


Imperial National Wildlife Refuge 
 
Fish Pond Enhancement Program 
 

Geotechnical and Geohydrological Findings 

Scope of Project: 

Geotechnical investigations were performed in order to ascertain the presence of 
permeable sediments near the existing fish ponds in anticipation of drilling several high 
capacity production wells. Additionally, sediment samples were collected in the upper 
zones to determine the percentage of fines. 

Location: 

The project site is located in the west '/z of section 13 and east ?4of section 14, T. 5 S., R. 
22 W. The area can be found on the Imperial Reservoir 7.5 minute quadrangle. The site 
is within the Imperial National Wildlife Refuge (INWR)and bounded on the west by the 
Colorado River and to the east by the Martinez Lake Inlet Channel. The surface is 
composed of silty, fine sands of recent Colorado River floodplain deposits (see Figure 1). 
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with location and logging of the final two wells. Rick Hick of the Surveying Branch 
performed the final survey of each well site. Front cover photography by Gabriella 
Lopez. 
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Drilling and Geological Logs: 

Six drill sites were permitted and drilling began December 19,2005 and work was 
completed January 24,2006. Several sites were moved from their original positions and 
only five of the six sites were drilled. It was decided the sixth hole was not critical for 
additional geological data. The drill holes were designated as TH- I ... 6, with TH 
implying Test Hole. The following Table I summarizes the test holes and detailed 
geologic, geophysical and completion logs can be found in Appendix l. 

TABLE I 


Test Hole Drill Dates Drill Depth eft) ADWR# 

INWR TH-l 12/19/05 - 12/28/05 109 55-209305 

INWR TH-6 12128105 - 115106 124 55-209310 

INWR TH-4 119/06 - 1117/06 99 55-209308 

lNWR TH-5 1/17106 - 1118/06 40.5 55-209309 

lNWR TH-2 1/18/06 - 1124106 40.5 55-209306 

lNWR TH-3 Not Drilled 55-209307 


Drilling was accomplished using a CME 85 drill rig. A combination of hollow-stem 
augering, sp li t-spoon sampling, and direct mud-rotary was employed to gather geo logic 
data and complete the wells. Eight-inch dianleter augers were used and mud rotary 
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drilling used a four-inch tri-cone rock bit. The split-spoon sampler was 1 V;' X 2 foot 
and samples were co llected using the hydraulic drive to push ahead of the auger bit. 

Geologic logs of the existing two production wells (INWR #1, drilled in May 1999 and 
INWR #2, drilled in May 2002) were constructed to conform to the format and 
interpretations of the exploratory holes. These logs are included in Appendix 1. 

Subsurface Geology 

Detailed geologic logs with water table depths are in Appendix 1. A generalized cross 
section, Figure 2, shows a subsurface geologic profile viewed towards the west (towards 
the Colorado River). The subsurface geo logy consists of 60 to 100 feet of unconsolidated 
Colorado River sediments of which the top 30 to 40 feet is mostly fine-gra ined silty sand 
underlain by about 30 to 60 feet of permeable sand and gravel. The sediments are 
saturated except for the upper 5 feet or so. Minor thin clay layers occur within the silty 
sand. Underlying the Colorado River sediments is an undetennined thickness of various ly 
consolidated si lty, clayey, gravell y sand collectively referred to as fanglomerate . Exact 
starting depth of the fanglomerate was uncertain during drilling and the depths shown in 
the cross section (Figure 2) are approximate. The fanglomerate is composed of varyingly 
consolidated alluvial fan deposits oflocal origin. The fanglomerate has comparatively 
low permeability. The 30 to 60 feet thick sand and gravel Colorado River sediments 
appear to have hi gh water-yielding properties. The underlying fanglomerate is thought to 
be capable of yielding water but to a significantly lesser degree than the overlying 
sediments. 

I~. NII>orooi Wilcljj f<o At. LEGEND 
81 ........"0...... 
 CROSS SECTION

O":"'-~ ,_.... 2CIOII . alll'Y8.l.ND

r--------1 D .,,"
r---:::= ---1 THtlA.T~ . TH2A.TH1A D8ANDANDQRAVEl 

~ Looklr'll WOII _ C!.AY 

~ 0 fANQ(.QMERATE 

FTGURE2 


3 


http:alll'Y8.l.ND


Subsurface Sediment Gradations 

During drilling push samples were taken at various intervals generally within the first 40 
feet of hole. The following Table 2 summarizes the results. The graphical gradation 
sheets can be found in Appendix 11. 

TABLE 2 

Hole No. Interval (fir Soil Classification Remarks 
TH- 1 2.0 4.0 SM; Silty sand 

9.0 - 10.5 SM; Silty sand 
10.5- 11 .O SM; Silty sand 
14.0- 16.0 ML; Sandy silt 
19.0- 19.8 CL; Lean clay 
19.8-20.2 ML; Silt 
20.2 -20.3 ML; Sandy silt 
28.0 -29.5 SP-SM; Poorly graded sand with silt 
29.5 -30.0 SM; Silty sand 
38.0 -40.0 SP-SM; Poorly graded sand with silt and gravel 

SP; Poorly graded sand During well development 

SP-SM; Poorly graded sand with silt 
CL; Lean clay 
SM; Silty sand 
SP; Poorly graded sand 

SM; Silty sand 
SM; Silty sand 
SP-SM; Poorly graded sand with silt and gravel 
SP; Poorly graded sand 
SP; Poorly graded sand with gravel 
SW; Well-graded sand with gravel 

SM; Silty sand From auger flight 
CL; Lean clay 
CH; Fat clay 
SP-SM; Poorly graded sand with silt 
SP-SM; Poorly graded sand with silt 

SM; Silty sand 
SM; Silty sand 
ML; Silt with sand 
SM; Silty sand 



Pump Tests and Aquifer Parameters 

A pumping test was done on the water supply well drilled in 2002 and referred to as 
INWR Well #2. This well was drilled to a depth of 155 feet and screened with 90 feet of 
16-inch diameter wirewrap type 304 stainless steel with .02 inch slot width. The screened 
interval was 46 to 136 feet depth. The four hour test was done on December 29,2005. 
The well was pumped at a maximum rate of 1600 gpm. Static water level was 7.04 feet 
(elevation 183.33 feet above mean sea level). Pumping level at 1600 gpm was 92.53 feet 
and slowly dropping at the end of the test. Maximum drawdown was 85.49 feet with a 
specific capacity of 18 gprn per foot of drawdown. Water temperature was 21.6"C 
(71O F ) .  

A 1 liter water sample was taken for chemical analysis (see Appendix 111). Aquifer 
parameters were estimated from recovery of the pumped well at the end of the test and 
also recovery of INWR Well #1 (not pumped), 43.5 feet north of INWR Well #2. INWR 
#1 was drilled in 1999, completed with 14" diameter .03" slot wire-wrap stainless steel 
screen from 71 to 15 1 feet depth, and pumped at a maximum rate of about 1400 gprn in 
1991. Transmissivity calculated from the recovery of INWR #2 was about 480,000 
gpdfoot. Specific yield of the sandy soils above the fanglomerate appears to be about 
10% based upon the recovery of INWRWell #1 following the step drawdown test of 
INWR#2. 

This pumping test is believed to be representative of aquifer parameters for the INWR 
site based upon well logs of INWR #1, INWR #2, and well logs of recently drilled test 
holes TH-1, TH-2, TH-4, TH-5, and TH-6 (see Appendix IV). 

GroundwaterISurface water relations 

There is good hydraulic connection between the different layers of the sedimentary soils 
of the INWR site. Evidence for this is seen by the high transmissivity calculated from the 
pumping test of INWR #2 and the drawdown of 0.36 feet (static 6.07 feet to 6.43 feet) 
observed at the new USBR well TH-1-- 1,671 feet away from INWR #2 after 4 hours of 
pumping. It seems appropriate to evaluate the ground-water reservoir at the site as a 
water table aquifer with good hydraulic connection between layers of the geologic 
subsurface, the local ponds, and the Colorado River. Recharge from the ponds and the 
river to the aquifer should be rapid when wells are pumped with only minor drawdown 
between wells. Pumped wells a few hundred feet apart should have minimal interference 
with one another. 

Surface and Groundwater Chemistries: 

During the course of this study nine water samples were collected for complete analyses. 
Two of the samples were surface water grab samples. One surface water sample was 
from the lift pump station at Martinez Lake Inlet. This water, diverted from the Colorado 
River, is used to flood irrigate fields for water fowl. The other surface water sample was 
from the Colorado River near TH-6 at the southern end of the existing fish ponds. 



The two existing supply wells were sampled during a pump test and each of the test holes 
were sampled near the end of the pump test or development phase. The complete 
analyses can be found in Appendix 111. 

The Colorado River and Martinez Lake Inlet water samples show TDS (Total Dissolved 
Solids) values (by evaporation) of 808 and 780 mg/L respectively. Several of the test 
holes exhibit TDS values slightly better than the surface water samples. TH-4 was the 
only test hole to show anomalously elevated TDS values. TH-4 is located where frequent 
irrigation of fields occurs and the higher TDS may reflect evapotranspiration effects. 
Table 3 is a summary of several parameters from the sampling effort. 

TABLE 3 

Site TDS (mdL) Temp. ("C) Date Coll. 
Colorado River 808 10.6 1/5/2006 
Martinez Lake Inlet 780 13.1 12/29/2005 
INWR#1 832 21.6 12/22/2005 
INWR #2 748 21.6 12/29/2005 
INWR TH- 1 624 22.2 12/27/2005 
INWR TH-2 796 22.8 1/24/2006 
INWR TH-4 1350 22.5 111 712006 
INWRTH-5 788 22.2 111 812006 
INWR TH-6 672 21.6 1/5/2006 

"estimated 

Recommendations: 

The estimated additional ground-water requirement to operate the enhanced fish ponds is 
about 3000 gpm. The pump test suggests that the aquifer performance could provide 
between 700 to 1000 gpm per production well. This is dependent upon site specific 
aquifer properties, screen length, screen slot size, and gravel pack. We recommend a 
phased production well installation schedule. This would require, at a minimum, three 
production wells (and perhaps four) that could be located in the north portion of the study 
area. The distance between production wells could be as little as 200 feet without 
significant interference. 

Fred Croxen -Geologist Earl Burnett -Geologist 
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I. Drill Hole and Completion Logs 
11. Gradations 
111. Water Analyses 

a. Colorado River at INWR TH-6 
 
b. Martinez Lake Inlet 
c. INWR#l 
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f. INWR TH-2 
 
g. INWR TH-4 
 
h. INWRTH-5 
 
i. INWR TH-6 
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APPENDIX I 
 

DRILL HOLE and COMPLETION LOGS 



, Arizona 

Imperial National Wildlife Refuge TH-1 ADWR 55-209305 

(Page 1 of 3) 

Bureau of Reclamation 

Yuma Projects Office 


Date Started : 12·19·2005 Driller : USSR, Yuma Area Office 
Date Completed : 12·27·2005 Northing Coord. : 3653581 .8 m (NAD 27, 

Hole Diameter : 8" 0.38'; 4~ 38 · 109' Essting Coord. : 733963.8 m Zone 11) 

Drilling Method : 8" Hollowstem: 4" mudrotary Logged by: ; FCroxen: EBumett 

Logging Method : Action; samples; geophysical Approved by: 

0; 
~ 
u. () 
. E Surf . I 
£; 
c. 
~ 

Elav. 
188 

'"() 
'" 

a. 
~ 

FIELD DESCRIPTION REMARKS 

" ::> <9 

178 

20 168 

156 

40 148 

0·2' GRAVELLY, SILTY SAND (SM); about 60% 
sand, 20% gravel. 20% fines; dry; brown: partly fill ; 

are rounded Colorado River type; maximum 
I 

10.5 • 19' SILTY SAND (SM); about 50% fine, 
gray-brown sand, about 40% fines with about 10% 
black plant fibers at 10.5 • 11 '. 

GPS data Is NAD27 conus. 
Zone 11. 

Elevation data is NGV029. 

Arizona Location: 
(C·S·22)14aba 

8" hollowstem auger hole 
from 0 · 19' depth; 4" dlam. 
mud rotary hole from 19' to 
109' depth using 3--cone rock 
bit. 

Installed 3" J.D. schedule 40 
threaded flush-Joint pvc pipe 
as follows, from bottom to 
top: cap+10' blank+ 70' 
10'5101 screen + 30' blank, 
stickup'" 1.95' 
Land surface elev.'" 167.92', 
Etav . lOp of 3" pvc'" 189.87'. 
Elevations' dalum=NGVD29. 

Installed 20' of 4" I.D, 
galvanized steel surface 
pipe, stickup=2' +/., grouted. 

Placed and cemented 5' of 
steel 6~ dia m. blue surface 
pipe with locking cap. Etev. 
top of 6" pipe, cap removed 
= 190.02' (NGV029). 

Water surface elev. Inside 3~ 
pvc = 183.80'@ 10:23 am 
MST on Dec. 29, 2005. 
{depth to water = ~;&'} 

"I.O}''' 

Test pumped at 61 gpm for 

pvc blank 

no filler, 4" diam, 

28 · 37' SAND (SP); medium. gray sand indicated by 
drilling character, recovered material , a nd 
geophyslcall09S. 

coarse 
I and about 30 minutes: static pvc .01 "slot 

metamorphic (local) 9ravel i by drill ing water level=5.67', pumping 
character, recove red mate rial , and geophysical level=11 .69', specific 
logs. Unconsolidated, Pe rmeable , Seems to be local capacity=10,1 gpm/fl. Clear, 
outwash material. sand free, temp=72 deg. F. 

Water sample taken for 
chemical analysis. 

Well: INWR·TH·1 


Elev.: 189.87' T.O.P. (3" PVC) 




Imperial National Wildlife Refuge TH-1 ADWR 55-209305 
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Bureau of Reclamation 

Yuma Projects Office 


Yuma, Arizona 

est Holes for Water Supply Wells for FiSh Pond 


Imperial National Wildlife Refuge 
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60

70

-

80

-

90

-

100

Surf. 
Elev. FIELD DESCRIPTION REMARKS 
188 

138 
~ ' '0 

~::'i 
SW ~; .~ 

CL 

128 

SW 

Date Started 
Date Completed 

Hole Diameter 
Drilling Method 

Logging Method 

: 12·19-2005 
: 12·27·2005 
: 8" 0-38': 4" 38 - 109' 
: 8" Hollowslem; 4" mudrotary 

: Action: samples: geophysical 

~:C~ 
. " '. -=-::",-::c-==.,-,-::-,--,-,----,--,--,-.,----1

57 - 58' CLAY (Cl): indicated by geophysical logs. 

PUSH TUSE SAMPLES ,LAS.: 
(%flnes.%sand,%gravel.max 
size. remarKs If any)-~ 
2.0-4.0' SM 
(37.8.62.1,0.1,3/8", 1.3' 
recovered) 

9,0-10.5' SM 
~:.'. ;": "'5:':8":-~6:::6":'G~RA::::'V'-:E~l:::l~Y:':S=A::N::=D'7(S"W"'f~):"'m"e"'d::;iu1:m~to~co:!!a~rs:"'e--1 (20.8,79.2.0.0.2.36 mm). . 

sand with some predomlnanUy Ine volcanic and 
~. ?:: metamorphic (local) gravel indicated by drilling' I d h ' Ih t d t....•.:: '0....... c arac er, recovere ma ena, an geop YSlca . ': '0 logs. 

::~; ~ 
::"; .~ 

66 • 64' SAND (SP); mostly sand indicated by drilling 
character, recovered material. and geophysical 
logs: scattered gravels. 

118 

108 

'\,i 
l 

10 .5~ 11 . 0' SM 

(48.4.51 .6.0.0.4 .75 
m n'c r'chl 

mm,o.",a I I 

14.0-16.0' ML 
(52.4.47 .1.0,5.3/8") 

19.8-20,2' ML 
(95.2.4 .8.0.0. 1.18 mm) 

20.2·20.3' ML 
(64 .9.35.1,0.0,2.36 mm) 

28.0-29.5' SP~SM 

(10.1.89.9,0.0,2.36 mm) 

29,5-30.0' SM 
(21.3,78.7,0.0,2 .36 mm) 

38.0-40.0 SP~SM 
(6 .3,56.4,37 ,2,1 .5", 
Cu;;26.9,Cc=0.58) 

Generic Sand SP 
(1.7.98.3,0.0.1.18 mm. 

r--+eoJ-;C;--:-;;;:;;-==:;:;-=;;;:~-;;::=:-:::==-;:-=--1 Cu=2.08,Cc=1.04) 
::';-~., 84 -109' GRAVELLY SAND (SW): appears to be 
:~ ;_.: :. fanglomerate: mostly sand with mixed gravel types, 
':~,! t:~ particularly reddish volcanics. Slow drilling. 

:~"~\ 
" ' ", 0 ' 

:~~ t:~ 
98 

Driller 

Northing Coord. 


Easting Coord. 
Logged by: 

Approved by: 

: USSR, Yuma Area Office 
: 3653581 .8 m (NAD 27. 
: 733963.8 m Zone 11) 
: FCroxen: ESumeti 

Well : INWR-TH-1 

Elev.: 189.87' T.O.P. (3" PVC) 


-no filler, 4" diam. ole 

3" pvc ,01 Hslot sc een 

LL-'...J-3" pvc blank,cap ~106' 

http:Cu=2.08,Cc=1.04
http:1.7.98.3,0.0.1.18
http:Cu;;26.9,Cc=0.58
http:21.3,78.7,0.0,2.36
http:10.1.89.9,0.0,2.36
http:64.9.35.1,0.0,2.36
http:95.2.4.8.0.0.1.18
http:20.8,79.2.0.0.2.36


Imperial National Wildlife Refuge TH-1 ADWR 55-209305 

(Page 3 of 3) 

Bureau of Reclamation Date Sianed : 12·19·2005 Driller : USBR, Yuma Area Office 
Yuma Projects Office Date Completed : 12·27·2005 Northing Coord. : 3653581 .8 m (NAD 27 , 

Yuma, Arizona Hole Diameter : 8" 0·38': 4" 38 • 109' Easting Coord : 733963,8 m Zone 11) 
est Holes for Water Supply Wells for Fish Pond Drilling Method : 8~ Hollowslem: 4" mud rotary Logged by: : FCroxen: EBumett 

Imperial National Wildlife Refuge Logging Method : Action: samples: geophysical Approved by: 

1ii w Well : INWR·TH·1 u. <.) 
Elev.: 189.87' T.O.P. (3" PVC)Surf,.~ :;: 

<J):; Elev. " FIELD DESCRIPTION REMARKS<.)c. 188 <J) ~ 
0 OJ (!) " 

100- 88 

- 1-3" pvc blank.cap -
-

110 - 78 109' BOTTOM OF HOLE 

120 - 68 

-

130 - 58 

~ 
~ 
~ 
1i 
§' 
~ 

I 
~ 
E 

~ 
~ 
~ 
<; 
S 

140 -

150 -

48 

~106' 



Arizona 

Bureau of Reclamation 

Yuma Projects Office 


il u. (.l 
. 5 Surf . I 
,£; Elev, (/) 

(.la. 188 (/) ~ 
" ;:) (!) " 

Date Started 
Date Completed 

Hole Diameter 
Drilling Method 

Logging Method 

FIELD DESCRIPTION 

188 

178 

168 

30 158 

14B 

Imperial National Wildlife Refuge TH-2 ADWR 55-209305 

I 
indicated by recovered 
character, 

"1 

: '·18·2006 
: ,·24·2006 

: 8· 0-40' 
: 8~ Hollowstem 

: Drilling character; samples 

Eastlng Coord. 

LogS"" by: 
Approved by. 

I ' "iij":"20:sCi:;;;;;-;C:w;;;Ert:brC;;:;;;;iE;a;;~wWiii,--i Elev. top of 2- pvc = 190.82'. 
brown; lean clay Elevations'datum=NGVD29. 

I~~~;~~~;~~~~~~~;'~;ered~ Installed 20' of 4~ 1.0.120.5 - 3B' SILTY SA ND (8M); indicated by galvanized steel surface 
material and dri ll ing character . pipe, stickup=1' "'/-. grouted. 

Placed and cemented 5' of 
steel 6- diam. blue surface 
pipe with locking cap. Elev. 
top of 6- pipe, cap removed 
= 190.98' (NGVD29). 

Water surface elev. Inside 2" 
pvc = 183.71'@2:oopm 
MST on Jan. 26, 2006. (depth 
to water = 3.S') 

Pumped for about 10 
minutes: clear, sand free , 
temp=72 deg. F. 
Water sample taken for 

III!~------~--~---------i chemical analysis. 
38· 40.5' SAND (SP): medium to coarse sand with 
angular to subangular gravel to 3/4" m aximum size. 

40.5' BOllom of Hole 

(Page 1 of 2) 

Driller : USBR, Yuma Area Office 
Northing Coord : 3653338.1 (NAD 27, 

REMARKS 

GPS data is NAD27 conus, 
Zone 11 . 

Elevation dala is NGV029. 

Arizona Location: 
(C·5.22)14adb 

8- hollowstem auger hole 
from 0 • 39' depth. 

Installed 2" 1.0 . schedule 40 
threaded pvc pipe as 
follows, from bottom to top: 
cap+30' 10-s101 screen + 10' 
blank, stickup = 3.1' 
Land surface elev,= 187.5'. 

: 734238.9 m Zone 11) 

: TFox 

Well : INWR·TH·2 

Elev.: 190.82' T.O.P. (3" PVC ) 


mailto:183.71'@2:oopm


~;~ Imperial National Wildlife Refuge TH-2 ADWR 55-209305 
~ / 

'~"... ~-' (Page 2 of 2) 

Bureau of Reclamation Dale Started : , , '8·2006 Driller : USBR, Yuma Area Office 
Yuma Projects Office Dala Completed : '·24·2006 Northing Coord. : 3653338,1 (NAD 27.

Yuma , Arizona Hole Diameter : 8" ().40· Easting Coord. : 734238.9 m Zooe 11) 
est Holes for Water Supply Wells for Fish Pond Drilling Method : 8~ Hollowstem logged by: : TFox 

Imperial Na tional Wildlife Refuge logging Method ; Drilling character; samples ApprOIJed by: : 

ii Well : INWR-TH-2u. u 
.S Surf. I Elev.: 190.82' T.O.P. (3" PVC) 
,; Etav. '" ~ FI ELD DESCRIPTION REMARKS c. 

'88 
u 

~ '" :J " 50 '38 
PUSH TUBE SAMPlES,LAB.: 
(%fines,%sand,%graveJ,max 
size, remarks if any)
8.0·10.5' SP-SM 
(B.4,91 .6.Q.O,Cu=2.64.CC= 1.4 
Q,D50"".18Smm) 

18.0-20.5' Cl 
(97.8.2.2.0.0.LL=46.9.PI=26.6 

60 - '26 
) 

28.0-30.5' SM 
(19.6.80.4,0.0.050=0.10mm) 

38.0-40.5' SP 
(2.1.88.9.9.0.19mm,Cu;;:2,91. 
Cc=O.80, D50=O.385mm) 

70 118 

'. 

80 ,os 

~ 
$ 
§ 

I 90 98 

~ 
~ 
E 

I
u 

; 100
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Imperial National Wildlife Refuge TH-4 ADWR 55-209308 

Bureau of Reclamation 
Yuma Projects Office 

Yuma , Arizona 

Date Started 
Date Completed 

Hole Diameter 
Drilling Method 

logging Method 

: 1-9-2008 
: 1-11-2006 
: 8" 0.24'; 4" 24 · 99' 
; 8" Hollowstem; 4~ ml.ldrotary 

: Action; samples; geophysical 

Drllte~ 

Northing Coord. 

Eesting Coord. 

l09ged by: 
Approved by: 

(Page 1 of 2) 

: USSR. Yuma Area Office 
: 3652574.0 m (NAD 27, 

: 73S011 .6m Zone 11) 

: FCroxen; EBurnell 

Well : INWR-TH-4 
Surf . 
Elev. 

'87 

177 

U 
I 

<n 

~U 
<n 
::> (!) 

FIELD DESCRIPTION 

(SM); moist; brown; about 60% 
fine sand, about 40 % fines. Grass at surface. 
Scattered rounded gravel In vicinity at surface. 

REMARKS 

GPS data Is NA027 conus. 
Zone 11 . 

""7-,-'"'"""'''''=-=-=-:-:::--,,=,--,--,----,--,-=,.,---1 Elevation dala is NGV029. 
5 - 10' SILTY SAND (SM); wet; brown; about 60% 
fine sand; about 40% fines 

11i;-:-:;-;:r,R.i:vEliYiiA!illi"c(sswiNi):-:;a;;ib;;o;;u;lIB6iiOO;%'s;'.;;n;;dl,-1 from 0·24' deplh; 4" diem. 

~;:~;~~~~~~~~~~~~~~I~:~:==~ 99' depth using 3-cone rock 

Elev.: 189.54' T.O.P. (3" PVC) 

, ': 

'M---grout 

l---IS"hole 

..L 

4"-8" 
I 

20 '67 

' 57 

'47 

; rounded Colorado River 

by drill ing 

Arizona location: 
(C-5-22)'3cdbb 

8" hollowslem auger hole 

mud rotary hole from 24' 10 

bit. 

Installed 3" 1.0. schedule 40 
threaded flush-Joint pvc pipe 
as follows , from bottom to 
top: cap+80' 1O-slol screen 
+ 17' blank. stickup =2.1' 
above land surface. 
land surface elev.= 187.4'. 
Elev. top 0'3~ pvc = 189.54'. 
Elevations'datum=NGV029. 

1-1~1E2~~~!]~~~~~~~~~~~~-1Installed 20' of 4" 1.0,IiiI galvanized steel surface 
and geophysical logs. Rough pipe. sUckup=2' +/_. grouled. 

Placed and cemented 5' of 
steel 6~ diam. blue surface 
pipe with locking cap. Elev. 
top of 8" pipe, cap open = 

r--j7i32-:e;r:SAND~~-;;;0SiiV!:a;;dTr;(i;oaiedbVdrimnalI89 .67' (NGVD29). 

Water surface elev. Inside 3" 
pvc = 182.57' on Jan. 20, 
2006 at4 pm. 

Nollesl pumped. 

http:r--j7i32-:e;r:SAND~~-;;;0SiiV!:a;;dTr;(i;oaiedbVdrimnalI89.67


Imperial National Wildlife Refuge TH-4 ADWR 55-209308 
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Bureau of Reclamation 

Yuma Projects Office 


Yuma, Arizona 

est Holes for Water Supply Wells for Fish Pond 


Imperial National Wildlife Refuge 


Date Started : 1-9-2006 Driller : USBR. Yuma Area Office 
Date Completed : ,-11·2006 Northing Coord . : 3652574 .0 m (NAD 27. 
Hole Diameter : 8~ 0-24'; 4" 24 - 99' Easting Coord . : 735011.6m Zone 11) 
Drilling Method : 8" Hollowstem: 4" mudrotary Logged by: : FCroxen; EBurnetl 
Logging Method : Action; samples; geophysical Approved by: 

Qi 
~ 
"
.~ Surf . 
,5 
" 
~ 

Elev. 
187 '" U 

'"0 ::J 

Well : INWR-TH-4 
U 

Elev .: 189.54' T.O.P. (3" PVC) I 
0.. FI ELD DESCRIPTION REMARKS 
C;; 
(!) 

50 137 

..~',~; 

:.1; 

SP 
',., ..; 

60 - 127 
.. 
,{, 

" I .,' 64 - 91' FANGLOMERATE (SM): mostly sand with 
~ i. ~ scattered gravel, partly cemented indica ted by 
'I . ., drilling character and geophysical logs. Circu lation 
· 1 .., : I bl pro ems, poor recovery. 
" .. 
.~(~ 

70 117 
~ i.'~ 
~i. ~ 
'/.' , . . '/ 

~ i. ~ 
~i. ~ 
'/ . '/

FAN . 1 .. 

'~i. ~ 

80 107 ~i. ~ 
~i. ~ 
~i. ~ 

S 
~ -

.~(~ 
'/ .., 
" .. 
,/ . ., 

~ " .. 

l ~i. ~ 
'~ i.'~ 

~ 90 - 97 ~ i.'~ 

'2 

i 
E• ~ 
~ 

" 

" I.,' 91 - 99' FANGLOMERATE (SM): gravelly--indica ted 
~ i ~ by drilling character and geophys ica l logs. 
., .'., Circulation problems and poor recovery resulted in 

FAN i~" i decision to stop drilling and complete the hole at this 
. I .· depth . 

~i. ~ ., .., 
: '. : 

PUSH TUBE SAMPLES.LAB.: 
(%fines.%sand.%gravel.max 
size. remarks If any)-
4.0·4.2' $M 

(26.7,71 .3.0.0 ,2.36 mm) 


9.0-11 .0' SM 
(45.1.54.9,0 .0.4.75 mm) 

14 .0·16.0' ML 
(76.9.23.1 ,0.0.2.36 mm) 

19.0-21.0' SM 

(38.9,61 .1,0.0,4.75 mm) 


~ 
1=1=~--- 3"PVC 
E~ .01"510 

screen 

~ 
~ 
~ 
~ 
~ 
~ 
~ 

Ii 
~ 

~ 

~ g 
~ 
~ 
~ 
~ c;;:;;::1-_____ :.j.... pvc '

cap 

~ 99' Bottom of Hole 100 ~ 
N 
0 
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Arizona 

Imperial National Wildlife Refuge TH-5 ADWR 55-209309 

(Page 1 of 2) 

Bureau of Reclamation Date Started : 1-17-2006 Driller ; USSR. Yuma Area Office 
Yuma Projects Office Dale Completed ; H8·2006 Northing Coord. : 3652620.6 m (NAD 27, 


Hole Diameter : 6" 0-39 Eastlng Coord, : 734531 .0 m Zone 11) 

Drilling Method : 8" Hol1owslem Logged by: : TFo)( 

Logging Method : Drilling character: samples Approved by: 


Q; 
Well : INWR-TH-Su. ()" 

Surf . Elev.: 190.39' T .O .P . (3" PVC).S: :;: 
~ (/JElev. " FIELD DESCRIPTION REMARKS0. ()

167 (/J ~ 
C" :J Cl 

GPS data Is NAD27 conus, 
Zone 11 . 

Elevation data Is NGvD29. 

Arizona Location: 
(C-5-22)13cbC 

8~ hOilowstem auger hole 
from 0 - 39' depth. 

Installed 2~ 1.0, schedule 40 

177 

167 

157 

~~~!:~~~t>i:~:~~0::~~~::1, 

~~~~~="",,::7.,,",,=.,--,-::--:--:-:--:-::::-_ 
20.5·28' SILTY SAND (8M): Indicated by drilling 
character and recovered material. 

=-,;:;-;;--;:-;=::;-;==~==-____
l'tiHI'-;2:::S:'.S':_::4:':0.::'S':"S';A::':"N~D::W~IT~H~S:LI L~T~(S~P~-'=S"'M")-:m- o-s""

indica ted by drilling character and recovered 
material. 

40 147 

threaded pvc pipe as 
fol1ows, from bottom to top: 
cap+20' 10-slot screen '" 20' 
blank, stickup = 3.0' 
Land surface elav,= 187,4', 

Elev. top of 2M pvc = 190.39', Elevatlons'dalum=NGVD29. 

_ --1lnstalled 20' of 4" 1.0. 
galvanized steel surface 
pipe, stickup=1' +/-, grouted. 

Placed and cemented 5' of 
steele" dlam. blue surface 
pipe with locking cap. EJev, 
lOp of 6" pipe, cap removed _ --1 ; 190.52' (NGVD29). 

tly-sa-n-d:--'l Water surface alev. Inside 2" 
pvc = 183.41 ' @4:40pm 
MST on Jan. 20, 2006. (depth 
to water = 4.0') 

Pumped for about 10 
minutes; clear, sand free, 
temp=72 deg. F, 
Water sample laken for 
chemical analysis. 

mailto:183.41'@4:40pm






















APPENDIX I1 
 

GRADATIONS 
 



2.0 - 4.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication 

coarse gravel fine gravel coarse sand fines 
- m 

75 rnrn 37.5 rnm 19 rnrn 9.5 rnrn 4.75 rnm 
1.00 g 

2.36 rnrn 
0.30 g 

no 50 
.3 rnrn 
2.20 g 

1.18 rnm .6 rnm 
0.80 g 1.40 g 

total - no. 4 tested 100.00 g 

no 100 no 200 
. I5 rnrn ,075 rnrn 
8.80 g 62.20 g 

moisture content NA 

Imin 
,037 rnrn 

4min 
,019 rnrn 

19rnin 
,009 rnrn 

60rnin 
.005 rnrn 

7hr15 
.002 rnrn 

25hr45 
,001 rnm 

Coef. of uniformity NA Coef. of curvature NA D60: 0.100 rnrn D50: 0.0879 rnrn D30: NA D10: NA 

Gravel 0.1 % Sand 62.1 % Fines 37.8 % 

http:1,000.00


9.0 - 10.5 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 
a , * , 
 

no200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 
,075 mm ,037 mm ,019 mm .009 mm ,005 mm .002 mm .001 mm 
79.20 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 10 mm D50: 0.0998 mm D30: 0.0821 mm D10: NA 

Gravel 0.0 % Sand 79.2 % Fines 20.8 % 

http:1,000.00


10.5 - 11.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

no30 no 50 no 100 no200 Imin 4 min 19min 60 min 7 hr 15 
.6 mm .3 mm . I5 mm .075 mm ,037 mm .019 mm .009 mm .005 mm .002 mm 
0.40g 0.70g 2.109 51.60g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0882 mm D50: 0.0767 mm D30: NA D10: NA 

Gravel 0.0 % Sand 51.6 % Fines 48.4 % 

http:1,000.00


14.0 - 16.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g ML; Sandy silt. Total weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no 200 I min 
.3 mm .I5 mm ,075 mm ,037 mm 

5.00g 0.80g 1.30g 1.90g 2.00g 5.50g 142.00g 

total - no. 4 tested 300.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0843 mm D50: NA 

Gravel 0.5 % Sand 47.1 % Fines 52.4 % 

http:1,000.00






20.2 - 20.3 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 
 

total dry wt tested 1,000.00 g ML; Sandy silt. Total weights entered as constants for percentage replication. 
 

coarse gravel fine gravel coarse sand fines 

I

3in 1 112in no 50 no 100 no 200 Irnin 4 rnin 19 rnin 60 rnin 7 hr 15 25 hr45 
75 rnrn 37.5 rnrn 19 rnrn 9.5 rnrn 4.75 rnrn 2.36 rnrn 1.18 rnrn .6 rnrn .3 rnrn .I5 rnrn .075 rnrn ,037 rnrn ,019 rnrn ,009 rnrn ,005 rnrn .002 rnrn ,001 rnrr 

0.20g 4.109 35.10g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA 

Gravel 0.0 % Sand 35.1 % Fines 64.9 % 

http:1,000.00


28.0 - 29.5 ft Test Hole 1 Imperial National Wildlife Refuge 12-20-2005 
 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt. Total weights entered as constants for percentage replication. 
 

fine gravel coarse sand medium sand fine sand fines 
-

3 in 
75 rnrn 

1 112 in 
37.5rnrn 19 rnrn 9.5mm 4.75rnrn 2.36rnrn 

no 50 
1.18mm .6rnrn .3rnrn 

0.60g 1.40g 

total - no. 4 tested 100.00g 

no 100 no 200 
.I5mm .075mm 
42.60g 89.90g 

moisture content NA 

I min 
,037mm 

4 min 
.019rnrn 

19min 
.009rnrn 

60 rnin 
.005rnrn 

7hr 15 
.002mm 

25 hr 45 
.001rnrn 

Coef. of uniformity NA Coef. of curvature NA D60: 0.157 mm D50: 0.135 mm D30: 0.100 mm D10: NA 

Gravel 0.0 % Sand 89.9 % Fines 10.1 % 

http:1,000.00


29.5 - 30.0 ft Test Hole I Imperial National Wildlife Refuge 12-20-2005 

total dry wt tested 1,000.00g SM; Silty sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 
-

- , - I 

no 100 no 200 Irnin 4 min 19 min 60 min 
. I5 mm .075 mrn .037 mm .019 mm ,009 mm ,005 mm 
15.40 g 78.70 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 15 mm D50: 0.103 mm D30: 0.0825 mm D10: NA 

Gravel 0.0 % Sand 78.7 % Fines 21.3 % 

http:1,000.00


38.0 - 40.0 ft Test Hole I Imperial National Wildlife Refuge 12-20-2005 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt and gravel. . - Total weights entered as constants for percentage 
replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

loo,,- .  ~ ------,--....------ 

no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 
19 mrn 9.5 mm 4.75 rnm 2.36 mm 1.18 mm .6 mm .075 mm ,037 mrn .019 mm ,009 mm .005 mm ,002 mm .001 mm 

90.00 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 27.02 Coef. of curvature 0.58 D60: 4.08 mm D50: 2.36 mm D30: 0.597 mm D10: 0.151 mm 


Gravel 37.2 % Sand 56.5 % Fines 6.3 % 




Generic Sand Test Hole I Imperial National Wildlife Refuge 12-27-2005 

total dry wt tested 1,000.00 g SP; Poorly graded sand. Collected from material flushed out during well development. Total 
weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 
.3 mm .15mm .075 mm ,037 mm ,019 mm ,009 mm ,005 mm .002 mm ,001 mm 

1.20 g 26.80 g 86.80 g 98.30 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.08 Coef. of curvature 1.04 D60: 0.258 mm D50: 0.229 mm 030: 0.182 mm D10: 0.124 mm 

Gravel 0.0 % Sand 98.3 % Fines 1.7 % 

http:1,000.00




18.0 - 20.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-18-2006 

total dry wt tested 1,000.00 g CL; Lean clay. Atterberg test: Liquid Limit = 46.9, Plasticity Index = 26.6. Total weights entered as 
constants for percentage replication. 

fine gravel coarse sand medium sand 

no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 

total - no. 4 testec 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA 030: NA D10: NA 
 

Gravel 0.0 % Sand 2.2 % Fines 97.8 % 
 

http:1,000.00


- - 

28.0 - 30.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-1 8-2006 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fines 
I0°% L G O G 

no 50 no 100 no 200 Imin 4 min 
.3 mm . I5 mm .075 mm .037 mm ,019 mm 
0.30 g 7.70 g 80.40 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 10 mm D50: 0.100 mm D30: 0.0828 mm D10: NA 

Gravel 0.0 % Sand 80.4 % Fines 19.6 % 

http:1,000.00


38.0 - 40.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-18-2006 

total dry wt tested 1,000.00 g SP; Poorly graded sand. Total weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 
75 mm 37.5 mrn 19 mm 9.5 mm 4.75 mm 2.36 mm 1.18 mm 

21.00 g 69.00 g 7.69 g 14.07 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.91 Coef. of curvature 0.80 D60: 0.477 mm D50: 0.385 mm D30: 0.250 mm D10: 0.164 mm 
 

Gravel 9.0 % Sand 88.9 % Fines 2.1 % 
 

http:1,000.00


0.0 - 3.0 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 
 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 
 

coarse gravel fine gravel coarse sand medium sand fine sand -- 7 

Imin 4 min 19min 60 min 7 hr 15 25 hr45 
.037 mm ,019 mm ,009 mm .005 mm .002 mm ,001 mm 

total - no. 4 tested 100.00 g moisturecontent NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.122 mm D50: 0.108 mm D30: 0.0831 mm D10: NA 
 

Gravel 2.6 % Sand 75.3 % Fines 22.1 % 
 

http:1,000.00




9.6 - 10.5 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt and gravel. Total weights entered as constants for percentage 
replication. 

fine sand finescoarse gravel fine gravel coarse sand medium sand 

no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 
.3 mm . I5 mm ,075 mm ,037 mm .019 mm .009 mm .005 mm .002 mm ,001 mm 

22.36 g 28.38 g 37.35 g 52.07 g 86.35 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 1.48 mm D50: 0.418 mm D30: 0.128 mm D10: NA 

Gravel 25.3 % Sand 64.5 % Fines 10.2 % 

http:1,000.00


13.0 - 13.8 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SP; Poorly graded sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 
100% 

100.0% 1 100.0% j 10( 

------.- - - - - , - - - - - - - - - - - - - - - - - - t i , 
0% 

no200 I m i n  4min 19min 60min 7hr15 25hr45 
.075 mm ,037 mm .019 mrn ,009 mm ,005 mm ,002 mm .001 mm 
96.20 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.34 Coef. of curvature 0.95 D60: 0.199 mm D50: 0.174 mm D30: 0.127 mm D10: 0.0849 mm 

Gravel 0.0 % Sand 96.2 % Fines 3.8 % 

http:1,000.00


8 

13.8 - 15.0 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SP; Poorly graded sand with gravel. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 
--

100.0% / 100

no50 no100 no200 I m i n  4min 19min 60min 7hr15 25hr45 
.3 mm .I5 mm .075 mm .037 mm ,019 mm .009 mm .005 mm ,002 mm ,001 mm 
78.34 g 92.38 g 96.66 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 10.85 Coef. of curvature 0.65 D60: 2.16 mm D50: 1.21 mm D30: 0.530 mm D10: 0.199 mm 

Gravel 25.2 % Sand 72.3 % Fines 2.5 % 

http:1,000.00


18.0 - 19.1 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SW; Well-graded sand with gravel. Total weights entered as constants for percentage replication 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

no50 no100 no200 I m i n  4min 19min 60min 7hr15 25hr45 
.3 mm .I5 mm .075 mm ,037 mm .019 mm .009 mm .005 mm ,002 mm ,001 mm 

17.29 g 38.42 g 59.90 g 74.79 g 84.75 g 94.96 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 13.83 Coef. of curvature 1.24 D60: 1.66 mm D50: 1 . I2  mm D30: 0.496 mm D10: 0.120 mm 

Gravel 16.7 % Sand 79.1 % Fines 4.2 % 

http:1,000.00


8 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g SM; Silty sand. "8 ft from auger flight" Total weights entered as constants for percentage 
replication. 
 

fine gravel coarse sand medium sand fine sand fines 
 

Imin 4 min 19min 60 min 7 hr 15 25 hr45 
.037 mm .019 mm ,009 mm ,005 mm ,002 mm ,001 mm 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 I 7  mm D50: 0.106 mm D30: 0.0863 mm D10: NA 
 

Gravel 0.0 % Sand 83.7 % Fines 16.3 % 
 

http:1,000.00


18.5 - 20.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g CL; Lean clay. 	 Atterberg test: Liquid Limit = 46.0, Plasticity Index = 26.4. Total weights entered as 
constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand 

100.0% 
j 100.0% j 10' 
......,............
.....,......

I min 4min 19min 60min 7 hr 15 25 hr 45 
,037mm .019mm .009mm ,005mm ,002mm .001mm 

total - no. 4 tested 100.00g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA 

Gravel 0.0 % Sand 7.1 % Fines 92.9 % 

http:1,000.00


28.0 - 28.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g CH; Fat clay. Atterberg test: Liquid Limit = 53.8, Plasticity Index = 33.8. Total weights entered as 
constants for percentage replication. 

coarse gravel fine gravel coarse sand fine sand fines 

no50 no 100 no200 Imin 4 min 19min 60 min 7 hr 15 25 hr45 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA 030: NA D10: NA 

Gravel 0.0 % Sand 4.2 % . Fines 95.8 % 

http:1,000.00




38.5 - 40.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 
 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt. Total weights entered as constants for percentage replication. 
 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 
.3 mm . I5 mm ,075 mm .037 mm .019 mm ,009 mm .005 mm .002 mm .001 mm 
3.11 g 53.26 g 92.58 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.31 Coef. of curvature 0.88 D60: 0.181 rnrn D50: 0.157 rnrn 030: 0.1 12 rnrn D10: 0.0785 rnrn 

Gravel 0.3 % Sand 92.3 % Fines 7.4 % 

http:1,000.00


4.0 - 4.2 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 
 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 
 

fine gravel coarse sand 

Imin 4 min 19min 60 min 7 hr 15 25 hr45 
,037 mm .019 mm ,009 mm ,005 mm ,002 mm .001 mm 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 11 mrn , D50: 0.0978 rnrn D30: 0.0762 rnm D10: NA 
 

Gravel 0.0 % Sand 71.3% Fines 28.7 % 
 

http:1,000.00


- - 

9.0 - 11.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 
- 1 

100.0% / 100.0% 

314in 318in no4 no8 no16 no30 no 50 no 100 no 200 Imin 4 min 
19 mm 9.5 rnm 4.75 mm 2.36 mm 1.18 mm .6mm .3 mm .15mm .075 mm .037 mm .019 mm 

0.10 g 0.40 g 0.70 g 3.40 g 54.90 g . 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0917 mm D50: 0.0801 mm D30: NA D10: NA 

Gravel 0.0 % Sand 54.9 % Fines 45.1 % 

http:1,000.00


14.0 - 16.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 

total dry wt tested 1,000.00 g ML; Silt with sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand fines 
-

- r v , 

100.0% / 100.0% / 101 

no 16 no 30 no 50 no 100 no 200 I min 4min 19min 60min 

total - no. 4 tested 100.00g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA 

Gravel 0.0 % Sand 23.1 % Fines 76.9 % 

http:1,000.00


19.0 - 21.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-29-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

\ , # 

no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0966 rnrn D50: 0.0857 rnrn D30: NA D10: NA 
 

Gravel 0.0 % Sand 61 . I  % Fines 38.9 % 
 

http:1,000.00


APPENDIX I11 
 

WATER ANALYSES 
 



--- --
YUMA DESALTING PLANT 

LABORATORY CHEMICAL ANALYSIS -
- r v OF WATER SAMPLES 

-
MISC. WELL 
 

INWR TH-1,76 gpm 
 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LABNUMBER: 21399 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/27/2005 TIME COLLECTED: 12:OO 

ELECTROCONDUCTIVITY 1 EC (in microsiemens Icm): lolo (4 FIELD TEMP ( C ): 22.2 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 624 SALT CONDUCTIVITY: 0.9362 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 646 pH: 8.02 

All values in mglL 

SODIUM (Na): SILICA (Si02): 
 

POTASSIUM(K): BORON (B): 
 

CALCIUM (Ca): FLUORIDE (F): 
 

MAGNESIUM (Mg): AMMONIA (NH4 - N): 
 

CARBONATE (C03): PHOSPHATE (PO4 - P): 
 

BICARBONATE (HC03): IRON (Fe): 
 

CHLORIDE (CI): MANGANESE (Mn): 
 

SULFUR as Sulfate (S04): BARIUM (Ba): 
 

NITRATE (NO3 - N): STRONTIUM (Sr): 
 

Cations, mE IL: 10.60 Anions, mE IL: 11.10 % DIFFERENCE: -2.44 



YUMA DESALTING PLANT 
 
LABORATORY CHEMICAL ANALYSIS 
 

OF WATER SAMPLES 
 

MISC. WELL 
 
INWR North Well 
 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21388 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/22/2005 

ELECTROCONDUCTIVITY IEC (in microsiemens Icm): 1210 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 832 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 

TIME COLLECTED: 13:01 

FIELD TEMP ( C ): 21.6 

SALT CONDUCTIVITY: 0.6488 

785 pH: 7.91 

All values in  mglL 

SODIUM (Na): SILICA (Si02): 
 

POTASSIUM (K): BORON (6): 
 

CALCIUM (Ca): FLUORIDE (F): 
 

MAGNESIUM (Mg): AMMONIA (NH4 - N): 
 

CARBONATE (C03): PHOSPHATE (PO4 - P): 
 

BICARBONATE (HC03): IRON (Fe): 
 

CHLORIDE (CI): MANGANESE (Mn): 
 

SULFUR as Sulfate (S04): BARIUM (Ba): 
 

NITRATE (NO3 - N): STRONTIUM (Sr): 
 

Cations, mE IL: 12.80 Anions, mE IL: 12.50 % DIFFERENCE: 1.06 



YUMA DESALTING PLANT 
 
LABORATORY CHEMICAL ANALYSIS 
 

OF WATER SAMPLES 
 

MISC. WELL 
 
INWR TH-2 Shallow Well - 40ft. 
 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21686 SAMPLED BY: T Fox 

DATE COLLECTED: 112412006 TIME COLLECTED: : 

ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1270 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 796 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 1 2.03) (in mglL): 

SALT 

763 

FIELD TEMP ( C ): 22.8 

CONDUCTIVITY: 0.6008 

pH: 8.01 

All values in mglL 

SODIUM (Na): SILICA (Si02): 
 

POTASSIUM (K): BORON (B): 
 

CALCIUM (Ca): FLUORIDE (F): 
 

MAGNESIUM (Mg): AMMONIA (NH4 - N): 
 

CARBONATE (C03): PHOSPHATE (PO4 - P): 
 

BICARBONATE (HC03): IRON (Fe): 
 

CHLORIDE (CI): MANGANESE (Mn): 
 

SULFUR as Sulfate (S04): BARIUM (Ba): 
 

NITRATE (NO3 - N): STRONTIUM (Sr): 
 

Cations, mE IL: 12.00 Anions, mE IL: 12.70 % DIFFERENCE: -2.62 



YUMA DESALTING PLANT 
 
LABORATORY CHEMICAL ANALYSIS 
 

OF WATER SAMPLES 
 

MISC. WELL 
 
INWR South Well 
 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21425 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/29/2005 

ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1170 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 748 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 I2.03) (in mglL): 

TIME COLLECTED: 15:17. 

FIELD TEMP ( C ): 21.6 

SALT CONDUCTIVITY: 0.588 

688 pH: 8.01 

All values in mglL 

SODIUM (Na): SILICA (Si02): 
 

POTASSIUM (K): BORON (B): 
 

CALCIUM (Ca): FLUORIDE (F): 
 

MAGNESIUM (Mg): AMMONIA (NH4 - N): 
 

CARBONATE (C03): PHOSPHATE (PO4 - P): 
 

BICARBONATE (HC03): IRON (Fe): 
 

CHLORIDE (CI): MANGANESE (Mn): 
 

SULFUR as Sulfate (S04): BARIUM (Ba): 
 

NITRATE (NO3 - N): STRONTIUM (Sr): 
 

Cations, mE IL: 10.50 Anions, mE IL: 11.60 % DIFFERENCE: -5.07 



--- 
YUMA DESALTING PLANT 
 -- LABORATORY CHEMICAL ANALYSIS -

- r v OF WATER SAMPLES 

MISC. WELL 
 
INWR TH-4 
 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21652 SAMPLED BY: T Fox 

, DATE COLLECTED: 111 712006 TIME COLLECTED: 10:37 

ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 2120 FIELD TEMP ( C ): 22.5 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 1350 SALT CONDUCTIVITY: 0.6085 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 1290 pH: 7.5 

All values in mglL 

SODIUM (Na): 


POTASSIUM (K): 


CALCIUM (Ca): 


MAGNESIUM (Mg): 


CARBONATE (C03): 


BICARBONATE (HC03): 


CHLORIDE (Ci): 


SULFUR as Sulfate (S04): 


NITRATE (NO3 - N): 


281.OO 

5.5 

91.20 

33.00 

0.00 

367.00 

232.00 

439.00 

e0.50 

SILICA (Si02): 


BORON (B): 


FLUORIDE (F): 


AMMONIA (NH4 - N): 


PHOSPHATE (PO4 - P): 


IRON (Fe): 


MANGANESE (Mn): 


BARIUM (Ba): 


STRONTIUM (Sr): 


26.60 

cO.50 

2.24 

0.197 

C0.50 

<0.50 

1.31 

0.0357 

1.37 

Cations, mE IL: 19.60 Anions, mE IL: 21.80 % DIFFERENCE: -5.29 



YUMA DESALTING PLANT 
 
LABORATORY CHEMICAL ANALYSIS 
 

OF WATER SAMPLES 
 

INWR Martinez Lake Inlet. 
 

USGS STATION NUMBER: SITE CODE: W0990 

LAB NUMBER: 21424 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/29/2005 

ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1280 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 780 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mg/L): 

TIME COLLECTED: 12:35 

FIELD TEMP ( C ): 13.1 

SALT CONDUCTIVITY: 0.5781 

740 pH: 8.31 

All values in mglL 

SODIUM (Na): SILICA (Si02): 
 

POTASSIUM (K): BORON (B): 
 

CALCIUM (Ca): FLUORIDE (F): 
 

MAGNESIUM (Mg): AMMONIA (NH4 - N): 
 

CARBONATE (C03): PHOSPHATE (PO4 - P): 
 

BICARBONATE (HC03): IRON (Fe): 
 

CHLORIDE (CI): MANGANESE (Mn): 
 

SULFUR as Sulfate (S04): BARIUM (Ba): 
 

NITRATE (NO3 - N): STRONTIUM (Sr): 
 

Cations, mE I L: 11.SO Anions, mE IL: 12.60 % DIFFERENCE: -4.73 



APPENDIX lV 
 

PUMP TEST DATA 
 



Analysis of INWR WELL #Iduring Step Drawdown Test of INWR WELL #2 of December 29,2006 Thursday 
 

Time t, min t', min log,o(tlt' ) Residual Drawdown. Depth to Water TH-1 TH-1 
MST s', feet DW, feet DW, feet Drawdown 

feet 
7.36 	 6.07 0 STATIC 

PUMP ON at 1100 gpm 
9.67 

START MAXIMUM Q AT 1570 GPM 
10.37 

10.49 
10.56 

10.56? 
10.61 

6.43 0.36 
PUMP OFF. START RECOVERY OF INWR # I  (NORTH WELL) 

0 
0.5 
1 Plot of log,,(t/t' ) vs. residual drawdown (s') gives 
2 a Transmissivity of 400,000 gpdlft 
3 
4 Storage coefficient = .3*~*t,/? =.088 

5 where t,= 2 min = 0.001386 days 
6 T = 400464 gpdlft 
7 
8 
9 
10 
12 
15 
20 
25 
30 
38 
4 1 



Imperial National Wildlife Refuge Step Drawdown Test of INWR WELL #2 (South Well) 
December 29,2005 Thursday 
INWR #2 is 43.5 feet south of INWR #I 

Time (MST) t (min) Q (gpm) t' (min) log,,(t/t') INWR #2 INWR #2 INWR #2 INWR #2 lNWR#I TH-1 REMARKS 

Pumping Level Drawdown Residual drawdown Calculated residual Depth to water 
PL, feet s, feet s', feet drawdown Dw, feet Dw, feet 

( s-s' ), feet 
7.36 	 6.07 Static water level 

PUMP ON 
Decreased Q 

9.67 
Start maximum Q 

10.37 
6.32 

10.49 
10.56 

6.39 
10.56 
10.61 

6.43 
PUMP OFF 
START RECOVERY 

84.24 
84.33 
84.37 
84.46 
84.54 
84.53 
84.62 

84.78 
84.88 
84.93 

85.03 

1 



APPENDIX V 
 

GEOPHYSICAL LOGS 
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APPENDIX VI 
 

FENCE DIAGRAM 
 




	Structure Bookmarks
	Figure
	Imperial National Wildlife Refuge . Fish Pond Enhancement Program . 
	Geotechnical and Geohydrological Findings 
	Scope of Project: 
	Geotechnical investigations were performed in order to ascertain the presence of permeable sediments near the existing fish ponds in anticipation of drilling several high capacity production wells. Additionally, sediment samples were collected in the upper zones to determine the percentage of fines. 
	Location: 
	The project site is located in the west '/z of section 13 and east ?4of section 14, T. 5 S., R. 22 W. The area can be found on the Imperial Reservoir 7.5 minute quadrangle. The site is within the Imperial National Wildlife Refuge (INWR)and bounded on the west by the Colorado River and to the east by the Martinez Lake Inlet Channel. The surface is composed of silty, fine sands of recent Colorado River floodplain deposits (see Figure 1). 
	Acknowledaements: 
	Access and coordination was facilitated by personnel and volunteers of INWR. Ken Edwards, Refuge Manager, was instrumental in providing guidance on the refuge and assigning personnel to assist in any logistics. We appreciate the help by Greg Birkenfeld, Assistant Refuge Manager, and John Fairbanks, Refugevolunteer, in help with the pump test. 
	Bureau of Reclamation personnel directly involved in drilling and well construction included Charles Jones, Jim Wambeke, Chris Edington, Lonnie Lopez, Ron Torres, and Mike Fairchild. Jim Tate and Florencio Navarrete provided mechanical assistance in the field. John Fitzsimmons performed the sample gradations. Tom Fox assisted with 
	sample collection and logging on three of the holes and finished the well identification stamping and photo documentation. Carroll Brown, Geology Team Leader, assisted with location and logging of the final two wells. Rick Hick of the Surveying Branch performed the final survey of each well site. Front cover photography by Gabriella Lopez. 
	I I INWR DRLL HOLES-INWR#1 . INWR#2. ~1.~2. TH>4. ~5. ~8 MARTINEZ 24 FIGURE I LA.KE 
	Drilling and Geological Logs: 
	Six drill sites were permitted and drilling began December 19,2005 and work was completed January 24,2006. Several sites were moved from their original positions and only five of the six sites were drilled. It was decided the sixth hole was not critical for additional geological data. The drill holes were designated as TH-I ... 6, with TH implying Test Hole. The following Table I summarizes the test holes and detailed geologic, geophysical and completion logs can be found in Appendix l. 
	TABLE 
	TABLE 
	TABLE 
	I .

	Test Hole Drill Dates Drill Depth eft) ADWR# .INWR TH-l 12/19/05 -12/28/05 109 
	Test Hole Drill Dates Drill Depth eft) ADWR# .INWR TH-l 12/19/05 -12/28/05 109 
	55-209305 .

	INWR TH-6 12128105 -115106 124 
	INWR TH-6 12128105 -115106 124 
	55-209310 .

	INWR TH-4 119/06 -1117/06 99 
	INWR TH-4 119/06 -1117/06 99 
	55-209308 .

	lNWR TH-5 1/17106 -1118/06 40.5 
	lNWR TH-5 1/17106 -1118/06 40.5 
	55-209309 .

	lNWR TH-2 1/18/06 -1124106 40.5 
	lNWR TH-2 1/18/06 -1124106 40.5 
	55-209306 .

	lNWR TH-3 Not Drilled 
	lNWR TH-3 Not Drilled 
	55-209307 .


	Drilling was accomplished using a CME 85 drill rig. A combination of hollow-stem augering, split-spoon sampling, and direct mud-rotary was employed to gather geologic data and complete the wells. Eight-inch dianleter augers were used and mud rotary 
	2 .
	drilling used a four-inch tri-cone rock bit. The split-spoon sampler was 1 V;' X 2 foot and samples were collected using the hydraulic drive to push ahead of the auger bit. 
	Geologic logs of the existing two production wells (INWR #1, drilled in May 1999 and INWR #2, drilled in May 2002) were constructed to conform to the format and interpretations of the exploratory holes. These logs are included in Appendix 1. 
	Subsurface Geology 
	Detailed geologic logs with water table depths are in Appendix 1. A generalized cross section, Figure 2, shows a subsurface geologic profile viewed towards the west (towards the Colorado River). The subsurface geology consists of 60 to 100 feet of unconsolidated Colorado River sediments of which the top 30 to 40 feet is mostly fine-grained silty sand underlain by about 30 to 60 feet of permeable sand and gravel. The sediments are saturated except for the upper 5 feet or so. Minor thin clay layers occur with
	sediments. 
	Figure
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	FTGURE2 .3 .
	Subsurface Sediment Gradations 
	During drilling push samples were taken at various intervals generally within the first 40 feet of hole. The following Table 2 summarizes the results. The graphical gradation sheets can be found in Appendix 11. 
	TABLE 2 
	Hole No. 
	Hole No. 
	Hole No. 
	Interval (fir 
	Soil Classification 
	Remarks 

	TH- 1 
	TH- 1 
	2.0 4.0 
	SM; Silty sand 

	TR
	9.0 -10.5 
	SM; Silty sand 

	TR
	10.5-11 .O 
	SM; Silty sand 

	TR
	14.0-16.0 
	ML; Sandy silt 

	TR
	19.0-19.8 
	CL; Lean clay 

	TR
	19.8-20.2 
	ML; Silt 

	TR
	20.2 -20.3 
	ML; Sandy silt 


	28.0 
	28.0 
	28.0 
	-29.5 SP-SM; Poorly graded sand with silt 

	29.5 
	29.5 
	-30.0 SM; Silty sand 


	38.0 -40.0 SP-SM; Poorly graded sand with silt and gravel SP; Poorly graded sand During well development 
	SP-SM; Poorly graded sand with silt CL; Lean clay SM; Silty sand SP; Poorly graded sand 
	SM; Silty sand SM; Silty sand SP-SM; Poorly graded sand with silt and gravel SP; Poorly graded sand SP; Poorly graded sand with gravel SW; Well-graded sand with gravel 
	SM; Silty sand From auger flight CL; Lean clay CH; Fat clay SP-SM; Poorly graded sand with silt SP-SM; Poorly graded sand with silt 
	SM; Silty sand SM; Silty sand ML; Silt with sand SM; Silty sand 
	SM; Silty sand SM; Silty sand ML; Silt with sand SM; Silty sand 
	Pump Tests and Aquifer Parameters 

	A pumping test was done on the water supply well drilled in 2002 and referred to as INWR Well #2. This well was drilled to a depth of 155 feet and screened with 90 feet of 
	16-inch diameter wirewrap type 304 stainless steel with .02 inch slot width. The screened interval was 46 to 136 feet depth. The four hour test was done on December 29,2005. The well was pumped at a maximum rate of 1600 gpm. Static water level was 7.04 feet (elevation 183.33 feet above mean sea level). Pumping level at 1600 gpm was 92.53 feet and slowly dropping at the end of the test. Maximum drawdown was 85.49 feet with a specific capacity of 18 gprn per foot of drawdown. Water temperature was 21.6"C (71O
	A 1 liter water sample was taken for chemical analysis (see Appendix 111). Aquifer parameters were estimated from recovery of the pumped well at the end of the test and also recovery of INWR Well #1 (not pumped), 43.5 feet north of INWR Well #2. INWR #1 was drilled in 1999, completed with 14" diameter .03" slot wire-wrap stainless steel screen from 71 to 15 1 feet depth, and pumped at a maximum rate of about 1400 gprn in 1991. Transmissivity calculated from the recovery of INWR #2 was about 480,000 gpdfoot.
	This pumping test is believed to be representative of aquifer parameters for the INWR 
	site based upon well logs of INWR #1, INWR #2, and well logs of recently drilled test holes TH-1, TH-2, TH-4, TH-5, and TH-6 (see Appendix IV). 
	GroundwaterISurface water relations 
	There is good hydraulic connection between the different layers of the sedimentary soils of the INWRsite. Evidence for this is seen by the high transmissivity calculated from the pumping test of INWR #2 and the drawdown of 0.36 feet (static 6.07 feet to 6.43 feet) observed at the new USBR well TH-1-- 1,671 feet away from INWR #2 after 4 hours of pumping. It seems appropriate to evaluate the ground-water reservoir at the site as a water table aquifer with good hydraulic connection between layers of the geolo
	Surface and Groundwater Chemistries: 
	During the course of this study nine water samples were collected for complete analyses. Two of the samples were surface water grab samples. One surface water sample was from the lift pump station at Martinez Lake Inlet. This water, diverted from the Colorado River, is used to flood irrigate fields for water fowl. The other surface water sample was from the Colorado River near TH-6 at the southern end of the existing fish ponds. 
	The two existing supply wells were sampled during a pump test and each of the test holes were sampled near the end of the pump test or development phase. The complete analyses can be found in Appendix 111. 
	The Colorado River and Martinez Lake Inlet water samples show TDS (Total Dissolved Solids) values (by evaporation) of 808 and 780 mg/L respectively. Several of the test holes exhibit TDS values slightly better than the surface water samples. TH-4 was the only test hole to show anomalously elevated TDS values. TH-4 is located where frequent irrigation of fields occurs and the higher TDS may reflect evapotranspiration effects. Table 3 is a summary of several parameters from the sampling effort. 
	TABLE 3 
	Site TDS (mdL) Temp. ("C) Date Coll. Colorado River 808 10.6 1/5/2006 Martinez Lake Inlet 780 13.1 12/29/2005 INWR#1 832 21.6 12/22/2005 INWR #2 748 21.6 12/29/2005 INWR TH- 1 624 22.2 12/27/2005 INWR TH-2 796 22.8 1/24/2006 INWR TH-4 1350 22.5 111 712006 INWRTH-5 788 22.2 111 812006 INWR TH-6 672 21.6 1/5/2006 "estimated 
	Recommendations: 
	The estimated additional ground-water requirement to operate the enhanced fish ponds is about 3000 gpm. The pump test suggests that the aquifer performance could provide between 700 to 1000 gpm per production well. This is dependent upon site specific aquifer properties, screen length, screen slot size, and gravel pack. We recommend a phased production well installation schedule. This would require, at a minimum, three production wells (and perhaps four) that could be located in the north portion of the stu
	Fred Croxen -Geologist Earl Burnett -Geologist 
	Fred Croxen -Geologist Earl Burnett -Geologist 
	Appendices: 

	I. Drill Hole and Completion Logs 
	11. Gradations 
	111. Water Analyses 
	a. 
	a. 
	a. 
	Colorado River at INWR TH-6 . 

	b. 
	b. 
	Martinez Lake Inlet 

	c. 
	c. 
	INWR#l 

	d. 
	d. 
	INWR#2 

	e. 
	e. 
	INWR TH-1 . 

	f. 
	f. 
	INWR TH-2 . 

	g. 
	g. 
	INWR TH-4 . 

	h. 
	h. 
	INWRTH-5 . 

	i. 
	i. 
	INWR TH-6 . 


	IV. 
	IV. 
	IV. 
	Pump Test Data 

	V. 
	V. 
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	APPENDIX I . 
	DRILL HOLE and COMPLETION LOGS 
	, Arizona Imperial National Wildlife Refuge TH-1 ADWR 55-209305 (Page 1 of 3) Bureau of Reclamation .Yuma Projects Office .Date Started : 12·19·2005 Driller : USSR, Yuma Area Office Date Completed : 12·27·2005 Northing Coord. : 3653581 .8 m (NAD 27, Hole Diameter : 8" 0.38'; 4~ 38 · 109' Essting Coord. : 733963.8 m Zone 11) Drilling Method : 8" Hollowstem: 4" mudrotary Logged by: ; FCroxen: EBumett Logging Method : Action; samples; geophysical Approved by: 0; ~ u. () . E Surf . I £; c. ~ Elav. 188 '"() '" a
	Imperial National Wildlife Refuge TH-1 ADWR 55-209305 (Page 2 of 3) Bureau of Reclamation .Yuma Projects Office .Yuma, Arizona .est Holes for Water Supply Wells for FiSh Pond .Imperial National Wildlife Refuge .506070-80-90-100Surf. Elev. FIELD DESCRIPTION REMARKS 188 138 ~' '0 ~::'i SW ~; .~ CL 128 SW Date Started Date Completed Hole Diameter Drilling Method Logging Method : 12·19-2005 : 12·27·2005 : 8" 0-38': 4" 38 -109' : 8" Hollowslem; 4" mudrotary : Action: samples: geophysical ~:C~ . " '. -=-::"
	P
	Link

	P
	Link

	P
	Link

	P
	Link

	P
	Link

	P
	Link

	P
	Link

	P
	Link

	Imperial National Wildlife Refuge TH-1 ADWR 55-209305 (Page 3 of 3) Bureau of Reclamation Date Sianed : 12·19·2005 Driller : USBR, Yuma Area Office Yuma Projects Office Date Completed : 12·27·2005 Northing Coord. : 3653581 .8 m (NAD 27 , Yuma, Arizona Hole Diameter : 8" 0·38': 4" 38 • 109' Easting Coord : 733963,8 m Zone 11) est Holes for Water Supply Wells for Fish Pond Drilling Method : 8~ Hollowslem: 4" mud rotary Logged by: : FCroxen: EBumett Imperial National Wildlife Refuge Logging Method : Action: sa
	Imperial National Wildlife Refuge TH-1 ADWR 55-209305 (Page 3 of 3) Bureau of Reclamation Date Sianed : 12·19·2005 Driller : USBR, Yuma Area Office Yuma Projects Office Date Completed : 12·27·2005 Northing Coord. : 3653581 .8 m (NAD 27 , Yuma, Arizona Hole Diameter : 8" 0·38': 4" 38 • 109' Easting Coord : 733963,8 m Zone 11) est Holes for Water Supply Wells for Fish Pond Drilling Method : 8~ Hollowslem: 4" mud rotary Logged by: : FCroxen: EBumett Imperial National Wildlife Refuge Logging Method : Action: sa

	Arizona Bureau of Reclamation .Yuma Projects Office .il u. (.l . 5 Surf . I ,£; Elev, (/) (.la. 188 (/) ~ " ;:) (!) " Date Started Date Completed Hole Diameter Drilling Method Logging Method FIELD DESCRIPTION 188 178 168 30 158 14B Imperial National Wildlife Refuge TH-2 ADWR 55-209305 I indicated by recovered character, "1 : '·18·2006 : ,·24·2006 : 8· 0-40' : 8~ Hollowstem : Drilling character; samples Eastlng Coord. LogS"" by: Approved by. I ' "iij":"20:sCi:;;;;;-;C:w;;;Ert:brC;;:;;;;iE;a;;~wWiii,--i Elev.
	P
	Link

	~;~ Imperial National Wildlife Refuge TH-2 ADWR 55-209305 ~ / '~"... ~-' (Page 2 of 2) Bureau of Reclamation Dale Started : , , '8·2006 Driller : USBR, Yuma Area Office Yuma Projects Office Dala Completed : '·24·2006 Northing Coord. : 3653338,1 (NAD 27.Yuma , Arizona Hole Diameter : 8" ().40· Easting Coord. : 734238.9 m Zooe 11) est Holes for Water Supply Wells for Fish Pond Drilling Method : 8~ Hollowstem logged by: : TFox Imperial Na tional Wildlife Refuge logging Method ; Drilling character; samples Appr
	;:; " u. . S £; a. " Cl Imperial National Wildlife Refuge TH-4 ADWR 55-209308 Bureau of Reclamation Yuma Projects Office Yuma , Arizona Date Started Date Completed Hole Diameter Drilling Method logging Method : 1-9-2008 : 1-11-2006 : 8" 0.24'; 4" 24 · 99' ; 8" Hollowstem; 4~ ml.ldrotary : Action; samples; geophysical Drllte~ Northing Coord. Eesting Coord. l09ged by: Approved by: (Page 1 of 2) : USSR. Yuma Area Office : 3652574.0 m (NAD 27, : 73S011 .6m Zone 11) : FCroxen; EBurnell Well: INWR-TH-4 Surf . Ele
	;:; " u. . S £; a. " Cl Imperial National Wildlife Refuge TH-4 ADWR 55-209308 Bureau of Reclamation Yuma Projects Office Yuma , Arizona Date Started Date Completed Hole Diameter Drilling Method logging Method : 1-9-2008 : 1-11-2006 : 8" 0.24'; 4" 24 · 99' ; 8" Hollowstem; 4~ ml.ldrotary : Action; samples; geophysical Drllte~ Northing Coord. Eesting Coord. l09ged by: Approved by: (Page 1 of 2) : USSR. Yuma Area Office : 3652574.0 m (NAD 27, : 73S011 .6m Zone 11) : FCroxen; EBurnell Well: INWR-TH-4 Surf . Ele

	Imperial National Wildlife Refuge TH-4 ADWR 55-209308 (Page 2 of 2) Bureau of Reclamation .Yuma Projects Office .Yuma, Arizona .est Holes for Water Supply Wells for Fish Pond .Imperial National Wildlife Refuge .Date Started : 1-9-2006 Driller : USBR. Yuma Area Office Date Completed : ,-11·2006 Northing Coord . : 3652574 .0 m (NAD 27. Hole Diameter : 8~ 0-24'; 4" 24 -99' Easting Coord . : 735011.6m Zone 11) Drilling Method : 8" Hollowstem: 4" mudrotary Logged by: : FCroxen; EBurnetl Logging Method : Action; 
	P
	Link

	
	Arizona Imperial National Wildlife Refuge TH-5 ADWR 55-209309 (Page 1 of 2) Bureau of Reclamation Date Started : 1-17-2006 Driller ; USSR. Yuma Area Office Yuma Projects Office Dale Completed ; H8·2006 Northing Coord. : 3652620.6 m (NAD 27, .Hole Diameter : 6" 0-39 Eastlng Coord, : 734531 .0 m Zone 11) .Drilling Method : 8" Hol1owslem Logged by: : TFo)( .Logging Method : Drilling character: samples Approved by: .Q; Well: INWR-TH-Su. ()" Surf . Elev.: 190.39' T.O.P. (3" PVC).S: :;: ~ (/JElev. "FIELD DESCRIP
	Link
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	APPENDIX I1 . GRADATIONS . 
	2.0 -4.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 
	total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication coarse gravel fine gravel coarse sand fines 
	1,000.00 

	-
	m 
	75 rnrn 
	75 rnrn 
	75 rnrn 
	37.5 rnm 
	19 rnrn 
	9.5 rnrn 
	4.75 rnm 1.00 g 
	2.36 rnrn 0.30 g 
	no 50 .3 rnrn 2.20 g 1.18 rnm .6 rnm 0.80 g 1.40 g total -no. 4 tested 100.00 g 
	no 100 no 200 .I5 rnrn ,075 rnrn 8.80 g 62.20 g moisture content NA 
	Imin ,037 rnrn 
	4min ,019 rnrn 
	19rnin ,009 rnrn 
	60rnin .005 rnrn 
	7hr15 .002 rnrn 
	25hr45 ,001 rnm 

	TR
	Coef. of uniformity NA 
	Coef. of curvature NA 
	D60: 0.100 rnrn 
	D50: 0.0879 rnrn 
	D30: NA 
	D10: NA 

	TR
	Gravel 0.1 % 
	Sand 62.1 % 
	Fines 37.8 % 


	9.0 -10.5 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 
	SM; Silty sand. Total weights entered as constants for percentage replication. coarse gravel fine gravel coarse sand medium sand fine sand fines 
	total dry wt tested 1,000.00 g 

	a,*, . 
	no200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 ,075 mm ,037 mm ,019 mm .009 mm ,005 mm .002 mm .001 mm 
	79.20 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.1 10 mm D50: 0.0998 mm D30: 0.0821 mm D10: NA 
	Gravel 0.0 % Sand 79.2 % Fines 20.8 % 
	10.5 -11.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 
	total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication. 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fine sand fines 
	no30 no 50 no 100 no200 Imin 4 min 19min 60 min 7 hr 15 
	.6 mm .3 mm .I5 mm .075 mm ,037 mm .019 mm .009 mm .005 mm .002 mm 
	0.40g 0.70g 2.109 51.60g 
	total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.0882 mm D50: 0.0767 mm D30: NA D10: NA 
	Gravel 0.0 % Sand 51.6 % Fines 48.4 % 
	14.0 -16.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 
	total dry wt tested g ML; Sandy silt. Total weights entered as constants for percentage replication. fine gravel coarse sand medium sand fine sand fines 
	1,000.00 

	Table
	TR
	no 50 
	no 100 
	no 200 
	I min 

	TR
	.3 mm 
	.I5mm 
	,075 mm 
	,037 mm 

	5.00g 
	5.00g 
	0.80g 
	1.30g 
	1.90g 
	2.00g 
	5.50g 
	142.00g 

	TR
	total -no. 4 tested 300.00 g 
	moisture content NA 


	Coef. of uniformity NA Coef. of curvature NA D60: 0.0843 mm D50: NA Gravel 0.5 % Sand 47.1 % Fines 52.4 % 
	Figure
	Figure
	20.2 -20.3 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 . total dry wt tested g ML; Sandy silt. Total weights entered as constants for percentage replication. . 
	1,000.00 

	coarse gravel fine gravel coarse sand fines I
	3in 
	3in 
	3in 
	1 112in 
	no 50 
	no 100 
	no 200 
	Irnin 
	4rnin 
	19 rnin 
	60 rnin 
	7 hr 15 
	25 hr45 

	75 rnrn 
	75 rnrn 
	37.5 rnrn 
	19 rnrn 
	9.5 rnrn 
	4.75 rnrn 
	2.36 rnrn 
	1.18 rnrn 
	.6 rnrn 
	.3 rnrn 
	.I5 rnrn 
	.075 rnrn 
	,037 rnrn 
	,019 rnrn 
	,009 rnrn 
	,005 rnrn 
	.002 rnrn 
	,001 rnrr 

	TR
	0.20g 
	4.109 
	35.10g 

	TR
	total -no. 4 tested 100.00 g 
	moisture content NA 

	TR
	Coef. of uniformity NA 
	Coef. of curvature NA 
	D60: NA 
	D50: NA 
	D30: NA 
	D10: NA 

	TR
	Gravel 0.0 % 
	Sand 35.1 % 
	Fines 64.9 % 


	28.0 -29.5 ft Test Hole 1 Imperial National Wildlife Refuge 12-20-2005 . total dry wt SP-SM; Poorly graded sand with silt. Total weights entered as constants for percentage replication. . 
	tested 1,000.00 g 

	fine gravel coarse sand medium sand fine sand fines 
	-
	3 in 75rnrn 
	3 in 75rnrn 
	3 in 75rnrn 
	1 112in 37.5rnrn 
	19 rnrn 
	9.5mm 
	4.75rnrn 
	2.36rnrn 
	no 50 1.18mm .6rnrn .3rnrn 0.60g 1.40g total -no. 4 tested 100.00g 
	no 100 no 200 .I5mm .075mm 42.60g 89.90g moisture content NA 
	I min ,037mm 
	4 min .019rnrn 
	19min .009rnrn 
	60rnin .005rnrn 
	7hr 15 .002mm 
	25 hr 45 .001rnrn 

	TR
	Coef. of uniformity NA 
	Coef. of curvature NA 
	D60: 0.157 mm 
	D50: 0.135 mm 
	D30: 0.100 mm 
	D10: NA 

	TR
	Gravel 0.0 % 
	Sand 89.9 % 
	Fines 10.1 % 


	29.5 -30.0 ft Test Hole I Imperial National Wildlife Refuge 12-20-2005 total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication. 
	1,000.00

	coarse gravel fine gravel coarse sand medium sand fine sand fines 
	-
	-,-I 
	no 100 no 200 Irnin 4 min 19 min 60 min .I5 mm .075 mrn .037 mm .019 mm ,009 mm ,005 mm 
	15.40 g 78.70 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.1 15 mm D50: 0.103 mm D30: 0.0825 mm D10: NA 
	Gravel 0.0 % Sand 78.7 % Fines 21.3 % 
	38.0 -40.0 ft Test Hole I Imperial National Wildlife Refuge 12-20-2005 
	total dry wt tested 1,000.00 g 
	total dry wt tested 1,000.00 g 
	total dry wt tested 1,000.00 g 
	SP-SM; Poorly graded sand with silt and gravel. . -
	Total weights entered as constants for percentage 

	TR
	replication. 

	coarse gravel 
	coarse gravel 
	fine gravel 
	coarse sand 
	medium sand 
	fine sand 
	fines 

	loo,,-. ~ ------,--....------
	loo,,-. ~ ------,--....------


	no 200 
	no 200 
	no 200 
	Imin 
	4 min 
	19 min 
	60 min 
	7 hr 15 
	25 hr 45 

	19 mrn 
	19 mrn 
	9.5 mm 
	4.75 rnm 
	2.36 mm 
	1.18 mm 
	.6 mm 
	.075 mm 
	,037 mrn 
	.019 mm 
	,009 mm 
	.005 mm 
	,002 mm 
	.001 mm 

	TR
	90.00 g 

	TR
	total -no. 4 tested 100.00 g 
	moisture content NA 


	Coef. of uniformity 27.02 Coef. of curvature 0.58 D60: 4.08 mm D50: 2.36 mm D30: 0.597 mm D10: 0.151 mm .Gravel 37.2 % Sand 56.5 % Fines 6.3 % .
	Generic Sand Test Hole I Imperial National Wildlife Refuge 12-27-2005 total dry wt tested g SP; Poorly graded sand. Collected from material flushed out during well development. Total weights entered as constants for percentage replication. fine gravel coarse sand medium sand fine sand fines 
	1,000.00 

	no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 .3 mm .15mm .075 mm ,037 mm ,019 mm ,009 mm ,005 mm .002 mm ,001 mm 
	1.20 g 26.80 g 86.80 g 98.30 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity 2.08 Coef. of curvature 1.04 D60: 0.258 mm D50: 0.229 mm 030: 0.182 mm D10: 0.124 mm Gravel 0.0 % Sand 98.3 % Fines 1.7 % 
	Figure
	18.0 -20.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-18-2006 
	CL; Lean clay. Atterberg test: Liquid Limit = 46.9, Plasticity Index = 26.6. Total weights entered as constants for percentage replication. 
	total dry wt tested 1,000.00 g 

	fine gravel coarse sand medium sand 
	no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 
	total -no. 4 testec 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA 030: NA D10: NA . Gravel 0.0 % Sand 2.2 % Fines 97.8 % . 
	28.0 -30.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-1 8-2006 total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication. 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fines 
	L G O G 
	I0°% 

	no 50 no 100 no 200 Imin 4 min .3mm .I5 mm .075 mm .037 mm ,019 mm 
	0.30 g 7.70 g 80.40 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.1 10 mm D50: 0.100 mm D30: 0.0828 mm D10: NA 
	Gravel 0.0 % Sand 80.4 % Fines 19.6 % 
	38.0 -40.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-18-2006 
	total dry wt tested g SP; Poorly graded sand. Total weights entered as constants for percentage replication. fine gravel coarse sand medium sand fine sand fines 
	1,000.00 

	Table
	TR
	no 50 
	no 100 
	no 200 
	Imin 
	4 min 
	19 min 
	60 min 
	7 hr 15 
	25 hr45 

	75 mm 
	75 mm 
	37.5 mrn 
	19 mm 
	9.5 mm 
	4.75 mm 
	2.36 mm 
	1.18 mm 

	TR
	21.00 g 
	69.00 g 
	7.69 g 
	14.07 g 

	TR
	total -no. 4 tested 100.00 g 
	moisture content NA 


	Coef. of uniformity 2.91 Coef. of curvature 0.80 D60: 0.477 mm D50: 0.385 mm D30: 0.250 mm D10: 0.164 mm . Gravel 9.0 % Sand 88.9 % Fines 2.1 % . 
	0.0 -3.0 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 . total dry wt tested g SM; Silty sand. Total weights entered as constantsfor percentage replication. . 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fine sand 
	--
	--

	7 
	Imin 4 min 19min 60 min 7 hr 15 25 hr45 .037 mm ,019 mm ,009 mm .005 mm .002 mm ,001 mm 
	total -no. 4 tested 100.00 g moisturecontent NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.122 mm D50: 0.108 mm D30: 0.0831 mm D10: NA . Gravel 2.6 % Sand 75.3 % Fines 22.1 % . 
	Figure
	9.6 -10.5 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 total dry wt tested g SP-SM; Poorly graded sand with silt and gravel. Total weights entered as constants for percentage 
	1,000.00 

	replication. fine sand fines
	replication. fine sand fines
	coarse gravel fine gravel coarse sand medium sand 

	no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 .3 mm .I5 mm ,075 mm ,037 mm .019 mm .009 mm .005 mm .002 mm ,001 mm 
	22.36 g 28.38 g 37.35 g 52.07 g 86.35 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 1.48 mm D50: 0.418 mm D30: 0.128 mm D10: NA 
	Gravel 25.3 % Sand 64.5 % Fines 10.2 % 
	13.0 -13.8 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 total dry wt tested g SP; Poorly graded sand. Total weights entered as constants for percentage replication. 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fine sand fines 
	100% 
	100.0% 1 100.0% j 10( 
	------.
	-----,------------------
	ti, 
	0% no200 Imin 4min 19min 60min 7hr15 25hr45 .075 mm ,037 mm .019 mrn ,009 mm ,005 mm ,002 mm .001 mm 
	96.20 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity 2.34 Coef. of curvature 0.95 D60: 0.199 mm D50: 0.174 mm D30: 0.127 mm D10: 0.0849 mm 
	Gravel 0.0 % Sand 96.2 % Fines 3.8 % 
	13.8 -15.0 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 
	total dry wt tested g SP; Poorly graded sand with gravel. Total weights entered as constants for percentage replication. coarse gravel fine gravel coarse sand medium sand fine sand fines 
	1,000.00 

	-
	-
	100.0% / 100
	no50 no100 no200 Imin 4min 19min 60min 7hr15 25hr45 .3 mm .I5 mm .075 mm .037 mm ,019 mm .009 mm .005 mm ,002 mm ,001 mm 
	78.34 g 92.38 g 96.66 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity 10.85 Coef. of curvature 0.65 D60: 2.16 mm D50: 1.21 mm D30: 0.530 mm D10: 0.199 mm 
	Gravel 25.2 % Sand 72.3 % Fines 2.5 % 
	18.0 -19.1 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 
	total dry wt tested g SW; Well-graded sand with gravel. Total weights entered as constants for percentage replication coarse gravel fine gravel coarse sand medium sand fine sand fines 
	1,000.00 

	no50 no100 no200 Imin 4min 19min 60min 7hr15 25hr45 .3 mm .I5 mm .075 mm ,037 mm .019 mm .009 mm .005 mm ,002 mm ,001 mm 
	17.29 g 38.42 g 59.90 g 74.79 g 84.75 g 94.96 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity 13.83 Coef. of curvature 1.24 D60: 1.66 mm D50: 1 .I2 mm D30: 0.496 mm D10: 0.120 mm 
	Gravel 16.7 % Sand 79.1 % Fines 4.2 % 
	8 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 
	total dry wt tested g SM; Silty sand. "8 ft from auger flight" Total weights entered as constants for percentage replication. . 
	1,000.00 

	fine gravel coarse sand medium sand fine sand fines . 
	Imin 4 min 19min 60 min 7 hr 15 25 hr45 .037 mm .019 mm ,009 mm ,005 mm ,002 mm ,001 mm 
	total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.1 I7 mm D50: 0.106 mm D30: 0.0863 mm D10: NA . Gravel 0.0 % Sand 83.7 % Fines 16.3 % . 
	18.5 -20.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 
	total dry wt tested g CL; Lean clay. .Atterberg test: Liquid Limit = 46.0, Plasticity Index = 26.4. Total weights entered as constants for percentage replication. 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fine sand 
	100.0% .
	j 100.0% j 10' 
	......,.....
	........
	.....,......
	I min 4min 19min 60min 7 hr 15 25 hr 45 ,037mm .019mm .009mm ,005mm ,002mm .001mm 
	total -no. 4 tested 100.00g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA Gravel 0.0 % Sand 7.1 % Fines 92.9 % 
	28.0 -28.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 total dry wt tested g CH; Fat clay. Atterberg test: Liquid Limit = 53.8, Plasticity Index = 33.8. Total weights entered as 
	1,000.00 

	constants for percentage replication. coarse gravel fine gravel coarse sand fine sand fines 
	no50 no 100 no200 Imin 4 min 19min 60 min 7 hr 15 25 hr45 
	total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA 030: NA D10: NA Gravel 0.0 % Sand 4.2 % . Fines 95.8 % 
	Figure
	38.5 -40.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 . total dry wt SP-SM; Poorly graded sand with silt. Total weights entered as constants for percentage replication. . 
	tested 1,000.00 g 

	coarse gravel fine gravel coarse sand medium sand fine sand fines 
	no 50 no 100 no200 Imin 4 min 19 min 60 min 7 hr 15 25 hr 45 .3 mm .I5 mm ,075 mm .037 mm .019 mm ,009 mm .005 mm .002 mm .001 mm 
	3.11 g 53.26 g 92.58 g total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity 2.31 Coef. of curvature 0.88 D60: 0.181 rnrn D50: 0.157 rnrn 030: 0.1 12 rnrn D10: 0.0785 rnrn 
	Gravel 0.3 % Sand 92.3 % Fines 7.4 % 
	4.0 -4.2 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 . total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication. . 
	1,000.00 

	fine gravel coarse sand 
	Imin 4 min 19min 60 min 7 hr 15 25 hr45 ,037 mm .019 mm ,009 mm ,005 mm ,002 mm .001 mm 
	total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.1 11 mrn , D50: 0.0978 rnrn D30: 0.0762 rnm D10: NA . Gravel 0.0 % Sand 71.3% Fines 28.7 % . 
	9.0 -11.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication. 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fine sand fines 
	-1
	100.0% / 100.0% 
	314in 318in no4 no8 no16 no30 no 50 no 100 no 200 Imin 4 min 19 mm 9.5 rnm 4.75 mm 2.36 mm 1.18 mm .6mm .3 mm .15mm .075 mm .037 mm .019 mm 
	0.10 g 0.40 g 0.70 g 3.40 g 54.90 g . total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.0917 mm D50: 0.0801 mm D30: NA D10: NA 
	Gravel 0.0 % Sand 54.9 % Fines 45.1 % 
	14.0 -16.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 
	total dry wt tested g ML; Silt with sand. Total weights entered as constants for percentage replication. coarse gravel fine gravel coarse sand fines 
	1,000.00 

	-
	-rv, 
	100.0% / 100.0% / 101 
	no 16 no 30 no 50 no 100 no 200 I min 4min 19min 60min 
	total -no. 4 tested 100.00g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA Gravel 0.0 % Sand 23.1 % Fines 76.9 % 
	19.0 -21.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-29-2005 total dry wt tested g SM; Silty sand. Total weights entered as constants for percentage replication. 
	1,000.00 

	coarse gravel fine gravel coarse sand medium sand fine sand fines 
	\,# 
	no 50 no 100 no 200 Imin 4 min 19 min 60 min 7 hr 15 25 hr45 
	total -no. 4 tested 100.00 g moisture content NA 
	Coef. of uniformity NA Coef. of curvature NA D60: 0.0966 rnrn D50: 0.0857 rnrn D30: NA D10: NA . Gravel 0.0 % Sand 61 .I % Fines 38.9 % . 
	APPENDIX I11 . 
	WATER ANALYSES . 
	YUMA DESALTING PLANT LABORATORY CHEMICAL ANALYSIS 
	--

	-
	-rv OF WATER SAMPLES 
	-
	MISC. WELL . INWR TH-1,76 gpm . 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 
	LABNUMBER: 21399 SAMPLED BY: FCROXEN 
	DATE COLLECTED: 12/27/2005 TIME COLLECTED: 12:OO 
	ELECTROCONDUCTIVITY 1 EC (in microsiemens Icm): lolo (4 FIELD TEMP ( C ): 22.2 
	TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 624 SALT CONDUCTIVITY: 0.9362 
	TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 646 pH: 8.02 
	All values in mglL 
	SODIUM (Na): SILICA (Si02): . POTASSIUM(K): BORON (B): . CALCIUM (Ca): FLUORIDE (F): . MAGNESIUM (Mg): AMMONIA (NH4 -N): . CARBONATE (C03): PHOSPHATE (PO4 -P): . BICARBONATE (HC03): IRON (Fe): . CHLORIDE (CI): MANGANESE (Mn): . SULFUR as Sulfate (S04): BARIUM (Ba): . NITRATE (NO3 -N): STRONTIUM (Sr): . 
	Cations, mE IL: 10.60 Anions, mE IL: 11.10 % DIFFERENCE: -2.44 
	YUMA DESALTING PLANT . LABORATORY CHEMICAL ANALYSIS . OF WATER SAMPLES . 
	MISC. WELL . INWR North Well . 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

	LAB NUMBER: 
	LAB NUMBER: 
	21388 SAMPLED BY: FCROXEN 

	DATE COLLECTED: 12/22/2005 ELECTROCONDUCTIVITY IEC (in microsiemens Icm): 1210 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 832 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 
	DATE COLLECTED: 12/22/2005 ELECTROCONDUCTIVITY IEC (in microsiemens Icm): 1210 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 832 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 
	TIME COLLECTED: 13:01 FIELD TEMP ( C ): 21.6 SALT CONDUCTIVITY: 0.6488 785 pH: 7.91 


	All values in mglL 
	SODIUM (Na): SILICA (Si02): . POTASSIUM (K): BORON (6): . CALCIUM (Ca): FLUORIDE (F): . MAGNESIUM (Mg): AMMONIA (NH4 -N): . CARBONATE (C03): PHOSPHATE (PO4 -P): . BICARBONATE (HC03): IRON (Fe): . CHLORIDE (CI): MANGANESE (Mn): . SULFUR as Sulfate (S04): BARIUM (Ba): . NITRATE (NO3 -N): STRONTIUM (Sr): . 
	Cations, mE IL: 12.80 Anions, mE IL: 12.50 % DIFFERENCE: 1.06 
	YUMA DESALTING PLANT . LABORATORY CHEMICAL ANALYSIS . OF WATER SAMPLES . 
	MISC. WELL . INWR TH-2 Shallow Well -40ft. . 
	USGS STATION NUMBER: MISC-WELL 
	USGS STATION NUMBER: MISC-WELL 
	USGS STATION NUMBER: MISC-WELL 
	SITE CODE: W0990 

	LAB NUMBER: 
	LAB NUMBER: 
	21686 
	SAMPLED BY: T Fox 

	DATE COLLECTED: 
	DATE COLLECTED: 
	112412006 
	TIME COLLECTED: : 

	ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1270 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 796 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 1 2.03) (in mglL): 
	ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1270 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 796 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 1 2.03) (in mglL): 
	SALT 763 
	FIELD TEMP ( C ): 22.8 CONDUCTIVITY: 0.6008 pH: 8.01 


	All values in mglL 
	SODIUM (Na): SILICA (Si02): . 
	POTASSIUM (K): BORON (B): . CALCIUM (Ca): FLUORIDE (F): . MAGNESIUM (Mg): AMMONIA (NH4 -N): . CARBONATE (C03): PHOSPHATE (PO4 -P): . BICARBONATE (HC03): IRON (Fe): . 
	CHLORIDE (CI): MANGANESE (Mn): . SULFUR as Sulfate (S04): BARIUM (Ba): . NITRATE (NO3 -N): STRONTIUM (Sr): . 
	Cations, mE IL: 12.00 Anions, mE IL: 12.70 % DIFFERENCE: -2.62 
	YUMA DESALTING PLANT . LABORATORY CHEMICAL ANALYSIS . OF WATER SAMPLES . 
	MISC. WELL . INWR South Well . 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

	LAB NUMBER: 
	LAB NUMBER: 
	21425 SAMPLED BY: FCROXEN 

	DATE COLLECTED: 12/29/2005 ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1170 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 748 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 I2.03) (in mglL): 
	DATE COLLECTED: 12/29/2005 ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1170 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 748 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 I2.03) (in mglL): 
	TIME COLLECTED: 15:17. FIELD TEMP ( C ): 21.6 SALT CONDUCTIVITY: 0.588 688 pH: 8.01 


	All values in mglL 
	SODIUM (Na): SILICA (Si02): . 
	POTASSIUM (K): BORON (B): . CALCIUM (Ca): FLUORIDE (F): . MAGNESIUM (Mg): AMMONIA (NH4 -N): . CARBONATE (C03): PHOSPHATE (PO4 -P): . BICARBONATE (HC03): IRON (Fe): . 
	CHLORIDE (CI): MANGANESE (Mn): . SULFUR as Sulfate (S04): BARIUM (Ba): . NITRATE (NO3 -N): STRONTIUM (Sr): . 
	Cations, mE IL: 10.50 Anions, mE IL: 11.60 % DIFFERENCE: -5.07 
	YUMA DESALTING PLANT . 
	LABORATORY CHEMICAL ANALYSIS 
	-
	-

	-
	-rv OF WATER SAMPLES 
	MISC. WELL . INWR TH-4 . 
	USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 LAB NUMBER: 21652 SAMPLED BY: T Fox , DATE COLLECTED: 111 712006 TIME COLLECTED: 10:37 ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 2120 FIELD TEMP ( C ): 22.5 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 1350 SALT CONDUCTIVITY: 0.6085 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 1290 pH: 7.5 
	All values in mglL 
	SODIUM (Na): .POTASSIUM (K): .CALCIUM (Ca): .MAGNESIUM (Mg): .CARBONATE (C03): .BICARBONATE (HC03): .CHLORIDE (Ci): .SULFUR as Sulfate (S04): .NITRATE (NO3 -N): .
	281.OO 
	5.5 
	91.20 
	33.00 
	0.00 
	367.00 232.00 439.00 e0.50 
	SILICA (Si02): .BORON (B): .FLUORIDE (F): .AMMONIA (NH4 -N): .PHOSPHATE (PO4 -P): .IRON (Fe): .MANGANESE (Mn): .BARIUM (Ba): .STRONTIUM (Sr): .
	26.60 cO.50 2.24 0.197 C0.50 
	<0.50 
	1.31 
	0.0357 
	1.37 
	Cations, mE IL: 19.60 Anions, mE IL: 21.80 % DIFFERENCE: -5.29 
	YUMA DESALTING PLANT . LABORATORY CHEMICAL ANALYSIS . OF WATER SAMPLES . 
	INWR Martinez Lake Inlet. . 
	USGS STATION NUMBER: SITE CODE: W0990 
	USGS STATION NUMBER: SITE CODE: W0990 
	USGS STATION NUMBER: SITE CODE: W0990 

	LAB NUMBER: 
	LAB NUMBER: 
	21424 SAMPLED BY: FCROXEN 

	DATE COLLECTED: 12/29/2005 ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1280 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 780 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mg/L): 
	DATE COLLECTED: 12/29/2005 ELECTROCONDUCTIVITYIEC (in microsiemens Icm): 1280 TDS -BY EVAPORATION AT 180 DEGREES C (in mglL): 780 TDS -BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mg/L): 
	TIME COLLECTED: 12:35 FIELD TEMP ( C ): 13.1 SALT CONDUCTIVITY: 0.5781 740 pH: 8.31 


	All values in mglL 
	SODIUM (Na): SILICA (Si02): . 
	POTASSIUM (K): BORON (B): . CALCIUM (Ca): FLUORIDE (F): . MAGNESIUM (Mg): AMMONIA (NH4 -N): . CARBONATE (C03): PHOSPHATE (PO4 -P): . BICARBONATE (HC03): IRON (Fe): . 
	CHLORIDE (CI): MANGANESE (Mn): . SULFUR as Sulfate (S04): BARIUM (Ba): . NITRATE (NO3 -N): STRONTIUM (Sr): . 
	Cations, mE I L: 11.SO Anions, mE IL: 12.60 % DIFFERENCE: -4.73 
	APPENDIX lV . 
	PUMP TEST DATA . 
	Analysis of INWR WELL #Iduring Step Drawdown Test of INWR WELL #2 of December 29,2006 Thursday . 
	Time t, min t', min log,o(tlt' ) Residual Drawdown. Depth to Water 
	Time t, min t', min log,o(tlt' ) Residual Drawdown. Depth to Water 
	Time t, min t', min log,o(tlt' ) Residual Drawdown. Depth to Water 
	TH-1 
	TH-1 

	MST 
	MST 
	s', feet 
	DW, feet 
	DW, feet 
	Drawdown 

	TR
	feet 

	TR
	7.36 . 
	6.07 
	0 
	STATIC 

	TR
	PUMP ON at 1100 gpm 

	TR
	9.67 

	TR
	START MAXIMUM Q AT 1570 GPM 

	TR
	10.37 

	TR
	10.49 

	TR
	10.56 

	TR
	10.56? 

	TR
	10.61 

	TR
	6.43 
	0.36 

	TR
	PUMP OFF. START RECOVERY OF INWR #I (NORTH WELL) 

	TR
	0 

	TR
	0.5 

	TR
	1 
	Plot of log,,(t/t' ) vs. residual drawdown (s') gives 

	TR
	2 
	a Transmissivity of 400,000 gpdlft 

	TR
	3 

	TR
	4 
	Storage coefficient = .3*~*t,/? =.088 

	TR
	5 
	where t,= 2 min = 0.001386 days 

	TR
	6 
	T = 400464 gpdlft 

	TR
	7 

	TR
	8 

	TR
	9 

	TR
	10 

	TR
	12 

	TR
	15 

	TR
	20 

	TR
	25 

	TR
	30 

	TR
	38 

	TR
	4 1 


	Imperial National Wildlife Refuge Step Drawdown Test of INWR WELL #2 (South Well) December 29,2005 Thursday INWR #2 is 43.5 feet south of INWR #I 
	Time (MST) t (min) Q (gpm) t' (min) log,,(t/t') INWR #2 INWR #2 INWR #2 INWR #2 lNWR#I TH-1 REMARKS Pumping Level Drawdown Residual drawdown Calculated residual Depth to water PL, feet s, feet s', feet drawdown Dw, feet Dw, feet ( s-s' ), feet 
	7.36 .6.07 Static water level PUMP ON Decreased Q 
	9.67 Start maximum Q 
	10.37 
	6.32 
	10.49 
	10.56 
	6.39 
	10.56 
	10.61 
	6.43 PUMP OFF START RECOVERY 
	84.24 
	84.33 
	84.37 
	84.46 
	84.54 
	84.53 
	84.62 
	84.78 
	84.88 
	84.93 
	84.93 
	84.93 

	85.03 
	85.03 
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