
 1 

  

 
2730 N. Deer Run Rd. 
Carson City, NV 89701 
Phone: 775-887-7614 

May 20, 2011 

MEMORANDUM 
To: Devin L. Galloway, Groundwater Specialist, Water Science Field Team, 

USGS, Sacramento, CA 
From: Weiquan Dong, Hydrologist, Southern Nevada Water Authority,  

Ramon C Naranjo, Hydrologist, Nevada WSC, U.S. Geological Survey, and  
Keith J. Halford, Ground-Water Specialist, Nevada WSC, U.S. Geological 
Survey  

Subject: AQUIFER TEST—Analysis of water level fluctuations from pumpage for 
irrigation during 1978—1989 in Penoyer Valley, HA170, Lincoln and Nye 
counties, NV    

Ranges of transmissivity and specific yield of the basin fill were estimated by 
analyzing water-level changes in multiple observation wells that were caused by 
development of irrigated fields in Penoyer Valley, HA170, near Rachel, NV (Figure 1).  
Irrigated acreage totaled 900 acres during 1978 and increased to 2,300 acres during 
1986—1989.  Annual effective ground-water withdrawals were estimated between 2,600 
and 11,800 acre-feet (ac-ft) during the 1978—1989 irrigation seasons.  Hydraulic 
property estimates from the Penoyer aquifer test will constrain calibration of regional 
ground-water flow models.    

Site and Geology  

The aquifer test occurred near Rachel, NV in Penoyer Valley where an area of 
more than 100 mi² was affected by pumpage for irrigation (Figure 1).  The basin fill was 
pumped largely between 100 and 300 ft below land surface where undifferentiated 
intervals of sand and gravel occurred.  Insufficient information exists to differentiate the 
hydraulic properties of basin-fill which will be cited as homogeneous, coarse-grained fill 
(Appendix A).   

The groundwater flow system was interpreted with a thickness of 1,000 ft even 
though the thickness of basin fill exceeds 10,000 ft (Belcher, 2004).  The thickness of 
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more permeable sediments is unknown, but a thickness must be assigned in the 
numerical flow model used to analyze the aquifer test.  Hydraulic conductivity of the 
basin fill in Penoyer Valley was not estimated or reported because of the uncertainty in 
the thickness of the aquifer.   

 
Figure 1.—Location of pumping and observation wells in Penoyer Valley near Rachel, 

Nevada (Universal Transverse Mercator projection, Zone 11).  

Observation wells generally surrounded the pumping wells and irrigated areas 
(Table 1, Figure 1) and were completed between 30 and 540 ft below land surface.  
Observation well completions generally were shallower than the pumping well 
completions.    
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Table 1.—Well location and construction data for observation wells that were used in the 
Penoyer irrigation analysis aquifer test (See figure 1 for well locations).  

[Latitude and longitude are in degrees, minutes, and seconds and referenced to North American Datum of 1927; ft amsl, feet above 
North American Vertical Datum of 1929 (NAVD 29) except as noted; ft bgs, feet below ground surface.] 

Map 
Identifier SITE IDENTIFIER Well name Latitude Longitude 

Ground 
surface 

elevation, 
ft 

Hole 
depth, 
ft bgs 

O-01 373907115461701 170 S03 E55 28DC 1 37°38'59'' 115°47'32'' 4,838 250 
O-02 373955115490201 170 S03 E55 19CC 1 37°39'58'' 115°50'20'' 4,850 238 
O-03 373842115492301 170 S03 E55 32BCB 1 37°38'42'' 115°49'26'' 4,850 157 
O-04 373813115454001 170 S03 E55 34CC 1 37°38'04'' 115°47'02'' 4,870 537 
O-05 373708115482201 170 S04 E55 08AA 1 37°37'08'' 115°48'25'' 4,910 250 
O-06 373817115483301 170 S03 E55 31 1 37°38'08'' 115°49'49'' 4,890 250 
O-07 373830115503201 170 S03 E55 31CBBC1 

Vineyard 
37°38'30'' 115°50'35'' 4,879 280 

O-10 374020115494101 170 S03 E54 24 2 37°40'19'' 115°51'10'' 4,860 327 
O-12 374256115485501 170 S03 E55 05BDDD1 

USBLM - Black Rock Well 
37°42'56'' 115°48'56'' 4,751 29 

O-17 374523115440901 170 S02 E55 24CB 1 USGS-
MX 

37°45'23'' 115°44'48'' 4,800 153 

O-18 380738115502901 170 S03 E55 07CC 2 USGS-
MX 

37°41'47'' 115°50'29'' 4,922 148 

O-19 380338115422001 170 S02 E56 05AD 1 USGS-
MX 

37°48'13'' 115°41'52'' 4,922 193 

Period and Area of Analysis 

Water level declines during the 1978–1989 irrigation seasons were analyzed 
because intensive irrigation began during 1978, crops had been inventoried, and 
sufficient water-levels were measured during this period.  Irrigated acreage and 
groundwater withdrawals by well were estimated in Penoyer Valley during 1960–1998 
(Moreo and others, 2003).  Irrigated crops covered between 900 and 2,300 acres during 
the period of analysis.  The irrigation water was entirely ground-water except for local 
precipitation because surface-water supplies are absent.  Annual ground-water pumping 
for irrigation ranged between 2,600 and 11,800 ac-ft assuming application rates of 3 
and 5 ft/yr (Figure 2).  These application rates range from the minimum to most likely 
(Moreo and others, 2003).   

http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373907115461701
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373955115490201
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373842115492301
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373813115454001
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373708115482201
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373817115483301
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=373830115503201
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=374020115494101
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=374256115485501
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=374523115440901
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=380738115502901
http://nwis.waterdata.usgs.gov/nv/nwis/gwlevels/?site_no=380338115422001
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Figure 2.—Annual pumpage from Penoyer Valley for application rates of 3 and 5 ft/yr.   

Water Levels and Drawdowns 

Water-level changes were observed in twelve wells that were affected by ground-
water pumping for irrigation (Table 1, Figure 1).  Water levels have been measured as 
frequently as weekly and as infrequently as annually.  Annual and quarterly 
measurements occurred during the 1978–1989 period of analysis (Figure 3).  Water 
levels in the observation wells ranged between 20 and 240 ft below land surface.   

Drawdowns were estimated by subtracting water levels measured during the test 
period from water levels that were measured during October 1978 prior to most 
pumping (Moreo and others, 2003).  Drawdown rates ranged between 0.5 and 1 ft/yr 
and these extremes were observed in wells O-12 and O-02, respectively (Figure 3).  
Well O-12 was more than 2 mi from the nearest pumping well and well O-02 was within 
2,000 ft of the nearest pumping well (Figure 1).   
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Figure 3.—Water level changes in selected observation wells and period of analysis. 



 6 

Numerical Analysis  

Hydraulic properties of the basin fill were estimated by minimizing differences 
between simulated and measured drawdowns.  Drawdowns were simulated with a 
three-dimensional, MODFLOW model that simulated seasonal, spatially distributed 
pumping (Harbaugh and McDonald, 1996).  Parameter estimation was performed by 
minimizing a weighted sum-of-squares objective function with MODOPTIM (Halford, 
2006).   

The model domain was discretized into 233 rows and 169 columns (Figure 4).  
Rows and columns were assigned widths of 1,000 ft where observation wells and the 
majority of pumping wells existed.  Row and column widths were multiplied by 1.1 from 
the area of 1000-ft on a side cells to the edges of the model that extended laterally 
330,000 ft away.  All lateral model boundaries were specified as no-flow boundaries.  
The model grid was oriented north-south in UTM, zone 11 for convenience where the 
lower, left model corner was easting 590,567 m and northing 4,148,254 m.  The basin 
fill was simulated with a single 1000-ft thick layer.  The base of the aquifer system was 
specified as a no-flow boundary.  Changes in the saturated thickness of the aquifer 
were not simulated because the maximum drawdown near the water table was small 
relative to the total thickness.     
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Figure 4.—Numerical model grid, pumping wells, and observation wells in 
Penoyer Valley.  

The 1978–1989 irrigation seasons were simulated with twenty-four stress periods 
and the first period started April 1, 1978.  Each stress period was divided into 25 time 
steps, the initial time step was about 0.0001 d, and successive time steps were 1.3 
times greater than the previous time step.  Recovery from each irrigation season 
occurred during the even numbered stress periods when no pumpage was simulated.  
Initial conditions of zero drawdown were assigned throughout the model domain. 
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Hydraulic Property Estimates  

Transmissivity and specific yield of the basin fill were estimated as 
homogeneous, isotropic properties throughout Penoyer Valley to match measured 
drawdowns.  Simulated drawdowns matched measured drawdowns with a weighted 
RMS error of 0.4 ft (Figure 5).  This is a small error relative to drawdowns of 20 ft after 
12 years of irrigation.   

Simulated and measured rates of annual decline agreed well in representative 
wells O-2 and O-12 (Figure 5) and all other wells (Appendix B).  This suggests that the 
hydraulic properties of the basin fill can be interpreted reasonably with homogeneous 
units where the hydraulic diffusivity, transmissivity divided by storage coefficient, is 
100,000 ft²/d.  The hydraulic diffusivity estimate is relatively constant for annual 
application rates between 3 and 5 ft.   

Transmissivity of the basin fill ranged between 10,000 and 17,000 ft²/d for annual 
application rates of 3 and 5 ft, respectively (Table 2).  Specific yield ranged between 
0.10 and 0.17 for annual application rates of 3 and 5 ft, respectively. Transmissivity and 
specific yield estimates increased proportionally with increased application rates.   
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Figure 5.—Simulated and measured drawdowns in representative observation wells 
O-02 and O-12 during 1978-1989 irrigation seasons with an annual application 
rate of 5 ft.   

Table 2.—Hydraulic properties estimated with the numerical model.  

Hydraulic Property 3-ft 5-ft

Specific yield 0.10 0.17 d'less

Transmissivity 10,000 17,000 ft²/d

Application Rate

 



 10 

Simulated drawdowns between 0.2 and 1 ft affected between 210,000 and 
110,000 acres, respectively, after the 1989 irrigation season (Figure 6).  Hydraulic 
property estimates are integrated values for an area of about 110,000 acres if the 
detection threshold for drawdown is assumed to be 1 ft.  Between 68 and 90 percent of 
the pumped volume was released from storage between simulated drawdowns of 4 and 
1 ft, respectively.  The affected areas and percentages of pumped volumes were not 
affected by differences in annual application rates of 3 or 5 ft.   

The contributing area for the Penoyer aquifer test was much greater than the 
contributing area of conventional aquifer tests because the pumped volume ranged 
between 64,000 and 106,000 ac-ft.  This is about 2,000 times greater than the volume 
pumped during a conventional aquifer (pumping) test.  For example, continuously 
pumping 3,000 gpm during a 3-d period removes less than 40 ac-ft from an aquifer.   

 
Figure 6.—Simulated drawdowns  on March 31, 1990 at the end of stress period 24 

after recovering from the 1989 irrigation season.   
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Appendix A—Driller’s logs from Penoyer Valley   

 



WELL LOG AND REPORT TO THE STATE 
ENGINEER OF NEVADA 

'PLEABE 00BKPLETE THIB FOBM M IT0 ENTIBETY 

J@"--..;, 
Log NO.._..S.~ _.&_ .......... _.+.. 

Loution of well: S-W.-%SK.~ kh?, T.-~.O/S, R~XE, in.. .......................................................... A/FJL@LU .............--.-..... Co mtp 

..... or...- ........ -PEkL@.Z'.'. Y~.~.L.&.x .................................................................................................................... 
/ 

Water will be lued for ... A~PA~.~c.I~.~.R&&HxE~c..To~~~ depth of well ....... L3.d .................................... 
S i  of drilled hole ................ /B.?. .................................. '...weight of cming per linear foot ...................... h.hh.h.hhhhhhhhhhhhhhhhhh .... - - 

,3+.J0 ........... ...... ...................*............*.* Thickness of casing .....,........ e m .  of water .....,,... - ,-..- ".. 
/ f 

Diaqeter and l eg& of casing .....-.. /%.II!L ................ i./3~--?2 ....................................... : ..................... .......................... :.. 
(Caaing 12" in diameter and under give inside diameter; casing 12" in diameter dve outaide diameter.) 

---... .............................................................. If flowing well give flow in c.f.s. or g.p.m. and pressure .............-. - ................................. .. , 
I 

........- ................................................. .......... ......................... If nodoring well give depth of standing water from surface- /.QJ i.. - 
If flowing well describe concrol works ...................... ............. ........-............................................................................................................ 

(!L'ype and nice of valve, etc.) 
.4 4 

Date of commencement of well ..... ~f.rl./1/.~--.~-~fd-~~-.~ate of mmplekion of well 

...... . ..... Type of we11 rig A@--ZZ'A..E.XLDZkL.L - ......................................................................................................... 
Water-bearing Formation, Cneing 

Perforatlone, Etc. 

Chief aquifer (water-bearing 
formation) 

.............................. Other aqulfera -.............. 
.. .......................................... .....................-......- 

............................................................ -....- ".-- 

# . 
~ i r s t  rater at ...d.c& ..-. l a t e  



Fnrm 
feet 

To 
feet 

- 
From 

. feet 

I . 
ODNRJRAL INFORMATION-Pumping Test, Quality of Water, RJtc. 0' 

WEU DRILLER'S STATEMENT 

This well was drilled under my juriediction and the 
above information is true to my best information and 

-- ~ 

(Not to be filled in by Driller) 

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











WHITE-DIVISION OF WATER RESOURCES STATE O F  NEVADA OFFICE USE ONLY 
CANARY-CLIENT'S COPY ........................ 

DIVISION OF WATER RESOURCES Log No 
PINK-WELL DRILLER'S COPY 

WELL DRILLERS REPORT Basm 

PRINT O R  TYPE ONLY Please complete this form in its entirety 
r .......... a NOTICE O F  INTENT 

. OWNER ADDRESS AT WELL LOCATION ................................................................... 
MAILING ADDRESS ...... 

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

....................... 2. LOCATION .... .... % ~ e c  ...... ............ N/S R ..... --.>........................~ounty . 
..... --........ PERMIT NO..JLC!.W.Y..: ..................................................... .................................... 

Issued by Water Resources Parcel No. Subdivision Name 
I 

Material 
Water Thick- I a I 0 I I ness 

3. TYPE O F  WORK 
New Well Recondition 

Deepen Other 0 

- 2 3  T Date started ........................... J-L.... ........ ! ........... .............................................. 19C.f. 
d . 

Date completed .................... .!$! .....-.: .... :.?...L ............................................. 1&:d.. 

7. WELL TEST DATA 

4. 

Domestic 
Municipal 

Pump RPM G.P.M. Draw Down After Hours Pump 

6. LITHOLOGIC LOG 

I I I 

BAILER TEST 
3 ., ,'-F 

G.P.M .............. :%..L .................. Draw down ...... ..... feet ../- ........ hours 

..................................... .............. .............. 
L - - .. - 

/ 
G.P.M Draw down feet hours 

Casing record ............................................................................................................ 
.... .......... .......................................................... Weight per foot Thickness L.,,~..J 

PROPOSED USE 

Irrigation Test 
Industrial Stock 

5. TYPE WELL 

Cable Rotary @ 
Other 

Perforations: - - 
Type perforation ........ ~.:.?..c..:z ...... .I%.:.? .................................. 

8. WELL CONSTRUCTION 
' I  C 

Diameter hole ..... Lk..+.inches Total depth ....... ~S..L%:........feet 

Diameter From To 
Q .  - 

f -  
Size perforat!on ..... .... 2 .....I$ ................................................................ 

-- 7 

From ................ /..k..< ................ feet to  A4.: .. C ..................... feet 

............... &: .............. mches ............ i; ............. feet 

................................ inches ............................ feet 

................................ inches ............................ feet 

inches feet ................................ ............................ 
................................ inches ............................ feet 

................................ inches ............................ feet 

From ............................................ feet to .................................................... feet 
From ................................................ feet to .................................................... feet 
From ................................................ feet to .................................................... feet 

From ................................................ feet to .................................................... feet 

9. WATER LEVEL 

.........- &.S.L.feet 

............................ feet 

............................ feet 

feet ............................ 
............................ feet 

............................ feet 

-. , . , 
Static water level ............ /..A? .....?................................ feet below land surface 

Flow ....................................................... P .  ............................................ P.S.I. ,- 
'L 4 

Water temperature .!..??..!:..l,P F. Quality ....... L ..... !...fi .... ?.! ....................... 

Surface seal: Yes No ~ ~ p e . . . & & , . . a . ; . . ~ , . c . ~ ~  ........ .- 
7 ,  - Depth of seal ........................... 17 ....... Z ............................................................. feet 

Gravel packed: Yes 0 No - 
r'- .- 

Gravel packed from .......... 2 .... J................ feet to ........ ,.C.:.C ......... feet 

- - 

DRILLERS CERTIFICATION 

This well was drilled under my supervision and the report is true to 
the best of my knowledge. 

? 1 

........ ................................... ........ Name ,.&.I.C!/./~ ~r'd~:.k...dk.5...5...~ 
Contractor 

I 
..I 

-7 c: - 
b i -  ............. -. . - - - - - - . .  ..... ...... 

-- 
Address A!&.: X'............. ..L :: k . . . L . ~ k C . . r i k  & q . i  - 

Contra or 

..................... ............ Nevada contractor's license number -?5~.~<...~~.:..1-7f 

Nevada contractor's drillers number ................................................................. 

Nevada driller's license number ................... JJ~.~IIII~ ..-. 2 .............................. 
, 4 / 

Actual Driller 
/ 

Signed .................... ~!./.~.~.if./fi?.~.%:::~~:::~.-:=.-.../~ ............... 
Contractor - 

L,' - . .r -. %' 
Date ............................ ; ............... dk .................. i j  ..... ..................................... 













































? 

WELL LOG AND REPORT TO THE STATE 
ENGINEER OF NEVADA 

@ TE THIS FOBM IN ITS ENTIR 

Owner. .............. .......... Dril 

Ad 

 outi ion of well: .-... y~ ....... y~ ss~r;l.X 
0 

Water will be used for 

Size of drilled hol 

Thiclaress of caa 

I 
Diameter and length of using ... ~Z-..Y . ~ K L  ..... ......................................................................................................... ................ 

(Caeing 12" ln diameter and under give b i d e  diameter; caalng 12" in dlameter give ontalde diameter.) 

If flowing well give flow in c.f.8. or g.p.m. and pressure ................ A% L ...-...................... - ......-................................. .. ...................... . ,. .. 
f 

....* ................................................ ........................................ If nodowing well give depth of otanding water from ourface - 
......... ~f flowing well describe control works &&I%'..... .................................................................................................................. 

(Type and & of valve, ete.) 

Date of commencement of w Date of completion of well ............................. 

LOO OF rnRMATIONS 
Water-bearing Formation, Oaaidg 

Perforations, Etc. 

Chief aquifer (water-bearing 
formation) 

.......... *....... from ..... ,FV t o  3LSb. a 

................................................ Other aquifers 

Firat water at 

Caeing perforated 

from 

S h  of perforations 



To 
feet 

OARING RECORD 

"Remarke"-Seals, Qmutlng, Btc 

WELL DRILLER'S STATEMENT 

This' well waa drilled under my jurisdiction and the 

Sign 

(Not to be filled in by Driller) 
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Appendix B—Simulated and measured drawdowns, All wells 
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