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CHRONOLOGICAL INDEX TO JOINT APPENDIX 

DATE DOCUMENT VOLUME PAGE  RANGE 

02/11/2019 

Sadler Ranch, LLC and Daniel S. 
Venturacci’s Petition for Judicial 
Review  

(filed in Case No. CV-1902-349, 
later consolidated with CV-1902-
348) 

I JA0001-0089 

02/11/2019 

Bailey Petitioners’ Notice of 
Appeal and Petition for Review of 
Nevada State Engineer Order No. 
1302 

(filed in Case No. CV-1902-350, 
later consolidated with CV-1902-
348 

I JA0090-0115 

02/11/2019 Ira R. and Montira Renner Petition 
for Judicial Review  I JA0116-0144 

04/03/2019 Eureka County’s Motion to 
Intervene I JA0145-0161 

04/05/2019 Notice of Entry of Stipulation and 
Order to Consolidate Cases I JA0162-0182 

04/25/2019 Order Following Telephone Status 
Hearing Held April 9, 2019 I JA0183-0186 

04/26/2019 Letter to Chambers re Stipulated 
Extension for Record on Appeal I JA0187-0188 

05/10/2019 Order Granting Eureka County’s 
Motion to Intervene  I JA0189-0190 

05/13/2019 DNRPCA Intervenors’ Motion to 
Intervene I JA0191-0224 
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DATE DOCUMENT VOLUME PAGE  RANGE 

05/28/2019 
Unopposed Motion to Extend Time 
to File the State Engineer’s Record 
on Appeal 

I JA0225-0232 

06/07/2019 Order Granting DNRPCA 
Intervenors’ Motion to Intervene 

I JA0233-0234 

06/07/2019 
Order Granting Motion to Extend 
Time to File The State Engineer’s 
Record on Appeal 

I JA0235 

06/11/2019 State Engineer Motion in Limine II JA0236-0307 

06/11/2019 
Summary of Record on Appeal and 
Record on Appeal bates-numbered 
SE ROA 1-952 

II (JA0308-0479) 

III (JA0480-0730) 

IV (JA0731-0965) 

V (JA0966-1196) 

VI (JA1197-1265) 

JA0308-1265 

06/11/2019 Order Following Telephone Status 
Conference Held June 4, 2019 VI JA1266-1268 

06/14/2019 Notice of Withdrawal of Petitioner 
Daniel S. Venturacci VI JA1269-1271 

06/20/2019 Eureka County’s Joinder to State 
Engineer’s Motion in Limine VI JA1272-1275 

06/24/2019 Opposition of Baileys to Motion in 
Limine VI JA1276-1285 

06/24/2019 
Sadler Ranch, LLC and Ira R. and 
Montira Renner Opposition to 
Motion in Limine 

VI JA1286-1314 

06/24/2019 

DNRPCA Intervenor’s Joinder to 
State Engineer’s Motion in Limine 
and Eureka County’s Joinder 
Thereto 

VI JA1315-1317 
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DATE DOCUMENT VOLUME PAGE  RANGE 

07/01/2019 Notice of Mailing of Notice of 
Legal Proceedings VI JA1318-1330 

07/01/2019 

DNRPCA Intervenor’s Reply in 
Support of Joinder to State 
Engineer’s Motion in Limine and 
Eureka County’s Joinder Thereto 

VI JA1331-1336 

07/01/2019 
Eureka County’s Joinder to State 
Engineer’s and DNRPCA’s Replies 
in Support of Motion in Limine 

VI JA1337-1341 

07/02/2019 State Engineer’s Reply in Support 
of Motion in Limine VI JA1342-1353 

07/31/2019 
Motion to Intervene by Beth Mills, 
Trustee of the Marshall Family 
Trust 

VI JA1354-1358 

08/01/2019 

Motion to Intervene field by 
Diamond Valley Ranch, LLC, 
American First Federal, Inc., Berg 
Properties California, LLC and 
Blanco Ranch, LLC 

VI JA1359-1368 

09/04/2019 Order Granting Motion in Limine VI JA1369-1378 

09/06/2019 

Order Granting Motion to 
Intervene for Diamond Valley 
Ranch, LLC, American First 
Federal, Inc., Berg Properties 
California, LLC and Blanco Ranch, 
LLC 

VI JA1379-1382 

09/16/2019 
Opening Brief of Petitioners Sadler 
Ranch, LLC and Ira R. and Montira 
Renner  

VII JA1383-1450 

09/16/2019 Opening Brief of Bailey Petitioners  VII JA1451-1490 
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DATE DOCUMENT VOLUME PAGE  RANGE 

10/23/2019 DNRPCA Intervenors’ Answering 
Brief  VII JA1491-1522 

10/23/2019 DNRPCA Intervenors’ Addendum 
to Answering Brief  VII JA1523-1626 

10/23/2019 State Engineer’s Answering Brief  VIII JA1627-1674 

10/23/2019 Answering Brief of Eureka County VIII JA1675-1785 

11/26/2019 
Reply Brief of Petitioners Sadler 
Ranch, LLC and Ira R. and Montira 
Renner  

IX JA1786-1818 

11/26/2019 
Sadler Ranch, LLC and Ira R. & 
Montira Renner’s Addendum to 
Reply Brief  

IX JA1819-1855 

11/26/2019 
Reply Brief of Bailey Petitioners 
and Addendum to Bailey Reply 
Brief  

IX JA1856-1945 

12/10/2019  Transcript of Proceedings, Oral 
Argument Volume I X JA1946-2154 

12/10/2019 Opening Argument of Bailey 
Petitioners Presentation  X JA2155-2184 

12/10/2019 
Sadler Ranch & Ira & Montira 
Renner Opening Argument 
Presentation 

XI JA2185-2278 

12/10/2019 Eureka County’s Presentation XI JA2279-2289 

12/11/2019 Transcript of Proceedings, Oral 
Argument Volume II XI JA2290-2365 

12/11/2019 DNRPCA Intervenors’ 
Presentation  XI JA2366-2380 
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DATE DOCUMENT VOLUME PAGE  RANGE 

04/27/2020 
Findings of Fact, Conclusions of 
Law, Order Granting Petitions for 
Judicial Review  

XI JA2381-2420 

04/30/2020 
Notice of Entry of Order filed by 
Sadler Ranch, LLC and Ira R. and 
Montira Renner 

XII JA2421-2464 

04/30/2020 

Notice of Entry of Findings of 
Fact, Conclusion of Law, Order 
Granting Petitions for Judicial 
Review filed by Bailey Petitioners 

XII JA2465-2507 

05/14/2020 DNRPCA Intervenors’ Notice of 
Appeal  XII JA2508-2554 

05/14/2020 

DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIII JA2555-2703 

05/15/2020 State Engineer Notice of Appeal  XIII JA2704-2797 

05/19/2020 

State Engineer Joinder to 
DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIII JA2798-2802 

05/19/2020 

Order Denying DNRPCA 
Intervenors’ Ex Parte Motion for 
Order Shortening Time; Order 
Granting DNRPCA Intervenors’ 
Motion for Temporary Stay 
Pending Decision on Intervenors’ 
Motion for Stay Pending Appeal 

XIV JA2803-2807 

05/21/2020 Eureka County’s Notice of Appeal XIV JA2808-2811 
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DATE DOCUMENT VOLUME PAGE  RANGE 

05/21/2020 

Eureka County Joinder to 
DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIV JA2812-2815 

05/27/2020 

Opposition of Bailey Petitioners to 
DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIV JA2816-2831 

05/27/2020 
Sadler Ranch and Ira R. and 
Montira Renner’s Opposition to 
Motion for Stay Pending Appeal  

XIV JA2832-2864 

06/01/2020 

DNRPCA Intervenors’ Reply in 
Support of Motion for Stay 
Pending Appeal of Order Granting 
Petitions for Judicial Review of 
State Engineer Order 1302 

XIV JA2865-2929 

06/01/2020 

State Engineer’s Reply in Support 
of DNRPCA Intervenors’ Motion 
for Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIV JA2930-2941 

06/01/2020 Eureka County’s Reply in Support 
of Motion for Stay Pending Appeal XIV JA2942-3008 

6/30/2020 
Order Denying DNRPCA 
Intervenors’ Motion for Stay 
Pending Appeal  

XIV JA3009-3013 
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ALPHABETICAL INDEX TO  JOINT APPENDIX 
 

DATE DOCUMENT VOLUME PAGE  RANGE 

10/23/2019 Answering Brief of Eureka County VIII JA1675-1785 

02/11/2019 

Bailey Petitioners’ Notice of 
Appeal and Petition for Review of 
Nevada State Engineer Order No. 
1302 

(filed in Case No. CV-1902-350, 
later consolidated with CV-1902-
348 

I JA0090-0115 

06/24/2019 

DNRPCA Intervenor’s Joinder to 
State Engineer’s Motion in Limine 
and Eureka County’s Joinder 
Thereto 

VI JA1315-1317 

07/01/2019 

DNRPCA Intervenor’s Reply in 
Support of Joinder to State 
Engineer’s Motion in Limine and 
Eureka County’s Joinder Thereto 

VI JA1331-1336 

10/23/2019 DNRPCA Intervenors’ Addendum 
to Answering Brief  VII JA1523-1626 

10/23/2019 DNRPCA Intervenors’ Answering 
Brief  VII JA1491-1522 

05/14/2020 

DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIII JA2555-2703 

05/13/2019 
DNRPCA Intervenors’ Motion to 
Intervene I JA0191-0224 

05/14/2020 
DNRPCA Intervenors’ Notice of 
Appeal  XII JA2508-2554 
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DATE DOCUMENT VOLUME PAGE  RANGE 

12/11/2019 DNRPCA Intervenors’ 
Presentation  XI JA2366-2380 

06/01/2020 

DNRPCA Intervenors’ Reply in 
Support of Motion for Stay 
Pending Appeal of Order Granting 
Petitions for Judicial Review of 
State Engineer Order 1302 

XIV JA2865-2929 

05/21/2020 

Eureka County Joinder to 
DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIV JA2812-2815 

07/01/2019 
Eureka County’s Joinder to State 
Engineer’s and DNRPCA’s Replies 
in Support of Motion in Limine 

VI JA1337-1341 

06/20/2019 Eureka County’s Joinder to State 
Engineer’s Motion in Limine 

VI JA1272-1275 

04/03/2019 Eureka County’s Motion to 
Intervene 

I JA0145-0161 

05/21/2020 Eureka County’s Notice of Appeal XIV JA2808-2811 

12/10/2019 Eureka County’s Presentation XI JA2279-2289 

06/01/2020 
Eureka County’s Reply in Support 
of Motion for Stay Pending Appeal XIV JA2942-3008 

04/27/2020 
Findings of Fact, Conclusions of 
Law, Order Granting Petitions for 
Judicial Review  

XI JA2381-2420 

02/11/2019 Ira R. and Montira Renner Petition 
for Judicial Review  I JA0116-0144 
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DATE DOCUMENT VOLUME PAGE  RANGE 

04/26/2019 Letter to Chambers re Stipulated 
Extension for Record on Appeal I JA0187-0188 

07/31/2019 
Motion to Intervene by Beth Mills, 
Trustee of the Marshall Family 
Trust 

VI JA1354-1358 

08/01/2019 

Motion to Intervene field by 
Diamond Valley Ranch, LLC, 
American First Federal, Inc., Berg 
Properties California, LLC and 
Blanco Ranch, LLC 

VI JA1359-1368 

04/30/2020 

Notice of Entry of Findings of 
Fact, Conclusion of Law, Order 
Granting Petitions for Judicial 
Review filed by Bailey Petitioners 

XII JA2465-2507 

04/30/2020 
Notice of Entry of Order filed by 
Sadler Ranch, LLC and Ira R. and 
Montira Renner 

XII JA2421-2464 

04/05/2019 Notice of Entry of Stipulation and 
Order to Consolidate Cases I JA0162-0182 

07/01/2019 Notice of Mailing of Notice of 
Legal Proceedings VI JA1318-1330 

06/14/2019 Notice of Withdrawal of Petitioner 
Daniel S. Venturacci VI JA1269-1271 

12/10/2019 Opening Argument of Bailey 
Petitioners Presentation  X JA2155-2184 

09/16/2019 Opening Brief of Bailey Petitioners  VII JA1451-1490 

09/16/2019 
Opening Brief of Petitioners Sadler 
Ranch, LLC and Ira R. and Montira 
Renner  

VII JA1383-1450 
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DATE DOCUMENT VOLUME PAGE  RANGE 

05/27/2020 

Opposition of Bailey Petitioners to 
DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIV JA2816-2831 

06/24/2019 Opposition of Baileys to Motion in 
Limine VI JA1276-1285 

05/19/2020 

Order Denying DNRPCA 
Intervenors’ Ex Parte Motion for 
Order Shortening Time; Order 
Granting DNRPCA Intervenors’ 
Motion for Temporary Stay 
Pending Decision on Intervenors’ 
Motion for Stay Pending Appeal 

XIV JA2803-2807 

6/30/2020 
Order Denying DNRPCA 
Intervenors’ Motion for Stay 
Pending Appeal  

XIV JA3009-3013 

06/11/2019 Order Following Telephone Status 
Conference Held June 4, 2019 VI JA1266-1268 

04/25/2019 Order Following Telephone Status 
Hearing Held April 9, 2019 I JA0183-0186 

06/07/2019 Order Granting DNRPCA 
Intervenors’ Motion to Intervene I JA0233-0234 

05/10/2019 Order Granting Eureka County’s 
Motion to Intervene  I JA0189-0190 

09/04/2019 Order Granting Motion in Limine VI JA1369-1378 

06/07/2019 
Order Granting Motion to Extend 
Time to File The State Engineer’s 
Record on Appeal 

I JA0235 
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DATE DOCUMENT VOLUME PAGE  RANGE 

09/06/2019 

Order Granting Motion to 
Intervene for Diamond Valley 
Ranch, LLC, American First 
Federal, Inc., Berg Properties 
California, LLC and Blanco Ranch, 
LLC 

VI JA1379-1382 

11/26/2019 
Reply Brief of Bailey Petitioners 
and Addendum to Bailey Reply 
Brief  

IX JA1856-1945 

11/26/2019 
Reply Brief of Petitioners Sadler 
Ranch, LLC and Ira R. and Montira 
Renner  

IX JA1786-1818 

12/10/2019 
Sadler Ranch & Ira & Montira 
Renner Opening Argument 
Presentation 

XI JA2185-2278 

05/27/2020 
Sadler Ranch and Ira R. and 
Montira Renner’s Opposition to 
Motion for Stay Pending Appeal  

XIV JA2832-2864 

02/11/2019 

Sadler Ranch, LLC and Daniel S. 
Venturacci’s Petition for Judicial 
Review  

(filed in Case No. CV-1902-349, 
later consolidated with CV-1902-
348) 

I JA0001-0089 

11/26/2019 
Sadler Ranch, LLC and Ira R. & 
Montira Renner’s Addendum to 
Reply Brief  

IX JA1819-1855 

06/24/2019 
Sadler Ranch, LLC and Ira R. and 
Montira Renner Opposition to 
Motion in Limine 

VI JA1286-1314 
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DATE DOCUMENT VOLUME PAGE  RANGE 

05/19/2020 

State Engineer Joinder to 
DNRPCA Intervenors’ Motion for 
Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIII JA2798-2802 

06/11/2019 State Engineer Motion in Limine II JA0236-0307 

05/15/2020 State Engineer Notice of Appeal  XIII JA2704-2797 

10/23/2019 State Engineer’s Answering Brief  VIII JA1627-1674 

06/01/2020 

State Engineer’s Reply in Support 
of DNRPCA Intervenors’ Motion 
for Stay Pending Appeal of Order 
Granting Petitions for Judicial 
Review of State Engineer Order 
1302 

XIV JA2930-2941 

07/02/2019 State Engineer’s Reply in Support 
of Motion in Limine 

VI JA1342-1353 

06/11/2019 
Summary of Record on Appeal and 
Record on Appeal bates-numbered 
SE ROA 1-952 

II (JA0308-0479) 

III (JA0480-0730) 

IV (JA0731-0965) 

V (JA0966-1196) 

VI (JA1197-1265) 

JA0308-1265 

12/10/2019  Transcript of Proceedings, Oral 
Argument Volume I X JA1946-2154 

12/11/2019 Transcript of Proceedings, Oral 
Argument Volume II XI JA2290-2365 

05/28/2019 
Unopposed Motion to Extend Time 
to File the State Engineer’s Record 
on Appeal 

I JA0225-0232 
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AFFIRMATION 

The undersigned does hereby affirm that the preceding document does not 

contain the social security number of any person. 

Date: September 23, 2020 
 

/s/ Debbie Leonard     
Debbie Leonard (Nevada Bar No. 8260)  
LEONARD LAW, PC 
955 S. Virginia Street, Suite 220 
Reno, NV  89502 
(775) 964-4656 
debbie@leonardlawpc.com  
 
Attorney for DNRPCA Appellants 

 

  



14 
 

CERTIFICATE OF SERVICE 
 

I HEREBY CERTIFY that I am an employee of Leonard Law, PC, and that 

on September 23, 2020, the foregoing document was electronically filed with the 

Clerk of the Court for the Nevada Supreme Court by using the Nevada Supreme 

Court’s E-Filing system (E-Flex). Participants in the case who are registered with E-

Flex as users will be served by the EFlex system. All others will be served by first-

class mail. 

  /s/ Tricia Trevino   
An employee of Leonard Law, PC 

 
 



JA0236



JA0237



JA0238



JA0239



JA0240



JA0241



JA0242



JA0243



JA0244



JA0245



JA0246



JA0247



JA0248



JA0249



JA0250



JA0251



JA0252



JA0253



JA0254



JA0255



JA0256



JA0257



JA0258



JA0259



JA0260



JA0261



JA0262



JA0263



JA0264



JA0265



JA0266



JA0267



JA0268



JA0269



JA0270



JA0271



JA0272



JA0273



JA0274



JA0275



JA0276



JA0277



JA0278



JA0279



JA0280



JA0281



JA0282



JA0283



JA0284



JA0285



JA0286



JA0287



JA0288



JA0289



JA0290



JA0291



JA0292



JA0293



JA0294



JA0295



JA0296



JA0297



JA0298



JA0299



JA0300



JA0301



JA0302



JA0303



JA0304



JA0305



JA0306



JA0307



JA0308

Docket 81224   Document 2020-35042



1 Index to Administrative Record re: State Engineer Order #1302

2 DATE DESCRIPTION
Bates Range

SE ROA

3
04/05/19 Certificate of Record 1 1

4
Order #1302

5
01/11/19 Order #1302 2 19

6
Bulletin No. 35

7

8

9

1968 Water Resources Bulletin No. 35 -
Hydrologic Response to Irrigation Plumbing in
Diamond Valley, Eureka and Elko Counties,
Nevada, 1950-65

20 133

10 Order #1264

11 08/25/15 Order #1264 134 138

12 Permits

13 07/14/17 Amended Permit No. 82268 (Sadler Ranch) 139 140

14 08/14/17 Permit No. 81825 (Daniel Venturacci) 141 142

15 08/14/17 Permit No. 82572 (Daniel Venturacci) 143 144

16 03/06/19 Third Amended Permit No. 81720 (Sadler Ranch) 145 146

17 Exhibits Submitted at Public Hearing on October 30, 2018

18 10/30/18 List of Exhibits 147 147

19

20

21

10/30/18 State Engineer's Exhibit 1 - Petition for Approval
of the Diamond Valley Groundwater Management
Plan dated 08/16/18, received by the State
Engineer on 08/20/18

148 216

22

23

10/30/18 State Engineer's Exhibit 2 - Diamond Valley
Groundwater Management Plan received by the
State Engineer on 08/20/18

217 527

24 10/30/18 State Engineer's Exhibit 3 - Notice of Hearing with
Certified Mail Receipts dated 10/01/18

528 529

25

26

10/30/18 State Engineer's Exhibit 4 - Public Notice with
Proofs of Publication dated 09/27/18

530 534

27 Diamond Valley GMP Public Comments
Submitted at Public Hearing on October 30, 2018

28
10/30/18 Diamond Valley GMP Public Comments List 535 535

-2- JA0309
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2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Index to Administrative Record re: State Engineer Order #1302

DATE DESCRIPTION
Bhtes Range

SEROA

10/30/18 Comments from Carolyn Bailey 536 536

10/30/18 Comments fr om Carolyn Bailey (Revised)
dated 11/02/18

537 538

10/30/18 Comments fr om Timothy Lee and
Constance Marie Bailey

539 539

10/30/18 Comments from Robert Burnham 540 540

10/30/18 Comments from Russell Conely 541 541

10/30/18 Comments fr om Ari Erickson 542 544

10/30/18 Comments fr om Ty Erickson 545 545

10/30/18 Comments from Jim Etcheverry dated 11/02/18 546 546

10/30/18 Comments fr om James Gallagher 547 547

10/30/18 Comments fr om Andrew Goettle 548 548

10/30/18 Comments fr om Great Basin Resource Watch 549 553

10/30/18 Comments fr om Advocates for Community and
Environment (ACE) - A Pubhc Interest Review
of the Proposed Diamond Valley Groundwater
Management Plan prepared for Great Basin
Resource Watch

554 587

10/30/18 Comments fr om Mark Moyle Farms dated 10/29/18 588 589

10/30/18 Comments fr om William Norton dated 10/25/18 590 590

10/30/18 Comments from Donald Plamore dated 10/28/18 591 591

10/30/18 Comments from Marty Plaskett 592 592

10/30/18 Comments fr om Ira and Montira Renner
dated 11/02/18

593 593

10/30/18 Comments fr om Ruby Hill Mining Company
dated 10/29/18

594 595

10/30/18 Comments fr om Sadler Ranch dated 11/02/18 596 641

10/30/18 Comments fr om Daniel Venturacci 642 652

///

-3- JA0310



Index to Administrative Record re; State Engineer Order #1302

DATE DESCRIPTION
Bates Range

SEROA

Transcript

10/30/18 Transcript of Proceedings — Public Hearing 653 742

Data and Documents Reviewed and Evidence Relied Upon

USGS Budgets and Chemical Characterization of
Groundwater for the Diamond Valley Flow System,
Central Nevada, 2011-12, Scientific Investigations
Report 2016—5055

743 839

Determination of Year-to-Year Losses to Banked
Water: Northern & Southern Diamond Valley

840 841

Crop Inventory, Calendar Year 2013, Diamond
Valley Hydrographic Basin 10-153,

842 861

Crop Inventory, Calendar Year 2014, Diamond
Valley Hydrographic Basin 10-153,

862 883

Crop Inventory, Calendar Year 2015, Diamond
Valley Hydrographic Basin 10-153,

884 905

Crop Inventory, Calendar Year 2016, Diamond
Valley Hydrographic Basin 10-153,

906 926

Crop Inventory, Calendar Year 2017, Diamond
Valley Hydrographic Basin 10-153,

927 948

SIR2016-5055 WL Contours Map 949 949

Surfer WT Elevations SIR20016-5055 Contours
Map

950 950

Gravel Surface Elevation Map 951 951

Saturated Thickness Map 952 952

.4. JA0311
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12

13

14

15
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17
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23

24

25

26

27
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AFFIRMATION

The undersigned does hereby affirm that the preceding Summary of Record on

Appeal does not contain the social security number of any person.

DATED this 7th day of June, 2019.

AARON D. FORD
Attorn©^ Gepferal

By:
TORI N'T SUNDHEIM (Bar No. 14156)
Deputy Attorney General
State of Nevada
Office of the Attorney General
100 North Carson Street
Carson City, Nevada 89701-4717
T: (775) 684-1219
E: tsundheim@ag.nv.gQV
Attorney for Respondent,

State Engineer

-5- JA0312
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CERTIFICATE OF SERVICE

I certify that I am an employee of the State of Nevada, Office of the Attorney

General, and that on this 7th day of June, 2019, I served a true and correct copy of the

foregoing SUMMARY OF RECORD ON APPEAL and a DVD CONTAINING

DOCUMENTS SE ROA 1-952, said documents apply to Case Nos. CV-1902-348, -349

and -350, via U.S. Mail and electronically to:

Paul G. Taggart, Esq.
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IN THE OFFICE OF THE STATE ENGINEER
OF THE STATE OF NEVADA

#1302
ORDER

GRANTING PETITION TO ADOPT A GROUNDWATER MANAGEMENT PLAN FOR
THE DIAMOND VALLEY HYDROGRAPHIC BASIN (07-153), EUREKA COUNTY,

STATE OF NEVADA.

WHEREAS, decades of declining water levels in the Diamond Valley Hydrographic Basin
is due to the simple fact that groundwater pumping has consistently exceeded the perennial yield
of the basin. An obvious solution to the problem caused by over pumping is to reduce groundwater
pumping. Designating Diamond Valley a Critical Management Area (CMA) (the fi rst and only
basin thus far in Nevada), provided water ri ght users within the Diamond Valley basin the
opportunity to develop a customized groundwater management plan (GI^) that does in fact
reduce groundwater pumping to a level that satisfies the State Engineer that the water levels will
reach an equilibrium. The CMA and GMP process became law in 2011 specifically to allow those
that truly have skin-in-the-game (the water ri ght holders in the basin), to create a means to the
same end as curtailment by priority, but without the dire and sudden impacts.

Years before the State Engineer declared the basin a CMA in 2015, the GMP process was
initiated by the local community and stakeholders. Work on the GMP continued for an additional
three years after the CMA designation with numerous meetings of the community and
stakeholders, ultimately arriving at the version presented to the State Engineer in 2018. The
testimony, written public comment and background of Appendix C of the GMP demonstrate that
this process was emotional and difficult for the participants—yet they persisted in forging a plan
in an effort to avoid curtailment by priority to save their community and the established agricultural
way of life in Diamond Valley. It is significant that the participants are not professional water
ri ght managers, but are ordinary citizens who made a Herculean effort to craft their own plan in
response to a complex problem.

WHEREAS, this matter came before the State Engineer on a Petition to Adopt a
Groundwater Management Plan (Petition), pursuant to Nevada Revised Statute (NRS) § 534.037
filed on August 20,2018.

WHEREAS, the history leading up to the subject Petition is as follows:

Diamond Valley is a major groundwater farming area in the Diamond Valley Hydrographic
Basin, Basin 153.' There are approximately 26,000 acres of irrigated land, which primarily
produce premium quality alfalfa and grass hay. In 2013, it was estimated that approximately
110,000 tons of hay were produced annually for a total farming income of approximately $22.4

GMP, p. 8.
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million.^ Approximately 126,000 acre-feet annually (afa) of irrigation groundwater rights are
appropriated in Diamond Valley, and as of 2016, groundwater pumping for irrigation was
estimated to be 76,000 afa. The perennial yield of Diamond Valley is 30,000 acre-feet (af).^

For over 40 years, annual groundwater pumping has exceeded the perennial yield of
Diamond Valley.'^ In the years that groundwater pumping has exceeded the perennial yield,
groundwater levels in Diamond Valley have consistently declined at a rate of up to 2 feet per year.
Prior to declaring Diamond Valley a CMA pursuant to NRS § 534.110(7), the State Engineer held
public meetings on numerous occasions in Diamond Valley to discuss over-appropriation of the
basin and to encourage water rights holders to formulate solutions or a plan at the local level to
address declining water levels.

Because withdrawals have consistently exceeded the perennial yield of the basin, on
August 25, 2015, the State Engineer declared Diamond Valley a CMA pursuant to
NRS § 534.110(7).^ Once declared a CMA, holders of water ri ghts within the basin have 10 years
to create and present to the State Engineer a groundwater management plan; otherwise, the State
Engineer is required to curtail the basin by priority.^

WHEREAS, the process for approval of a GMP by the State Engineer is as follows:

Nevada Revised Statute § 534.037(1) requires that a petition for the approval of a GMP
that is submitted to the State Engineer must be signed by a majority of the holders of permits or
certificates to appropriate water in the basin that are on fi le in the Office of the State Engineer.

At the time of fi ling the petition, there were 419 water right permits or certificates in the
Diamond Valley Hydrographic Basin. Of these, 257 are represented by at least one signature in
the petition. Comparing the signatories with the confirmed owner of record in the fi les of the
Office of the State Engineer demonstrates that 223 water right permits or certificates are
represented by the owner of record. If accepting the affirmation made on each page of the signed
petition, then 257 rights of 419 rights is 61%. If limiting only to those signatures by a confirmed
owner of record, then 223 of 419 is 53.2%. In either case, a majority of permits and certificates in
the Diamond Valley Hydrographic Basin are represented in the petition; therefore, the State
Engineer fi nds that the petition satisfies the requirement of NRS § 534.037(1).'

The total duty of groundwater rights in Diamond Valley is 130,625 afa. Of these, 126,188
afa are subject to the plan and 4,437 afa are not subject to the plan. The estimated amount of

'GMP, p. 8.
^ GMP, p. 8.; J.R. Harrill, Hydrologic Response to Irrigation Pmnping in Diamond Valley, Eureka
and Elko Counties, Nevada, 1950-65, Water Resources Bulletin No. 35, (Department of
Conservation and Natural Resources, Division of Water Resources and U.S. Department of the
Interior, Geological Survey), 1968.
GMP, p. 8,

^ Order 1264, official records in the Office of the State Engineer; GMP, p. 8.
® NRS §534.110(7).
'Exhibit 1, public administrative hearing before the State Engineer October 30, 2018, official
records in the Office of the State Engineer. Hereinafter the exhibits and transcript will be referred
to solely by the exhibit number or transcript page.
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groundwater committed to domestic wells at the statutory maximum of 2 afa per domestic well is
234 afa. By duty, over 96% of the total groundwater commitments are subject to the plan. It is
reasonable that the focus of the plan to reduce the groundwater pumping be focused on those
manners of use that have the greatest potential effect on the pumping in the groundwater basin.

The GMP assumes that the dividing line between senior and junior water rights holders is
where the consumptive use of the water rights is estimated at 30,000 af, which is equal to the
perennial yield of Diamond Valley; therefore, those rights with a priority date of May 12.1960, or
earlier are re ferred to in this Order as the senior rights (with a duty totaling 29,325 afa) and those
rights with a priority date after May 12,1960, are re ferred to as the junior ri ghts. At the time of
fi ling the petition, there were 77 senior water right permits or certificates, and 36, or 46.8%, of
these were represented by at least one signature on the petition. The remaining 342 water ri ght
permits or certificate were juniqr, and 221, or 64.6%, of these were re presented by at least one
signature on the petition. Of the 29,325 afa of senior water ri ghts, 18,700 afa, or about 64%, is
represented by signatories of the petition. The State Engineer fi nds that significant portions of
both senior and junior ri ghts are re presented in the petition.

Nevada Revised Statute § 534.037(3) requires that before approving or disapproving a
groundwater management plan the State Engineer shall hold a public hearing to take testimony on
the plan in the county where the basin lies or, if the basin lies in more than one county, within the
county where the major portion of the basin lies. The State Engineer shall cause notice of the
hearing to be:

a. Given once each week for two consecutive weeks before the hearing in a
newsp^)er of general circulation in the county or counties in which the
basin lies.

b. Posted on the Internet website of the State Engineer for at least two
consecutive weeks immediately preceding the date of the hearing.

Notice of a public hearing to be held on October 30, 2018, was published in the Eureka
County Sentinelt the Elko Daily Free Press^ and the Ely Times during the weeks of the IS*** and
22™* of October.* Also, notice of the hearing was posted on the Internet website of the Nevada
Division of Water Resources commencing on October 1,2018.*^ Additional notice was also sent
by certified mail directly to the boards of county commissioners for the counties of Eureka, Elko,
and White Pine.*° The GMP was made available through the Intemet website of the Nevada
Division of Water Resources commencing on October 1,2018, and was also available by request. * *

A public hearing to take testimony on the proposed GMP was held in Eureka, Nevada, on
October 30,2018, during which testimony in favor of and in opposition to the GMP was received.
In addition, the State Engineer held open the period for written public comment for an additional
three working days following the hearing, during which time additional public comments were

* Exhibit 4.
' http://wate

Exhibit 3.

http://water.nv.gOv/documents/Final%20DV%20GMP%20for%20Petition.pdf

'http://water.nv.gOv/documents/Hearing_Notice-Diamond_Valley_GMP.pdf
Exhibit 3.
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received. This Order evaluates the testimony and written comments and other elements required
for approval of the Petition.

Nevada Revised Statute § 534.037(1) requires that in a determination whether to approve
a groundwater management plan, the State Engineer shall consider, without limitation:

a. The hydrology of the basin;
b. The physical characteristics of the basin;
c. The geographic spacing and location of the withdrawals of groundwater

in the basin;
d. The quality of the water in the basin;
e. The wells located in the basin, including, without limitation, domestic

wells;
f. Whether a groundwater management plan already exists for the basin;

and

g. Any other factor deemed relevant by the State Engineer.

WHEREAS, the Diamond Valley Groundwater Management Plan is summarized as
follows:'^

The predominant manner of use of existing rights in Diamond Valley is irrigation, where
groundwater is pumped and used to produce primarily alfalfa and grass hay. Consequently, the
CMP applies to irrigation ri ghts and mining and milling ri ghts with an irrigation base ri ght, while
vested ri ghts, other manners of use and domestic wells are excluded from the plan. The GMP
requires annual reductions in pun[q)ing with a goal of stabilizing groundwater levels and reducing
consumptive use to the perennial yield. The GMP applies a formula to calculate the annual duty
a ri ghts holder can pump after required reductions, where the formula is based upon the original
water ri ght duty and priority of the right to arrive at a number of shares. The formula is defined
as:

WR*PF = SA

Where:

WR = Total groundwater right volume as recognized by DWR, accounting for
total combined duty (i.e., overlapping places of use) (measured in acre feet)

PF = Priority Factor based on seniority

SA = Total groundwater Shares

An annual amount of water that can be pumped per share is allocated to a ri ghts holder
(f.e., the annual allocation), and the reductions in pumping are accomplished by annually reducing
the amount of water each share is allocated. In the initial year of the GMP, the total amount of
water that can be pumped is equal to the amount of water currently in use. Unused allocations

Specific components of the GMP are discussed in greater detail below with reference to the
public comments received; accordingly, an overview of the major GMP structure is introduced
here.
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may be banked* traded* leased or sold; thus* the GMP employs a market-based approach. The
GMP also contains penalty provisions for pumping in excess of allocations. The GMP is governed
by an Advisory Board of elected representatives that are charged with making recommendations
to the State Engineer, who ultimately oversees and administers the Plan. The GMP is funded
through annual assessments* which* in part* will be used to also fund a water manager employed
by the Nevada Division of Water Resources* whose role is expected to involve implementation
and management of the GMP.

WHEREAS* the comments made at the October 30* 2018* hearing on the Diamond Valley
Groundwater Management Plan and the State Engineer's response are as follows*':

I. COMMENTS RELATED TO LEGAL SUFFICIENCY

Several comments were received challenging the legal sufficiency of the GMP as being in
violation of established Nevada water law or that the GMP waives existing mandatory provisions
required by the NRS including the prior appropriation doctrine* movement of allocations* well
abandonment and a banking component without adequate permitting.*^

Prior Appropriation

First, several commenters asserted that the GMP violates the doctrine of prior appropriation
by eliminating the bedrock principle of "first in time* first in right." The violation* they allege*
occurs because all water rights—both senior and junior—have their allocations reduced annually*
rather than reductions being imposed solely on junior rights.*'

While it is acknowledged that the GMP does deviate from the strict application of the prior
appropriation doctrine with respect to **first in time, fi rst in right," the following andysis
demonstrates that the legislature's enactment of NRS § 534.037 demonstrates legislative intent to
permit action in the alternative to strict priority regulation. Nevada Revised Statute § 534.037(1)
provides that a groundwater management plan "must set forth the necessary steps for removal from
the basin's designation as a [CMA]." Other prior appropriation states have addressed whether a

*' The following analysis is intended to address written and public comments received concerning
the GMP. In large part* all of the comments made in opposition to the GMP in writing or at the
hearing raised issues that were considered during the GMP drafting process. These issues* and
many more* are succinctly summarized in a "conunent and answer format" in Appendix C at pp.
241-255* entitled GMP Issues and Concerns Identified Through the Process.
*'* Written comments of Ira and Montira Renner* Timothy and Constance Marie Bailey* Sadler
Ranch* LLC* and Great Basin Resource Watch.
*' Appendix F to the GMP contains the preliminary table of all rights subject to the GMP and the
share calculation for each right. The relative priority dates of all rights subject to the Plan are
shown in the table. Notwithstanding the share calculations shown in Appendix F* one commenter
acknowledged that if a GMP is not adopted and curtailment is order^ on all rights, that rights
junior to about May 1960 would be curtailed. This would include a significant number of irrigation
rights, all mining rights* and some municipal rights. See Written Comment of Great Basin
Resource Watch* p. 5. In addition, the majority of domestic wells in the basin are junior and would
also be completely curtailed. See NRS §534.110(6) (the State Engineer may order that
withdrawals* including withdrawals fr om domestic wells* be restricted to conform to priority
rights).
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shortage sharing plan violates the prior appropriation doctrine. For example, in State Engineer v.
LewiSt 150 P.3d 375 (N.M. 2006), the New Mexico Supreme Court examined whether a settlement
agreement entered into by the Interstate Stream Commission, the United States and three irrigation
districts, upon which a partial fi nal decree was entered in an adjudication proceeding, violated the
New Mexico Constitution, which codified the prior appropriation doctrine.

The appellants, senior rights holders, contended that the settlement agreement violated the
New Mexico Constitution, and that due to chronic water shortages for senior rights, the negotiating
parties were duty-bound to adhere to the prior appropriation doctrine as it was traditionally
understood and enforced, through a priority call. Id,

The court's examination focused on a statute that was enacted for the express purpose of
achieving compliance with New Mexico's obligations under the Pecos River Compact (the
compliance statute). See id. at 150 P.3d at 379. In the words of the court, the parties to the
settlement agreement sought to cut the water shortage "Gordian knot" through a process more
fl exible than strict priority enforcement, yet still comply with the prior appropriation doctrine.

In interpreting the legislative intent of the compliance statute, the Lewis court found that
the intent and purpose of the legislation was beyond dispute—to take charge of resolving a critical
situation created by an amended decree, while complying with the obligation of protecting existing
ri ghts. In determining that the statute was constitutional, the court assumed that the legislature
was aware of the prior appropriation doctrine when it enacted the statute, and that the statute was
to be read as a clear signal that the legislature and governmental players wanted to create a solution
other than a priority call as the first and only response. Id. at 150 P.3d 385.^® Notwithstanding that
the court found the statute constitutional and not violative of prior appropriation, the court found
it important that the settlement agreement did not rule out a priority call if needed. Id. at 150 P.3d
386.

Nevada Revised Statute § 534.037(1) was enacted in 2011 by A.B. 419. Aside from the
six specific and one general consideration codified in the statute, the State Engineer fi nds that the
legislative history contains scarce direction conceming how a plan must be created or what the
confines of any plan must be.

Like LewiSy in enacting NRS § 537.037, the Nevada legislature expressly authorized a
procedure to resolve a shortage problem. And, like LewiSy the State Engineer assumes that the
Legislature was aware of prior appropriation when it enacted NRS § 534.037,'^ and the State
Engineer interprets the statute as intending to create a solution other than a priority call as the fi rst
and only response. Nothing in the legislative history of A.B. 419 or the text of NRS § 534.037
suggests that reductions in puiiqring have to be bome by junior ri ghts holders alone—^if that were

Although the prior appropriation doctrine is not codified in the Nevada Constitution, a similar
analysis to Lewis is appropriate as prior appropriation is the law in Nevada.

The fact that NRS § 534.110(7) requires the State Engineer to regulate by priority after 10 years
if no OMP is adopted makes clear that the Legislature was aware of prior appropriation. Also, the
remarks of Assemblyman Goicoechea, the bill sponsor, reinforces the Legislature's awareness of
prior appropriation when the Assemblyman described regulation by priority {e.g., pumping is
curtailed and the basin is brought back into balance with only senior water rights being held). See
Minutes on the Assembly Committee on Government Affairs, 76*^ Session, p. 66 (March 30.2011).
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the case, the State Engineer could simply curtail junior rights—a power already granted by pre
existing water law in NRS § 534.110(6). Thus, the State Engineer concludes that NRS § 534.037
provides flexibility outside regulation by priority, and the manner in which the GMP proposes to
reduce pumping is authorized by Nevada law.

Notwithstanding, even though NRS § 534.037(1) does not require a GMP to impose
reductions solely against Junior rights, the most senior rights in the GMP have a higher priority
factor than junior rights when the share calculation is made. Thus, the State Engineer finds that
the GMP still honors prior ^propriation by allocating senior rights a higher priority factor than
junior rights.'®

Well Use Approvals

Second, commenters opposed to the GMP challenged the GMP's provision to allow
temporary movement (less than 1 year) of allocations, alleging the GMP contravenes existing law
by automatically granting such changes, that the temporary approval process diminishes State
Engineer and public review and encourages trading on annual bases, rather than fi ling for a
permanent change.'^ On the other hand, other comments were received that supported the
flexibility offered by the expedient temporary movement process.^®

Existing water law has provisions that deal with temporary changes to water rights^' and
permanent changes to existing rights.^^ Because the GMP unbundles allocations from the place of
use where existing water rights are appurtenant, movement of allocations is controlled by a new
or existing well serving as the point of diversion.^ Thus, the GMP was (I) modeled after existing
law regarding temporary changes^^ and (2) still requires application of NRS § 533.370 to new
wells or increased withdrawals exceeding 1 year.^^

Section 14.8 of the GMP provides that any new wells or wells having withdrawals in excess
of what was approved under the base right be submitted to the State Engineer. Such changes are
approved after 14 days if not denied as impairing other rights or contrary to the public interest.
The State Engineer finds that the existing law concerning temporary changes (NRS § 533.345(2))

'® The public comments during the hearing reiterated that the 20% spread of the priority factor
likely received the greatest consideration and debate during the GMP process. Ultimately, a spread
of priority factor between 0.9997 and 0.80 was what a majority of the plan proponents could agree
to.

" Written comments of Sadler Ranch, LLC and Great Basin Resource Watch.
Written comment of Marty Plaskett; and see Transcript, pp. 80-81 (Matt Morrison) (providing

an example that when annual reductions are implemented, an irrigator may not have enough water
for one pivot, but would have flexibility to combine allocations to water a full crop, while also
allowing some irrigation on former irrigation lands to keep them viable until farming on that pivot
could resume).

NRS § 533.345(2).
NRS § 533.370.

2^ See GMP §§ 14.8 and 14.9.
2^ GMP, p. 20 at fn. 20.
25 GMP § 14.9.
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^  expresses a command to grant temporary changes (e.g., "shall approve") unless the State Engineer
determined it impairs existing rights or is contrary to the public interest. Thus, the State Engineer
finds that § 14.8 and § 533.345(2) to be entirely consistent. Further, the State Engineers agrees
that allowing changes expediently up to the original duty at that well is permissible because the
State Engineer already made such an afidrmative analysis when the water right was granted.
Additionally, the State Engineer finds that § 14.8 of the GMP is not a significant departure fr om
existing law because temporary change applications do not undergo publication or hearing unless
required by the State Engineer."® Thus, it is unpersuasive tliat § 14.8 diminishes State Engineer
and public re view. Finally, the potential of a rights holder to serially move allocations for less
than 1 year to escape being subject to the procedures of NRS § 533.370, exists under current law,
as there is no limitation in statute to the number of temporary applications to change. The State
Engineer is mindful that when annual notices are given, to examine such notices to determine there
is a motivation to avoid the statutory change process.

With re spect to new wells, additional withdrawals exceeding 1 year, or where the State
Engineer determined within the 14 calendar days may be not be in the public interest or may impair
rights of other persons, the existing procedures under NRS chapters 533 and 534, including
publication and protest provisions, still ^ly.^

Well Plugging Provisions

One commenter asserted that the GMP waived existing law re garding exempting wells
fr om NRS Chapters 533 and 534.^

GMP §§ 14.2 and 14.3 direct when active, unused or inactive wells must be plugged and
abandoned, or that a waiver of abandonment can be obtained. The State Engineer finds that these
provisions are consistent with existing regulations found in NAG §§ 534.300 and 534.427.
Additionally, GMP §§ 14.4 and 14.5 expressly require that well construction and maintenance
must comply with the re quirements of NRS and NAG Chapter 534. The State Engineer finds that
the GMP does not waive or exempt wells from existing laws or regulations.

Banking and Aquifer Storage and Recovery

Lastly, one commenter stated that the banking component of the plan was an aquifer
storage and recovery (ASR) project, which lacks a necessary permit re quired by NRS § 534.250,
et. seq}^

^ NRS §533.345(3).
GMP § 14.9.

2® Transcript, p. 19 (David Rigdon).
2^ Written conunent of Sadler Ranch, LLC; Transcript, p. 14 (David Rigdon). The statement at the
hearing was that this comment was based upon the re port of the hydrogeologist in Appendix I that
water banking is a type of aquifer storage and recovery project regulated by the State Engineer.
As indicated by further findings, the State Engineer does not agree that the banking component of
the GMP is an aquifer storage and re covery project.
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Section 13.9 of the GMP allows unused allocations to be carried over and banked for use
in a subsequent year to increase the amount of water the rights holder can use in the next year.
The banked allocation is subject to depreciation in the amount that is carried over to account for
natural losses over time.^° In contrast to banking in the GMP, a typical aquifer storage and
recovery project is operated by injecting or infiltrating water from a surface source into the aquifer
for the purpose of accumulating storage for future use.^' These elements of project operation are
not part of the GMP. The State Engineer fi nds that banking of unused allocations in the GMP is a
mechanism to allow flexibility by users to determine when to use their limited allocation and to
encourage water conservation practices. Consequently, the State Engineer finds that the banking
allocations in the GMP is a reasonable means to facilitate conservation and water planning by
water users, as provided for under NRS § 534.037, and that the GMP is not required to fulfill the
statutory obligations of NRS §§ 534.250-340.

n. COMMENTS RELATED TO ABANDONMENT, FORFEITURE,
AND PROVING BENEFICIAL USE

Some commenters stated that water rights that are currently unused should be abandoned
or forfeited prior to reductions in pumping being imposed against existing water rights.^^ The
State Engineer finds that pursuing forfeiture or abandonment prior to implementing any GMP is
ill-advised for several reasons.

First, time is of the essence for rights holders to get a GMP approved prior to August 25,
2025, or curtailment by priority will be ordered for all rights in Diamond Valley. Because
forfeiture and abandonment must be shown by clear and convincing evidence, it is doubtful
whether there is sufficient time to investigate and assemble evidence concerning abandoned rights,
to conduct administrative hearings and engage in any appellate proceedings with time left to secure
a fi nal table of water rights to support the GMP. Pursing abandonment at this moment would
likely lead to lengthy administrative and/or appeal proceedings, delaying action on a GMP until a
fi nal listing of active groundwater rights would be known.^^

Second, a different problem is presented by forfeiture proceedings. Because the State
Engineer conducts an annual inventory in Diamond Valley, information is available concerning
those rights that may be subject to forfeiture. However, in 2017, NRS § 534.090 was amended to
require that a notice of non-use be served prior to forfeiting unused water rights to provide one
year to cure a forfeiture.^^ Serving notices of non-use at this stage would require that owners of
water rights that are currently unused make efforts to resume beneficial use (i.e., pumping). The

Section 13.9 describes that Diamond Valley is divided between the main fanning area (generally
located in the southern half of the basin) and the groundwater discharge area (the northem half of
the basin). Banked water north of the dividing line in the discharge area depreciates at 17% and
banked water south of the line at 1%. The depreciation factors are based on numerical flowing
modeling analysis to justify and support these amounts. See GMP, Appendix 1.

See, e,g, NRS §§ 534.250- 340.
Written comments of Sadler Ranch, LLC and Carolyn Bailey.
See, e.g., GMP, Appendix F.
See NRS §534.090(2).

SE ROA 10

JA0323



Order 1302

Page 10

consequence of resuming pumping is contrary to the intent of the GMP to reduce pumping. Thus,
the State Engineer fi nds that in addition to similar timing problems discussed above, initiating
forfeiture proceedings could exacerbate conditions in the basin by increasing pumping, prior to
reducing pumping pursuant to the GMP, thereby lessening the effectiveness of the plan.^^

Third, assuming arguendo, there are water rights existing only on paper {e.g., that could be
abandoned or forfeited), reductions in pumping by the GMP start at the ceiling of actual pumping
(76,000 afa), not at the ceiling of existing rights (126,000 afa). Stated otherwise, even if the State
Engineer assumed that the difference between existing rights and actual pumping (50,000 afa) was
paper water, the elimination of paper water rights to match active rights will not change that the
reductions in pumping begin at the component of active rights. The issue of paper water was raised
and considered during the GMP drafting process, and it was determined that the GMP
contemplated that any valid right in good standing was to be issued shares.^^ The State Engineer
believes there is a low probability of success for abandonment, and the preceding paragraph
describes the likely unanticipated effect of pursuing forfeiture. Therefore, the State Engineer finds
that requests to eliminate paper water does not warrant halting this process in order to initiate
abandonment or forfeiture proceedings.

Additionally, one commenter stated that existing permitted rights should prove beneficial
use and become certificated prior to implementing a GMP. For reasons discussed ^pve, including
timing and discouraging increases in pumping, the State Engineer fi nds that requiring proof of
beneficial use prior to implementing a GMP is not in the best interest of taking immediate action
to adopt and implement a basin-wide GMP. Further, the GMP petition process expressly applies
to the holders of permits and certificates. Therefore, the GMP statute implicitly recognizes that
permitted rights which have not fully proven beneficial use will participate in the GMP process.

in. COMMENTS RELATED TO APPLICABILITY OF PLAN TO
ONLY CERTAIN WATER RIGHTS

Some comments were directed to the scope of GMP applying only to irrigation rights and
mining and milling rights with a base irrigation right. Some expressed concern that it created a
preference for certain manners of use, that there was no environmental component to the plan and
it would result in water barons.^' Many comments in favor of the plan described how they believed
the plan would allow more irrigators or mines to stay in business, ultimately benefitting the greatest
number of operators by providing more favorable conditions such as weed and rodent control.^®
The comments favored adof^on of a GMP in lieu of curtailment, which many recognized would

The issue of forfeiture in Diamond Valley, particularly of pivot comers, pre-dates the 2017
amendments to NRS § 534.090. In the 1980s, the State Engineer pursued forfeiture of unused
pivot comers in Diamond Valley, which lead to the enactment of NRS § 534.090(3) (pre-2017
version). See Nev. Stat. ch 559 (1983); and see, A.B. 597 (1983).

See GMP, Appendix C, p. 244.
Written comments of Great Basin Resources Watch, and Ari Erickson.
Written comments of James Gallagher, Mark Moyle and Donald Palmore; Transcript, p. 68 (Jim

Gallagher); pp. 80-81 (Matt Morrison).
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likely force many junior irrigators into bankruptcy^ and as a result, the conununity would suffer.^^
In addition, many comments in favor of the GMP spoke positively about methods for increasing
efficiency to continue operations while reducing pumping.'*^

As discussed in the introductory paragraphs section, supra^ over 96% of committed rights
are represented in the plan; therefore, the State Engineer finds that given the overwhelming
majority of irrigation rights and mining and milling rights having irrigation base rights, the
application of the plan to those rights that will have the most impact and be most impacted, is
appropriate. While one commenter opined that the GMP does not address environmental concerns,
the State Engineer does not agree. The GMP may not contain express provisions for the
environment, but allowing the greatest number of irrigators to remain in business and keep
culdvated lands active, will prevent the incursion of weeds, and will provide dust and rodent
control. And ultimately, the State Engineer finds that the objective to reduce the pumping of
groundwater to stabilize groundwater levels is a benefit of the groundwater basin, the irrigators
and other members of the community that rely upon it and live within it, and that it is not necessary
to explicitly identify certain areas of environmental concern within the scope of the plan for the
plan to have a generalized benefit to the environment.

Finally, the State Engineer finds that comments that the GMP will result in **water barons"
or that it will create a preference for certain manners of use, are speculative. Existing water law
provides that water rights are a form of real property that are freely alienable and transferrable
independent of land where the water was formerly appurtenant. In that way, the ownership of
water rights and the manners of use are currently determined by a market of real property
transactions.

IV. COMMENTS RELATED TO PRACTICALITY OR REASONABLENESS OF

THE PLAN IMPLEMENTATION

Mitigation Rights

Some conunenters challenged the fact that the GMP does not provide for mitigation of
senior surface water rights that have been negatively impacted by junior groundwater pumping.^'

The requirement for the approval of a GMP is that it "must set forth the necessary steps for
removal of the basin's designation as a critical management area." NRS § 534.037(1). Neither the
plain language nor the legislative history indicate that mitigation of senior surface water rights that
have allegedly been adversely affected by groundwater pumping must be mitigated by a GMP.^^

Written comments of William Norton and Donald Palmore; Transcript, pp. 80-81 (Matt
Morrison).

Written comment of William Norton, Marty Plaskett, Robert Bumham and James Gallagher;
Transcript, p. 81 (Matt Morrison).

Written comments of Sadler Ranch, LLC and Daniel Venturacci.
In fact the opposite appears to be true from the legislative history. As proposed, A.B. 419 would

have required the State Engineer "to consider the relationship between surface water and
groundwater in the basin," but this consideration was amended out of the bill after the First Reprint.

SE ROA 12

JA0325



Order 1302

Page 12

Of note is that the State Engineer entered Order 1226, entered on March 26,2013, which
provided a mechanism for mitigation of senior surface water rights allegedly impacted by junior
groundwater pumping. Two of the commenters at the hearing who raised this issue have taken
advantage of the provisions of Order 1226, by filing for mitigation groundwater rights, which were
granted by the State Engineer. Consequently, the State Engineer fi nds that mitigation is not a
required element of the GMP; and in any event, the commenters who raised this issue have already
taken advantage of Order 1226.^*^

Out-of-Basin Transfers

One commenter was concerned that unbundling water rights appurtenant to their place of
use creates an incentive for out-of-basin transfers."*^ The commenter acknowledged that the current
GMP prohibits out-of-basin transfers, but suggested the plan proponents may consider amending
the plan to strengthen provisions to avoid incentiyizing out-of^basin transfers. The State Engineer
fi nds that NRS § 534.037 provides that once adopted, the GMP can be amended by the same
procedure which allows for adoption of a plan.'*^ Because the GMP currently prohilbits out-of-
basin transfers, there is currendy no necessity to mandate changes to the GMP to strengthen
provisions to disincentivize out-of-basin transfers. Some commenters involved the creadon of the
plan who spoke in favor of it acknowledged the plan may not be **perfect." Short of finding the
current GMP cannot be approved as a matter of law, the State Engineer fi nds that denial of the
Petition to require years of possible additional negotiations to merely better state existing plan
provisions, to be unnecessary.''^

See A.B. 419 (First Reprint), Senate Committee on Government Affairs, 76th Sess. (May 25,
2011).

See, e.g.. Permits 81720, 82268, 81825 and 82572, official records in the Office of the State
Engineer.
^ Written comment of Great Basin Resource Watch.

NRS §534.037(5).
The State Engineer values all comments and testimony received concerning the GMP. While it

is clear the Public Interest Review of the Proposed Diamond Valley Groundwater Management
Plan prepared for Great Basin Resource Watch was thorough in its analysis, the State Engineer
gives great weight to comments and testimony from water rights holders in Diamond Valley, senior
or junior whom are for or against approval of the GMP. Great Basin Resource Watch does not
own water rights in Diamond Valley and it does not appear it was involved in the years of public
meetings held in Eureka to negotiate the details of the GMP. See, e.g., GMP Appendix C at pp.
121-240. Indeed, its own written comment appears to recognize it is appropriate to afford great
weight to those that created and are affected by the plan. See Written comment of Great Basin
Resource Watch at p. 8 (a groundwater management plan should address the varied objectives or
goals of water users and residents in the basin, and a worthwhile consideration is whether the GMP
promotes bottom-up collaboration to promote broad buy-in from affected individuals and to
provide flexibility in decision-making); and see also. Transcript, p. 65 (Mark Moyle) (responding
to comments at the hearing, stating that the GMP was developed by the people who live in
Diamond Valley and will be most affected and that everyone was making sacrifices).
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Public and Local Community Interest

The same commenter stated that the public interest component was not adequately
represented and that the description of local community interests could be strengthened.^'

The State Engineer disagrees that the public interest is not adequately represented. As
already discussed under well use approvals, new wells, additional withdrawals exceeding one year,
or where the State Engineer rejected a request under § 14.8, is subject to the procedures of
NRS § 533.370—^including the public interest review for change applications.

Many comments in support of the GMP reflect the reality that it took years for the
participants to negotiate an agreement that was able to attain majority support required to petition
the State Engineer for approval. Years before the State Engineer declared the basin a CMA in
2015, the GMP process was initiated by the local community and stakeholders."^^ Work on the
GMP continued for an additional three years after the CMA designation with numerous meetings
of the community and stakeholders, ultimately arriving at the version presented to the State
Engineer in 2018."*' Appendix C of the GMP demonstrates that this process was emotional and
difficult for the participants—yet they persisted in forging a plan in an effort to avoid curtailment.
The written comments overwhelmingly demonstrate the public and local community interests to
be preserved by the approval of the plan, which are best stated by the following irrigator:^

The irrigators that support this plan understand that we all need to sacrifice for the
long-term benefit of the community and the long-term continued success of the
farming industry. Diamond Valley is the heart of southern Eureka County's
economy. . . . Strong, willing, and giving people who understand that it takes
community effort to sustain and survive built Diamond Valley The purpose of
the DVGMP is to continue the ongoing success of the entire southem Eureka
County area and the enterprises that exists [sic] there.

This sentiment was repeated in all written comments submitted in support of the plan.^' In
addition, many stirring accounts were given at the public hearing about living and growing up in
Diamond Valley, the desire to preserve the established way of life, the hardscrabble efforts made
over decades to create the farms that exist in the valley today, and the determination of the
community to work together to solve issues, both past and present, which challenged their
continued existence.^' The State Engineer fi nds that the GMP materials, written comments and
testimony at the public hearing overwhelmingly describe and support the public and local

Written comment of Great Basin Resource Watch.
GMP, Appendix B.
See GMP, Appendices A, C.
Written comment of Mark Moyle.
See written comments of Robert Bumham, Russell Conley, Jim Etcheverry, James Gallagher,

Andrew Goettle, William Norton, Donald Palmore, Marty Plaskett and Ruby Hill Mining
Company; and see Transcript, pp. 52-53 (D'Mark Mick).

Transcript, pp. 57-59 (James Moyle); pp. 75-77 (Vickie Buchanan); pp. 79-82 (Matt Morrison);
pp. 84-85 (Lloyd Morrison); pp. 85-88 (Alberta "Birdie" Morrison).
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community interests, which weigh heavily in the determination at hand. While many comments
in the Public Interest Review^^ reflect aspirational components of what a plan may contain or how
it could be best stated, the State Engineer fi nds that the GMP is acceptable in these areas.

Protections for Domestic Wells

One conunenter suggested that domestic wells were not protected because pumping will
continue to exceed the perennial yield while the GMP is carried out. The State Engineer fi nds that
NRS § 534.110(7), states that unless at GMP has been approved for a basin pursuant to
NRS § 534.037, 'Withdrawals, including, without limitation, withdrawals from domestic wells, be
restricted in that basin to conform to priority rights." And that pursuant to NRS § 534.080,
domestic wells are assigned the date of priority of the date the well was drilled. Thus, the GMP is
protective of domestic wells because it specifically excludes the domestic wells from pro-rata
reductions in use and allows for their continued use to the full statutory permitted amount,
compared to the altemative that (a) the domestic wells in Diamond Valley are junior in priority to
the 30,000 af PY, and (b) since, absent an approved GMP, domestic wells are subject to curtailment
based upon their priority.

Advisorv Board Makeup

Commenters had differing issues with the makeup of the Advisory Board.^ One
conunenter stated that the GMP favors junior appropriators on the Advisory Board. Altematively,
another commenter posited that after a period of years, the makeup of the Advisory Board could
favor non-irrigators over irrigators. The State Engineer fi nds that the plan was created by the
individuals that will be subject to the plan, and the State Engineer accepts that a majority of the
rights holders agreed that the makeup and voting structure of the participants agreed this to be a
fair manner of representation on the Board.

V. COMMENTS RELATED TO SCIENTIFIC SOUNDNESS

Some conunenters challenged the GMP, asserting that the GMP is not supported by science
and hydrologic analysis, with the following observations:®^

a. The scheduled reduction in pumping would exceed the perennial yield
for the life of the GMP and in the process it would deplete aquifer
storage in excess of the transitional storage volume.

b. The GMP is not supported by a hydrogeologic analysis or a groundwater
model to provide information on the effects of the plan.

c. Some conunenters had questions about the accuracy of the ET
depreciation rate, and whether this rate may change over time because

Written comment of Great Basin Resource Watch.

^ Written comments of Sadler Ranch, LLC and Great Basin Resource Watch.
®® Written comments of Ira and Montira Renner and Sadler Ranch, LLC; Transcript, p. 19 (David
Rigdon); pp. 23-24 (David Hiliis).
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of groundwater recovery and corresponding changes in groundwater
ET.

d. One commenter raised the lack of thresholds or triggers in the GMP.

The GMP is based on the simple fact that groundwater pumping is the cause of declining
water levels, and therefore pumping must be reduced to solve the problem. The reduction in
pumping is set at 3% per year for the first 10 years, and may be adjusted up or down thereafter as
informed by groundwater level monitoring data. The goal of this approach is to progressively
reduce groundwater pumping until the perennial yield is not consistently exceeded, and the
measure of that ultimate outcome is a stabilization of water levels.

Perennial yield is based on the principle of conservation of mass, which dictates that water
levels will stabilize when recharge equals discharge. Before any groundwater development occurs,
an undeveloped basin is considered to be in equilibrium between natural groundwater recharge
and discharge. When wells are developed, groundwater is initially drawn from aquifer storage in
the vicinity of the well, but over time that groundwater removal is replaced by a decrease in natural
discharge or increase in recharge until a new equilibrium is reached and the discharge by pumping
is part of the basin water balance. Water drawn from storage in the period of time between the
pre-development equilibrium and the post-developed equilibrium is defined as the transitional
storage. The amount of transitional storage consumed before a new equilibrium state is reached
may affect the depth to water at a new equilibrium condition, but as long as recharge and discharge
are ultimately balanced then an equilibrium condition can be reached and the goal of the GMP to
stabilize water levels can be achieved. The amount of storage consumed in the transitional period
will not prevent equilibrium from being reached.

Groundwater modeling and hydrogeologic analysis are not the basis for the GMP*s
determination of pumping reduction rates and target pumping totals at the end of the plan. Instead,
the pumping reduction rate was selected by agreement of the GMP authors, and the target for total
pumping at the end of the GMP was selected fr om existing published values. Upon
implementation, the real effects of the plan will be monitored and observed by measuring the
change in groundwater levels throughout the basin. Those measurements will be the basis for plan
review and any modifications of pumping reduction rates that the GMP requires after an
observation period of 10 years.

Groundwater modeling is a helpful and informative tool for projecting the effects of
pumping reduction and planning accordingly, but modeling is not necessary to conclude that
reductions in pumping will lead to reductions in water level drawdown. Groundwater modeling
and hydrogeologic analysis beyond what is publicly available in existing published reports would
not change the fact that the cause of groundwater decline is due to pumping groundwater and that
the stakeholder-authored plan seeks to reduce pumping. Modeling could be a useful tool for future
evaluation of the plan and modifications to pumping reduction rates, but it is not required.

One commenter questioned whether the reductions in pumping under the plan combined
with rights not subject to plan would bring withdrawals to the perennial yield based on his
calculation of ri ghts able to be pumped being excess of42,000 afa.^® As explained, the goal of the

56 See written conunent of Ari Erickson.
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GMP is to reduce consumptive use to the current perennial yield; and, as indicated in the
introductory paragraphs, there are 4,437 af of groundwater rights in the basin not subject to the
plan. Thus, the State Engineer does not fi nd that there could be total pumping in excess of42,000
afa in the basin at the end of 35 years under the GMP. Assuming, arguendoy that rights subject to
the plan and those not subject to the plan were estimated to be 34,437 af, existing evidence used
by the State Engineer to designate the basin a CMA demonstrates that there are wide variations in
annual pumping—^in some years, by several thousand acre-feet more or less than the prior year.^^
Because the designation of a CMA is based on withdrawals consistently exceeding the perennial
yield, the State Engineer fi nds that existing law suggests some tolerance of variations on the annual
amount of pumping. In addition, the State Engineer is mindful that perennial yield is an estimate
of water availability and is only one-half of the equation of GMP success.^® Actual observations
of water levels are the most direct and reliable means of determining GMP success. The plan to
reduce pumping, monitor the effects on water levels, and then adjust pumping reductions is a sound
approach to achieving the goal of stabilizing water levels. The lack of a groundwater model or
detailed hydrogeologic analysis does not preclude approval of the GMP as written.

One commenter raised the lack of thresholds or triggers in the GMP. The State Engineer
fi nds that there is no express requirement in NRS § 534.037 for thresholds or triggers, and that a
reference to thresholds or triggers is commonly in reference to a "Monitoring, Management and
Mitigation (3M)" Plan. The State Engineer has historically utilized 3M Plans as a tool in approving
new appropriations when impacts to existing rights are unknown. Consequently, the State Engineer
fi nds that a 3M Plan having thresholds and triggers is different than the GMP now pending before
the State Engineer, and that the two types of plans serve different functions. Nevertheless, the
State Engineer fi nds that there has been robust monitoring of irrigation groundwater use in
Diamond Valley by the State Engineer's office for many decades and that monitoring groundwater
use and groundwater levels is ongoing. Moreover, the GMP requires irrigators to install a smart
meter, which will provide increased accuracy and nearly real-time knowledge of groundwater
use.^^ Finally, the GMP incorporates the State Engineer's enforcement authority concerning over-
pumping of a user's allocation, and contains penalties to be paid in water for over-pumping and
stiff administrative fi nes for meter tampering.^®

Finally, some commenters had questions about the accuracy of the ET depreciation rate,
and whether this rate may change over time because of groundwater recovery and corresponding

^ See Order 1264, official records in the Office of the State Engineer.
Both the GMP and the commenter acknowledged the release of a 2016 report by the U.S.

Geological Survey, which estimated the perennial yield may be 35,000 af. GMP, p. 8 at fn. 2;
Transcript, p. 37 (Ari Erickson). As part of a different administrative hearing proceeding, the State
Engineer was requested to accept the USGS Report as the perennial yield in Diamond Valley.
That matter is currently under submission, and no determination has been made by the State
Engineer whether to accept this number. Consequently, the GMP was based on the current
estimate of perennial yield of 30,000 af.

See GMP § 15. The most recent groundwater inventory conducted by the State Engineer in 2018
revealed that there was nearly 100% compliance with smart meter installation already. This further
affirms that rights holders have already made fi nancial commitments of purchasing and installing
smart meters to ensure success of the GMP.

®®GMP§§16, 17.
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changes in groundwater ET. The selection of these rates was the only component of the GMP
expressly based on groundwater model simulations. The accuracy of the model and
appropriateness of assigning ET depreciation rates based on model interpretation was discussed at
GMP planning meetings. The ET depreciation rates in the fi nal GMP were a compromise and
there was never a consensus. Adjustments to these rates is provided for under the provisions to
amend the GMP, as warranted by the data.

VI. COMMENTS RELATED TO PRECEDENCE

Several conunenters were concerned that any GMP adopted in Diamond Valley creates a
precedent for other areas in the state that may be designated Critical Management Areas. The
proposed GMP under con.sideration is the fi rst plan in the state adopted through the process
required by NRS § 534.037. As with most decisions involving water, the conditions and issues
facing Diamond Valley are unique to Diamond Valley, and therefore the requirements of this plan
may not be suitable for any other area in the state. Many individuals speaking in support of the
plan made this observation, and the State Engineer concurs that the Diamond Valley GMP does
not limit the possible solutions that may be employed by other groundwater management plans.

WHEREAS, based upon the foregoing, the State Engineer makes the following fi ndings
of fact, conclusions of law and order:

The State Engineer fi nds that Appendix D to the GMP sufficiently describes (a) the
hydrology of the basin; (b) the physical characteristics of the basin; (c) the geographic spacing and
location of the withdrawals of groundwater in the basin; (d) the quality of the water in the basin;
and (e) the wells located in the basin, including, without limitation, domestic wells.

The State Engineer fi nds that there is currently no groundwater management plan
in existence for Diamond Valley.

The State Engineer fi nds that the GMP is analogous to the settlement agreement at the
center of the Lewis case, /.e., an agreement supported by at least a majority of the permit and
certificate holders in Diamond Valley to protect existing ri ghts while cutting the Gordian knot of
basin over-appropriation. Thus, the State Engineer concludes that adoption of the GMP is
expressly authorized by statute and does not violate the prior appropriation doctrine because the
statute provides fl exibility outside strict regulation by priority.

The State Engineer fi nds that the GMP is not legally deficient nor waives any authority of
the State Engineer to enforce Nevada water law.

The State Engineer fi nds that due to the length of time required, initiating abandonment or
forfeiture proceedings or requiring proof of beneficial use prior to implementing a GMP is not in
the best interest of reducing pumping and would only serve to delay such reductions.

As discussed in the introductory paragraphs, over 96% of committed rights are represented
in the plan; therefore, the State Engineer fi nds that given the overwhelming majority of irrigation
ri ghts and mining and milling ri ghts having irrigation base ri ghts, and that the application of the
plan to those ri ghts that will have the most impact, and that will be the most impacted, is
appropriate.
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The State Engineer finds that public and local community interests have been considered,
and that such interests are a comerstone of the plan by retaining the greatest number of farms or
mines as economically viable, which will provide social, economic, and environmental benefits-

The State Engineer fi nds that the standard for determining success of the plan by stabilizing
water levels is sound.

The State Engineer fi nds that groundwater modeling is an informative tool for projecting
the effects of pumping reduction, and that future model results could add confidence to decisions
on any changes to pumping reductions, but that the lack of a groundwater model or hydrogeologic
analysis does not preclude approval of the GMP as written.

The State Engineer tinds that the GMP's annual reductions in pumping will lead to the
entire basin's groundwater pumping approaching the perennial yield and stabilization of
groundwater levels.

The State Engineer fi nds that the GMP is a groundwater management plan and is not a
monitoring, management and mitigation plan; therefore, not only is there no requirement that there
be a mitigation component or thresholds and triggers for activation of mitigation actions, but also
such components would cloud the plan's goal and objectives.

The State Engineer fi nds that 1 acre-foot is equal to 325,851 gallons pursuant to practice
and policy of the Office of the State Engineer, and that this conversion rate will be used.

In light of the foregoing fi ndings, having considered the comments for and against the
GMP, the State Engineer concludes that the petitioning parties have met the requirements for the
adoption of the Diamond Valley Groundwater Management Plan, and the Petition is accordingly
granted.

ORDER

NOW THEREFORE, it is ordered that the Petition to Adopt the Groundwater
Management Plan for the Diamond Valley Hydrographic Basin is hereby GRANTED.

Dated at Carson City, Nevada this

.<j!l I
I' day of .

JA^N KING, P.E.
re  Engineer
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HYDROLOGIC RESPONSE TO IKIUOATIQN PUMPING

IN DIAMOND VALLEY, EUREKA

AND EjUCO COUNTIES, NEVADA, l950-j65

J. R, Harrili

ABSTRACT

This second appraisal on the water supply of Diamond Valley
was made 4 years after the first cooperative study. The first report
described the hydrology of the valley under nearly natural conditions
and indicated that the recharge from precipitation within the basin was
insufficient to account for the observed discharge. Estimates derived
during the present study indicate that, of the 30, 000 acre^feet of natural
discharge each year, about 21, 000 acre-feet ^ from precipitation wi^in
the basin and about 9» 000 acre-feet is by interbasin ^lowfroni the ad
jacent Garden Valley area.

Nearly all ground-water development has been in the southern
half of the valley, herein called the South Diamond suhaf-ea, ih 1965,
the total net pumpage was 12, 000 acre-feet. Which is less than half t^^
estimated perennial yield of 30, 000 acre-feet for Diamond Valley, Per
mits to pump about 150, 000 acre-feet per yeabr have heen granted,
mostly in the South Diamond subarea* BecauSe most of the pumping
occurs about 10 miles south of the nearest area of natural discharge,
local overdraft is certain to occur long before an appreciable amount
of natural discharge can be salvaged*

Pumping during the 16-year period 1950-65 has resulted in an
estimated ground-water storage depletion of 60, 000 acre-feet, which
is roughly equal to the total net pumpage for the period. This is only
3 percent of the 2 milUon acre-feet of water estimated to be in storage
in the upper 100 feet of saturated alluvium in the South Diamond subarea
If future pumping continues to be concentrated ih the same general
areas as in 1965, the amount of storage depleiidtt nehossary before a
n^ equilibrium can be achieved is about 3 miilion acre-foet for a sus
tained net pumpage of only 12, 000 acre-feet per year; the ultimate
maximum drawdown would be about 200 feet below 19'65 levels. Pump-
age increased at a rate of about 2, 000 acre-feet per year between 1960
and 1965; if the same rate of increase prevails, a new equilibrium
may not be achieved in the future until increased pumping costs result
in a decrease or relocation of pumping.
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istribution in the
South Diamond subarea suggests that the values range from less than
50, 000 gpd per foot in the Northern part of Ihte suh^rea to more than
100, 000 gpd per foot locally in the southern part. The long-term storage
coefficient mky average about 0# 14 for to e entire subarea but locally
may be as high as 0.20.

The chemical quality of the water in 1965 was satisfactory for
irrigation, domestic, and stock use. However, over the long term,
recycling of pumped water smd the possibility of migration of poor
quality water from beneath the playa could^resuit in a gradual deteri
oration in water quality in the areas of use.

IK

h-: I'k': ;-S

•  -K K "jr ! l-' i '

n  • . J' ^ n , : '
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INTRODUCTION

Purpose and Scope

This is^e second report on the hydroiogy of ;^e JDiamOnd Valley
area prepared hy the U. Geological Survey in coojpex'dtion^^^^^^^
Nevada Department of Conservation and Natur^al Resdurcesi The first
report, (Eakin, 1962) was a reconnaissance and provided pfeliniinary
estimates of recharge to and discharge from the valleyi ^

The need for the present study was expressed by the State because
of the extensive development of ground water for irrigation since 1962*
Development has been concentrated in the south-central part of the
valley. By 1964 permits to pump more that I50j 000 acre-feet per year
had been issued which greatly exceeded the preliminary estimates of
recharge for the entire valley. A local overdraft in Hie area of concen
trated pumping and a potential overdraft for the entire valley was sus
pected, Furthermore, continued lowering of the water level by deple
tion of water from storage might induce underflow of poor quality from
beneath the playa into the area of.developmenfc. Therefore, thd prin
cipal purposes of this report are: (1) to reappraise Hie hydrology of the
valley with special emphasis upon the initial effects of the present :
(1965) development; (2) to predict the pOSsibleffuthre effects of this
development; (3) to appraise the chemical quaHiy of the water to;provide
a basis for comparison in the future; and (4) to evaluate the structural
basin and associad:ed carbonate-rock aquifers to determine the outer
hydraulic boundaries of the valley.

To accomplish these objectives, this repoft includes: (1) a
reappraisal of the main elements of the naturaihydrologic system,
including precipitation, recharge, interbasih flowi and natural dis
charge; (2) an estimate of the average annual surfacei?water inflow to
the valley and its distribution within the valley; (3) a description of the
ground-water reservoir; (4) an estimate of the magnitude of depletion
of ground water in storage; (5) estimates of pumpage, ground-water
yield, possible overdraft, and effects of future development; and (6)
an analysis of the chemical quality of the ground water to establish a
base for comparing changes in salt balance that prCba^bly will occur
in the future.

Field work began in April 1964 when 14 smail-diameter test
wells were drilled in undeveloped parts! of Chc y-aliey^^> W •
measurements of selected Wells were rhadC in: October 1964 and in
April 1965, Intensive field work began in August 1965 and was com
pleted by July 1966. This work consisted of canvassing all wells ift:
the area, measuring the water levels in wells after the 19^^^ irrigatioh
season and before tha 1966 season, making pumpiJ^g fosts on wells^
estimating the annual pumpage, measuring discharges of major springs
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and flowing wells, and inventorying the chemical quality of the water.
Surface-water inflow to the valley was estimated from periodic stream-
flow measurements made daring the course of this study.

This re evaluation is consistent with thd objectives of the long-
range cooperative program (Shamberger, 1962, ,p. 14) for the orderly
study of the ,water resources of Nevada which provides for additiohal
detailed studies in areas where moderate to substantial develbjoment
has occurred and where records are available through a continuing in
ventory over a prolonged period of time.

Jjocation and General Features

liocation and Areal Extent

Diamond Valley is an inter mountain valley in east-central
Nevada. It lies within an area bounded by lat 39^7* end 40^5' N« and
long 115°47' and 116°12' W. Most of the valley is in Eureka County;
however, the north end extends about 8 miles into the southwestern
part Of Elko County (fig» 1)* It is roughly elliptical in shape, the long
axis extending about 56 miles from Prospect Peak at the southern end
to Bailey Mountain at the northern end. The maximum width is approx
imately 20 miles at the latitude; of T. 22 N* .and the average width is
about 12 miles. The total area of the drainage basin is about 735
square miles.

The area is bounded on the east by the Diamond Mountains and
on the west by the Sulphur Spring Range, Whistler Mountain, and the
Mountain Boy Range (pl. l). The southern boundary is formed by the
Fish Greek Range and the northern boundary by the Diamond lUlls.
These surface boundaries form a closed basiu except for Devils Gate^
which is a topographic low between Whistler Mountain and the Mountaih:
Boy Range and which permits surface and subsurface inflow from Ante
lope, Kobeh, and Monitor Valley s^

Garden Valley is about 22 miles long, 5 to 6 miles wide, and is
on the west flank of the Sulphur Spring Range at ti ie southeast end of.
Pine Valley, It isiseparated from Pine Valley by the Roberts Mountains
and Table Mountain and surficially drains into Pine Valley through two
topographic lows at the southern end of Table Mountain,

The lowest part of Diamond Valleyj altitude about 5, 770 feet,
is the playa which covers most of the northern part of the valley floor.
Southward from the playa the valley floor rises at a gra.dient of about
9 feet per mile. Areas at altitudes above 9, 000 feet ere found only in
the Fish Creek Range and Diamond Mountains, The higliiest point is
South Diamond Peakj in the Diamond Mountains, at ari altitude of 10, 614
feet. . v-

-4-
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Eureka, population 605 (Nevada Dept. o£ Economic Development,
1965 estimate), is the only town in the area and is the county seat of
Eureka County. It is in the southern end of the valley on the lower
slopes of the Eish Qreek Range. U. S. High'way 50 crosses the southern
part of the valley and passes through Enrekaf State Highway 51 joins
U. S. Highway SO a.bout 3 miles northwest of jEureka and trayerses part
of the west side of the vaUey, It leaves the area at Garden Pass and
extends northward to U. S. Highway 40 at Carlin (fig. 1), State Highway
46, a graded and gravel road, originates in Eureka^ traverses the east
side of the valley, and leaves the area at Railroad Raaa^ ^ere
it extends northward through Huntingtpn VaUey and collects, w
Highway 40 at Elko* The remainder of tl^ \^ley flior
graded and gravel roadsi Graded roads have been constructed ^ong
most section lines in developed areas and pernnt access the
most severe weather. The nearest rail connections are at Ely, about
76 imles east of Eureka, and at Carlin and Elko^ about TOO miles north
of Eureka,

Subareas

For the purpose of this report, the valley has been divided into
the South Diamond and the North Diamond sul^area^. The subareas are
shown on plate 1, The South/Diamond subarea^li^a aoutit of the cross~
valley roadfrom Sulphur Springs to Thompson Ranch in T. 23 N. , R.
54 E. It has a total area of about 276, 000 acres contains the
of major ground-water development. The N^orth D^ subarea lies
north of the above described crossrvalley road. It ha.s a total area of
about 194, 000 acres and contains all but a small part of the area of
natural discharge. The west side of this subarea is characterized by
a large volume of spring discharge.

Economic. Development

Diamond Valley has developed into a. msjOr agriciiltural area;
however, the area was developed initially to exploit the mineral resources

the Eureka district. The first ore was discovered in T$64^ a few
miles southwest of the present town of Eureke. Jhi ld^9 rich ore bodies
were discovered in Ruby Hill, and Eureka developed into a prosperous
mining districts Mining, activity continued to increase steadtiy, and by
1880 the Eureka district, according to Hague (1892> p-. 6), was the mOst
successful in the State at that time. During the period 1871-80, the
town of Eureka had a population in excess of 9, 000 (Myrick, 1962, p.
91). The total value of lead and silver produced up to 1959 was approxi
mately 122 million dollars (Nolan, 1962, p. 57), most of which'was
produced in the period 1871-80. In 1880 the major ore bodies in Ruby
Hill were apparently bottomed. Production cpntinued on a reduced scale
and no new discoveries were made untii 1940^ when pre was found in the
hamging^wall side of the Ruby Itill fault.

.  n - . .. ... ... -5-.
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; ^ the Fad/^as started in I
discovered bris. Deveiopi:nettt'was iii^rriipted by the- WaVi'%ut in i9^8'
when *^6 shaft had reached a de|>th'bf 2, 465'feei'i»' h
was ehcouhteVed in the 2, 250-foot leVel drifl^^ ^ flooding
problein which was not economically solved for many years. About
5, ODD acre-feet of water was puinped fromi the shaft ddHng the period
from March 1948 to December 1948 (Stuart, l955i p. 2)* in an unsuc
cessful attempt to dewater 111 e shaft. Most of .thb pumped Water.
charged the Valley-fill reseiVoiV by dMiltratibn mrough Velativeiy pe^-me-
able alluvial deposits. Until the Water prbbiem wae solVed, esfiploratdry
Work Was cbhcentrated in the re^icai north of the Fad-shaft. The T.
shsiftV approximately 1/1 Tmles nOrthwe St of the Fad shaft/ Was ̂
structea in 1954. It Wias stink to a depth of 1, 034 feet and whs operated
until 1958 When it closed for economic reasons. At the present time, -grouting the major water-bearing formations has permitted the Fad
si^t to be deWatered with relatively small pumpihg ratdsi Pumped V
water currently is run either into the Locan or T. L, shafts. At the
end of 1965 a sampling and exploration program was terminated and
operations we re temporarily suspended, pending the completion of
metallurgical tests.

The first agricuimral development id me valley waa
With the raising of livestock/ millal devilopment consisted of no.mP^re
than sy stems of ditbhbb to distribute the Available Water/ o ^native grasses were Sustained by sutface-water runoff in Ihe. ;pwer
parts of some cairyohs and by spring discharge along the sides of m
valley. Ranching operations consequently were established in thosOwr . ,
areas. ,' " ' ,

Spring discharge along the west side^^^the valley was sii]^^-
mented by the drilling of flowing wells on the Romano Ranch in 9
and the Flynn Ranch in 1949/ ; J .

The first ground-water development initheiS<^thcDiamond sub-
area was attempted in 1949> when two wells were drilled on. the east :
side of the Valley. From 1950 to 1958 a few wells were drilled each
yeari then in 1958 renewed effort was made to::devel6p land fof^JWr
gitibn. In 1961 an estimated 85 wells were con^leted (Eakan/^ 4^
p. 29). 1965 inor^^^^ ZOa irrigation Well^ bad Peen drllle^^^^^
ever, probably not morb thah 80 haVe been pudmed;^*i^^^
growing season. The makimum use of land probably 6^^
for several_more years; i

Previous Studies

The geology of the Eureka Mining District has been the. subject
of much detailed study. Early inVestigaborS, -Ring (I8T8)/ Hague.v(1883,
1892), and Walcott (1884), described a stratigrapKic section frpm-lo-
cations in the vicinity of the Eurek| district which was long used as a
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standard for the central Great Basin, The econoniic aspects of the
area were described by Curtis (1884) ahd Emmohs (1910)i

Detailed studies arid subsequent revisions of small parts of &e
section were made by Walcott (I9p8a, b; 1923), Wheeler and Demmon
(1939), Gianella (1946), Sharp (1947), and Easton and others (1953),
However, the most corhprehensive and detailed) study of the strati-
graphic section in the vicihity Cf-Eureka has been repbrted by Nolan,
Mer riam, and Williams (1956). kA detailed study, Vrhichvsummarize s
liie geology of the Eureka Mining District, was made b^^ (1962). .
Merriam (1963) described ^e PaleOzoic rocks of Antelope l^alley,

A preUminary geoidgic map of EureJ^ Cbunty* :sdale 1:200, ODD,
was compiled by Dehner> Taggv Bell^ and Roberts (1961), and a pre
liminary geologic map of the Diamond Springs Quadrangle, scale
1: 62, 500, wds made.by Daxsen and Riva (1963). A geologic map,
scale 1:12, 000, is included in Nolan's stiddy of Eureka Mining
District (1962)4 Mabey (1964) made a gravity snr^by o^ E
and adjoining areas. ' €_

Interest in possible oil development has led to the drilliiX]^^
two exploratory wells in Diamond Valley, . In 1954, a. 1, 07^
was drilled by the Diamond Cil Corp. in sec; 15, T. 26 N., R, 54 E,,
and in 1956 the Shell Oil Company drilled an exploratory well to a
depth of 8, 042 feet in sec. 30, T. 23 N., R. 54 E.

The first hydrologic- studies made ia the^ area were cpnceraed
with mine drainage. A general description of the dram^ge P^roblem was
given by Mitchelb(1953), Stuart (1955) deseabed the results of a
pumping test of the Fad shiaft which was m 1952; at that tirne
Stuart and Metzger: also made a general study region to assist
in evaluating the problem,

A reconnaissance of the groundr-wb^F
Valley was made by Eakin (1962); it is the only shady which gives a
preliminary evaluation of the hydrology of Ibe entire Walley, The
hydrology of areas adjacent to Diamond Valley has been studied at
reconnaissance level by EaMn (1960, 1961) and by Rush and Everett
(1964. 1966a. b).

Climate

The climate in Diamond Valley is similar to; that of most valleys
in east-central Nevada. Air masses which move eastward across Nevada
are generally deficient in .moisture. Areas at low elevations commonly
receive less moisture than areas at higher elevatiphs. This results in
semiarid conditions in the valleys and subhumid conditions in the sur
rounding mountains. Winter precipitation generelly falle as snow from
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regional stormsj witereas summer pre-cipitation la
storms of short duration and high intensity#

Ipoaliaed as thunder-

Table'I lists the average monthly and annual precijnt^Uon, in
inches, at 14 stations in central Nevadat, Eureka and Dianm^ Valley
are the only stations within the area of study. At Eureka.^^:^^ inaaamum
annual precipitation, 20. 64 inches» occurred in iy07; Ihe W
6.13 inches, occurred in 1928. The record at Diamond Val^^ is too.
short and incomplete to provide a valid average. Data ayail^^C
th^ the average annual precipitation on: the yaUey ti oor is sever^ i^p^s
less-than'-at Eureka,^- possibly about• 8inches ,

Temperature is sui^ect to large d2#y and seasM^
Summer days generally are hot md nights dol^di^ .Frees^g t^^
have been recorded at Eureka in every monthjof the yeari ^
normally are severe. The average annual temperature at Eureka for
the period 1953 to 1959 is 46-F. Short-te^rm records at Biamond Valley
suggest that the average temperature there thrpughout most;pf the year
is several degrees lower than at Eureka. Additional information cm
precipitation is given in the section on recharge. The effects o therma
inyersion on the grdmng season in the South Diamond sUbarea are
cussed in the section on growing season,
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Table 1.—Average monthly and annual precipitatloav in inches ..

at 14 stations in central Nevada

[From published records of the D.S* Heather Bureau]

Locationl./ Jan. Feb. Har. Apr. May June July Aug. Sept. Get. Rovi jOec. AnnuaJ

1 Elko 1,23 0.96 0.92 0.70 0.86 0.68 0.35 0i2Si)v33 0.66 0.76 1.06 8.7!
2 Lamollle 1.42 1.60 1.94 2,40 2.29 1.42 .p.57 .77 1.44 1.37 1.50 17.3.'
3 Amerlcau Beauty 21.5'
4 Rand Ranch .75 .96 .98 1.02 1.30 1.11 .28 M .48 .68 .94 .94 9.9;

1  5 Jiggs 1.01 .89 1.141.271.60 .90 .41 .50 .^53 .82 .90 1.14 11.1
6 Harrison Pass 1.95 1.73 1.84 2.122.131.26 .63 .65 .68 .91 1.36 2.11 17.3.
7 Sadler Ranch __ 7.9'
8 Overland Pass 10; 2t
9 Diamond Valley ^ 7.4:

10 Eureka .87 .86 .90 1.60 1.14 1.29 .74 1.57 .76 .56 1.15 1.34 12.
11 Austin 1.13 1.05 1.47 1.57 1.46 .79 .55: .53 .49 .84 .80 ,90 11.5?
12 Chamac Basin .92 1.46 1.12 1.24 2.02 .66 .41 .66 .63 .62 1,04; .83 11.63
13 Fish Creek Ranch .44 .32 .53 .51 .62 .34 .55 ,48 ,53 .33 .59 ,50 5.7/
14 Potts .56 .66 .74 .72 .95 .36 .51 ,44 .27 .33 .37 .42 6,35

1. Stations listed according to geographic location, from north to south,, and
locations shown On figure 1.

Location
Altitude Section Tbtmshio Rar ifte Period of record Remarks .

1  5,047 16 34 N . 55 E. 95 years, l&7Chl964
2  6,260 6 32 N. 58 E. 54 years, 1911-64
3  8,000 33 31 N. 58 E. 4 years, 1959-62 Storage gage
4  5,047 33 30 N. 52 E. 9 years, 1957-65
5  5,465 34 30 N. 56 E. 21 years, 1945-65
6  7,300 2 28 N. 57 E. 14 years, 1951-64 Storage gage records

7  5,690
prorated monthly

26 27 N. 55 E. 16 years, 1950-65 Storage gage
8  6,789 29 25 N. 57 E. 16 years, 195Qp5 Storage gage
9  5,850 18 21 N. 53 E. 3 years, 1963-65 Poor record, best

available values

tdLthin the area
10 6,540 13 19 H. 53 E. 20 years, i922;^3Q5

1939^42v
1953-59,

11 6,594 19 19 N. 44
XyOjl .. y

E. 73 years, 1890-98,,
1900-1908,
1911-64

12 8,500 20 17 R. 49 E. 7 years, 1955-61 Storage gage, records

13 6,050
prorated monthly

10 16 N. 53 E. 19 years, 1944-62
14 6,635 35 15 R. 47 E. 28 years, 1892-1919

-9-
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GENERALIZED GEOLOGY

Fhysiografihy

The laixdforms in Diamond Valley are typical of those wMch
occur in ^e Great Basin, The valley is a structural depression "which
is partly filled by uxiconsolidated and .semiconsplidated lacustriniB and
subareal deposits# Physiographically, the; valley may .be divided into ^
three parts > the mountainsi the alluvial apron, and the playa# The i '
alluvial apron and playa together form the valley floor. Pleistoeene
lake features have been developedlargelyon the alluvial apron.

Mountaihs

The mountains that border Diamond Valley are composed
principally of complexly faulted and folded Paleoaoic sedimentary
rocks (pi. 1). The overall siae and shape of ti ie mountains is the re- n
suit of regional uplift and warping associated "with normal faultingii
The complex internal structures have had little control over the gfbss
topographic features; hovrever, the dffects of internal structures may
be pronounced in certain areas, suid^a^*^ scarps and ridges formed by
relatively resistant beds are locally prominent. The mountains are
areas of active erosion and are generally deeply dissected. This dis
section is prominent in the Diamond Mountains, Areas underlain by
volcanic rocks typically have smooth convex upper surfaces and steep
talus-cove red slopes.

Alluvial Apron

The alluvial apron is the area of intermediate slope between ^
the mountains and the comparatively flat playa. The apron generally
is.composed of coalescing alluvial fans but may also contain pediments^
or areas in which the bedrock is covered by a thin sheet of alluvium.^ . .

The slopes on the alluvial apron decrease from about 100 feet
per mile near the mountain fronts to only a few feet per mile near the
playa. Local relief may be as much as 25 feet, due principally to stream
entrenchment on the higher slopes euid barsj; spits, and beach deposits
on intermediate and lower slopes.

Lake Features

During Pleistocene and possibly earlier time, a large lake
occupied Diamond Valley. In Pleistocene time the level of the lake
fluctuated between the present level of ;the.pl,atya (altitude 5, 770 feet) ;
and the outlet level at Railroad Pass (altitude approximately 6, 040
feet). The material near the shore was reworked by the action of
waves and nearshore currents. In places where the shoreline extended
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onto the alluvial apron, terraces^ cliffs, bars!, spits, and beaches
were formed upon the then-existing alluvial fans and pediments«

At the north end of the valley a series of beaches, terraces,
cliffs, and spits are prominent between altitudes of 5, 860 and 6, 040
feet. The altitude of the highest terrace is the same as that of the
outlet altitude in Railroad Pass, approximately 6, 040 feet. Subsequent
erosion has lowered the altitude of the pass to 5, 895 feet.

Lake features are best preserved along the west side and at
the north end of the valley; however* shoreline features may be observed
along the east side. Many lacustrine features have been destroyed by
the action of recent intermittent streams.

Playa

The playa occupies the northern part Of the valley floOr. Its
surface is nearly flat, and it covers an area ^ about 50, 000 acres
(pi, 1), Fine-grained wind-blown material from the playa and io^^^
slopes of the alluvial apron form low dunes locally along the margins
of the playa.

Principal Lithologic Units

For the purposes of this report, the lithologic units in Diamond
Valley are divided into two major groups on the basis of their hydro-
logic properties: (1) unconsolidated deposits which form the valley
fill, are highly porous, and commonly transmit water readily; and
(2) consolidated rocks which occur in the mountains and at depth beneath
the valley fill, commonly have low porosities and permeabilities and,
except for certain carbonate rocks, do not readily transmit appreciable
quantities of water.

Six principal lithologic units used in this report are presented
in table 2, which was compiled largely from the work of Nolan (1962);
Nolan, Merriam, and Williams (1956); Merriam (1963); Lehner, Tagg,
Bell, and Roberts (1961); Larson and Riva (l963); Merriam and Anderson
(1942); and Stuart and Metzger ewritten cOmmuh. » 1961), The six units
are carbonate sedimentary rocks, clastic sedimentary rocks, granitic
rocks, volcanic rocks, older alluvium, younger alluvium, and playa
deposits. Distribution of the units, listed in table 2, is Shown on plate 1,
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TabXc 2.'—Princlp»jt lltholoaic units In Dtanond Vrtllov

*««»

Unit
dealeoatlon LlthoXogy and aaoXoatc fanaatXons Qeeurreneo General hydroloalc properties

Ploya
leposlcs

teunger
elluviun

Older

illuvlum

0 to ,
100±^

SlU, clay, and evsporltes.
sose dune sand.

Occurs beneacb plsya In north-
central Diaaond Valley.

High IntaretltiaL porosity .and. lou
peraaablllty.

0 to

200i

Unconsolidstod alluvial and coUuvial
deposits of Intexbeddad sand, gravel,
silt, and clay. Katariols generally
moderately to well sorted and form
lenticular bodies.

Oecuta primarily as lake Diamond and
associated depoaito. Includeo some
elope wash, flood-plain, end channel
deposits formed during end efter the
lake receded.' Fine-grained, lake-
bottom dQ>osits predominate near the
center of the valley; coaraa-grained
beech-gravel and bar deposlta pra-
doDinate along edges end southern
end of valleyi

Sand and gravel deposlta highly peroaabla
and capable of yielding large quantities
of watar to wells. ^Buried beach gravels
are.the highest yielding deposits of the
valley fill. Lake-bottom deposits of
fine-grained sand, silt, and clay are less
capable of yielding-Water.to walla.

0 to

1500±«''b/

Alluvial and colluvlal deposits of
sand, gravel, silt, and cloy.
Materials range from well sorted to
poorly aortsd. Partially consoli
dated (cemented) la localised areas
and at depth. Oeposita at depth in
the center of tho valley generally
moderately to well sorted.

Occurs principally as alluvial-fon
deposits, also slope wash, talus
deposits, upland alluvial auriacea,
and hlgh-lovai shore-line depoelta.
Locally includos some surflclal
recent alluvlsl-fan deposlta end
channel deposits. Fan dsposits
locally have bean-uplifted, faulted,
dissected by erosion, and marked by
shore-line features of various -lake
stsges. Occurs at doptb in tho
center of the volley eo leke'
depoaits which overlie valley-fill
deposits of Tertiary age.

Peroeabllity ranges from low to high. Zone
of hl^ permeability generally associated
with burled channel depoaits.

lolcanlc
rocks

andivlded

0 to
7004-
exposed

Flows, dikes, sills, and small plugs
of andctlte, bssslC, rhyolita, and
rhyolltlc tuff.

Northeast end-of Flah Creek Rango,
northeast flank Sulphur Spring Range,
Table Mountain.

Camaonly have little or no interstitial
porosity; may transmit small amounts of
water through joints and eonos batwoan
flows.

I ranitic
rocks

Alaskite otock, quarts dtorlte plugs,
quartz porphyry sills and dikes.

Stock forms Vhistler Mountsin, plugs
at north end of Ruby Hill and in
northern Diamond Moantaina.

Virtually no Interstitial porosity and
permeability; may;traasmlt small amounts
of water through neac-Burfaca fractures
and weathered zones.

Clastic

®pcdiiacn-
tary
locks

9,0001-

Prtsarlly sandstone, quartsite,
shale, or conglomerate. Includes:
Prospect Mountain uuertzite; Ploche
Shale; Secret Canyon Shale;
Dundetberg Shelo; Vinlnl Formation;
Eureka ()uarizltc; Pilot Shale;
Chalmian Shale; Diamond Peak
Formation; Carbon Ridge yometlon;
Garden Valley Pomation; and Newark
Canyon Forraatlon,

Exposed in parts of the Diamond
Mountains, Pish Creek Range, Mountain
Boy Range, Sulphur Springs Range, end
Roberts Mountains.

Do not teedlly transmit water, except la
areas of intense attuetural deformation
where some water may.ibe tranamltted along
fractures.

Carbonate
jcdimen-

tary
rodts

W.OOOf^^

Frlmarlly llnesrone or dolomite with
some intecbeddad sand and nhale.
Includes: Eldorado Uolonlte; Ceddas
Llmcotonc; Uamburg Dolomite; Windfall
Formation; Pogonip Group; Ranaon
Creek I'ormoClon; Roberts Mountains
Foraocion; Lone Mountain Dolomite;
Nevada Formation; Devils Gate Lime
stone; Joans Limescotte, end Ely
Limestone.

Principal exposures in Sulphur
Springs Range, Pish Creek Range,
Mountain Boy Range, and vest flank
Diamond Mountains in Tps. 21 and 22
K.

Some carbonate faick3'-:rhadtly traasmlt water
through fraetucsB j^.aolutioa openings.

Kay overlie older playa deposit* of liidetcrmlaata thickness.
1^00 feet 1h total Chickneea of uncoosolidatad or poorly indurated material logged in the upper

portion of the valley fill in the Shell Oil tost holo (sec. 30, T. 23 N., R. 54 E.).
Aggregate thickness
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VALISE

The vaUey-filI gxoUnd»-wat®x E&ff^rvoir ia formed by the older arid
younger alluvium and the playa deposits Which fill the structural depres
sion underlyir^ Diamond Valley (pl^ lKe Tliis reservoir is tl^ most fea
sible source for the extensive development of ground-i-water supplies.
Therefore, the hydrology of the basin is discussed in ternis oTits re
lationship to the valley-fill reservoir.

Extent and Boundaries

The valley-fiH reservoir is apprbsduiately >^5^ 6 to 12
miles wide, and has a surface area of about;i410 square milesi, TbO bed
rock surfaces of the adjacent mountain blocks suid their subsurface^ e
sions form the lateral and bottom bouhdariei Of tbe valley-fill reservoir.

The exact configuration of the reservoir is not known. Howeyer,
several generaliiSations as to the oyerall size and shape of
may be made on the basis of gravity data (Miabey» 1964) and^^m
from an oil-test hole (Shell Diamond V&ey )No* 1, drilled in 1^^56),

A large gravity low underlies Diamond Valley. It is: measured by
the differences betweenthe densities of the ya^ey-fill material42.2^^ t
2,5 g per cmand those of the consolidated rocks of the blocks
(2. 6 to 2, 7 g per cm ), The magnitude Of. the low is a rough •indication
of the thickness of fill. The low generally conforms with the
shape of the valley; however, the largest values (maximum residual
relief of about 40 mgals) are east of the center of the valley*• suggesting
that the fill is thickest there. Approximately 7, 485 feet of#m yall®y
fill was logged in the Shell Oil test hole/ (seci 30* T. 23N., /llii .5^ ),
and Mabey (1964) stated that the maximum thickness of fill/probably is
not much gr eater than this. Relatively permeable Pleistocene and Recent
deposits form only the upper part (1, SOd^xfeet) of the valley fill. The
remaining part is composed of Tertiary ror older deposits.

The gravity gradient along the
from Devils Gate to Garden Pass is marked|y le ss than it is alopg
margin of the valley in other areas. Merriam and Anderson (1942)
reported that a pediment extends easty^itd frdm Whistler Mountain and
the ridge to the north. In sec; 5, T,. 20N,, ?R; 53 Ei, smalT^l^
of bedrock protrude through the valley fill. To the north, wells '21/ 53-IBcc
(depth 134 feet), 21/53-20cc (depth 150 feet)j and 21/53-20db (depth
183 feet) were bottomed in '^hard rock, '1 presumed to be bedrock.
Merriam and Anderson (1942, p. 1715) invested that a smalT scurp*
about a mile east of Whistler Mountain, may mark the east edge of the
pediment. Thus, much of the valley fill befWeen V/histler Mountain
and Garden Pass, west of State Highway 20, is underlain by bed.rock
at f^rly shallow depths; locally bedrock may extend east to the edge of
the developed area.
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Sub surf ace Di str ibutlon ;and 'Gravel

in the Scaith .DiamohdrSuba]^a

Examination of drillars logs of wells in the South- Diamond s^b-
area revealed that thick accumulations of sand and gravel are present
in localised areas and that these deposits yieW most of the wate:r tO wells.
A knowledge of the overall distribution of isand and gravel'^ef nfore
would provide generalized information about variations in the water
bearing properties of the valley fill.

Any information derived from well"logs is subject- to certain
limi^tionsv The major diffi is the amount of interpretation,in^j
volved. An initial interj>retation is made when the driUer v^gs
terial whidh he has drilled^ Most drillers are consistent in their de
scriptions and interpretations but when reports made by several drillers
are compared some differences are apparent. An interpretation must
then be made of the drillers' lithologic descriptions td reduce them to
terms suitable for 'comparison and analysis* The interpretation usad
in mis report is similar-'to that; uSed by Bredehoeft (19b3» p. 3Z) and
is summarized in table 3. This interpretation necessarily is highly
subjective, and although the results •obtained from any one-log may be
slighUy in error, the sum of all interpretation‚ probably represents,
overall conditions with a reasonable degree of accUxacy, This contention
is suppiorted by the fact that results obtained from logs of adjacent welis
were in good-agreemehti-; ;

An analysis was made of the distribution.of. sand ;and gravel in
the upper 100 feet of saturated valley fill (1965 data)w The logs of 117
wells were used, selected on the basis of their location and, clarity*
For each well the percentage of sand and gravel wimin the upper 100,
feet of saturation was determined and this value plotted on a map* vi^eas
showing the percentage distribution of sand.:and grayel were then drawn,
and the results are shown in figure 2J The same procedures were ^
followed to ascertain the distribution for the upper 150 feet of valley
fill, and nearly identical results were obtained for this partly saturated
interval. " •

Xhe areas in which a high percentage of ; sand and gravel is. in-
dicated roughly coincide with areas Where well yields are large. A
possible exception to this is at the; extreme southwestern end of the valley
where-the yields of several wells are not as high as tbose of wells
which have penetrated comparable IhiGkne s se a of. sand and gravel in
other'patts of the valley. The s^d and gravel dep.osits there are partly
indurated (cemented) and are not 'as productive as the
sand and gravel deposits - to the north* ƒ A linear. zone deficient rn sand
and gravel is near the east side of the valley, (fig* 2)^; In most cases,
suitable irrigation wells have been developed therej-however, tCK obtain
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Table 3.-^Classes of material described in drllfea* logs

Drillers*

describl^iofi
Geologic

interpretation

Gravel

Sand and gravel

Sand, gravel,
and clay

Gravel and clay,
cemen.ted gravcj.

Sand

Sand and clay,
sandy clay

,  silt,
mud, muck

Gravel

Interbedded layers of
mediimi to coarse-grained
sand and gravel

(1) Pebbles in a matrix
of sand, silt, and cl^
miatrix is indurated in
the case of cemented
gravel

(2) Interbedded layers of
sand, gravel, and clay

Fine, medium, or coarse
grained sand

Interbedded layers of
medium-grained sand,
silt, and clay

Interbedded silt and
clay in varying
proportions

Estimated Percentage of
composition sand, gravel or

both .

100% gravel

50% sand
50% gravel

20% gravel
20% sand

60% slit and

100?^ sSnd

30% sand

70% siit and

0 to 100% clay
0 to 100% silt

100

100

40

100

30
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1/Estimated percent of sand and
gravel In the upper 100 feet of
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logs)

Less than 20
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Devils
40 to 60 20 to 40

El €
Greater than 80 60 to 80
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saturated fill
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iScale In Miles

Figure 2•Sub surface distribution of sand and gravel, South Diamond subarea
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comparable yields they have had to penetrate a thicker section of sat
urated deposits thaii wells in adjacent areas.

Coefficients of Transmissibility and Storage

The coefficients of transmissibility, T, and storage, S, eJKpress
the water-bearing properties of the valley fill. Transniussibiilty is a
measure of the capability of an aquifer or reservoir systein to transinit
water. It is dependentUpon the permeability: of the material involved
and the thickness of the aquifer. The coefficient of storage is a measure
of the amount of water that will be released from storage, within a unit
area, as water levels are lowered. These coefficients may be used in
the construction of analog models, in the computation of drawdowns and
storage changes caused by pumping, or in the determination of sub
surface flow.

Coefficients of transmissibility may be estimated from specific
capacities of wells, which are usually expressed as yield in gallons per
minute per foot of drawdown. Properly designed wells in deposits with
high transmissibilities have higher specific capacities than welle in
deposits with low transmissibilities.

Six pumping tests of 40 to 90 minutes d^^^ were made to
determine representative values and ranges transmissibility.; The
values of transmissibility determined ranged from 27, 000 to 250, 000 gpd
(gallons per day) per foot. Transmissibilities were also estimated from
about 84 commercially determined specific capacities. These values
provide the basis for the approximate distribution of transmissibility
in the South Diamond subarea shown in figure 3, The values shown are
representative only of that thickness of the valley fill affected by puinp-
ing. As might be expected, the agreement between the distribution of
sand and gravel (fig, 2) and transmissibility (fig. 3) is reasonably good;
that is, the areas underlain by high percentages of sand and gravel
generally are the areas of high transmissibility. In cases where deep
circulation occurs, such as underflow toward^ the playa, the transmis
sibility may be greater than that shown in figure 3, because of the greater
thickness of material involved.

Only one coefficient of storage was calculated. A value of
. 0002 was determined from observations made in well 21/53-iSac
while well 21/53-15db was pumping. This artesian coefficient (value
of less than • 001) indicates that the horiaontal permeability of the valley
fill is rhuch greater than the vertical permeability and that the flow
system for short-term periods responds to putdping stress much like
an artesian system. Over the long term, however, all deposits will
drain slowly in response to pumping, and the coefficient of storage will be
nearly equal to the specific yield. Thus, in analyzing long-term cause
and effect relations, the valley-fill reservoir must be considered as a
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Figure 3.—Preliminary transmissibllity map, South Diamond
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water - table ^ygteni. Storage coefficients may be approxirbatexi from the
specific yield vaiiies, as discussed later in tbe section on groiind-^^^
storage. (See fig. 7 and table 11.)

Source^ Occurrence, and iVlovemeht of Ground Water

Ground water in the valley-fill reservoir is derived prihcipally
from the infiltration of precipitation tbat falli witbin the drainage basin.
Other sources are: infiltration of surface-water inflbV at DeVils Oat^
subsurface inflow at Devils Gate, ahd subsurface inilbVr of deep circulat
ing ground water from the adjacent Garden Valley area.

Ground water occurs in the saturated part of the valley flli where
it occupies the interstices Or voids in the grcihuiar clastic deposits and
chemical precipitates. It is present under bO:fo water-table and ar^sian
conditions. Artesian conditions occur where the saturated permeabl
deposits are overlain by relatively impermeable strata and where the
water at the top of the acquifer is under greater than atmospheric pres
sure, Water-table conditions exist where the saturated deposits are not
confined by impermeable strata and where the water at the top of the zone
of saturation, the water table, is under atmospheric pressure.

Artesian conditions were encountered in most of the irrigation
wells drilled north of T. 22 N. In that area, the water level is notice
ably higher in deeper wells. Springs and flowing wells are common
along the west side of the North Diamond subarea where artesian condi
tions predominate. In T, 22 N. and to the south, artesian conditions
exist where lenses of silt and clay confine the water in underlying de
posits. The clay lenses are most extensive along the east side of the
Valley but locally are present in other parts of the area.

Ground water moves along the path of least resistance from areas
of high hydraulic head to areas of lower hydraulic head. The rate of move
ment depends upon the hydraulic gradient and the permeability and pprosi-
ty of the material through which water is moving. Typical rates range
from several feet per year to several hundred feet per year.

The horizontal movement of ground water in the valley fill is
parallel to the slope of the water surface. The slope of the water sur
face is indicated on plate 2, which shows contours of ti ae altitude of the
water levels in wells for the spring of 1950, prior to any extensive with
drawal of ground water by pumping. Therefore, the contours indicate
the general direction of ground-water movement under natural conditions.
The direction of movement is perpendicular to the contours. Ground
water moves from areas of recharge in the mountains and borders of
the valley floor toward the playa and surrounding phreatophyte-covered
discharge areas in the north-central part of the valley where the altitudes
are 5, 770 feet or lower,
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Water -level contour s downgra<3ieat om Deyils > 0^ sugges t
that recharge there is no greater than fnoni at^acent,al^eas ^ <2»)*

Ground-water movement in the southern end of the valley-fill
reservoir may have been affected locally by. the large wdthdrawale from
the Fad shaft. A localized trough or depression in water levels may
have developed during initial periods of heavy punoping* Subsequent
pumping in which water witiidrawn from the Fad shaft rwas^ p
either the Liocan or T. L». shafts probably has had littile or np effect pn
ground-water movement in the developed area.

Figure 4 shows the approximate depth to water in the South
Diamond subarea in the spring of 1966. In the heavily pumped area,
nonpumping levels are between 35 and 120 feet below land surface.
Most pumping levels in 1966 were 30 to 75 feet more ̂ an the "static"
spring levels of 1966.
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Figure 4.—Approximate depths to water April 1966, South Diamond subarea
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LainltC^

The estimated average annu^ runoff
5, 800 acre-feet. The ihetiiods and data used to calculate this value-are
briefly described below, and a general desc^iptioh Of the streams ih the
valley is presented.

Only a few perennial streams occur in the valley, all of v^ich
are on the east side on the slopes of the Karhond Mouhtains, Cottopwood
and Simpson Creeks are the two most prominent streams, and the Oiily
ones that support ranching operations. The only other streams with a
seasonal snowmelt runoff of any significant volume are also in the I^amond
Mountains. The remainder of the streams in Diamond Valley are e^emeral
and have minor seasonal snowmelt ruh<Sw

Most of the streams flow radially inward from the mountains
toward tiie playa in the north-central part of the valley. Streams in the
mountains are short, have well-formed channels, and generally have drain-
ageareas of less than 10 square miles. The point of maximum stream-^
flow occurs near the base of the mbunfains, Streamflow diminish^
downslope on the alluvial apron because of increased infiltrationj irriga
tion diversions, and evapotranspiration. Consequently, stream channels
become poorly defined with-lncreasing; distance from the mountain front.

Measurements of streamflow and channel dimensions were
obtained at 13 representative points, near the base
Table 4 lists these points, shows the date and c&sCh^^ streaniflow
measurements, and estimatefi average annual streamflow; figure 5
shows the location of these points. Average annual flow for the ephemeral
channels was estimated by a tnethod developed by W. B, Langbein (oral
commun., 1964) which is based on an empirical relation between average
annual flow and channel geometry. Ayeragei anhu^flow for the perennial
or seasonal snowmelt streams was detef mined fey am
by D. O. Moore (oral commun., 19fe5)ƒ G„he^ally, the method relate
a streamflow measurement or measurements at a misceliarieous-measure-
ment site to long-term average flow for gaged sites on other comparable
streams to obtain an estimate of average annual flow at the rniscellaneous-
measurement site. The measurements at the miscellaneous Sites were
adjusted to an average annual discharge value using three nearby long-
term gaging station records: Cleve Greek near Ely (ayerage discharge
for 8 water years 1915, 1916, and 1960-65), Damojlle Greek near Damoille
(average discharge for 29 water years 1^16-22, 1944-65), and Huntington
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Table .4 «»gelg^t€j!8 -<3.81:8, ^;aa9%.;eisibitn4ted"'j^!^^ n

annual streaiaflow at • representative potnts

(Measuring points shown in fig. 5)

Map
no. Name Location

Discharge
Average annual streamflbw

(acre* feet per year)
m <3)

1

2

3

Four41ile
Canyon

25/54-lOba

Davis Canyon 25/54-28a

Telegraph.
Canyon

Homestead

Canyon

23/54-^2aa

22/54^r2bd

5  Green Canyon 21/54r.Xlba

Pedrioli

creek

Cottonwood
Creek!

21/54*23cb

20/54*lObd

Hildebrand
Canyori

20/54-9CC

Torre Creek 20/54-2ldb

4- l-b6
10-19-66

4- 1-66
10^19^^66

5-13-65
4- 1-66

10-19-66

5-13-65;
'4-1-66

5-17-66
6-27-66

10-19-66

; 5-13-65
3-31-66
6-27-66

5-13-65
9-21-65
3-31-66
6-27-66

5-13-65
.9-21-65

3-31-66
5-17-66
6-27-66

10-20-66

5-13-^5'
9-21-65
3-31-; 66
5-17-66
6-27-66

5-13-65
9-21-65
3-31-66
5-17^66
6-27-66

10-20-66

dry
dry

dry
dry

0.24

dry
dry

0.39
t.06
0.02
0v02

0.01

dry
dry

Oi63

dry
dry

1.75
0.24
6.38
0.15
0.02

PM
6.10
0.06
0.04

dry

0,34

0vl6
0.16

0.08

0.05

0.01

73

136

84

75

121

50

172

113

98

93

222 196

439

69

186

433

150 237

177 128
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Table 4.--Continued

1/
Map
no. Name Location Date (cfs)

Average annual streamflow ^
(acre-feet per year)

10 Simpson Creek 19/54-16ba 5-13-65 0.47 267 267

9-21-65 0.37
3-31-66 0.39
5-17-66 0.34
6-27-66 0.27

10-20-66 0.37

11 Spring Valley 19/53-33ab 4- 1-66 dry 90 a 90

Canyon 6-25-66 dry

12 Garden Pass 22/52-22bb 3-31-66 dry 123 bios
Creek 6-26-66 dry

13 Unnamed 26/53-5ba 4- 1-66 dry 18 b 28

10-19-66 dry

!• Column notes:
(1) Calculated from channel geometry.
(2) Calculated from streamflow measurements.
(3) Computed, using altitude-runoff relation (fig. 5).

(a) Computed, using 25 percent of runoff values (see fig. 5).
(b) Computed, using 75 percent of runoff values (see fig, 5),
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m
25

L
Measuring point and number

1. Four-Mile Canyon
2. Davis Canyon
8. Telegraph Canyon
4. Homestead Canyon
5. Green Canyon
6. Pedrioli Creek

7. Cottonwood Creek

8. Hlldebrand Canyon
9. Torre Creek

10. Simpson Creek
11. Spring Valley Canyon
12. Garden Pass Creek

13. Unnamed

Garden Pass

Railroad Pass

Devils Gate

ureka

Scale
10 Miles

Figure 6. Relation between runoff and altitude and map showing'-areas having similar runoff characteristics



• Creek near Lee ;(ayera^-ditctiariji \^|er^,ye^

Streamfl<>w-data (numbers 1 -i 0 in table 4^id S^ were used
to develop the relation between average annual runoff and alti^de, r shovm
in figure 5, applicable to the Diarnond Mountains, The procedure used
is described in detail by Riggs ahd Moore (1965, p; D199-D262),^^^^^^^^
runoff-altitude relationship for the Diamond Moxmtains was adjusted for
other mountains around the valley on the.^^^ of field observations of
the physical and hydrologic characteristics of the mountMns and average
annual discharge figures obtained at three sites (numbers 11-13 in table
4 and fig, 5). From these data three areas having different runoff
characteristics were identified and are shown in figure 5,

Table 5 shows the estimated average axuiu^ runoff for the
North and South Diamond subareas, which totals 5, 600 acre-feet,
calculated from altitude-runoff relations. Average annual runoff
about 5, 000 acre-feet occurs from the JDiampnd Mountains and about
600 acre-feet from the rest of the valley margins.

Inflow at Devils Gate

Water from Monitor, Antel^e, and Kobeh Valleys enters
Diamond Valley as surface and subsurface flow at DevilS?Gate, Sur;^
face flow is intermittent, most occurring in the early spring and usually
diminishing to near zero by summer. The channel is dr)^ during mo^
summersi except for; short periods of flow after summer Stbrnis. In-
very wet years, a small amount of flow may be maihtained throughout
the year. Recharge to the valley-fill reservoir from the infiltration of
surface water occursmainly during the spring run<:^f, because this is
the only time during the year when an appreciable flow is maintained.

The estimated average annual surface-water inflow is 100 acre-
feet per year, on the basis of channel-geometry measurerhents made
by R. D. Damke. Inflow during the spring of 1964* a high runoff year,
is estimated to have been about 1, 000 acre-feet, on ̂ e basis of measure
ments of 15 cfs (cubic feet per second) on April 14 an estimated
flow of 2, 5 cfs on May 19» , an^^^ an estimated peak of 50 cfs on April 17 or
18, Inflow in the spring of 1965 and 1966 was neglij^M These obser
vations suggest that the long-term average ihflow Is on the aame Ordei'
of magnitude as the estimate obtained if om channel geometry.

The alluvial deposits in the vicinity of Devils Gate are r elatively
permeable. Most of the inflow probably iiafiitrates to recharge the
valley-fill reservoir.

Subsurface inflow is probably small. The canyon at Devils Gate
is about 100 feet wide at its narrowest point on the surface, and probably
less wide at depth. The fill in the canyon is estimated to be no greater
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Table 5. imated ayegage runplf,;

Percentage of Depth of
Altitbdb ; 'altitude-ruhdff runoff

zohe Area xf relation (feet)
(feet) - (acre8)~ f } (fig* 5) ^ p(fte« 5)

Avera^ annual risnoff
(acre-feet |ier year)

SUbtotall^ Totali 1/

Kortfa Diamond Subarea
9,000 to lo.oqo 110, 100 • ,305

n  n >

8,000 to 9,000 3,800
190

100
.  75'

.136

.102
520
20

•  f

540
n

7,000 to 8,000 8,900
5,600

100

.  75

.045

.034

400
590

M-

. i

n n ^ -j

•  -

6,000 to 7,000 12,200
35,500

100

75

.006
,004

70
140

Subarea total (rounidBd) n nn - - n '• 1,400

Sduth Diamond Subarea -‚>

Above 10,000 170 100 .792
‚; ‚-, ..

130
‚ ‚ , ‚;

9,000 to 10,000
- ; ^ . . f r •- ' -

1,900
300

I  100
25

.305

.076

580

_20 600

8,000 to 9,000 10,400
40

2.100

I'ob
‚ ‚ ‚ 75 '

.  25 -

'.136'
.102
.034

1>00
trace

70 1,500

7,000 to 8,000 31,700
3,700

10,600

100

75
25

.045

.034 '

.011

1,400
130
120 1,700

6,000 to 7,000 44,900 ,
33,600
17,500 '

ibo
75 ‚

25

.006

.004

.001

270

130

20 420

Subarea total (rounded) 4,400

1. Units rounded to nearest ten below l,|l0D units and to n^ar^
above 1,000 units.
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than 100 feet thick. Assuming a hydraulic gradient of 10 feet per h^ile,
the same as the land^surface gradient through Devils Gate, and a per
meability of 2, 000 gpd per square foot for Ihe fill material in the c^yon,
the calculated subsurface Inflow is less than 40 acre-feet per yeari

Precipitation Within the Basin

Precipitation is the source of virtually all the water entering the
hydrologic system in Diamond Valley. Of the precipitation that falls on
the valley, part runs off, part is evaporated or transpired sometime after
it enters the ground, and part ultimately recharges the ground-water system.

The average annual recharge to the valley^fill reservoir may be
estimated as a percentage of the average annual precipitation withip the
basin (Eakin and others, 1951, p. 79-81). Hardman (1936) demonstrated
that in gross aspect, the average annual precipitation in Nevada is related
closely to the altitude of the land surface and that it can be estimated with
a reasonable degree of accuracy by assigning precipitation rates to altitude
zones. Thus, the recharge may be estimated as a percentage Of the pre
cipitation within each zone.

In Diamond Valley, for any specified altitude zone, precipitation
is generally greater at the northern end of the valley than at the southern
end. This statement is supported in part by data presented in table 1 and
figure 6, which suggest a regional trend in the precipitation-altitude re
lationship,by field observations of vegetation, by the results of inyestiga-
tions in adjacent areas (Eakin, I960, 1961; Rush and Everett, 1964,
1966a, b), and by the distribution of precipitation zones as shown on a
Nevada precipitation map (Hardman, 1965).

The north-south division of precipitation zones shown in figure 6
affords only a rough approximation of the overall differences that exist in
the precipitation-altitude relationship within the study area. It does no
more than to equate the probable precipitation conditions at the north end
of the valley with those believed to exist in the adjacent Pine and Huntington
Valley areas and conditions at the soutiiern end erf the valley with those be
lieved to exist in the adjacent Kobeh and Newark Valley areas. Sign^icant
differences also exist in the precipitation-altitude relationships for the
east and west sides of the valley and those parts of the valley that are
affected by a rain shadow from the Roberts l^lountains; however, fur^er
refinement is not justified at this time because of the lack of precipitation
data within the basin.

Estimates of recharge for Diamond Valley are summarized in
table 6. Recharge from precipitation within the basin is approximately
21, 000 acre-feet per year, or about 5 percent of the total estimated pre
cipitation. This value is higher than the 16, 000 acre^feet estimated by
Eakin (190?-; b'.cause of the north-south division of precipitation zones
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table 6« -iBst average preciii^itablbtt;^

water recharge from prectpltatlon.

Estimated rechar,ge
froai precipitation

Average Percent of Aere>feet
lacre-.feet) precipitation per year

Precipitation
zone

(feet)

Estimated annual

Area Range
(inches)

Average
(feet)

North Diamond Subarea

Above 8^00
7,000 to 8,000
6,000 to 7,000-,
5^840 to 6,000i'

Below 6^000
or 5,84C£'

4,100 >20
14,500 15 to 20
47,700 12 to 15

9,200 8 to 12
119,300 <8

1.8 7,200 25 1,800
1.5 22,000 . 15 3,300

1,1 53,000 7 3,700

.8 7,400 3 200

.6 71,000 0

Subtotal (rounded)194,800

Above 9,000
8,000 to 9,000
7,000 to 8,000-/
6,000 to 7,0001'

Below 6,000i'

2,400 >20 1,8
12,500 15 to 20 1.5
46,000 12 to 15 1.1

197,500 8 to 12 .8
17,400 <Q .6

Subtotal (rounded)275,800

160;000

South Diamond Subareai

Total (rounded) 470,000

4;300
19,000
51/000

160,000
10,000

240,000

400,000

25
15

7
3
0

9,000

1,100
2,900
3,600
4,800

12,000

21,000

1. North of 25 Ni
2. Below 5,840 north of T. 25,N.

Below 6,000 south of T. 26 N,
3. Below 7,000 south of T. 23 N.

6,000 to 7,000 in T. 23 N.
4. In T. 23 N.
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used in this report^. . ;The estimated recharge when
compared to the esSmated runoff of only per yOar, If both
estimates are reliable,: the^ suggest that about one-fourth the recharge is
derived from runoff and that most recharge from precipitation in the moun
tains moves to. the. valley ,r fill res.e,ryoir a^ unde^fl
rocks across the bedrock-alluvial contact. - -

Subsurface Inflow from""Gardien' bailey -

The valley-fill reservoir in the North 0iamond subarea probably is
recharged in part b'^' interbasin flow frbrti the adj^acent Gardfen-V^alley
(pi. 1). This was suggested by Eakin {19f»2j pf 21). ^

Moreover, in the Pine Valley study, which included-Gardeii Valley,
Eakin (1961) estimated that recharge exceeded the discha^g^ by a substan
tial amount. The subsurface inflow may be substantiated only by indirect
evidence, because no data are available concerning\the easier*!
of ground water beneath the Sulphur Spring Range. In general,^ interbasin
flow is possible only if a hydraulic gieadie»t:bkists between basins and if
the bedrock separating them is capable, of transmitting water.

The altitude of the major springs aXong^^dJ^est st^ ^
Diamond subarea is appS?oximately 5, 800 feet, yhereas iU;Ga-^dbn Valldy,
some 5 to 6 miles >j^st, the altitude of the water table ranges, froni a low
of 5, 960 feet, where Garden Valley drains into Pine Valley, to more than
6, 400 feet along the flood plain of Henderson Creek (pi. 2). Therefore^
the potential hydraulic gradient from Garden Valley to Diambnd Valley
ranges from 25 to 120 feet per mile.

The Sulphur Spring Range is composed primarily of Paleozoic
carbonate rocks (pi. 1), In Garden VaUey these rbcks are overthrust by
shale and chert of the Ordovician Vinini Formation, but locadly are ex
posed through windows in the nearly horizontal and presumably thin thrust
plate. The Garden Valley Formation unconformably bveriie^ of the
thrust plate and forms a prominent ridge^ohg thS s margin of
Garden Valley, Structures in the area are coniplSx, and features formed
during the thrusting and subsequent deposition of the Garden Valley For
mation have been modified by periods of later normal faulting. Conse
quently, the rocks of all formations * dependingr^bn local conditions, a-re
fractured and brecciated to varying degrees.

The general hydrologic properties of the rocks are given in table
2 and are mentioned here only with respect to local conditions. Sequences
of carbonate rocks are considered capable of transporting appreciable
quantities of water through solution-enlarged fractures. The shale and
chert of the Vinini Formation normally would present effective barriers
to the movement of ground water. In the Sulphur Spring Range, however,
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they are present in a relatively thin plate near the surface aha haye^^^^h^
gone a high degree Of deformation. Therefore, they are considered cap
able locally of transmittinig moderate quantitiiee bi^iwater ro underlying car
bonate rocks. The sandstone and conglomerate beds of the Garden Valley
Formation probably do hot transmit water readily, e^
they have been highly fractured or brecciated. n

In gross aspect, the bedrock separating the two basins is considered
to be capable of transmitting appreciable subsurface flow. Mdyement vs^ould
be complex, and loc^ barriers, due to either structure or litho^pgy, would
be common. Deep circulation is suggested by ti ie fact that mdst of the
spring discharge in. Diamond Valley is warm.

To estimate the quantity of water available for interbasin flpw, a
ground-water budget of the Garden Valley area was developed* Recharge
was estimated in the same manner as for Dianiohd Valley* :'The precipi-
tutipn zones used are the same as those uSed|fpr the Nor^^ ^0
area and those used by Fakin (1961) in his reconnaissance stody of Pine
Valley. , • T,.

Ground water is discharged by phreatbphytes growing alpng the
flood plain of Henderson Creek and by springs and seeps near the points
where Garden Valley drains into Pine Valley,; Nearly all the spring
charge and ground-water seepage flows out of the area before it is eVapbr-
ated or transpired by plants. The volcanic rocks of Table I4ountain are a
barrier to ground-water movement and probably transmit only a sin^l
amount of water to Pine Valley.

Estimates of recharge to and discharge from the ground^water
reservoir in Garden Valley are summarized ih table 7. The estimated
recharge exceeds the estimated discharge by 9, 000 acre-feet per year,
which is au estimate of the subsurface inflow from Garden Valley to
Diamond Valley, This quantity is adequate to-account for the observed
spring discharge along the west side of the Nofth Dt^mohd subarea^^
ever, the hydrologic boundaries in the Robefts Gfeek Mbuntaihs prbbably
do not coincide exactly with topographic boundaMf.p^a^ some ground water
derived from adjacent Kobeh Valley (Rush and Everett,. 1964, p. 24) may
enter Diamond Valley.
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Dabble 7 Estimated ground-water badeet for Garden Valley

RECHARGE (1);

t Estimated recharge
Preciplpatlon Estimated annual precipitation j from precipitation

zone Area Range Average Average Percentage Acre-feet

(feet) (acres) (Inches) (feet) \(acre-feet] > of rechar^ - per year

Above 8,000 3,300 > 20 1.8 5,900 25 1,500
7,000 to 8,000 18,900 15 to 20 1.5 28,000 15 4,200
6,000 to 7,000 57,500 12 to 15 1.1 63,000 7 4,400

Seiow 6^000 400 8 to 12 ,8 320 -  3 ^ . Tr.

Total (rounded) 80,100 97,000 10,000

DISCHARGE (2):

Discharge by phreatobhytes

Average annual consumption
of ground iwater

1226
Area

(acres) (feet)

Rabbitbrush and greasewood, Some
sparse saltgrass

Meadow- grass

700

300

.3

1.2

Subtotal (rounded)

(acre».feet)

210

360

600

Portion of average annual outflow to
Pine Valley which is maintained by
spring discharge near Table
Mountain

Water transitted to Pine Valley
through volcanic rocks of Table
Mountain

Total

acre^feet per year

300 to 400

Tr.

900 to 1,000

DIFFERENCE (1) - (2): 9,000
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NATURAL OUTFLOW FROM THE VALLEY-FILL RESERVOIR

Evapotranspi ration

Natural discharge of ground water occurs where the water table
in the valley fill is near the surface. Discharge takes place principally
in three ways: (1) by evapotranspiration in ^reas of phreatophytes;
(2) by direct evaporation where the capillarYlfringe extends to within
a short distance of the land surface; and (3) by spring discharge where
the water table intersects the land surface, 6r where artesian conditions
cause ground water to rise to the surface. In Diamond Valley, the wa er
discharged by springs then is consumed by evapotranspiration.

The principal phreatophytes are rabbitbrush, greasewoodi saH-
grass, and meadowgrass. As shown on plate 2,
abundant in areas supported by spring discharge, whereas t e ra ^
brush and greasewood are mainly in a band 1 to 3 miles wi e aroun^
margin of the playa. Evaporation from bare soil occurs ma n y ®
playa. Some of the vegetation shown in the
2) is supported in part by discharge from flowing wel s« o n
the wells is included with natural dischargerbeCauso mbst of
have flowed for 10 to 15 years with no control and are in ^e areas
natural discharge. The discharge by flowing wells pr^b^ly is p^Y
compensated for by local reductions in seepage and spring sc a .

Estimates of the natural discharge of ground^water in e^h
the subareas are summarized in table 8, These ^
annual rates of consumption of ground water by ph re atop y s ^
areas, as described by Lee (1912), White (1932), Yonng an a
(1942), Houston (1950), and Robinson (1965). The rates are ^ ^
same as those used by Eakin (1962). Little information is
cerning the rate at which ground water is evaporated from
of the playa. Descriptions of a salt marsh at the nor en ^
by Vanderburg (1938, p. 65-66) indicate that there t e wa ..
within 4 feet of the surface and that salt incrustations are readily form
by the evaporation of ground water that is b;rbught to the sur a^ y
capillary action. At the south end of the playa the depth to wa er in
weU 23/53-4ccis3.5feet. The depth may be greater m central
part of the playa. The estimated average rate of evaporation of ^
foot per year for the entire playa is based bn rates used m y ro ogic
similar areas of the State.

The estimated annual discharge of ground water is about 30^ 000acre-feet, of which 5, 000 acre-feet is evaporation from the playa an
25,000 acre-feet is eyapotranspiration by phreatophytes an spring- _
supported vegetation. These figures are in reasonable agreenient with
the annual discharge of 23, 000 acre-feet, which does not include |vap
ation from the playa,estimated by Eakin(1962) in hie reconnaissance study
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of the area.

Spring Discharge

In South Diamond subarea small springs occur along the east
side of the valley mostly as seepage areas near the bases of alluvial
fans. The discharge in these areas is about 180 acre-feet per year,
and most of the water is consumed by vegetation.

In the North Diamond subarea there is one fairly large spring
on the east side of the valley at Thompson Ranch, sec, 3, T. 23 N,,
R. 54 E, There, water flows from bedrock outcrops mapped as klippe
of western fades rocks of Crdovician(?) age by LarSen and Riya (1963).
The water is warm, and the spring is considered to be in a fault-con
trolled area of discharge of moderately deeply circulating ground water.
Other small seepage areas are common along the east side of the sub-
area. The western margin of the subarea is characteriaed by a number
of pond springs at altitudes of approximately 5, 800 feet. All th^ springs
discharge warm water and all are in alluvial material near the bases of
alluvial feuis or pediments.

Drillers' logs of wells and field observations indicate that the
alluvial fill in the vicinity of the springs along the west side of the
North Diamond subarea is composed predominantly of inter^edded sand,
gravel, and clay, and is capable of transmitting appreciable quantities
of water. This coarse-grained valley fill is underlatin by bedrock at
shallow depth. Logs of wells drilled nearer the center of the valley
indicate that there the valley fill is predominantly silt, clay, and fine
sand, and is less capable of transmitting water. These springs prob
ably are fault controlled and supplied principally by deeply circulating
ground water that passes from bedrock into a narrow band of coarser
material and then is discharged at the surface.

Table 9 lists the locations, names, discharges, and dates of
measurements of the major springs> Slight decreases in discharge
have occurred in both Shipley Hot Spring and Thompson Ranch spring.
These changes are interpreted as adjustments to local development or
as natural fluctuations, which may represent below-average precipita
tion in the 1950's, as indicated by Eakin and Lamke (1966, p. 19) for
stations in the adjacent Humboldt River basin, rather than to pumping
in the South Diamond subarea. Eventuadly, a gradiial decrease of
spring discharge in the North Diamond subarea should occur in res
ponse to pumping in the South Diamond subarea as sufficient water is
removed from storage to induce subsurface flow from the spring areas
toward the well field.
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Table 9 Discharge of OTajor iBrpi:.ti^^ in ,the iiorthv jDiamdttd sUbarea

Location Name' or owiaer Date

pigfih^ge
(acre-feet

(cfs) per year)

West side;

23/52-25b

23/52-36b

24/52-23d

Tule Dam:Spring

Sulphur Spring

Shipley Hot Spring

24/52-26(1 Unnamed

24/52-36c Unnamed spring at
Bailey Ranch

24/53-6cab Sir! Ranch spring

Subtotal

East sldet

23/54-3db Thompson Ranch spring

11-16-65

11-18-65

9-22-65
4- 1-66

10-19-66

12- 7-65
4- 1-66

11-19.65

12- 7-65

9-21-65
4- 1-66

10-19-66

.12

.09

73
7.01
6w20

.66

.82

1.14

.58

9.47

2.33

2.11
2.06

90

60

4,900

540

820

420

6,800

1,600

Subtotal 2.17 1,600

Total 11.64 8,400
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Discharge Supported by InterbasiA^

The quantity of interbasin flow fmm Garden .Vallay-to Diamond ..
Valley may be estimated from the measured dischax'ge of springs and
flowing wells in the western part of the North piampn^^ Warm
water is discharged by at least half of theie woile? Which a
source similar to that which supplies the springs. The combined dis
charge from the major springs along the west side of the valley is
approximately 6, 800 acre-feet per year (table 9)1 that from flowing
wells is about 1, 300 acre-feet.per year (table 20)., The amount of dis
charge supported by interbasin fldw is estimated at between 7, 000 and
8, 000 acre-feet per year. This estimate probably is low because it was
not possible to measure effluent seepage dowhgradient from many of the
springs; however, the quantity of water measured is on the same order
of magnitude as the quantity estimated by indirect methods.
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EQUILIBRIUM CONDITIONS OF THE natural SYSTEM

Prior to the dey of ground-water supplies, thie hydrplogic
system of the valley-fiil-reservoir was in a st^te-Of dynamic equilibrium.
Over the long term, recharge equaled discharge and no net change occurred
in the quantity of ground water stored in the system,

'  ' Water Budget

Table 10 is a ground-water budget whidi lists the several esti
mates of recharge to and discharge from the valley-fiU reservoir under
natural conditions. The estimated total averhge aimual recba?g® to the
valley-fill reservoir of 30, 000 acre-feet per y®a.r is the seme as
estimated discharge. n n r:: : v- '

The ta|)le also shows a substantial irhbalanCe between recharge
and discharge for both subareas«-the ditierehCe for one being abou^ equal
to and offsetting the difference for the other.t These differences are
reasonable in view of the fact that about 95 percent of the tot^ discharge
occurs in the North Diamond subarea (pi, 2).

Ground Water in Storages ^ ^ v

The potentially recoverable ground water in storage is the amount
of water that will drain by gravity from the valley-^til reservoir in re
sponse to pumping, It is the product of the area, tlie i^el^cted depth of
dewatering, and the specific yield of the depdsits coniposihg thq, v^ley-
fill reservoir. Figure 7 shows that the area used in this "computation is
somewhat less than that of the valley-fill reservoir* selected depth
for this study is the uppermost 100 feet Of sa.turation.

The specific yield of a deposit with respect to water is die ratio
of (1) the volume of water which, after being saturated, the deposit wtil
yield by gravity to (2) its own volume, usually expressed as a percentage
(Meinzer, 1923, p. 28), Estimates of the specific )^cld of the upper m
feet of saturated material were made by me^bds similar to those U)peto show subsurface distribution of sand and gravel in the South Diamond
subarea, Lithologic descriptions from drillers'logs were groupe into
five general categories and a specific-yield value was assigned to each
category (table 11),

The average specific yield for the upper 100 feet of saturated
valley fill below prepumping water levels in pach of 70 selected ^lls
was calculated, using the above categories apd drillersV descriptions,
of the lithologies. From these values a map showing specific-yield
distribution was prepared (fig. 7). The ares of highest specific yield
is in the South Diamond subarea, and the lowest is beneath the playa in
the North Diamond subarea. The area of pumping in 1966 roughly
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Table lO^—Ground-water budget, in acre«»feet i)er yeagt for

equilibrium conditions iti Dlaiaonicii galley

(All values estiinated, as dfescribed in '

Nortfi South
Budget item Diamond Diamond;

subarea subarea

RECHARGE; ,

Precipitation (table 6)
Inflow at Devils Gate (p. 21) —. a irtn
Subsurface inflow from Garden Valley (table 7) ViOPQ —• r ^ 9>wOu

Total (rounded): (11,, . . .

DISCHARGE: ' ' ^ \ ^

Evapotranspiration (table B) « , e vsaa
In areas of shallow ground water 14^000 rrt'rtftft
In areas of spring disdiarge 9,900 180 2'Ann
From the playa 5,000 - 5,000

Total (rounded): (2) ¨ . . . . · . · · · · . - • 28,900 1,^0 ^ 30,000

IMBALANCE: (1) - (2) /. .. . . . . . • . • . .. -10,900 +10,600^ 0 ,
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Table ll^-^Specific yields of materials described In drillers^ logs

Lithologic category
(based on drillers* descriptions)

Assigned
specific-yield value —

(percent)

Medium and coarse sand 30

Gravel, sand and gravel 25

Sand, gravel, and clay 15

Gravel and clay

Fine sand, sand and clay 10
Sandy clay, cemented gravel

Clay, silt, mud, muck n  n 5± '

1, Assigned specific-yield values based on Moi^ls and Johnson (1966)
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Figure 7.—Estimated specific-yield distribution



corresponds to the area of highest specific
water will be supplied from storage per foot of drai^down in tha.t area
in any other area of similar size in the

Table 12 sununarizes the recoverable'ground wate^ stored in ti hie
upper 100 feet of saturation in the valley-fill reservoir. Tbe estimated
total storage is 2, 800, 000 acre-feet, abd^ pelrceht o^^ is in the
South Diamond subarea. The difference in total storage between sub?*
areas is attributed largely to the predominance of piaya deposits^fc
North Diamond subarea, which have an estimated specific yield of only
5 percent and underlie about 40 percent Of the subarea.

To assist in estimating the probable ejects of future water-level
decline on storage, the valley was divided intb east-trending subdivisions,
or strips, bordered on the norlh and south by township lines. The esti
mated amount of water that must be withdrawn from each subdivisioh to

drop water levels 1 foot was computed (table 13^ from the distribution^
of specific yield shown in ti gufe 7.

-36-
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Table 12 •*>g8tiiiiatfed recoverable water stered in the up^^er 100 fe^t

of saturation In the valleyvftll reeeryotr t

Specifie yield
(percent)

Rangel^
Av6rag6' '
value

Area^^
(acres)

South Diamond subarea

5 to 10

10 to 15

IS to 25

Subtotal

Approximately 5

Stoic

10 to 15

Subtotal

7.5

12.5

20

24,600

77,400

41j400

a 14 143,400

North Diamond subarea

5

7.5

12.5

a  7

47,700

51,700

18,000

117,400

Total (rounded) a 11 260,800

2/
Storage-

(acre"ffeet)

180,000

970,000

830,000

2,000,000

240,000

390,000

220,000

850,000

2,800,000

1. As shown on figure 7.
2. Storage ‚ 100 x average specific yield x area,
a. Weighted areal average specific yield.
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Table 13 ̂ ^^Estimated recoverable water per f(|bfe of storage In

the upper jXQO feet of sataaja^lpn

- f Necessary withdraxoal
Subdlvislonf'^ (acre-*feet)

T. 19 N,, R. 53, 54 E, 600

T. 20 N., Do, 5,000

T. 21, 21% N,, R. 52, 53, 54 E. 7,000

T. 22N., Do. 5^300

T. 23 N., - - -..Do,. ' . .:p 3.^79^^ ^

. T. 24 N., Do,^ : n '/ - 2,700

T. 25 N., R. 53, 54 E. ; 2,000

T. 26 N., Do. 1,900 -

T. 27 N., Do. <100

Total (rounded) . 28,,006

I. Townships and ranges shown in figure 7.
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CHEMCAL QUAOTY OF WATER

Analyses of 45 ground-water samples ^vere made during this study
to determine the quality of the water as of i966i to relate variations in
water quality to the ground-water flow system, and to de^rmine the suit
ability of ground water for use. The results of these analyses are listed

" in tahXe 14 along with the results of 4 additional ancdyses that Had been
made prior to this study.

Types of Water

For the purpose of this report, waters are classified on the basie
of their predominate cations and anions. The method used has been de
scribed by Piper (1944) and is shown in figure 8. Points plotted in the
diamond-shaped field indicate the character erf the water as represented
by the relationships among groups of ions, nainely, the Na + K, Ca + Mg,
GOs + HCO3, and Cl + SO4. The size of the circle is proportional to the
dissolved-solids content of the water. Assignment of a water sample to
a chemical type is based on determination of the group or groups that
comprise more than^SO percent of the total anions p;c;cations, .^respectively.

Variations in Quality

As ground vvslter moves from areas of recharge tb areas i^ dis-
"Chargei the quality nf the water tihanges in -response -to changing- conditions
in its environment. The dissolved-solids.content generally la^ in areas
of natural recharge near the mountains and increases as water moves
toward areas of natural discharge in the valley lowlands. In areas of
natural discharge, the diasolved-eollds content usually increases as water
moves upward toward the surface.

There is a systematic variation in the occurrence of the three
main types of water. In general, ground water near the recharge areas
is a calcium magnesium bicarbonate type. This type changes down-
gradient into a sodium potassium bicarbonate type, which in turn changes
to a sodium potassium chloride sulfate type in the central part of the valley.
These changes are effected principally by the combined processes of ion
exchange and leaching. Concentration by evapotranspiratihn increases
dissolved-solids concentrations in discharge areas.

The relationship of water quality to ground-water flbw'is shown
in figure 9« The approximate direction of the flow is Indicated by arrows,
the dissolved-solids content is indicated by the distribution of specific
conductance at selected points, and the type of water is represented by
generalized areas where quality is similar. Part of the data used was
obtsdned from shallow observation wells and may not be representative
of the quality of water thAt would be obtained by a deep well at the same
location. This is evident on the east side of the valley where water
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Table U.—Continued

Pact IZ.--yield analyeee by the U.S» Ceologicel Sucvey

collec-
ttea

Te»-

petn-

ture

('g?

Nilligr&as per liter (upper auober) and .BUltoqelvalente
per liter (lower ntittbor) for Indlcacad catlonw end enlons

S

Calelua
Hagno-

slua

(««>

odium Car-
(Ka) bon-

ƒnd potae- ate
aiunOcyl^

81-
cacboa-
ato Sulfate

fHC(hl fSOd>
Chloride
(Cll

itatdneaa aa
CaCOT fom/n
Cal- BOD-
alum car-

raagno- bon-
aiun ate

pH

Specific
conductaace SAR
(oicroaiioa

‚t 25•C1

R8C

<oaA)

20/53- lac

20/53- 4dd

20/33-23ac

20/53-30db

21/53- 2ec

21/53- 3cd

21/33* 3db

21/53-2lad

21/54- 4ad

21/54-16cd

22/52-13ca

22/53- lea

22/S3-l7aa

22/S3-32e<

22/S3-36CO

22/54- Bdd

22/54-I8db

22/S4*Z2bd

23/53- 4ee

23/53-27bb

23/53-30dd

23/53-33CC

23/34-29aa

23/S4-29dd

23/54-33bb

25/53- 5cb2

2S/54-28bc

26/53- 8a

Z6/S4-15cd

2e/54-23c
3/

Well

Wall

Well

Well

Well

well

Well

Well

Well

Well

2/
Well"

2/
Weir

Well-'

Well i/

Well-'

Well

Well

Well

Well^'

Well-'

well'
Well-'

Well-'

Well

Well^'

Well

Well

B-17-65

8-19-65

5-19-66

8-19-65

7-12-66

7-11-66

8-17-65

8-18-65

8-20-65

7-12-66

9- 2-65

9- 2-65

9- 2-65

9- 2-65

12- 8-65

8-18-65

8-18-65

8-18-65

5-17-66

9- 2-65

9- 2-65

9- 2-65

9- 2-65

9- 2-65

5-16-66

5- 5-66

8-18-65

S. T. Spring 9- 3-65

Wall 9- 3-65

Bailey Sp. 9- 3-65

52

54

56

60

55

52

62

53

53

56

53

54

54

53

60

57

55

52

55

55

55

55

58

SO

80

49

52.

60

21

1.05
77

3.84
84

4.19

37
1.85

45
2.25

26
1.30

16
0.80

60

2.99
66

3.29
28

1.40
7.5

0.37
11

0.55
24

1.20
9.5

0.47
32

1.60
18

0.90
32

1.60
16

0.80
1.6

0.08
23

1.15
15

0.75
3

0.15
8

0.40
12
.6

3.4
Q.17

33
1.65
5.1

0.25
8.8

0.44
35

1.75
24

1.20

„ 22

1.83
28

2.31
22

1.80

27

2.23
20

1.65
22

1.78
30

2.44
40

3.32

69
5.70
9.2

0.76
5.5

0.45

13
1.09

27
2.24

37
3.07

15
1.20

33

2.68
18

1.44
29

2.40

1.0
0.08

13
1.07

61
5.00
0.6
.05
4.9

0.40
27

2.2
11

0.87
35

2.93
42

3.45
78

6.39
25

2.09
6.6

0.54

31
1.35

79
3.44

0
0

12

0.53
20

0.85
121

5.24
69

3.02
75

3.28
41

1.78
2.1

0.09
122

5.32
382

16.62
873

37.95
98

4.28
72

3.14
32

1.39
18

.80
43

1.86
5,320

231.41
244

10.61
768

33.39
321

13.96
613

26.66
36

1.55
489

21.27
13

0.56
50

2.19
33

1.42
34

1.48
32

1.41

0
0
0
0
0
0

0
0

0
0
0
0

0
0

0

0
0

0
0
0

0

0

20
0.67

0

0
0

0
0
0
0
0
0
0

0

0

964

32.13
0
0

245
8.17

103
3.43

0
0

142
4.73

0

0

0
0

0
0

0

0

0
0

116
1.90
382

6.26
234

3.84
237

3.88
210

3.44
264

4.33
216

3.54
406

6.65
400

6.56
109

1.79
244

4.00
600

9.83
396

6.49
300

4.92
244

4.00
231

3.79
190

3.11
195

3.20
1,880
30.81

352
5.77
427

7.00
27

0.44
1,100
18.03

204
3.34
904

14.82
257

4.38
268

4.39
345

5.65
263

4.31
136

2.23

100
2.08

80
1.67

16

0.33
25

0.52
40

0.83
83

1.73

87
1.39

68
1.42

156

3.25
13

0.27
42

0.87
15

0.31
430

9.99
65

1.35
39

0.81
42

.87
25

0.52
73

1.52
2,300
47.89

26
0.54

308
6.41

50
1.04

39
0.81

35
0.73

12
0.25

23

0.48
52

1.08
106

2,21
20

0.42
24

0.50

9.0
Ov2S

59
1.66

64

i.ai
7.4

.21
17

0.48
80

2.26

47
1.33

54

1.52
34

0.96
6.8

0.19
45

1.27
264

7.45
883

24.91
55

1.55
40

1.13
11

0.31
7.4

0.21
12

0.34
4,280

120.74
231

6.52
912

25.73
160

4.SI
184

5.19
to

0.28

89
2.51

10
0.28

IS
0.42

14
0.39

21
0.59

15
0.42

144

308

300

204

195

154

162

316

450

108

41

82

172

177

140

179

152

160

8

111

288

10

40

140

52

229

185

342

192

87

49

0

108

10

23

0

0

0

122

19

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10

0

59

0

0

7.8

7.6

7.6

7.5

8.0

8.2

7.8

7.3

7.3

7.8

8.0

8.5

8.2

8.1

7.8

8.0

8.1

7.9

9.1

8.0

8.2

10.3

8.8

6.0

8.7

7.7

8.1

8.2

8.1

7.3

335

806

655

389

411

749

569

806

907

198

558

1,740

4,110

680

506

427

325

444

16,400

1,230

3,890

1,430

2,310

382

1,680

419

506

631

588

296

1.1

2.0

0.0

.4

.6

4.2

2.4

1.8

.8

.9

8.3

18.0

29.0

3.2

2.7

1.0

.7

1.5

818.0

10.0

20.0

44.0

42.0

1.3

30.0

.4

1.6

.8

1.1

1.5

0

.11

0

0

0

1.25

.30

.34

0

0

3.18

8.86

3.05

1.38

1.20

.21

.07

0

62.78

3.55

1.25

8.41

20.66

.54

18.51

0

.69

0

.47

.49

1. Detenained by dlffereace
2. ShelloH teat veil augercd by U.S. Geological Survey.
3. Seople taken at etoek taak

Spring ia at 27/54-14a



EXPLANATION

0  50 100

1 1 Ml lul l I
Total tlissolved solids

in milli equivalents per II ter

Detailed analyses

t;19/53--15bd
2.19/S5~2Sd
3.20/52-^268
4; 20/53-^17cc
5. 20/53-21 ad
6, 21/53-3ab
7.21/53-5cb
8.21/53—13da
9.21/53-28CC
10.21/53-33da
11. 21/SS-36aa

12.22/S3-27aa

13. 22/53-30CC
14.22/54-34ab
15.23/52—13ca
16.23/53-34dd
17.23/54-3db
18.24/52-23ca
19. 24/53-6ac

Field analyses

20.20/53-1 ac
21.20/53-4dd
22.20/53-23ac
23. 20/53-30db
24.21/S3-2ac
25. 21/53-3cd
26. 21/53-3db
27.21/53-21ad
28.21/54-4ad
29. 21/54—16cd
30. 22/52-13ca
31.22/53-1 aa

32.22/S3-17aa
33. 22/53-32cd

34. 22/53-36CC
35.22/54—8dd
38.22/54-18db
37. 22/54—22bd
38.23/53-4CC
39.28/53-27bb
40.23/53-30dd
41.23/53-33CC
42. 23/S4-28ea
43. 23/S4-20dd
44.23/54-33bb
45. 25/53-5cb2

46.25/54-28bc
47.26/53-8a
48.26/54—16cd

49.26/54-23C

Fioure 8.—Chemical character and dissolved solids content of^ater samples
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obtained froin we^ll ,23^;54^33bb^^^(^^ deep), is a sodium potassium
bicarbonate type d whereas water :from wfell
23/54-29dd (M feet from weB 23/54-33bb, is 320 feet deepj^ and has
no perforations above 144 fefet) is a caiciurnamagnesium bicarbonate
type with a moderate salinity.

The highly saline sodium potassium i^ioride sulfate type water
in the. north-central part of the South biamOhd subarea probably forrns
a fairly thin layer beneath the water table. 4he
result from current leaching both of sadihe sinia and of residual
accumulated at a time when a shaali lake ocOhpaed Diamond Valley and
the area of natural discharge extended mucdx^farther South
at present. The dissOlved-solidS content of Ae water ih>1he;N^
Diamond subarea may decrease with-depth as it does in some other
areas of Nevada. Near the edges of the playa and dowhgradient from
the major springs (table 9)* water of'good
lations of saline water.

Water in wells along the west side of Ihe develc^ed part of the
South Diamond subarea hds a higher dis solyed^plids content and
slightly higher proportion of sodium than water in wSlls in th center
aiid along the southern side of the valley. The reaSon for this wsehot
determined but may be associated^ with hiodef ately deep; cnrcnl^
along faults, as is suggested by slightly higher water tempefatureS on
the west side of the vallOy, '

Suitability for Agricultural Use

The dissolved-soli ids content, the percentage of sodium in the
water compared to the total cation content, and the concentratibn of
elements and compounds that may be toxic to plants and animals are-
the most significant factors regarding the suitability of water for agri
cultural use (U. S. Department of Agriculturei^ 1954).

Dissolved-solids contiat as it is related to the suitability of yrater
for agriculturai use commonly is referred tpj as "Saiinilyhaiia ' -
Salinity hazard usually is defined in terms of specific cbhductance, which
is a measure ctf the ease with which an eleeti^ic current will pass through
the water. The U. S. Department of AgrlcUltore (1954) <3^ines salinity
hazard and its relation to specific conductance as follows:

"• •Specific"'ebnductahca-:r'V" ^
Salittitv hazard (micrbmhos per centimeter at 2'5^C)' ' GlasB^ieatipn

Low V to 250

A

C1

Medium 251 to 750 C2

High 751 to 2, 250 C3

C4Very high greater than 2, 250 v:, - €-

-40



The so<Kum adsorptioa mtid tSAR) of irrigation w is related
to ti ie experimeritidly determined sodium by soilr and is
defined by l{he foilOwia^^^ equaidoii in v^Hich all the constituehis arei escpr e seed
in milliequivalents per liter (niilUequivaients per liter^ are given in table
14): n • n n .

Na+
SAR = \/ ca"'"^ ^ Mg'*"''

Waters from springs and irrigation Wellsf are classified accerding
to their salinity hazard and sodium hazard onHie hasis ot a diagrain^pre-
pared by the S. Department of Agriculture (fig, 10)^ Salinity hazard
is directly related to specific conductance* Sodium hazard is-defihqd in
terms of SAR values; however, as shown on the diagram, fixed vzdues
of SAR cannot be assigned to theivarious, sodium-hazard classes because
the sodium hazard increases as the specific conductance increases.

All samples of water from irrigation wells and sprihga in
Dihmorid Valley had a low sodium hazard; approximately 75 percent
had a medium salinity hazard* and 25 percent had a high salinily hazard.
In place s where the sa linity hazar d is high* some treatment of the soil
or the water may be necessary in the future to alleyiate accumulation of
excessive amounts salt in the soiU

Residual sodium carbonate (RSC) is another.factor that affects
the chemical suitability of water for irrigation- It was defined by Eatoh
(1950) as:

RSC = (CO"" + HCOj") - (Ca"'"'' + Mg"^^),
where the values are expressed in milliequivalents per liter (see .table
14), According to Eaton, water having, an RSC value larger than :2, 5,
me/1 (milliequivalents per liter) generally is unsuitable for irrigatipn
because calcium and magnesium will be precipitated from the water,
causing, the sodium hazard of the water to increase, :; : Wat^
RSC value of 1. 2S me/1 to 2. 5 me/1 is considered mar^^^ and water
having an RSC value of less than 1, 25 me/1 probably sam
ples of irrigation water had RSC values of less l^an li,^^^m V
therefore safe ^r irrigation; in this regard.

Boron is one of the most critical constituents in irrigaidpn ytriater.
It is essential for proper plant nutritiOu in. sihali qnahtiti^e^^
to many plants in amounts only slightly more than the needed amounts.
Most of the crops raised in the are;^are classified by the tJ. S, Depart
ment of Agriculture (1954) as semitolerant and tolerant with respect to
boron. The semitolerant crops include most small grains, potatoes,
and some other vegetables. Alfalfa is Ueted as a tolerant crop, Scofield
(1936) showed permissible boron concentrations for semitolerant and

-41- ' .r: . "
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5000
EXPLANATION

irrigation Weils
I.20/S3~10c
2. 20/53—4dd
3.20/53—17cc
4. 20/53-21 ad
5. 21/53-2ac
6. 21/53—3ab
7. 21/53-3cd
8. 21/53-3db
9.21/53-13da

10. 21/53-21ad
II. 21/53—28cc
12. 21/S3-33da
13.21/53-36ac
14. 21/54-4ad
15.21/54—16cd
16. 22/54-8dd
17. 22/54-18db
18. 22/54—22bd
19.23/52—ISca
20. 23/S4-29dd
21.24/53-6ac
22. 25/53-6cb2

Springs

23.19/53-25d
24. 23/54—3db
25. 24/52—23ca
26. 26/53-8a
27.26/54—23c

SALINITY HAZARD

Figure 10,—Classification of water from springs and irrigation wells based on conductivity and sodium
adsorption ratio (After U.S. Department of Agriculture 1954)
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tolerant crops as follows:

Class es of water Bpron content

Rating Grade

Semitoierant crops
(mg/1)

Tolerant crops
(mg/1)

1 Excellent less than 0. 6? less than 1. 00

2 Good .67 to 1,33 1. 00 to 2. 00

3 Permissible 1.33 to 2.00 2. 00 to 3. 00

4 Doubtful 2, 00 to 2. 50 3. 00 to 3. 75

5 Unsuitable more than 2. 50 more than 3, 75

The boron content of all samples of irrigation water from I3iamon;d
Valley was less than the amount that might be harmful to semitoierant
crops.

Water from shallow wells in the nor^-central part of South
Diamond subarea is poorly suited for agricultural use. However, these
samples may not be representative of the quality of water that w
obtained from deeper wells in the same locations. The limited data
available suggest that quality imiproves with depth; however, samples
must be obtained from deeper wells before meaningful conclusions can
be made concerning the suitability of water for use in this area.

Suitability for Domestic Use

The limits recommended by the U, Public Health Service (1962)
for water used on interstate carriers for drinking purposes commonly
are cited as standards for domestic use. Listed below are some of the
chemical substances which should not be present in water in excess of
the listed concentration where more suitable supplies are available.

Constituents

Chloride (Cl)
Iron (Fe)
Nitrate (NO,)
Sulfate (SO4)
Fluoride (F)

Total dissolved solids

Concentration

(jnilligrams per liter)

^ :250

0.3

'  46
Z50

a 1.7

500 (I, ODD permitted)
a. Varies inversely with mean temperature; for example# higher tem

perature results in more water intake ahd permissible concentration
is lower.
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At the present time, 1965, less than Z5 ̂ aniililss use water
obtained from the v-sUl^y-fill ^eaeyvoil^. Howeye^,. As the Area^
comes more fully developed, domestic use is expecte<i to increase.
The chernical constituents of all,samples obtained frbili
and stock wells during the course of this study are within the per
mitted limits for domestic use (table, 14). This is also true of the
water obtained from the Fad shcift.
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GROWNDrWATEE DEVE1.0PMENT ,
-  . . .J.U. 'j:. . . I'Z'. ' n . 'I- n €:<€

Initial. Development - . 1

The earliest valley,was in th^/l^orth Diaipond
suharea whej^e settlers5 constructed ditches, and shallow-pits to uti3^e the
discharge of springs.. . As branching became establi8he4 thafeas^t
and we^t sides # the valley, additional improvements were ma^e to utilize
all readily avaiiable discharge from spri^eu No were ^ade to
develop additional supplies until the 1940's when flowing wells were drilled
on the Romano and Flynn Ranches. These wells were successful, and
subsequently flowing wells were also drilled on the Sir.i,.^and~ Saddles ^

€Ranches.-

In 1966, 15 wells in the North Diamond subarea wo^re flowing,
(table 2Q)jA but a.t rates substantial^^ less, than the reported initial dis
charge; two wells were pumped during .the irrigation,eeason; 3^d irriga
tion water was pumped from the pond at Thompson's spring. The
hydrologic systjem in this area was considered to,be ^justing to a new
set cf^eqqilibr^ because these groundrwa^er developments
were either in or adjacent to areas of natural discharge and wereheing
compensated for >hy Ibc^ reductipne in natural disqh^ge# ^ ^

Deveiopment in the South Diamond .Subarea

The extensive well development in the South Diamond subarea
began in 1949 when wells 22/ 54-27ca and 22/ 54-33dd were drilled along
the east side of the valley. Development continued at the rate of a few
wells each;year until 1958, when, extensive efforts .were, gun to develop
l^d for irrigation. By, 1964, when the area was closed, to additi^al .
development, permits to pump more than 150, 000 acre-feet per year^-
had been granted^^^^^^^^^ than 200 irrigation wells ha^d beep, drilled,,.-ai;id
approximately;.^, 000 acres of land was to.be irrigated by, pumping
ground water. .Due to problems inherent,insd^veloping new land^
duction hasBliagged h^ and in 1965, pnly 7,-600 acres of
cropland was haryestedf The acreage is increasing,eaoh yea^r, and
maximum production probably will :OGCur within .the next decade. ,

€, :l'*igation;vPi^ctices..{ . . . ,

:  Sprinkling has,been the most widaly-.;M^di'vh^'^f^
irrigatlGn^water during the initial phases;of l^dja^^uisition and develop
ment. In the summer of 1965 sprinkler; systdnis^y^ere used .with about
two-thirds of the 70 to 75 wells pumped., In July 1966'sprir^er systems
were being used with-'$:h d^ pumping wells. ,,jrJUateral ah^ main-rline
and seK-propelled rptary the principal type a used. < The
lateral and main-line systems consist basically of sprinkler lines that
are connected to a main line from the well. These lateral lines may
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ije almost at quarter of ai; cOttiriaonly mounted on wheels
so liiat the entire lateral may be moved to different positions along-the
main liine. Laterals not mbUhted Oh^^^.# must be broken down into
indiyidual sections to be moved. Self-propeUed rotary systems* aleo
called '^Valley sprinklers, •' consist of one sprinkler line, as much as a ;
quarter'df '^ long, mouhted On hydraulically driven wheels. The
ihtire systeM about a pivot at one end of the line which is con-* "
necte'd to e the center'Of' a l 60-acre field. Other methods use
ditcheddr giied pipes" to•'diatt^buteEatery • ' •

In Diamond Valley, syfiiniding generally requires less water than
:Odie^ irHgatibn methods, be is reduced in areas of sandy
soil. However, wells that discharge through sprinklers must'purnp •
against a 70- to i70-foot head in the sprinkler system, in addition to
llfph^ the watey td the- ^1 The cost of pumping and sprinkling
Water per acre-foot is hig^^ With other methods> but ihe cost of
labor smdland preparation is gene rally less.

Sprinkling probably will remaiU the most commonly employed
method 6f applying water for some time in the future; largely because
of the current becaUse of the high infiltration rates'in local
areas, and because'of preseht investment in equipment. For'the long
term, increased lifts may raise pumping costs sufficiently for some
owner s to consider;rhdUcm by using.' gravity distributiofi
from the well head.

•  • • • •(jrowing^Seasbh" -" - .r v. ,

The growing season is determined largely by temperature, and
: varies With thd^^t^ of crop grown. * Temperature data have been recorded
at Dla Eureka, Fish Creek Eanch, Jiggs, and Raiid Ranch.
Table: 1 daily minimum temperatures, published by the U. S.
Wea^her^^ 'Bureau, used in determining the longest period of consecutive
duys during each'year in which the temperature did not go below'32^F,
2  and 24^F, respectively; at four of the se stations* For' example,
at EurekU a cfbp which ex^ at 28^F would have
an averUgU'growing:season,of TW^diya; ,u

The effects of topographic position and exposure on the growing
season are illustrated by the data in table 15. Both Fish Creek Ranch
and Rand Ranch, which have* the shortest growing-seasons, are in the
lower parts of the Valleys. Jiggs, on the alluvial apron, hUs a slightly
longer growing sea'soni Eureka,' On the 1^^ the Fish Creek
Range,' has the longest growing seaSoh. rT^ variations' may-be due in
part to differences in 'station- exposure but probably also reflect conditions
of thermal inversion which are cOmmOn in valleys of Nevada.
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Table 15>-—Longeist periods In days, in yhich temperatuyea did not

go beIbw the indicated values at four stations in

east»»centra.1 Nevada , '

T^om published records of the U.S . Weather Boreeu?

Year

ElurekaJi' 1 Fisn ureeic Kancn^/' {j JlVg 'Sl' Rand Kanch4'*
24°F 28°F 32°F 24®F 28®F 32°F 24®F 28®F 32®F 24°F 28®F 32®F

1948 -- — 125 50 29 ^ —

1949 — —
— 119 80 40 n  >- „V € '

1950 € € 88 40 33 „  , V- €

1951 € € 94 81 9 -- :
€

1952
€ € 142 87 44 „ € €

„
€ : „ „

1953 129 128 Ill 89 69 „ „-„3. ;„ ^  … -- „€

1954 150 115 96 98 70 48 .r- '
„

1955 143 117 108 88 82 63 V, rr. -- r- - ; """ „

1956 133 109 109 135 58 28 ' ' -- ' „'A"€ € €' . € ^ :

1957 96 96 95 121 35 28 „ 51 27

1958 140 134 93 139 98 73 „ „ r-; … : -- „„„ 128 100 60

1959 131 112 27 121 79 44 131 91 52 60 43 24

i960 €
€ „€ 141 87 87 63 63 56 :  „ €

.,r-V

1961 €
€

€
110 91 " 65^ ^ 118 110 93 no 99 - 47 ;

1962 € 122 77 27 132 78 76 114 76 „22-;; ^

1963 € € 146 48 124 98 49 58 22 . ;11>|': ,

1964
€

€
€ 117 80 46 117 103 5^ 91 47 25

1965 130 129 73 € 112 108 60 79 49 28?

srage 131 118 89 117 77 42 114 93 64 91 61 - ;v30-f ^

1. Altitude 6,500 feet

2. Altitude 6,050-feet,
3. Altitude 5,450 feet

4. Altitude 5,047 feet,
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T^mpej^a4W'r;® *ecoied« available, from' Valley station,
which is closest to the agricultural area in Diamond Valley {fig, I), are
too short an<3 incohiplete to |>rovide valid averages; but suggest that con
ditions of thermal inversion exist throughout rhuch of the year. The grow
ing season in the developed part of the South Dianiohd subaf ea probably is
lohgef than at Jiggs and shorter than at Eureka*

Limited attempts were made to prevent frbst damage to alfa^a by
sprinkling in the fall of 1965. Should this practice prove feasible,? the
effective growing season might be extended aSimuch as several weeks.

Crop Types, Acreages, and Consumptive Use

The principal crops grown commercially are wheat, oats, and
barley, alfalfa, and potatoes. Sorghum, onions, and some grass-lb
mixes have been tried on a small scales According to Mr, Ivan B. Jones
of the White Pihe-Eureka Counties Branch of the Cooperative Extension
Service, University of Nevada (written commun., 1966) other crops that
might be grown in the area with pr<^er care are peas', beans, clover,
safflower, sugar beets, and cool-season grasses,- The major type$.of
irrigated crops^ computed seasonal consumptive use of water, and.approx
imate acreages for the suminers of 1961-65 are l^ted in t^le 16, ;
Because the area has not yet reaiched its full potential production, hew
crops and varieties are still being tried, and a permanent patteim Of
land usage may mot become established for sever^ more years. As of
the summers of 1965-66^ small grains wbre the predbminate crops;
however, the acreage and relative proportion of alfalfa has increased
each year. Potatoes have met with only limited success, and no large-
scale attempts to raise them have been made since 1962.

Estimated Pumpage 1950-65

Estimates of" pumpage fob the 1.6-year period 1950-65 were mhde
from pumpage inventories, crop acreages, ahd the number of wells con
sidered to have been operated'during a given year. For the purposes of
computation, 75 percent of the total amount of water pumped is as^hmed
to be consumed by crops (65 percent) or lost by spray and surface evapor
ation (10 percent). The. remaining 25 percent is assumed to be recircuia-
ted (returns to ground water)., A mpderately lpw;percem
water is used, because most crops a*e if rigated by sprinkling.

Inventories of pumpage furnished by the Sthte Ehgiheer are avail
able for 1958 and 1959, and a pumpage canvass was made in 1965^^ a
part of this study. Crop acreages are available for 1961-65. Eakih
(1962, p. 29) estimated that the pumpage for 1961 was between 4, 000 and
7, 000 acre-feet, probably about 5, 000 acre-feet. Estimates for the
remaining years are based on the number of wells considered to be in |^||||||
operation during that year and on partial reports of pumpage. Table 17
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Table 17."-Estimated pumpage, 1950-65

(All estimates rounded to two significant figures)

Year

Gross

pumpage

Net If
pumpage—

Cumulative

net pumpage

1950 300 220 220

1951 600 450 670

1952 800 600 1,300

1953 800 600 1,900

1954 800 600 ,  2,500

1955 1,000 750 3,200

1956 1,000 750 4,000

1957 1,200 900 4,900

1958 a 1,200 900 5,800

1959 a 1,800 1,400 7,200

1960 2,400 1,800 9,000

1961 b 6,100 4,600 14,000

1962 bll,000 8,200 22,000

1963 b 9,700 ;  7,300 29,000

1964 bl2,000- 9,000 38,000

1965 cl6,P00 12,000 50,000

Totals (rounded)67,000 5o;ooo 50,000

1, Net pumpage is assumed to be 75 percent of gross pianpage,

a. Inventory by office of Nevada State iSngineer.

b. Based principally on;;;crop inventories (table 16),

c. Based principally on: pumpage inventory by the author .
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lists the gross pumpage, net pumpage, and cumtQative net pum
the period 1950-65^

Effects of Pumping on the Grounds Water System

Effects on Natural Conditions

Prior to any development the ground^water systern over the long
term was in a state of dynamic equilibrium,, where recharge equaled
discharge and the quantity of water in storage remained constant* Pump
ing creates an imbalance in the system, where total discharge (natural
discharge plus net pumpage) exceeds the recharge. Consequently, water
is pumped from storage and water levels decline until natural discharge
is reduced sufficiently to bring the system to a new equilibrium, where
recharge equals a reduced natural discharge (sometimes to zero) plus
net pumpage. However, if net pumpage exceeds the predeyelopment
natural discharge, water levels will decline^indefinitely and a new
equilibrium will never be reached.

Effects of Specific Developments

The amount by which water levels will decline in any given place
is dependent on the quantity of water pumped in relation to the q^uahtity
of natural discharge, the distance from the area pf pumping to areas of
natural discharge, the degree to which pumping is localized, and the
coefficients of transmissibility and storage. Development in the South
Diamond subarea is: (1) distributed asymmetrically with respect to the
area of natural discharge, (2) concentrated in a locaiized area, and
(3) at least 10 miles away from any area whpre an appreciable quantity
of natural discharge may be salvaged (the distance is based on the area
with the highest concentration of pumping, T, 21 N. , R, 53 E.),

These three conditions indicate that, regardless of the pumping
rate, a great deal of water must be withdrawh from storage and water
levels lowered appreciably before any new equilibrium is ppssible.
Figure 11 shows the long-term effects of three rates of pumping on the
natural system. The distribution of pumping in relation to the area of
natural discha.rge, as shown, is similar to idiat vdiich exists ih the South
Diamond subarea.

The extent to which various pumping rates in the South Diamond
subarea will eventually affect conditions in the North Diamond subarea
maybe estimated approximately from fxgurje 12, which shpws the area
pf ground-water development and the cumulative natural ciischarge from
the vicinity of the pumping area to the nPrthefn end of the valley. In
estimating the areal extent of pumping effects, it must be realized that
the natural discharge in the southern area would not be completely
eliminated before the area to the north is affected. For example, if
equilibrium conditions were approached for a net pumping fate of

-50- -



Area of ground-
water development

wllii

Area of
natural

discharge

Approximate volume of
dewatered material as a

new equilibrium is
approached in case 1

CASE1

CASE 1—Annual pumpage Is less than average

annual recharge and natural discharge

Water Is pumped from storage and water levels decline until
natural discharge Is reduced by an amount equal to the rate of
pumping. A local depression develops in the pymping area.
A slight reversed gradient from parts of the area of natural
discharge toward the pumping area may develop; however, natural
discharge continues at a reduced rate

CASE 2—Annual pumpage equals average annual

recharge and natural discharge

Water is pumped from storage and water levels decline until
natural discharge is eliminated. Water levels continue to drop at
a reduced rate until a slight reversed gradient is established
toward the pumping area allowing all recharge to flow toward and
ultimately be discharged by pumping

CASE S—Annual pumpage exceeds average annual

recharge and natural discharge

Water Is pumped from storage and water levels decline
throughout the area. When natural discharge is eliminated,
the rate at which water Is pumped from storage about equals the
amount by which pumpage exceeds recharge to the area. Water
levels will continue to decline until pumpage is decreased or
terminated because of (1) Increased lifts and costs or (2) a
deterioration In water quality

Approximate volume of
dewatered material as a

new equilibrium is
approached in case 2

CASE 2

iiiiiiiliii-iii

Hiiiiiiiiil
iiiiiiiii^

iiiliiliiiiniiiiiili

Figure 11.—Long-term effects of three rates of pumping on the ground-water system



R52 E R 53 E R54E

EXPLANATION

Consolidated rocks

Valley fill deposits

Garden Pass

' Railroad Pass

Land which Is currently Irrigated by pumping well water
or which has been cleared for future irrigation

300 to 10,000

Natural discharge, in acre-feet per
year, cumulative to the north

Contact

Basin boundary

mm

1

Devils Gate

ureka

Subarea boundary

Scale
10 Mites

Figure 12.—Location of major ground-water development with respectto the distribution of natural discharge in 1965



12; OOO acire-f«et per year in l^ei^ Soutli biamond subarea (estimated
1965 f^te> table 17), tbeh the-nataral discharge^in Tps. 22 and 23 Nv
would be greatly reduced while discharge in T, 24'jKr.' and possible parts
of T, 25 N. would be reduced progressively, but to a lesker-e'sitent. The
total^Veduction in natural discharge eventually would equal 12; 000 acre-
feet per yeair; and the conditio Case I in'figure 11 wcfuld be achieved.

Changes in Water-Quality

In hydrclogically closed basins, the chemical quali^^^
water generally deteriorates With time. This change is attributed to
(1) the reversai of natural gradients which may cause Water of poor
qhaHty to flow into the pumping area from beneath the playa, s-nd {Z)'
ahvtinifavbrable salt b^ancd caused by 'Ihd recycling of irrigation water
in the area bf-immpihg. The effects of both of thbse processes Sre" >
lessened by miiahg^^W^^ water of good quality so con
siderable pumping may be riequired before changes in water quality wiU
cause significant reduCtib^^

The probletri of 'Un uhf4vo^^^ s^t bi^atfce xn time
threat to the future existing ground-water development. . As
pointed but by Hem iH^penhy and others, 1952,'pi 149);

"It has long been recognised that if an irrigation pro
ject is to be permanently 'succes sful it must be-so designed --
and operated that the drainage leaving the'area of irrigation :•
carries off the accumulating soluble salt from the whole area.
Ideally, the amount of mineral matter that must be removed

" should at least be eq^uivadcnt to the amount entering the area -
in the irrigation Waterfsupply and^rom Other• sOurcesi This
is essentiaiiy the principal of salt'^balance. " '

Drainage from the SOixl^ Diamond subarea under conditions
was by sub'surface flow toward the playa; As natural graidients-are re
versed by pumping, drainage" from the-area' Will be eliminated and; salts
which ate not removed by crops'Or wind action will remain either in the
soil or in that part Of the'irrigation water which'Returns to the asone of
saturation. Soluble salts are conUnually being brought into the area,
either in ground'water or in fertilizers. ThisjresultS in an unfavorable
salt bedahce ahid; ovOr the long term, an insidious but cumulative \dO^ :
teriOi^tion in the'^ality cdithe pumped wateIV^ ^

'  • The I^hequilibrium COndi^

Water-Devel Decline • • ' • •

Rate. --Development along the east side of the valley in Tps, 21
and 22 N, has existed since the early 1950*8; however, the area of



heaviest t waa not developed to .any degree
until I^SsS,; |rhe|iydr6^a|^ of the deration;
isind ejirtept. Q|,j4evd|opment pn;^ «uid rate of jwatex^-level decline
in.three pyer pexiods pi^ ye^rs, Hydrographa of "wella 22/^54-
lOac anp:22/:54?<:33dd, on theneast aid thej^alieyj shp^iyf^p.eaxly cp
decline: aince.l950« In weUv2;l./;53>522cdi near the p enter-pith
heavily pumped area, water levels did not begin to drop appreciably until
1958, but since then have declined mpre rapidly than in the wells on the
east side of the valley* The pronounced annual fluctuations shown since
I960 are the result of seasonal pumping* • < , •

WeU;22/ 54-i Oac is in the extr eme southeastern part of the i
natural-diacharge ;axea. The.lowering of water leve^ ip that rarea
dicatea that: email local reduction in natur^ dischaisge is pccpirringj .
however> ^no large«-scale, redactipn^^>^ until "^atep^levels hegip
tp declih^ in the m discharge some j5-to 6 miles

•farther/.north., « - - , . t-i

Figure 14 is a diagrammatic cross section showing the pverall
.water-level depline fpr one year , in, the rmppt heayily^pumped part of the
develpped^areai ' It was ppnstructed by prpjepdlshg?^ 1?^
year, spring 1955 to. spring 1966, in. apnie. !l6v^,^3^pte4^^®|Ifti^^^
south section through the approximate center of the most heaHdly pumped
atea* AdditipnaL-pumping occurred,; spp^e-4 east of the line of
sectio%-in^,^ 22 N# 54^. ,^but. tha^p^icr pp>^
cexxter^of-the-valley-was-negligible*.;

The rate of water-1^^^^ decUne in ihp^^
area vis eomewhat.:irregular ,;; :but.;ave»agdf 'pl*::5ri*P^^4^f:^^.* P>®^. Y^ear,' where - ; „-
aS: the rate of decline,4n;yfeM^:/-putside decreases with „
distance from the pumped The net change
suggested is similar to the drawdown-distance relationship obtained from
the cone/of depression of .a single pumped well* .vQ
similarity, increases in & ratp pf ppmping may produce pahderatply
large increases in the^jrai:%pf :wnter-leyel decline beneath the pumped
area with progressiveiy smaller inprp^sea innthP rate of water-level
decline vrith increasing dis,lnh?5 w^nPi^'

i  . ; llet change* . 19i5p^^^ s jdrayq^ levels
in the is^ring 19.66 in thn. 6fPnth rDiamond spba .are ^pwn^ figure 15.
In the developed area, water Tev^aar%,el^^ ^an t^ose
shown for the spring of 1950 on plate 2* The area in which water levels
have declined and the amount of the decline were determined from these
two maps and extrapolated from changes observed in individnal wells
having shorter records* jFigiire 16 sltpyfS^ I^^ in water levels
from spring 1950 to spring 1966.

^The maxinmrmchangs ̂ ^noted was 12^
The area of maximum change does not coincide exac^y vnUi the area of
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Thompson Ranch "f!
R. 53 E R. 54 ER. 52 E.

Garden Pass Sulphur Spring

3

EXPLANATION

Valley-fill deposits

Consolidated rocks

Contact
Devils Gate

5800--

Water-level contour, shows altitude
of water level. Dashed where
approximately located; contour
interval 10 feet; datum is mean
sea level

n Eure

i
Scale In Miles

Figure 15.—Water-level contours for April 1966, South Diamond suttarea



R. 52 E. R. 53 E.

Thompson Ranch
R. 54 E.

Garden Pas Sulphur Spring^A'^''

Consolidated rocks

Decline In water levels, 1950-6B,
In feet, in the valley-fill deposits
Boundaries dashed where
approximate

No discernible change

Greater than 10

1  2 3 4 5

Scale in Miles

1

EXPLANATION

0 to 5

Devils Gate

i

i
B

Figure 16.—Approximate net decline of water levels in the south Diamond subarea, 1950-66



heaviest pumping. It ie q#set slightly towa|;4 t^ Piampn^
and is attributedTin part to fine-grained lenses in the valley fill which
cause semiconfined conditions imder the sou^east part of the developed
area. In, jnost of the developed area Ihe net change is between 5 and 10
feet. At the extreme northeastern, end qitihie develpped area, in X. .23 N.,
R. 54 E. (fig. 16),: no substantial pumping has occurred and no measurable
change in water levels,was''h<;^<:ediV.^. , n n . ^ ^

.  Storage Depletion as of'Spr^g 1^66^ n

Water that has been removed from storage by pumping during the
16-year period, spring i950-^ring 1966, was estimated by the same;method
used to determine the recoverable storage ih the u^ 100 feet trf fa-turated
valley filU For purposes of estimating the depletion the specific yields for
the uppo*" iOO feet of saturated valley fill shown on figure 7 are considered
to be roughly equivalent to those of the thinner interval dewatered
the 16-year periodii- The volunle of the, dewatered interyal was determined
from the net water-leyel declines shown in figure 16.

Table 18 shows an estimated storage depletion of 60, ,pOO acre-feet.
That value is larger than, but on the same order of magnitude as, the
estimated total net! pumpage of 50, 0CI!0.;acre-.feet for the 16 years, 1950-65
(table 17). Under ideal conditions^ these quantities should be equal, be
cause the area net change-(fig, 16) has not yetlsalvaged any appreciable
quantity of natural discharge, which indicates d^at virtually all pumpage
has been from storage. The difference of 10, 000 acre-feet, or about 18
percent, in these two estimates is attributed to iostccuracies in the assump
tions made, to a time lag in the draining of finer grained deposits, to a
time lag in the return of reciircula'ted v/atef saturation, and
to water-level declines in some Wells that may represent changes in
pressure head rather than actual storage depletion.

Ground-Water ;Budget;t>1950" 66

Table 19 summarizes the effects of 16 years of pumping on the
hydrologic system, a period of nonequilibrium conditions. Virtually all
the change has occurred in die South Diamond subarea. When all the re
charge to the valley-fill r eserypil^ the 16-year period is coinpared
to all the discharge, a net loss of approximately 48, 000 acre-feet, or
3, 000 acre-feet per year, is noted. H all estimates are correct, the net
loss of 48, 000 acre-fdet (budget item 3) should equal the estimated net
storage depletibn of 60, 000 acre-feet (budget .item 4), which was computed
independently. The imbalance betweeh methbds of 12, 000 acre-feet, which
is only a little more than 2 percent of the recharge or discharge, is attri
buted largely to errors in estimates of net pumpage apd ̂  depletion.
In the event that the larger estimates of rechajrge from precipitati<:m,
inter-basin flow, and natural discharge, whichwere computed fm: the
long-term average, are not representative of or iipposed some change on
the system for the period 1950—60, the budget may be even more in error.

'  -53-:'' n , -



Tab le 18. ^"Sstiii^ted -net atot^ for - the

Met change
(feet) Area

Volume
dewatered

"•(acr'e-'^ n n
Average

specific ytelc
Storage

depietion
Range Average (acres) feet) (percent) (acre-feet)

0 to 5 14,000 14,000 20 2,800

: : : v. ' -f. 51,000 51.poo 6,400

;  - „ n ' ' r",' - • ' -f''
n,ooo 11,000 '7.5. ". ;•

5 to 10 19,000 130,000 :  . 20 26,000

9,600 67^000 :-;r 12.5-;.; 8,400

4,600 32,000 7.5 2,400

Greater than 10 11 4,600 " 51,000 10,009

11 li900 21,000 1Z,5 2,600

200 2,200 .  ' 160

Totals (r^ijinded) a.3.3, 116,000 386,000 ' , 60,006
m

a. Average weighted tƒatet-l^ decline i
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Table 19«''»Grdund»watef budgets in

conditions In Pifflnond Valley^ 1950-66 ,

(All values estimated, as described in teKt)

Budget Itemi^ 16-3^ar Average
peribd annual

RECHARGE:

Precipitation (table 6)

Inflow at Devils Gate (p. 21)

Subsurface inflow from Garden Valley (taWe 7)

Total (rounded) (1):

DISCHARGE;

Evapotranspiratlon (table 8)

Net pumpage (table 17)

Total (rounded) (2);

IMBALANCE (3): (I) - (2)

STORAGE DEPLETION (table 19) (4):

DIFFERENCE BETWEEN METHODS: (3) - (4)

336,000 21,000

2,400 ISO

144,000 9,000

482j000 30,000

480,000 30,000

50,000 3,100

530^000 33,000

-48,000 -3,000

-60,000 -3,800

12,000 800

1« All items, except pus^age an^i^ storage depletion, based on Ibng-te^
average rather than for period i95Q-66>
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^ ^ iIHE '

The ava^ai^le grQ\^nd-watet; supply in
expressed in several \yay'S: (1) the natural yield, /^hich is provided by
the springe, principally in the North Diamond subarea; (2) the perehnial
yield, or the maximum amount of salvable natural discharge; (3) stora|,e

"depletion, '^hich is sOmfetinies referred to aTs'the "one-tim^ reserve";
and (4) the possible future development and its relation to the available
sujpply. These are discussed in the foUowng sectiqns^

Natural Ground-Water Yield

The large springs, principally in the North Diamond subarea
(pi. 2), provide a natural ground-water supply, of about 9,400 acre-feet
per year (table 9)« For many years most of the discharge has been used
to irrigate hay, natural pasture, alfalfa, and native- grasses^ Because
of the, relatively uniform flow throughout the year and because of the short
growing season, only about a third of the total spring discharge is put to
beneficial use. The bulk of the flow is consumed largely by nonbeneficial
evapotrinspiration in areas of phreatophytes downstream from ^Ovspring
outlets.

In time, as the effects of ground-water development begin to re
duce natuifal'discharge, the spring flow probably tidll begin to decrease.
K.'f'anchers eventually drill wells and pump in area, the spring flow
can be expected to decrease more rapidly.

Perennial Yield ^ ^

The perennial yield of a ground^Water reserv6ir[hiay^beid
as the maximum amount of water, of usable chemical quality that c^ b
wthdrawh and consumed economically eich year £or
of time. If the perennial yield is continually exceeded, wiater levels will
decline until the ground-water reservoir is depleted of water of usable
quality or until pumping lifts become unfecbnoinicgd'to Peren
nial yield cannot exceed the hatujJarrecbafge to dr discharge fro the
reservoir. Moreover, the perennial yield ultimately is limited to the
maximum amount of natural discharge that can be economically salvaged
for beneficial use.

Table 6 shows that the estimated average annual recharge to the
ground-water reservoir is 30, 000 acre-feet, and table 8 shows that the
average annual discharge is the same. Thus, with an ideal distribution
of pumping so as to salvage all natural discharge and with no deteriora
tion in water quality, the perennial yield of the valley-fill reservoir also
is approximately 30, 000 acre-feet.
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The estimated het puang>age in 1965 was IZ^OOO acre-feet (table 17),
which is considerably less than yield. .However, from 1960
to 1965, net pumpage increased frwn 1,800 to l^,OQO acre-feet, or at an
average rate of about 2,000 acre-feet per year. If this rate should con
tinue, net pumpagewoiildeqUai the yield by about 1975, Hore-
oVeri because permits to pump nearly 150^000 acre-feet per year have
been granted in this saime araa; the rate of incrieaSe might be accelerated
and the yield equaled even sooneri Eventually it could be greatly exceeded.

The maximiOT amount-of natural discharge jthat can be salvaged by
pumping in thCf general area of development in ^96^ in the South. Diamond
subarea (flgv &> will be governed by the rate at which pumping lifts be
come uneconCmical to maintain or at which a significant influx of poor-
quality water from the playa'- dreh-might ocCor. Because of the unfavorable
distributton of pumping wit^^^^ ot natural discharge, lifts
in inuch of the .developed area ,"9^uld have to. iticrease. substantially over
those in 1966 to salvage eyen to  of .nattoal discharge equal to the
to titotodl net .ptnapage .of 12,OQO acre-feet in 1965, Figure 12 shows that
all nat^ural discharge in Tps. 22 and 23 N.,/Ea> 52, 53, and 54 B,, and
about 10 percent,of that in T, 24 N., 52, 53, and 54 E. would have
to be salvaged to eqiAl this pUmpage.' The northernmost salvage would
be some 15 toiles north of the arto of concentrated pumping In T, 21 H,,

/r^"53 e; n ; - - -

Sustained annual pumping much in excess . of 12,iK)0 acre- f6^,t
year would produce accelerated rates Of water-level decline in.the pumped
area, and any_ new equilibrium (fig. 1^^ Case I) prpbably_coqld n attained
before lifts would become uneconomical to maintain, Ttos, ptopage much
in excess of 12,(500 acre-feet per year in the area of development in 1966
prohably will lead to a paradoXj C'Cifiaapn- in Nevada valleys ; a condition
of local overdraft in the South Diamond subarea, while more than 15,000
aCre-feet per year gCesr?to waste..In the North-^Diamond'subarea,.

Storage Depletion

The quantity of storage depletion necessary ^efore the hy^rologic
system can attain a new equilibrium at a rate.of pumpage equal to or less
than tbe jperenhial yield is depfetrdeht primarily upon the distribution of
pumping With respect to natural discharge. With properly spaced wells
in or near the area of.natural discharge, the necessary .storage depletion

/becomes, .minimal, • Gonyersely, the storage depletiun increases
as pumping is moyed iaway from the/natural-discharge area or is asymmet
rically distri^buted ;vlth respeto to i^

In Pitobhd Valley the necetoary storage depltoion
rfeato a hto equilibrium is difficult to predict, because of the ra to y jun-
known and variable hydrologic factors. Moreover, as previously men-; •
tlohed, the uhfayorable distribution of pumping with respect to natural
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discharge, as of 1965, probably will result In a local overdraft in the
South Diamond subarea long before a new equilibrium could be approached
with a net pumpag4%iqual tb't^ yield. 'Therefore/ an example
is cbhsidered in terms of that storage depletioh necessary before the
system can apjirbach k new e^U^ where net pumpage equals 12, 000
acre-feet peryear^^^^ rafe) from tboj general area of development
shown; in figure 1^. ji^^pugh this rate oiily 40 perceht. of the
4^renmal yield, it ihay;approximate the maxirqum amount of natu:ral dis
charge that c8Ln be econoTnicsdly salvaged by pumping in the South Diainond
subarea. The following assumptions are utilized to obtain an estimate:
{1) Puiftping in the fu^ to" be coiic'ei^ir^ted in the same
general areas as in 1965 (fig. 12); (2) Net pumj>age w^ the
,1.966 rate of 12, 006 acrerieet. per year (i) ,A hydraulic; gradient from the
playa toward the area 1 of pumping wouldy^eyelop ,as equilibrium is, ,
approached (fig. 11, :^ase I); (4) The area affecfed would include most of
the valley fiU south '24 N. , R8, '52, 55^ and 54 E. and some valley
fiH ih^e southern paH of^Ti 24 N., Rd. ̂ 5^ 53/ and 54 E; (Bg. ' 12)--a
total of roughly ?00j d|id kcires; ^5) The water-level decli^ wouid"irahge
from about iO feet in %ie playa drea in T. 24 to ZjOQ i^ot at
the sputhi eidge of the pumped area 19 and 20 N,, R, 53,.
the weightedrareal decline would be roughlyf 125 feet; an,d (^5) Tbe esBmated
specific-yield distribution shown on figure at depths
greater than the uppermost 100 feet of satufaBon, and is computed to
averajge about 12 percent. €€€" . ' '

UtiUzing these as sumptiphs tpged^er vndi d^^^^
missibiUty (fig. 3), the storage depletipn-ip cpmpu^ about ^ million
acre-feet, most of which would, pccur in the Sopth Diamond subarea.
Figure 17 shows diagrammaticaily ;the effect on water levels, of a, storage
depletion of this mag^itude'ih the^^ 'Diambhd- subareaii The economic
significance of this large quantity is that locally water levels in the area
of development may be expected to decline as much as 200 feet below the
1965 levels (as much as 3.09 feet below land surface), if net pumpa^ge were
held at about the 1965 rate^of 12,. Odd a^-feet.
would result in mnre;rapi<i,storage 4•pioBQn in' ̂ e deyeipped ^re
larger increases in the rate of water"^-level decline in tlje vicini^] of the
pumping and sinaHer increase s in the rate of decline near the .area bf
riatural discharge. Morebvb^V if net pumpage were held 12,idOO-apre‚
feet per year, tiie estimated 3 million acre-feet of storage would not be
exhausted for 300 to 400 years, depending oh the rate at which natural
discharge would be salvaged. At-that time water levels stabilize,
and all the het.pumpagp of 12,. 000 acre-feet per year'would be supplied
by recharge'moving directly to the pumping wells. r.

Future Pumpage

The foregoing sections on yield indicate that large drawdowns will
result if pumping is restricted to the areas of development shby^ on
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figure 12. A local overdraft will occur in ti be South Dia-mond subarea
long bejfore any new equilibrium is reached. Moreover, even witiiput
any increase in net pumpage rate, pumpingflifts locally could become
uneconomic^ to maintain within ti ie next 10 to 20 year sv

As previously mentioned, permits to pump approximately 150, POO
acre-feet per year in Diamond Valley have been granted by the State,
Thus, future utilization of existihg permits 'will result in a inassive local
overdraft and accbleiated rates of water-Idvel declined
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:.U" CQ>|GL^aOIf3r

fKiis secpndj^grai^jal of the water resources of piamon^^^
has led to the foUowing conclusions rs^arding the adequacyj
effects of development, and types of data needed to refine the flow system
and response characteristics of the, valley-fill reservoir:

1. .;AU development to date and all appUcaUpna for future develop
ment are in t2ie South Diamond subarea-rt^^^ permits to pump
about 150, 000 acre-feet per year have been granted. This is
considerably in excess of the estiniated pereimiai yield of
30, 000 acre-feet for Diamond Valley.

2. The estimated net pumpage in 1965 was IZ, 000 acre-feet, or
less than half the estimated yield. Virtually all net pumpege
of record (1950-65), which totals an estimated 50, 000 acre-
feet, has been supplied from ground water in storage in the
South Diamond subarea.

3. Because the area of pumping is remote from areas of natural
discharge, storage depletion will continue for many years in
the future. An example demonstrated that if net pumpage
were held to only 12, 000 acre-feet per year, about 3 millipn
acre-feet of storage depletion would be required before
12, 000 acre-feet per year of natural discharge could be
salvaged. Water levels in the area of concentrated pumpage
(T. 21 N., a. 53 E.) would be drawn down as much as 200
feet below 1965 levels. The time required to reach the new
equilibrium would be from 300 to 400 years,

4, The rate of increase in estimated net pumpage from I, 800
acre-feet in I960 to 12, 000 acre-feet in 1965 suggests that
net pumpage may equal the perennial yield by 1975» EVelt
if the pereimial yield is not exceeded, local overdraft is
likely to occur in the South Diamond subarea and water levels
locally may be drawn down below economic pumping lifts,

5, Pumping in the South Diamond subarea eventually should
decrease the natural discharge from springs in the North
Diamond subarea, which during the summer 1965 was largely
being used beneficially* In time, the discharge from springs
may have to: be supplemented or replaced by pumping from
wells. Although more costly, this procedure would salvage
the large amount of water (about 6, 000 acre-feet per year)
now running to waste during the nongrowing season.

6, The cost of pumping will increase in about direct proportion
to the increase in pumping lift, provided that other fixed
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costs remain constant.. To the extent possible, new or
replacement pumping should be sihiated farther north
near the playa, where the cost of pumping would be less
and where salvage bf natural discharge would tend to re
duce the rate of water-level decline. This in turn would
reduce the rate of pumping-cost increase.

7, The cause-and-effect relations (pumpage versus the dis
tribution and amount of water-level decline and associated
factorsV for the 16-year period 1950-66 are first approxi
mations developed from an estimated gross pumpage of
67,000 acre-feet (estimated 50* 000 net pumpage),
refinements of the a e r elatiohs ydll r equir e reas onably
accurate records of the annual pumpage, periodic water-
level measurements in most wells, preferably in the
spring before pumping begins, periodic discharge measure'
ments of the major streams and springs, and monitoring
the chemical quality Of pumped water. Additional precipi
tation stations on the valley floor and in the surrounding
mountains also would provide valuable data for refining
runoff and recharge estimates.

8. A reappraisal of Diamond Valley about in 1975, or sooner
if pumpage increases substantially, would be desirable to
evaluate the effects of pumping on the flow system, the
magnitude of the storage depletion, and the extent of any
overdraft that might then exist. Those findings would
provide the basis for timely decisions for the administra
tion and management of the water resources of Diamond
V alley.

Numbering System f> V Wells and Springs

The numbering system for wells and springs in this report is
based on the rectangular subdivisions of the public lands, referenced.to
the Mount Diablo base line and meridian. It consists of three units:
the first is the township north of the base line; the second unit, separa
ted from the first by a slants is the range east of the meridian; and
the third unit, separated from the second by a dash, lists the section
number followed by two letters that designate the quarter section, and
the quarter-quarter section, respectively. The northeast quarter of
a subdivision is designated by the letter a, the northwest quarter by
the letter b, the southwest quarter by the letter c, and the southeast
quarter by the letter d. Following the letters, a number indicates the
order in which the well or spring was recorded within the lO—acre sub
division. For example, well 21/53-lacl is the first well recorded in
the southwest quarter of the northeast quarter of sec. 1, T, 21 N,, R.
53 E,, Mount Diablo meridian.
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Because of the limitation of space» wells and springs are identi
fied on platea only by that part of ihe i»hich designates the sub
division of the section and, if two or hiore Wfells are in one subdivision,
the order in which the well or spring was recorded in that section.

V:/ i:

'o.

- U'

1:1'

'' .c !• •••

/-vi (•.) ; .'t, ^ ..

"I n ‚ •.• • .. ? • -

-62-



T
a

b
le

 
2

0
,~

~
R

e
cb

rd
s 

o
f 

se
le

ct
e

d
 

w
e

lls
 

ar
id

 
te

st
h
o
le

s

O
wr

ie
r: 

B
LM

, 
U

.S
. 

B
ur

ea
u 

of
 

La
nd

 
M

an
ag

em
en

t
Us

e*
. 

D
, 

do
m

es
tic

; 
I,
 

irr
ig

at
io

n;
 

0
, 

ob
se

rv
at

io
n;

 
S

, 
st

oc
k;

U
, 

un
us

ed
; 

D
e

s,
 

de
st

ro
ye

d
S

pe
ci

fic
 

ca
pa

ci
ty

: 
In

 
ga

llo
ns

 
pe

r 
m

in
ut

e 
(g

pm
) 

pe
r 

fo
ot

 
of

 
dr

aw
do

w
n

M
tit

ud
e:

 
D

et
er

m
in

ed
 

fr
om

 
to

po
gr

ap
hi

c 
m

ap
s

W
at

er
-le

ve
l 

m
ea

su
re

m
en

ts
: 

D
ep

th
, 

In
 

fe
et

, 
be

lo
w

 
la

nd
-s

ur
fa

ce
 

da
tu

m
S

ta
te

 
lo

g 
nu

m
be

r: 
Lo

g 
nu

m
be

r 
in

 
th

e 
fil

es
 

of
 

th
e 

S
ta

te
 

E
ng

in
ee

r
R

em
ar

ks
: 

D
is

, 
di

sc
ha

rg
e 

•-
•
 ̂

 
• 

., 
• 

n 
V

•
 -

•
 

• 
• 

J
: 

D
ia

m
-

• •
W

a
te

r-
le

V
e
l 

:
S

ta
te

:
;

 . 
* 

• " 
L

 "l"
'

z
^
e

a
r

•
:D

e
p

th
1 

eit
er.

• • •
:S

pe
ci

fic
:A

lti
tu

de
;

'
 

m
e

a
s
u

re
m

e
n

t,
 

•
log

 
1

W
e

ll 
n

u
m

b
e

r
;

 O
w

n
e

r
zd

ri
lle

d
zC

fe
e
t)

;(
in

ch
e

s)
:U

se
:c

a
p

a
ci

ty
: 

(f
e
e
t)

 
5

D
a
te

D
e

p
th

 
:

n
u
m

b
e
r:

 
R

e
m

a
rk

s

19
/5

3-
8a

b:
"O

ld 
fio

liy
 

W
el

l"
'
 

--
 

"
6

D
e

s
6

,1
1

0
3-

^6
-5

0 
1

7
9

^8
2

-1
4
a
d

-
-
 

•
—

.
—

—
I,S

6
,3

6
0

4
-2

6
--

6
6

1
9

.8
6

-•
rlA

da
E

u
re

ka
 O

o
u
n
ty

d
9
6
2

2
6
5

,
:8

•. 
1:

'
‚: 

. 
; 

.• 
;6

 , 
4
6
5

4
-c

 5
^6

6
; 

4
4

.8
7

8
3
2
9

S
c
h

o
o

l 
D

is
tr

ic
t

•y
'

i 
v:

,-

2
0
/5

3
-i
a
c

^
L
a
^
m

 M
ac

ha
ce

k
1
9
6
0

1
7
3

1
7

I
14

 
5/

96
0

d
o
.-

8
6

.3
8

5
5
4
2

r-
2

a
c

2.
20

+
1
6

X
5

,9
3

7
5
-1

7
-6

6
6

7
.0

8
.-

r-
-

-2
d
d

L
. 

W
. 

W
il
b
a
n
k
s

1
9
6
3

2
5
0

1
6

I
‚

 5
,9

6
6

4
- 

6
-6

6
X

0
5

.6
9

8
1
1
4

-4
a
d

1
9
6
1

1
3
1

13
1

0
3

: 
5

,9
2

8
4

- 
4

-?
6

6
6

0
.6

3
6
3
1
3

d
o
-.

1
9
6
1

1
3

V
T

"^
66

 
5

,9
3

1
4
^
-5

-6
6

m
4

i
6
1
5
2

R*
. 

.^
Is

o
n
 

'
1
9
6
1

1
8
0

1
6

I
64

 
5

,9
4

2
-V

 -
 d

o
*;

 "
m

m
T^

lO
bd

1
9
6
3

1
6

i:,
s

5
,9

3
5

•; 
d

p
.

V 
6

7
.4

4
7
4
0
1

-i
b
cd

d
o

.
j

 19
63

2
2
0

1
6

i
‚"

 
5j

94
3

d
o

.
7

3
.0

6
7
4
0
2

re
lo

a
d

d
o

. 
-

JL
96

1
2
0
0

1
6

P

6
0
 

5
,9

5
2

d
o

.
9

1
.6

5
6
1
1
8

-U
a

d
H

a
rv

e
y
 
R

if
e

?
 

i>r
1

9
6

5
1
1
0

6
5

,9
7

2
d

o
.

1
0

0
.0

4
-i
ib

d
d
o
.

.
. 

. 
-

€- 
1
9
6
2

1
8
2

1
6

:
i
 •

5
,9

5
8

6
o
. 

.?
1
0
3
.0

1
6
8
8
9

-
ll
c
c

C
o
le

m
a
n
?
'W

a
d
e

1
9
6
2

3
0
0

.1
6

I
‚€

 
5

,9
5

5
d

o
.

9
1

.3
6

8
1
2
4

d
o
..
- 

• 
.-ƒ

:
 i
 

'v
' 

•'

‚^
96

2-
 

-
27

6'
1
6

.
 - 
I-

5
,9

7
0

- 
d

o
.

9
7

^
M

8
1
2
5

b
lm

 
' 

'
' 

•
D

e
s

5
,9

5
2

3
-1

7
-5

0
75

^2
1

' ;
V.

 -
W,

-*
j-y

. .
V.

 >
. 

t

-i
S

c
d

 €
'

l
'

, •
W

. 
S

. 
A

gn
ew

i9
64

39
8 

'
1
6

I
-
-
 

^ 
5

,9
8

4
4
- 

5
-6

6
 
1
2
1
,5

^
s
k
il

--
1

7
a

a
-

6
.-

S
.-

W
ig

g
in

s
 

-
1
9
6
5

2
2
5

1
6

1
5

,9
4

2
 

-
4
- 

4
-6

6
--r

 7
2'

*-
09

.
'

b7
21

^ 
- 

J
-1

7
c
c

W
., 

E
. 

B
a

k
e

r 
.

.
 1

9
6
4

1
7
5

1
6

I
5

,9
4

8
d

o
.

4
6

.3
2

7
6
2
5

t w I



T
a

b
le

 
2
0
.—

c
o
n
ti
n
u
e
d

W
el

l 
ni

ba
be

r

• •
 ..
.

« :
 O

v
m

e
r

i
 n 

;
l.l^

ed
r 

:D
ep

th
td

ri
lle

d
:(

fe
e

t)

:
 

D
ia

m
- 

: 
j 

j 
:

: 
et

er
 

: 
:S

pe
ci

fic
:A

lti
tu

de
:

:(
in

ch
e

s)
:U

se
:c

a
p

a
ci

ty
: 

(f
e
e
t)

 
:

W
a

te
r-

le
v
e

l

m
e
a
s
u
re

m
e
n
t 

:

D
a
te

 
:D

e
p
th

:

S
ta

te
 

5
m

 i
n
u
m

b
e
r:

 
R

e
m

a
rk

s

20
/5

3-
17

dc
6

, 
S

. 
W

ig
gi

ns
1
9
6
3

2
1

4
1

6
I

—
5
,9

5
0

4
- 

4
-6

6
 

7
1

.6
3

7
5

8
6

-1
8
d
c

W
; 

E
. 

B
a
lc

e
r

1
9
6
2

1
6
5

1
6

I
—

5
,9

5
7

d
o
. 

4
8
.1

9
6

4
5

4
V

er
le

a 
V

og
el

sm
ei

er
1

9
6

5
?

7
5

1
6

I
—

5
,9

6
2

d
o

. 
;9

7j
.0

6
8

4
9

7
-2

0
b
d

C
la

ra
nc

e 
A

lla
m

on
g

1
9

6
4

2
6
0

1
6

X
—

5,
95

2
d
o
. 

8
1
.6

3
8

1
3

2

-l^
Oc

a
d
o
.

1
9
6
1

2
0

0
1

6
I

1
6

5
,9

6
0

d
o

. 
9

1
.8

3
76

41
-

-2
6d

d
G

la
dy

s 
Al

la
is

on
g

1
9
6
1

2
0

0
1

6
X

3
0

5
,9

6
0

d
o
. 

9
1
.6

4
7
6
4
0

-2
1

a
d

K
. 

J
o
h
iw

o
n

1
9
6
1

2
1
3

1
6

jX
-

,
6

0
5
,9

7
5

4
-5

-6
6

 
1
0
6
.9

8
6

1
1

6

-2
1
b
d

E
. 

;B
ish

op
1
9
6
2

2
0
0

1
6

X
7

2
5
,9

6
0

4
- 

4
-6

6
 

9
8
.2

9
6
5
2
3

-2
1
d
c

d
p
.

1
9

6
4

2
4

8
1

6
I

:
5,

97
2

V 
d
o
. 

1
2

4
.2

9
7

9
9

3
-2

2
b
d

E
. 

B
. 

jo
h

n
so

n
1

9
6

4
3
2
0

1
6

I
2

2
6,

O
iO

4
- 

5
-6

6
 

1
3

7
,3

3
8

0
1

7

-2
3
a
c
-

B
L

M
1

9
6

1
6

s
6

,0
1

2
d

o
. 

1
4
0
.9

4
.
.
.
.

-2
4
d
d

E
d

. 
M

e
lk

a
1
9
5
6

X
5
5

8
I

—
6
,1

1
0

d
o
. 

1
2

5
.0

0
3
5
6
6

•
 ~
2

8
a

d
M

rs
. 

l>
. 

B
 • 

B
is

ho
p

1
9

6
2

2
2

5
1

6
I

—

6,
02

4
4
-4

-6
6
 

1
5
4
.1

4
6

5
2

2
S

 -2
8b

d
;.V

.. 
. 

d
p
. 

.
1
9
6
5

2
3
0

1
6

X
—

5
,9

9
5

d
o
. 

1
1
8
.7

3
8

5
8

9
'

 -2
9a

e
B

. 
A

. 
P

e
ta

rs
1

9
6

3
3

0
2

1
6

X
,S

1
1

5,
98

0:
d
o
. 

1
0
5
.9

7
7

4
6

5

-2
9

b
c

—
—

5
,9

7
4

d
o
. 

9
5

.8
8

.
.
.
.
.

-2
9

b
d

Li
on

s.
cl

ub
 

o
f

1
9
4
9

1
4

1
6

D
e
s

5
,9

8
8

8
-1

6
-4

9
 

1
1
1

1
0

6
3

. 
E

u
re

k
a

,
 ƒ.

 
. 

. 
..

. 
.

.
.

-2
9

d
d

A
. 

fi
. 

P
e
te

rs
f9

6
5

3
2
0

1
6

I
6

,0
0

5
4
- 

4
-6

6
 

1
3

6
.0

0
8
6
1
8

~
3
0
a
b

Ja
m

e
s 

X
th

ir
ri
u

d
e

1
9
6
0

1
5
0

1
6

I
 .

1
6

5
,9

7
8

d
o

. 
5

9
.2

3
6
6
4
4

-3
0

d
b

d
o
. 

;
I-

-
€

-
€

S
€

6
,0

0
0

€
 €

-3
0

d
c

d
o

.
1
9
6
3

2
1
0

1
6

I
6

,0
1

2
4

-2
6

-6
6

 
9

4
.1

9
7
3
5
2

-3
1

d
a

P
a

s
to

ri
n

o
 
W

e
ll

6
S

.0
€

6
,0

9
9

3
-1

6
-5

0
 

1
6

5
.2

5
-3

2
b
b

R
ex

 
C

o
lli

n
g

w
o

o
d

1
9
6
5

-
 ;

1
6

I
6

,0
3

0
4

- 
4

-6
6

 
8

7
.9

8
€

-3
2
b
d

F
re

d
 
H

in
o

le
tt

i
1
9
6
1

2
1
8

1
2

I
6

,0
3

8
d

o
. 

1
1
2
.9

8
6
3
1
2

-3
2

c
a

D
. 

C
o

lli
n

g
w

o
o

d
1
9
6
2

2
5
5

lA
Js

X
.. 

, 
3
5
 

, 
ƒ

6
,0

5
9

d
o

. 
1
2
3
.9

9
7
3
0
1

2
0

/5
4

-1
9

b
b

B
L

M
1
9
6
1

1
8
9

8
s

6
>

0
5
5
 

:
4
-2

3
-6

5
 

1
7

2
.1

9
2
1
/5

3
-l
b
d

R
o
b
e
rt

 
W

il
s
o

n
t^

2
1
0

1
6

5
,8

8
6
:

4
^ 

6
-6

6
 

3
6

.5
7

6
7
2
1

ƒ
 „

ii
a

^



T
a
b
le

 
2
0
. 

—
c
o
n
ti
n
u
e
d

W
e

ll 
n

u
m

b
e

r:
 O

w
n
e
r

i
 j

1 
Y

ea
r 

jD
ep

th
:d

ri
lle

d
;(

fe
e
t)

:
 

D
ia

m
-

; 
e

te
r

:(
in

ch
e

s)
;U

s
e

i
 :

;S
pe

ci
fic

jA
lti

tu
de

:c
a

p
a

ci
ty

: 
(f

e
e
t)

:
 W

a
te

r-
le

v
e
l

:
 m

e
a
s
u
re

m
e
n
t

;
 D

a
te

 
:D

e
p
th

:S
ta

te
 

:

\ 
lo

g 
i

In
u
m

b
e
r;

 
R

e
m

a
rk

s

21
/5

3-
lc

dl
R

o
b

e
rt

 
W

ils
o

n
1

9
6

1
1

8
2

1
6

I
3

1
5
,8

8
7

4
-6

-6
6

.
3
7
.9

8
6

1
5

5
.-

lc
d
2

d
o
 *

1
9

6
1

2
1

0
1

6
I

—

5
,8

8
7

d
o
.

3
6

.9
8

6
0
5
8

-I
d

b
V

al
le

y 
G

ra
in

1
9
6
1

1
8

4
1

6
I

—
'5

,8
84

d
o
.

3
7
,7

3
6
7
2
2

-I
d

d
d

o
.

1
9
6
1

1
8
4

1
6

I
—

5
.8

8
5

d
o
.

4
1
.6

4
6

3
7

6
~

b
d

E
v
e
re

tt
 

V
e

a
tc

h
1

9
6

1
1

8
2

I
3

8
5,

^4
d
o
.

3^
.7

4
6

1
4

6

-2
c
d

K
at

hg
iri

np
 

V
ea

tc
h

1
9

6
1

1
8

2
1

6
t

3
8

5,
88

6
€

<
•

• 
€

'
60

61
-2

d
b

E
d 

kn
b
w

le
s

•

1
6

i
3
8

5
,8

8
5

4
-;

6
-6

6
3

6
.8

4
-3

a
b

G
e

o
rg

e
 
K

n
o

w
le

s
.

 1
9
6
1

i8
2

1
6

I
4
3

5
,8

8
2

d
o

.
3
7
.7

2
6
0
6
0

-3
c
d

D
r.

 
J
, 

S
. 

G
a
yn

o
r

1
9
6
4

1
8
2

1
6

X
‚ 

€
5

,8
8

5
d

o
.

4
0

.0
0

8
1
4
9

-3
d
b

d
o

.
1
9
6
1

1
8
2

1
6

I
7
2

5
,8

8
4

d
o

.
3

9
.1

2
6
1
6
6

-4
ja

d
C

. 
C

. 
C

o
o

p
e

r
1
9
6
1

18
2

1
6

I
5

,8
8

3
d

o
.

4
0

.3
8

6
7
0
9

-4
b
d

d
o
.

1
9
6
3

1
8
8

1
6

I
€

5
,8

8
0

d
o

.
3

4
.3

4
7
4
2
6

-4
c
d

d
o
.

1
9
6
0

1
8
2

1
6

I
€

5
,8

8
4

d
o

.
3

8
.(

)3
-4

d
d

E
.R

. 
C

o
o

p
e

r
1
9
6
3

1
8
8

1
6

I
€

5
,8

8
4

d
o

.
4

0
.3

5
7
4
2
5

-5
c
b

.
.
.

-
.•

!€
S

,0
€

5
,8

7
9

d
o

.
3

4
.7

1

‚r
b

a
d

.
E

la
in

e
 

B
u

rn
h

a
m

19
63

2
1
0

is
I

,
-
r
r
-

5,
87

i5
4-

^6
-6

6
2

8
.2

0
7
4
4
5

-^
c
c

S
te

im
ie

y 
B

ai
le

y
1
9
6
2

1
2
0

i6
X

5
,8

8
3

4
-6

-6
6

4
3

.2
2

6
6
7
0

-6
d
c

R
o
b
e
rt

 
B

u
m

h
a

m
1
9
6
1

1
7
5

1
4

I
5

,8
8

1
d

o
.

3
9

.2
2

6
6
4
0

ria
B

.
1
9
6
5

; 
: -

1
6

X
€

5
,8

9
0

1
0

-^
1

8
-6

5
4

5
.8

5
€
; 

' •

~
7
b
d

1
9
6
4

1
8
2

1
6

X
€

5
,8

8
5

4
- 

6
-6

6
5

2
,3

1
7
8
7
4

-7
d

d
l

1
9
6
2

1
6
4

is
Js

I
5

,8
9

9
d

o
.

5
1

.7
5

7
3
2
8

-7
d

d
2

1
9
6
2

' i
i&

i
X

5
,8

9
9

d
o

.
5

1
.4

2
-

-8
a
a

M
, 

A
. 

F
a
rl
e
y

i9
6
2

1
8
4

1
3

X
4
1

5
,8

8
5

d
o

.
4

0
.7

2
6
6
6
9

•
 • 
-8

c
a

A
lf
re

d
 F

a
rl
e

y
1
9
6
1

1
6
4

1
3

I
8
8

5v
89

t4
d

o
.

4
8

.0
4

6
0
6
2

-8
d

d
M

. 
A

, 
F

a
rl
e
y

1
9
6
1

1
9
2

1
3

X
5

,8
9

5
d

o
.

4
6

.1
8

6
0
6
3

-9
a
d

J
e

a
n

 
S

te
a

th
s

1
9
6
4

1
8
3

1
6

1
'

5
0

5
,8

8
7

d
o

.
4

1
.0

2
8
1
4
4

-9
b

c
fl

. 
E

i 
8
te

a
x
n
A

1
9
6
4

1
8
3

1
6

X
3
6

5
,8

8
6

d
o

.
3

7
,5

3
8
1
4
3

^
9

c
c

d
o

.
1
9
6
1

1
8
2

1
6

X
6
6

5
,8

9
4

d
o

.
4

3
.7

9
6
1
4
8

‚^
9
d
b

E
. 

J
. 

C
on

aw
ay

1
9
6
1

1
8
2

17
%

X
5
8

5
,8

9
4

d
o

.
4

3
,7

0
6
1
4
9

I o
>

c
r. t



ta
b

le
 

2
0

.—
tb

n
ti
n

u
e

d

W
e
ll 

at
ifl

be
r

O
im

e
r

Y
ea

r 
]D

ep
th

D
ia

m

e
te

r
S

pe
ci

fic
:A

lti
tu

de
W

a
te

r-
le

v
e
l

m
e

a
s
u

re
m

e
n

t

:
 S

ta
te

J 
lo

g
dr

ille
d;

(fe
et

)i(
in

ch
es

)-U
se

C
ap

ac
ity

; 
(fe

et
) 

; 
D

at
e 

;D
ep

th
 

in
um

be
r; 

R
em

ar
ks

I C
f^ I

2l
/5

3-
l6

ac
L

. 
W

. 
D

ill
o

n
1

9
6

2
1
7
6

1
7

X
 6
0

5,
88

7
4

- 
6

-6
6

4
2

,7
4

-l
O

b
c

D
. 

E
. 

M
o
rr

is
o
n

1
9

6
2

1
7
6

1
7

I
 7
0

5,
88

6
—

—

-l
O

c
c

d
o

.
1

9
6

1
1

8
2

1
3

I
 4
4

5
,8

9
4

4
- 

6
-6

6
4

9
,8

0

-l
O

d
c

L
. 

W
. 

D
ill

o
n

1
9
6
1

1
8

2
1

3
I

 5
3

5,
89

4
d
o
.

4
3
,8

3

-l
la

a
J
. 

D
. 

C
a

rr
1
9
6
2

1
9

2
1
6

X
 —

—
5,

88
5

d
o
.

4
3

.7
3

-l
lb

a
D

e
n
ve

r 
K

e
lly

1
9

6
0

1
9

2
1

6
X

 3
1

5,
88

6
—

4
2

.6
5

-l
lc

a
d

o
*

1
9
6
0

1
8
6

1
7

X
 2
0

5,
89

0
4

-6
-6

6

-l
ld

a
J
. 

D
. 

C
a
rr

1
9

6
2

1
8
3

1
6

X
 —

5,
89

4
d

o
.

4
2

.6
5

—
1

2
a

a
Ja

ck
ie

 
C

oo
pe

r
1
9
6
3

2
3
0

1
6

X
5,

88
7

d
o
.

37
,9

?

-i2
bc

G
ra

n
n
e
ll.

T
o
lll

v
e
r

1
9

6
1

2
0

0
1

6
X

,D
 

—
5,

89
2

d
o
.

4
1

.3
9

-l
2

cc
d
o
.

1
9

6
1

2
0

0
1

6
X

 —
5,

89
4

d
o
.

4
4

.2
8

-I
2

d
d

N
e
il 

C
oo

pe
r

1
9

6
1

1
9

2
1

6
I

 2
5

5,
88

9
dp

.
3
8
.6

9

—
i3

a
a

B
. 

A
. 

D
u

fio
se

1
9

6
2

2
5

0
1

6
X

5,
89

5
d
o
.

4
2
.5

0

rl
O

b
a

R
u
tli

e
l 

D
u
B

o
s
e

1
9
6
1

1
8

2
1
6

X
 —

5
,8

9
6

d
o
.

4
3

.9
9

^
1
3
c
a

B
ru

c
e
 

D
u
B

o
s
e

1
9

6
0

1
7

1
1

7
I

 3
3

5,
89

8
d
p
.

4
3

.9
8

-1
3

d
a

d
o

.
1

9
6

2
2

5
0

1
6

J
 —

.
5,

89
7

d
o
.

4
4
.0

5

-1
4

^
B

. 
S

. 
I&

i^
h

y
1
9
6
1

1
8

2
1
6

1
 4
1

5
,8

9
6

d
o
.

4
5
.6

3

-1
4S

a
d
o
.

1
9

6
3

1
8

2
1
6

i
 —

5,
89

6
d
o
.

4
5

.1
8

-1
4

c
a

M
. 

S
 . 

M
u
rp

h
y

1
9

6
2

1
8
0

1
6

X
 —

5,
89

9
d
o
.

4
8

.2
5

-i
4
d
a

d
o
.

i9
60

18
2

1
6

X
 •—

5,
90

0
d
o
.

46
,9

7

-I
S

a
c

J.
 

W
. 

C
oo

pe
r

1
9
6
1

1
8
0

1
6

X
 —

5,
89

9
d
o
.

4
8

,3
9

-I
S

b
c

V
id

a
 

C
oo

pe
r

1
9
6
0

1
8

2
1

6
X

 2
2

5,
89

8
d
o
.

4
6
.1

0

-1
5
c
d

d
o

.
1
9
6
2

1
8

2
1
6

I
 —

5,
90

0
d
o
.

4
7
.8

3

-1
5

d
b

J.
 

W
. 

C
oo

pe
r

1
9

6
2

1
8
0

1
6

X
 —

5,
90

0
d

o
.

4
7

.8
8

-1
6

a
a

T
. 

M
. 

T
yn

e
s

1
9

6
2

1
8

2
1
6

n
 I 

.
5
,8

9
9

-1
6
b
c

M
a
x
 A

lle
n

1
9

6
2

1
8

2
1

6
I

 "
5,

90
0

4
- 

6
-6

6
5
0
.8

0

-1
6

c
d

•
 "d

d
;-

1
9

6
0

1
8
3

1
6

X
 1
0

8
5,

91
0

d
o

.
6
1
.3

7

-1
6
d
c

T
. 

M
. 

ty
ne

s
1

9
6

2
1

8
2

1
6

I
 —

5
,9

1
1

d
o
.

6
0
.8

8

7
3

6
4

7
3

6
3

6
1

6
1

6
1
5
0

8
6

9
2

5
5

7
8

8
6

9
3

7
4
2
9

6
6

8
9

6
6
8
8

6
1

6
2

6
6

3
1

6
6

3
0

6
1

5
4

6
9
7
9

6
7

5
4

6
7
2
4

5
5
4
8

7
4
1
9

7
4
2
0

6
6
3
8

7
4

4
7

5
5
5
0

6
8
8
8



T
a

b
le

 
2
0
. 

—
co

n
tin

u
e
d

W
e
ll 

n
u
m

b
e
r;

O
im

e
r

;
 I 

I 
D

la
m

- 
: 

; 
; 

»
: 

Y
ea

r 
jD

ep
th

 
: 

et
er

 
; 

{S
pe

ci
fic

:A
lti

tu
de

Id
ril

le
d;

(fe
et

);C
in

ch
es

)lu
se

:c
ap

ac
ity

; 
(fe

et
) 

;

W
a

te
r-

le
v
e

l

m
e

a
s
u

re
m

e
n

t

:S
ta

te

lo
g

D
a

te
 

:D
e

p
th

 
in

u
m

b
e

r:
 

R
e

m
a

rk
s

21
/5

3-
17

bb
1

9
6

4
1
6
5

1
6

I
—

5,
91

0
4
—

 6
—

6
6

6
0
.0

1
7

8
5

4

-1
7
c
c

1
9
6
4

2
0

0
1
6

I
—

5
,9

2
2

d
o
.

7
4
.5

2
7

8
8

8

-i
S

c
c

1
9
6
4

1
3

4
1
6

I
—

5,
92

1
d

p
.

7
4
.1

5
7

8
7

3

-1
8

d
d

—
1

9
6

4
1
6
5

1
6

I
—

5
,9

2
2

d
o
.

7
6
.2

2
7

6
4

6

-2
0

a
c

J
a

m
e

s
 
K

a
h
le

1
9

6
1

1
9

6
1

6
I

7
2

5
,9

2
6

d
o

;
7

4
.7

3
6

1
6

9

-2
0
b
a

S
. 

K
* 

N
un

ne
le

y
1

9
6

1
1

7
2

1
6

I
3
3

5
,9

2
9

d
o

.
8

0
.5

1
6
1
6
8

-2
0

c
A

d
o

.
1
9
6
2

1
5
0

1
6

I
3
8

5,
93

8
d
o
.

8
5
.4

2
6
5
0
9

-2
0
c
c

d
b

.
,
—

—
-

5,
94

1
d
o
.

8
5
.7

2

-2
0
d
b

V
. 

£
. 

N
e

ls
o

n
1
9
6
2

1
8
3

1
6

I
1

2
0

5
,9

3
5

d
o
.

8
2
.9

2
6
7
6
9

-2
ia

d
F

. 
C

. 
C

an
ne

dy
1
9
6
1

1
8

2
1

6
I

4
5

5
,9

0
6

d
o
.

5
3

.1
2

6
1

5
3

-2
1

b
c

M
. 

A
. 

A
lle

n
1

9
6

1
1
9
0

1
6

I,l
>

5
,9

1
8

d
o
.

6
3

.5
5

6
7

2
5

-2
1
c
d

d
o

^
2
S

6
2

1
8

6
1
6

I
—

5
,9

3
0

d
o
.

7
9
.8

2
7

4
4

8

i', 
-2

Id
b

F
. 

C
. 

C
an

ne
dy

1
9

6
3

1
8
0

1
6

I
—

5
,9

1
3

d
o
.

5
7
.5

9
7

8
7

2

-2
2
a
d

J
. 

B
. 

B
o

n
d

s
1
9
6
2

2
6
0

1
6

I
2
4

5
,9

0
3

d
o
.

5
0
.1

2
6
9
7
8

*
 -2

2b
a

B
. 

A
; 

C
oo

pe
r

1
9

6
3

1
8
0

1
6

I
" 
—

5
,9

0
4

d
o
.

5
3
.0

6
7

4
3

0

-2
2
c
a

d
o

;
1
9
6
2

2
2

2
1

6
I

5
,9

1
0

d
o
.

5
4
.4

7
6
9
6
4

-2
2
c
d

-- 
r 

...
iw

.- 
-

—
6

S
 ,0

5
,9

1
1

3
-1

7
-5

0
4

6
.7

0
V

4
—

 6
—

6
6

5
5

.3
4

-2
2

d
c

L
o
u
is

 
H

e
lle

r
1

9
6

0
1
1
7

1
6

X
6

2
5

,9
1

0
d
o
.

5
5
.1

5
5

5
4

6

—
2

3
a

a
K

. 
H

ur
ph

y
1

9
6

0
1
7
2

1
7

I
6

6
5

,9
0

3
d
o
.

4
7

.3
0

5
5

4
7

-2
3

b
a

d
a
.

1
9
6
2

2
1

6
1

6
I

—
5

,9
0

2
d

o
.

5
0
.2

9
6

6
3

2

-2
3

c
a

D
ew

ey
 M

ur
ph

y
1

9
6

1
1

7
7

1
6

I
4

7
5

,9
0

4
d
o
.

5
3

.9
1

6
1

4
7

-2
3

d
a

d
o

.
1
9
6
0

1
6
6

1
7

I
7
5

5
,9

0
4

d
o

.
5

2
.6

2
5

5
4

4

—
^a

a
A

. 
W

. 
H

a
c
h
a
c
e
k

1
9

6
1

1
8

6
1

7
I

5
5,

90
2

d
p

.
-4

6
.9

2
6
2
8
7

-2
4b

a
d

o
.

1
9
6
2

4
0
0

1
6

I
' 
—

5
,9

0
2

d
o

.
4
5
.1

7
7

1
1

5

-2
4
d
c

n
 
.

—
.

-
—

5,
91

8
d

o
.

6
2

.4
0

-2
6

a
a

J.
 

D
. 

K
hu

pp
s

1
9
6
1

1
8
1

1
3

I
7
4

5
,9

0
7

d
o
.

5
8
.4

0
6
1
6
7

-2
6

b
a

D
a

le
 

H
a
c
k
ib

e
1

9
6

0
1

7
6

1
6

I
3

7
5,

90
7

d
o

.
5

3
.1

2
5

5
8

1
-2

6
c
a

d
o

.
1

9
6

2
1

6
2

—
I

—
5

,9
0

8
d

o
.

5
8

.4
4

6
7
2
0



T
a
b
le

.2
0
•-

-c
o
n
tin

u
e
d

11

W
el

l 
nu

n^
er

« ¨
 .

.
 O

w
n
e
r

*
 a

: 
^e

a
r 

:X
le

pt
h

Id
rll

le
di

Cl
ee

t)

:
 

D
ia

m
- 

: 
: 

f 
i

•
 
•

.
«

 
>

- 
•

: 
et

er
 

: 
:S

pe
ci

fic
:A

lti
tu

de
:

:C
in

ch
es

):
U

se
:c

ap
ac

ity
: 

(f
e
e
t)

 
:

W
at

er
-I

py
el

 
:

m
ba

su
re

ni
eh

t 
:

D
a

te
 

:D
e
p
th

 
1S

ta
te

 
:

lo
g 

1
nt

im
be

r 
1 

R
e

m
a

rk
s

21
/5

3-
26

^a
J
.

0
, 

IC
hu

pp
s

1
9

6
4

2
1

8
1

6
I

r—
*

5
,9

0
9

4-
J 

6
-6

6
5
5
.0

9
7

9
5

4
5

,9
0

6
d
o
.

5
5
.1

8
,

-2
7

b
b

D
r.
 

C
lif

fo
rd

 
F

is
h

e
r

1
9
6
2

2
3

2
1

7
I

4
3

5
,9

1
2

d
o
.

5
6

.9
6

6
7
7
0

"I
T

cx
:

d
o

.
1

9
6

0
1

3
1

1
6

I
5
1

5,
91

4
d
o
.

6
0
.2

5
5

5
9

7
-2

7
d

a
K

.
E

, 
G

ri
ff
it
h

1
9

6
1

1
8

4
1

3
I

6
5
,9

1
0

•

-
 
—

:
 :

6
6
7
3

-2
8

a
c

W
.

D
. 

A
n

d
e

rs
o

n
1

9
6

4
2

1
0

1
6

I
5

,9
1

6
4
- 

6
-6

6
5
7
.5

4
7

9
5

3
^
2
8
b
c

D
or

ot
iiy

 
G

al
la

gh
er

1
9

6
4

1
8
5

1
6

I
5,

93
8

- d
p

.
8

6
.1

3
8
1
5
1

-2
8

c
c

do
'.

1
9

6
4

1
8

6
1
6

I
3

1
5
,9

4
4

d
o
.

8
5
.6

0
7

6
5

2
-2

8
d

a
W

.
D

. 
A

n
d

e
rs

o
n

1
9

6
1

2
0

9
1

6
I

4
0

5
,9

1
6

d
o
.

6
0
.2

2
6
4
3
7

-2
9

a
b

J
.

0
. 

H
e

ye
rs

1
9
6
1

1
8

8
1

6
I

—
5
,9

4
1

d
o

.
8

6
.6

1
6
7
5
1

-2
9
b
a

do
i- 

n
1
9
6
4

1
7

0
1
6

I
5

,9
4

0
do

-.
8
8
.4

7
8

2
5

1
•^

2
9
b
d

d
o

.
1
9
6
0

2
5

0
1

6
I

1
8

5,:
S4

1
d
o
.

8
5
.7

4
5

2
7

0
-r

3
3
a
d

:R
.

D
. 

N
ic

h
o
ls

1
9

6
1

1
1
2

1
7

I
8
6

5
,9

2
0

do
*.

61
.6

7
6

1
5

7
-3

3
d
a

L
.

C
« 

E
nz

m
ln

ge
r

1
9

6
1

1
1

2
1
7

I
6
2

5
,9

2
7

4
- 

5
-6

6
7

2
.2

0
6

1
5

6
r3

4
a

c
1.

.
w

. 
O

C
el

iy
1

9
6

2
1

2
6

1
7

I
5

2
5,

91
6

d
o

.
6
6
.0

8
6

8
6

3

-3
4

b
b

'd
o
.

1
9

6
1

1
2

8
1
3

1
8
8

5
,9

2
0

d
o
.

6
2
.3

4
6

6
7

4
•r

34
cb

-

' 
?

T
-

-
-

.-
r-

5
,9

2
0

d
o

.
6
2
.0

7
-3

4
d
e

k*
K

. 
fli

ch
o

ls
1
9
6
1

1
5

7
1
3

I
6
7

5
,9

2
2

d
o
.

5
7
.8

2
6
6
7
5

-3
5
a
b

0
.

6
. 

G
u
ile

tt
1

9
6

3
3

0
0

1
6

I
—

 .
5

,9
2

3
d
o
.

6
5
.7

6
7
4
3
4

-3
5
b
d

' 
-'
 

•
-
-

~
•
—

5
,9

1
9

d
o
.

5
9
.4

7

—
3

5
c
a

—
5
,9

2
3

d
o

.
7
0
.0

8
•. 
—

^
 n

-3
5
c
d

0
.

G
. 

G
u

lle
tt

1
9
6
1

1
9
5

1
^

I
^ 

—
 n 

.
5
^9

2
7

ƒ
„

V
f
ƒ

„
5
9
6
9

-3
5

d
d

C
,

F
. 

G
u

ll
e

tt
1
9
6
1

1
8
7

1
6

^
I

4
0

5
,9

3
2

4
- 

5
-t

6
6

6
9

.7
2

5
9
6
8

E
.

K
…

 l^
jp

ha
ce

fc
 

"
1
9
6
0

1
5
2
 

,
1
7

I
1
2

5
,9

3
5

d
p

.
6

9
,1

0
5
5
4
3

-3
6

a
c

d
o

.
1
9
6
3

3J
?0

.
16

i
30

 '
5

,9
3

8
 

.
d

o
.

7
1

.1
7

7
2
8
6

-3
†
a
d

„ -
d
p
r-

'-
;-

 
' -

1
9
6
2

3
0
0
 

~
^

 16
.I
v

€
-r

ƒ
2

9
;

5
,9

4
2

d
o
.'

7
8

.7
5

6
5
5
0
 

^ 
'

-3
6

c
d

d
p
.,

.
 „

ƒ
1
6

I
.ƒ

 
'„-

5
,9

4
1

d
o

.
7

8
.7

7
-3

6
d
c:

.. 
;

1
0

8
.5

6
tJ

5
,9

5
2

6
-1

5
-4

8
6

7
.5

7
€

5
- 

4
-6

6
7

9
.8

0

I 0 c
? 1



T
a

b
le

 
2

0
,-

—
c
o

n
ti
n

u
e

d

U
e

ll
 

n
u

m
b

e
r
:

 O
w

n
e
r

: 
Y

ea
r 

sD
ep

th
jd

ril
le

d 
3

(f
e

e
t)

. 
D

ia
m

-

; 
e

te
r

:(
in

ch
e
s

)
 3

 U
se

o
 
•

^
 
•

sp
ec

ifi
c*

A
lti

tu
de

i
ca

p
a

ci
ty

 
3 

(f
e
e
t)

 
;

W
a
te

r-
le

v
e
l

m
e
a
s
u
re

m
e
n
t

D
a
te

 
:D

e
p
th

fS
ta

te
 

:
i

 lo
g 

;
n

u
m

b
 e
r 

i 
P

^e
m

a
rk

s

2
1

/5
4

-4
a

d
l

C
, 

S
. 

P
o

lla
rd

1
9
4
9

7
3

1
2

1
,0

~
 5
,9

0
0

3
-1

7
-5

0
3

7
.5

0
9

8
1

4
- 

7
-6

6
4
7
.2

2
-4

a
d
2

d
o

.
1
9
5
0

1
2

0
1
2

I
5
,8

9
3

d
o
.

3
9

.1
4

1
4
7
8

-4
d

d
d

o
.

—
iS

2
1

4
I

5,
9i

0
d
o
.

4
7
.8

0
-S

a
a

T
. 

I.
 

L
o

it
e

r
1
9
6
4

2
4

4
1

6
I

5
; 8

6
9

4
- 

6
-6

6
2

2
.1

8
7

9
7

4
-5

b
a

R
oy

 
R

ut
hf

or
d

1
9

6
2

1
5

0
—

 .
i

5
,8

6
9

4
- 

7
-6

6
2
3
.4

3
7

7
0

0

-5
c
d

C
. 

E
. 

P
o

lla
rd

1
9
6
2

1
9

0
I

5,
87

5
d

o
.

2
7

.9
5

.6
6
4
1

-5
d
c

T
. 

I.
 

L
o

it
e

r
-i

—
 5;

37
5

d
o
.

2
4

.1
4

'

-8
c
d

P
. 

n
. 

B
u
m

h
a
m

1
9

6
4

2
0

3
1

6
I

5
,8

9
3

d
o

.
3
3
.4

4
8

0
6
1

-8
d

d
H

. 
A

. 
B

u
rh

h
a
m

1
9

6
4

2
4
5

1
6

I
5
,9

0
2

d
p

.
4

6
.4

7
8

0
8

1
-9

b
 c

—
'—

—

6
u

5,
88

1
d
o
 •

2
4

.8
1

—

-1
6
c
d

B
ill

 
P

a
lm

e
r

1
9
6
0

2
4

0
1
6

I
2

8
 

5,
93

0
d
p
.

1
1

9
.0

2
7

3
2

4
-1

7
a
b

G
o

rd
o

n
 

W
o
o
d
s

1
9

6
3

2
1

0
1
8

I
5

,9
0

2
d
o
.

4
5
.5

9
7
1
0
1

i. 
-1

7b
b

J
. 

T
. 

W
o

o
d

s
1
9
6
2

2
2

5
1

6
I

5
:G

C
7

d
o
.

3
8

.1
4

7
1
2
4

-1
7

c
d

d
o

.
1
9
6
2

2
4

0
1
6

I
5
,9

2
0

dp
;.

62
,. 

3
3

6
6
3
7

-1
7
d
d

G
o
rd

o
n
 

W
o

o
d

s
1
9
6
2

2
0
0

1
6

I
—

 5
;9

4
9

d
O

i
8
9
.5

0
6
6
3
5

-2
0
a
a

—
—

»

I
5
.9

4
7

d
o
.

84
.4

3
-2

0
b
a

—

—
-

—
I

5
,9

2
1

d
o
.

6
7

.5
0

-2
0
c
c

F
. 

D
. 

G
la

ss
» 

Jr
.

1
9
6
2

2
3
0

1
6

X
5,

93
3

d
o
.

6
3

.0
5

6
6

3
3

-2
0
d
d

Jo
se

ph
in

e 
G

la
ss

1
9

6
2

2
4

0
1
6

I
. 

6
^0

0
0

d
o
.

1
4

5
.0

5
6

6
3

4
-2

9
c
b

R
ay

m
on

d 
Ls

d^
ar

ry
1

9
5

3
1

3
0

6
s

5
,9

5
8

d
o
.

9
2
.4

9
2

2
1

6

-3
2

d
b

—
.
.

s
—

 6
,0

4
0

d
o
.

1
6
2
.4

3
21

i5
/5

2-
lb

c
—

't
i.- 

'
..i

."
S

"
—

 5,
88

8
4

- 
G

--
66

4
3
.7

0
21

%
/5

4-
3c

c
1

6
—

 5,
05

7
4
- 

7
-6

6
4
4
; 
1
6

n
 n

-3
c
d

V
. 

L
. 

P
o
lit

is
ki

1
9
6
3

2
0

0
1

6
I

5
,9

3
0

d
o
.

8
2
; 
0
1

7
4

8
0

-4
b

 c
^

 .
... 

•,*
rr"

 
n

1
3

5
,0

6
5

d
o

.
1

8
.0

6
—

-4
c
c

G
ra

ce
 

K
rti

eg
er

1
9

6
2

1
4

8
1
3

I
9

 5
,8

6
8

d
o
.

1
9
.7

0
6

5
6

3
-4

d
c

—
—

.
 n

1
9
5

1
2

I
5
,8

7
3

d
o
.

1
8

.8
7

-4
d

d
A

. 
W

. 
K

ru
e

g
e

r
1
9
6
2

1
0

2
1

8
I

5
5

 
5
,8

8
0

4
-2

6
-6

6
3
2
.0

8
6
4
3
6



T
a
b
le

 
2

0
 .-

*i
b

d
h

tln
u

e
d

j-
W

e
ll
 

n
u

m
b

e
r:

O
w

n
e
r

X
&

ar
 

:D
ep

th
D

la
m

- 
; 

i 
: 

: 
W

at
er

-le
ve

l 
:S

ta
te

et
er

 
: 

|S
pe

ci
fic

:A
lti

tu
de

; 
ttie

as
ur

em
en

t 
; 

lo
g

2
2

/5
4

-1
8

a
b

 
—

-I
8
d
a
 

E
d

w
a

rd
 

S
lu

d
m

a
k

•-
^1

8
d

b
.

-1
9
a
b
 

C
h
a
rl
e
s 

P
o
o
rb

a
u
g
h

-1
^
 

n.
 H

. 
Sc

hm
oll

_ 
V

D
r.

^
 ̂i

9d
c 

C
ha

rle
s 

Po
or

ba
ug

h
-r

22
bd

 
R

ay
m

on
d 

L
a
B

a
rr

y
-2

2
cc

 
W

il
li
e

 D
ix

p
n

-2
7

c
a

 
R

o
b

e
rt

 
S

tu
c
k
!

-2
7c

c 
W

il
li
e
 D

i^
p

ti
'•2

8a
d 

O
s
c
A

r 
C

a
rr

o
l

-2
8b

d 
/ 

.' 
d
o
.

‚2
8d

c 
b,

 
P.

 
P

al
m

or
e

‚3
2

0
0

1
 

R
. 

B
u
rn

a
m

r3
ic

c2
-•

al
dd

l
-3

2
d
d
2

^i
ib

b
-3

i3
dd

':d
o

;
d

o
.

d
o
.

B
a

il
e

y
 
B

ro
s
.

A
. 

L
.'
 J

o
n

e
s

-3
4

a
b

 
B

LM

2
3
/5

2
-.

ll
a
d
l 

J
.

-I
la

d
2

-1
3
b
a
 

'
-1

3
b
b
l-

-1
3

b
b

2

B
a

c
h

e
lo

r

d
o

.

3
6
^ 

•
d
o
.'

d
o
.

-

14
%

1
5

,8
4

4
4
-'
7
-6

6
1

1
.9

0
1
9
6
1

2
0
0

1
2

1
,0

€
 

^
5

,8
5

0
d

o
.'
"-

1
2

.3
5

5
8
6
6

1
9
5
8

2
2
2

1
2

I
4

5
,8

4
8

d
o

.
1

1
.9

0
5
8
8
5

1
9
6
2

1
9
2

1
5

I
€

5
,8

5
4

d
o

.
1

6
.5

1
6
5
9
6

1
9
6
2

1
9
2

1
6

I
€

5
,8

5
6

d
o

.
1

3
.9

1
6
5
9
9

•

1
6

I
5

,8
5

6
.
 d

o
*

I6
;b

9
1
9
6
0

1
8
2

i4
I

1
5

5
,8

5
6

d
o
.

1
6

.6
1

5
5
5
2

19
^1

2
0
0

1
6

I
9

5'
;8

60
4
- 

6 
-6

6
2

0
.4

2
6
7
2
6

1
9
6
2

1
2
0

19
%

I,
s

9
5

,8
5

8
4

- 
7

-6
6

1
2

.5
8

7
1
5
7

1
9
4
9

9
4

1
2

I,
D

1
7

5
,8

5
9

3
-1

7
-5

0
7

.6
4

9
8
2

4
- 

7
-6

6
1

5
.5

2

1
9
6
2

1
4
8

19
%

1
,3

6
5

,8
5

9
d

o
.

1
4

.4
6

7
1
5
6

1
9
5
8

1
8
4

1
2

I,
D

3
6

5
,8

5
6

4
3
8
9

1
9
6
1

2
3
2

1
4

I
3
2

5
,8

5
7

4
-7

-6
6

1
4

.5
3

5
9
1
9

1
9
8
1

2
2
0

1
2

I
 ̂

2
0

5
,8

6
2

d
o

.
1

4
.^

2
5
9
2
0

1
9
6
3

|0
8

^
 .1

5 
•

:
 1

5
,8

6
6

;
 d

o
. 

.
2

2
.0

2
7
4
2
4

1
9
6
3

'

2
5
0

1
6

^ J
1

'

5
,8

6
5

4
-7

-^
6

1
9

.5
8

7
4
2
3

1
9
6
1

3
0
0

1
4

I
. 

€
€

 
:

5,
"8

65
' 

4
- 

7
-6

6
1

5
.6

8
7
2
9
1

19
49

1
9
1

1
2

I,
D

. 
5

5
,8

6
4

3
-1

7
-5

0
6

.2
4

9
8
3

4
-7

-6
6

,1
4
.2

8

•••: 
• €

.•
 

,
5
0

6
S

5,
88

5
3
-1

7
-5

0
3

0
.3

1

9
8

4
- 

7
-6

6
3

8
.2

7
6

S
€

5
,8

1
0

1
1
-1

9
-6

5
fl
o
w

s
9
m

m
ƒ
 

.
•••

"T
 - 

'
5

,8
1

0
d

o
. 

"
d

o
.

8
0

D
€
^
 

•
5

,8
1

5
d

o
.

d
o

.

1
9
5
7

1
0

I.
D

5
,8

0
5

d
o

.
d

o
.

1
5
7

1
4

I
5
0

5
,8

1
5

9
-1

5
-6

1
4

.8
9

3
7
0
8

W
e

ll
s
 
a
d
l 

a
n
d

ad
2 

d
is

. 
.4

1 
gp

m
D

is
. 

9 
gp

m
D

is
. 

13
 

gp
m



T
a

b
le

 
2

0
.—

^c
o

n
tin

u
e

d

•
: 

C
" 

n
•

 
.

..
«

:
 

D
ia

m
-

»
 •.
 

•
 

1 
#

;
 J 

:
 

:
W

a
te

r-
le

v
e
l 

:
S

ta
te

9

¨ ·
s 

Y
e

a
r

:D
e
p
th

:
 

e
te

r
z

 r. 
-S

pe
ci

fic
:A

lti
tu

de
 
|

m
e

a
s
u

re
m

e
n

t 
:

lo
g

W
e
ll 

n
u

m
b

e
r:

(X
m

e
r

!d
ri
lle

d
K

fe
e

t)
:(

in
ch

es
):

U
se

?c
ap

ac
ity

: 
(f

e
e
t)

 
:

D
a
te

 
I
D

e
p

th
 
:

n
u
m

b
e
r:

 R
e

m
a

rk
s

2
3
/5

2
-M

b
c
l 

J
. 

B
a

ch
e

lo
r

1
9
4
8

—
~

'
r 

—
 

5,
80

0
11

-1
)3

-6
5 

flo
w

s
—

D
is

. 
1

3
 g

pm

-1
3
b
c
2

d
o
.

1
9

4
8

—
6

I,S
 

—
 

5,
81

0
d

o
>

. 
•

d
o
, 

.0
—

D
is

. 
3
3
 g

pm

. 
-1

3
b
c
3

d
o
 .

1
9
4
8

r
-
.

6
I

 —
 

5
,8

2
0

d
o

?
d
o
.

"T
; 

"‚
W

e
ll
s
 

b
c
3
 

a
n
d

-i
3
b
c
4

^,v
d

o
.

1?
^;

L
~

-
y

1
 €

 
-r

- 
:‚ 

'
d

o
.

b
c4

 
d

is
. 

16
 

gp
m

' d
p
..

-.
1

I
 €

 
5

,8
1

0
1
1
-1

8
-6

5
‚ d

o
.r

-
€
€

D
is

. 
10

2 
gp

m

d
p

.
8

t
 €

 
5

.8
1

0
1

1
-1

9
^^

d
p

.
D

is
.*

 1
37

. 
gp

m
' 

.
d
p
.

6
i.
s
 

€ 
-5

,8
iO

d
o

.
d

o
.

-i
l"

D
is

. 
30

 
gp

m

-i
3

c
d

d
p

.
.
.
.
.
.

1
 €

 
5
,8

1
0

d
p

.
d

o
.

r
-

D
is

. 
46

 
gp

m

-2
A

a
b

d
o

.
r

 €
 

5
,8

0
5

d
o

.
d

p
.

D
is

. 
81

 
gp

m

2
3
/5

3
-9

b
b

U
.S

.b
.S

. 
no

. 
16

1
9
6
6

8
0

 €
' 

5
,7

7
5

4
- 

8
-6

6
3

.3
5

-2
7

b
h

U
.S

.G
.S

. 
no

.l4
1
9
6
4

2
2

0
 €

 
5
,8

1
9

d
o

.
1

2
.9

7

-3
a

d
d

U
^S

.G
.S

. 
n

o
. 

9
1
9
6
4

2
2

ih
0

 €
 

5
,8

2
2

d
o

.
1
4
.5

2
€

ij
 

€3
30

0
G

.S
.G

.S
. 

n
o

. 
6

1
9
6
4

2
2

IH
0

 5
,8

3
1

d
o

.
1

3
.2

5
€

V"
 

-3
4d

d
U

.S
.G

.S
. 

no
>

 
7

1
9
6
4

2
2

ih
0

 . 
€
 

5
,8

3
2

d
p

.
1

2
:7

7
€

2
3
/5

4
-1

8
d
b

tf
.S

.G
.S

. 
n
o
#
 

3
1
9
6
4

3
2

ih
p

 5,
80

0
d

o
.

1
6

:6
9

€€
...

 
,

I 
-2

0
d
d

C.
 M

',l
:^

s'
s"

el
l^

 ‚
1
9
6
4

24
5

1
6

I
 €V

 
5;

 82
0

4
-7

-6
6

7
8
3
4

-2
^a

c
L.

 M
ag

^i
nl

1
9
6
3

3
3
9

6
S

 €
 

5,
85

0
d

p
.

I2
„8

i6
:

B
; 

A
, 

B
^s

se
l]^

1
9
6
2

2
6
2

1
6

I,
D

 
€

 
5

,8
2

5
d

p
.

o
:6

3
7
8
3
5

U
.S

.G
.S

* 
n

o
. 

2
1
9
6
4

2
2

ih
0

 €
 

5
,8

2
1

d
p

.
1

5
.3

0

0
. 

J
. 

P
b
ty

19
#

1#
1
6

ly
 

€ 
‚ 

5;
, 8

29
d

p
.

1
.6

2
7#

1

-2
9
d
d

B
lc

ha
r4

 0
0t

y
1
9
6
4

3^
0

1
6

:
I

 €
 

5
; 8

30
d

p
.

3
.5

4
‚

U
ii'

.G
^S

.^
'^

nb
i' 
i

1
9
6
4

2
2

ih
6

 € 
5,

82
4

d
o

.
1

6
.8

3
‚

'

B
la

k
e
 
B

ri
s
c
o

e
1
9
6
4

2
2
0

1
6

r
 €:

 
5,

8^
8

d
o

.
"1

.2
1

7
8
6
8

:
;-

3
0

d
d

li.
" 

D
 . 

W
il
li
a
m

s
 o

n
2
2
0

1
6

d
o

.
2
.3

1
8
6
2
9

-3
2
a
a

tj-
.S

.G
.S

. 
n

o
. 

8
1
9
6
4

2
2
 

^
0

 : 
'5

,8
3
0

d
o

. 
‚

1
1

.4
3

-

-3
2

c
d

M
e

lv
ln

 B
a
ile

y
1
9
6
4

" 
28

0
,

 .

Y
 € 

5,
83

5
d

o
.

2
.2

1
7
9
3
7

-3
2
d
d

A
ll
e
^
 B

a
il
^
-

1
9
6
4

2
3
2

1
6

I
 •€

 
5
,8

3
5

‚
 d

o
.

4
.0

4
7
9
0
2

2
4

/5
2

-1
3

b
d

S
a
d
le

r 
R

a
n

c
h

1
9
6
0

1
3
5

1
6

I
 €

 
5
,7

8
2

8
-1

5
-6

5
fl
o

w
s

5
5
2
6

D
is

. 
10

0 
gp

m



m

T
a

b
le

 
2

0
.—

c
o

n
ti
n

u
e

d

W
e

ll
 

n
u

m
b

e
r

s ;
 O

w
n
e
r

m
 ' 

" 
«

: 
Y

e
a
r 

iD
ep

th
:d

ri
lle

d
!(

fe
e

t)

• 
D

ia
m

-

:
 

e
te

r

:(
in

ch
e

s)
:

 ;S
pe

ci
fic

:A
lti

tu
de

\
!D

se
:c

a
p
a
ci

ty
! 

(f
e

e
t)

 
:

W
a
te

r-
rl
e
ve

l 
:

m
e

a
s
u

re
m

e
n

t 
;

D
a

te
 

D
e

p
th

 
:

S
ta

te

lo
g

n
u
m

b
e
r

4 ;
 R

e
m

a
rk

s

24
/5

3-
6b

d
G

e
o
rg

e
 

B
ro

w
n

1
9

0
1
4

1
,8

5
,7

8
8

1
2
- 

7
-6

5
fl
o

w
s

—

D
is

.
2

0
0

 
g

p
m

pu
m

pe
d 

8
0
0
 
g
p
m

2
4

/5
4

-4
b

a
T

e
d

 
T

h
o

m
p

so
n

1
9
5
0

1
3

0
1

0
D

5
,8

3
0

4
- 

8
-6

6
9

.7
4

1
3
5
0

25
/5

3-
5b

c
Jo

e
 

F
ly

n
n

1
9
4
9

1
0
0

6
I

 —
5
,8

3
0

—
—

10
d9

;
-5

c
b
l

d
o
.

1
9
4
9

1
3
1

6
I

5,
83

5
5

- 
5

-6
6

1
,7

8
1
0
0
8

-5
c
b
2

d
o

.
1
9
4
9

9
1

6
I

 —
5
,8

3
5

d
o
.

fl
o

w
s

0
4

3
D

is
.

1
0
-1

5
 

gp
m

-5
c
c
l

d
o

.
1
9
4
9

1
7
6

6
I

 —
5,

85
5

d
o
.

2
,5

8
9
4
4

-5
c
c
2

d
o

.
1

9
4

9
7

0
6

I
5

,8
4

0
d

o
.

fl
o

w
s

1
0

3
8

D
is

.
2

-3
 

gp
m

25
/5

4~
9d

bl
T

ed
JT

h^
ps

on
^
 —

3
5

6
0

s
5

,8
5

5
—

—

1

.
 ; 

-9
d
b
2

1
9
5
2

8
0

8
is

5
^8

4
3

4
- 

8
-6

6
3

5
v
6

1
1
9
1
0

: 
>

2
8

b
c

I'V
6

s
5
^8

1
0

d
o

.
8

.7
9

26
|5

i^l
2d

b 
)::

^R
A;

no
\. 

16
 

,
1
3

i6
0

5,
;7

83
d
o
.

8
.5

0
ƒ; 

€
'

2
6
/5

4
-1

5
c
d

B
L
M

ƒ 
€
.

9
.5

ƒ
 ~6

d'
 
"

ƒƒ 
.

5
,7

7
9

d
o

.
e

M
€

I -4 W I



Table 21.—Selected drillers * logs of wells

Material

Thick
ness Depkh!'

<>£eet) (feet)

thick
ness

Material

20/53-2dd L» W> Wilbanks

Topsoil
Gravel, large
Clay
Sand and clay
Gravel

Clay
Gravel
Clay
Gravel

Clay and gravel
Clay
Gravel

Clay

20/53^4dd M. C. Kellv

Soil

Sand and gravel, dry
Clay, sand, and gravel layers
Gravel

Clay
Sand and gravel
Clay and cemented gravel

20/53-lOcd Robert Wilson

Topsoil
Sand
Clay, blue
Gravel
Clay, blue
Gravel

Clay
Gravel

Clay
Gravel
Clay
Gravel

Sand reck
Gravel
Clay

20/53-lldd B. C. Wade

2 2 Topsoil 20 20
23 25 Sand 23 . 43
5 30 n Grayei V 22 65

20 50 Clay laid gravel 7 72
4 54 Gravel, coarse 58 130
6 60 Gravel, pea 14 , 144
1 61 Clay - n n / n 1 145

20 81 Gravel 41 186
5 86 Clay 14 200

4 90 Gravel 15 215
6 96 ^ciay .. 6 221

148 244 Gravel 25 246
6 250 Clay, hard 29 275

20/53-15cd W. S. Aanew

5 5; i Topsoil ; i : ^  •:?!. 1
39 44 Gravel and clay, mixed . . - 25
48 92 Sand 21 46
11 103 Gravel,, pea 8 54
19 122 Gravel 46 100
17 139 Gravel, pea 20 120
38 177 Gravel, coarse 9 129

Sand and rock 1 ^ 130
Gravel, coarse 56 186

10 10 Clay 19 : 205
10 20 Gravel, pea ;  >:.2^ : 207
15 35 Gravel^'cemented- • m h 240
1 36 Gravel 10 250

42 78 Clay I 251
20 98 Gravel 3 254
15 114 Gravel, Cemented, in layers.
14 128 and free gravel 129 383
2 130 Rock, hard, white 15 398

24

2

154
156

20/53-18dc W. E. Baker

30 186 Clay n  5 - 5-
8 194 Sand 6 11

11 205 Clay, 17 28
15 220 Clay Mdjy gravel 16 44

Cdnglomerate 2 46
Gravel 31 77
Silty sand 13 90
Gravel 12 102
Sand, coarse 23 125
Clay, sandy 15 140
Granite, 4ecomposed 3 143
Gravel . - 5 148
Sand, clay, gravel 14 162
Shell, hard 3 165

.74-



Table 21.—Continued

Thick- ,
ness Deipth

Material Material

Thick
ness Depth

(feet) (feet)

20/53-20ca 0. Allamong

Soil

Gravel and sand, fine
Silt and clay
Gravel, fine, sandy
Gravel, cemented, large
Clay, tight, white
Clay
Clay and sand lenses,

cemented

Sand, gravel, loose^ water
bearing

20/53-^22bd E. B. Johnson

Topsoil
Gravel

Gravel and hard clay
Boulders and gravel
Gravel, cemented
Gravel, layers of free and

cemented

Gravel and boulders in layers
Gravel and boulders

Gravel, loose
Gravel, cemented
Gravel, hard, cemented

20/53-24dd Ed Melka

Topsoil
Boulders and gravel
Gravel, coarse, and clay
Clay and gravel
Grayel and clay

20/53-32bd Fred Minoletti

Soil

Gravel, cemented
Gravel

Gravely c^nented
Gravel
Gravel, cemented
Satid and gravel
Gravel, cemented
Gravel

5
11

7

45

51
18

14

14

35

3
37

loo
35

5

30

15

5

15

13

62

26
14

80

15

20

8

82

30

5

5

20
5

40

20
3

5

16
23

68

119
137

151

165

200

3

40
140

175
180

210

225

230

245
258
320

26
40

120

135

155

8

90

120
125

130
150

155

195

215
218

2i/53-lbd Robert UilBQtt

Topsoil '
Gravel

Sand and gravel
Clay and gravel
Sand and gravel
Clay
Gravel
Clay
Gravel, fine
Clay
Gravel

Clay
Gravel
Clay
Gravel
Clay and gravel
Gravel

Clay
Gravel

Clay

21/53-4ad c;c. Gooher

Topsoil
Gravel and sand, fine
Sand, coarse, and fine
Sand and gravel. Coarse
Clay and sand mixture
Sand and gravel, coarse
Clay and gravel mixture
Gravel and sand, coarse, good
Clay, tough, white
Clay and gravel mixture
Grayel and sand, good
Clay streak, white
Gravel and sand, clean, water-
\ bearing •

Clay, white
Gravel and sand, clean
Clay
Gravel and sand, clean
Clay

3 3

27 30

28 58

6

4 68

7 7^ n
2 77

59 136

7 143
2 145
3 148

1 149 -

4 153

10 163

10 173

2 175

8 183

2 185

11 210

14 210

5
5

20 n

32
36 68
2 70

10 80

2 82

28 110

7 117

2 119

2 121

1 122

26 148

3 151

16 167

n  - 2 169

10 179
3 182

-75-



Table 21.—Continued

Thick Thick

ness Depth ness Depth
Material (feet) (feet) Material (feet) (feet)

21/53-6CC Steimlev isailev 21/53-llba Denver keliv
Topsoil : 3 3 Topsoil and overburden 4 n  4
Sand and gravel 27 30 Sand and gravel 44 . 48
Clay and gravel 10 40 Clay, gray 20 68
Gravel 10 50 : Clay, black 28 96
S^d, coarse 28 .78 Sand and gravel, black 52 148

ciay 2 80 Clay, soft 2 150
Gravel, good 17 97 Sand, medium 6 156
Clay and gravel 5 102 Clay, soft 2 158
Giravel, good 3 105 Sand and gravel, good 34 192
clay and gravel 1 106 Bottomed in soft clay at; 192 feet

Clay
Gravel, good

4

8

110
118

21/53-13da Bruce DuBose

Gravel, hard 2 120 Topsoil 3 3

21/53-8aa M. A, Farlev Sand, coarse, and gravel
Gravel, coarse

27

12

30
42

Topsoil 3 3 Clay, colored 50 92
Hardpan 3 6 Sand, fine 4 96

Gravel 24 30 Clay 9 165
Clay and gravel 5 35 Gravel, black 4 109

Clay 5 40 Clay 1 116
Gravel 10 50 Clay and coarse sand 4 114

Clay and sand 5 55 Sand, fine 116

Sand 5 60 Clay n "4' - 120

Gravel 5 65 Gravel, coarse '  127;
Clay and gravel 3 68 Clay ,''7 ' 12 139
Gravel 25 93 Gravel, coarse n 2 141
Sand and clay 5 98 Gravel with clay streamers 2 143

Clay 9 107 Gravel, coarse 1 150

Gravel 8 115 Clay, brown 5 : 155
Clay 5 120 Gravel, coarse 3 158
Gravel, good 8 128 Sandstone and clay 2 160

Gravel and clay 130 Sand, fine 2 162

Gravel, good
Clay;

14: 144 Clay 18 180

'  - . s.:.: 149 Gravel, coarse r •. 7 187
Gravely good 16 165 Clay and; gravel 2 189

Clay 5 170 Gravel, coarse and some rocks 8 197

Gravel 4 174 Clay and gravel . , , 2 199

Clay 6 180- clay and coarse gravel ii 216
day and sand 4 184 Gravel, coarse

Gravel, coarse and clay
Gravel, coarse
Clay and gravel

7
'  17 ‚

9  ;
/ 7 :

217
234
243

‚ ' -256
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Table 21.—Continued

Material

Thick

ness Depth
(feet) (feet) ^^erial

Tlilck-
nees

(feet) (feet)

21/53-16aa T. M. Tvnes

Topsoll
Sand and gravel
Clay and gravel
Gravel

Clay
Gravel, toarse
Clay and coarse gravel
Gravel, coarse

Unknown

Gravel

Clay

21/53-18CC

Topsoll >
Gravel
Sand

Clay
Sand

Gravel

Sand

Sandstone
Clay
Sand, fine
Gravel

Clay
Sandstone

Shale

Gravel, coarse
Sand

Clay, white
GraVel, cemented
Gravel and stone

Clay, cemented gravel, and
coarse sand

21/53-20db V. E. Nelson

Surface soil
Sand and gravel
Clay
Sand and gravel
Clay
Sand and gravel
Clay
Sand and gravel
Rock, hard

3

32

3

27

3
32
8

36

8
28

2

2

26

4

10
3

20
1

3

5
3

8

3

1

3

13
6

1

4

9

2
22

6
60

11

39
10

32

1

3

35
38

65
68

100

108
144
152
180

1S2

2

28

32
42

45
65
66
69
74
77
85

88

. 89
92

105
111

112

116
125

134

2

24

30
90

101
140
150
182
183

21/53-23ba 10. H, Mnrphy

Topsoll
Sand and gravel
Clay
Sand and.gravel
Gravel, coarse
Clay, colored
Clay and black gravel
Clay
Clay and black gravel
Clay
Gravel, coarse ;
Clay and gravel
Clay, light
Clay and coarse gravel
Gravel, coarse
Clay and coarse gravel
Clay
Gravel, coarse
Sandstone

Clay
Clay and gravel
Gravel, coarse
Clay
Clay and coarse gravel
Gravel, coarse
Clay
Sand, fine
Clay

Clay

21/53-27bb Dr. Clifford Fisher

Surface soil
Sand and gravel
Sand, fine, and clay
Sand, gravel, and clay

stringers
Sand, fine, gravel, and clay
Sand, coarse, ahd gravel
Clay
Sand and gravel
Clay ,
Sand and gravel
Clay
Sand and gravel
Clay

3 3

17 20

5 25

5 30

4 34
61 95

5 100
4 104

'• V 3 107

8 115
122

1 123

3 126

3  . 129

^  6 135

1 136

6 142

^  ̂ 11 153

1 154

r ' - 3 1^7
i;:' 158

162
1 71y

i
X / X

172

-  3 175

12 187

5 192
13 205

rs 4 209
216

2
21

33

14
26

24

75

4

12
4

11

1

2
23
56

70
96

120

195
200

204

216
220

231

232
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Table 21.—Continued

Thick Thick-

ness Depth ness Depth
Material (ft iet) (feet) 'Material. .  (feet) (feet)

21/53-33da L, C. EnzminKer 21/54-20CC F. D. Glasa. Jr. '
•  n [a;-

Soil 5 5 Tif^soil 3

Sand and gravel 19 24 ciay and gravel 17 20

Clay, gray 14 38 Sand 5 25

Sand, clay, and gravel 11 49 Clay 3 28

Ciay 9 58 Sand 2 30

Sand and gravel 14 72 Clay 1  • 31

Clay and sand 8 80 Sand 39

Sand and gravel 31 111 Clay 21 . 60

Clay 1 112 Clay and gravel 2 62

21/53-^36ad E. H. Machacek
Gravel
Shale an^ gravel

13

55

75

130

Soil 4 it Gravel n  '41. : 171

Sand, coarse, and fine gravel 32 36 Clay
. .. 3

174

Clay, brown 33 69 Gravel 36 210

Gravel, medium to coarse, and Clay 20 230

sand

Gravel, partly cemented, and
23 92

2lJs/54-3cd V. H. Politiski

2clay 68 160 Topsoil 2

Clay with occasional thin sand clay and-fock 78

streaks 32 192 Gravel 70 150

Clay, solid tan 63 255 Rock .V • . . / \4V 154

C^y with occasional sand Gravel, loose 16 170

streaks 45 300 Rock .  ̂ 174:"

21/54-16cd Bill Palmer
Gravel, loose 11 185

Rock 8 193

Topsoil 4 4 clay and gravel 7 200

Gravely clay 11 15

Cohbles tones, gravel, clay 58 73

Gravel, fine 7 80

Boulders 50 130
Rock, solid 8 138

Rocks and free gravel 5 143

Clay 1 144
Boulders 12 .156
Gravel, coarse 17 173

Clay 1 174

Gravel 38 212

Clay 2 214

Boulders. 21 235

Clay and boulders 5 240

m
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Table 21,—Continued

Thick Thick
ness Depth ness Depth

Material ^feetV ^feet) Material : (feeb) if eet!

21%/54-5cc R« F« Krue^er 22/54-6CC Paul Camer

Soil 3 3 Topsoil 3
Sand and'fine gravel 9 12 Gravel 20
Clay, brown 8 20 Sand and clay

Clay
10 30

Sand, fine 12 32 25 55
Sand, fine, and small gravel' ;  4 36 Clay and black gravel 2 57
doze, soft, black 12 48 Gravel, black n  4 61
Sand, fine, black 11 59 Clay 14 75
Gravel streak 3 62 Sand, coarse 4 79
Clay, white 48 110 Clay and gravel layers 7 86
Clay, blue 12 122 Gravel, black 87
Clay, white 15 137 Clay -  1 88
Gravel streak with fine sand 4 141 Sand, coarse

. ... .

92
Clay, solid, blue 71 212 Clay 4 96
Ooze, black 5 217 Clay and gravel n  nnn n 7 103
Ooze, b lack, with very fine Sand, coarse n  ' n 7:? 110

sand 13 230 Clay and gravel n  5 115
Clay, white 5 235 Clay 24 139
Ooze, black, and fine sand 7 242 Sand, coarse 6 145
Gravel, fine, with sand, water 10 252 Clay i 146
Gravel, coarse, and sand 5 257 Gravel •  2 148

22/54-4cc M. H. Hoshier Clay and gravel 152
Clay and sand i 153

Topsoil 4 4 Sand 8 161

Sand and gravel 12 16 Clay 2 163
Clay, black 24 40 Gravel 7 170
Mud, black 22 62 Clay 2 172

Clay, different collored 76 138 Sand and gravel 3 175
Clay and sand 12 150 Clay and gravel 2 177
Clay 12 162 Clay 1 '  178
Sand 11 173 Sand 5 '  183
Clay 47 220 Clay and sand 3 186
Sand and clay 10 230 Clay 2 188
Clay 40 270 Sand and gravel n  4 • 192
Clay and gravel 5 275 Clay 40 232
Clay 10 285 Sand 6 238
Sand and fine gravel 10 295 Clay 2 '  240
Gravel 5 300 Sand 4 244
Clay and gravel 15 315 Clay 2 246

Sand A 250

m

-79-



Table 21.—Continued

' Thick Thick-

ness Depth ness Depth
Material {feet) (feet) ^•Haterlal- (feht) (feet)

22/54-8CC L. L. Pollard 22/54-28dc D. F. PalmOre

Sand and gravel 28 28 Soil 4 4

Shale or sandy clay 22 50 Gravel, fine, sandy 17 21
Clay, blue, and sand 30 80 Clay ooze, black 39 60
Shale 18 98 Clay, gray 10 70
Clay, blue lb 108 Clay, brownishfe-^ . -vv 32 102
Sand and gravel; water .12 120 Clay, tough, ^ite 10 112
Sbale, sandy 7 127 Clay, white, seml-sandstqne 5 117

Shale and gravel 16 143 Clay, brown . 10 .:-127- :
Gravel, water-bearing 9 152 Clay mixed with gravel : 132 ,
Shale, blue 2 154 Gravel, good 8 140:

22/54-19dc Charles Foorbaugh Clay lease, white
Cl£^, dense gr€^

143
152

Topsoil 6 6 Clay, dark green 6 158

Sand 17 23 Clay, dense green 37 195
Clay, soft 70 93 Gravel with thin Cemented
Sand 9 102 lenses 15 210
Clay, soft 13 il5 Gravel with some cementation
Sand, medium 6 121 and large loose boulders 220

Clay, soft
Sand, medium

17

8
138
146

23/52-13btl2 J. Bachdlor
nn n -'v*

Clay, soft 16 162 Gravel 14 14

Sand, medium 3 165 Clay 8 n  22

Sand and clay layers, loose Gravel 14 36

and soft 17 182 Clay 28 64

22/54-22bd Pvavraond LaB.arrv
Gravel
Clay

2

12

66

;:--,78. -
Topsoil 9 9 Sandstone 80

Sand and,gravel 10 19 Clay f- 88

Clay, yellow 4 23 Gravel 34 122
Sand and gravel 7 30 Clay 16 138

Clay, black 8 38 Gravel 6 144

Clay, yellow, large rock .  .11 49 Conglomerate 6 152

Sand, gravel, and large rock 6 55 Limestone 5 157
Clay, yellow, rocky 7 62

Sand and gravel 8 70

Clay, yellow, rocky 7 77
Sand, loose, and gravel 13 90
Clay, yellow, rocky 15 105

Sand and gravel 10 115
Clay, yellow, rocky 35 150

Sand and gravel 11 161
Clay, yellow, rocky 14 175
Sand and gravel 4 179
Clay, rocky 6 185
Sand and gravel 15 200
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Table 21.—Continued

Thick Thick

ness Depth ness Depth
Material (feet) (feet) Material (feetl (feet)

23/54~20dd C. M. Russell 23/54-30cd Blake Briscoe

Topsoil 2 2 •2- ' 2
Hardpan 2 4 Clay^ .^--' ‚ • 6 8
Sand and gravel 13 17 Gravel 18 26
Clay, black 33 50 Clay, black 46 72
Clay 25 75 Gravel 3 75
Sand, coarse 1 76 Clay, blue 79
Clay 65 141 Gravel 6 85
Sand, fine 9 150 Shale, hard, gray 25 110
Clay 20 170 ShaleV soft 35 145
Sand, fine 2 172 Shale and sand 5 150
Clay 3 175 Shale, gray 10 160
Sand, fine 2 177 Sand and gravel 18 178
Sand and clay 31 208 ;Shal|e^:.v^giay; . 11 189
Sand, fine 22 230 Sand and gravel •  31 220
Sand and gravel 15 245
iClay - bottom

m
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IN THE OFFICE OF THE STATE ENGINEER
OF THE STATE OF NEVADA

ORDER #1264

DESIGNATING THE DIAMOND VALLEY HYDROGRAPHIC BASIN (153) A
CRITICAL MANAGEMENT AREA

WHEREAS, the State Engineer designated the Diamond Valley Hydrographic Basin,

located within Eureka County, Nevada, as provided under the provisions of Nevada Revised

Statute (NRS) § 534.030, by the following Orders:

1. Order No. 277, dated March 11,1941, designating a portion of the basin.

2. Order No. 280, dated August 28, 1964, amending the designated area described in

Order No. 277.

3. Order No. 815, dated April 4, 1983, amending the description of the designated

area.

WHEREAS, pursuant to NRS § 534.120, the State Engineer determined the groundwater

of the Diamond Valley Hydrographic Basin was being depleted and the following orders were

entered, deemed essential for the welfare of the area involved:

1. Order No. 541, dated December 22, 1975, curtailed new appropriations in

location-specific areas subject to limited exceptions.

2. Order No. 717, dated July 10, 1978, curtailed new appropriations for irrigation

with limited exceptions.

3. Order No. 809, dated December 1, 1982, ordering the installation of totalizing

meters on all permitted and certificated wells. The Order was suspended for one-

year by Order 813, dated February 7,1983, but was never reinstated.

Order No. 1226, dated March 26,2013 curtailed all new appropriations with limited exceptions.



Order No. 1264

WHEREAS, the United States Geological Survey estimates that 30,000 acre-feet of

water annually are available as the perennial yield fr om the Diamond Valley Hydrographic

Basin

WHEREAS, NRS § 534.110(7)(a) states the State Engineer "[m]ay designate as a

critical management area any basin in which withdrawals of groundwater consistently exceed the

perennial yield of the basin.*'

WHEREAS, the State Engineer finds that annual crop inventories conducted by the

Division of Water Resources indicate that estimated groundwater pumping for irrigation

purposes totaled the following:^

Estimated Acre-feet
Year

1975 17,796 53,388^
1976 18,717 56,151^
1977 19,988 52,956'
1978 21,855 59,760^
1979 22,583 61,839^
1980 23,055 64,035"

J.R. Harrill, Hydrologic Response to Irrigation Punning in Diamond Valley, Eureka and Elko
Counties, Nevada, 1950-65, Water Resources Bulletin No. 35, (Department of Conservation and
Natural Resources, Division of Water Resources and U.S. Department of Interior, Geological
Survey), 1968.
^ The State Engineer's method for estimating pumpage has changed over the years. In 1975 and
1976, pumpage was estimated at 3 acre-feet per acre irrigated. From 1977 to 2005, pumpage
was estimated at 3 acre-feet per acre for alfalfa, and 2 acre-feet per acre for grain, pasture and
grass hay. From 2006 to 2013, pumpage was estimated to equal the water right for the acreage
irrigated, usually 4 acre-feet per acre. In 2014, a method that considers crop type and irrigation
method was used to estimate pumpage. See generally, inventories cited infra.
^ Diamond Valley Crop and Water Survey (November 3-7, 1975), official records in the Office
of the State Engineer,
^ Diamond Valley Crop and Water Survey (November 8-11, 1976), official records in the Office
of the State Engineer.
^ Diamond Valley Crop and Water Survey (November 14-17, 1977), official records in the Office
of the State Engineer.
^ Diamond Valley Crop and Water Survey (November 8-15, 1978), official records in the Office
of the State Engineer.
^ Diamond Valley Crop and Water Survey (November, 1979), official records in the Office of the
State Engineer.
^ Diamond Valley Crop and Water Survey (November, 1980), official records in the Office of the
State Engineer,
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1981 25,279 71,745''
1982 25,305 73,336'"
1983 24,812 71,857"
1984 26,844 78,730'^
1985 26,844 78,730'^
1986 20,656 58,883'^
1987 22,966 66,028'^
1988 21,569 63,356'^
1989 23,485 66,734"
1990 22,235 64,210'"
1991 No report for 1991
1992 20,640 58,585"
1993 21,421 60,478^
1994 21,556 60,883^'
1995 19,750 55,140^^

Diamond Valley Crop and Water Survey (November, 1981), official records in the Office of the
State Engineer.

Diamond Valley Crop and Water Survey (November 9-10, 12,16, 1982), official records in the
Office of the State Engineer.
' ^ Diamond Valley Crop and Water Survey (November 7-10,1983), official records in the Office
of the State Engineer.

Diamond Valley Crop and Water Survey (November 1, 7-9, 14, 1984), official records in the
Office of the State Engineer.

Diamond Valley Crop and Water Survey (December 3-4, 1985), official records in the Office
of the State Engineer.

Diamond Valley Crop and Water Survey (November 4-5, 12-13, 1986), official records in the
Office of the State Engineer.

Diamond Valley Crop and Water Survey (November 12, 17-19, 1987), official records in the
Office of the State Engineer.

Diamond Valley Crop and Water Survey (October 17-21, 1988), official records in the Office
of the State Engineer.

Diamond Valley Crop and Water Survey (November 2-3, 1989), official records in the Office
of the State Engineer.

Diamond Valley Crop and Water Survey (November 28, 1990), official records in the Office
of the State Engineer.

Diamond Valley Crop Inventory (August, 1992), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (June, 1993), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (June, 1994), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (August, 1995), official records in the Office of the State
Engineer.
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1996 20,413 57,779^'
1997 19,750 55,140^'*
1998 18,916 60,985^^
1999 23,588 68,883^^
2000 22,525 70,601^'
2001 No report for 2001^^
2002 21,850 60,900^^
2003 21,850 60,900^"
2004 23,126 65,687^'
2005 23,126 65,687^^
2006 24,152 70,000''
2007 24,011 69,600"
2008 24,220 70,200"
2009 24,435 70,900"
2010 24,608 71,400"
2011 24,357 70,600"
2012 25,234 73,200"
2013 25,323 73,400"
2014 25,181 72,236""

Diamond Valley Crop Inventory (August, 1996), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (August, 1997), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (September, 1998), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (November, 1999), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (November, 2000), official records in the Office of the State
Engineer.
28 •No inventory was conducted in 2001 due to lack of funding.

Diamond Valley Crop Inventory (October, 2002), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (December 9,2003), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (October 6, 2004), official records in the Office of the State
Engineer.

Diamond Valley Crop Inventory (September 15, 2005), official records in the Office of the
State Engineer.

'ITie State Engineer re-estimated the pumpage for the years 2006-2013 using 2.9 acre-feet per
acre, rather than the water right duties as reported in the crop inventories, as it more accurately
reflects actual pumpage amounts.

Preliminary data.

29
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WHEREAS, the State Engineer finds that the withdrawals of groundwater have

exceeded the perennial yield of the basin at least since 1975, and therefore, the State Engineer

finds that groundwater withdrawals have consistently exceeded the perennial yield.

WHEREAS, the State Engineer fi nds that the groundwater levels in the area of the farms

has locally declined over one-hundred feet since 1960, and that the water level continues to

decline at the rate of two feet per year or more.^^

NOW THEREFORE, it is ordered that the Diamond Valley Hydrographic Basin is

hereby designated a critical management area pursuant to NRS § 534.110(7)(a).

Dated at Carson City, Nevada this

25th day of August 2015

JASON P.E.
State B^neer

Water level data for Basin 153, official record in the Office of the State Engineer, available at
httD://water.nv.gov/data/waterlevel/ (last accessed June 26,2015).



Permit No. 82268

AMENDED PERMIT

THE STATE OF NEVADA

PERMIT TO CHANGE THE PUBLIC WATERS OF THE
STATE OF NEVADA HERETOFORE APPROPRIATED

Name of Permittee:

Source:

Basin:

Manner of Use:

Period of Use:

Priority Date:

SADLER RANCH, LLC

SPRING (WELL A-BIG SHIPLEY SPRINGS

AND T^UTXRIES COMPLEX),
PIAMOND VAiLEV\. ? /" '''r
IRRIGATION /' "v

_  ,!(i' '':i

61/01/1873 ,)€

APPROVAT. OP STATE ENGINEER

This iy;;to certi^ that I have ex^ined the foregoing application, arid do hereby grant the same,
subject to the following lunitations and bohditionsi S:

This penmt to change the point of diversion of the waters of Big Shipley Springs^'^d Tributaries
heretofore appippriat^d imdCT Claim of Vested Right V03289, is iksued with (^.undeistanding that no
other rights on (he sourco will be ^fected by the change proposed herein. This well Shall be equipped with

*^P.^^p -f^r'measipng'depth to water; A totalizing meter naust be uistadfed^d maintained in
•  pipeline near Ae point of diversion and accurate measurements ihlistLbe kept of water placed

to beneficial use. Thp tOialaing meter must be installed before any use'of wat^begin^'or before the proof
of completion of work is^ file^ 'Uiis source is located within an-area dekigiis^ted hV the State Engineer
pursuit to NRS 534.039, The St# retains the right to,reguldte the use" of the w#r herein granted at any
^d all times. This permit is issu# subject tp any determination of'&e wateis df Big Shipley Springs and
Tnbutanes that may be made imjief adjudication prqce^ing^ unifer NRS 533;6k) through 533,320.

This permit is issued subject to State EngineW Ruling No. 6371i. dkfed November 1,2016.
The permittee shall keep montldy records .pf the amount bf water pumped from this well and the

records must be submitted to the State Engineer Oil '^^^ual basis within 30 days after the end of each
calendar year.

The total combined duty of water under Permit 4273, Certificate 964 and Permits 81720 and 82268
shall not exceed 2,918.7 acre-feet annually for the irrigation of the described place of use,

0 o IA 1 abrogates Claim of Vested Right V03289, which has a priority date of 1873 for a2,216.1 afa portion and a priority date of January 1,1892 for the remaining 702.6 afs portion and retains the
pnonty dates of Claim of Vested Right V03289.

This permit does not extend the pej^ttee the right of ingress and egress on public, private or
corporate lands. . r r

"Die issuance , of this permit does not waive the requirements that the permit holder obtain other
permits from State, Federal and local agencies.
(Continued on Page 2)
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The point of diversion and place of use are as described on die submitted application to support this
permit.

The amount of water to be appropriated shall be limited to the amount which can be applied to
beneficial use, and not to exceed 7.02 cubic feet per second or 2..918.7 acre-feet annually.

Work must be prosecuted widi reasonable diligence and proof of completion
of work shall be filed on or before: ^ ' r • Filed Under 82268 on January 1% 2016
Water must be placed to beneficial use and proof of the application of water to
benefici^ use shall be filed on or before: ' January 29,2020
Map in support of proof of beneficial use shall be filed on or before: January 29,20^

IN TESTIMONV^WHERTO JASONKING. P.E.,

Siate Engineer pf.Nevadh, Have hereuntd-.set my hand and the
seal of my officil, this "" -l H # day of .Tuly^ 2017

n

Cn ^
m— ^

<1- •»' -jr'

</' n /,, .

'I "V n n •-.
f: !!€ ..

'  Ms f > n. ^ j •;= II F 'i



Pennit No. 81825

THE STATE OF NEVADA

PERMIT TO APPROPRIATE WATER

Name of Permittee:

Source:

Basin:

Manner of Use:

Period of Use:

Priority Date:

DANIEL S. VENTURACCI

UNDERGROUND

DIAMOND VALLEY

IRRIGATION AND DOMESTIC

04/26/2012

AffPRdVAL OESTAp! ENGINEER

This is to certify that F hay;© examined the forgoing application;4hd ao heSfeby grant the same,
subject to the foUbwiiig limitations and cbnditipihs: \ • ^ ^

This pe^it is i'^'^tied subject to existhig rights. It'is understood 'that%e'ainouift of water herein
granted is only a tempprary allowance and/that the fihal water ri ght obt^edi;,undj^ tlM§ permit will be
dependent upon'the-aihount Ibf water actualiy placed to beneJ^hiai use. It is |lso,.tihd&stoiid that this ri ght
must allow for-a reasonable-lowering of the static water level, iljis well shall be equipped with a two (2)
inch opening fpr measuring depth to Water. A totalizing meter ^just be installed and nr^ntained in the
discharge pipelme near the point of diversion and accurate measurehients must be kept o£water placed to
beneficial use. Theltot^iiingimeter^ be installed before any use of water begins; Of b^re the proof of
completion of work' is fi led. -This source is located within an area desigbatedih.^'yf the-^State Engineer,
pursuant to NRS 534*030^ The" State retffislKe'n to'regulate l^theiwatCT granted herein at any
and all times. This pepnit4s issu^ subject to any determination of the wate^"6f Springs (a.k.a.
Thompson Spring^jj thatiifhay be under adjudication proceecfings lipSef NjCS 533.090 through
533.320. The quantification of this mitigation ri ght is not an-adjudication'Of Claim of Vested Right
y01115. jf -

This permit is issued^subject. to State Eh^eer Ruling No, 63%,, dated^^ 1,2016.
The permittee shall keep., monthly r^x>rd[s df the amodnt of waters,|iitimped from this well and the

records must be submitted to the istat^ JErigiiieer on an annual basis within 30 days after the end of each
calendar year. " r p ^ \ ' ''

The well must be sealed with cement grout, concrete grout or neat cement from ground level to 100
feet.

The total combined duty of water under Permits 81825 and 82572 and Claim of Vested Right
VOl 115 shall not exceed 632 acre-feet annually for irrigation within the described place of use.

This right is issued to mitigate the loss of discharge fr om the spring source under Claim of Vested
Right VOl 115, which has a priority date of 1880; thus, diis penpit cannot be severed from Claim of Vested
Right VOl 115. Additionally, Permit 81825 may be exercised in conformity with the priority date of Claim
of Vested Right VOl 115 during the periods the basin is regulated.

The point of diversion of this permit shall not be moved outside of the spring discharge area as
determined by the State Engineer.
(Continued on Page 2)

'c t n.
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Permit No. 81825

This permit is totally supplemental to Claim of Vested Right V011I5 and serves as an additional
point of diversion for Claim of Vested Right V01115 whenever Claim of Vested Right V01115 is in
priority.

This permit does not extend the permittee the ri ght of ingress and egress on public, private or
corporate lands.

The issuance of this permit does not waive the requirements that the permit holder obtain other
permits fr om State, Federal and local agencies.

The point of diversion and place of use are as described on the submitted application to support this
permit

The amount of water to be appropriated shall be limited to the amount which can be applied to
beneficial use, not to exceed 2.Q1 cubic feet per second or 632.0 acre-feet annually, and is limited to
3.0 acre-feet per acre from all sources. . ; i i ? ; s f ^

Work must be prosecuted with reasonable diligence ancl proof of compleldoit
of work shall be filed on or beforeHf n 'I I Filed .lJnder 81825 on September 23.2015
Water must be placed to beneficial Use and proof of the appjication of water to •
beneficial use shall be^fi[edobctfjbef(Dm:,. - ' ' ' =. ' j!!/' , n. Seotember 15.2020
Map in support of proof of b^eficial. use shall be fi l^ bp or beforet '' s ^ September 15.2020

C  j . IN tESTIMONY WI^EOF, h lASON KING;F.E;r f =
/  ;;P;\ ? State Engineer of Nevada, Have hereunto set ra y f^d add the

seal of my'bffice, this _ ^ day of August. 2017"

•.r,r
V../



Permit No. 82572

THE STATE OF NEVADA

PERMIT TO APPROPRIATE WATER

Name of Permittee:

Source:

Basin:

Manner of Use:

Period of Use:

Priority Date:

DANIEL S. VENTURACa

UNDERGROUND

DIAMOND VALLEY

IRRIGATION AND DOMESTIC

JANUAR*ilSt'Ti#t6tf<ilf DECEMBER 31ST

02^^013
i n . ' ' y ji

.iS®

This is to cdirtify tftM I haye-examined the foregoing applicatioii»'tod do heiieby grant the same,
subject to the following limitations and conditions: "

This peimit i^ feto ed subject to existing rights, It "is understood Uiat'the'amount of water herein
granted is only^-a temj^rary allowance and.|'4iat the final water ri ght obtamedvirnddt thi^ permit will be
dependent upoh the''aifiqunt..6f water actually placed to beneficial use. It is |Iso to derstodd that this ri ght
must allow for^a reasonableijowering of,the static water level This well shall be equipped; with a two (2)
inch opening fpr measuring; depth to yi^ater. A totalizing meter liqpt be installed and nj^tained in the
discharge pipeline near the j»int of (^version and accurate measurements must be kept o&ater placed to
beneficial use. The ltotalmng-metermust be installed before any use of water begips-bit belbre the proof of
completion of ^ork is ffl edJ .Uus source is located within an area fe ignateitlhiByf therr'State Engineer,
pursuant to NRS^534i03G.The Stale'reMms'Me ri ghlTd fe^Ia^^ grated herein at any
and all times. Th.i§ pejmit-is issued subject to any determination of the >^^tef§v6f Taft Springs (a,k.a.
Thompson Spring§5f;. that -may be^^ m^ under adjudication proceedings ufflef NRS 533.090 through
533.320. The quantification of this niitigation ri ^t is not an^adjuchcation of ptaim of Vested Right
V01115. 1.. . .

This permit is issued subject to State pngjneer Ruling'NQ|.^^37^,,dated,r^o~vember 1,2016.
The permittee shall kedp, monthly r^ords df the amoiint df w^erilpumped from this well and the

records must be submitted to the State ^giheer oh an annual te is. tji^ilito 30 days after the end of each
calendar year. "" r ;€ :! h ; j,. g j .j, .j ;!„ % "

The well must be sealed with cement grout, concrete grout or neat cement from groimd level to 100
feet.

The total combined duty of water/^njier Permits 81825 and 82572 and Claim of Vested Right
VOl 115 shall not exceed 632 acre-feet annually for irrigation within the described place of use.

This right is issued to mitigate the loss of disch^ge from the spring source under Claim of Vested
Right VOl 115, which has a priority date of 1880; thus, this permit cannot be severed from Claim of Vested
Right VOl 115. Additionally, Permit 82572 may be exercis^ in conformity with the priority date of Claim
of Vested Right VOl 115 during the periods the basin is regulated.

The point of diversion of this permit shall not be moved outside of the spring discharge area as
determined by the State Engineer.
(Continued on Page 2)
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This permit is totally supplemental to Claim of Vested Right VOl 115 and Pennit 81825 and serves
as an additional point of diversion for Cl^ of Vested Right V0U15 and Permit 81825 whenever Claim
ofVested Right VOl 115 is in priority. ^ • - ;v, :\

This permit does not extend die,permittee the right of ingress and egress on public, private or
corporate lands.

The issuance of this permit does not waive the requirements that the permit holder obtain other
permits from State, Federal and local agencies.

The point of, diversion and place of use are as described on the submitted application to support this
permit.

The amount of water to be appropriated shall be limited to the amount which can be applied to
beneficial use, not to exceed 2.01 cubic feet per second or 632 acre-feet annuaflv. and is limited to 3.0
acre-feet per acre from all sources. . i. n i ;m Mi

Work must be prosecuted with n^onable diligence ahi4;pro9f of oomplelibti
of woiic shall be filed on or before: !•: IL. i ' i | September 15.2018
Water must be placed to behefipial use.and proof of thg applicationtpf water to C-,,
beneficial use shall be fi led on oibhefOTe:,^ ^ ./>. ' |/ September 15.2020
Map in support of pmof of beneficial, uSe shall be fi led bn or beforei" ,, ' ..iii ' . '' September 15.2020

:  IN^STIMONYWI^^ t
.  .' , ' State Engineer of Nevada, fi ave hereunto set npEy|;fi&d and the

seal of mvbffice. this dav of Auen^ 2017
t' i v!: •; '•

•yi-



Name of Permittee:

Source:

Basin:

Manner of Use:

Period of Use:

Priority Date:

third amended permit

THE STATE OP NEVADA

PERMIT TO APPROPRIATE WATER

SADLER RANCH LLC

UNDERGROUND (WELL D)
DIAMOND VALLEY

nmiGATION

J ER31ST

Permit No. 81720

'ENGCjEjER/*

k  upon the amoH^ water a:tu^y^^to&neficial use Itshall be"^uiS^ftw?f2tTk^°'^ of th^staUc water3fcvel. This well
inc^UH • T i to waten A totalizinfmeter must be
must he irrnif ^ dts^&ge pipeline near the point of^iversioj and acoirafemeasuieinents
w^rtS mete^ust^ ir^llo^Trol

within an area
th,. to^taCTngineerjiursuant to MRS 534.030.The State ret^ rt ik.riai^ the use ofof Big 't™' P®n<«>g aW'.^S^tion of the waters533.090 through 533!^; ^ "vf pj^^
Partial of Uw; Order

Mitigation-Rights
Seventh Judicial Dis4t C<^rt ^ ^ CV-1409-204; in the
2018. Eureka; dated March 21,

re cords P""^ ft tira this well and theSr^. "" within 30 days after the end of each
feet. grout, concrete grout or neat cement ft om ground level to 100

(Continued on Page 2)
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Permit No. 81720

The point of diversion of this permit shall not be moved outside of the spring discharge area as
4273, C4•4• 964 ‚a ^.3.720 ‚4 .226.

Shall not exceed 5,100 acre-feet annually for the imgation of the d^nbed ^ diversion of Claim
This pennit is totally supplemental to Permit 82268, which changed the point of divewmn ot umm

of Vested Right V03289, and may be exercised as an alternate point of diversion whenever Permit
"  total combined rate of diversion for Permit 4273, Certificate 964 and Permits 81720 and 82268
shall not exceed 7.02 cubic feet per second. ^ nrivatp or

This permit does not extend the permittee the right of mgress and egress on public, pnvate orcorporate^Suan^ of this permit doe^npt^yaiv94hp^g•ts that the permit holder obtain other
oermits from State, Federal andloc^ag^Mcs. this

Tte •ƒƒ• Ot wiii> S. Bll4 / 6" I. WlM „ƒ
.  .1 7 riihir ner•econd i:>r.5.10(f acrei^feet aitnuallv.

Work must be prq^ujed ̂ i&'re;^onable diligegde and p^of of compffi$ion-H^.^^^
of work shall be filed before: ' / \ ^ \ %"
Water must be i^aced'to beneficial use and p^f of the applie^ation of waterio
beneficial use sB^l on or before; / \ * h
Map in supporKif proof of beneficial use^^all be filed on or befo^: t J-,

on or before; / \ •
bf proof bf beneficial use^^all be filed on or beftjje; t € tiSHSD

„  IN fesTlMgiY WHEREOF, I, TIM wiiSON,P.B, …
= Tf J t Act&g State Engineer of Nevada, hiye h^ntO^m^and
t. , 3 \8lidthes<aH)fmyoffice,this_i†Ll^

rift-' b, •

€'i- .4rf Acbng'S&te Engineer
.

"S-*

„ / 4: •  I U
'= .r i

.di:.

 1 -V

iCClhl.v „, -c' -t
' ' V " .



Nevada Division of Water Resources
IN THE MATTER OF THE PETITION FOR APPROVAL OF A GROUNDWATER MANAGEMENT PLAN
SETTING FORTH THE STEP TO REMOVE THE CRITICAL MANAGEMENT AREA DESIGNATION
FROM THE Diamond Valley Hydrographic Basin (153) within Eureka. Elko and White
Pine Counties, Nevada.

On this Date, Tuesday, October 30,2018

Nfo,.. . of Eadiibits

1

1• •

STATE ENGINEER
1 Petition for approval of the Diamond VaUey Groundwater Management Plan

X V
2 Diamond Valley Groundwater Management Plan

X X
3 Notice of Hearing to County Commissioners with Certified Mail Receipts

X X
4 Public Notice with Proofs of Publication

X X
5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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DATE: August 16,2018 i; r

TO: Jason King, Nevada State Engineer
2Q18AUG20 All 11:^2

CC: Adam Sullivan, Deputy State Engineer

SUBJECT: Petition for approval of Diamond Valley Groundwater Management Plan

Dear Mr. King:

Enclosed, please find the consolidated petition from groundwater permit holders in Diamond Valley
requesting your approval of the also enclosed Diamond Valley Groundwater Management Plan (GMP).

Also enclosed is a table of water rights holders and associated permits used to track receipt of individual
petitions and any clarifying notes or follow-up. Based on this table, which is unofficial, 290 of 493, or
58.8%, total groundwater permits signed the petition requesting GMP approval by August 15, 2018. It
is understood that your office will independently evaluate the petition signatures and associated permits
and the final, official total may be different.

An electronic copy of the GMP may also be downloaded at:

https://drive.google.com/open?jd=liEYzKBsqQg3WbZuNb58v 50Y[rYZDCw5.

If you have any questions or need clarification, please contact the GMP Advisory Board through the
Eureka County Department of Natural Resources (Jake Tibbitts).

'S EXHIBITS f

DATE: / O So -1
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