 

28.19 

4.28 

4.96 

4.27 

2.04 

1.94 

Annual 

1.53 

2.10 

1.81 

3.54 

.67 

- .08 

- .83 

- .58 

1.04 

1.76 

1.74 

1.43 

2.40 

.48 

.42 

.52 

.59 

.91 

22.94 1.36 1.27 

26.09 

28.56 

13.15 

10.14 

1.54 

1.78 

1.53 

1.02 

.70 

504.2 

453.1 

264.4 

103.4 

37.52 

11.09 

2.64 

1.10 

.68 

1.32 

.7 1 

.19 

1.90 

1.65 

2.46 

2.93 

1.26 

1.51 

1.01 

.77 

.77 

1.49 

1.03 

1.43 

1.96 

1.46 

1.54 

149.0 .78 .68 

27.97 

25.13 

14.66 

10.73 

2.08 

.62 

.15 

.06 

.04 

474.8 

602.7 

298.4 

260.9 

66.30 

28.88 

11.01 

6.56 

5.82 

184.5 

.43 

2.02 

.94 

.98 

1.41 

1.16 

.85 

.63 

1.05 

.64 

.85 

.67 

1.01 

.71 

.64 

.55 

.47 

.44 

.97 .49 

21.19 

26.9 

13.31 

11.64 

2.96 

1.29 

.49 

1.29 

.26 

1 - A 

2 - A = 218 mi2; slightly regulated by Lake Hennessey; numerous diversions for irrigation; 114580 

3 - A = 82.3 mi2; 114632 

52.3 mi2; regulated by Lake Hennessey (Conn Valley Reservoir). 31,000 AF capacity; 114565 



W 
-e 
m 
I 
P 

c 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sept. 

Annual 

Q 

8.60 

93.78 

957.0 

1238.0 

1648.0 

941 .O 

497.0 

133.4 

42.24 

13.33 

7.14 

6.08 

460.4 

Putah Creek Near Winter' 

Putah Watershed 

1931 - 1957 

g 

2.59 

3.31 

1.52 

1.04 

1.29 

1.44 

2.43 

1.64 

2.02 

2.43 

2.36 

1.82 

1.12 

CV 

1.10 

1.81 

1.37 

1.04 

1.11 

.93 

1.19 

.82 

.90 

1.1 1 

.96 

.81 

.82 

% 

.15 

1.68 

17.53 

22.16 

29.51 

16.85 

8.90 

2.39 

.76 

.24 

.13 

. l l  

Q 

163.7 

51.25 

38.73 

361.2 

305.5 

252.0 

377.2 

376.4 

379.2 

425.1 

366.8 

296.9 

282.6 

Putah Creek Near Winter' 

Putah Watershed 

1958 - 1968 

g 

1.21 

1.47 

- .21 

2.88 

2.71 

2.48 

2.91 

- .47 

- .12 

- .12 

- .86 

.20 

1.13 

2 1 - A = 574 mi ;flow regulated by Berryesen beginning January 1957 (1.592 maf); 114540 

2 - A = 574 mi2; flow regulated by Berryesen beginning January 1957 (1.592 maf); 11-4540 

3 - A = 81.4 mi ;small diversion for irrigation; 114560 2 

CV 

1.03 

.88 

.48 

2.28 

1.88 

1.48 

1.39 

.57 

.49 

.49 

.52 

.66 

.78 

% 

4.82 

1.51 

1.14 

10.64 

9.00 

7.43 

11.11 

1 1.09 

11.17 

12.52 

10.81 

8.75 

3 Napa River Near St. Helen8 

h p a  Watershed 

1931 - 1968 

Q 

8.01 

19.88 

184.9 

292.5 

31 2.4 

165.9 

1 15.0 

24.69 

8.02 

2.69 

1.37 

.84 

93.73 

g 

5.27 

2.63 

1.88 

.72 

1.35 

1.09 

1.73 

1.36 

1.49 

.99 

1.16 

1.68 

.84 

cv 
4.13 

1.51 

1.41 

.90 

.89 

.70 

1.22 

.72 

.72 

.74 

.72 

.74 

.64 

% 

.7 1 

1.75 

16.27 

25.75 

27.49 

14.60 

10.12 

2.17 

.7 1 

.24 

.12 

.07 

c 
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Bear Creek Near Rumsey 1 Cache Creek Above Rumsey' Putah Creek Near Guenoc 3 

&he Watershed 

1959 - 1968 
Cadre Watershed 

1961 - 1968 

Putah Watershed 

1931 - 1968 and 1905,1906 

Q 9 cv 
oct. 9.28 3.16 2.58 

% Q 

57.04 

94.01 

354.8 

1062.0 

1523.0 

1248.0 

792.1 

467.2 

460.0 

495.6 

383.1 

205.9 

cv 
.20 

.90 

.74 

% 

.80 

1.32 

4.97 

14.87 

21.33 

17.47 

11.09 

6.54 

6.44 

6.94 

5.36 

2.88 

Q . g  cv % 

17.36 4.84 3.31 .72 

71.7 1.25 1.56 3.00 

390.3 1.20 1.27 16.32 

545.3 .70 .85 22.81 

666.2 1.13 .87 27.86 

367.7 1.46 .74 15.38 

231.1 1.56 1.04 9.66 

64.92 1.37 -72 2.72 

22.44 1.43 .65 .94 

7.49 1.14 .58 .3 1 

3.82 .66 .59 .16 

2.74 .94 -67 -1 1 

197.1 .86 .59 

2.08 

1.84 

10.98 

32.07 

27.65 

11.16 

8.97 

2.94 

1.30 

.42 

.29 

- .32 

.60 

1.67 

.58 

- .97 

- .40 

2.23 

- .76 

.07 

.88 

.86 

- .73 

N O V .  

Dec. 

8.18 

48.88 

.74 0.90 

1.53 2.21 

Jan. 

Feb. 

Mar. 

142.8 .89 

.05 

.64 

1.69 

.99 

.63 

.92 

123.1 

49.7 

.35 

.53 

1.27 

.15 

.09 

.06 

.10 

.72 

1.30 

1.12 

1.38 

Apr. 39.94 

13.08 

5.81 

1.88 

w 
4 
m 

May 

Jun. 

Jul. 

Aug. 

1.93 

2.61 

.68 

1 cn 

.72 

1.31 1.67 .68 

.30 sept. 1.28 1.10 .29 .16 

36.73 .62 .61 590.7 Annual .92 .39 

1 - A = 100 mi2; 11-4517.2 

2 - A = 955 mi ;regulated by Clear Lake beginning in 1915 (capacity 319,000 AF); 11-4517.6 

3 - A = 113 mi2; diversion and groundwater withdrawals for 1,600 acres; 1 14535 

2 



c 

OCt. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

sept. 

Annual 

Q 

2.52 

5.78 

25.63 

35.95 

39.38 

16.97 

13.58 

2.60 

0.33 

-01 

0 

-11 

1 1.78 

Adobe Creek Near Kelseyvillel 

Csche wtttrshed 

1955-1968 

Q 

3.09 

0.93 

1.62 

.69 

1.28 

.88 

1.35 

2.07 

249 

3.49 

0 

3.74 

-74 

cv 
2.72 

1.13 

1.19 

.76 

.89 

.82 

1.26 

1.24 

1.40 

3.10 

0 

3.74 

-56 

% 

1.76 

4.05 

17.94 

25.17 

27.57 

1 1.88 

9.51 

1.82 

.22 

.01 

0 

.08 

1 - A = 6.36 mi2; Ragulaian and diwmion far inigation; 114485 

2 - A=11.9mi2; 114489 

3 - A=12.7mi2;11-4690 

- -  

Highland Creek Above Highland Creek Dam2 

Cadre Watershed 

1963 - 1W8 

Q g 

4.81 2.44 

13.42 - .02 

48.57 1.75 

69.43 - .34 

30.50 - .03 

24.98 .22 

24.70 .88 

4.52 .86 

1.63 1.17 

.39 .51 

.06 1.76 

.05 1.86 

18.6 -1.00 

cv 
2.23 

.75 

1.07 

.30 

.72 

.03 

1.04 

.77 

.75 

.76 

1.33 

1.28 

.39 

% 

2.15 

6.02 

21.78 

31.13 

13.68 

11.20 

1 1.07 

2.03 

.73 

.17 

.03 

.02 

Highland Creek Near Kelteyrille3 

Q 

2.48 

4.26 

37.16 

41.62 

96.92 

34.41 

21.32 

5.37 

1.39 

0.31 

0.07 

0.35 

20.05 

M e  Watershed 

1956 - 1962 

9 

2.82 

0.78 

2.1 1 

2.01 

.71 

1.25 

2.49 

2.17 

0.96 

0.57 

0.18 

2.77 

1.30 

cv 
2.49 

1.05 

1.31 

1 .w 
.68 

.87 

1.47 

0.89 

0.65 

0.82 

0.90 

2.22 

0.67 

c 

16 

1.01 

1.73 

15.13 

16.94 

39.45 

14.01 

8.68 

2.19 

0.57 

0.13 

0.03 

0.14 



Kelsey Creek Near Kelseyvilla' Cache Creek Near 'Lower Lake' North Fork Csche Creek Near Lower Lake3 

CscheWmenhed 
. . 1947-1968, 

2 

CV % 

1.98 1.98 

1.01 4.61 

Dec. 142.1 1 .fJ9 1.23 16.43 

Ja 191.6 -49 .75 22.16 

I ' /  

1 

Q 

24.13 

3.72 

38.58 

509.6 

Cache Watershed 

1945 - 1968 

9 cv 
.42 .72 

1.43 1.28 

3.69 3.31 

1.86 1.77 
8 

Cache Watershed 

1931- 1968 

% Q P cv % 

.63 10.95 4.05 3.25 .48 

.10 42.48 2.02 1.39 1.85 

1.01 340.4 1.71 1.37 14.92 

13.30 499.2 1.09 .99 21.87 

Feb. 204.9 1.90 .92 23.69 572.4 2.1 1 1.66 14.94 643.3 1.99 1.05 28.19 

Mar. 1 23.0 1.45 .66 14.22 51 0.4 2.64 1.67 13.32 386.0 2.21 .94 16.92 

86.98 1.W -92 10.06 51 2.6 2.59 1.71 13.38 246.3 1.86 1.03 10.79 

31. 1.09 -59 3.68 309.2 - .002 .39 8.07 76.43 .81 .63 .33 

1-04 .49 1.55 394.7 .15 .28 10.3 27.27 1.36 .70 1.20 

w 

. a  

' 13. 7 
U 

Jul. 5.99 1.08 -56 -69 428.0 -1.10 .21 11.17 6.58 1.24 . .83 .29 

Aug. 

sept. 

i 
3.83 .62 -52 -44 351.4 - 1.76 .27 9.17 2.09 1.26 .92 

4.16 286 .76 .48 176.8 - .85 .34 4.61 1.35 1.02 1.01 

.09 

.06 

71.48 1.23 .m 318.2 1.56 .73 188.1 1.23 .75 



Oct. 

Nov. 

Scorn Creek Near Lakeport 

Cache Wateishd 

1961 - 1968 

c Russian River Near Healdsbuq? 7 . Cow Creek Near tower Lek2 

Cache Watershed Russian watecrhcd 

1959 - 1968 1981 - 1968 

Q 8 

3.28 2.83 

28.1 4 .34 

cv % Q Q cv % 

2.83 0.39 3.10 2.83 2.67 1.89 

.98 3.38 6.75 1.39 1.23 4.10 

Q g CV % 

376.3 3.06 .94 2.50 

820.9 .78 .71 5.47 

Dec. 164.8 2.51 1.38 19.8 25.78 1.15 1.05 15.66 2135.0 2.26 1.19 14.22 

Jan. 236.4 .15 .68 27.3 54.65 - -26 .66 33.19 3101.0 .49 .68 20.65 

Feb. 172.0 - .12 .62 19.5 34.69 .95 .88 21.07 3533.0 - .09 .49 23.53 

Mar. 117.4 - .59 .60 14.1 18.66 1.08 .91 1 1.33 21 27.0 .28 .55 14.16 

Apr. 109.8 1.17 1.22 13.2 17.08 1.34 1.38 10.37 1540.0 1.46 1.01 10.21 I 
m t May 15.95 1.02 0.99 1.91 2.54 1.62 1.03 . 1.54 500.0 .94 .70 3.33 1 
go 

Jun. 3.07 

All. ' .01 

Au9 0 

Sept. . 0' 

Annual 70.52 

1.26 2.14 

283 2.83 

.63 .45 

.37 .98 2.43 1.08 

.oo .24 1.59 1.15 

.10 1.83 1.31 

.08 1112 1.39 

13.64 .20 .sb 

1 - A = 52.3 mi2; small dimrion for irrigation; 114491 

2 - A - 13.2 mi ; minor dimion for irrigation; 11494.5 

3 - A - 793 mi2; since November 1958, regulated by Lake Mendocino (122900 AF); 114640 

2 

.60 241.7 1.50 .51 1.61 

.14 204.4 1.70 .20 1.38 

.06 211.8 - 1.52 .22 1.41 

.05 226.4 ' 1.50 .25 1.51 

.33 1240.0 .44 

G c 



APPENDIX F 

’ TECHNICAL DATA 



WATER CHEMISTRY 
RUSSIAN RIVER AREA 

Tsv 
Ta 

?otter  Valley 

176-531 

187-307 

216-820 

285 

4s7 
330-583 

323-329 

2 39-248 
310 

283-316 

32 7 
229-349 

33S-351 

223-371 

339-566 

203-483 

243-269 

232-593 

21-31 0.3-1.0 0.0-12 28-10 

15-31 0.0-0.21 0.0-0.31 0.0-0.31 

17-49 0.0-0.84 0.0-25 21-68 

22 0.14 t .7 13 

13 0.0 0.0 63 
15-41 O.lZ-0.3ri 0.04.8 37-92 

73-30.0 0.6-0.8 0.6-11.0 19 
IO 0.16 -e- 11 

7.1.9.3 0.3 6.0-1.4 10-17 

8.5 0.12 0.0 19 

4.8-9.0 0.02-0.44 X-11 21-32 

s.s-1i.o o.m-i.a7 2.7-11.0 5-22 

12-29 0-04.1 0.9-8.0 25-36 

3.8-23.0 0.OS-l.LC 0.0-2.0 13-Ul 

4.8-13.0 0.11-0.21. 0.0-27.0 12-60 

1%-I69 

15-117 

61-319 

126 

69 
16-Llt 

151-170 

65411 

189 
lSS-IU 

230 
96-166 

117-177 

86139  

13S-21b 

86-182 

7.2-8.0 0.12 1.1-21.0 12-16 107-IZO 

3.7-22.0 O.OL0.61 0.1-3.5 12-18 105-245 

SQi;.: Glen I l l e n  Formtion; Pa: Mrrccd Forcurlon; Trv: Son- rolcmnicr; I(c: Ctmtseeous conglm.rec.. 

Source: Gal i f o r n i a  Department o f  Water Resources B u l l e t i n  #143-4 

IVF-2 

0-t 

0-9 

041  

17 

0 

Q 

12-14 

0 
0 
0 

0 

0-9 

&U 

0-12 

0-12 

6-32 

0-21 

0-22 

Appendix F 
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2 2  
2: 
Y B  2 "  
'J 

4/5- 3CI tic 1565 
3C2 VC85E.i 

14Dl ( I )  ( e )  
14D2 ( 3 )  ( 4 )  

14LI (a ;  ( 4 1  
s/5- 9:.12 S2717  

16El ( 4 )  
19Ll S 2716 
20c  1 S 2791 
2eCl 1:C 6719 
28?;1 S 2715 
S l L l  S 4178 

s 1388 
3 i A 2  s 43871 
3 1 A3 S 2 7 1 1  

U 
4 

w 
7 

,r 438C..* 
5/E- 2x2 ( 2 )  < 4 )  

1-45 ( 1 )  ( 4 )  

13E! 

z;j2 (;EOLtH;P. ti!:(l('slt P \ lJ . . l t .  S.41'.\ . \XI? Gl!\'jXI.4 YAI.I,I.T~-.  ('.\;,;*'. 

Tahle 2D.-Chcmical anslytcr of twofer in Sonoms Valley, Calif. 

S m p l e s  eol1ec:ed by !he Geologiral S u w r y  were a-olvzed by thc Gea!opicrl Survey.@ 
California, latQrator]r. Sarnpies col!ected by :he Su!ioma County farm ndvlwor were 
These are indicate6 by the sj.mba1 'UC.' !iamp:c+ collrctrd and aralyses  made by 
other  :hm the Ceo!ogical Survey a r e  given as r c p i n r d  and 1icnc.e lhcy have not bpen 

of detcrmiried constituent4 IS the arlli.met;c tor:J rn parts per  arillioa of all r m  
addition. For sodium and wtnsstun.. vhere no figure is given for potoshlurn, the 
compolea as sodium plus any error of analyrlr 

c .. 
Za * s  
€ 2  e =  
.-c, 
.- I - -  

L 

261 ( 1 )  
110 ( I )  
540 Q h  

1.620 Qh? 
650 Qir9 
257 Qoal,Qh? 
392 Qoal, uh? 
150 Qoal 
125 Qoal 
210 Qorl?Qh 
130 Qoal 
108 Qge? 

100 I ~ y a l . ~ o a l ;  
561 Pya1 

...................... 
.................... 
350 T ~ v  
80 Tsv 

150 Qyal.C&al? 
6,'6-10!i11 

1531 
ICB? 
K H I  
1FJ2 
2 1 E  
35313( 

I , I I Cc)nctituc::tn. i n 1  

Uc" 8'%1 165 Qya:.Qoal: 
S Z 7 1 1  75 TbV 
S X I Y  211 Par 

VC 8252 102 Qge 
s ~ r 9 - t )  

uc 8655 210 QW 

S 279'1 $1 --- 

2 u 
E - 

0 

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

......... 29 

--- 
'Contamfnated !rum nearby t!dal slough. 
*Ca!culated by U. S. G. S. 
~ C u l l r c t c d  fmm owner or owner's &pent. 

-- r----- 
I psrtr per milliult 

................ 
5 

12 18 
6.8 3.6 
8.0 7.: 

1SY 192 
12J1 261 
il9U 21; 

1.0 1 i .0 2.0 
24 19 
I S  1 5  

I 11 9.5 f 3.1 1.6 
: 5  0 
! 1s 10 ' 12 a.n 

' A r i a l p e a  by Interrmtionrl Filter CG.. *:himgo, :Ilinois. cunver:cd trom hypi:he':cal 

*Fur rxplxnatron 
romtiiii.bti:m* in qrnrcr per  gallor! to ior.3 in part6 per million. 

symbols see gcu!ooic ,nap ($1:. 2). 
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PUMP 7 E S T  DATA 

. 
State we l l  number 

I 

I 

t a t  c ump ng Spec c 
:ate: 'watrr Drawdown Yle ld  capat::y 
lww; . (feet) (opm) ( o p d f t  Date (nin- 

.- Time: flme o f  nrasurement, in  minutes a f t e r  punp was started. 

s t 6 t I ~ - - ~ a ) ~ - r  1r.vcl: 
T t u i i i .  pr i i i -LC-star t  o f  test. 

Puapiny-ya-t=!f-vFl-: The depth t o  water. I n  feet below or above ( + I  land-surface 

The depth t o  water, I n  feet  below o r  above (*) irlml-surface 

datum. a t  end of test. 

- Drawdown: -- The difrerence. i n  feet. between the s t a t l c  and pumping uater  levels. 

- Ytcld: The y i e l d  o f  the w e l l ,  i n  galloas per minute, f o r  drawdown indicated. 

Svecific capacity: Yleld, in gallons per minute, divided by drawdown, I n  feet. The 
s p e c m c  capacity i s  a measure o f  the physlcal condit ion of the wel l  and We aqulfer 
o r  aquifers which I t  penetrates. A well with a large specl f lc  capacSty Is ccpablt 
of a greater yleld than a w e l l  with a small spec i t lc  capaclty. 

08N/U6W-ObCOl U 
08N/06Y-O5PO1 CI 
08N/QQW-OSOO2 M 
OHs/06Y-OSOO2 W 
08N/06Y-05403 W 

68N/O6U-OSaO3 k 
08N/ObU-OIL06 M 
08N/06U-O7101 W 
OlN/06~-07COl M 
b8W06U-08n02 W 

OlN/O6W-OODB2 W 
08N/OIW-O9CO1 M 
08N/06W-10403 W 
08N/ObW-l4Fnl k 
01N/O6Y-lSCQ2 PI 

OlW07W-OlU01 W 
UWh/OTU-O26~2 M 
U I W / O 7 Y - O ? C ~ Z  W 
Ollu807~-02602 W 
OEN/O7U-O3LOl M 

09N/06Y-31003 W 
O9U/OTU-t4EOl CI 
09N/O7U-t4POl U 
09N/07W-25K01 M 
OON/07W-ZSKtIt U 

09W07Y-26COl W 
09WO7U-26W02 W 
09N/fl7b'-26P02 M 
09N/OIU=26RtI4 W 
09N/07W-3SUill M 

09N/O7W-3SKfI2 M 
O9U/Otw-3hC01 H 
OYN/O7W-36WOb M 
OQM/O7Y-36J~l M 
OQW/O7U-36JO? 

OCNtO7Y-36KOl W 
69WO7U-36K62 k 
09W07U-36W01 M 

07 24 68 
05 P7 60 

Or,  13 69 
09 11  68 

01) I 3  69 
UO 0 1  69 
04 10 64 

09 i o  ne 

03 na 6 s  
01 27 &a 

07 24 6n 
07 24 &n 
12 04 5 1  
10 42 47 
OP 30 66 

0 1  21 66 

07 03 74 
U7 03 70 
05 17 6 7  

OT 03 70 

06 30 64 
0 6  (I3 64 
07 0 1  66 
09 03 70 
09 17 6 3  

u3 22 50 
01  06  67 
10 29 65 
09 20 62 
e7 33 66 

03 19 A4  
03 03 5 9  
12 16 63 
03 13 63 
07 1s I 1  

10 05 16 
0 3  04 63 
01 12 63 

lb40 62.2 
240 20 
P40 20 

360 20 
1440 90.2 

62.P 
040 I t  
120 CLOY 
360 I 
240 6 

15.4 36.2 
mR ern 

160 140 

140 I ?a 
136.0 @So1 

70.0 T o n  
190 17R 
35 3s 
an 7P 

116 118 

1440 
1440 53.0 

60  15 
01UO 10 

150 0 

2160 a 
22  
22  
22  

240 420 

3nn . o 
0S.S 
AS 
so 
?E 

194 
90  

134 
182 
430 

60 12 20 P 
60  PS 30 ., 

120 14 70 Sb 
60 18 on 61 
60 .6 9o.n 90 

FLOW 
6 0  12 153 40 

120 5 50 4s 
FLOW 10 16 

60 12 22 10 

120 0 bo b O  
60 4 16 17 
A 0  4 59 52 

6 0  9 I o n  91 
b 

I U  20 70 60  
60 12 25 13 
60 12 2a m an;a 

f l .0  
2on.o 
100.0 
137.u 
i5a.o 

30.0 
5s.u 
30.0 

t O l ) . U  

136.0 
143.0 
\\.U 
4n.u 
7e.n 

165.U 
40.0 

. 60.0 
75.0 
P0.U 

1nr.u 

3n.o 
34.0 

h.U 
18.0 

u.5 
15.0 
54.0 
3U.O 
4-00 

t n . 0  
l P . O  
15.0 
711.0 
1Z.U 

40.0 
36.0 

2.71 
2.94 
O w 7 1  
2.99 
1.2s 

Source: BaJer and Svi tek ,  1973 
USGS Open File Report 
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puf4p TEST DATA 

State well  number 

m: Time o f  measurement, i n  minutes a f t e r  pump was started. 

t a t l c  Pumping Spec1 f i c  
:ater water Drawdown Yield capaclty 

level (feet) (gpm) (gpm/ft Date (nln- level 

Stat ic  wa te r  level:  The depth t o  water, i n  feet below or above (+) land-surface 

Pumping water level: The depth t o  water, I n  feet below o r  above (+) land-surface 

Orawdown: The difference, i n  Feet, between the s ta t i c  and pumping water levels. 

- Yield: The y i e l d  o f  the well, i n  gallons per minute, for drawdown indicated. 

Specific capacity: Yield, i n  gallons per minute, divided by drawdown, i n  feet. The 
speci f ic  capacity i s  a measure o f  the physical condition of the well and the aquifer 
or aquifers which i t  penetrates. A w e l l  wi th a large specif ic capacity i s  capable 
o f  a greater y i e l d  than a well  w i th  a small specif ic capacity. 

datum, p r i o r  t o  s ta r t  of test. 

datum, a t  end o f  test. 

06N/01W-A5H01 Pl A1 20 68 120 S25 60.0 0.11 
OIN/04Y-A5LO2 PI 04 12 5 1  100 32 50 3.0 0.06 
O I N / O ~ Y - ~ ~ G O ~  M 09 23 6e zaao 146.8 600.0 
06W/04Y-A7W04 M 10 04 60 120 20 9 0  100.0 1.11 
O ~ N / O ~ N - I I J O ~  n 11 12 6e 1440 29.0 6a.3 39.3 1 ~ 0 . 0  4.33 

ObN/04U-l9A04 M 09 12 69 112 120.0 1.07 
06N/OIW-l9J02 M 08 05 50 30 19 80 15.0 0.19 
06W004i-23304 W 03 08 71 1680 40 300 1020.0 3.40 
O ~ N / O ~ Y - ~ Q O Z  H 07 ti T O  120 10 30 30.0 1.00 
0bN/04Y-28F02 N 07 05 68 120 j S  65 15.0 0.23 

06N/04Y-Z8F03 H 11 12 150 60 60 
Ob~/ObW-29HOA W 06 28 SO 60 18 
06N/WW44COl M 05 26 59 60 24 
06N/O1Y-3bFO2 M 0 1  A0 62 60 90 
06N/04W-36t03 M I t  20 58 120 22 

06N/OSY=24COI W 03 04 63 120 60 
O6N/OIY-LSAOl W 09 10 66 

1 2  29.0 1.67 
24 30.0 1.25 
18 40.0 e.2z 
12 30.0 2.50 
48 $000 0.63 

3000 
9s 9000 OaEtl  

Sowce: Bader and Svitek, 1973 
USGS Open File Report 
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m: Time uf  measurement. In mlnutes a f t e r  punp was started. 

S t a t i c  water level: .The depth t o  water* i n  feet below or above (+) land-surface 
7 5 t i Z ~ r - G  'start  o f  test. 

PuTlnu water level: The depth t o  water, i n  feet below o f  above (+) land-surface 
a t m .  a t  end o f  test. 

Orrwdown: 

VleE: The y i e l d  of the well. In gallons per rnfnutc. f o r  drawdoun indicated. 

aec)f lcf  capacity: Yield. in gallons per minute, divided by drawdown, I n  feet. The 
specf i c  caprcity I s  a masure o f  the hysical condition o f  the wel l  and the aquifer 
o r  aquifers hhiCh f t  penetrates. A weF'1 with a large Specific capacity t s  capable 
o f  a greater y i e l d  than a we l l  wlth a small speci f ic  capaclty. 

The difference. In feet, between the s ta t l c  and pumplng water Icvefs. 

04 71 2640 

10 64 
05 0 1  67 1640 
Ob 01 67 1440 
07 10 11 1080 
04 , 71 120 

O ?  72 1920 
09 71 360 
02 71 
09 T I  360 
11 56 

11 56 120 

09 09 68 
10 67 480 
09 09 68 1460 

10 63 60 
10 29 69 I440 
06 71 240 
06 66 
03 64 60 

ns 64 60 

I1 63 60 
1440 

10 ST 
10 59 60 

io 70 i e o o  

06 20 61 1440 
OM 30 62 1440 
08 10 12 1440 
06 70 60 
OY 69 60  

02 TI 360 
09 60 10 
OS 63 t20 

05 60 4000 
49 65 
09 4 1  60 
08 64 bo 
10 64 120 

40 

1) 
12 
10 

4 
53.0 
7 
8 

20 
18.7 
18 
170s 
20 

16 
75 
105.7 
10.5 
133.3 

105 
1260s 
40 
20 
60 

100 

10 
10 
11 

LO 
8 

IO 
l5 
12 
12 
12 

16 

100 
16 
t 5  

350 11 
230 350 

60 45; 2 
23 6 
30 3 

221 126 
119 155 123 
~36.6 103.5 loa 
64 51.0 136 

10 4 

a 
a 
a 
)a 
IO 

la 

0 
5 

a 
a 

1.0 0. 
1.0 15. 
1.0 0. 
1.0 2. 
1.0 1. 

1.0 ' 5. 
1.0 1. 
1.0 I. 
1.0 13. 
1.0 4. 

105 325.0 3.10 
130 1250.0 9.62 

113 1000.0 8.01 
10 40.0 4.00 

54 0000 1.48 
20 60.0 3.00 

140.2 340s 101.0 3.13 
180s 8.0 23.0 Lob8 
207.2 73,9 sos.0 4.13 

5 60.0 12rOO 
1905 19.5 73.6 1074 

175 25.0 6.14 
is5 5.0 @.02 

f l 0  60.0 1.00 

110 10.0 8.00 
eo Z O O O ~ O  LS.OO 
120 105010 be78 

40 40.0 I d 8  

98 izoaA 15.00 

ISO w o o  a.48 

n o  . o 
e40eo 
'l2000 

I60 60.0 0.43 
ao 
40 

I65 808 0.06 
90 40.0 0044 
48 40.0 0.83 
23 Lo10 0.81 

I T  e2600 Lo60 

20 75.0 a075 
61 l5.O 0.10 

165 1025.0 
300 ~ 

Source: Bader and S v i t e k ,  1973 
USSS Open File rie?ort 
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-- Tim: - Time o f  measuminent. i n  n.hut8s a f t e r  p u g  was started. 

__ Stat lc  --.------ water level: The depth t o  water. i n  feet below or above (+) land-surface 

P z i n g  water lcvzl: The depth t o  water. In ;eat below or above (+) land-surface 

-.- Drawdown: The difference, In  feet. between the s ta t l c  and pumping water levels. 

datum. p r i o r  to s t a r t  o f  test. 

tun, a t  end of test. 

-- Vield: The y i e l d  o f  the well. tn gallons per minute. f o r  drawdown indicated. 

Yield. i n  gallons per minute. divided by drawdown. i n  feet. 
i s  a measure o f  the physlcal condition o f  the w e l l  and the aquifer 
it penetrates. A well  w i th  a large specif ic capacity i s  capable 

The 

o f  a greater y l e l d  than a well wi th  a s m l l  speclf ic capaclty. 

06N/04U-04001 M 10 13 70 

QIN/04Y-O4PO1 M 08 59 67 
06N/O4Y-O6DOl W 03 : 71 
OIW/O4U-O6PO1 0 

OIN/O4U-08801 M 06 04 71 

OeWO4W-OILO~ M 07 23 69 

06N/04U-O9BOZ M 06 14 70 

06N/04U-O9B03 M 05 03 6s 
OIN004Y-09001 M 03 22 6S 
OIN/04Y-O9fO1 CI 05 21 65 
OIN/O4Y-O9QOl H 08 23 71 
OIN/O4Y-O9POZ M 11 16 71 

O6WO4~-1OLOl 08 2S 6r 
O O W O 4 Y - l O L O l  M 07 1s 68 
OIN/O4d-l2P01 W 07 28 62 
OIW/OIY-12P02 W 07 24 61 
07N/04Y-31K01 W 04 OS 68 

07W04M-32J01 k 04 29 68 
07W04W-32C01 M OS 13 T' 

07WOSW-11NO1 M 02 11 70 
07N/OSY-23AOA M 08  08 70 
07W/OSU-l4B02 M 11 17 50 

07h/OS~-24hOl M 03 17 57 
OTN/OSU-24WO2 M 10 OS SI 
@7N/OSW-Z4MO2 M 08 09 72 
07N/OfY-24WO3 M 10 24 I 7  
07N/OSU-t4P01 k 8 1  19 60 

OIN/OSY-t4POA W O@ 30 62 

07N/OSY-Z4001 Y 06 30 62 
07WOSU-24001 M 00 09 72 
@T*/OSY-ZsEO1 W 06 28 61 

OI&/OSY-ZSCOl k 08 30 62 
OTN/OSU-ZSfOA W 08 09 72 
OTNIOSU-ZSW01 W 01) 28 61 
O?W/D3U-?SM61 H 08 30 62 
0 7 W 0 5 ~ - 2 3 M 0 1  W O B  09 72 

0 7 N / 0 5 U - J l f i O Z  C PS 14 39 

O ~ U ~ O I I I - O ~ D O Z  )I 10 22 70 

O ~ Y ~ O ~ Y - ~ ~ C O Z  w 

O ~ N ~ Y - O ~ B O ~  M 08 27 69 

O~~/OSU-ZIOO~ M 06 28 61 

* ?a 
+O 
180 
t40 

60 
240 
240 

960 

180 
180 
i o 0  

1440 
1440 

60 
60 

180 
300 
180 
300 

60 

120 
4140 
14bO 
3060 
3600 

1440 
1440 
1440 
1440 
1440 

1440 
1440 
1440 
1440 
14eO 

1440 

30 
26 
30 
5 

10 

1 0  
240 
300 

11 

6 
45 
7s 

160 
1SS.3 
265 

6 

0.0 
6 

10 
20 
12 

4 
11 
27.0 
10 
14 

90.0 
25.2 

21 e 2  
44.0 

62.0 
34.9 
26.0 
43.7 
84.0 

12.2 

121 
86 
90 
2s 

35 

24 
265 
320 

18 

296 
185 
285 

209 

270 

20 

50 
42 
60 
70 
1s 

169 
201 

140 
192 

163.4 
96.8 

64.0 
110.0 

136.0 
75.9 
42.3 

51.5 

45.4 

28T.O 

56 e 5  

e2.7 

91 
60 
60 
20 
26 

25 
35 

4 
25 
20 

7 
ZOO 
220 
140 
210 

109 
132.0 
5 
28 
14 

50 
36 
so 
so 
3 

165 
190 

130 
178 

28.0 

73.4 
71.6 

42.8 
66.0 

74.0 
41.0 
16.3 
19.0 
27.5 

34.2 

35.0 
127eO 
250.0 
3SO.d 
400.0 

40.0 
360.0 
450.1 

350.0 
3OO.U 

450.0 
100.0 
50.d 
10.0 
35.8 

230.0 
208.0 

30.0 
30.0 
50.0 

200.0 
50 e n  
20.0 
80.0 
60.0 

185.0 
726.0 
330.0 
492.0 
J51.0 

255.0 
LSO.0 
Sb2.O 
S10.P 
SbS.0 

150.e 
270.0 
770.0 
?27 e! 
(185.0 

ZO2O.O 

0 eW 
2 e  1s 
4.17 

17e50 
15.38 

1.60 
10.29 
11e25 
Me00 
15.00 

64.29 
0 a0 
O m 2 3  
0.07 
0.17 

2.11 

6.00 
1.07 

1.~7 

1.17 

4.00 
1.39 
0.40 
1.60 

10.00 

lo12 

11.79 
3.48 
le97 

3.47 
3.49 

a.82 

7.24 
8.16 

1.43 
6159 
47.24 

32.18 

59.06 

a.26 

Ssurcs: Bader and Svi tek,  1973 
USGS Open F i l e  Report 
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State well number 

PUrclP TEST DATA 

St8tiC Pmping . Speclf f c 
Time water water Drawdown Yield capacity 

level level (feet) (gp) (gpm/ft 
(feet) (f eet) of dd) 

Date (min- 

08U/OSY-32G03 H 05 ?2 61 FLOW 15 1000.0 66.6'1 
00N/Q6U-14301 M 07 31 61 60 SS 80 25 60.0 2.40 
OeN/06Y-23AOl W 120 6 100.0 16.6'1 
08N/06Y-Z4002 M 02 66 120 25 125 15.0 0.12 
OBN/O6W-24C01 14 12 65 60 10 29 30.0 1.20 

OMN/O6W-25GO3 M 12 68 60 21 30 90.0 3.00 
08N/06Y-2SG03 W 360 21 194 173 200.0 L a 1 6  

Source: Badcr and Svi tek ,  1373 
' USGS Open F i l e  Report 
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WATm QUALITY CONTROL POLICY 
ON THE USE AND DISPOSAL OF INLAND 
WATERS USED FOR POWERPLANT COOLING 

W 

w 

Introduct ion 

The purpose of t h i s  policy i s  t o  provide cons is ten t  statewide water 
qua l i t y  p r i n c i p l e s  and guidance f o r  adoption of discharge require- 
ments, and implementation ac t ions  f o r  powerplants which depend upon 
inland waters f o r  cooling. I n  addi t ion,  t h i s  pol icy should be 
p a r t i c u l a r l y  use fu l  i n  guiding planning of new power generating 
f a c i l i t i e s  so as t o  pro tec t  bene f i c i a l  uses of  t h e  S t a t e ' s  water 
resources  and t o  keep t h e  consumptive use of freshwater f o r  power- 
plant  cooling t o  t h a t  minimally e s s e n t i a l  f o r  t h e  welfare of t h e  
c i t i z e n s  of t h e  S ta te .  

This  pol icy has  been prepared t o  be cons is ten t  with federa l ,  state, 
and l o c a l  planning and regula tory  s t a t u t e s ,  t h e  Warren-Alquist State 
Energy Resources Conservation and Development Act, Water Code Section 
237 and t h e  Waste Water Reuse Law of 1974. 
Sect ion 25216.3 of t h e  Warren-Alquist Act states: 

t o (  a) The commission s h a l l  compile re levant  loca l ,  regional,  
state, and f ede ra l  land use, public safety,  environmental, 
and o the r  s tandards t o  be met i n  designing, s i t i n g ,  and 
operat ing f a c i l i t i e s  i n  t h e  S ta t e ;  except as provided i n  
subdivis ion (d)  of Sect ion 25402, adopt standards, except 
f o r  a i r  anu water qua l i ty ,  . .. . 

Water Code Sec t ion  237 and Sect ion 462 of t h e  Waste Water Reuse 
Law, d i r e c t  t h e  Departnent of Water Resources to: 

237. '*. . .e i ther  independently or  i n  cooperation with any 
person o r  any county, state, federa l ,  o r  other  agency, 
including, but not l imi t ed  t o ,  t h e  S t a t e  Energy Resources 
Conservation and Development Commission, shall  conduct 
s t u d i e s  and inves t iga t ions  on t h e  need and a v a i l a b i l i t y  
of water f o r  thermal e l e c t r i c  powerplant cooling purposes, 
and s h a l l  r epor t  thereon t o  the Legislature f r o m  time t o  
time..  . . 
462. 1 8 . .  ,conduct s t u d i e s  and inves t iga t ions  on t h e  
a v a i l a b i l i t y  and q u a l i t y  of  waste water and uses of 
reclaimed waste water f o r  bene f i c i a l  purposes including, 
but not l imi ted  t o  ... and cooling f o r  thermal e l e c t r i c  
power p l an t s  . ** 

n 

tt 

Decisions or. m s t e  discharge requirements, water r i g h t s  permits, 
water q u a l i t y  cont ro l  plans, and o ther  spec i f i c  water qua l i ty  con t ro l  
implementing ac t ions  by t h e  S t a t e  and Regional Boards sha l l  be con- 
s i s t e n t  with provis ions of t h i s  policy. 

,,-- 
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I The Board declares  i ts  in t en t  t o  determine from time t o  time t h e  
need for  rev is ing  t h i s  policy. 

Definit ions 

1. 

2. 

3 .  

4, 

5 .  

6. 

7. 

8. 

9. 

10 

Inland Water - a l l  waters within t h e  t e r r i t o r i a l  limits of 
Cal i forn ia  exclusive of the  waters of t h e  Pacif ic  Ocean outside 
of enclosed bays, estuaries, and coas t a l  lagoons. 

Fresh Inland Waters - those inIand waters which a re  suitable f o r  
use as a .source of domestic, municipal, o r  ag r i cu l tu ra l  water 
supply and which provide habitat f o r  f i s h  and wildlife.  

Salt Sinks - areas designated by t h e  Regional Water Quality 
Control Boards t o  receive s a l i n e  waste discharges. 

Brackish Waters - includes a l l  waters with a s a l i n i t y  range of 
m g / l  and a chloride concentration range of 250 ko!~,kl?~$~ The appl icat ion of the term "brackish" t o  a 

water is not intended t o  imply that  such water is no longer 
suitable f o r  i n d u s t r i a l  o r  ag r i cu l tu ra l  purposes, 

Steam-Electric Power Generating F a c i l i t i e s  - e l e c t r i c  power 
generzting f a c i l i t i e s  u t i l i z i n g  f o s s i l  o r  nuclear-type f u e l  
o r  solar heating i n  conjunction with a thermal cycle employing 
t h e  steam-water system as t h e  thermodynamic medium and for t he  
purposes of th i s  pol icy  is OynOlXmlOU8 w i t h  the word "powerplant". 

lowdown - t h e  minimum discharge o f  either bo i l e r  water o r  BT- r e c  r cu la t ing  cooling water for  the  purpose of l imi t ing  the 
buildup of concentrations of materials i n  excess of desirable 
limits established by best engineering practice. 

Closed Cycle Systems - a cooling water syP+,em from which there 
is no discharge of wastewater other  than  blowdown, 

Once-Through Coolin - a cooling water system i n  which there is 
no r ec i r cu la t ion  o p t h e  cooling r after i ts  inftial  use, 

Evaporative Coolinn F a c i l i t i e s  - evaporative towers, cool~ing 
ponds, o r  cooling canals, which u t i l i z e  evaporation as a means 
of wasting r e j ec t ed  heat t o  t h e  

vemperature I n  The Coastal and I n t e r s t a t e  Waters and Enclosed 
Bays and Estuar ies  of California" 

0 

a1 Plan - "Water Qual i ty  Control Plan f o r  CGntrol o f .  
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11, Ocean Plan - "Water Quality Control Plan f o r  Ocean Waters of 
California@@ 

cr Basis of Policv 

1. The State  Board be l ieves  it is  e s s e n t i a l  t h a t  every reasonable 
e f f o r t  be made t o  conserve energy suppl ies  and reduce energy 
demands t o  minimize adverse effects on water supply and water 
q u a l i t y  and a t  the same t i m e  s a t i s f y  the State's energy requirements. 

2. The increasing concern t o  l i m i t  changes t o  the coastal environment 
and the p o t e n t i a l  hazards of earthquake a c t i v i t y  along the coast 
has led the electric u t i l i t y  industry t o  consider s i t i n g  steam- 
electric generating p l an t s  inland as an a l t e r n a t i v e  t o  proposed 
coastal locations.  

Although many of the  impacts of coastal powerplants on the 
marine environment are still not w e l l  understood, it appears 
the  c o a s t a l  marine environment is  less suscept ib le  than in land  
waters t o  the water qua l i t y  impacts associated w i t h  powerplant 
cooling. Operation of ex i s t ing  coastal powerplants i nd ica t e  
that  these fac i l i t i es  either meet the standards of the State's 
Thermal Plan and Ocean Plan o r  could do so r ead i ly  w i t h  appro- 
priate technological modifications. Furthermore, coas ta l  
locations provide for appl icat ion o f  w i d e  range of cooling 
technologies which do not  require the consumptive use of inland 
waters and therefore would not place en addi t ional  burden on the 
State 's  limited supply of inland waters. These technologies 
include once!-through cooling which is appropriate for  most 
coastal sites, p o t e n t i a l  use of saltwater cooling towers, or 
use of brackish waters where more s t r ingen t  cont ro ls  a r e  required 
f o r  environmental considerations a t  specific sites, 

There i s  a limited supply of inland water resources i n  California.  
Basin planning conducted by the S t a t e  Board has  shown that t\ere 
is no ava i l ab le  water for  new a l loca t ions  i n  some bas'ins. 
Projected f u t u r e  water demands when compared t o  ex i s t ing  developed 
water suppl ies  indica:e t ha t  general  fresh-water shortages w i l l  
occur i n  many areas of the State prior t o  the year 2000. 
of inland waters f o r  powerplant cooling needs t o  be ca re fu l ly  
evaluated t o  assure  proper fu tu re  a l loca t ion  of inland waters 
considering a l l  other bene f i c i a l  uses, 
through evaporation i n  powerplant cooling faci l i t ies  may be 
consiaered an unreasonable use of inland waters when general  
shortages occur. 

The Regional Boards have adopted water qu$l i ty  object ives  including 
temperature objec t ives  f o r  a l l  surface waters i n  the  State. 

Disposal of once-through cooling waters f r o m  powerplants t o  inland 
waters is  incompatible w i t h  maintaining the water qua l i ty  objec- 
t i v e s  of the State Board's "Thermal Plan" and "Water Quality 
Control Plans" 

3. 

4 0  

The use 

The l o s s  of inland waters 

5. 

6. 
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7. The improper d isposa l  of blowdown f r o m  evaporative cooling facil- 
i t ies  may have an adverse impact on the q u a l i t y  of inland surface 
and groundwaters and on f i s h  and w i l d l i f e . ,  

An important consideration i n  the  increased use of inland u..tcr 
fot; powerplant cooling o r  f o r  any other purpose i n  the Central  
Valley Region i s  the reduction in the ava i l ab le  quant i ty  of water 
t o  meet the D e l t a  outflow requirements necessary t o  p ro tec t  D e l t a  
water q u a l i t y  objec t ives  and standards. Additionally,  e x i s t i n g  
con t r ac tua l  agreements t o  provide fu tu re  water suppl ies  t o  the 
Central  Valley, the  South Coastal Basin, and other areas using 
supplemental water suppl ies  are threatening t o  f u r t h e r  reduce 
the  C e n t r a l  Valley outflow necessary. td  protect the D e l t a  
envi mnmen t , 

9. The Cal i forn ia  Const i tut ion and the Cal i fornia  Water Code declare  
tha t  the right t o  use  water f r o m  a na tu ra l  stream or watercourse 
is limited to  such water a8 shall be reasonably required for  ben- 
eficial use and does not extend to the waste o r  unreasonable use 
o r  unreasonable method of use o r  unreasonable method of diversion. 
Sect ion 761, Article 17.2, Subchapter 2, Chapter 3, T i t l e  23, 
Cal i forn ia  Administrative Code provides that  permits or l i censes  
fo r  the  apprapr ia t ion  o f  water w i l l  contain a term which w i l l  
sub jec t  the permit or license to  the continuing au tho r i ty  of the 
State Board t o  prevent waste, unreasonable use, unreasonable 
method of use, o r  unreasonable method of diversion of 8ai.d w a t e r .  

The Water Code authorizes  the State.Board t o  p roh ib i t  the  discharge 
.of wastes t o  sur face-and  groundwaters of the State. 

8.  
L J  

10. 

P r i  nciDles 

1. 

2, 

3 .  

It is the .Board's pos i t i on  that from a water quant i ty  and,qual i ty  
standpoint the source of powerplant cooling water should come 
f r o m  the following sources i n  t h i s  order of  p r i o r i t y  depending 
on s i te  specifics such as enSrironmenta1, technical  and economic 
feasibi l i ty  consideration: (1)' wastewater being discharged t o  
the ocean, (2 )  ocean, ( 3 )  brackish water from na tu ra l  sources 
o r  i r r i g a t i o n  r e t u r n  f l o w ,  (4)  inland wastewaters of l o w  TDS, and 
( 5 )  other f and waters. 

Where the B fresh inland waters f o r  
powerplant cool ing w i l l  be approved by the Board only when it is 
demonstrated that  the use o f  other water supply sources o r  other 
methods of cool ing would be environmentally undesirable o r  eco- 
nomically unsound. 

fn considering issuance of a permit o r  l i cense  t o  appropriate 
water f o r  powerplant cooling, the Board w i l l  consider t h e  rea- 
sonableness of the proposed water use when compared w i t h  o t h e r  
present  and f u t u r e  needs Par the water source and when viewed 
i n  the context  of a l t e r n a t i v e  Water sources tha t  could be used 

rd has ju r i sd i c t ion ,  use 
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f o r  the purpose. The Board w i l l  give great weight t o  the resul ts  
of studies made pursuant t o  the Warren-Alquist State Ene'sgy 
Resources Conservation and Development Act and careful1y;evaluate 
studies by the Department of Water Resources made pursuant to 
Sections 237 and 462, Division 1 of the California Water Code. 

The discharge of blowdown water from cooling towers o r  return 
flows from once-through cooling shall  not cause a violation of 
water quality obdectives o r  waste discharge requirements estab- 
lished by the Regional Boards, 

*I '. . 

5 .  The use of unlined evaporation ponds t o  concentrate sa l t s  from 
blowdown waters w i l l  be permitted only a t  salt  sinks approved by 
the Regional and State Boards. Pmposals t o  u t i l i ze  unlined 
evaporation ponds for  f ina l  disposal of blowdown waters must 
include studies of alternative methods of disposal. 
must show that the geologic s t ra ta  underlying the proposed ponds 
or s a l t  sink w i l l  protect usable groundwater, 

Studies of ava i lab i l iw of inland waters f o r  use in powerplant 
cooling f ac i l i t i e s  t o  be constructed in Central Valley basins, 
the South Coastal Basins or  other areas which receive supple- 
mental water from Central Valley streams as f o r  all major'new 
uses m u s t  include an analysis of the impact of such use on 
Delta outflow and Delta water quality ob3ectives. 
associated w i t h  powerplants should include an analysis of the 
cost and water use associated with the use of alternative coo1ix.g 
f ac i l i t i e s  employing dry, o r  wet/- modes of operation. 

These studies 

6. 

The studies 

'7. The State Board encourages water supply agencies and power gen- 
erating u t i l i t i e s  and agencies t o  study the feasibUity of using 
wastewater f o r  powerplant cooling. 
the use of wastewater for  powerplant cooling where it is appro- 
priate. 
Energy Resources Conservation and Development Act directs the 
Comission t o  s t u d y ,  "expanded use of wastewater as cooling 
water and other advances i n  powerplant cooling" and Sect'ion 462 
of the Waste Water Reuse Law directs  the Department of Water 
Resources to  tt.. .conduct studies and investigations on the avail- 
ab i l i ty  and quality of waste water and uses of reclaimed waste 
water f o r  beneficial purposes including, but not limited t o  
and cooling for  thermal e lec t r ic  powerplants.lt 

The State Board encourages 

Furthermore, Section 25601(d) of the Warren-Alquist 

Discharge Prohibit  ions 

1. The dische.re;e t o  land disposal s i t e s  of blowdown waters from 
inland powerplant cooling f ac i l i t i e s  shall be prohibited except 
t o  salt sinks o r  t o  lined f a c i l i t i e s  approved by the Regional 
m d  State Boazds for the reception of such wastes. 

I 
I 
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t 

2. Yhc? discharge of wastewaters from once-through inland powerplant 
cooling facil.ities shall be prohibited unless the discharger can 
fibow that such a practice will maintain the existing water 
quality and aquatic e 

3.  The Regional Boards o these discharge pro- 
hibitions on a case-by-case basis in accordance with exception 
procedures included in the "Water Quality Control Plan for Control 
of Temperature In The Coastal and Interstate Waters and Enclosed 
Bays and Estuaries of Califo,rnia. 

onment of the State's water resources. 

Implementation 

1. 
I 

2. 

3. 

4 . 

5. 

Regional Water Quality Control Boards will adopt waste discharge 
requirements for discharges from powerplant cooling facilities 
which specify allowable mass emission rates and/or concentrat ions 
of effluent constitGents for the blowdown waters. 
requirements for powerplant cooling facilities will also specify 
the water quality conditions to be maintained in the receiving 
waters. 

Waste discharge 

The discharge requirements shall contain a monitoring program 
to be conducted by the discharger to determine compliance with 
wt;s t e  discharge requirements. 

When adopting waste discharge requirements for powerplant cooling 
facilities the Regional Boards shall consider other environmental 
factors and may require an environmental impact report, and shall 
condition the requirement in accordance with Section 2718, 
Su3chapter 17, Chapter 3 ,  Title 23, California Administrative 
Code. 

The State Board shall include a term in all permits and licenses 
f o r  appropriation of water for use in powerplant cooling that 
requires the permittee or licensee to conduct ongoing studies 
of the environmental desirability and economic feasibility of 
changing facility operations to minimize the use of fresh inland 
waters. 
intervals as specified in  the permit term. 

Petitions by the appropriator t o  change the nature of the use of 
appropriated water in an existing permit or license to allow the 
use of inland water for powerplant coolin@; may have an impact on 
the quality of the environment and as such require the preparation 
of an environmental impact statement or a supplement to an existing 
statement regarding, among other factors, an analysis of the 
reasonableness of the proposed use. 

Study results will be submitted to the State Board at 
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6 .  Applications t o  appropriate  inland waters for powerplant cooling 
purpose s h a l l  include r e s u l t s  Of s tud ie s  comparing the environ- 
mental  impact of a l t e r n a t i v e  inland sites as w e l l  as a l t e r n a t i v e  
water supp l i e s  and cooling facil i t ies.  
coas t a l  sites must be included i n  the environmental impact report. 
Al te rna t ives  to be considered i n  the environmental impact repor.t, 
including bu t  not l i m i t e d  to si tes ,  water supply, and cooling 
f ac i l i t i e s ,  s h a l l  be mutually agreed upon by the prospective 
appropriator and the State Board s taff .  These s tud ie s  should 
include comparisons of environmental impact and economic and 
soc ia l  b e n e f i t s  and costs i n  conformance w i t h  the Warren-Alquist 
state Energy Resources Corkservation and Development A c t ,  the 
Cal i forn ia  Coastal Zone Plan ,  the Cal i forn ia  Env i roven ta l  Qual i ty  
A c t  and the National Environmental Po~icy A c t .  

L 
Studies of a l t e r n a t i v e  

, 
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STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO, 75-58 

WATER QUALITY CONTROL POLICY ON THE USE 
AND DISPOSAL OF INLAND WATERS USED FOR 
POWERPLANT COOLING 

1. Baoln  plannlny, conducted by the State Board has shown t h a t  
thcre is presently no available water for  new allocations 
I n  some t.)asf.ns. 

2 .  Projected firture water demands, when compared to existing 
developed water supplies , indicate t h a t  general freshwater 
shortages w i l l  occur i n  many areas of the State  prlor to  
the year 3000. 

3. The improper disposal of powerplant cooling waters may 
have an adverse impact on the q u a l i t y  of inland surface 
and groundwaters, 

4. It is believed t h a t  further development of water in t h e  
Central Valley w i l l  reduce the quantity of water available 
to  meet Delta outflow requirements and protect Delta water 
qi ia l l t ,y  standards. 

TIII?RL?FORE, BE: IT RESOLVED, t h s  t 

1. ~ h c  noard hereby adopts the "Water Q u a l i t y  Control Poljcy on 
the USC and Djsposal of 1nl.and Waters Used f o r  Powerplant 
C o o l j  np;" . 

2. The Board hereby directs  a l l  affected California Regional 
Water Quality Cbntrol Boards to  implement t h e  applicable 
provisions of the policy. 

3. The Board hereby directs s taff  to coordinate closely w i t h  the 
State  Enercy Resources Conservatson and Development Commission 
and other involved s t a t e  and local agencies as t h i s  policy is 
implerneri ted . 

CE KT IFICATION 

Thc iinderslgncd, Executive Officer of the State Water Resources 
Control Board, does hereby cer t i fy  t h a t  t h e  foregoing is a f u l l ,  
true, and correct copy of a resolution d u l y  and regularly adopted 
a t  a meetlng of the State  Water Resources Control Board held on 
June 19, 1975. 

I B i l l  B. Dendy 
Exec u t  i v e  O f f  lcer 
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APPENDIX C 

SUMMARY OF VISITS 

The fol lowing i s  a l i s t  o f  persons, agencies, addresses and dates of 
v i s i t s  and telephone contacts. 

James C. Blodgett (Hydraulic Engineer) and Gi lber t  Ber to ld i  
USGS 
Water Resources D i  v i  s i  on 
2800 Cottage Way 
Sacramento, Cal i forn ia 95825 
Phone - (916) 484-4606 
Date o f  v i s i t  : August 3 ,  1978 

Hibbard (Dick) E. Richardson (Ground Water Section Head) 
U.S. Bureau o f  Reclamation 
2800 Cottage Way 
Sacramento, Cal i f o r n i a  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3, 1978 

Marvin Forman (Div is ion Chief) 
USGS 
Conservation D i  v i  s i  on 
2465 East Bay Shore ' $  

P a l  o A1 to, Cal i fo rn i  a 
Phone - (415) 323-8111, ext. 2888 
Date o f  v i s i t :  August 1, 1978 

Dona1 d Oaks (Engineer) 
Cal i f o r n i a  Department o f  Water Resources 
1416 9th Street 
Sacramento, Cal i forn i a 95802 
Phone - (916) 322-2844 
Date o f  v i s i t :  August 1, 1978 

Gi lber t  Ber to ld i  (Hydrologist) 
USGS 
Water Resources D i  v i  s i  on 
2800 Cottage Way 
Sacramento, Cal i forn ia  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  October 13, 1978 

c 
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Dick L a l l a t i n  (Hydrologist) and P h i l  Lorens 
California Department of Water Resources 
Red Bluff, California 
Phone - (916) 522-6530 
Telephone contact 

Maurice D. Roos (Engineer) 
California Department of Water Resources 
1416 9 t h  Street 
Sacramento, California 95802 
Phone - (906) 445-2578 
Date o f  visit: August 1, 1978 

John Moon and Douglas Kleinsmith 
U.S. Bureau of Land Management 
2800 Cottage Way 
Sacramento, Cal ifornia 95825 
Phone - (916) 484-4606 
Date o f  visft: August 3, ,1978 

Bob Anton ( C i v i  1 Engl neerl ng Tech) 
U.S. Department of Agriculture 
Soil conservation Services 
50 8 Hall Street 
Susanville, California 96130 
Phone - (916) 257-7271 
Telephone contact 

Ernest Eaton (District Conservationist) 
U.S. Department of Agriculture 
Soi 1 Conservation Service 
Cedarville, California 

Telephone contact 
Phone - (906) 279-6110 
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APPENDIX D 

SURFACE WATER DATA 

C1 imate 

i 

The Pac i f i c  High pressure cell dominates the climate of Surprise 
Valley. More moisture-laden air  masses move inland i n  winter when this 
high moves away from the California coast. Hence, the winter precipi- 
ta t ion  is more t h a n  the summer precipitation. Because of the oro- 
graphic effect ,  the a i r  masses drop  most of their  moisture while 
climbing over the coast range and the Cascades. The Warner Mountains 
produce a rain shadow effect on Surprise Valley. Annual precipi ta t ion 
is 30 inches gn Warner Mountains and 4 inches over cool desert, valley 
floor. 

The frost-free season can be expected t o  be shorter t h a n  t h a t  of the 
Honey Lake, which is  about 70 t o  80 miles due south of the Surprise 
Valley. 
In Surprise Valley, the weather s t a t ion  a t  Cedarville indicates an 
annual temperature of 49.3OF, w i t h  a high i n  July (72OF) and a low i n  
January (29.6OF). The annual pan evaporation i s  60 inches and annual 
precipitation is 14 inches. 

Preci p i  t a t  i on 

Annual precipitation varies from approximately 15 inches a1 ong the 
western portion o f  the basin t o  less than  10 inches along the eastern 
port'on of the basin (CDWR #58 1960). Precipitation generally de- 
creases from west t o  east due t o  a rain shadow effect of the Warner 
Mountains. The mean annual precipitation a t  Cedarville is 14.2 inches 
(NOAA 1976). About 70% of the precipitation a t  Cedarville occurs as 
snow from October through March. T h i s  is typical for the basin 
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U Table VD-2 gives the mean annual discharge for the gaging stations 
w i t h i n  the basin. Almost two-thirds of the annual discharge for the 
gaging station on Bidwell Creek occurs during Apr i l ,  May and June from 
snowmelt as shown i n  Table YD-1 (CDWR 1971). This is typical for other 
perennial streams i n  the basin. 

Evaporation 

The mean annual total  pan evaporation from 1961 through 1963 a t  Cedar- 
ville 2 E was 63.4 inches. The mean total  pan evaportion during June 
through September,1960-1969, a t  Ceda rv i l l e  12SE was 42.4 inches. 
From June through September, 1960-1963, t o t a l  pan evaporation a t  
Cedarville 12 SE was an average of 11% greater than  total pan evapora- 
t ion  a t  Cedarville 2E. A t  Cedarville 2E, the type of pan is a class A 
pan; the type of environment is pasture, and the elevation is 4,500 
fee t .  A t  Cedarville 12 SE, the type of pan is a class A pan; the type 
of environment is dry, nonirrigated; and the elevation is 4,800 feet 

/ 

(CDWR #73-1 1974). 
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TABLE VD-2 

MONTHLY MEAN WATER TEMPERATURE I N  JANUARY AND AUGUST 
FOR GAGING STATIONS I N  SURPRISE VALLEY BASIN 

Gaging Stat ion Monthly Mean Water Temperature i n  OC 

Auqust 3 anuary 

Bidwell Creek below M i l l  4 17 
Creek, near For t  Bidwell, 
USGS Sta .#10360900 

Cedar Creek a t  Cedarvil le, 3 22 
USGS Sta. #lo360320 

Eagle Creek a t  2 16 
Eaglevi l le, USGS 
Sta .#lo360230 

Source: USGS-WRD, 1971 

i :  
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TABLE VD-1 

MONTHLV STREAMFLOW REGIME , BIDWELL CREEK 
BELOW MILL CREEK NEAR FORT BIDWELL 

Bidwell Creek 19644968 

Month Discharge 
(cfs a l l  

Percent Coefficient o f  
x Variation 

. -  days ) 

October 
November 
Decem be r 
January 
February 
March 
Apr i 1 

May 
June 
July 
August 
September 

5.5 
6.2 

14.3 
8.5 

13.1 
13.7 
37.8 
65.8 
43.6 
12.3 
5.4 
3.9 

2.39 
2.70 
6.20 
3.71 
5.70 
5.96 

16.41 
28.6 

18.93 
5.33 
2.37 

1.7 

Mean annual discharge = 14,000 acre-feet 
Coefficient o f  Variation = 0.45 

Source: USGS, California Streamflow Characteristics, Vol. 2, 1971 

0.82 
0.48 
1.33 
1.14 
0.77 
0.37 
0.50 
0.58 
0.51 
0.51 
0.36 
0.27 
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APPENDIX E 

GROUND WATER DATA 

General Geology 

The Surprise Valley KGRA i s  located i n  Surprise Valley i n  the basin and 
range physiographic province. I n  the basin and range province, dis- 
placement along faults forming north t o  northwest trending valleys and 
ranges i s  t h e  predominant component of present terrain. The valley 
floors are underlain by up  t o  5,000 feet of water bearing sediments and 
flow basa l t s  which rest on large subsided f a u l t  blocks. Three basins, 
Surprise Valley, Goose Lake Valley and Alturas Basin, are located i n  
t h e  v ic in i ty  gf the Surprise Valley KGRA. 

Surprise Valley lies east of the Warner Mountains. Elevations range 
from about 4500 feet i n  the valley floor t o  9833 feet a t  Eagle Peak i n  
the Warner Mountains. The valley floor i s  underlain by a l luv ium,  which 
ranges i n  thickness from 0 t o  5000 feet. The Surprise Valley KGRA l ies 
i n  the eastern side of the valley. Al luv ium beneath the KGRA consists 
of lake, near-shore and fan deposits th in ly  covered i n  some areas by 
sand dunes, basin deposits and intermediate alluvium. Goose Lake 
Valley and Alturas Basin l i e  west of the Warner Mountains, w i t h  eleva- 
tions of 4692 and 4300 feet i n  their valley floors, respectively. 
Water bear ing sediments and basalt flows beneath their valley floors 
range i n  thickness from 0 t o  2500 feet. 

Ground Water Hydro1 ogy 

Introduction 

Ground water resources i n  the study area were considered i n  two groups: 
water bearing and non-water bearing stratigraphic units. Sedimentary 
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ock u n i t s  were classified as water bearing. Volcanic basal ts  and 
associated igneous rock u n i t s  were classified as non-water bearing. 
The most extensive bodies of sedimentary rocks occur over *down faulted 
blocks which underlie Goose Lake Valley, Alturas Basin and Surprise 
Valley. These comprise the principal known aquifers i n  the study area. 
The volcanic rocks of the uplands which separate these ground water 
basins are not entirely non-water bearing. The younger volcanic rocks 
vary i n  permeability and water yielding capacity w i t h  location. These 
b a s a l t ,  flows comprise important recharge areas and locally i n  the 

land area may prov significant quantities of water t o  wells. 
Where interbedded w i t h  sedimentary rocks i n  the valleys the basalts 
combine with the sediments t o  form some of the most productive areas of 
the known aquifers, 

The follwing discussion describes the ground water conditions i n  the 
aquifers which underlie Surprise Valley, Alturas Basin and Goose Lake 
Valley, Information i n  the following discussions is drawn from CDWR 
Bulletin No. 98, unless otherwise referenced. 

Surpri  se Val 1 ey 
I '  

urprise Valley KGRA i s  almost completely contained i n  Surprise 
ley , a north/south ,trending basin. Water bearing sediments i n  

urpirse Val 1 ey consist f near-shore deposits, recent valley sedi- 
ments, and lake deposit The near-shore and recent Val 1 ey sediments 
which underlie the margins of the valley floor constitute the aquifer 
under Surprise he lake deposits in the central par t  of the 
val 1 ey , a1 thoug nsive and saturated, are not sufficiently per- 
meable t o  yield large quantities of water t o  wells. The near shore 
deposits are comprised of moderately coarse alluvium deposited i n  and 

oreline of ancient Lake Surprise. The recent Val 1 ey sediments 
include alluvial fans, intermediate alluvium and basin depoqits. O f  
the recent valley sediments, only the deposits i n  the alluvial fans on 

n margin .of the valley are sufficiently extensive and per- 
meable t o  yield significant quantities of water t o  wells. 
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Water i n  the near shore and alluvdal fan deposits of the recent valley 
sediments i s  under conditions ranging from confined to  water table. 
The piezometric surface is higher than  the land surface-over much of 
the valley. Confinement w i t h i n  the near-shore and alluvial  fan 
deposits is provided by intertongueing w i t h  lower permeability lake 
deposits, interbedding w i t h  beds and lenses of fine grained sediments, 
and displacement along faul ts .  

Surprise Valley i s  bounded on the west by Surprise Fault and on the 
east by Hays F a u l t .  Cross f au l t s  connect these major faults. Maximum 
displacement along Surprise Fau l t  is estimated t o  be about 7,000 feet. 
Interpret a t  i on of gravity surveys of Surpri se Val 1 ey i ndi cates that 
sediments below the valley floor range i n  thickness from 2000 t o  5000 
feet. The thickness of the near shore and alluvial fan deposits which 
comprise the principal aquifer range from 0 t o  5000 and 0 t o  1000 feet, 
respectively. 

Along the western and northern sides of Surprise Valley, recharge 
results from stream flow infiltrating near-shore and alluvial fan 
deposits. Basalt and tuffs exposed extensively east of Surprise Valley 
i n  upland areas transmit recharge to  the valley sediments. Subsurface 
inflow of ground water into Sui-prise Valley is  possible from Duck Fla t  
and Long Val ley i n Nevada. Exposures of P1 ocene-P1 iestocene basalt 
flows may provide recharge a long  the southwestern por t ion  of the 
valley. 

Shallow ground water under water table conditdons overlies deeper, 
confined ground water throughout Surprise Valley; however, the limited 
thickness of the aquifer precludes development of large capacity wells. 
Along the northern, western and southwestern sides of the valley the 
piezometric head i n  the confined aquifer exceeds the land surface i n  
many areas, and flowing wells can be constructed. Both the shallow and 
deeper confined ground water i n Surprise Val ley i s movi ng toward the 
three a lka l i  lakes, where discharge occurs i n  the form of evaporation. 
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Lakeward movement of ground water is  probable along the western side c f  
the valley, where contours of the piezometric surface are absent. 
Ground water d iv ides  separate the three lakes. The f au l t s  which 
-underlie the valley floor provide paths for vertical circulation of 
water t o  the numerous hot springs i n  the Surprise Valley KGRA and may 
also transmit recharge t o  the deeper deposits of sediments. 

Ground water i n  Surprise Valley i s  generally of good quality and is 
suitable for most uses. The water ranges from sodium bicarbonate t o  
calcium bicarbonate i n  character. Figure VE-1 shows a water qual i ty  
hazard area which has been delineated i n  the northwestern and control 
portion o f  the valley. In the area, highly mineralized thermal ground 
water occurs under artesian conditions, and i t  is generally unsuitable 
for agriculture or domestic use. The concentration of dissolved solids 
is greater t h a n  1000 mg/l only i n  the northern end and eastern side o f  
the hdzard area (CDWR 1960). 

Estimates of the ground water stored i n  the upper 400 feet of sediments 
i n  areas o f  Surprise Valley have been made on the basis  of drillers'  
logs and logs o f  test wells. Estimates are available for four areas, 
which include the Ford Bidwell area, the Lake City t o  Eagleville area, 
the Bare Ranch area and the Sand Creek area. I t  is estimated t h a t  the 
upper 400 feet of sediments i n  these areas contain 4,000,000 acre-feet 
of ground water. 

Reliable data on the yield of wells and hydraulic characteristics of 
the aquifer i n '  Surprise Valley are limited. Appendix F presents 
information on the depth, discharge, drawdown specific capacity and 
saturated thickness for  seven wells i n  Surprise Valley. The depth of 
the wells ranges from 184 t o  390 feet and their yields range from 800 
t o  2800 gpm. The specific capacity of the wells, determined by d iv id ing  
discharge by drawdown ranges from 17.7 t o  186 gpm per foot .  The 
available well data  and .geologic information were used t o  delineate two 
levels of areas w i t h i n  which high  yield wells can be constructed. 
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AREAS OF GROUNDWATER DEVELOPMENT POTENTIAL AND HAZARDOUS 
WATER QUALITY IN THE VlCfNlTY OF SURPRISE VALLEY KGRA 

ZONEA - AREASWITHPOfSNTIAL ZONE B - AREAS WITH POTENTIAL Ffw* VE-6 
TOPROWCE &OOGPM TOPRODUCE 100GPM 

. . . . . . .. ....I.. .. 
AREAS WITH HAZAFIWUS WATER QVALITY I ,  ---- 

s 10 ADAPTED FROM. MUFORNIA DEIARIYENT OF WATCR RESOURCES 0 
NORTMLILTORN COUNTIES INVESTIOlTKWI, 
WLLnm a. 180% -LE IN YlLIS 
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These areas are shown i n  FigureVE-1. Well y ie lds * o f  a t  least 500 and 
100 gpm,can be developed w i t h i n  t h e  A and B zones, respec t ive ly  
(Lorent, pers. corn 1978). , Experience has shown that both zones A and 
B are capable o f  sustaining pumping rates for i n  excess o f  the minimum 
V a l  ues reported (iorenz, pers. corn. 1978). 

b/ 

A1 turas Basin 

The Alturas Basin, located approximately 25 miles southwest of Surprise 
Valley, i s  comprised o f  the north/south trending valleys o f  the upper 
forks o f  the P i t  River and the westward trending Warm Springs Valley. 

I This discussion i s  l im i ted  t o  that  portion o f  the basin comprised o f  
the valleys o f  the upper forks o f  the P i t  River and the Alturas area. 
The water bearing sediments which comprise the aquifer under the valley 
f loors  include basalts; the Alturas Formation near-shore deposits o f  
alluvium, and Recent val ley a l l uv ia l  sediments. The Alturas Formation 
consists o f  two 400-foot-thick sedimentary members comprised o f  ashy 
sandstone, diatomite and t u f f  beds, separated i n  most areas by a 50- t o  
250-foot th ick  t u f f  member. The formation crops out along the eastern, 
western and southern sides o f  the valleys. The-sedimentary and basalt 
members are moderately t o  highly permeable. Along the northeastern 
r i d e  o f  the valleys up t o  200 feet  o f  moderately permeable alluvium o f  
near shore deposits over l ie  the Alturas Formation andwop  out on the 
.val ley margin. From Alturas t o  Likely, i n  the center o f  the valleys, 

. t h e ,  Alturas Formation i s  overlain by up t o  50 feet o f  s l i g h t l y  t o  
moderately permeable a l luv ium which comprise t h e  Recent v a l l e y  
sediments. 

I 

I 

Ground water i n  the aquifer under the val leys o f  the upper forks o f  the 
P i t '  River i s  under conditions ranging from unconfined t o  confined. The 
th ickness o f  t h e  a q u i f e r  has not  been inves t iga ted  extensively. 
Measured sections and well logs indicate the maximum thickness o f  the 
aquifer i s  probably 2000 t o  3000 feet. 
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Recharge o f  the aquifer i n  the basin resul ts  from the i n f i l t r a t i o n  o f  

the basin. The recharge moves through the basalts t o  the aquifer. 
Additional recharge may i n f i l t r a t e  outcrops o f  the Alturas Formation 
along the margins o f  the valley, par t i cu la r ly  where streams cross t he  
out-crops . 
Ground water moves toward the center o f  the valleys and along the 
central portion o f  the valleys. Near Alturas, ground water moves 
eastward i n t o  the Warm Springs Valley. Faults which occur along the 
margins o f  the v a l l e y  and which cross i t  may provide paths f o r  the 
movement o f  recharge and may l o c a l l y  modify the general pattern o f  
ground water movement. 

prec ip i ta t ion i n to  permeable basalt flows i n  upland areas surrounding i 

Ground water i n  the aquifer under the valleys o f  the’ upper forks o f  the 
P i t  RSver i s  generally good and i s  suitable f o r  most uses. No water 
qual i ty  hazard areas have been delineated i n  the valleys. 

Based on well logs, the upper 800 feet  o f  water bearing basalts and 
sediments under the valleys o f  the upper forks o f  the P i t  River contain 
6,700,000 acre-feet o f  ground water. 

Reliable data on the y i e l d  o f  ground water t o  wells i n  the valleys o f  
the upper forks of the P i t  River are l imited. The available data from 
two wells are shown i n  Appendix F. The maximum y i e l d  i s  1000 gpm. The 
maximum specif ic capacity, defined as discharge per foot  of drawdown, 
i s  7.5 gpm per foot. 

Appendix F sumnarizes information on the y i e l d  o f  w l l s  and ground 
water storage i n  the upper fork valleys o f  Alturas basin. 
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Goose Lake Val ley 

Goose Lake Val , located about 20 miles west 
KGRA, is a north/south basin. Wat earing basal ts ,  and 
a1 1 u v i  um of the near-shore its and Recent valley sediments com- 
prise an aquifer  under the eastern and southeastern portions o f  the 
valley floor.  Extensive lake deposits under the central  portions of 
the valley f loo r  a r e  saturated but not sufficiently permeable t o  yield 
la rge  quant i t ies  o f  water t o  wells. Small bodies of alluvium which 

long the eastern margtn o f  t a l ley  a re  generally too  limited 
i n  size and recharge t o  sustain lon d i sc harge of 1 arge quanti t i es 
of water t o  wells. The moderately t o  highly permeable deposits capable 
o f  sustained la rge  well y ie lds  include the basal ts ,  alluvium o f  the 
near shore deposit d a l luvial  fans and intermediate alluvium of the 
Recent valley sed s. Ground water i n  these deposits a r e  under 
conditions ranging from confin t o  unconfined. The confinement is  
provided by beds and 1 enses of 1 ow permeabi 1 i t y  sediments, i nter- 
tongueing w i t h  1 ake deposits and displacement against  low permeability 
materials along f a u l t s .  

the Surprise w 

There have been no investigations o f  , the thickness o f  the water bearing 
m a t e r i a l s  below the f l o o r  o f  Goose Lake Valley. On the b a s i s  o f  
measured sect ions and well logs, the probable maximum thickness of 
these materials i s  2000 t o  3000 feet. 

Recharge of the aquifer  along the eastern side Qf Goose Lake Valley 
results from i n f i l t r a t i o n  o f  precipi ta t ion into basal ts  i n  upland areas 
west o f  the valley and inf i l t ra t ion  o f  stream flow i n t o  a l lu  
par t icu lar ly  a t  the heads o l luv ia l  fans. Recharge a l so  occurs i n  
the upland basa l t s  and  alluvium^ on the stern side of the valley. 
Recharge from the upland b a s a l t s  moves toward the alluvium which 
occurs on the margins o f  the valley. 
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Two aquifers,  one shallow and uncmFined and the second deeper and 

Ground water movement is s imilar  i n  both aquifers. Movement is  toward 
the west in to  the lake deposits i n  the central  par t  of the valley. A 
t h  i rd aqui fer contai n i  ng conf i ned water occurs i n  the southern portion 
o f  the valley,  and i t  underlies the two upper aquifers. Water movement 
i n  this aquifer is a l so  eastward toward the lake deposits i n  the center 
of the valley. 

Ground water i n  Goose Lake Valley is  generally of excellent qual i ty  and 
i s  su i t ab le  fo r  most uses. FigureVE-lshows two water qual i ty  hazard 
areas delineated i n  the eastern side of the valley. Water i n  these 
areas contains concentrations of f luoride and boron, which a r e  con- 
sidered hazardous f o r  i r r iga t ion  and domestic uses. Appendix F shows 
the results of analyses of the qual i ty  of ground water i n  Goose Lake 
Valley. Based on well logs i t  i s  estimated t h a t  t h e  upper 500 feet of 
water-bear i  ng mater ia l  s i n  the e a s t e r n  Goose Lake Val 1 ey con ta in  
1,000,OOO acre-feet of ground water. 

confined, occur i n  the northern and southern portions of the v a l l a .  L p  

Reliable data on well yields  i n  Goose Lake Valley a r e  limited. The 
maximum well yields  a r e  about 2,500 gpm, w i t h  an average o f  1,500 gpm 
(see Appendfx F). Table YF-6 shows yield data from two wells i n  the 
valley. FigureVE-1 shows the locations of A and B areas i n  the valley 
where potential well yields  of a t  l e a s t  500 and 100 gpm, respectively, 
have been estimated. 

Well yields  i n  both of these areas a re  capable of great ly  exceeding the 
m i  nimum estimates (Lorenz, pers. comm. 1978) . 
Appendix F summarizes information on the y ie ld  o f  wells and water 
storage i n  Goose Lake Valley. 
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TABLE VF-1 

SELECTED GROUNDWATER QUALITV FOR SURPRISE VALLEY 

I S ?  *S 
Il. 0 e.* 

1.Z 

ma h 
11. b 2.1 

I.? 

1. 

1.) 11. 
1.S . 0.. 

Source: Cal ifornia De2artment of !later Zesources, Hydrologic 
Data: 1975, Vol. I1 Northeastern California, Bulletin No. 130-75 
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TABLE VF-2 

SUMMARY OF YIELD CHARACTERISTICS OF 
SELETEI W ? i  IN SUPIRISS VALLEY 

t t t tSpec- t Satu- t t Average 
t : M a -  %Draw- t i f i c  t rated tY ie ld  tPenneabiltty 

Well e tdown tCapac- rThickneee fFactor t (Meinzer 
t(Ft.) t i t y  t (ft.) t x l m  t unite) - 

kON/17G18N1 390 1,900 35 5k.4 382 It01 282 
~ O N / 1 7 E - l ~  327 2,hOO 39 61.7 319 19.3 386 
~ r m i i 7 ~ 3 1 ~ 1  293 1,em 30 60.0 285 21.0 L20 
hlN/l6E-U?1 330 2,800 15 186.0 322 58.0 1,160 
b2N/16&5B1 280 1,350 18 75.0 272 27.6 552 
h2N/lbFr17N 335 2,250 25 90.0 327 27.5 550 
b!4?l/Ls&2&3. 1st 800 t s  17.7 170 9.9 199 

Source: Cal ifornia Department o f  Water Resources, Northeastern Counties 
Groundwater Investigation, Appendix C ,  Geology Bulletin 98, 1463 
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TABLE VF-3 

6.M 2.a 
.A4 .86 

I 2  

4.6 3.6 
.I2 .os 

a 3  

7.Y d.9 
.Z2 .as 

3 ' 1  

21r -- -- 
3.2 -- -- 
580 -- -- 

Source: California Department o f  Water Resources, Hydrologic 
Data: 1975, Vol. I1 Northeastern California, Bulletin No. 130-75 
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S-ry  of Held Characteristlce of Selected 
WeUs i n  uturas Ground Untcr Bask 

. . . 
0 t :spec- : satu- : : Averwe- 
: Die- :Draw- :ific : rated :Yield :Pemeability 

W e l l  :kpth :char&e :down :capa~- :~hic~rness :Factor : (Meinzer 
:(e.) :(6F" be) : ( f i e )  8 i ty  : ( a m )  t mm : W t S )  

788 0.75 15 W 1 3 ~ - 2 8 Q 1  808 1,000 170 5.9 

80 7.5 370 2.03 4-0.6 42I?/12E-21bCl 500 
- 

Source: Cal ifornia Department of Mater Resources, Northeastern Counties 
Groundwater Investigation, Appendix C ,  Geology , Bulletin 98., 1963 
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TqBLE VF-5 

SELECTED GROUNDWATER QUALITY FOR GOOSE LAKE VALLEY 

Source: Cal i f o r n i a  Department of Water Resources, wdro log lc  
Data: 1975, Vol. I1 Northeastern Cal i fornia,  B u l l e t i n  No. 130-75 
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TABIS VF-6 

Summary of Yield Characterirrtico of 
Selected Welle in Goose Leke Valley 

0 : Average * : : :&ec- : satu- : 
: t M e -  :Drew- : i f ic  t rated :Yield :Pemeabil%ty 

Well  :dawn :cam- :thicheee :factor : (Meinzer 
:(rt.) : i ty  t ( f i e )  : xloo : units) 

h5N/ltE-l8BI. 450 2,510 07 28.9 422 6.85 120 

W / l h E - l ~ l  222 260 104 2.5 216 le16 20.3 

Source: Cal ifornia Department of Water Resources, Northeastern Counties 
Groundwater Investigation, Aypendix-C, Geology Bulletin 98, 1963 
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APPENDIX G 

PROCUREMENT SPECIFICATIONS 

L 

1.0 INTRODUCTION 

To f u l l y  assess the a v a i l a b i l i t y  of water resources i n  an area, data 
must be avai lable f o r  both surface and ground water. Not only must the 
data be avai lable, i t  must be s i t e  speci f ic  t o  the area for which the 
analysis i s  being performed. Surface water data are, f o r  the most 
part, based on hydrologic studies performed by the USGS and Cal i forn ia  
Department o f  Water Resources. the primary source of data were reports 
from varoius stream gauging stat ions located i n  the study area. Since 
there are annual var iat ions i n  flow, h i s t o r i c  data over a period o f  
time are required t o  assess surface water characterist ics. 

Ground water data, however , do not show considerable annual variat ions, 

thus an inventory-type information ( L e .  data as of a point  i n  time) 
are required. The key aspects o f  ground water involve storage capacity 
and usable capacity. Storage capacity indicates the amount o f  ground 
water stored i n  the underlying aquifers. Developable usable capacity 
i s  recharge less current usage and natural discharge f o r  a speci f ic  
ground water basin. Unless both parameters are known, the amount o f  
make-up water avai lable from ground water sources cannot be estimated. 

Since some data are avai lable f o r  each area, the procurement speci f i -  
cations have been designed t o  acquire only the speci f ic  information 
required. Acquis i t ion o f  data relevant t o  estimating avai lable make-up 
water i n  the speci f ic  area i s  the only information included i n  the 

procurement specif icat ions. Potent ia l ly ,  proposals could be so l i c i t ed  
t o  respond t o  the tasks contained i n  the procurement specifications. 
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2.0 GROUNDWATER PROCUREMENT 

2.1 Water Use Inventory 

The major objective of this portion of the statement o f  work is t o  
determine the water  usage i n  the identified a q u i f e r  areas .  T h i s  
determination should be based on a survey of water users i n  the aquifer 
area. 

Statement of Work: 

1. Based on local county, c i t y ,  u t i l i t y ( i e s ) ,  California Depart- 
ment of Water Resources and the California Division of Oil 
and Gas, o f f ic ia l  well records and land ownership maps f o r  
the aquifer area , determine : 

a. number of wells 
b. 
c. 
d. annual variations i n  usage 

the location of each well 
annual usage for each well and current applfcatlon 

2. For wells not recorded i n  any o f f i c i a l  record, individual 
well Owner visits should be made t o  determine: 

a. number o f  wells 
b. the location of each well 
c. 
d. annual var ia t ions i n  usage 

annual usage fo r  each well and current applfcation 

This  survey should include a l l  individual wells greater than four 
inches i n  d iameter  b u t  should exclude windmills and s tockwells .  
Municipal i r r iga t ion  and industr ia l  wells should be surveyed. 
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3. A l l  o f  the data should be summarized t o  establ ish water usage 
f o r  the aqui fer  area. 

4. I n  addi t ion t o  determination o f  water usage, the long-term 
annual recharge and inflow f o r  the aqui fer  should be estab- 
l ished. (Note, i f  possible, a 30-year h is to r ica l  period 
should be used t o  determine t h i s  long-term term.) 

Figure VG-1 i den t i f i es  the speci f ic  areas t o  be surveyed. 
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APPENDIX C 

SUMMARY OF V I S I T S  

The following is  a list of persons, agencies, addresses and dates of 
visits and telephone contacts. 

James C. Blodgett (Hydraulic Engineer) and Gilbert  Bertoldi 
USGS 
Water Resources Divi  sion 
2800 Cottage Way 
Sacramento, California 95825 
Phone - (916) 484-4606 
Date of visit: August 3, 1978 

Hibbard (Dick) E. Richardson (Ground Water Sectfon Head) 
U.S. Bureau of Reclamation 
2800 Cottage Way 
Sacramento, Cal i forni a 95825 
Phone - (916) 484-4606 
Date of visit: August 3, 1978 

Marvin Formart (Division Chief) 
USGS 
Conservation Division 
2465 East Bay Shore 
Palo Alto, California 
Phone - (415) 323-8111, ext. 2888 
Date of visit: August 1, 1978' 

Dona1 d Oaks (Engi neer) 
Cal i forni a Department of Water Resources 
1416 9th Street 
Sacramento, California 95802 
Phone - (916) 322-2844 
Date of visit: August 1, 1978 

G i  1 bert Bertol d i  (Hydro1 ogi s t)  
USGS 
Water Resources Division 
2800 Cottage Way 
Sacramento, California 95825 
Phone - (916) 484-4606 
Date of visit: October 13, 1978 
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Dick L a l l a t i n  (Hydrologist) and Phil Lorens 
Ca l  i f o r n i  a Department o f  Water Resources 
Red B lu f f ,  Ca l i fo rn ia  
Phone - (916) 522-6530 
Telephone contact 

Maurice D. Roos (Engineer) 
Ca l  i f o r n i  a Department o f  Water Resources 
1416 9 th  Street 
Sacramento, Ca l i fo rn ia  95802 
Phone - (906) 445-2578 
Date o f  v i s i t :  August 1, 1978 

John Moon and Douglas Kleinsmith 
U.S. Bureau o f  Land Management 
2800 Cottage Way 
Sacramento, Ca l i fo rn ia  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3, 1978 

Bob Anton ( C i  v i  1 Engi neeri ng Tech) 
U.S. Department o f  Agr icul ture 
Soi 1 Conservation Services 
50 B Ha l l  Street 
Susanville, Cal i forn ia  96130 
Phone - (916) 257-7271 
Telephone contact 

Ernest Eaton ( D i  s t r i c t  Conservationist) 
U.S. Department of Agr icul ture 
Soi 1 Conservation Service 
Cedarvil le,  Ca l i fo rn ia  
Phone - (906) 279-6110 
Telephone contact 

Ken Luckow (Soi l  Scient ist) ,  Mark Cleveland (Hydrologist) and 
Larry Smith (Planner) 
U.S. Forest Sevice 
Modoc National Forest Headquarters 
441 N. Main S t re t  
A1 t uras, Cal i f o r n i  a 96101 
Phone - )916) 233-3521 
Telephone contact 
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APPENDI'X D 

SURFACE MATER DATA 

Prec ip i ta t ion 

Annual p rec ip i ta t ion  varies from approximately 40 inches a t  the  extreme 
western por t ion o f  the Susan River drainage t o  less than 10 inches 
along the eastern por t ion o f  the Honey Lake basin (CDWR #58 1960). 
Prec ip i ta t ion generally decreases from west t o  east due t o  the r a i n  
shadow e f fec t  o f  the mountains t o  the west. Mean annual p rec ip i ta t ion  
a t  the Susanvil le A i rpor t  i s  14.5 inches (NOAA 1976). About three- 
fourths o f  the prec ip i ta t ion  a t  the  Susanvil le A i rpor t  occurs as snow 
from October through March. This i s  generally t rue throughout the 
basin. 

I 

I 

Evaporat i on 

The range f o r  annual net evaporation from Honey Lake has been estimated 
as 10,000 t o  200,000 acre- feet  (BLM 1978). Th is  l a r g e  v a r i a t i o n  
i s  due t o  the  fac t  t ha t  Honey Lake i s  extremely shallow and i t s  surface 
area varies considerably with an increase o r  decrease i n  volume o f  
water. Since evaporation from a f ree  water surface i s  d i r e c t l y  re la ted 
t o  surface area, i t  re f l ec ts  a s imi la r  variat ion. Annual net evapor- 
a t ion  from Honey Lake, based on the October 1, 1970 surface area, i s  
estimated t o  be 66,300 acre-feet (USDA 1975). 

The mean value f o r  t o t a l  pan evaporation from May through September, 
196201976, a t  the Fleming Fish and Game locat ion i s  41.2 inches (CDW 
173-1 1974, NOAA 1975-1977). 
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Surf ace Water 

J 

The annual runoff discharged i n t o  Honey Lake was estimated t o  be 
100,000 acre-feet. The lake surface evaporation varied from 10,000 
acre-feet t o  200,000 acre-feet annually. Honey Lake w i l l  change i t s  
surface area year after year, depending upon the amount o f  runoff 
discharged i n t o  the lake, the evaporation rate, and the precipitat ion 
f a l l i n g  over the lake surface. 

Because the streams run nearly dry i n  sumner, storage f a c i l i t i e s  and 
conduits are necessary t o  tap stream water f o r  geothermal developments 
i n  Wendell-Amedee KGRA. Otherwise, the 300,000 acre-feet o f  Honey Lake 
water could be considered as cooling water. However, Honey Lake has 
5,000 ppm dissolved solids. 
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APPENDIX E 

GROUND WATER DATA 

Ground Water Hydro1 ogy 

Honey Lake Valley 

Honey Lake Valley is located w i t h i n  the KGRA, and Honey Lake is located 
therein. The California portion of the valley is  about 45 miles i n  
length and 10 t o  15 miles i n  width,  wi th  an area of 490 square miles 
(CDblR). The valley i s  composed of up t o  5000 feet of valley f i l l .  The 
principal aquifer is  the Lahonton Lake and near-shore deposits. These 
deposits consist of primarily unconsolidated t o  semi-consol idated 
gravel, sand, s i l ts  and clays. Thickness of these deposits i s  up t o  
700 feet i n  the central part of the valley. The near-shore deposits 
form a discontinuous belt around the edge of the valley and are coarser 
grai  ned . 
Alluvial fan deposits are generally good aquifers but  are limited i n  
their extent. They occur only along the periphery of the mountain 
ranges, w i t h  thicknesses up t o  300 feet. The potential for ground 
water development i n  the P1 eistocene basalt flows surrounding the 
valley i s  highly variable, due t o  their unpredictable permeabilities. 
Therefore, basa l t  flows are not mapped as water-bearing deposits on 
FigureVIE-1.Underlying the basin are up t o  5000 feet of Pliocene Lake 
deposits. In  general, these deposits are of low permeability and are 
not a major source of ground water. Recharge t o  the aquifers occurs by 
percolation of precipitation through P1 io-pleistocene and Pleistocene 
basalts and i n  the near-shore and a l luv ia l  fan deposits. Recharge i s  
also received from the Long Valley and Skedaddle Creeks, which are 
influent and contribute water t o  the underlying aquifers. Because 
Honey Lake Valley i s  a closed basin and there i s  no surface or  
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AREAS OF GROUNDWATER DEVELOPMENT POTENTIAL AND HAZARDOUS 
WATER QUALITY IN THE VICINITY OF WENDEL-AMEDEE KGRA 

n 3 N  . ,. . 

T3lN 

F l g U n  VIE-1 
ZONE A - AREAS WITH POTENTIAL ZONE B - AREAS WITH POTENTIAL 

TOPRODUCE 500GPM TOPROWCE > 1OOGPM 
- _ _  AREA WITH HAZARDOUS WATER QUALITY 

ADAPTED FROM CALIFORNIA DEPARTMENT OF WATER RESOURCES. 0 J 10 
NORTHEASTERN COUNTIES GROUNDWATER 
INVESTIGATION, BULLETIN 98,1962. SCALE IN  MILES 
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subsurface outflow, ground water movement i s  control led by topography. 
The general d i rec t ion  of ground water movement is toward Honey Lake 
from a l l  areas i n  the valley (see FigureVIE-5). 

The present data indicates no f a u l t  barriers i n h i b i t i n g  ground water 
movement. Several faults i n  Honey Lake Valley act as conduits for the 
upward movement of mineralized thermal waters. Since the basin has 
interior drainage, the lower portion of the basin has poorer qual i ty  
water. Figure VIE-Ishows the location of ground water areas which were 
found t o  be excessive i n  concentrations of boron, fluoride, nitrate and 
t o t a l  dissolved solids. The range and numerical average of selected 
mineral constituents of 184 samples and 159 sources i n  Honey Lake 
Val 1 ey are shown on Tab1 e VIF-3. Ground water temperatures throughout 
this region generally range from 50'F t o  8OoF, w i t h  an average tempera- 
ture of  57' for wells fewer than  100 feet deep (ERDA 1976), bu t  the 
temperature has been observed as h i g h  as 205'F for  shallow wells and 
springs near Wendell and Amedee Hot Springs (Mariner 1976). 

Willow Creek Valley 

Willow Creek Valley i s  about 17 miles northwest of the KGRA. I t  is a 
f a u l t  block basin w i t h  up t o  1000 feet of valley f i l l  sediments. I t  is 
roughly seven miles long and four mile wide w i t h  an area of approxi- 
mately 20 square miles (CDWR #98). The Willow Creek ground water basin 
contains both unconfined and confined aquifers. The principle aquifers 
i n  the basin are the intermediate alluvium and al luvial  fan deposits. 
These deposits consist of unconsolidated gravel, sand, s i l t ,  and clays 
up t o  250 feet thick. These deposits are found mostly i n  the south- 
western half of the valley. Bordering much of the valley are Plio- 
Pleistocene t o  recent basal t  flows. These flows have a to ta l  thickness 
of u p  t o  350 feet. Because the permeability of these deposits i s  
highly variable, they were not mapped as water-bearing deposists on 
Figure VIE-1 These bz i form areas o f  ground water recharge a s  
precipitation percolates l a t e ra l ly  i n t o  the  valleys. The recent 
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basalts transmit water from Eagle Lake in to  Willow Creek Valley by L 
subsurface flow. Ground water is not impaired by faulting i n  the 
valley, and the general direction of movement flow is southeast toward 
Willow Creek. Ground water i n  the valley is generally of excellent 
quality. Storage capacity o f  the aquifer is unknown w i t h  a maximum 
well yield i n  the valley of 1200 gpm (CDWR #118). 
one zone which should yield i n  excess o f  100 gpm. 

Figure VIE-1 indicates 
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TABLE VIF-1 

MONTHLY DISTRIBUTION OF AVERAGE ANNUAC RUNOFF I N  PERCENT 
FOR SUSAN RIVER AND WILLOW CREEK 

c 

Susan River A t  
Susanvi 11 e 
(USGS Sta . No. 10356500) 

W i l l o w  Creek Near 
Susanvi 11 e 
JUSGS Sta . No. 10358500) 

October 1.9 5.9 

November 2.5 6.9 

December 

January 

February 

March 

Apr i 1 

May 

June 

Ju ly  

August 

September 

6.8 

5.9 

9.4 

10.4 

21.7 

22.9 

9.7 

5.7 

2.0 

0.5 

10.9 

12.4 

18.4 

14.6 

12.5 

5.1 

3.7 

3.3 

3.1 

3.2 

Source: USGS, Ca l i f o rn ia  Streamflow Character ist ics,  Vol . 2, 1971 
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TABLE VIF-2 

MONTHLY MEAN WATER TEMPERATURE 
DURING JANUARY AND AUGUST 

FOR 
SUSAN RIVER, WILLOW CREEK, LONG VALLEY CREEK 

Stat ion Mean Water Temperature (OC) 

January August 

Susan River near Susanvi 11 e , 
USGS Sta .No. 10356500 

1 21 

Willow Creek near Susanvil le,  6 19 
USGS Sta .No. 10358500 

Long Val ley  Creek near Doyle, 
USGS Sta.No.. 10354500 

6 20 

Source: USGS - WRD, 1971 , 
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TABLE VIF-3 

SELECTED WATER QUALITY FOR 
HONEY LAKE VALLEY 

Constituent &!fs 

Conductance ( i n  micromhos at 25%) 108-3240 

84-1790 T o t a l  dissolved sol ids ,  i n  ppmQ 

Per cent sodium 7-97 

Boron, i n  ppm 0.0-5 10 

Fluoride, In ppm 0,o-4.4 

Averene 

513 

362 

51.3 

0.29 

0.5 

Source: Cal i fornia Department o f  Water Resources, Division of 
Resources Planning, Water Q u a l i t y  Invest igat ion,  Honey 
Lake and W i  1 low Creek Val leys. 
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TMLE V I  F-4 

Sut.IMAHy OF IIEID CHARACTERISTICS OF SELECTED 
WEIlLs TAPPINO THE LAHONTAN LAKE DEPOSITS IN 

HONEY LAKE VALmY 

t t .t tSpec- : Satu- t : Average 
t t Die- fDrau- rific t rated :Yield tpenneabilitp 

Wel l  :Factor t (Meinzer 
2 X l o o  : d t s )  

590 too 
607 600 

1, Loo  200 
01 50 
t 9  20 

Ut 200 
00 40 
252 350 
702 750 
600 2,000 

12 
43 
110 
18 
36 
26 
30 

105 
32 
52 

1 o m t  
2 e 1  
0.2 
7.9 
6.2 
8.2 
8.4 
1.1 
3.5 
6.5 

182-0 
&€e2 
3.5 

139.0 
lOP.0 
a 3  .5 
It6.0 
21.8 
61.0 

U 3  e 0  

TABLE VIF-5 

SWSMY OF MEID CHAMCTl3ISTICS OF SELECTD 
\JEUS TAPPING TME NEAR-SHQttI.; DEPOSITS IN 

HONEY LAKE VJUJII;,Y 

- 
t t 1 tSpoc- t Satu- 2 t Average 
t t Dis- :Draw- t i f l c  t rated tYield 2PenneabiUty 

W e l l  %Depth tcharge :dawn tCapac- tThickneea tFacbr o (ESeinzer 
t ( f t , )  t (gpm) t(ft.) t i ty  t (ft.) : X ~ O O  t units) 

26~J/lSs-3 F1 505 750 12b 6.0 2tS 2A6 L3.1 
262?/16%3u2 108 16 8 2.0 20 7.2 125 eo 
2 7 N/lLE- 16F1 32 20 h 5.0 12 Itl e 6  728.0 

Source: Cal i fornia Department of Water Resources, Northeastern Counties 
Groundwater Investigation, Appendix C ,  Geology, Bulletin No. 98 , 1963 
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TABLE V I  F-6 

S ~ ~ Y  OF YIELD CWCTEIUSTICS OF SELECTED 
WELLS TAPPINO THE PLEISTOCENE BASALT AM) 

LAHONTAN LAKE DEPOSITS IN HONEY LAKE V A U S Y  

7 -  - t t tSpec- t Satu- t t Average 
t t Dia- :Draw- t i f k c  : rated :Yield :PenaeabiUtu 

Well :Depth :charge :down rCapac- :Thickness tFactor t (Heinzer - &to) : (gpm) t(ft.) t i ty  t ( f t . )  t XIOO t units) 

TABLE VIF-7 

SlDLX4RY OF EELD C€IARACTEiaJSTICS OF SEIJZi'D 
WELLS TAPPINO THE ALLUVIAL FAN DEPOSITS I N  

HONEY LAKE VALTXY 

t t 8 :Spec- t Satu- t : Average 
t t Me- :Draw- rific t rated tYield tPemealdlity 

\Jell tFactor: (Meinzer 
: no0 : units) 

Source: Csl ifornia Department o f  Water Resources, Northeastern Counties 
Groundwater Investigation, Appendix C ,  Geology, Bulletin No. 98 , 196: 
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. APPENDIX G 

PROCUREMENT SPEC IF I CAT IONS 

1.0 INTRODUCTION 

To fu l ly  assess the a v a i l a b i l i t y  of water resources i n  an area, data 
must be available for both surface and ground water. Not only must the 
da ta  be avai lable ,  i t  must be si te specific to  the area for which the 
analysis is  being performed. Surface water data are, for the most 
par t ,  based on hydrologic studies performed by the USGS and California 
Department of Water Resources. the primary source of data were reports 
from varoius stream gauging stations located i n  the study area. Since 
there are annual variations i n  flow, historic data over a period of 
time are required t o  assess surface water characteristics. 

Ground water da ta ,  however, do not show considerable annual variations, 
thus an  inventory-type information (i.e. data  as of a p o i n t  i n  time) 
are required. The key aspects of ground water involve storage capacity 
and usable capacity. Storage capacity indicates the amount of ground 
water stored i n  the underlying aquifers. Developable usable capacity 
i s  recharge less current usage and natural discharge for a specific 
ground water basin. Unless both parameters are known, the amount of 
make-up water available from ground water sources cannot be estimated. 

Since some da ta  are available for each area, the procurement specifi- 
cations have been designed t o  acquire only the specific information 
requived. Acquisition of da t a  relevant t o  estimating available make-up 
water i n  the specific area i s  the only information included in the 
procurement speci f icat ions Potential ly  , proposals could be sol Ici ted 
t o  respond t o  the tasks contained i n  the procurement specifications. 
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2.0 GROUND WATER PROCUREMENT 

2.1 Ground Water Explora t ion  

The ground water e x p l o r a t i o n  program will inc lude  d r ink ing  wells for 
geophysical logging  and a q u i f e r  t e s t i n g .  Explora t ion  wells will extend 
t o  a depth of 1000 feet. The number of wells should be approximately 
one well for every 10 square  miles of surficial area i n  the two ground 
water bas ins .  Therefore, this will r e q u i r e  a to ta l  of two e x p l o r a t i o n  
wells for Willow Creek Valley, which has ground water p o t e n t i a l  (see 
Figure  VIG-1). Honey Lake and S e c r e t  Valleys do not  r q u i r e  ana lys i s .  
The methods used i n  this program will conform t o  t h e  s tandard  methods 
and equipment. Figure VIG-2 shows t h e  general  parameters for c o l l e c t i o n  
of ground water  data. 

2 . 1.1 Dri 1 1 i ng and Geophysical Logging 

The program should c o n s i s t  of an e x p l o r a t i o n  program which inc ludes  
d r i  11 i ng and geophysical 1 ogging programs. 

The d r i  11 i ng program should i ndi cate : 

a )  
b) Water level da ta  
c)  Water q u a l i t y ,  i nc lud ing  tempera ture  
d )  

Number and location of e x p l o r a t i o n  wells 

Physical p r o p e r t i e s  of t h e .  aquifer 
Method used for d r i l  I i ng inc lud ing  equi pment 

The g e o p h y s i c a l  l o g g f n g  program s h o u l d  i n d i c a t e  measurements o f :  

a)  Spontaneous electrical p o t e n t i a l  
b )  R e s i s t i v i t y  
c )  Acoust ic  l o g s  
d )  Temperature logs  
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GENERAL GROUNDWATER EVALUATION PROCEDURE 

ESTIMATION OF GROUNDWATER 
RECHAR G E 

I IDENTIFICATION OF AQUIFER 
BY THICKNESS, AREAL EXTENT I AND DEPTH 

1 

ACQUISITION OF WATER LEVEL 
AND WATER QUALITY DATA 

PRODUCTIVITY 

I 
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Spontaneous e lec t r ica l  potenti a1 measurements should report: a )  
location of aquifer, b)  thickness of aquifer and c) water quality. 

Resistivity logs should indicate: a )  water quality; b) porosity of 
formation, c )  location of aquifer and d )  s a l in i ty  of pore fluid.  

Acoustic logs should report porosity of formations. 

For temperature logs, indicate temperature encountered w i t h  depths. 

2.1.2 Aquifer Testing Program 

The aquifer testing program should describe the pumping test t o  be 
accompl i shed . The program should del i neate informati on from aqui fers 
and the wells. The aquifer testing program should include pertinent 
information on the hydraulic character is t ics  of the aquifer. In 
addition, specific information from well tests should describe the 
following: a )  yield, b)  drawdown and c) specific capacity or discharge 
drawdown rati 0.  

A description of the methodology selected for each tes t ,  the equipment 
t o  be used, number of tes ts  t o  be performed, s i t e  selection rationale 
and  instrumentation t o  be used should be included for each t e s t .  

fer test i ng program should specify : 

Well design and construction technique selected 
Well diameter t o  be employed 
Well depth 
Well screen length 
Type of pump t o  be employed 
Capacity of the pump 
Rate of discharge and measurement technique t o  
be employed 
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h )  
i )  Method of discharge disposal 
j )  

Length of time of the test  period 

Number and location of observation wells 

Measurcments of water depth should be conducted according t o  the 
fo l l  owing schedule: 

TABLE 2.1 

RANGE OF TIME INTERVALS BETWEEN WATER LEVEL MEASUREMENTS 
IN THE PUMPED WELL 

Time Since Pumping Started Time Intervals 

0 - 5 minutes 0.5 minutes 
5 - 60 minutes 5 minutes 

60 - 120 minutes 20 minutes . 
120 - s h u t  down of the pump 60 minutes 

After the pumping t e s t  i s  completed and a l l  information has been 
collected on well discharge, drawdowns i n  pumped well, regional t rend  
of the water table, etc., the available data should be analyzed. T h i s  
data  processing should include: a )  compilation of the data  i n  the form 
of.  graphs; b) correction of the drawdown data for regional changes o f  
the water level i n  the aquifer not induced by pumping, and for changes, 
i f  any, i n  barometric pressure during the tes t ,  and c) determination of 
the type o f  aquifer t h a t  has been pumped. 

2.2 Water Use Inventory 

The major objective of th i s  portion of the statement o f  work is to  
e water usage i n  the identified aquifer areas. T h i s  

determination should be based on a suryey of water users i n  the aquifer 
area . 
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-Statement of Work: 

1. Based on local county, ci ty,  u t i l i t y ( i e s ) ,  California Depart- 
ment of Water Resources and the California Division of O i l  
and Gas, o f f i c i a l  well records and land ownership maps f o r  
the aqui fer area,  determi ne : 

a. number of  wells 
b. the location of each well 
c. 
d. annual variations i n  usage 

annual usage f o r  each well and current application 

2. For wells not recorded i n  any o f f i c i a l  record, individual 
well Owner visits should be made t o  determine: 

a. number of wells 
b. the location of each well 
c. annual usage fo r  each well and current application 
d. annual var ia t ions i n  usage 

T h i s  survey should include a l l  individual wells greater than four 
inches i n  d iameter  b u t  should exclude w i n d m i l l s  and s tockwells .  
Municipal i r r iga t ion  and industrial  wells should bp surveyed. 

3. A l l  o f  the data should be summarized t o  es tab l i sh  water usage 
fo r  the aquifer  area. 

4. I n  addition t o  determination of water usage, the long-term 
annual recharge and inflow f o r  the aquifer  should be estab- 
lished. (Note, i f  possible, a 30-year h i s tor ica l  period 
should be used t o  determine this long-term term.) 

Honey Lake Valley and Willow Creek Valley a re  the only areas  t o  be 
surveyed (see Figure V I G - 1 ) .  
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APPENDIX C 

SUMMARY OF VISITS 

The following i s  a list o f  persons, agencies, addresses and dates o f  
visits and telephone contacts. 

James C. Blodgett (Hydraulic Engineer) and Gilber t  Bertoldi 
USGS 
Water Resources D i  v i  s ion 
2800 Cottage Way 
Sacramento, California 95825 
Phone - (916) 484-4606 
Date o f  visit: August 3, 1978 

Hibbard (Dick) E. Richardson (Ground Water Section Head) 
U.S. Bureau o f  Reclamation 
2800 Cottage Way 
Sacramento, Cal i forni a 95825 
Phone - (916) 484-4606 
Date of visit: August 3, 1978 

Marvin Forman (Division Chief) 
USGS 
Conservation Division 
2465 East Bay Shore 
Palo Alto, California 
Phone - (415) 323-8111, ext. 2888 
Date of visit: August 1, 1978 

Dona1 d Oaks (Engi neer) 
California Department of Water Resources 
1416 9th Street 
Sacramento, California 95802 
Phone - (916) 322-2844 
Date o f  visit: August 1, 1978 

G i  1 bert Bertoldi (Hydrologist) 
USGS 
Water Resources D i v i  sion 
2800 Cottage Way 
Sacramento, California 95825 
Phone - (916) 484-4606 
Date o f  visit: October 13, 1978 
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‘cd Dick l a l l a t i n  (Hydrologist) and Phil  Lorens 
Cal i fornia Department o f  Waber Resources 
Red B lu f f ,  Cal i fornia 
Phone - (916) 522-6530 
TeTephone contact 

. 

Maurice D. Roos (Engineer) 
Cal i f o r n i  a Department of  Water Resources 
1416 9 th  Street 
Sacramento, Ca l i fo rn ia  95802 
Phone - (906) 445-2578 
Date o f  v i s i t :  August 1, 1978 

John Moon and Douglas Kleinsmith 
U.S. Bureau o f  Land Management 
2800 Cottage Way 
Sacramento, Ca l i fo rn ia  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3 ,  1978 

Ken Luckow (Soi l  Scient ist) ,  Mark Cleve 
Larry Smith (Planner) 
U.S. Forest Sevice 
Modoc National Forest Headquarters 
441 N. Main St re t  
A1 t uras , Cal i f o r n i  a 96101 
Phone ,- (916) 233-3521 
Telephone contact 

and (Hydrologist) and 
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APPENDIX D 

SURFACE WATER DATA 

The Medicine Lake watershed i s  bordered north and west by the Medicine 
Lake highland. The widespread b a s a l t i c  f l ows  n o r t h  o f  t h e  Glass 
Mountain KGRA which includes the lavas o f  the Lava National Monument, 
were discharged most ly  from t h e  n o r t h  f l a n k  o f  t h e  Medicine Lake 
highland. Mount Hoffman (7,913 feet) ,  Glass Mountain (7,600 feet), 
Grouse H i l l  (7,650 feet), Lyon Peak (7,800 feet), and Red Shale Butte 
(7,800) are the highest peaks on the  Medicine Lake highland. South o f  
the Medicine Lake watershed i s  the Medicine Mountain (7,400 feet )  and 
west i s  the L i t t l e  Mount Hoffman (7,310 feet). The Medicine Lake 
watershed i s  a closed basin. 

Prec ip i ta t ion 

Annual p r e c i p i t a t i o n  i s  approximately 40-45 inches i n  t h e  h ighe r  
elevations i n  the v i c i n i t y  o f  Medicine Lake. The annual p rec ip i ta t ion  
decreases rap id ly  wi th decreasing elevat ion t o  the north, east and 
south t o  a range o f  10 t o  20 inches (CDWR f58 1960). The mean annual 
p rec ip i ta t ion  a t  Medicine Lake f o r  t he  period 1967 through 1975 i s  51.9 
inches. The mean annual p rec ip i ta t ion  a t  Lava Beds National Monument 
f o r  the period 1967 through 1977 i s  14.6 inches. The normal annual 
p rec ip i ta t ion  a t  Tule Lake i s  10.9 inches (NOAA 196701977). 

Evaporation 

There i s  no data avai lable f o r  evaporation i n  the v i c i n i t y  o f  the 
Glass Mountain KGRA. The mean t o t a l  evaporation from May through 
September a t  Tule Lake f o r  the period 1967 through 1976 i s  42 inches 
(NOAA 1967-1976). The mean annual net evaporation loss from Clear Lake 
Reservoir i s  60,000 t o  100,000 acre-feet (CDWR 583 1964). 
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APPENDIX E 

GROUND WATER DATA 

General Geology 

The Glass Mountain KGRA i s  located i n  the Medicine Lake Uplands, an 
eastward extension o f  the Cascade Range physiographic province. The 
province i s  characterized by recent volcanic ac t iv i t y .  Modoc Plateau 
physiographic province which l i e s  north, east and south o f  Medicine 
Lbke Uplands i s  characterized by north t o  northwest trending val leys 
and ranges and broad areas inundated by basalt flows. The va l ley 
f loors  are underlain by water bearing sediment which accumulated on 
subsiding f a u l t  blocks. Butte Valley, Red Rock Valley and the Lower 
Klamath Valley are located i n  the v i c i n i t y  o f  the Glass Mountain KGRA. 

Butte Valley l i e s  east o f  the  Mahogany Mountain Ridge. Elevation 
ranges from about 4200 feet i n  t h e  v a l l e y  f l o o r  t o  6255 f e e t  a t  
Mahogany Mountain, Redrock Valley, southeast o f  Mahogany Ridge, l i e s  
a t  an elevat ion o f  about 4350 feet. Sheep Mountain r i ses  t o  6210 feet  
between Butte Valley and Red Rock Valley. The Klamath Valley l i e s  west 
o f  the Mahogany Mountain Ridge and i s  comprised o f  the  Lower Klamath 
Lake and Tule Lake areas. These areas l i e  a t  elevations o f  about 4075 
and 4040 feet respectively and are separated by a north trending r idge 
which r i ses  t o  5258 feet a t  Sheepy Peak. 

The Glass Mountain KGRA i s  underladn f o  the most part  by volcanic 
rocks o f  va ry ing  age which i ude r h y o l i t e  andesite, basa l t  and 
py roc las t i cs .  S m a l l  bodies o f  g l a c i a l  depos i ts  and a l l uv ium l i e  
immediately adjacent t o  Medicine Lake. 
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Ground Water Hydro1 ogy 

Ground water resources i n  the study area were considered i n  two groups: 
water bearing and non-water bearing stratigraphic u n i t s ,  as shown i n  
FigureYIIE-2,Sedimentary rock units were classified as water bearing 
Igneous rocks i n  the study area are entirely of volcanic o r i g i n  
were classified as non-water bearing. Extensive bodies of sedimentary 
rocks overlie down faulted blocks beneath Butte Valley and the Lower 
Klamath Lake and Tule Lake areas of the Klamath River Valley. These 
comprise the principal aquifers i n  the study area. The smaller body of 
sedimentary rocks i n  the Red Rock Valley are not sufficiently permeable 
t o  yield large quantities of water t o  wells. The volcanic rocks i n  the 
upland areas which border the sedimentary rocks i n  the study area are 
not entirely non-water bearing. The younger volcanic rocks vary i n  
permeability and water yielding capacity w i t h  location. The broad 
bas,alt f lows comprise important recharge areas and locally i n  the 
uplands may yield significant quantities of  water t o  wells. Where 
interbedded w i t h  sediments i n  the valleys, the basalts combine w i t h  the 
sediments t o  form the most productive aeas of the aquifers. 

The following discussion describes ground water conditions i n  Butte 
Valley, Red Rock Valley, Tule Lake and Lower Klamath Lake areas. 

Butte Valley 

Butte Valley is  a closed basin located about 20 miles northwest of 
the Glass Mountaifi KGRA covering an area of about 480 square miles. 
Water bearing rocks i n  Butte Valley consist of basalt, a l l u v i a l  
deposits and lake deposits. The lake deposits under - the central and 
western portion of the valley are not sufficiently permeable t o  yield 
large quantities of water t o  wells. The moderately permeable lake 
deposits i n  the eastern part  of the valley combined wi th  basalt and 
alluvial deposits comprise the aquifer i n  Butte Valley. The lake 
deposits are a t  least 900 feet thick. The a l luv ia l  deposits consist of 
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up t o  350 feet of t a l u s  and al luvial  fan deposits occurring on the 
margins of the v a l l e y  and up t o  60 fee t  o f  a l luvium deposited i n  
basins, stream channels, and playa lakes along the southeastern side of 
the valley. The t a l u s  deposits a r e  highly permeable. The coarser 
a1 l u v i u m  depos i t ed  i n  bas ins  and s t ream channels  is moderately 
permeable. The a l luv ia l  fan and playa deposits have low permeability. 
The Butte Valley basal t  wfrich is interbedded w i t h  lake deposits and 
alluvium i n  the southern par t  of Butte Valley has h i g h  permeability and 
i s  the most productive rock u n i t  i n  the valley (Wood 1960). 

Ground water i n  Butte Valley i s  under conditions ranging from confined 
t o  water table .  Confinement results from intertonqueing of more 
permeable basa l t  and alluvium w i t h  less permeable lake  deposits. In 
the southwestern margin of the valley the piezometric surface i s  h ighe r  
than the land surface and flowing wells can be constructed. 

The thickness of the water bearing materials under Butte Valley i s  
unknown. A well drilled near Dorris penetated 947 feet of lake de- 
pos i t s  before encountering basalt. The thickest sediments probably 
occur under the west central par t  of the valley (Wood 1960). 

Recharge of the aqui fe r  i n  Butte Valley results from the i n f i l t r a t i o n  
of preci pi  t a t  ion in to  the basal t s  on uplands surrounding the Val ley and 
i n f i l t r a t i o n  of stream flows into al luvial  deposits along the margins 
of the valley. Water i n f i l t r a t i n g  the upland basa l t s  moves downward i n  
fissures and permeable zones and l a t e r a l l y  i n t o  the sediments i n  the 
valley. 

In the southern par t  o f  the valley ground water is  moving toward areas 
where discharge occurs through wells. In the northern par t  of the 
valley ground water is  moving toward the Mahogany Ridge i n  the vicinity 
of Dorris. Ground water mwts through the ridge i n t o  the saturated 
sediments  under  t h e  L (lamath Lake area of t h e  Lower Klamath 
Valley. 
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The qual i ty  of water i n  Butte Valley is generally adequate for most 
uses. There is high sodium content i n  the western portions o f  the  
valley near Meiss Lake and some high concentrations of arsenic i n  
shallow wells i n  the v ic in i ty  of Davis Creek (CDWR P118). The contra- 
t i on  of TDS i n  ground water ranges from 150 t o  500 mg/l i n  most areas. 

No estimate is avai lable  f o r  the ground water storage capacity i n  Butte 
Val 1 ey. 

Well y ie lds  up t o  4100 gpm have been measured i n  Butte Valley and have 
am average of 2,000 gpm (CDWR #118). Wells penetrating the Butte 
Valley Basalt i n  the soutern portion o f  the valley tend t o  produce more 
water w i t h  less drawdown than those which penetrate lake deposits. 
Appendix F shows y i e l d  d a t a  f o r  wells tapping  the l ake  d e p o s i t s  
i n  the eastern portion of Butte Valley and wells which a l so  t a p  the 
Butte Val 1 ey Basalt . 
R e d  Rock  Valley 

R e d  Rock Valley is located approximately 12 miles northwest of the 
Glass Mountain KGRA covering an area of about 20 square miles (Wood 
1960). Water bearing materials i n  the valley include u p l t o  120 feet o f  
lake deposits and basalt .  The lake deposits over l ie  the basalt  and do 
not yield s ign i f icant  quant i t ies  of water t o  wells. The deeper basal ts  
which underlie Red Rock Valley a re  permeable and capable of la rge  well 
yields.  The Butte Valley Basalt is above the water t a b l e  i n  Red Rock 
Valley. Ground water i n  the deeper basa l t s  a r e  under confined condi- 
t ion.  Confinement is provided by the overlying lake deposits which 
have much lower permeability. 

I n s u f f i c i e n t  information i s  a v a i l a b l e  t o  determine the amount of  
ground water stored i n  the valley o r  the general pattern of i ts  move- 
ment. Recharge probably results from the deep percolation of precipi- 
t a t i on  which i n f i l t r a t e s  upland basal t  flows surrounding the valley and 
alluvium under the valley floor.  
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Data on the quality of ground water in'Red Rock Valley i s  limited. The 
ground water from the 1 ake deposits i s  general ly 'of excel 1 ent qual ity. 

Data on the yield of wells i n  Red Rock Valley is limited. No data is  
available for wells tapping  the lake deposits. Wells yields range up 
t o  1,500 gpm (Wood 1960). 

Tule Lake Area 

The Tule Lake area of the Klamath River Valley i s  located approximately 
10 'miles north of the Glass Mountain KGRA. Water bearing materials 
i n  the Tule Lake area include lake deposits and basalt. The lake 

-deposits have low permeability and do not yield large quantities of 
water t o  wells. The basalt is  highly permeable and capable of large 
yields. The basalt intertonques w i t h  the lake deposits i n  the southern 
part o f  the area .and underlies the lake deposits throughout the area. 
-In the Tule lake area ground water i n  the basalt i s  confined by lake 
deposits. South of the area ground water in'the volcanics i s  under 
water table conditions. %round water i n  the lake deposits is under 
conditions ranging from confined t o  water table (Hotchkiss 1968). 

The thickness o f  water bearing deposits i n  the Tule Lake area is not 
known. A deep well near Tule Lake penetrated 2207 f ee t  of lake de- 
posits before encountering the underlying basal t. 

The principal source of recharge i n  the Tule Lake area are infiltra- 
t i on  of surface water from Tule Lake Sump and underflow from adjacent 
volcanic rocks. Some recharge may occur where streamsc 
volcanic rocks 

The qual i ty  of ground.water i n  the Tule Lake area is  generally good and 
adequate fo r  most uses. Water from the lake deposits i s  o f  less 
qual i ty  than  t h a t  in-the basalts under the area 'and south o f  the area. 
Shallow wells i n  the Hatfield and Tule lake area produce water having a 

> 
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TDS of 962 t o  1300 mg/l from the lake deposits. Water from the deep 
basa l t s  underlying the lake deposits i n  the same area contain about 200 
mg/l TDS. The qual i ty  of water i n  the volcanic rocks south of the lake 
deposits improves w i t h  increasing distance from the lake deposits. 
Wear the southern margin of .the lake deposits ground water contains 
about 600 mg/l TDS. Several miles south of the lake deposits ground 
water from volcanic rocks contains 150 t o  266 mg/l TDS (Hotchkiss 
1968). Appendix F shows analyses of ground water and yield from wells 
i n  the Tule Lake area. 

Yield data f o r  wells located i n  the Tule Lake area is  limited. The 
avai lable  data a r e  shown i n  Appendix F. Generally, the largest  well 
yields  a r e  produced from basa l t s  beneath the lake deposlts and basa l t s  
ea s t  of the lake deposits. In the Hatfield and Tule Lake areas  the 
basa l t s  beneath the lake deposits produce 1200 t o  2650 gpm a t  spec i f ic  
capac i t ies  of 16 t o  62 gpm per foot of drawdown. The basa l t s  west of 
the lake deposits produce up t o  4000 gpm a t  specific capaci t ies  up t o  
250 gpm per foot of drawdown. By contrast  the average .yield of t h e  
lake deposits is 30 g p  a t  an average specific capacity of 2 gpm per 
foot of drawdown. 

Lower Klamath Lake Area 

The Lower Klamath Lake area of the Klamath River Valley i s  located 
approximately 13 miles northwest of the Glass Mountain KGRA. Insuf- 
ficient information is avai lable  t o  accurately describe the water- 
bearing formations i n  the area. Due t o  s imi la r i ty  i n  geology w i t h  the 
Butte Valley t o  the west and the Tule Lake area t o  the eas t ,  water- 
bearing materials i n  the Lower Klamath Lake area would probably include 
alluvium, lake deposit and basal t  under and south of the lake deposits. 

Insuff ic ient  data a r e  avai lable  t o  describe the thickness of the water 
bearing materials,  the conditions i n  the aquifer ,  o r  the direct ion of 
ground water movement. I f  the area is s imilar  t o  the Tule Lake area t o  
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the west, higher quali'ty ground water should 
under and south of the lake deposits. 
i n sodi um and n i t  ra te  content (CDWR i l l 8 ) .  

Maximum well yields  i n  the Klamath River Valley a r e  4,000 gpm w i t h  an 
average of 1,000 gpm (CDWR #ll8).  

'Aquifer Characteristics 3 

The term "aquifer" is applied t o  any ater-beari ng formati on or rock 
u n i t  t ha t  is 'capable of yielding an adequate' water supply. The adjec- 
tives "excellent,"2 "good," "fair ,"  or "poor" m a y  be used t o  denote 
the degree t o  which the yield from an aquifer is adequate, but  they 
a re  not specific enough fo r  a quantitative appraisal of an aquifer o r  
for  comparing one aquifer w i t h  another. To be more specific, the 
water-bearing ab i l i t y  of an aquifer may be expressed i n  terms of the 
aquifer's trasmissivity. Transmissivity is expressed as the ra te  of 
flow i n  gallons per day through a one-foot-wide vertical strip of the 
entire sa tu ra t ed  thickness of the aqu i f e r  under a u n i t  hydraul ic  
gradient a t  the prevai 1 ing  temperature of the water. 

a i lable  from basalts 
er is typically high Groun 

The water-bearing ab i l i t y  of an aquifer may also be expressed i n  terms 
of f i e l d  hydraulic conductivity. As used i n  this report, the field 
hydraulic conductivity i s  the ra te  of flow i n  gallons per day that  
will occur through a one-foot-square cross-section o f  the aquifer 
under a u n i t  hydraul i c  gradient. Generally, the horizontal hydraul ic 
conductivity of an aquifer is gr'eater than the vertical hydraulic 
conductivity. 

T h i s  i s  especially true for  alluvial  materials because of s ize  sorting 
and the alignment of platy and ellipsoidal grains that  occurred during 
deposition o f  the material The vertical hydraulic conductivity of 
some aquifers that  consist of many different s t r a t a  ranging from clay 
or  s i l t  t o  sand or  gravel m a y  be only hundredths or thousandths o f  the 
hor i zont a1 hydraul i c conduct i v i  t y  . 
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Transmissivities comnonly are computed from the resul ts  o f  control led  
pumping tests. They also can be computed on the basis o f  the width o f  
a vetical section through which ground water i s  moving a t  a known ra te  
under a known hydraulic gradient, or on the basis of the specific 
capacity, which i s  the rate o f  y i e l d  per un i t  drawdown, o f  a well. 

I n  water table aquifers, the changes i n  storage that  resu l t  i n  changes 
i n  head are defined by the specif ic y i e l d  which i s  the percentage o f  
water by volume that can be drained from a porous rock under gravity. 

Aquifer characteristics can be determined by pump tests. A l l  pump 
tests f o r  t h i s  area are located i n  Butte Valley. These tests were 
conducted by the USGS. The resu l ts  o f  these pump tests  are shown i n  
Appendix F. 

L 
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TABLE VI 1 F-1 Stonmary oj  yield characteristier or welk tapping the lake deposita in 
the catern half oj  d uttc Valley 

5 
4 
23 
17 
14 
14 
24 
14 
16 
11 
4 
6; --------- 

100 
J 05 
40 so 
70 
47 

35 
40 
121 
100 
108 

8 

280 
365 
275 
300 
300 
300 
140 
114, 
100 
166 
342 
272 

50 
43 
42 
34 

19 
15 
14 
9 

I 1 

TABLE V I  IF-2 Summary o j  yield charaeteristia for wefk tapping the lake deposita a d  
BuUe Vdlev baaail 

~ 

smne a- 
pacity (gpm 

c font al d" rawdown) 

200 
13 
47 
3s 
12 

C 16 
30 

4 3 w  
4 400 

4 66 
125 
317 
325 
85 
24 
47 
74 
67 
117 

1,100 
43 
53 
50 
159 
32 
2i3 

1,000 

thickness Yieid Lctor 1 
Sntuctd 

(fcL*t) I 
7 
63 
64 
GS 
43 

4 70 
43 
7 

4 10 ' 22 
16 
6 
4 
20 
G3 
34 
2i 
30 
12 
1 
30 
36 
23 
14 
30 
15 
1 

1,400 
so0 

3,000 
2, GOO 
1,800 
1,100 
1,300 

4 2, OOO 
4 4,000 
1,500 
2, OOo 
1,900 
1,300 
1,700 
1,500 
1, GOO 
2, OOo 
2,000 
1,400 
1,100 
1,300 
1,900 
1, :sea 
2, 5w 
975 

4,100 
1,000 

92 
215 

1 SprclIlc capwity c l lv l~ ld  hy su:uralrrl thlekncu, ttmcr 100. 

Source: P.R. Wood, 1960 
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TABLE VIIF-4 
YIELD CHARACTERISTICS OF '%!WELLS 

IN THE TULE WKE-ARW 
Speci f i c 

Depth Discharge Capacity 
we1 1 (ft) (gpm) (gpm ft) 

44/6 - 16P1 
45/4 - 28H1 
45/6 - 1741 - 28M1 
46/4 - 15M1 - 1831 
4615 - 3P1 
46/6 - 5L1 - 8E1 
47/4 - 6F1 
47/5 - 1H1 - 1 K 1  - 1K2 
47/6 - 6C1 - 6F1 - 761 - 30B1 - 3OC1 - 30K1 - 30L1 
48/4 - 16P3 - 35L1 - 35L2 
4815 - 14Q1 - 33A1 - 36Hl - 36K1 
48/6 - 31L1 - 31M1 

27 1 
7 58 
250 
385 
48 

226 
173 
190 
215 
123 

1000 
119 
131 
450 
711 
594 
117 
140 
61 

275 
1200 
2676 
2676 

155 
33 

110 
66 

251 
438 

15 
11.5 
2100 
850 

24 
12 
58 

4000 
2200 

30 
20 

500 
1050 
1200 
2000 
1150 
1000 
3500 

25 
40 

2650 
1200 
1200 

30 
50 
10 
30 
30 

1200 

Source: Hotchkiss, 1968 

38 
52.5 

2.4 

19 
250 

137.5 

0.66 
7.5 

2.7 
13.3 

i* 
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TABLE VIIF-5 
PUMP TEST DATA FOR BUTTE VALLEY 

We1 1 Location Depth Average Transmi ss i  v i  ty Hydraul i c 
Conduct v i t y  3 (feet) Discharge (gpd/Ft) 

(9Pm 1 (gpd/ft 1 

47/lw - 23A1 194 950 26,000 

- 24C1 190 1000 38,000 

- 23H1 210 900 24,000 

160 

230 

-- 

Source : McCl 1 eland, 1965 

NOTE: A l l  t e s t  wel ls tap lake deposits i n  the v i c i n i t y  o f  Dorr is 
i n  Butte Valley 
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APPENDIX .G 

ROCUREMENT SPEC I F  ICATIvNS 

1 .O INTRODUCTION 

To f u l l y  assess the a v a i l a b i l i t y  o f  water resources i n  an area, data 
must be avai lable f o r  both surface and ground water. Not only must the  
data be available, it must be s i t e  speci f ic  t o  the area f o r  which the  
analysis i s  being performed. Surface water data are, f o r  the most 
part,  based on hydrologic studies performed by the USGS and Ca l i fo rn ia  
Department o f  Water Resources. the primary source o f  data were reports 
from varoius stream gauging stat ions located i n  the study area. Since 
there are annual var iat ions i n  flow, h i s t o r i c  data over a period o f  
t ime are required t o  assess surface water characterist ics. 

Ground water data, however, do not show considerable annual variations, 
'thus an inventory-type information ( L e .  data as o f  a po int  i n  time) 
are required. The key aspects o f  ground water involve storage capacity 
and usable capacity. Storage capacity indicates the amount o f  ground 
water stored i n  the underlying aquifers. Developable usable capacity 
i s  recharge less current usage and natural discharge f o r  a speci f ic  
ground water basin. Unless both parameters are known, the amount o f  
make-up water avai lable from ground water sources cannot be estimated. 

Since some data are avai lable f o r  each area, the procurement speci f i -  
cations have been designed t o  acquire only the speci f ic  information 
required. Acquis i t ion o f  data relevant t o  estimating avai lable make-up 
water i n  the speci f ic  area i s  the only information included i n  the 
procurement speci f i cat i ons . Potent i a 11 y , proposal s coul d be sol i c i  ted 
t o  respond t o  the tasks contained i n  the  procurement specifications. 
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2.0 GROUND WATER PROCUREMENT 

2.1 Ground Water Exploration 

The ground water exploration program will include drinking wells for 
geaphysical logging and aquifer testing. Exploraton wells will extend 
t o  a depth of 1000 feet. The number of wells should be approximately 
one. we1 1 for every 10 square miles of surf icial area i n  the two ground 

Therefore, this will require a to ta l  of 122 exploration 
e l l s  for the various basins which have ground water potential (see 
igure VIIG-1). Table WIG-1 t s  a summary of these potential areas 

number of exploration wells required. The methods used i n  this program 
will conform t o  the standard methods and 3 equipment.Flgure YIIG-2 shows 

t e r  baslns. 

' the general parameters for collection of ground water,data. 

The groundwater procurement program general l y  w i  11 require: physical 
definition of the aquifer, water level data w i t h i n  the productive 
aquifer, water quality measurements, information on hydraulic proper- 
ties, estimation of groundwater in-storage and estimation of ground- 

t e r  recharge.Figure WIG-2 shows the general parameters for cot1 ection 
of groundwater data.  

x 2.1.1 D r i l l i n g  and Geophysical Logging 

am should consist of an explorati rogram which i ncl udes 
' d r i l l  i ng and geophysical logging programs. 

gram should i ndkate : 

and 1 ocat I on of expl oration we1 1 s 
b) Water level data 
c )  Water quality, including temperature 

e) 
L J  t o  be used 

I d )  Physical properties o f  the aquifer 
Method used for d r i l l i n g ,  including equipment 

I 

I 
I 

4 
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Basin Name 

Tule Lake Area and 
Lower Klamath Lake 

Butte Valley 

Red Rock 

TABLE VIIG-I 

Number o f  Expl orat i on 
We1 1 s Required 

72 

48 

2 - 
Total 122 

2.2 Water Use Inventory 

The major objective o f  t h i s  port ion o f  the statement o f  work i s  t o  
determine t h e  water usage i n  the  i d e n t i f i e d  a q u i f e r  areas. This 
determination should be based on a survey o f  water users i n  the aquifer 
area . 
Statement o f  Work: 

1. Based on local  county, c i t y ,  u t i l i t y (  ies), Cal i fornia Depart- 
ment o f  Water Resources and the Cal i fornia Div is ion o f  O i l  
and Gas, o f f i c i a l  well records and land ownership maps f o r  
the aqui fer  area, determine: 

a. number o f  wells 
b. the locat ion o f  each well  
c. annual usage for each well  
d. annual variat ions i n  usage 

2. For wells not recorded i n  any o f f i c i a l  record, indiv idual  
wel l  Owner v i s i t s  should be made t o  determine: 

a. number o f  wells 
b. the locat ion o f  each well 
c. annual usage for each welt 
d. annual variat ions i n  usage 
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GENERAL GROUNDWATER EVALUATION PROCEDURE 

ACQUISITION OF WATER LEVEL 

Figure V I  IG-2 
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The geophysical logging r gram should indicabe measurements of: 

a )  Spontaneous electrical potential 
b )  Resistivity 
c) Acoustic logs 
d )  Temperature logs 

Spontaneous e lec t r ica l  potential measurements should report: a )  
location of aquifer, b) thickness of aquifer and c) water quality. 

Resistivity logs should indicate: a) water quality; b) porosity of 
formation, c )  location of aquifer and d )  s a l i n i t y  of pore f l u i d .  

Acoustic logs should report porosity o f  fomations. 

For temperature logs, indicate temperature encountered w i t h  depths. 

2.1.2 Aquifer Testing Program 

The aquifer testing program should describe the pumping tes t  t o  be 
accompl i shed. The program shout d del i neate informati on from aquifers 
and the wells. The aquifer testing program should include pertinent 
information on the hydraulic characteristics o f  t h e  aquifer .  f n  
addition, specific information from well tests should describe the 
following: a) yield, b) drawdown and c) specific capacity or discharge 
drawdown ratio. 

A description of the methodology selected for each tes t ,  the equipment 
t o  be used, number of tests t o  be performed, s i t e  selection rationale 
and instrumentation t o  be used should  be included for  each t e s t .  

\ 

The aquifer testing program should specify: 
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Well design and construction technique selected 
Well diameter t o  be employed 
Well depth 
Well screen length 
Type of pump t o  be employed 
Capacity o f  the pump 
Rate o f  discharge and measurement technique t o  
be employed 
Length o f  t ime o f  the t e s t  period 
Method o f  discharge disposal 
Number and locat ion o f  observation wel ls 

Measurements o f  water depth should be conducted according t o  t h e  
f o l  1 owi ng schedul e: 

TABLE 2.1 

RANGE OF TIME INTERVALS BETWEEN WATER LEVEL MEASUREMENTS 
I N  THE PUMPEp WELL 

Time Since Pumping Started 

0 - 5 minutes 
5 - 60 minutes 

60 - 120 minutes 
120 - shut down o f  the pump 

Time In terva ls  

0.5 minutes 
5 minutes 

20 minutes 
60 minutes 

A f t e r  t h e  pumping t e s t  i s  completed and a l l  i n f o r m a t i o n  has been 
col lected on wel l  discharge, drawdowns i n  pumped well ,  regional trend 
of the  water table, etc., the  avai lable data should be analyzed. This 
data processing should include: a) compilation o f  the  data i n  the form 
of graphs, b) correct ion o f  the drawdown data f o r  regional changes o f  
the water leve l  i n  the aquifer not induced by pumping, and for changes, 
if any, i n  barometric pressure during the test ,  and c) determination o f  
the type o f  aqui fer  that has been pumped. 
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Thi s survey should include a l l  indiv idual  wel ls ‘greater than four 
inches i n  diameter bu t  should exclude w indmi l l s  and stockwel ls.  
Municipal i r r i g a t i o n  and indus t r ia l  wel ls should be surveyed. 

i 

I 

I 
I 

3. All of the data should be summarized t o  establ ish water usage 
f o r  the aqui fer  area. 

4. I n  addi t ion t o  determination of water usage, the long-term 
annual recharge and in f low f o r  the aqui fer  should be estab- - 

l ished. (Note, i f  possible, a 30-year h i s to r i ca l  period 
should be used t o  determine t h i s  long-term term.) 

Figure V I I G - 1  indicates the spec i f i c  area; to be surveyed. 

! 

V I  IG-9 



VIII. LASSEN 

APPENDIX A 

BIBLIOGRAPHY LISTING 

V I  I IA-I 



I 

APPENDIX A 

BIBLIOGRAPHY LISTING 

Bader , J .S. 
1969 "Ground Water Data as of 1967, North Lahontan Subregion, 

California." USGS Open File Report (Ref. No. B1-Gen) 

B1 odgett , 3 .C. 
1970 "Water Temperature of California Streams, North Coastal 

Subregion." USGS Open File Report (Ref. No. 82-Gen) 

Blodgett, J.C. 
1971 "Water Temperature of California Streams, Sacramento Basin 

Subregion." USGS Open File Report (Ref. No. B3-Gen) 

"Proposed Geothermal Leasing, Honey take Val ley Environmental 
Assessment Record." 

Bureau of Land Management, U.S. Dept. of In t e r io r  

(Ref . No. B1 -WA) . 
California Department of Conservation, Division o f  Mines and Geology 

1968 "Bouger Gravity Map of California,  Altura Sheet." (Ref. No. 
c-S) 

California Department of Conservation, Division o f  Mines and Geology 
1973 "Bouger Gravity Map of California,  Weed Sheet." (Ref.No. 

California Depatment of Conservation, Divis ion of Mines and Geology 

C1 -GM) 

1960 "Geol ogic Map of Cal i forn ia ,  Westwood Sheet .I' (Ref . No. 
C-WA ,L) 

California Department of Water Resources 
1975 "California 's  Ground Water." Bulletin 118 (Ref. No. C2-Gen) 

Cal i fornia  Department of Water Resources 
1974 "Evaporation from Water Surfaces i n  California." Bulletin 

73-1 (Ref. No. C8-Gen) 

Cal i fornia  Department of Water Resources 
"Hydrologic Data." Bulletin 130, Vol. 1 North Coastal Area 
1967-1975, Vol . 2 Northeastern California 1963-1965, 1967- 
1975 (Ref. No. C9-Gen) 

Cal i forn i a Department of Water Resources 
1960 "Investigation of Upper Feather River Basin Development." 

Bulletin 59-2 (Ref. No. C1-Gen) 

California Department o f  Water Resources 
1964 "Klamath River Basin Investigation." Bulletin 83 (Ref. No. 

C1 -GM) 

VIIIA-2 



Cal i fornia  Department of Wate Resources 
1960 "Northeastern Counties Investigation." Bulletin 58 (Ref. No. 

CE-Ge n ) 

Cal i forn i a  Department of Water Resources 
1963 "Northeastern Counties Ground Water Investigation." Bulletin 

98 Vol. 1 (Ref. No. C5-Gen) 

Cal i forn i a Department o f  Water Resources 
1963 "Northeastern Count i  es Ground Water Investigation. It B u l l  etin 

98, Appendix C (Ref. No. C4-Gen) 

Cal i forni a Depatment of Water Resources 
1974 "The California Water Plan - O u t l o o k  i n  1974." Summary 

Report Bulletin 160-74 (Ref. No. C3-Gen) 

Cal i forn i a  Department of Water Resources 
1977 "Water for Power Plan t  Cooling." Bulletin 204 (Ref. No. 

C1 0-Gen) 

Cal i fornia Department of Water Resources 
1973 "Water Management for Wild1 ife Enhancement i n  Butte Valley." 

Bulletin 105-4 (Ref. No. C2-GM) 

"Water Resources and Future Water Requirements - North 
Coastal Hydrographic Area." Vol . 1 : Southern Portion 
Bulletin 142-1 (Ref. No. C7-Gen) 

Cal i fornia  Department of Water Resources 
1965 

Cal i fornia  Department of Water Resources, Division o f  Resource Planning 
1960 "Water Qual i ty  Investigation - Honey Lake and Willow Creek 

Valleys." (Ref. No. Cl-WA) 
/ 

Cal i forni  a Department of Water Resources 
1960 "Water qua l i ty  investigation w Surprise Valley." (Ref. No. 

Cl -5) 

California Region Framework Study Committee 
1970 omprehensive Framework Study, Cal lfornia Region." Appendix 

: Water Resources (Ref. No. C5-Gen) 

Duffield, W.A. and Fournier, R.O. 
1974 "Reconnai ssance Study of the Geothermal Resources of Modoc 

County, California." USGS Open File Report (Ref. No. 0 2 4 )  

Godmin, L.H. and Stephens, E.V. 
1976 "Geothermal Land Classification Map." . USGS, Conservation 

Division, Wes+ 'egion (Ref. No. 61-Gen) 

Hilton. G.S. 
1963 "Water Resources Reconnai ssance i n  the Southestern Port of 

the Honey Lake Valley, Lassen County, California." USGS 
Water Supply Paper 1619 2 (Ref. No. HI-WA) 

W 

V I  I IA-3 



Hotchki ss , W .R . 
1968 "A Geol ogic and Hydrogeol ogic Reconnaissance o f  Lava Beds 

National Monument and V ic in i ty ,  California." USGS Open F i l e  
Report 68-140 (Ref. No. H1-GM) 

Jorgensen, M.A. e t  a l .  
1971 "Cal i fornia Streamflow Characteristics." Vol.1: Colorado 

River Basin, Southern Great Basin and Paci f ic  Coast Basins 
including Central Valley, USGS Open F i l e  Report (Ref. No. 
J1 -Gen) 

Jorgensen, M.A. e t  a1 

Great Basin and Central Valley, USGS Open F i l e  Report (Ref. 
No. 32-Gen) 

1971 "Cal i fornia Streamflow Characterstics." Vol . 2: Northern 

McCleland, E.J. 
1965 "Aquifer Test Compilation f o r  Northern California." USGS 

Open F i l e  Report (Ref. No. M1-Gen) 

Mariner, R.H., Presser, T.S. and Evans W.C. 
1976 "Chemical Cmposi t ion  and Cal cul  ated Aqui f e r  Temperature f o r  

Sel ect ed We1 1 s and Spri ngs o f  Honey Lake Val 1 ey , Cal i f o r n i  a. 
USGS Open F i l e  Report 76-783 (Ref. No. M1-WA) 

"Climatological Data, Annual Summary." 1950, 1951 , 1954, 
1972, 1973, 1976, 1977 (Ref. No. N1-Gen) 

National Oceanic and Atmospheric Administration 

Rantz, S.E. 
1972 "Runoff Characterist ics o f  Ca l i fo rn ia  Streams." USGS Water 

Supply Paper 2009 A (Ref. No. R1-Gen) 

Rantz, S.E. 
1964 "Surface Water Hydrology o f  Coastal Basins o f  Northern 

Cali fornia." USGS Water Supply Paper 1758 (Ref. No. R1-GM) 

State Water Resources Control Board 
1971 "Water Qua l i t y  Control Plan f o r  the North Lahontan Basin 

( inter im) .I' (Ref. No. S1-5) 

Sui tek, J.F. 
1973 "Data f o r  Selected Water Wells, Yountvi l le Quad., Napa 

County , Cal i fornia." USGS Open F i l e  Report (Ref. No. S4-G) 

Thomas, H.E. and Phoenix, D.A. 
"Summary Apprai sal o f  the Nation's Ground Water Resources - 
Cal i forn ia  Region." USGS Professional Paper 813-E. (Ref. 
No. T1-Gen) 

1976 

United States Department of  Agr icul ture 
1975 "Water and Related Land Resources, Central Lahontan Region. 

(Ref. No. U2-Gen) 

V I  I IA-4 



United States Energy and Development Administration 
,d 

1976 "Susanvil l e  Geothermal Energy Project. 'I Workshop Proceed- 
ings, h a 1  Technical Report (Ref. No. U1-W) 

"Water Resources Data f o r  California." Northern Great Basin 
and Central Val l ey  197301976, Northern Pac i f i c  Slope Basins 
1976-1 977 (Ref . No. U l  -Gen) 

United States Geological Survey 

Wood, P.R. 
1960 "Geology and Ground Water Features o f  the Butte Valley Region, 

Siskiyou County, California." USGS Water Supply Paper 1491 
(Ref. No. W1-GM) 

. 

4 

V I  I I A - 5  



I 

APPENDIX B 

LITERATURE CROSS-REFERENCE 

. I  

. .  . .  

V I  I I B - 1  



Groundwater In-test~gation 
KEY WORDS 

STRATIGRAPHY I e n 97 n 1k7 I I 
STRUCTURE a.80 -0-169 table 35 I 
MICXNESS I I 

I I I I 
I I 

I COMICENTS I I I 

t 

L 

V I  116-2 



APPENDIX C 

SUMMARY OF V I S I T S  

V I  I IC-1 



Lv 
APPENDIX C 

SUMMARY OF VIS ITS 

The following is a l i s t  of persons,  agencies ,  addresses  and dates of 
visits and telephone contacts .  

James C. Blodgett (Hydraulic Engineer) and Gi lber t  Bertoldi 
USGS 
Water Resources D i v i  si on 
2800 Cottage Way 
Sacramento , Cal i fo rn i  a 95825 
Phone - (916) 484-4606 
Date of visi t :  August 3,  1978 

Hibbard (Dick) E. Richardson (Ground Water Section Head) 
U.S. Bureau of Reclamation 
2800 Cottage Way 
Sacramento , Cal i forn i a  95825 
Phone - (916) 484-4606 
Date of visit: August 3,  1978 

Marvin Forman (Divis ion Chief)  
USGS 
Conservation Division 
2465 East Bay Shore 
Palo Alto, Ca l i fo rn ia  
Phone - (415) 323-8111, ext. 2888 
Date of visit: August 1, 1978 

Dona1 d Oaks (Engineer) 
Ca l i fo rn ia  Department o f  Water Resources 
1416 9th Street 
Sacramento, Cal iforni a 95802 
Phone - (916) 322-2844 
Date of visi t :  August 1, 1978 

Gilbert Bertoldi  (Hydrologis t )  
USGS 
Water Resources Divi  si on 
2800 Cottage Way 
Sacramento, Ca l i fo rn ia  95825 
Phone - (916) 484-4606 
Date of visit: October 13, 1978 
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Dick L a l l a t i n  (Hydrologist) and Ph i l  Lorens 
Ca l i fo rn ia  Department o f  Water Resources 
Red B lu f f ,  Ca l i fo rn ia  
Phone - (916) 522-6530 
Te 1 epho ne contact 

Maurice D. Roos (Engineer) 
Cal i forn i a Department of Water Resources 
1416 9th S t r e e t  
Sacramento, Cal i f o r n i a  95802 
Phone - (906) 445-2578 
Date o f  v i s i t :  August 1, 1978 

John Moon and Douglas Kleinsmith 
U.S. Bureau of Land Management 
2800 Cottage Way 
Sacramento, Cal i forn ia  95825 
Phone - (916) 484-4606 
Date o f  v i s i t :  August 3, 1970 

Bob Anton ( C i v i  1 Engineering Tech) 
U.S. Department of Agr icul ture 
Soi l  Conservation Services 
50 B Hal l  Street 
Susanvil le ,  Ca l i fo rn ia  96130 
Phone - (916) 257-7271 
Telephone contact 

Ernest Eaton ( D i s t r i c t  Conservationist) 
U.S. Department o f  Agr icul ture 
Soi l  Conservation Service 
Cedarvil le, Ca l i fo rn ia  
Phone - (906) 279-6110 
Telephone contact 

Ken Luckow (Soi l  Sc ient is t ) ,  Mark Cleveland (Hydrologist) and 
Larry Smith (P1 anner) 
U.S. Forest Sevice 
Modoc National Forest Headquarters 
441 N. Main St ret  
A1 turas, Cal i forn ia 96101 
Phone - )916) 233-3521 
Telephone contact 

James P i ro  
C i v i l  Engineer 
Pac i f i c  Gas and E lec t r i c  
San Francisco, Cal i fornia 
Phone - (415) 781-4211, Ext. 3077 
Telephone contact 
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APPENDIX D 

SURFACE WATER DATA 

The cl imate o f  the Lassen KGRA i s  generally governed by the  a i r  masses 
t h a t  o r ig ina te  i n  the Pac i f i c  Ocean. Al t i tude, however, causes some 
var iat ions i n  the climate. Annual p rec ip i ta t ion  i s  80 inches a t  Lassen 
Peak and 30 inches over Lake Almanor. Much o f  the prec ip i ta t ion  f a l l s  
i n  the form o f  snow, although r a i n  occurs sometimes. Heavy snowfall i s  
the usual winter feature o f  the southern Cascades a t  elevation above 
5,000 feet. The nor ther ly  and westward movement o f  the  prevai l ing 
Paci f ic  High pressure r idge during the summer resu l ts  i n  a p rac t i ca l l y  
rainless period during these months, except f o r  loca l  thunderstorms. 

Temperature, wind, and humidity are s i m i l a r l y  influenced by the move- 
ment o f  the Pac i f i c  a i r  masses and the topography o f  the northeastern 
Cal i fornia.  Warm, dry summers characteri t e  the northeastern counties. 
I n  the winter, temperatures are low i n  the mountains and plateaus, 
wi th  readings o f  -30°F a t  times. The mountain va l ley and plateau areas 
are usual ly f rost- f ree from June u n t i l  September, but i n  many locations 
f ros ts  may occur i n  any month o f  the year. 

Normal annual p rec ip i ta t ion  varies from approximately 60 inches i n  the 

extreme northwestern por t ion t o  less than 30 inches i n  the eastern 
por t ion of the drainage (CDWR f58 1960). The mean annual p rec ip i ta t ion  
a t  Chester i s  34.3 inches. S l i gh t l y  more than 80% o f  the prec ip i ta t ion  
a t  Chester occurs as snow from October through March (NOM 1976). 

No data i s  avai lable f o r  evaporation pans w i th in  the v i c i n i t y  o f  the 

watershed. The average net annual reservoir  evaporation f o r  the North 
Fork Feather River basin from i t s  headwaters t o  Orov i l le  has been 
estimated t o  be 2.2 feet (CDWR 559-2 1960). The maximum surface areas 
o f  Mountain Meadows Reservoir and Lake Almanor are 5,800 and 28,260 
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acres, respectjvely (CDWR R17-76 1977) . Based on these figures, annual 
net evaporatin from Mountain Meadows resevoir and Lake Almanor are 
12,800 and 62,200 acre-feet, respectively. 

Annual precipitation varies from slightly more t h a n  60 inches for the 
northern area t o  approximately 40 inches for the southern area (CDWR 
#58 1960). The mean annual precipitation a t  Mineral is  54.5 inches. 
S l igh t ly  more than  80% of the annual precipitation occurs as snow from 
October through March (NOM 1976). 
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TABLE VI I IF-1 c 
MONTHLY DISTRIBUTION OF ANNUAL DISCHARGE 

FOR THE 1906 WATER YEAR 
AT NORTH FORK FEATHER RIVER ABOVE PRATTVILLE GAGING STATION 

Month Discharge Percent o f  
(acre-feet) Annual Discharge 

Octo be r 
November 
December 
January 
February 
MaPch 
Apri 1 
May 
June 
July 
August 

20,800 
19,800 
20,000 
27,200 
30,700 
41,100 
54,900 
83,600 
71,400 
44,900 
29,000 

4.45 
4.24 
4.28 
5.82 
6.57 
8.80 

11.76 
17.90 
15.29 
9.61 
6.21 

September 24,000 5.14 

Annual Total 467,000 

Source: USGS - WRD, Sacramento, 1978 
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October 
November 
December 
January 
February 
March 
Apr i  1 
May 
June 
July 
August 
September 

TABLE VIIIF-2 

MONTHLY DISTRIBUTION OF AVERAGE ANNUAL DISCHARGE I N  PERCENT 
BATTLE CREEK, MILL CREEK AND DEER CREEK BASINS 

M i l l  Creek Deer Creek Deer Creek 
near Los near Vina, below Slate Creek 
Mol i nos, Sta . #11383500 near Deer Creek 

B a t t l e  Creek 
bel  ow Col eman 
Fish Hatchery 
near Cottonwood, Sta . I1 1383500 Meadows, 
Sta .#11376550 Sta. t11382550 

5.56 
6.84 
10.48 
11.39 
11.67 
9.24 
11.99 
10.64 
8.07 
5.39 
4.38 
4.34 

3.58 
4.87 
10.12 
10.75 
13.36 
11.19 
13.08 
12.79 
9.31 
4.82 
3.21 
2.92 

2.81 
5.82 
9.24 
10.96 
16.95 
14.63 
15.81 
10.34 
5.29 
3.02 
2.59 
2.56 

5.40 
5.27 
12.66 
8.38 
11.00 
9.17 
16.10 
13.25 
7.19 
4.44 
3.73 
3.42 

Source: USGS, Cal i forn ia  Streamflow Character ist ics,  Vol.2, 1971 
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APPENDIX G I, 

PROCUREMENT SPEC I F  ICATIONS 

:,lo0 INTRODUCTION 

To f u l l y  assess the a v a i l a b i l i t y  o f  water resources i n  an area, data 
must be available fo r  both surface and ground water. Not only must the 
data be available, it must be s i t e  specific t o  the area f o r  which the 
analysis i s  being performed. Surface water data are, f o r  the most 
part, based on hydrologic studies performed by the USGS and Cali fornia 
Department o f  Water Resources. the primary source o f  data were reports 
from varoius stream gauging stations located i n  the study area. Since 
there are annual variations i n  f low,  h i s to r i c  data over a period of  
time are required t o  assess surface water characteristics. 

Ground water data, however, do not show considerable annual variations, 
thus an inventory-type information (Le. data as o f  a point i n  time) 
are required. The key aspects o f  ground water involve storage capacity 
and usable capacity. Storage capacity indicates the amount o f  ground 
water stored i n  the underlying aquifers. Developable usable capacity 
i s  recharge less current usage and natural discharge f o r  a specific 
ground water basin. Unless both parameters are known, the amount o f  
make-up water avai  1 able from ground water sources cannot be estimated. 

,- 

Since some data are available for each area, the procurement specffi- 
cations have been designed t o  acquire only the specif ic information 
required. Acquisition of data relevant t o  estimating available make-up 
water i n  the specif ic area i s  the only information included i n  the 
procurement specifications. Potentially, proposals could be so l i c i ted  
t o  respond t o  the tasks contained i n  the procurement specifications. 
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2.0 GROUNDWATER PROCUREMENT 

2.1 Water Use Inventory - 

The major object ive of t h i s  por t ion o f  the  statement o f  work i s  t o  
determine t h e  water usage i n  t h e  i d e n t i f i e d  a q u i f e r  areas. This  
d,etermindtion should be based on a survey of water users i n  the aquifer 
area . 

1. 

2. 

Statement o f  Work: 

Based on l oca l  county, c i t y ,  u t i l i t y ( i e s ) ,  Cal i forn ia  Depart- 
ment of Water Resources and the Ca l i fo rn ia  Div is ion o f  O i l  
and Gas, o f f i c i a l  wel l  records and land ownership maps fo r  
the aquifer area, determine: 

a. number o f  wel ls 
b. 
c. 
d. annual var iat ions i n  usage 

For wel ls  not recorded i n  any o f f i c i a l  record, ind iv idual  
wel l  owner v i s i t s  should be made t o  determlne: 

a. number o f  wel ls 
b. 
c. 
d. annual var iat ions i n .  usage 

the loca t ion  of each w e l l  
annual usage for each wel l  and current appl icat ion 

the loca t ion  of each w e l l  
annual usage for each welland current appl icat ion 

This survey should include a l l  indiv idual  wel ls greater than four 
inches i n  diameter b u t  hou ld  exclude w indmi l l s  and stockwel ls.  
Municipal i r r i g a t i o n  and indus t r ia l  wel ls should be surveyed. 
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3. 

4. 

All of the data should be sumnarized t o  es tab l i sh  water usage 
f o r  the aquifer  area. 

In addition t o  determination of water usage, the long-term 
annual recharge and inflow f o r  the aquifer  should be estab- 
lished. (Note, if possible, a 30-year his tor ical  period 
should be used t o  determine this long-term term.) 

I 

, Figure VIIIG-1 identifies the spec i f i c  areas to  be surveyed. 
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APPENDIX A 

SAMPLE PROBLEM 

1 .O INTRODUCTION 

U t i l i z i n g  Curves X-8 and X-9 

Say an Imperial Valley s i tua t ion  i s  t o  be defined; spec i f i ca l l y  a t  t he  
Salton Sea - Hypothetical data fol low: 

Basic Reservoir Data 

Reservoir temperature - 35OOC 
Estimated f i e l d  capacity - 1,200 MWe 

Cool i ng Water Data 

Avai 1 abi 1 i ty ra te  65,000 acre-ft/year 
Solids Contents 2,500 ppm 

Probl em Sol u t i  on 

Water a v a i  1 abi 1 i t y  - 65*000 = 54.2 acre-ft/MWe years 
1200 

1.1 Example - 1000 ppm water sol ids content 

A t  a resource temperature o f  35OoC, a sol ids content o f  1 ppm, and a 
water avai l  b i l i t y  leve l  o f  54.2 acre-ft/MM-year, Figure X-9 would 
indicate tha t  these would be suf f ic ient  water t o  furn ish cool ing water 
make-up requirements f o r  a m i x  o f  about 83% binary plants and 17% flash 
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plants. 
polants and four  (4), 50 MW f lash plants. 
be: 

Thus, f o r  examble theses could be twenty (ZO), 50 MW binary 
The t o t a l  MW output would 

Binary: 20 x 50 = 1000 MWe 
4 x 50 = 200 MWe - Flash: 
Total = 1200 MWe 

1.1.2 2500 ppm Water Solids Content 

From Figure X-8, a t  a s o l i d s  content o f  1000 ppm and r e s e r v o i r  
temperature of 35OoC water make-up requirements are 24.2 lb/hr-KW. 
While a t  2500 ppm, the valve i s  48 lb/hr-KH, equivalent t o  a prorate 
factor  o f  (48/24.2) o r  2.0. 

Thus, a new curve can be developed using Figure X-9 t o  indicate water 
requirements a t  350’C and 2500 ppm. The permissible plan mix f o r  a 
water available value o f  54.2 AF/MWe would be about 42% binary plants 
and 58% non-binary plants. A typ ica l  breakdown could be: 

10 Binary plants a t  50 MW each = 500 MWe 
14 Flash plants a t  50 MW each = 700 MWe 

Total = 1200 MWe 

* us. wvERNb¶ENT F l u ” G  OFFICE: v m 
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