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HYDROGEOLOGIC EVALUATION 
OF WHITE MESA URANIUM MILL 

1.0 INTRODUCTION 

This report presents a hydrogeologic evaluation for the White Mesa Uranium Mill. The 

evaluation focuses on description and definition of the site hydrostratigraphy, and occurrence of 

ground water as it relates to the natural and manmade safeguards which protect ground water 

resources from potential leakage of tailings cells at the site. 

The findings of this evaluation indicate that the tailings located in the existing disposal cells are 

not impacting ground water at the site. In addition, it does not appear that future impacts to 

ground water would be expected as a result of continuing operations. These conclusions are 

based on chemical and hydrogeologic data which show that: 

1. The chemistry of perched ground water encountered below the site does not show 

concentrations or increasing trends in concentrations of constituents that would indicate 

seepage from the existing disposal cells; 

2. The useable aquifer at the site is separated from the facility by about 1,200 feet of 

unsaturated, low-permeability rock; 

3. The useable aquifer is under artesian pressure and, therefore, has an upward pressure 

gradient which would preclude downward migration of constituents into the aquifer; and 

4. The facility has operated for a period of 15 years and has caused no discernible impacts 

to ground water during this period. 

Continued and expanded monitoring of subsurface conditions at the site will be performed to 

verify that past, current and future operations will not impact ground water. 

Numerous technical studies were used in the preparation of this document. Regional geologic 

and geohydrologic data were obtained primarily from U.s. Geological Survey and State of Utah 

publications. Site-specific information was obtained from the 1978 Environmental Report 
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prepared by Dames and Moore, the 1988 Reclamation Plan submitted by Umetco, a 1992 ground 

water study report submitted by Umetco, and a 1991 ground water hydrology report on White 

Mesa prepared by Hydro-Engineering. Additional references consulted during preparation of this 

report include site-specific reports by D'Appolonia (1981, 1982 and 1984). 

1.1 Site Description 

The White Mesa Uranium Mill is located in southeastern Utah, approximately 6 miles south of 

the town of Blanding. It is situated on White Mesa, a flat area bounded on the east by Corral 

Canyon, to the west by Westwater Creek, and to the south by Cottonwood Canyon. The site 

consists of the uranium processing mill, and four engineered lined tailings disposal cells. 

1.2 Geologic Setting 

The White Mesa Uranium Mill site is located near the western edge of the Blanding Basin within 

the Canyon lands section of the Colorado Plateau physiographic province (Figure 1.1). The 

Canyon lands have undergone broad, fairly horizontal uplift and subsequent erosion which have 

produced the region's characteristic topography represented by high plateaus, mesas, buttes and 

deep canyons incised into relatively flat lying sedimentary rocks of pre-Tertiary age. Elevations 

range from approximately 3,000 feet in the bottoms of the deep canyons along the southwestern 

margins of the region to more than 11,000 feet in the Henry, Abajo and La Sal mountains located 

to the northwest and northeast of the facility. With the exception of the deep canyons and 

isolated mountain peaks, an average elevation slightly in excess of 5,000 feet persists over most 

of the Canyon lands. The average elevation at the White Mesa Uranium Mill is 5,600 feet mean 

sea level (MSL). 

1.2.1 Stratigraphy 

Rocks of Upper Jurassic and Cretaceous age are exposed in the canyon walls in the vicinity of 

the White Mesa Uranium Mill site. These rock units (Figure 1.2) include, in descending order, 

the following: Eolian sand of Quaternary Age and varying thickness overlies the Dakota 

CR1\SUBDIRECTORYlFILENAME.REV [7/27/94] 
.....-..._-_ .... -.
~---.--..-::- i i i:~~ Environtnental 



'.", 

--~/ 
~-~ "-

"................ 
................ 

PARADOX ........ 
BOUNDARY 

I 
:r J '-
~ ~ 

........ --' !# 
ARIZONAO_.'.';j. l . 

/ I ~ / 
I // 
\..::: ..,..... ./ lYENDE 

- \ I SADDLE 

\ 

REfERENCE' 

AFTER SHOEMAKER. 1956; KELLEY. 1958) 

COLORADO PLATEAU GEOLOGIC MAP 
PREPARED FOR 

ENERGY FUELS NUCLEAR 
DENVER, COLORADO ....-..._---- .... -

1-P.-."':"'l-r---rIS--S ..... UE-D ..... FO-R --DRA ..... FT~SU ..... BM ..... IlT--Al-----r---r--r-----, _ i i L ~ ..;,; Environmental 
LJ..:l. T.M.G. 

No. DATE ISSUE / REVISION FIGURE 1.1 
DRAWING NUMBER 

4111-A4 



-.. 

l· ,-. 

.:j 

I") 

« 
I 

T""" 

T""" 

T""" 

v 

O0:: 
Zw -en 
~~ 
O::~ 
oz 

(J) 
(J) 
W 
Z 

COVERED BY UNCONSOLIDATED ALLUVIUM, 
COLLUVIUM AND TALUS 

EOLIAN SAND FINE-GRAINED 111111-------------- -SAND AND SILT, REDDISH BROWN VERY 

-,---,-- = = = = = = =MANCOS SHA[8:: = ==SHALE, LIGHT GRAY, SOFT 

0 U) 
!.O V 
2 

DAKOTA SANDSTONE 
SANDSTONE, QUARTZ, LIGHT YELLOW BROWN, 
POORLY SORTED, IRON CON CREATIONS. 
WELL INDURATED 

+--~*~4----------------

U) 
r--.. 
2 

""'" ""'" ""'" ""'" BURRO CANYON FORMATION 
""'" ""'" ""'" +---f'-lo~""':"";"""''''''''' - - - - - - - - - - - --

U) BRUSHY BASIN MEMBER 
(J) 

C'\J 
2 

z 
o 
~ 
2 

~DSTONE, QUARTZ, LIGHT GRAY TO LIGHT 
BROWN, CROSS-BEDDED, CONGLOMERATIC, 
POORLY SORTED INTERBEDDED WITH 
GRAY-GREEN SHALE 

SHALE, GRAY. GRAY-GREEN. AND PURPLIE. 
SILTY IN PART WITH SOME SANDSTONE 
LENSES 

~ - ~==r------------- ~ 
SANDSTONE, ARKOSIC. YELLOW TO GREENISH 
GRAY, FINE TO COARSE GRAINED, INTERBEDDED 
WITH GREENISH-GRAY TO REDDISH-BROWN 
SHALE 

U 
I 
I-

W 
I-
<{ 
~ 
X 
0 
0::: 
0... 
0... 
<{ 

0 
!.O 
2 

1===========1 WESTWATER CANYON MEMBER 
lL. 

z 
o 

-t--- ..... ,.....,.~~~------------ if) 

0 
C'\J 

2 

0::: 
0::: 
o 

RECAPTURE MEMBER 2 
SHALE. REDDISH-GRAY SILTY TO SANDY 
INTERBEDDED WITH SANDSTONE, ARKOSIC. 
REDDISH-GRAY, TO YELLOW-BROWN. FlNE
TO MEDIUM-GRAINED 

-+--- !;~~~:t- - - - - - - - - - - - - - --
U) 
0 SALT WASH MEMBER 

-t--- ~~~""'+f-- - - - - - - - - - - --
o 
o 

SUMMERVILLE FORMATION 

-+--- ~~~~-d- -- - -- - - -----

ENTRADA SANDSTONE 

SANDSTONE. QUARTZ, YELLOWISH-TO 
REDDISH BROWN, FINE-TO COARSE
GRAINED INTERBEDDED WITH REDDISH
GRAY SHALE 

SANDSTONE. RED-BROWN. THIN-BEDDED. WITH 
RIPPLE MARKS, ARGILLACEOUS WITH SHALE 
INTERBEDS 

SANDSTONE, QUARTZ WHITE TO GRAYISH 
BROWN. MASSIVE. CROSS-BEDDED. FlNE
TO MEDIUM-GRAINED 

-+--- i>m,...:....;:~~H- - - - - - - - - - - - - - --

NAVAJO SANDSTONE 
SANDSTONE. QUARTZ. LIGHT YELLOWISH
BROWN TO LIGHT-GRAY AND WHITE. MASSIVE. 
CROSS-BEDDED, FRIABLE, FlNE- TO 
MEDIUM-GRAINED 

-L-__ L..-""-"","",,,,"-__________ - - - - - - - -

NOTE: STRATIGRAPHY OF WHITE MESA 
1. THIS DRAWING IS NOT TO SCALE. PREPARED FOR 
2. ALL THICKNESSES ARE APPROXIMATE. ENERGY FUELS NUCLEAR 
REFERENCE· DENVER, COLORADO 
DAMES & MOORE 1978 ______ --

1--:'J::..1""'T"---r-ISS-U-EO-F-O-R-O-RAFT-S-U-SM-m--Al-----"T"""-"'T'""--r--, _ S II s':-..,;.; Environmental 
LD. T.M.G_ 

No. DATE ISSUE / REVISION 
DATE: 7-19-94 

SCALE: N.T.S. FIGURE 1.2 
DRAWING NUMBER 

4111-A3 



Revision 0 
July 27, 1994 

Page 5 

sandstone and Mancos shale on the mesa. A thin deposit of talus derived from rock falls of 

Dakota sandstone and Burro Canyon Formation mantles the lower valley flanks. Underlying 

these units are the Cretaceous Age erosional remnants of Mancos shale, Dakota Sandstone, and 

Burro Canyon Formation. Erosional remnants of Mancos shale are only found north of the Mill 

site. The Brushy Basin, Westwater Canyon, Recapture and Salt Wash Members of the upper 

Jurassic Age Morrison Formation are encountered below the Burro Canyon Formation. The 

Summerville Formation, Entrada Sandstone and Navajo Sandstone are the deepest units of 

concern encountered at the site. 

1.2.2 Local Geologic Structure 

In general, the rock formations of the region are flat-lying with dips of 1 to 3 degrees. The rock 

formations are incised by streams that have formed canyons between intervening areas of broad 

mesas and buttes. An intricate system of deep canyons along and across hog-backs and cuestas 

has resulted from faulting,> upwarping and dislocation of rocks around the intrusive rock masses, 

such as the Abajo Mountains. Thus the region is divided up into numerous hydrological areas 

controlled by'structural features. 

The strata underlying White Mesa have a regional dip of 112 to 1 degrees to the south; however, 

local dips of 5 degrees have been measured. Haynes, et al (1972) includes a map showing the 

structure at the base of the Dakota Formation. Approximately 25 miles to the north, the Abajo 

Mountains, formed by igneous intrusions, have caused local faulting, upwarping, and 

displacement of the sedimentary section. However, no faults have been mapped in the immediate 

vicinity of White Mesa. 

1.3 Hydrogeologic Setting 

On a regional basis, the formations that are recognized as aquifers are: Cretaceous-age Dakota 

Sandstone and the upper part of the Morrison Formation of late Jurassic age; the Entrada 

Sandstone, and the Navajo Sandstone of Jurassic age; the Wingate Sandstone and the Shinarump 

CRTlSUBDIRECTORY\FILENAMEREV [7127/94J ....-....---~ .... -........ _-_ .... -.--= E E E:~~ Environm.ental 
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Member of the Chinle Formation of Triassic age; and the DeChelle Member of the Cutler 

Formation of Permian age. 

Recharge to aquifers in the region occurs by infiltration of precipitation into the aquifers along 

the flanks of the Abajo, Henry and La Sal Mountains and along the flanks of folds, such as Comb 

Ridge Monocline and the San Rafael Swell, where the permeable formations are exposed at the 

surface (Figure 1.1). 

Seventy-four ground water appropriation applications, within a five-mile radius of the Mill site, 

are on file with the Utah State Engineer's office. A summary of the applications is presented in 

Table 1.1 and shown on Figure 1.3. The majority of the applications is by private individuals 

and for wells drawing small, intermittent quantities of water, less than 8 gallons per minute 

(gpm), from the Burro Canyon Formation. For the most part, these wells are located upgradient 

(north) of the White Mesa Uranium Mill site. Stockwatering and irrigation are listed as primary 

uses of the majority of the wells. It is important to note that no wells exist downgradient of the 

site within the 5-mile radius. 

The productivity of the Burro Canyon Formation within the White Mesa site is substantially 

different from the productivity of this formation upgradient of the site. For the most part, the 

documented pumping rates from on-site wells completed in the Burro Canyon Formation are less 

than 0.5 gpm. Even at this low rate, the on-site wells are typically pumped dry within a couple 

of hours. This low productivity stems from the fact that the White Mesa Uranium Mill is located 

over a peripheral fringe of perched water; saturated thickness decreases under the site and 

permeability of the formation is very low. 

These observations have been verified by studies performed for the U.S. Department of Energy's 

disposal site at Slick Rock which noted that the Dakota Sandstone, Burro Canyon Formation and 

upper claystone of the Brushy Basin Member are not considered aquifers due to the low 

permeability, discontinuous nature and limited thickness of these units (DOE, 1993). 

CRT\SUBDIRECTORY\FILENAME.REV [7/27/94] ~------............ _-_.-. -----= E E E.:-==~ Enviroflfllental 



Table 1.1 

Wells Located Within A 5-Mile Radius of 
The White Mesa Uranium Mill 

Map Numbers Water Right SEC TWP RNG CFS USE Depth (ft.) 

1 Nielson, Nonnan and Richard C. 11 37S 22E 0.015 IDS 150-200 
2 Guymon, Willard M. 10 37S 22E 0.015 S 82 
3 Nielson, J. Rex 10 37S 22E 0.015 IDS 160 
4 Nielson, J. Rex 10 37S 22E 0.013 S 165 
5 Lyman, Fred S. 10 37S 22E 0.022 IDS 120 
6 Plateau Resources 15 37S 22E 0.015 0 740 
7 Plateau Resources 15 37S 22E 0.015 0 135 
8 Nielson, Nonnan and Richard C. 14 37S 22E 0.015 IS 150-200 
9 Lyman, George F. 15 37S 22E 0.015 S 135 

10 Holt, N.E., McLaws, W. 15 37S 22E 0.007 S 195 
·'0") 11 Perkins, Dorothy 21 37S 22E 0.015 S 150 

12 Energy Fuels Nuclear, Inc. 21 37S 22E 0.6 0 1600 
13 Energy Fuels Nuclear, Inc. 22 37S 22E 1.11 0 1820 
14 Utah Launch Complex 27 37S 22E 0.015 D 650 
15 Energy Fuels Nuclear, Inc. 28 37S 22E 1.11 0 1885 
16 Energy Fuels Nuclear, Inc. 28 37S 22E 1.11 0 1850 
17 Energy Fuels Nuclear, Inc. 28 37S 22E 0.015 DSO 1800 
18 Energy Fuels Nuclear, Inc. 28 37S 22E 0.6 0 1600 
19 Jones, Alma U. 33 37S 22E 0.015 S 200 
20 Energy Fuels Nuclear, Inc. 33 37S 22E 0.6 0 1600 
21 BLM 8 37S 22E 0.01 S 170 
22 Halliday, Fred L. 11 37S 22E 0.015 IS 180 
23 Perking, Paul 2 37S 22E 0.015 ID 180 
24 Redd, James D. 2 37S 22E 0.1 ID 200 
25 Brown, Aroe G. 1 37S 22E 0.015 IS 210 
26 Brown, George 1 37S 22E 0.015 IDS 140 

,:i 27 Brown, LIo M. 1 37S 22E 0.004 IDS 141 -'.I 
28 Rentz, Alyce M. 1 37S 22E 0.015 ID 180 
29 Rogers, Clarence 2 37S 22E 0.015 S 142 
30 Perkins, Dorothy 2 37S 22E 0.015 S 100-200 
31 Brandt J.R. & C.J. 1 37S 22E 0.015 IDS 160 
32 Montella, Frank A. 3 37S 22E 0.015 IDO 190 
33 Snyder, Bertha 1 37S 22E 0.1 IDS 196 
34 Martineau, Stanley D. 1 37S 22E 0.015 ID 160 
35 Kirk, Ronald D. & Catherine A. 1 37S 22E 0.015 IDS 160 

>J 36 ~ . Palmer, Ned J. and Marilyn 1 37S 22E 0.015 IDS 0 
37 Grover, Jess M. 1 37S 22E 0.015 S 160 
38 Monson, Larry 1 37S 22E 0.015 IDS 140 
39 Neilson, Nonnan and Richard 1 37S 22E 0.015 IS 132 
40 Watkins, Henry Clyde 1 37S 22E 0.015 IS 150 
41 Shumway, Glen & Eve 15 37S 22E 0.015 IS 60 
42 Energy Fuels Nuclear, Inc. 21 37S 22E 0.600 0 1600 

<. (not drilled) 

...-...._-_ ...... -..-.-._--...... -.--= i i i:"'-::-;;; Environ:mental 



<.J 

J 

.1 

j l,e: 
'-I 
i 

Map Numbers 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

Notes: 
D - Domestic 
I - Irrigation 
S- Stockwatering 
o - Industrial 

Table 1.1 

Wells Located Within A 5-Mile Radius of 
The White Mesa Uranium Mill 

(Continued) 

Water Right 

Energy Fuels Nuclear, Inc. (#1) 
Watkins, I van R. 
Waukesha of Utah 
Simpson, William 
Guyman, Willard M. 
Harrieson, Lynda 
Hurst, Reed 
Kaer, Alvin 
Heiner, Gerald B. 
Laws, James A. 
Laws, J. Parley 
Anderson, Dennis & Edith 
Guymon, Eugene 
Guymon, Eugene 
Guymon, Dennis & Doris 
Guymon, Eugene 
Guymon, Eugene 
Perkins, Dorothy 
Watkins, Ivan R. 
Roper, Lloyd 
Smith, Lee & Marylynn 
McDonald, Kenneth P. 
Brake, John 
Brake, John 
Redd, Parley V. & Reva V. 
C & C Construction 
Guymon, Dean W. 
Phillips, Elizabeth Ann Hurst 
Howe, Leonard R. 
Shumway, Mark Eugene 
Shumway, Mark Eugene 
Lyman, Henry M. 

SEC - Section 
TWP - Township 
RNG - Range 

SEC 

28 
1 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
34 
34 
34 
34 
34 
34 
34 
3 
34 
3 
3 
3 
3 

CFS - Cubic Feet Per Second 

TWP 

37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
37S 
36S 
36S 
36S 
36S 
36S 
36S 
26S 
37S 
36S 
37S 
37S 
37S 
37S 

RNG 

22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 
22E 

CFS USE Depth (ft.) 

1.100 0 1860 
0.200 S 185 
0.015 D 226 
0.030 ID 180 
0.030 S 164 
0.012 IDS 
0.015 D 100-300 
0.015 IDS 100-300 
0.015 ID 75 
0.015 IDS 100-300 
0.015 IDS 
0.015 IDS 160 
0.100 IDS 130 
0.015 S 130 
0.030 IDS 210 
0.115 IDS 100-200 
0.115 IDS 100-200 
0.015 IDS 140 
0.015 IDS 145 
0.015 ID 180 
0.060 IDS 170 
0.015 IDS 734 
0.015 ID 250 
0.015 IS 150 
0.015 IS 200 
0.015 IS 190 
0.015 IDS 180 
0.015 I 165 
0.015 0 160 
0.015 ID 
0.015 IDS 150 
0.100 IDS 200 
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:' :".; i . ~ ; 

lV 

~--+---+--I---t-----r-------t-,IoROUND WATE: APPROPRIATION . L APPLICATIONS WITHIN A FIVE MILE 
RADIUS OF THE WHITE MESA MILL ~ __ L-~ __ ~ __ ~~ __ ~~ 

SCALE 

I 
2000 o 2000 FEET 

PREPARED FOR 

ENERGY FUELS NUCLEAR 
DENVER, COLORADO 

I--:-r--~~------r---.---,-----. .......... ====.=. =...= 
& ISSUED FOR DRAFT SUBMmAL T.M.G. -=- i i i':--='= Environmental 
No. DATE ISSUE / REVISION pWN. BYCK'D BY AP'D BY DATE: 7-27-94 J FIGURE 1.3 DRAWING NUMBER 

SCALE: N.T.S. I 4111-A27 



-·".1 

Revision 0 
July 27, 1994 

Page 9 

Two water wells exist approximately 4.5 miles southeast of the site on the Ute Indian 

Reservation. These wells supply domestic water for the village on the mesa along Highway 191. 

Both wells are completed in the Entrada sandstone which is 1,200 feet below the ground surface. 

1.4 Climatological Setting 

The climate of southeastern Utah is classified as dry to arid continental. The region is generally 

typified by warm summer and cold winter temperatures, with precipitation averaging less than 

11.8 inches annually and evapotranspiration in the range of 61.5 inches annually (Dames and 

Moore, 1978). 

Precipitation in southeastern Utah is characterized by wide variations in seasonal and annual 

rainfall and by long periods of no rainfall. Short duration summer storms furnish rain in small 

areas of a few square miles and this is frequently the total rainfall for an entire month within a 

given area. The average annual precipitation in the region ranges from less than 8 inches at Bluff 

to more than 16 inches on the eastern flank of the Abajo Mountains, as recorded at Monticello. 

The mountain peaks in the Henry, La Sal and Abajo Mountains may receive more than 30 inches 

of precipitation, but these areas are very small in comparison to the vast area of much lower 

precipitation in the region. 
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The site stratigraphy is briefly described in Section 1.2.1. The detailed site stratigraphic column 

with descriptions of each geologic unit is provided on Figure 1.2. The following discussion 

focuses on those geologic units at or in the vicinity of the site which have or may have ground 

water present. 

2.1 Hydrostratigraphy 

The presence of ground water within and in proximity to the site has been documented in three 

strata: the Dakota Sandstone, the Burro Canyon Formation, and the Entrada/Navajo Sandstone. 

The Burro Canyon Formation hosts perched ground water over the Brushy Basin Member of the 

Morrison Formation at the site. 

The Entrada/Navajo Sandstones form one of the most permeable aquifers in the region. This 

aquifer is separated from the Burro Canyon Formation by the Morrison Formation and 

Summerville Formation. Water in this aquifer is under artesian pressure and is used by the site's 

operator for industrial needs and consumption. The artesian conditions present in this aquifer are 

discussed in Section 3.4.1. 

Geologic cross sections which illustrate the stratigraphic position of the Entrada/Navajo Sandstone 

aquifer and intervening strata are shown on Figures 2.1, 2.2, and 2.3. The summary of the 

borehole information supporting the site's stratigraphy, description ofthe drilling information and 

boring logs are presented in Appendix A. With the exception of six deep water supply wells 

installed at various locations around the site and completed in Entrada/Navajo Sandstone, all of 

the boring data are from wells drilled through the DakotalBurro Canyon Sandstones and 

terminated in the Brushy Basin Member. The drilling and logging data indicate that the physical 

characteristics of the bedrock vary considerably, both vertically and laterally. The following 

sections discuss the relevance of those strata and their physical characteristics to the site's 

hydrogeology. 

CRl\SUBDIRECTORY\FlLENAME.REV [7/27/94] 
......-...._---- ... -........ _-_ ..... -.--= ! ! ==~~ Enviroflfl1ental 



-~ 

,_I 

::. _J 

N 
CD 
I 

..-

"<:t 

(!)o::: 
Zw 
-0) 

~~ 
0:::::> oz 

&. 

NOTES: 

1. CONTACTS ARE APPROXIMATE BASED 
ON DRILLERS LOGS. 

2. BORINGS HAVE BEEN PROJECTED. 

ISSUED FOR DRAFT SUBMITTAL 
T.M.G. 

No.1 DATE ISSUE / REVISION '0 BYIAP'D BYI 

,.......... 
......J 
CJ) 

~ ........, 

ti 
w 
LL 

Z 
0 
I-

~ 
......J 
W 

A .r-ALLUVIUM AI 
5700 

5600 

5200 

5000 

4400 

4200 

---------

-----

.r-MANCOS SHAlE 

.r-APPROXIMATE EXISTING 
GROUND SURFACE 

,--PERCHED WATER 

tJ 
w 
LL 

o 
1.0 

+ 
El 
~ 
~ 
Z 
::J 

DAKOTA SANDSTONE/ 
BURRO CANYON 
FORMATION 

z 
o 
~ 
::;;; 
a::: 
o .... 
z 
o 
en 
iY 
lY 
o 
::;;; 

BRUSHY 
BASIN 
MEMBER 

~f~~~TERi='1 """"'==I 
MEMBER 

- - - - 1000 Q d 

SUMMERVILLE 
FORMATION 

- - - - - - ~ - - - - - - .:L - - - - - - rrt(,(~(t 

- - _- - - - --'1-- - - - ---- __ _ 

4000L.----------------------~------------------------------------------------~~~-Vff~ 

5700 

5600 

5400 

5200 

5000 

~ 
CJ) 

~ ........, 

ti 
W 

4800 LL 

Z 
o 
~ 
Gi 
......J 

4600 W 

4400 

4200 

4000 

VERTICAL SCALE 

200 o 200 FEET 

CROSS SECTION A-A' 
WEST TO EAST THROUGH WHITE MESA 

WESTWATER CREEK 
TO CORRAL CANYON 

PREPARED FOR 

ENERGY FUELS NUCLEAR, INC. 
DENVER, COLORADO ....-...----- .... -

_ i i i;=";";Environmental 
DATE: 7-18-94 
SCALE: AS SHOWN 

FIGURE 2.2 
DRAWING NUMBER 

4111-B2 



·,·"t 

~1 

:.1 rd" ".:~ 
, , 

'<'""" 

m 
I 

~ 

<.!>o:: 
Zw -co 
~~ 
0::::> 
OZ 

& 
No.1 DATE 

S 
5700 

5500 

5300 

5100 
z 
0 

~ :::;; 
De 
0 
LL 

Z 
0 
(f) 

1i" 
4900 r ~ 

,....... 
....J 
CJ) 

::::i1i ......... 

84700 

lL. 

Z 
0 

~ 
~4500 
W 

MANCOS 

DAKOTA SANDSTONE/ 
BURRO CANYON 
FORMATION 

BRUSHY 
BASIN 
MEMBER 

WES1WATER 
CANYON 
MEMBER 

RECAPTURE 
MEMBER 

SALT WASH 
MEMBER 

- - - - - - rj(;S::_·"(·~_·I4;·.S:4 

SUMMERVILLE 
FORMATION 

- - - - - - - 1('\ ... ~r<<('("'<<Ci 
4300 

4100 

3900 

ENTRADA 
SANDSTONE 

NAVAJO 
SANDSTONE 

WINDGATE 
MEMBER 

BO~ING fi9 
MW-18 

t 
t:: 
o 
o 
"'-
+ 
o 
w 
~ 
De 
::J 

~ 
Vl 
z 
::J 

-----

WW-3 WHITE MESA 
TAILINGS 

BORING fi3 FACILITY 
I 

ARTESIAN WAlER I£VEl. 
ENTRADA!NAVAJO AQUIFER 

---- -----
-------------

APPROXIMATE 
CASED INTERVAL 

WEll.-SE"Al.. - - -- - - -- -

TO SURFACE ---
-----------

----------

---
--------

----------------------

S' 
5700 

5500 

5300 

5100 

4900 

r--. 
_i 
(J) 

~ .......... 

tl 
4700 LLI 

lL. 

z 
o 
i= 

~ , 
4500 G"i 

4300 

4100 

3900 

3700 LL---------.-------------------------------------------------------------------------------------------------------------- 3700 

'SSUED FOR DRAFT SUBMITTAL 
T.M.G. 

ISSUE / REVISION 

NOTES; 

1_ CONTACTS ARE APPROXIMATE BASED 
ON DRILLERS LOGS. 

2. BORINGS HAVE BEEN PROJECTED. 

VERTICAL SCALE 

200 o 200 FEET 

CROSS SECTION 8-8' 
NORTH TO SOUTH THROUGH WHITE 

NORTH OF FACILIlY 
TO COTTONWOOD WASH 

PREPARED FOR 

MESA 

ENERGY FUELS NUCLEAR, INC. 
DENVER, COLORADO .....-...----- .... -

_ i i i';=";';Environtnental 
DATE: 7-18-94 
SCALE: AS SHOWN 

FIGURE 2.3 
Ut<AWIN<.:i NUMBER 

4111-B1 



2.1.1 Dakota Sandstone 

Revision 0 
July 27, 1994 

Page 14 

The Dakota Sandstone is a low- to moderately-permeable formation that produces acceptable 

quality water at low production rates. Water from this formation is typically used for stock water 

and/or irrigation. 

The Dakota Sandstone is the uppermost strata in which the tailings disposal cells are sited. At 

the ground surface, the Dakota Sandstone is overlain by a veneer of reddish-brown clayey or 

sandy silts with a thickness of up to 10 feet and extends to depths of 43 to 66 feet below the 

surface (D' Appolonia, 1982). The Dakota Sandstone at this site is typically composed of 

moderately hard to hard sandstones with random discontinuous shale (claystone) and siltstone 

layers. The sandstones are moderately cemented (upper part of formation) to well cemented with 

kaolinitic clays. The claystones and siltstones are typically 2 to 3 feet thick, although boring 

WMMW-19 encountered a siltstone layer having a thickness of 8 feet at 33 to 41 feet below the 

ground surface. 

Porosity of the Dakota Sandstone is predominately intergranular. Laboratory tests performed (see 

Table 2.1) show the total porosity of the sandstone varies from 13.4 to 26.0 percent with an 

average value of 19.9 percent. The formation is very dry to dry with volumetric water contents 

varying from 0.6 to 7.1 percent with an average value of 3.0 percent. Saturation values for the 

Dakota Sandstone vary from 3.7 to 27.2 percent. The hydraulic conductivity values as 

determined from packer tests range from 9. 12E-04 centimeters per second (cm/sec) to 2.71E-06 

cm/sec with a geometric mean of 3.89E-05 cm/sec (Dames & Moore, 1978; Umetco, 1992). A 

summary of hydraulic properties of the Dakota Sandstone is presented in Table 2.2. 

2.1.2 Burro Canyon Sandstone 

Directly below the Dakota Sandstone, the borings encountered sandstones and random 

discontinuous shale layers of the Burro Canyon Formation to depths of 91 to 141 feet below the 

site. The importance of this stratum to the site's hydrogeology is that it hosts perched water 

beneath the site. The composition of the Brushy Basin Member is of variegated bentonitic 

CRT\SUBDIRECTORY\FILENAME.REV [7127/94] 
.....-...._-_ ...... -......... _-_.-.-..--= iii iii i:,:::~ Envirofifllental 



"; :",:: 

Well No. and 
Formation Sample Interval 

! 

Dakota WMMW-16 26.4' - 38.4' 
WMMW-16 37.8' - 38.4' 
WMMW-17 27.0' - 27.5' 
WMMW-17 49.0' - 49.5 

Burro Canyon WMMW-16 45.0' - 45.5' 
WMMW-16 47.5' - 48.0' 

WMMW-16 53.5' - 54.1' 

WMMW-16 60.5' - 61.0' 
WMMW-16 65.5' - 66.0' 
WMMW-16 73.0' - 73.5' 

WMMW-16 82.0' - 82.4' 

WMMW-16 90.0' - 90.7 
WMMW-16 91.1' - 91.4' 

WMMW-17 104.0' - 104.5' 

Average: 

TABLEI.XLS [7/26/94] 

,~ ,;,~~ ''; 

Table 2.1 

Properties of the DakotalBurro Canyon Formations 
White Mesa Uranium Mill 

---------- ---- - - ---

Moisture Moisture Dry Unit Retained Liquid 
Content Content Weight Porosity Particle Saturation Moisture Limit 
(Percent) Volumetric (lbs/cu ft) (Percent) Sp. Or. (percent) (percent) (percent) 

1.5 3.3 135.2 17.9 2.64 18.2 5.1 
0.4 0.8 127.4 22.4 2.63 3.7 6.3 
0.3 0.6 138.8 13.4 2.57 4.8 5.1 
3.6 7.1 121.9 26.0 2.64 27.2 9.6 

5.6 12.6 140.9 16.4 2.70 77.2 29.6 
2.6 5.9 142.8 12.0 2.60 48.9 4.4 
0.7 1.4 129.0 19.9 2.58 7.1 6.4 
0.1 0.2 117.9 27.3 2.61 0.8 9.9 
2.6 5.5 131.5 19.3 2.62 28.2 7.1 
0.1 0.3 130.3 20.6 2.63 1.3 5.5 
0.1 0.1 134.3 18.5 2.64 0.6 4.8 
0.1 0.3 161.5 2.0 2.64 12.8 0.9 
5.2 9.8 118.1 29.1 2.67 33.8 33.7 
0.2 0.4 161.4 1.7 2.67 26.6 0.8 

1.65 3.4 135 17.6 2.63 21 5.5 

-------

Plastic Plasticity 
Limit Index 

(percent) (percent) Rock Type 

Sandstone 
Sandstone 
Sandstone 
Sandstone 

15.4 14.2 Sandy Mudstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 

Sandstone 
16.2 17.5 Claystone 

Sandstone 

------.- -"-
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Boring/Well 
Location 

Soils 
6 
7 
10 
12 
16 
17 
19 
22 

Dakota Sandstone 
No.3 
No.3 

No. 12 
No.)2 
No. 19 
No. 19 

Burro Canyon Formation 
No.3 
No.3 
No.3 
No.3 
No.3 
No.3 
No.9 
No.9 
No.9 
No.9 
No.9 

No. 12 

•. 1 
No. 12 
No. 12 
No. 28 
No. 28 
No. 28 

WMMWI 
WMMW3 
WMMW5 
WMMW5 

WMMWII 
WMMWll 
WMMW12 
WMMWI2 
WMMW14 
WMMW14 
WMMW15 
WMMWI5 

MEHYD.XLSI[7/27/94] 

Table 2.2 

Summary of Hydrauiic Properties 
White Mesa Uranium Mill 

Interval Document 
Test Type (ft-ft) Referenced 

Laboratory Test 9 D&M 
Laboratory Test 4.5 D&M 
Laboratory Test 4 D&M 
Laboratory Test 9 D&M 
Laboratory Test 4.5 D&M 
Laboratory Test 4.5 D&M 
Laboratory Test 4 D&M 
Laboratory Test 4 D&M 

Geometric Mean 

Injection Test 28-33 D&M 
Injection Test 33-42.5 D&M 
Injection Test 16-22.5 D&M 
Injection Test 22.5-37.5 D&M 
Injection Test 26-37.5 D&M 
Injection Test 37.5-52.5 D&M 

Geometric Mean 

Injection Test 42.5-52.5 D&M 
Injection Test 52.5-63 D&M 
Injection Test 63-72.5 D&M 
Injection Test 72.5-92.5 D&M 
Injection Test 92.5-107.5 D&M 
Injection Test 122.5-142 D&M 
Injection Test 27.5-42.5 D&M 
Injection Test 42.5-59 D&M 
Injection Test 59-82.5 D&M 
Injection Test 82.5-107.5 D&M 
Injection Test 107.5-132 D&M 
Injection Test 37.5-57.5 D&M 
Injection Test 57.5-82.5 D&M 
Injection Test 82.5-102.5 D&M 
Injection Test 76-87.5 D&M 
Injection Test 87.5-107.5 D&M 
Injection Test 107.5-132.5 D&M 

(7) Recovery 92-112 Peel 
(7) Recovery 67-87 Peel 
(7) Recovery 95.5-133.5 H-E 
(7) Recovery 95.5-133.5 Peel 
(7) Recovery 90.7-130.4 H-E 
(7) Single well drawdown 90.7-130.4 Peel 
(7) Recovery 84-124 H-E 
(7) Recovery 84-124 Peel 

Single well drawdown 90-120 (5) H-E 
Single well drawdown 90-120 (6) H-E 
Single well drawdown 99-129 H-E 

(7) Recovery 99-129 Peel 

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

Hydraulic Hydraulic 
Conductivity Conductivity 

(ftlyr) (cm/sec) 

1.2E+OI 1.2E-05 
1.0E+OI 1.0E-05 
1.2E+Ol 1.2E-05 
1.4E+02 1.4E-04 
2.2E+Ol 2.lE-05 
9.3E+Ol 9.0E-05 
7.0E+Ol 6.8E-05 
3.9E+00 3.8E-06 
2.45E+OI 2.37E-05 

(I) 5.68E+02 5.49E-04 
2.80E+00 2.7lE-06 
5.IOE+00 4.93E-06 
7.92E+Ol 7.66E-05 
7.00E+00 6.77E-06 
9.44E+02 9. 12E-04 
4.03E+OI 3.89E-05 

5.80E+00 5.6lE-06 
1.62E+Ol 1.57E-05 
5.30E+OO 5. 13E-06 
3.20E+00 3.09E-06 
4.90E+OO 4.74E-06 
6.00E-OI 5.80E-07 
2.70E+00 2.6lE-06 
2.00E+00 1.93E-06 
7.00E-OI 6.77E-07 
1.10E+00 1.06E-06 
3.00E-OI 2.90E-07 
9.0lE-01 8.70E-07 
1.40E+00 1.35E-06 
1.07E+OI 1.03E-05 
4.30E+00 4.16E-06 
3.00E-OI 2.90E-07 
2.00E-OI 1.93E-07 

(2) 3.00E+00 2.90E-06 
2.97E+00 2.87E-06 
1.3lE+OI 1.27E-05 
2. 1 OE+O 1 2.03E-05 

(3) 1.23E+03 1.19E-03 
1.63E+03 1.58E-03 

6.84E+Ol 6.6lE-05 
6.84E+Ol 6.6lE-05 
1.21E+03 1. 16E-03 
4.02E+02 3.88E-04 
3.65E+Ol 3.53E-05 
2.58E+OI 2.49E-05 
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BoringlWell 
Location 

I 
WMMWI6 
WMMWI6 
WMMWI6 
WMMWI6 
WMMWI7 
WMMWI7 
WMMW17 
WMMWI8 
WMMWI8 
WMMWI8 
WMMWI8 
WMMWI9 
WMMW19 

Entrada/Navajo Sandstones 
WW-I 
WW-I 

WW-I,2,3 

~ 

Test Type 

Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
II\iection Test 

Recovery 

Table 2.2 

Summary of Hydraulic Properties 
White Mesa Uranium Mill 

(Continued) 

Interval Document 
(ft-ft) Referenced 

28.5-31.5 Peel 
45.5-51.5 Peel 
65.5-71.5 Peel 
85.5-91.5 Peel 

45-50 Peel 
90-95 Peel 

100-105 Peel 
27-32 Peel 
85-90 Peel 
85-90 Peel 

120-125 Peel 
55-60 Peel 

95-100 Peel 
Geometric mean 

D'Appolonia 
Multi-well drawdown D'Appolonia 
Multi-well drawdown D'Appolonia 

Geometric Mean 

(I) D&M = Dames & Moore, Environmental Report, White Mesa Uranium Project, January, 1978. 

Hydraulic 
Conductivity 

(ftlyr) 

9.42E+02 
5.28E+OI 
8.07E+OI 
3.00E+OI 
3.lOE+00 
3.62E+00 
5.69E+00 
1.14E+02 
2.59E+OI 
2.69E+OI 
4.66E+OO 
8.69E+00 
1.45E+00 
1.05E+OI 

(4) 3.80E+02 
4.66E+02 
4.24E+02 
4.22E+02 

(2) Peel = Peel Environmental Services, UMETCO Minerals Corp., Ground Water Study, White Mesa Facility, June, 1994. 
(3) H-E = Hydro-Engineering, Ground-Water Hydrology at the White Mesa Tailings Facility, July, 1991. 
(4) D'Appolonia, Assessment of the Water Supply System, White Mesa Project,Feb. 1981 
(5) Early test data. 
(6) Late test data. 
(7) Test data reanalyzed by TEC. 

Hydraulic 
Conductivity 

(cm/sec) 

9.lOE-04 
5.IOE-05 
7.80E-05 
2.90E-05 
3.00E-06 
3.50E-06 
5.50E-06 
1.l0E-04 
2.50E-05 
2.60E-05 
4.50E-06 
8.40E-06 
1.40E-06 
1.0lE-05 

3.67E-04 
4.50E-04 
4.lOE-04 
4.08E-04 
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mudstone and siltstone; its permeability is lower than the overlying Burro Canyon Formation and 

prevents downward percolation of ground water (Haynes, et aI, 1972). Observed plasticity of 

claystones (Umetco, 1992) forming the Brushy Basin Member indicates low potential for open 

fractures which could increase permeability. 

Previous investigators have seldom made a distinction between the Dakota and Burro Canyon 

Sandstones. However, examination of borehole cuttings, cores and geophysical logging methods 

has allowed separation of the two formations. Although similar to the Dakota, the Burro Canyon 

F ormation varies from a very fine- to coarse-grained sandstone. The sand grains are generally 

poorly sorted. The coarse-grained layers also tend to be conglomeratic. The grains are cemented 

with both silica and kaolin, but silica-cemented sandstones are dominant. The formation becomes 

argillaceous near the contact with the Brushy Basin Member. 

The saturated thickness in the Burro Canyon Formation varies across the project area from 55 feet 

in the northern section to less than 5 feet in the southern area. Saturation ceases or is marginal 

along the western and southern section of the project. The extent toward the east is not defmed, 

but its maximum extent is certainly not beyond the walls of Westwater Creek and Corral Canyons 

where the Burro Canyon Formation crops out. Perched ground water elevations and saturated 

thickness of this formation are shown on Figures 2.4 and 2.5, respectively. 

Hydraulic properties ofthis stratum have been determined from 12 single, well-pumping/recovery 

tests and from 30 packer tests. A summary of the hydraulic properties is given in Table 2.2. 

These tests indicate the hydraulic conductivity geometric mean to be 1.0E-05 crn/sec. The 

physical properties of the Burro Canyon Sandstone are summarized in Table 2.1. Based on the 

core samples tested, the sandstones of the Burro Canyon Formation vary in total porosity from 

1.7 to 27.6 percent, the average being 16.0 percent. Volumetric water content in these sandstones 

ranges from 0.1 to 7.1 percent, averaging 2.2 percent, with the fine-grained materials having the 

higher moisture content. Porosities in the claystone layers vary from 16.4 to 29.1 percent with 

saturation values ranging from 33.8 to 77.2 percent. 
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The Brushy Basin Member of the Morrison Formation is the first aquitard isolating perched water 

in the Burro Canyon Formation from the productive EntradalNavajo Sandstones. The Brushy 

Basin Member, in contrast to the overlying Dakota Sandstone, is composed of bentonitic 

mudstone and claystone. Site-specific hydraulic property data are not available for the Brushy 

Basin Member. 

The thickness of the Brushy Basin Member in this region reportedly varies from 200-450 feet 

(Dames & Moore, 1978). This stratum was penetrated by six water supply wells (see Figure 2.1 

and Appendix A) and its thickness was estimated at 275 feet. During the site investigation, 

borings which terminated in the Brushy Basin Member, encountered moderately plastic dark green 

to dark reddish-brown mudstones. Plastic bentonitic mudstone is not prone to develop fracturing. 

Hence, competency of this strata, as on aquitard, is very likely. 

2.1.4 Entrada/Navajo Aquifer 

Within and in proximity to the site, the EntradalNavajo Sandstones are both prolific aquifers. 

Since site water wells are screened in both aquifers, they are, from a hydrogeologic standpoint, 

treated as a single aquifer. The EntradalNavajo Sandstone is the first useable aquifer of 

significance documented within the project area. This aquifer is present at depths between 1200 

and 1800 feet below the surface and is capable of delivering from 150 to 225 gpm of water per 

well (D'Appolonia, 1981). 

Water is present under artesian pressure and is documented to rise by about 800 to 900 feet above 

the top of EntradalNavajo Sandstone contact with the overlying Summerville Formation. The 

static water level is about 400 to 500 feet below the surface (Figures 2.2 and 2.3). Section 3.4.1 

provides a more detailed discussion regarding the artesian conditions of this formation. 

The thickness of the strata separating this aquifer from water present in the Burro Canyon 

F ormation is about 1,200 feet. This confining layer is competent enough to maintain pressure 
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of900 feet of water or 390 pounds per square inch (psi) within the Entrada/Navajo Aquifer. The 

positioning of this aquifer and its hydraulic head versus other strata is shown on Figures 2.2 and 

2.3. In-situ hydraulic pressure of ground water in the Entrada/Navajo Aquifer is strong evidence 

of the "aquitard" properties of the overlying sedimentary section. Due to the presence of 

significant artesian pressure in this aquifer, any future hydraulic communication between perched 

water in the Burro Canyon Formation and the Entrada/Navajo Aquifer is unlikely. 

2.2 Perched Ground Water Characteristics 

The perched water in the Burro Canyon Formation originates in the areas north of the site as 

shown by the direction of ground water flow from north to south (see Figure 2.4). The thickness 

of saturation is greatest in the northern and central sections of the site and reduces toward the 

south. The configuration of the perched water table and map of saturated thicknesses are 

provided on Figures 2.4 and 2.5, respectively. The topography of the Brushy Basin Member 

which defines the bottom of the perched water is shown on Figure 2.6. 

The ground water from the Burro Canyon Formation discharges into the adjacent canyons 

(Westwater Creek and Corral Canyon) as evidenced by springs and productive vegetation patterns. 

Some part of the ground water flow may enter the Brushy Basin Member via relief fractures 

which occur in close proximity to the canyons. The location of the canyons which bound the 

White Mesa on the west, east and south are shown on Figure 2.1. 

The geometric mean of the hydraulic conductivity of the saturated part of Burro Canyon 

Formation is 1.0E-05 em/sec. The water yield per well is very low, as documented by 9 pumping 

tests, and is typically below 0.5 gpm. In contrast to the very low pumping rates observed in 8 

wells, Well WMMW -11 produced a higher yield on the order of 2 gpm. This higher yield may 

be attributable to the presence of localized high-permeability material, such as a lense of coarser 

material acting as a drainage gallery. Localized fracturing could also cause a similar effect, but 

few fractures have been documented during drilling of this or other wells (Umetco, 1992; Dames 

& Moore, 1978). 
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Ground water monitoring of the Burro Canyon Formation saturated zone has been conducted at 

the White Mesa facility since 1979. Table 2.3 provides a list of wells that have been constructed 

for monitoring purposes at the facility. Figure 2.1 indicates the locations of these wells. The 

water quality data obtained from these wells are provided both in tabular and graphical form in 

Appendix B. 

Examination of the spatial distribution and temporal trends (or lack thereof) in concentrations of 

analyzed constituents provides three significant conclusions: 

1. The quality of perched water throughout the site shows no discernible pattern in variation, 

2. The water quality is generally of poor quality [moderately high values of chloride, sulfate, 

and totally dissolved solids (TDS)], and 

3. Analytical results show that operations at the White Mesa Urarlium Mill have not 

impacted the quality of the perched water of the Burro Canyon Formation. 

To arrive a these conclusions, comparisons of the water chemistries from the various wells were 

analyzed by graphical techniques. The purpose of the comparisons was to determine if trends 

in chloride, which would be associated with water from the tailings ponds, were increasing in the 

perched water of the Burro Canyon Formation. The trilinear plot and the Stiff diagram were used 

to conduct a preliminary evaluation of differences or similarities in water quality data between 

wells. 

2.2.1.1 Temporal and Spatial Variations 

Figure 2.7 is a trilinear plot for the water sampled in wells in the immediate vicinity of the Mill 

site during the fall of 1992. Figures 2.8 through 2.10 are Stiff diagrams presenting the same data. 

These plots show that the water from all wells is of the sulfate (anion) type. The cation 
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Well Name 

WMMW-I 

WMMW-2 

WMMW-3 

WMMW-4 

.WMMW-5 

WMMW-6 

WMMW-7 

WMMW-8 

WMMW-II 

WMMW-12 

WMMW-13 

WMMW-14 

WMMW-15 

WMMW-16 

WMMW-17 

WMMW-18 

WMMW-19 

#9-1 

#9-2 

#10-2 

#10-2 

Notes: 

Date 

Table 2.3 

Monitoring Well and Ground Water Elevation Data 
White Mesa Uranium Mill 

Water Level 

Total Depth Elevation 
Installed Depth Perforations Date (ft) (ft-MSL) 

Sep-79 117' 92'-112' 11119/92 75.45 5572.77 

Sep-79 128.8' 85'-125' 11119/92 110.06 5503.43 

Sep-79 98' 67'-87' 11119/92 83.74 5471.58 

Sep-79 123.6' 92'-12' 11119/92 92.42 5530.15 

May-80 136' 95.5'-133-5' 11119/92 108.32 

May-80 This well was destroyed in March 1993 during construction of Cell 3. 

May-80 This well was destroyed in March 1993 during construction of Cell 3. 

May-80 This well was destroyed in March 1993 during construction of Cell 3. 

Oct-82 135' 90.7-130.4' 11119/92 102.53 5508.55 

Oct-82 130.3' 84'-124' 11119/92 109.68 5499.77 

Oct-82 118.5' This well was destroyed during construction of Cell 4A 

Sep-89 129.1 ' 90'-120' 11/19/92 105.34 5491.05 

Sep-89 138' 99'-129' 11119/92 108.28 5490.34 

Dec-92 91.5' 78.5'-88.5' 7/12/92 Dry 

Dec-92 110' 90'-100' 11130/92 87.56 

Dec-92 148.5' 103.5'-133.5' 11130/92 92.11 

Dec-92 149' 101'-131' 10/12/92 85.00 

May-80 33.5' 10'-30' 3/4/91 Dry 

May-80 62.7' 39.7"-59.7" 3/4/91 Dry 

May-80 33.5' 11.3 '-31.3' 3/4/91 Dry 

May-80 62.2' 39.2'-59.2' 3/4/91 Dry 

I. Well locations provided on Figure 2.1. 
2. LDS = leak detection system 
3. ft.-MSL = feet - mean sea level 

Measuring Point 

Above Elevation 
LDS (ft) (ft-MSL) 

2.0 5648.22 

1.8 5613.49 

2.0 5555.32 

1.6 5622.57 

0.6 5609.33 

2.4 5611.08 

0.9 5609.45 

0.0 5596.39 

0.8 5598.62 

1.5 

1.5 

1.5 

1.5 

1.8 5622.83 

2 5622.58 

2 5633.58 

2.1 5633.39 
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definition of the water type is variable. Of the 13 wells analyzed for water chemistry, 4 fall in 

the calcium-sulfate type category, 4 fall in the (sodium plus potassium)-sulfate type, 2 samples 

classify as the magnesium-sulfate type. Five samples have no dominant cation type. However, 

these 5 samples tend to classify more closely to the (sodium plus potassium)-sulfate and calcium

sulfate types. 

A temporal change of water chemistries may be suggested from four sampling periods for wells 

WMMW-l, WMMW-3 and WMMW-4 using the trilinear plotting technique shown on Figures 

2.11 through 2.13. These figures suggest changes in water chemistries from October, 1979 

through February 1991. 

The spatial variability of water quality data within the Burro Canyon Formation is illustrated on 

Figures 2.7 through 2.13 and the data presented in Appendix B. Up gradient Monitoring Wells 

WMMW-l, WMMW-18, and WMMW-19 varied in sulfate concentrations from 676 to 1736 

milligrams per liter (mg/l). Likewise, chloride concentrations in these wells varied from 12 to 

92 mg/I. Across the site, sulfate and chloride concentrations vary with no discernible pattem to 

the variations. Details regarding chemistry of the Burro Canyon Formation water can be found 

in Appendix B, including the results of 1993 sampling for Wells WMMW-17, 18 and 19. 

Variability of water within the Burro Canyon Formation is the result of slow moving to nearly 

stagnant ground water flow beneath the site. These conditions are likely leading to dissolution 

of minerals from the Brushy Basin Member and the formation of sulfate-dominated waters. 

2.2.1.2 Statistical Analysis 

Because of the variable ground water chemistry in the Burro Canyon Formation baseline data, 

comparison of individual well ground water chemistries to a single background ground water well 

may 'not be an appropriate method of monitoring potential disposal cell leakage or ground water 

impacts. Water quality baseline and comparisons to that baseline established on a well-by-well 

basis may be required to provide a meaningful representation of changes in ground water 

chemistry. Using this concept, the statistical "t" test was performed on samples from chloride 
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populations within specific wells over time (see Appendix B). Because chlorides are a 

conservative species and are concentrated in the tailings solutions, this or other similar mobile 

constituents may be selected as an initial method of detecting impacts to the ground water. 

Disposal Cell No. 2 leak detection system (LDS) water chemistry provides a useful picture of the 

water chemistry directly below Disposal Cell No.2. The water analyzed in the Disposal Cell 

No.2 LDS contains the lowest TDS content (756 mg/l) of any water sampled in the area 

(Appendix B) with the exception of the Jones well. The Jones well also contains the highest 

percentage of carbonate and bicarbonate when compared to the other monitoring wells. The 

slimes drain contains a TDS value of 47,115 mg/l and no carbonates due to its extremely low pH 

(typically 1.5 to 3). Any significant leakage of tailings solution into the LDS would react with 

the carbonates and raise the TDS levels. This has not occurred to date. 

Well WMMW -1 (installed September 1979) was originally considered as a potential background 

well for the site. Chlorides in this well have been relatively low (varying from 11 to 53.2 mg/l) 

since 1980. A "t" test was performed on sample populations from 1980-81 and 1990-92 for Well 

WMMW -1. The test indicates that there is a significant difference in the mean of the populations 

at the 0.05 level of significance. The analysis indicates chloride levels decreased significantly. 

Tests performed on a sulfate population from the period 1980-81 to a population from 1990-92 

show the sulfates in this well have increased significantly. Such changes in water chemistry in 

this potential background well suggest that water chemistry in the Brushy Basin Member is 

variable. 

Well WMMW-3 (installed September 1979) was originally constructed to serve as the point of 

compliance well. Statistical testing ("t" test) on a chloride population from 1980-81 compared 

to a chloride population from 1990-92 shows that there is no significant difference in the two 

chloride populations. Sulfate samples taken 1980-81 compared to samples taken 1988-91 show 

there is a significant increase in sulfates. 

For Well WMMW-5 (installed May 1980), the statistical "t" test performed on a sample from the 

chloride population of 1981-83 to a sample from a chloride population of 1990-92 shows there 
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is a significant difference in the means of the chloride populations and that the chloride content 

has decreased. 

For Well WMMW-12 (installed October 1982), the statistical"t" test performed on a sample from 

the chloride population from 1982-85 compared to the chloride population from 1990-91 shows 

there is a significant difference in the means of the chloride populations of these two sampling 

periods and that the chloride content has decreased . 

Wells WMMW -14 and 15 (installed September 1989) were installed in the south embankment 

of Disposal Cell No. 4A in 1989. Wells WMMW-14 and 15 have a similar water chemistry to 

Monitor Well WMMW-12 which was installed in 1982. A statistical "t" test chloride value 

indicates the mean chloride value in Well WMMW-15 is significantly higher than Well 

WMMW-14. Statistical tests also show that the chloride values are decreasing in both wells. 

Similar testing on Well WMMW-12 likewise shows a decrease in chlorides. Any contamination 

from the tailings solution would probably show an increase in the chloride values in these wells 

over time, which has not happened. 

Considering the apparent variability of chemical composition of perched water and the absence 

of any impact from operations, it may be appropriate to determine background concentrations for 

a number of selected wells. 
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3.0 OPERATIONAL EFFECTS 

This section addresses the potential operational effects of the tailings disposal cells on the vadose 

zone, perched ground water, and the Entrada/Navajo Aquifer. It is important to note that in the 

15 years of operation, no operational effects to the vadose zone, perched ground water, or the 

underlying aquifers have been documented, as demonstrated by the water chemistry discussions 

in Section 2.2. 

3.1 Infiltration Evaluation 

Operational effects of the tailings disposal cells are concerned with the potential for liquids from 

the cells to migrate into and through the vadose zone at the site. 

The EPA Hydrologic Evaluation of Landfill Performance (HELP) Model Version 2.0 (Schroeder, 

et aI, 1989) was used to estimate the potential seepage from the tailings disposal cells. The 

HELP model uses water balance methods to quantify water movement out of the bottom of the 

disposal cells. The model accounts for the combined effects of hydrologic processes including 

precipitation, surface disposal, runoff, infiltration, percolation, evapotranspiration, changes in soil 

moisture, and lateral drainage. 

The HELP model uses site-specific climatological, cover/liner material, and design data. 

Climatological data include: monthly temperature, precipitation, and solar radiation values. 

Cover/liner property data include: soil type, hydraulic conductivity, porosity, field capacity, and 

wilting point. Design data include: number of soil layers, thicknesses of layers, type of soil layer 

(barrier to flow, lateral drainage, or percolation layer), and drainage slopes. The specific input 

and output data used in the HELP model evaluation for the facility are presented in Appendix 

C. Properties of tailings, disposal cell design, and properties of disposal cell cover materials were 

obtained from the reclamation plan for the site (Umetco, 1988) . 
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The tailings disposal cells at the White Mesa Uranium Mill store slurried tailings from the mill's 

operations. These cells are termed wet cells. Tailings imported froni outside sources will be void 

of drainable liquid and will be placed in impoundments free of liquids. These cells are termed 

dry cells. Dry tailings disposal consists of placing low-moisture-content tailings in a lined, 

engineered disposal cell. Hence, dry tailings have no capacity to drain liquid into underlying 

strata. An engineered cap is placed over the tailings to limit precipitation infiltration. 

Wet tailings disposal consists of placement of slurried tailings into a lined, engineered disposal 

cell. With this type of disposal, the tailings are completely saturated. Due to their wet condition, 

these tailings have the potential to release seepage into the vadose zone. Wet cells are also 

capped to limit precipitation infiltration. 

Both the dry and wet tailings cells were evaluated using the HELP model. For this evaluation, 

climatological data from Blanding, Utah and Grand Junction, Colorado were utilized. The cells 

were conservatively evaluated assuming partially- and fully-leaking liners. 

3.1.1 Dry Tailings Disposal Cell 

A schematic for a typical dry tailings disposal cell is shown on Figure 3.1. As shown, the bottom 

of the cell has a I-foot clay layer base which is overlain with a synthetic liner. Dry tailings are 

placed within the cell over the liner. The dry cell cap consists of a 4-foot-thick random-fill base 

layer overlain by 1 foot of clay, 1 foot of filter material (capillary break), 3.5 feet of random fill 

(protective layer), and 0.5 foot of vegetative cover. 

The EPA HELP model was used to evaluate the infiltration that may occur through the typical 

dry tailings disposal cell configuration. The specific input and output data used for the HELP 

model evaluation for dry tailings disposal are presented in Appendix C. Based on site data, the 

HELP model evaluation for the dry tailings disposal cell configuration indicated that zero net 

infiltration is expected to reach the vadose zone through the operational life of the cell . 
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A schematic for a typical wet tailings disposal cell is shown on Figure 3.2. The wet tailings 

disposal cell has a six-inch base/drainage layer of crushed rock and sand overlain by a synthetic 

liner. Under operational conditions, the tailings are placed within the cell as a slurry; therefore, 

the tailings are completely saturated. The maximum depth of the tailings within the cell is three 

feet below the top of the cell dike (freeboard limit). The cap for the wet tailings disposal cell 

is identical to that for the dry tailings disposal cell. 

The EPA HELP model was used to evaluate the infiltration that may occur through the typical 

wet tailings disposal cell configuration. The specific input and output data used for the HELP 

model evaluation are presented in Appendix C. Based on site data, the HELP model evaluation 

for the wet tailings disposal cell configuration indicates the potential for .04 to .12 feet per year 

of net infiltration into the vadose zone. The estimated infiltration for the wet tailings disposal 

cell is higher than for the dry tailings disposal cell because of: 1) the saturated condition of the 

tailings provides additional water for gravity drainage into the vadose zone; and 2) the 

conservative assumption that the bottom liner of the disposal cell would leak. 

3.2 Potential Vadose Zone Impacts 

Moisture infiltrating the vadose zone will first be taken up into storage within the formation until 

enough moisture is available to allow gravity drainage. This storage is referred to as residual 

moisture or moisture retention. Moisture retention tests on the Dakota and Burro Canyon 

Sandstones are summarized in Table 2.1. These data indicate that the unsaturated portions of the 

Dakota and Burro Canyon Sandstones, on the average, may retain up to 5.5 percent of moisture 

under gravity drainage conditions. Using an average unsaturated zone thickness of 109.5 feet, 

the available volume of "retained" moisture beneath a typical cell is approximately 18,902,000 

cubic feet. Assuming continued infiltration from the wet tailings cell, it would take 50 years for 

a fully-leaking lined cell and 150 years for a partially-leaking lined cell to accumulate this 

volume. Therefore, migration of infiltrated moisture from the wet tailings disposal cell is 
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estimated to take 50 to 150 years to travel through the vadose zone at the site. This estimate is 

conservative as it assumes only vertical migration from the cells and does not account for lateral 

migration. 

It could be postulated that a hypothetical fracture beneath a wet tailings disposal cell would 

reduce the time of infiltration through the vadose zone. However, no significant fractures/joints 

have been documented in the subsurface in the approximately 45 wells and borings at the site. 

In addition, Disposal Cell No.2 has been in operation for over 14 years with no evidence of 

constituents migrating through the vadose zone. 

3.3 Potential Perched Ground Water Zone Impacts 

As discussed in Section 2.0, the perched ground water zone beneath the site thins toward the 

edges of the mesa. Both the Dakota and Burro Canyon Sandstones outcrop at the edge of the 

mesa, and this is also the discharge zone for the perched ground water. Discharge takes place 

at the rim along the contact between the Burro Canyon Formation and underlying Brushy Basin 

Member as evidenced by the springs and productive vegetative pattern. Part of the discharge may 
.~ 

also enter the Brushy Basin Member along documented fractures at the canyon rim. 

Constituents that may have entered the perched water zone via infiltration through the vadose 

zone would be expected to migrate southward within the perched water zone and ultimately be 

discharged at the edge of the mesa. Vertical migration to any significant depth is highly unlikely 

due to the low permeability and unsaturated thickness of the underlying strata. 

The ground water seepage velocity in the saturated Burro Canyon Formation can be used to 

estimate the minimum travel time for constituents to migrate from under the site to the edge of 

the mesa. This is a conservative approach, as this method does not account for adsorption of the 

constituents which may retard migration and lengthen the transport time. Specific calculations 

of ground water travel time are presented in Appendix D . 

CR1ISUBDIRECTORYlFILENAME.REV [7/27/94] ....-....--_ ....... -..-..----- ----= i i i:-=~ Envirofllllcntal 



" ., 

Revision 0 
July 27, 1994 

Page 41 

The ground water seepage velocity may be estimated using Darcy's law. Seepage velocity is a 

function of hydraulic conductivity, hydraulic gradient, and effective porosity. The measured 

hydraulic conductivities for the Burro Canyon Sandstone via pump/recovery and injection tests 

are summarized in Table 2.2. The measured values range from 1.58E-03 to 1.93E-07 cm/sec 

with a geometric mean of the measured values of l.OlE-OS cm/sec (10.5 ftlyr). 

An average hydraulic gradient from the site to the edge of the mesa can be estimated utilizing 

the perched water elevation map shown on Figure 2.4. The hydraulic gradient from the center 

of the site to the edge of the site is estimated to be 0.015 feet/foot. Using an average porosity 

of 17.6 percent for both the Dakota and Burro Canyon Sandstones (Table 2.1), the seepage 

velocity within the perched water zone is estimated at approximately 0.89 ftlyr. 

The downgradient distance from the White Mesa Facility to the DakotalBurro Canyon Sandstones 

outcrop on the southern rim of the mesa is approximately 8,000 feet. Using the ground water 

seepage velocity of 0.89 ftlyr, it would take a minimum of 8,900 years for a constituent entering 

the perched water zone to reach the discharge point at the rim of the canyon. Therefore, even 

if leakage did occur, the possibility of constituents entering the local surface drainage system via 

seepage from the Burro Canyon Formation is not likely. 

3.4 Potential EntradalNavajo Aquifer Impacts 

This section addresses the natural hydraulic and physical barriers that are present at the site that 

protect the EntradalNavajo Aquifer from operational effects of the facility. The primary barriers 

are the artesian conditions present in the EntradalNavajo Aquifer and the presence of the Brushy 

Basin aquitard and other intervening low-permeability layers within the Morrison and 

Summerville Formations which separate the perched water from the EntradalNavajo Aquifer. In 

the presence of both of these natural barriers, it is unlikely constituents present in the tailings 

disposal cells would migrate into the EntradalNavajo Aquifer . 
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As described in Section 2.1.4, the Entrada/Navajo Aquifer is regionally used for irrigation and 

domestic consumption (Dames and Moore, 1978). Figures 2.2 and 2.3 show the relative location 

of the Entrada/Navajo Aquifer with respect to the White Mesa Uranium Facility and the perched 

water in the Burro Canyon Sandstone. The elevation of the Entrada/Navajo Aquifer beneath 

White Mesa is approximately 4,340 feet MSL, or 1,200 feet below the mesa ground surface. 

Well logs from four water supply wells completed at the facility indicate that the ground water 

levels in the Entrada/Navajo are at an average elevation of 5,180 feet MSL, or 450 feet below 

the mesa ground surface (D' Appolonia, 1981) (Appendix A). This is equivalent to 850 feet of 

artesian head. The artesian pressure heads measured in these wells are summarized in Table 3.1. 

Artesian conditions in the Entrada/Navajo Aquifer were also noted in a water well drilled at the 

Hanksville ore-buying station 84 miles from the site (Dames and Moore, 1978). Therefore, the 

presence of artesian pressure in this aquifer is laterally extensive and can be assumed to be 

continuous throughout this site. 

The artesian conditions in the Entrada/Navajo Aquifer can be explained by the topographic 

location of primary aquifer recharge. According to the Dames and Moore (1978) Environmental 

Report, recharge to the Entrada/Navajo Aquifer is from the outcrop area of these sandstones along 

the length of the north-south trending Comb Ridge Monocline located approximately 8 miles west 

of the site (Dames and Moore, 1978). 

In terms of operational effects, the presence of artesian pressures in the Entrada/Navajo provides 

a positive safeguard against potential migration of constituents into the aquifer. In order for 

constituents to enter the aquifer, the pressure within the aquifer would have to be exceeded. 

Therefore, migration of constituents into the Entrada/Navajo Aquifer in the presence of artesian 

conditions is unlikely. 

CRTISUBDIRECTOR YlFILENAME.REV [7/27/94] 
....-...._--...... -....... _------.-
:; i i i:-~~ Environmental 



Estimated 
Ground 
Surface 

Well Elevation 
Designation (ft-MSL) 

WWl 5622 

WW2 5630 

WW3 5622 

WW4 5670 

Table 3.1 

Ground Water Levels in Entrada/Navajo Aquifer 
White Mesa Uranium Mill 

Estimated Estimated 
Estimated Total Original Top Elevation Artesian 

Casing Well Static Water of Entrada Pressure 
Elevation Depth Elevation Aquifer Head 
(ft-MSL) (ft) (ft-MSL) (ft-MSL) (ft) 

4582 1860 5175 4326 849 

4380 1885 5180 4340 840 

4372 1820 5172 4322 850 

4420 1820 5210 4370 840 

--,~::.:- ~ 

Completion Details 

Gravel pack and slotted casing 
installed at depth of 1700 ft. 
Well decommissioned. 

Barren below the casing. Casing 
not sealed at the bottom. 

Barren below the casing. 
Casing cemented at bottom. 

Barren below the casing. 

Notes: ft-MSL = feet - mean sea level 

TABLE2.xLS [7122194] 
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As shown on Figures 2.2 and 2.3, the Brushy Basin, Westwater Canyon, Recapture, and Salt 

Wash Members of the Morrison Formation are stratigraphically situated between the facility and 

Entrada/Navajo Aquifer. All of these members are unsaturated as indicated on drillers logs for 

wells that have penetrated the Morrison Formation (Appendix A) and are described as being low 

permeability. The Brushy Basin Member is described as consisting of bentonitic mudstones and 

siltstones and is generally considered impermeable (Dames and Moore, 1978). 

Site-specific data on the hydraulic properties of the Brushy Basin or other members of the 

Morrison Formation are not available. However, the relative permeability of the Morrison 

F ormation can be inferred from the presence of the high artesian pressures present in the 

Entrada/Navajo Aquifer. If this formation were moderately permeable, then leaky, confined 

conditions would exist and the overlying strata would be saturated to some degree. The absence 

of saturated conditions in the Morrison Formation implies layers of very low permeability. 

The presence of low permeability, unsaturated strata between the Burro Canyon Formation and 

the Entrada/Navajo Aquifer provides a positive natural physical barrier that will protect the 

quality of the Entrada/Navajo Aquifer. In order to impact the quality of the Entrada/Navajo 

Aquifer, constituents generated from tailings storage would have to migrate through over 1,200 

feet of unsaturated, low-permeability strata between the Burro Canyon Member and top of the 

Entrada/Navajo Aquifer. This, combined with the artesian pressures in the Entrada/Navajo 

Aquifer indicate migration of constituents from the facility to the aquifer is unlikely . 
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This section presents proposed additional investigations to comply with the requirements of the 

U.S. Nuclear Regulatory Commission (NRC). Proposed investigations include the following 

tasks: 

• Investigate subsurface joint sets, 

• Verify the hydraulic properties of the Brushy Basin Member, and 

• Define the extent of the perched ground water zone. 

The· proposed investigations will be conducted in the following phases: 1) subsurface joint 

identification program, 2) Brushy Basin Member investigations, and 3) extent of the perched 

ground water zone. 

4.2 Subsurface Joint Sets 

Observational data presented in the Environmental Report (Dames and Moore, 1978) indicate that 

jointing is common in the exposed Dakota/Burro Canyon Formations along the mesa's rim with 

primary joints parallel to the cliff faces and secondary joints almost perpendicular to the primary 

joints. Umetco (1992) also mapped surface fractures along the canyon rim and found a primary 

joint vector with a strike of NIlE, and a secondary joint vector with a strike of N47W. 

Investigations are proposed to determine whether or not the surficially mapped joint sets are 

present in the subsurface DakotalBurro Canyon Formations beneath Tailings Disposal Cells No. 

3 and No. 4A at the site and whether or not their presence, if any, is causing an increase in the 

rock mass permeability. 

The scope of investigations to identify subsurface joint sets consists of advancing four angled 

borings into the DakotalBurro Canyon Formations and at least 25 feet into the Brushy Basin 
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Member beneath Tailings Disposal Cells No. 3 and No. 4A. Figure 4.1 presents the proposed 

locations of the angled borings. At each location shown on Figure 4.1, one angJed boring will 

be advanced parallel to the strike of the primary joints mapped on the surface. A second boring 

will be advanced perpendicular to the strike of the primary joints. This method should intersect 

the maximum number of potential subsurface fractures, if present. Each boring will be fully 

cored with an NX or NWQL double-core barrel. Cores will be logged with particular attention 

given to fractures, specifically, their orientation, spacing, aperture, and any evidence of flow (e.g., 

staining, mineral redeposition or presence of clay). 

Permeability pressure (packer) tests will be conducted in each borehole in five- or ten-foot 

increments throughout the entire length of the borehole. Upon completion, borings will be 

grouted with cementlbentonite grout from the bottom up. 

4.3 Brushy Basin Member Investigations 

The primary objective of the Brushy Basin Member investigation is to quantify the hydraulic 

properties of the unit and evaluate its effectiveness as an aquitard. For the sake of expediting the 

investigations, borings from which the hydraulic information is obtained will be converted into 

observation wells to further define the extent of saturation in the Burro Canyon Formation. 

The proposed Brushy Basin Member investigation includes: 

• Drilling three exploratory borings into the Brushy Basin Member. Each boring will 

penetrate 20 feet into the unit. The boring data will also be used to define the Brushy 

Basin-Burro Canyon Member contact. The proposed locations of the borings are 

presented on Figure 4.1. 

• From each boring, collecting two 5-foot sections of the core from the Brushy Basin 

Member. 
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• Conducting packer permeability tests in each boring within the section of the hole in the 

Brushy Basin Member. 

• Conducting laboratory liquid permeability tests on vertically-oriented cores from the 

Brushy Basin Member. These tests will be necessary to quantify the vertical permeability 

which is expected to be orders of magnitude lower than the horizontal permeabilities from 

the field packer tests (horizontal permeability will be calculated from packer tests). 

All borings advanced within the Brushy Basin Member will be converted into the observation 

wells screened in the Burro Canyon Formation. 

4.4 Perched Ground Water Zone Extent 

Based on the available site data, the perched ground water zone thickness in the DakotalBurro 

Canyon sandstones thins southward and the water discharges along the rim of White Mesa. The 

lateral extent and saturated thickness of the perched ground water zone between the site and the 

edge of the mesa are currently unknown. It is known, however, that the extent of perched ground 

water does not extend beyond the canyon walls, as the DakotalBurro Canyon sandstones outcrop 

along the rim of the canyon. 

To further define the extent of the perched ground water zone between the site and the edge of 

the mesa, three shallow observation wells will be completed in the borings advanced for the 

investigation of the Brushy Basin Member. The proposed locations of these wells are presented 

on Figure 4.1. Each well will be fully screened within the Burro Canyon Formation. Well 

construction will be the same as that for Well WMMW-16, as shown in Appendix A. 

4.5 Vadose Zone Monitoring 

Energy Fuels believes that the existing monitoring wells which are completed in the perched 

water zone above the Brushy Basin Formation are suitable for the timely detection of leaks from 

the tailings disposal cells at the site when considering that the first aquifer to protect is in the 
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EntradalNavajo Sandstones and that about 1,200 feet of unsaturated, tight formations separate this 

aquifer from perched water. The NRC, however, has asked that other methods be investigated 

that would provide an earlier warning that excursions are taking place from the tailings disposal 

cells. 

To be responsive to NRC requests, Energy Fuels has investigated several methods of monitoring 

existing tailings disposal cells and has evaluated their potential application at the White Mesa 

Uranium Mill. The methods reviewed are presented in Appendix E. A summary of the proposed 

monitoring method is provided in the following paragraphs. 

Energy Fuels wishes to stress that the TEM method will not allow for collection of alleged 

seepage samples for laboratory analysis. Therefore, information obtained by this method will be 

of a qualitative nature only. It appears possible that elevated moisture from atmospheric 

infiltration and likely dissolution of salts known to be present in Mancos Shale overlying the 

Dakota Sandstone may cause readings similar to those expected to be caused by leakage from 

cells. Therefore, Energy Fuels will exercise utmost care in collection and interpretation of TEM 

surveys. 

4.5.1 Proposed Vadose Zone Monitoring Plan 

Energy Fuels proposes to perform Transient Electromagnetic (TEM) geophysical surveys from 

approximately eight locations around the tailings cell as shown in Figure 4.1. Precise locations 

will depend on field-specific conditions prior to field implementation, and may vary slightly from 

those shown in Figure 4.1. 

Initial survey information will be evaluated to establish baseline moisture conditions with depth 

from readings taken at specific locations. Two initial surveys will be performed at 6-month 

intervals, with annual surveys performed thereafter. The survey information will be evaluated 

to determine if a wetting front exists downgradient of the tailings ponds and to evaluate potential 

movement of this front downward through the unsaturated zone. The data and yearly evaluation 
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will be presented in the Annual Technical Evaluation of the White Mesa Mill Tailings 

Management System. 

4.5.1.1 General Description 

Based on current usage in the field of geophysics, the TEM survey is the preferred method of 

choice in the industry for detection and monitoring of plumes. The method, using a survey 

pattern similar to that being proposed in this section for the White Mesa Mill, is now being 

employed at Kennecott's Bingham Pit. Much of the recent work has included saltwater 

encroachment in the southeast. 

The underlying premise for using geophysics is that the property being evaluated has substantially 

different properties from those of the host rock. The physical properties that are generally of 

most interest are magnetic susceptibility, resistivity, and induced polarization effect. 

TEM surveys are conducted using a large transmitter (T J loop on the ground, and a small loop 

connected to a receiver. The transmitter loop will vary from 100 feet on side to several thousand 

feet on a side. Equipment for TEM surveys is built by several manufacturers, Geonics, Crone, 

UTEM, and Zonge Engineering. 

4.5.1.2 Basic Operation 

To collect data, the transmitter loop is connected to the transmitter, and a large current, typically 

15-20 amps, is then transmitted for a short time, 17 milliseconds. When the current is turned off, 

eddy currents are generated in the ground which decay over time. The receiver, which is 

connected to the small coil, then makes many measurements starting at 0.089 milliseconds until 

20 milliseconds. In most case three measurements are made at each station, vertical (z), north 

and east. North and east are often called X and Y to confuse the geologists . 
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Three types of set-ups are commonly used for TEM surveys. One of these will be applied for 

White Mesa Mill. They are fixed transmitter-moving receiver (profiling), in-loop (sounding), and 

slingram. 

The fixed transmitter-moving receiver generally uses a large loop of wire, typically 1,000 feet 

by 1,500 feet. The loop is not moved during a survey, only the receiver is moved along the 

survey lines. The fixed transmitter-moving receiver method is the most common method used 

for exploration. 

The in-loop method is the most common in environmental and engineering applications. A small 

transmitter loop, between 100-400 feet on a side, and the receiver are both moved for every 

reading. The receiver is in the center of the loop. The in-loop method is good for determining 

the depth to different layers, often for engineering surveys. Station separation between 

transmitter loops is dependant upon the target, for environmental monitoring this separation can 

vary between 0 and a thousand feet. 

The slingram method is similar to the in-loop method. However, both the receiver and 

transmitter are moved for each reading, with the receiver always a fixed distance outside of the 

transmitter loop. Many of the initial TEM surveys in Canada used the slingram method, 

however, it is the least popular method. 

Appendix E includes a description of the principals of TEM . 
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~""'_ a . lC:llu C 

(5). TY?~ OF CONSTRUCTION (e.ltec!t): 

C! 
C 

~ Q O"C a .r_ CI -. o a 

{a). C~'\SING SC~tiLE: ~ a ""'~~;,D 
~-~a::z. ::7" t.,;" .... ..., 1040 '!'It G.o:~~ 
__ ._o_-:xa .... !. .... "_ 32Q '= ., 17(;0 .... G_ lea 
_. __ .. !)b&. 1:-"" ....... __ -"' .. _ ........ -__ -!<,"' C..-e-· 

!r ... ·.-:; a _ a u.. C! 

D~h·t t~t .-___ laLlmin. witb _________ !Ht. dr._dOW!! alt.n .. ______ .!:cr.r:: 

Artltdllll !Iow._. -----_________ s p..m. D."te'-___________ __ 

(13) l-r::LT,' :r;,~: 
0., ... drilled___ l§]O 

Ili_cn. .. :er t:.t ~t-:~ __ .. _1.?~._ 
_!cret. D...,tb ot 1:Om.~lcWa ... ..JI lB7D 

!lOTS: Ptac. an ''''r III th. ,pac. or COft'Joiftation of a~ D.decl to c!_tnat. t~"!' m..a.t..tr.~ 
or =mbinaliun at macmat. ifDCOQnt«ncl In hcil dt'Dtft in&a",.L Unda' RE!I"\&K3 =aiu sn;" 
d.,i,..bl. DOC_ U to ocan'1"'."" of -.~t' .. ad the eo&ol" • .,1::.. natu",. ~ .• 01 ~c...~ .. 1 "':(\_ 
=un:.cred. ia each c!t'P~ iAterv:al. "UJe addltJ.o:al .Q"'" it :JCO!:ol':'i.. 

l!ATP!RL~L D=;i 
1
1
;-';--[ ~I ,;-r. I~' ! ;--;"1 1---:-': I "'-;1 11 

I, II I I :::1 I ! 

1'1-··,- 11 1111'11!111111]1 ~ ~ = .• - • "~I'I"-
~ I' U . "'I:U C. (J ? 1- : 0 i:: : 0 ~l 

--,o.u..I-->oElI -xl ; I , I , Iii H Red' 
8i ?~I- I i I I I -! '~iSandstone G~~en 

251 sail i ! ;xiiYellQ'.'/' 
501 78i1xi ; X'I\-ihit~ Clay Lenses 
781 88il I i! Sha i e 81 ue Grav 
.~g! '131!: 1· iii ! i I : ~ ~;Mud ST.~-~-----·· .----.--.-

TIf136oi,-: --I-:r--i -: --I-j -;'-1 :::::-81 ue Grav .-------
360 I 486i1 I I I , I Iii ii Lime 

¥lE~~,;;' ,~;5_~_·; I-;!:.;!~j~i ~=;8;::1~!lii~..:::7!-7i~-:i~:;~:~~:!~~'~~,-I~~-='~ "x::-II!-:~;;;::~~;~,:-:-.,;:-;'~~,~:;-:~, y;:c~_~~~~~~~~:n:(':-----
---~=- '..... _:-! 750i825Hxl ! .. U tx;'\-jhite SShlill::e '.i?" - ___ ;.rl:n=~.=--= '~~.-- .. ~, 82Si.157;i I: ! -7r,;·:·:::-.:·~~Cr'" ~.,.a:e:-

~~ ='="------<:: -"':'------..;;: I 
{3) SCR~:rS: "ell ....... :::'uJlodt '!'o C Yo C!I 

~~ ~~o,.~~-_~ _____ ~----------------
=:-;,.,.._----- :iodoi Y,"-__________ _ 

qo'M ... ''-________ -'''3c ~ 

.... bom 

':...-"'-----
,..- ." 

C!"2"'el pJ.ac.d ~ .. ,,-__________ !-. tn"'-___________ ~' ... 

';;.1.11 • ilurla.c. ..-l "D1'Orid«I ! '!'" •. :fo o 
-::~ .,b.as. c,..,u.T ___ l?"'~'___:_-.....!.-

:!,""-'l ...... b.-l- C"e"'m:.::.e"'!1!;t==-____ --: ____________ _ 

~.t~~, ______________ __ 
:::C?U .,1 atnC-3.--

".~~ 01 ~~ Itnta oJt:..· ________________________ _ 

·.Y.u 2urt&l» c~i"C' 1JMQ ! 

.:,~ i~ ~mt-Pi in pl.ace! 

:::J) 7i_~TZR LZ'VBLS: .. -
...:: ... -;:-: ~1r'""~1 •• ___ .:..::.:.. __ :""'!": :-.0- :SCld, .".1!'!St. :Jata _____ , 

~"~"~'~;'~"~O;'_;.~u~,.~.~ .. _~~!~~;.~';~;;~i.~'~d~'~~~~~~~~~=~.,~ .. ~~~~~~ Ii 

~,~.~ -:ZC::;;YZ:J:: (1:) ?I..O;::"-::-fG 'i'tEL.L...: I 
I C.ln::"'"l.-d :''''_\~Sl ·Y."l.,.. C I 
!"':n ~ ?~:n' !l~ C~Cl:r.U C 

I 

857 i 90gH xi J [, Shaie Red 
i; Si1 t Stene \-I/B 9091939!1 I xl 

939 t03E!1 xi x! >I Oo~ 

1038106CiI xli I ~i R~d SS/8/W/R Clay 
1060 109C!I:-'x-'71-71-7-;-...;-: :..-...,..-:-_-..!of-_-,-7-_-_:-..,;-' _....;.;;I:'-ir.7':IJ:.;c:...;s~t"::o-":n"::e=-.;.;....;..;..;;;:...---
IJge 120C';;.;1 1 . -Rea ;·'uci Stone 
1200 l2S0=-'1 x"",-+--I-+-I -:--:---i--:-I~-;~! Red 'Ah i te S i ue ,'1ua S i:C:'1~ 
1250iJ.2961 ! I I I:! R.ed I'!ud Stone 
1296'l.840! xl I Xli \·jh He S5 7 Clay Lenses-
1840~25ql xl !~'~R~e~d-=Sn~' ~a....:J~e ____________ __ 

i :1 i 
,I I 

1,79 Co",~I""" Seotember 26 

(l~) PUv!P: 

-;n.., .--
_______________ a p ____________ _ 

De?~ :0 t)Qa'llJ or' ~_ID. ____________ !e-n 

\veil Dril!~t·::1 5tl!te:nent: 

L:~ _,.i, :;.~ ~roa:l4 .;..a.aICl,J r Yea G I 
_________________________ ~~\~ __ ------__ --_~~:~~~~~i-=:~:c~'~n~.:~~~~.o~.====(~~~~~====~~~-~'t~.=.========================:::.!' 



~,-"l1!.a'" .------.. ---------
I.JW::::;: ~ 

a,-, .. .d.: B.·c:..-:-__ ._ .. __ . __ "r. S •....•. ___ .. _ ... REPORT OF WELL DRILLER 
STATE I)F L"T.-I.H C: .. l~ :-10. ____ . __ .. _________ _ 

C",OIM __ . ___ •• ------- ------

(;r::SF.R.\L ST.\ TE~~ F.:\T: Re!"(\::: o! -:"'(':1 c::-iller i3 ::~:-,!,,~y marie .n·! !:!.u! '..,i:.!'1 :'~e Stat! 2::~i~,""!'. ::'t ae!-::r~.n·~"! W"i::: ~!,:" I ..... " o! t:u.:,. 
17:-.:~ ~eport si;.a.U b~ !~ttd \\;t:: t~i! S:...~ t:::..i!'".~er ':L·l~='~:-. JO u!\ya .tt~r :':1e C:-:"Jrni'I~':.lIm or eb:1",~cnr:'1c!"l.~ cl t:-.8 wcH. :-·3..~~:'s tv !~i.! S·.J;:t 
r1!~Grt3 eo~,:.i .. ute.51 a r.1i,J~mesno:".) _ 

(1). WELL OW~En: 
,.m. _. ___ Ene.rg:LJ.uc 1 s _11u.c 1.e~r _______ _ 
A4 •• _~...Bland fog.. U1ah. __ 

(2) LOCATION OF WELL: 
- c.uru7_.~.arl_J.ua1l_ Cround Wat.r 0 ... 111 _____ _ 

_. H •••• blaak. 

. (3) NATURE OF WORK (check): 

(4) N.ATIJ~E OF USE (check): 
Doao.t14 a· 
IriiaadOll Cl 

. WuOrial:11 .- K .... lcl~aI 0 8 ........ _ a 
KI_. a ou..,. a T ... Wall a 

(5) TYPE OF CONSTRUCTION (check): 
!I<>tarr (il. Doa a 1_ a 

a a B."'" a 

(6)· CASING SCHEDULE: nruda4 0 Woldod a 
--1D-- Dlam- t...... 0 ,_ ... ] 250 ._ c .. ---.2.5.L 
___ - Dr~a. !ro .... ___ J,'"" tD ___ ' .... Ga..c't--

___ - DI ..... !ro""'~· __ -1' .... _ .. ,--,-_~t,~ C..--

!l"ow d Uaod 0 

·(7) PZRFORATIONS: P .... .-II Too 0 No a 
Tn- .l perl ............ ______________ _ 

!ncA. br 81s.4 0' ;JCrloraUonLS _____ -lo hub.. , _ 
___ ~rtQnUOu tM .... '--____ -'· to ' ... ,-___ ~onUOIla tl"'""'--____ .... to '-__ _ ~rtOr&UOII •• from 

--.l _ 
till; t_ 

___ parlonuoDa t,..,...'--____ _ . t _ ... .... 
"arlontJau tM= ,- to '-

(8) SCREENS:. W.II ...... I .... lladl y_ a No 0 
"anut&C'ClIr'Wr'. N .... _______________ _ 

~. _____________ lI4dal , ... ______ _ 

DI_= •. _. __ . __ 510, aiM._ ... __ Set trom ... ___ t"_ to. __ _ 

Ola," •. _. __ .. ~SJot. aIM .. _ .. __ ._SaI. t~bl .. _____ !t.. to. __ _ 

(9) CONST?UCTWN: 
w .. well cruel pui:ed! Y" C( No \J 51_ ot n ..... 13Le.:.tQ.}/.:. 
en •• 1 ,Io.ad "om __ 100 ..... __ f_ ... _J.Z.'5:0 __ ._ t_ 

w ... surt.,,_ .... 1 p""ld-,! Y_ ciS- Yo a 
.0 'Wbn ~rcI!ul_ .... _100. .. ___ , .... 

Uac..ri.J ~ to l_l: .. _ .. _C.ea:en!.. __ . __ . _____ .. __ _ 
ll. C 

..... O".,ta ot IUS"" ___ _ 

(ICI) \;-ATErt LEVELS: 

.,..._ .• - : -- .P" 

:.nr. ::::',::\ [:1., I 
I 
I 
I 

I 
•• ,,~ 1 : _. :; .. ,: ..... ...: •. ~ 

:.._ ............ ,,,,r.1 c ..... ,,~: y_ 

=i 

(12) WELL TESTS: Dr .. -li,,-,., I, t!':. o1~.lant". 'ft {_\ ,b. _.t ... 1 .... 1 i .. 1o ... 
.,. ... l c...10_ ".tlc I_.i, 

w So» ;t It 10, ~, _1l"lCI1l ___________ _ 

YI .. ld: ... __ •.•• I.I",ln •• (I,Il ..... ____ ._ t., dn_rlo_ft .{t..r ______ ~oun 

DaU ... ' .. I. . ____ •• I.Jml .... wttb .• ____ I .. 1. dr._4ow •• It..r _____ boa .. 

An-.I." flow 
_________ -$, .. ~ ..... D ..... '-________ _ 

(l3) WELL LOG: UI ........ f _II. 1<: I .. he 

D ••• b J.lllod __ . __ .1885-__ 1",- D ... b .f ..... 1 .... • ~.B35 .. --I-. 

NOTE: 1'1ac. aft ··X- In the ao&c. 0 .. combl •• dOll of .p.ua 1S..o.G tal d_hrft&La the aa.ac.rtaJ 
or ccmilll,.ullln 01 mat_rt.l. cncouftc.cr.d In .acJ:a deoo\h In"'r¥.I~ Undw BEllARJCS ~ •• "F 
ci_Irable not .... to occ"rN"H at _u.r and the color. lise. ~'\U'eo ..c.e.. 01 =ac.al'ial .. ,.. 
covn,.r-ed in .. en d.-g\h in ....... !. U .. acidltJoaa.1 .. h .... it a..a.cL _ 

DEPTH ii ~I 
I I I 11'1 ~ .. .~ r;s nEllAKlC3 

~ ~!!lcf 
_. 

~ I ~ ! ~I=I: . ~ ~ I~ I~ gl\ 
. .. tJ .. .. ~IJ 

Q 125 I xi I I I I I i I 1 xU Red & Green 
.Qj 80! xl I I I I I I I I XII White Grev-Blue Green 
80 ~50 il xl I I I I I ! ! I XII Mud Stone-alue Grev 

150 !lOa d I I Xli 81 ue Gre'l Sanas tone 
400 580 H xl I ;ql Blue Green Limestone/cl 
S80 550:1 xl I II 

II 1 5f.~ liinestbne-·She Fe - Rea mucston e 
650 i50 '! XII I I I i I I Xli Blue Green Umestone 

I !I I ! Sandsitohei '.-In th :.Red Cl ay Ler.ses 
750 900:1 I 1 I I I I I I I Xii "lud Stone - Brown 

I II I 1 1 I I I! :1 
900 a20Qi xl I I I I I I Xli 80% clay 15% Sandstone 

200 1250! XI I I I I I I Xli 50;; Red Clay-50% White 
I iI I I I I 1 l il Sanastone 

250 ~290! :<J I I I >11 Rea Cla'l-~ea Sanastone 
290 118351 ! I I Xi Hhite Sandstone 

I :i I I il 
II 1 ! 11 
ii I I II 
!I i . :1 

~ i ~ 
ilo t ("I I I d' ! t d pen' I i is !1 5:::-ci!.!n."c"-h:....!h.;:.o ... '.!.;1 e"--_______ _ 

I ;[i Ga9iria ;sr.Jugj 1;25ui"_'_-;-,:=,..,-_______ _ 
9-'118 '!l1je..-rLtiQ 1'", ifr'~ri l~SJ ';r! -,L",o,-1:.:3~::;:<.-J:<,~_' ________ _ 

1 I! I I I I I I I I I 1);----------
I !.J I I I !I 
I 'U I ;j _J II I I ::-1 ----------

~ ___ :CJ.~~~~~~~~-------------
I n I 

(I·!) PU:.!P: 

--_.-.. _--_._---------------
1,(;"7 ~~ It. 1" • ..... 

"' .. 11 Drilh·r·,. St"'f'menl: 
T!--.:l -.Io •• -.jl ';.':1.3 t:r!lh··t ur.d,,·r =-:-:~- ~·..!:"t;'rYl~ior.. l.n:i tt.!3 :epoc-:. 13 t~.;a ~ 

:.::e bl"~ :.J! :-:::j' h.r.1J· ... ·i\!'-'=~ "n.~ :.-I:\!{. 

, "n 
..; .-: :. .. -.. ~ .. ---: r·. ~ _:. .... " ~. : 

! !' ~.""":-._ :.~:":':. "r : ... ,.t·)"":';''''·' I 

_\..:.!:c.·, .. ~ - ; "'. 

._. 
, .: • .;:-.t'~J ._. -.~ .-.. --c=-_. _______ _ 

,'.a. •• : ~MI •• '" 

... 



i \ 

.•. T. n ... REPORT OF WELL DRILLER :: . .un.,,'" -._.- .-. 
:.(.:or<OG; IS. C. 

:~';._~lDn ::ihPl't ST.\TE OF l'T.'.H 

.... _ ... _- .-----
(;C:~ERAL ST.\TF.~!F.:-;T: Report o{ wei! driller i. hereby ",,,de and fjJ·,rl with tho State F:r.:r:neer. in Ilccordnnce wit!: the lllw. ot Utah. 
tThi, rcro~ sh.:Lill,,! !i~ed with !he Sta.te Eng-in ~cr mthin 30 dllYS a!:e~ the completion or aba.ndonmt.:!lt of the , .... ·o:!:ll. Failure t() fil~ such 
r~poru constitutes ~ mIsdemeanor.) 

(I) WELL OW:-;ER: 
/l.... Ene.r.g:1 .. .F.ue 13 .. .Nu.;:le~,--Il:l.c_ 
AOW.... Bl.and.1ng. _..D'r.-a4S.U 
(2) LOCATION OF WELL: 

(12) \YELL TESTS: Drawlinwn III the d! .. taa.c. In l .. " tb. •• ater 1 .... _1 La 10_ 
.red b.t.ow .tac.1c It!"rti. 

W .... pum'll taoc. mad_: Yea ~ No C tt ao. by "'bolllr~p':~~gLfuel.~._ 
'i.ld: •.. 1245 ... _._ .aL/ ..... ... '" ..3..1 5. __ r_ d .. wdo ..... ,. .. __ 5 ____ ._ ....... n 

COUO,y S an_~uan_ Crouftd Water Uuia -----.-.- -----
\1 .... blank, naUIW tal." ____ pl./aU"- wtth_. ______ teet drawcl.owa altw _____ lIauo 

N."h 1400 a 3.000 -.aE... Arw<iu n... ....... D.· .. ·~ ______ . 
~ ..... .-. t..c. w.,,·_·· ..... _ . .1 .. t1'O ~ I·TefnPwsuaN ot ... as. W .. a c:.beadea! ualnb, m.a.d.: No a 'lee 0 

01 S..uon 2a_ T--.37. __ ~. R __ 22....-~~K{.1rika (13) WELL LOG: I.::; tOU..l.!.~~fl...uU: 6"1 t.~ __ .l.i?.5Q.:_.-roe. 
•• , warda.o< "Nod) D •• ", drlJlod_.t§.50 r .... 0 ... ", .f ea ... 1otaoI w.~5.9 I .... 

(3) NATURE OF WORK (check): 
-.-•• nc Cl 

(4) NATURE OF USE (chec!t): 

Ooma"c CJ 
InUadoAO 

Stoc:.. ..... atar CJ 

Tes' Weil CJ 

(5) TYPE OF CONSTRUCTION (check): 
lIotazT ~ Du 0 J_ CJ 

CabIa CJ DrI... 0 a."" 0 

(G)· CASING SCHEDULE: n:ndocl 0 WoIoW at 
.. 8 ... _" 0 ..... l ...... ~_ to..1.~ ... c.........3.3.7. 

._ .. _ .. Diazna tro .... ___ .!t,eoc to.~'" G&n----. 

... _0. Dl&sn. tram tid to---l_ Gan

!: ... C u ... 0 

(7) PERFORATIONS: Pm ....... r Y .. 0 
~ ot ~ertor&:.'3r ~ ______________ _ 

su.. ot ~rloraltoal _______ I~ br. _____ -l''''nc'''h--
_._putoratlou trom ____ --!".a ."',,'-____ .!,;:w 

_ . ____ ;erloradona trom ____ --!"CIft ."'.------'.,-

____ puforadon. trom. ____ -It,"' ..... -----.! ... -" 
___ pnton,UolU !M'" ___ ---'''"' t"'. _____ -"._ 

• p~rloratiou hom '111'& '0 

(8) SCREENS: w.n auooB h"lalIodl Y.. a No a 
Tr>o .• _______ •. ___ :l1odol N· ... ______ _ 

D~ _. _ .. Sloe. aise_. . __ S.c fror:l . .-lL ""Q'----
Di .. lIl... • •.• _ Slo& ..u... --SA trom.. .. ___ !t. "'---

(9) CONSTRUCTION: 
w ... _II .. n .. ',...u.df "! .. C !'fa is. S:u of It&nl:.. ____ _ 

C,-.",' pJ.otd tron::r. .•. _ .••..• _ .. ___ fen to _____ -! ... 

Wu a IQl'bu.....t ptoyid.vr y_ ~ No C 

To .. b ......... t_.125.~_-! ... 
>I.:.o.w ........... 1: •. Ce"l~nt_._ 

r,..,. cf .... w-r: ... _ 

\ .••• I1,,,t,,C. rL~U"'" uae.l; ~ 

·""·a, I~ '"""--,.tN In olt..C .. ~ 

Yes U !'fa 

D.-p1.tl 0' at.nU 

N. 

WI; j{EC:l:ln~n:1 (11) FLOWI~G WELL: 
i ·: .. lnU..::I;a • .,J I:.y .c:!:I ..... 1 

I 

rtE:.4ARXS 

100?5Qi iXi!Sh?lg &: ~!udst.one 
;C;04.7ci I X!!Llr:::est.o!'l9 
47057QL :XI ! !il}r.'!y Sandstone 
57q60q! Z iii !!Rerl Shale 

8-:;0 92QX..I I , :IRed <3: t~ra.:r Sha 1.a 
920101.:Q I ! I !X!!Red ,.;;, White S::>ndstone 

1 OA0120W ! , IIRed M'uds'l.one 
1200110Pi '~IRed & Blue Shele 
12001 S5P i iX:!Red &-White Sandstone 

I II I I i! 

:1' : i !I 
----~~ii i--------------------------

Ii' i I 

-+----':1 I I 

i I 
II I I I , 

--~--~.~~~~~~~~--:----------------------

i I 

(14) PUMP: 

I ; 

I 

1O.$.9C.mol., •• L'Iuly 28 

!rt.t".Ita.c~unr'a , .. = •. _ ............. _. ________ ... _______________ _ 

'Veil DrzlIc-r'!, S~:lh~m~at: 
Thi3 wei! wa3 ~;;!!t:d t;nr.ct' my !UpCnr13io::1, and t,hu cC"p'C"rt U true t..J 

t~::: bcsc of :-:l;{ ~ .... nowh·:cige a.nd ~c:b:f. 

X arne Q~;:.~ .q~.g_.L;.L;.:.:.:..:;)E.-.~ ~ .... A ••• -.Ir'-c; .... ------:c:=c---..,-----
! r.rson. tlrm. or c:uroorat.Jon. (~ cr :lri.3tJ 

I -c,. ~ 

Addre33 ... 4:-2.5.J .. -Gr.c:;b..a,::.._.:!. .•. ., _.E:J..u~:::.e""') rr. ~0'""%:·i3 

a (Sigr..d) .... _ ... ___ . __ -.. .<. .~ •• _ •••••• : •••. ~_.; •• : •.• :. 
o {_D~_' I D,-, • .. 11 : ... arou.:-4 ,· ... illS t 

I t;o :11:1 I Lice,,-,~ No.~.-:" . ..c Co )..(J} D,,,, ___ .. J.UF..:.l::':"._7 ___ _ ,19...2) 



ww4-
f:'C\J,d..J: B. C. 

.S-pKUaA S}1~. 

.. T. n. REPORT OF WELL DRILLER 
ST.\TE OF {jTA!1_ 

-r ... 1 - .•• __ •.•. _.-- ... - ••. _" - ••. _-" 
r.:..>Ofii~n.~ :-en •••. ___ .• _ •. _. __ •. _____ _ 

f.:'i1-:RAI. ST.\T::~IE:-.-r: r..port oC won driller i. her.by made and fil.,,1 wi,h the State I;ndnoer. in aeeordance with the law. of Utah. 
:bi3 report shtLil be i'ilt."d ' .... ith the Sta.te Engineer within :0 days niter the completion or abandonmt:nt of the well. Failure to tile sucn 
'ports c:on:u.itu,e::t a. mLsucmeanor.) 

) WELL OWi\"ER: 
_ nEncrgy._i\l~l:3n1!.UI:l.M.;r .• _Inc, ____ _ 

' • .- . .E~4Ilding: .. ..J1T ... a.4ill 

2) LOCATION OF WELL: 
GYnl7 .~.~_....:!u~ __ CraG" WaC*!' BuJlaa ______ _ 

. (I ..... bla.k) 

,3) NATURE OF WORK (check): 
D~inc a 

:4) NATURE OF USE (check): 

Otl>er o 

.5) TYPE OF CONSTRUCTION (check): 
0"'" a Due 0 J_ 0 

o o a 

:6) CASING SCHEDULE: 1'booded a WoIdooI:: 

:; .::, .. 0..- Di&m. from ,. 'M\ ",-.I:2S!L-tea G~ 
_______ .. Dla-. !ro,,,m,-__ ..lr_ "to,-__ -"", c...-
__ .. ____ .. Di&m. !:om 

...... C 

(7) PERFORATIONS: 
.'r~ of pcrloratQr used ______________ _ 

;iJ.oe oC ~f'font.lGns .. ______ Jacb.M b,., _____ -'IDcA_ 

. __ perforauoos fro"'m'-____ -" ... "10'-____ -"'_ 

._. __ ",.rloraUaas Ct"OIII. _____ ...!'_ "' _____ ..!'H\ 

.. _ ...• ___ :'IIer{oratJ,ons- "froa:L-____ 1 ... "tp>--_____ 1 _ 

____ :lcrloratio"a ll'O"'m>--_____ I ... "'-----.:'-

.• ___ ;t.r!ora"iona trom.. '-
:3) SCrtEE);S: W.U , ....... lnal&ilcd! Y.. 0 NoJO 

!ar.u!aelUnf'·s !:ame. __ . ___ •. _________ _ 

'i"'O><R ._. __ ••••••• _ ••• _._ •• ___ -.: __ ~ocld !'lo-. _____ _ 

Jiam. .. _ ..... SJ(,I~ aiu _. __ Sd. t~nI ... ___ 't. "'----

Jiam. ._ .. ___ ._. S:'lt &1l:.e .• _ ScI. from ... ___ It. ""----

(9) CO:\STltUCTIO~: 
· .... u w ... U arne' paell..N! "'ft C ~".~ Size or zr .. · ... I: .. ___ _ 

;,.. .... 1 placd trona .. _ ... _ .. ___ :...c. to -------" ... 

w_ .. l"rbC' .... J ON'f'II.Jc.1! Y.. :: !la a 
Tawaa4dC"PLbi' .... 125 .... - ._t"t 

~!",~erial lise.! ::1 Mal: .cO:-;.CT1J-:a···-----
)~d 107 .uac.a. con':uQ. I:ftysat"i ..... h.r: .. -

.)"\<e aC ... ur: ... 

'·trlr-.o>l of _.IIiin" .c.r",'a all: ... -. __ .. _ .. __ . _______ _ 

. HI) W.:.TE:t LEi"El.S: 
':'(.: ~.~·t ~iv'" :.:.1 ~ur~",' ... \ .. ~ :':'-.3-.:~._. 

I 
:.,.,: ;:~.' i.:\t·.ll: 1 (11) 1-"1.1)\\"[:--;<; WELL; I 

I 
","" .. ;:~: L,· "",,., 'I ... , 1 

".u': C:..:: S. ,:un".1 r~:_-I' 
: i) .......... fOIL t ..... Iruun,J. •· ... Inc r ~. ca 

I So 

(12) WELL TESTS: Dnwcktwft t. the <iIILane. 1ft t~ lb. ".L .. · lew.l I. 10_ 
It-U below &laW: I ...... 

\Vu .. <pqmp tnL maGe!' "tn 3 No Cl It 10. 0, wltaDlr...En.errg:l. ";;l;!U"Ll~q __ _ 

Y"W:. 238 .... --. sa1Jnain. wtua .. a90---_ f...c. dra"""" atter_4.a._. __ baun 

:-. 
n.iI ... te:n ... __ .. ___ .a1./mi ... ttb. _____ t..c. dra ....... tter· __ -.-__ lIaan 

Arta:taft; now.. '.p.1L D .... ··'-_______ _ 

Temper .. t.UN of wata' W ... dMallw u&lTII. mUe f N. a ... Y_ 0 

(13) WELL LOG: 12i''' W....1&?91'...{L~1S2~ __ 
D.pLh drilt.4 _ .• J:.82Q t..c.. Dt'DlA of eo_Dlet.ed. -.1l-l82Q. f .... 

NOTE: Pt.c:..ft "X· In th •• ",ace or comW .. allo .. at .D~ ~ \a d_pat.e tbe MAWri&! 
or eombina\l\)a of mat.riaLa .nCOUDtenG la NCb dlpth 1nterraL Under I\L)IARK.S make aft' 
d"iraul. notlN .. to oecu~ 01 waLe,. a .. 4 u.. coJor. II ... a .... "'" ftC... of maIoeri&I .... 
cOUQ\.wrN I .. C:&Cb deotA tat.atYaL. U .. ...wIUoil&J Ib.ed It ae.c .... 

1:1 n 
II II 

II 

II 

i iI 
I II 

_-;.._il i' II 
:1 1 Ii 

--+-_.1-
' 
...!-~-i-_~-+...;-...111 !\ ! lIi------------

--+-~il~~,-r~~~~~~---------------

__.-:--:;1-+-1 ..;..1 -:i--r--:--;---:-:-';.. ________ _ 
_~~iLLJ;I-~I~~~~+-~.~------------__ 
-...:-....;.~ •. --;-'--'---'--"-

,I i 

Wurk .~"'..cod. Se?t_._.24." .. _1~J3Cl'J._ .. _. ComOlu_~~Z.:f,, ___ n3O· 

(U) pmlP: 
._ .......... _--_ .. _------------

Il.P. _____ _ 

W.·il Urill,·r·:-; :)tah.·mcn(: 

T~i3 ·.·.·.:t! · .. ·ns \:r!!!~!l Ur.dl~!" ::1:: :!Upt::-·;\·t\on . .lnd ~:'is repo:,: :s tr..;~ ':.:l 
~i .• ~ ~'.:3t. t.[' ray kn(J'."i~u~'I: and i.·.~lh:i. 

~:.!::.c .. :;:-:-.. ~:~er. :.;::. :....:...;.:-. .: ... :.~ ...... .::-.:::. •. -.-...... . 
,j· ....... n. : .•• ru, or Cv'VU'lo~i ... ". !1'Tt'~ ... , ~rlc.t} 

.\Jt.l:C!\5 ~2~1._:1=-:" =. ... :.~ ..... ~ .. ~:J.:J.':'..! '::: I ••• _;'~ =0-:-'\-:: 

\S:b~.,;l) .. ......•.. _ .. r..-::::. ./;:·~ ....... U, ... L.~ ....... _ .. ____ .... ______ _ 
\W~iI Orilt~rl 

Li~t:n~e !'{o •.. ,3.~ ... -/!.~-:, __ Date ···...I.C'l •. _ ~::. ._ .19 ;,.-. 

t:s!: O"t'HErt s::n: FOP. AOOtT:O~ At. aE~An.;.:S 



:.j 

--
W\QJ0 Z.nml"M ______ ... ___ •. ---

:.lI'<"Oreeo:S: :So c. ______ _ . __ .. _. __ 'r. B ______ _ REPORT. OF WELL DRILLER 
STATE OF UTAH C:.inl ::" .. _______________ _ 

(;[:,\F.RAL ST.\T~~!E~T: R.e?~rt of '='.-eil c:::!er i.s h~~~o~ m.ace Il~:t fii~rl with the State E.:t~inee!". i:1 ac~?r~:lr.ce .~th t,he iaw! ",f t:!.3~. 
rr:::! :oepor't :"0111 b!! ::it!Q ':\"1tn t:1e ,state- ~nilneer -;n:Cln :..0 CSj"3 a.:ter tne c:ompietlon or a03naonment or !.!'le well. Failure to ille 3UC::: 
:-epor:3 c:onst1tt:tC!'~ .'1 r:uslJeme3.nor.) 

(1) WELL OW~ER: 
".~ •. f;r1J~.n;Y FI,I!;.l.;; .. _L...td., ________ _ 
Add,". Q!.tn..~~.J;"~C_QlQraoo 

(2) LOCATION OF WELL: 
County .• San Jua..!.l.- GI'O'Qnd W.tef' B ... I. _____ ~. 

I1ft9
" blank) ~ iiSC--~ 

~ .... __ Q.Q~_O----t"L E .. , .2.Q.QO--!_ 1 .. ....s....H_CO ...... 
5cN"" W..,t 

.1 s ........ 1_7 __ T~3-,-7 __ :. 1I,-~2 ... 2"-....:.J:!.~K("rik' 

(3) NATURE OF WORK (check): 

(4) NATURE OF USE (check): 
Comeltic 0 IDdu.tri.1 ~ 
Irricatuns 0 ~JDlng' 0 

(5) TYPE OF CONSTRUCTION (check): 
l!o .. ..,. ~ Due 0 ;_ 0 
~ble a Dri.... 0 Bon<! a 

(6) CASING SCHEDULE: 'IlInodo<l a W<ldod 0 
__ L- D ...... I..... 0 ...... ..l2.5.D...! ... G •• ~ 
___ .. DJ_as. lro ...... ___ ~#,"' b~ed Gan-

___ .. DI.m. tram '...s ~ ____ ' .. c .. e-. 

~ew 0 11.od a 

(7) PERFORATIONS: 1'."'0 .. ,",,' T .. C No XI 
;n,. of ,m ... - -., .... Iod.. ______________ _ 

S1se at pcr!orat.loft' ... _____ -""nch_ by, 'ncb. 

-;lcrloratioaa trotnL-____ -'· .... to'-___ --1.'_ 
___ ;ut'oratfou !f'OTD'-____ ...l ...... ' ____ --1.1_ 

___ periorat1OIQ from feet to '.-

.. ___ ;"'l'/or.do"_ Irom' _____ I_ .. , ____ --1.._ 
.... _ .. r~trn·Rlh)ft. from 'Nt. ·0 r ... 

(8) SCREENS: W.II ...... 1 .... Uo<l' Y.. Cl No N 
~a"ut.etu""'. Na'" •. ______________ _ 
~ .. ___________ .lIod.J No, ______ _ 

Di"",, ..• ____ .. 5IGt Ji •• _ .•.... __ 5et. trom.-----lL to __ _ 

Set. fr"Om. ___ It. to __ _ 

(9) CO~STRUCTIOz\: 
W"I .,,11 Irani .,acir:todT Tn C NoXl Slz. of cra .... l: ____ • 

ern,,1 pJacl:'d Irona. _______ I ... '", ______ ...l .... 

';"1 .. ... urlan ... 1 p"",'dt'd l' Yu XI No a 
~o .111 .. , detlt.bt_18.! t~ 

'ht~rl"ln_d 1ft ._I! .. Concrete------.---
"Itl &"7 I!.tala contAin unu •• bl •• ""t ... r Y.. a No :>l 

~hl."'Od of I~H"1t Itrata oil :, ____________ _ 

'1'.. G y. 0 

(10) WATER LE"'ELS: 
:~.I~IC I~"'I .. 3 a 7._._~rrt ~io .. land lurhce OatA 1 - i 0_ 7 7 

:.OG ReCEl\·r:o:! ~>~~,)Oi:~~~~':~~~ w~.~~: = 
I c., = I U:)oO"W -·,1 : ...... "oo:Jn4 c....\O C t 

pl ... ~ 

(12) WELL TESTS: Dr .... dn .. n Is th. diu_ftc. In (NC lb. "&&.r tev .. 1 J. Jo __ 
~,.~ b40la_ It.allc 1.· ... ·1. 

Wu. purn" tnt madel Yu H No CIllo. b., wbomrJ·Z .• _....E--H.og.gaI:d.Jr. 
"neld : __ ~211-lraL/mln ... fth .. -....3:l7. __ .f .. ' dr •• do ..... ,teJ'-1J--~oQn 

a.II.,. tn, .. ____ •• L/m'n. wtt.b _____ l .. ' dra_do~ .,tft' ____ -"hnn 

AI"t4!'i&a !loW' ___________ -cr.p.ra.. D ..... ~ ________ _ 

Trm:rt .... tu ... of .... t..r--.7.D W •• a cbemlw aa&.1nJJI mad_: No.:i Yea 0 

(13) WELL LOG: 
D .... drlllod J,J~.Q.Q 
NOTE: ?Jac. a" "r'"' ID the .pac. or ecmblnatJon of Ipee .. 'ft_" to dt'llrnat. the mat.rial 
or eornolnaUon 01 m.,.ri.l. encot:l1steor.d! In otac.i:a d""tb Intaty.L Under llElilARXS mak. an" 
desirable notn ~ to occ\lrren« ot .at.r and the color. 1I%e" D.lur .. de.. of m&c.riai ... 
C01mtenG III eac..b. dcotla tntuv.!. U .. addiUoQaa .bn' U Deed"-

RE:.iARlCS 

o i 5 iU 1 I Ii! i! 11 Soil 
6 i 27 !lXI ! i! ! i I Green Shale 

281"""?30 ! !XI ' ,! IX! ,gr. S5 Dakota Formation 
230: 3? 5XI iii ! I : 'Green Sha le \.,i th Lime 

! ii! I I: i ! !j vet" had 
326;76Q I I I ! ;! !X'Red & Green Shale with 
::-:---:-'..,,-....;;1 • iii I I I '55 1 en «e <; med. ha to 
7611817 ! IX' I 1 I 1·1bjte 55 We<:t'i.late:- Sand 

, !I I ! , ii' J:I "011" t.lar-;:::-
g 18 i ,q "OXI I I : I I I 16urnrne~vi lle sha le& S5 
8911910 I lXi' I I I I Ipink 5S & Shale Curtis 

i II I I I I I I I I ii=orma tion 
9111171:71 'X I i I I I I !Red S5 Ent-;ada Formatio~ 
218112471 IX i I I I I I 11.[lJj he S5 r-oll of NavajoS: 
1 2 c; 0 II I 1 I I ! I I l is,, ,. S 5 18" aD cas in g to 
--:---,--1 ~U I i I I ! I LUU2.5.0,_' ____ -:--_~ 
2'511180.QJ Ixi I I I I I I "to/hi en SS , N,'JViljD~~_·_ 

I 'I I I I I I I I I I Ii (T'la Co.,..) 
I !I' I I I ! I I ,-+,...;,,...., ________ _ 
I II i I I I I I I 1-I-11 --1--;0111 I I I I I ;t..

I 
__________ _ 

_-.;.1 __ :'L1 Ii' 1 I i I : iI 
i il Iii I I I Iii .i __________ _ 

I 'l' i I I I I I I I ,j 
I : I I I I I ! ! I I iI 

---'-I -iC!-I-I-i~'-'I· -+1 +1 ....:"......:11::-----------

I II I I I I ! iii i ;'\ 
_--,:-I-;"-! I I I I I I I I " __ '_iI ! 1 I I : I I \I-...:.I......:!!,.I _________ _ 

=-Ljn-,IJ±.!1-1-UJjl1 --- --. ------.-.. - . -
I :I-J! i I I ! i I ; '. 

Warle .t.aI"'tM. pec_ •.. _ 6 

(14) pmlP: 
M.anqCactuur'. N.mc_ ....... Reda._...:.... _______________ _ 
"!'n>c: _.Subme=gibl.~. _________ _ lL P~.Ou'--__ 

DMtb t.a oumO or bo1_ln ...... _7_90 . __ .... _._._ .... t~~t 

\Veil DriIler'~ Statement: 

T'r.~$ wei I 'tt"RS dril:cd under my supervi~ion. and this report is ttus t,.:, 
the best cd my knowieat;'e and beiiei. 

:-;ame _:.; •. _.~_~.!o;g~~.~._.:!E.:... __ t •• _. ____ _=,_--~--
I rl"n"". fir",. 0,. .. .,rt'Qr.u.""' {~ or ,netl 

t:3I: OTHER 8CD!: 70& A.DOrr:OSAL REl.I:ARJo:g 
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BORING NO. 
EL. 5629.0 FT. 

6. 

10 

15 

G J!t~ SMI RED-BROWN FINE SAND A~D SILT. 

[I III 
ML MEDIUI1" DENSE 

II }Jj.l GRADING CALCAREOGS WITH C;L-
0%-118 .75 1 JI! CITE STRINGERS 

·P11 
Il~ "" 20 . It 

IU 
W~ 

.91 
.. Jr 
~ CL LIGHT BROWN, SILTY Cr.;.,y. HAK" 

(WEATHERED CLAYS1'ONE) 

0S SDS MEDIUM BROWN, VERY FINE-GRAINED 
50/ :: .. SANDSTONE; INTERLAYERED WELL-

~ 3" CEMENTED AND THIN, PooRLY-
20----- CEMENTED BANDS 

HOLE C0l1PLETED 9/10/77 
NO GROUND WATER ENCOGllTERED 

BORING NO. 2 
EL. 5634.3 FT. 

RED-BROWN FIlIE ShND AND SILT, 
ML m:DIUM DENSE 

GRADING CALCAREOcS WITH CAL
CITE STRINGERS 

tu 5. D.:::J...uL ... ....u4mllJl 
w 
II.. 

~ 

:J: .... 
"
W 
Q 

.... 
w 
W 
II.. 

~ 

:c .... 
"-
W 
Q 

25----------

GREEN-BROWN SILTY CLAY (WEATHERED 
CLAYSTONE), HARD 

GREENISH-BROWl';. FINE-GRAINED SAND
STONE; INTERLA YERED WELL CE,·ENTED 
AND POORLY-CErU:NTED BA!'mS 

HOLE COMPLETED 9/10/77 
NO GROUND WATER ENCOGNTERED 

BORING NO.4 
EL. 5623.2 FT. 

:11 

SMI RED-BROWN FINE SAND A..1<.JO SIL'l·, 
ML MEDIUM DENSE 

GRADING CALCAREOuS WITH CAL-
CITE STRINGERS 

.1%-107 .70 

RJ 
501 :> SOS GREEN FINE-GRAINED ShrmSTONE; IN 

Ti::RLAYERED WELL CEMENTED AVO 
C<I 2" 

••••• 

POORLY-CEMENTED BANDS 

.... , 
I 

~50/ 

loS-· ------,'-'-' - HOLE COMPLETED 9/10/77 
~o GROuND WATER ENCOuNTERED 

LOG OF 

.... 
w 
W 
II.. 

BORING NO. 5 

6.2~-97 

EL. 5632.9 FT. 

5] 

RED-SROilN Fn;E SAND AND SILT, 
MEDIUl·; DE~SE 

GRADING CALC!\REOUS WITH CAL
CITE STRINGERS 

~ 10----~~1~64r1 
:c .... 
"
W 
Q 

.... 
w 
W 
IL 

~ 

:c .... 
"-
W 
Q 

GREE:; TO BROWN. rnJE-GRAINED Si\ND
STONE; LAYERED t:EDIUl-: TO WELL CE
MENTED WI'l'H i..IT7I.E POORLY CEMENTED 

20----- HOLE COHPLETED 9/10/77 
NO GROUND WATER ENCOUNTERED 

BORING NO. 6 
EL. 5633.5 FT. 

Itt~ ~~I RED-BROWN FINE SAND AND SILT, 
11EDltiN DENSE 

GRADES CALCAREOUS WITH CAL-

~39 U CITE STRINGERS AND OCCASION 
ZONES OF ~~SSIVE CALCITE CE 

AL 

MENTATION 

5. 
90 

f 
6%-108 .10' 

15 

i· 
LIGHT BROWN TO GREEN CLAY 

• 82 (WEATHERED CLAYSTONE), HARD 

~ CL 
····"""IS lS OFF-WHITE SANDSTONE, VERY WELL ., 

20 HOLE CO~IPLETED 9/18/77 
rm GROUND WATER ENCOUNTERED 

KEY 
A-B. INDICATES DEPTH AT WHICH UNDISTURBED S~WLE WAS EX

TRACTED US IlIG DAMES & MOORE SA.'!PLER 

I ~ 
T 
I F 
1 

o 
lSI C 

A 

B 

D 
E 

F 

NA 

NOTE, 

INDrCATES DEPTH AT WHICH DISTuRBED SAMPLE WAS EXTRACTED 
US ING DAMES & MOORE SAMPLER 

INDICATES SAl-1PLE ATTEMPT WITH NO RECOVERY 

INDICATES DEPTH AT WHICH DISTURBED SAMPLE WAS·EXTRACTED 
USING STANDARD PENETRATION TEST SA!'!?LER 

FIELD MOISTURE EXPRESSED AS A PERCENTilGE OF THE DRY 
WEIGHT OF SOIL 

DRY DENSITY EXPRESSED IN LBS/CU FT 

BLOWS/FT OF PENETRATION USING A 140-LB HAMNER 
DROPPING 30 INCHES 

INDICATES NC CORE RUN 

PERCENT OF CORE RECOVERY 
RQD' 

INDICATES PACKER TEST SECTION 

PERMEABILITY MEASURED BY SINGLE PACKER TEST IN FT /YR 

NOT APPLICABLE (USED FOR RQD IN CLAYS OR ~£CHANICilLLY 
FRACTURED ZONES) 

ELEVATIONS PROVIDED BY ENERGY FUELS NUCLEAR, INC. 

, ROCK QUALITY DESIGNATION -- PERCENTAGE OF CORE RECOVERED IN 
LENGTHS GREAT£R THAN 4 INCHES 

BORINGS 

DAJ\/IES e J\/IOORE 
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BORING NO. 3 
EL. 5634.4 FT. 

7.6~-100 
7.0%-108 .35 

10---------4·~1~1111 

20 ------tl/; 

P£D-BROWN. FI~E SAND AND SILT. 
LOOSE 

GRADING CALCAREOUS wITH MINOR 
CALCI7E STRINGERS 

BROWN SILTY CLAY (WEATHERED CLAY
STONE), HARD 

ff'ffft:rn~ DARK GRAY, Fli.~~ GRAINED, SILTY 

25 ---~__I 

30 ..l.. __ ---'!-?g...( •••• 

35 

40 

45 

55-L-----I 

60 -'---------t 

6 5 -'----I--"-"~ ••••• 

80~----J-~ 

SANDSTONE wITH YELLO;; BArlOs, MOSTLY 
WELL CEME~TED ~UT WITH SOME THIN, 
SOFT. CLA 'lEY B;~NDS 

LIGHT GRAY, M£Dlu~ GRAINED, WELL 
CEH:CNTED SANDSTONE WI':'H ORANGE 
LIMONITE S·fAINED BANDS 

LIGHT TO MEDIUH GREEN-BRO~N, 

MEDIUM TO ~OARSE-GRAINED SAND
STONE 

WELL CEI·tE:NTl:C 

GROUND WATER LEVEL 56.8 FT 
11/4/77 

CONGLOMERATE IN LIGHT GRAY, FINE 
SAND MATRIX FROM 62.4 TO 63 FT 

GRADES THROUGH WHITE SILTS70NE 
TO " GREEN CLAYSTONE 

YELLOW, MEDIUH-GRAINED SANDSTONE 

DRILLING INDICATES GENERALLY 
WELL-CEMENTED SANDSTONE .ITH 
MINUR CONGLOMERATE BANDS 

MATCH LINE 

LOG OF 

0-
W 
W 
II.. 

85 -.-----r 

90 -,------1 

100 -,------1' 

105 -,------f ••• 

110 -,------1' ••• 

3115 -,------I .... •• ••• :I 

;:: 
o. 
w 
<> 

120_--+'-"--1. 

125.,-----L 

130 --;------1 

135 -,-----~. 

145-___ _ 

BORINGS 

MATCH LINE 

LIGHT GRAY, FINE-GRAINED SAND
STONE, POORLY CEMENTED IN PARTS 

LIGH~ BROWN 70 PALE GRAY, FINE TO 
MEDIU!-l-GAAINED S1\NCoSTO~E 

INTERr..AYERED E.A...'lDS OF SANDY. GREEN 
CLAYSTONB AND PALe BROWN SANDSTONE 

DRI~LING I~DICA1ES UNFRACTURED, 
WEL~ C~~N~ED SANDSTONE 

HOLE COMPLETLD 9/14/77 

DAIIIIES e IIIIOORE 
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BORING NO.7 
EL. 5656.9 FT. 

RED-BRO~iN FINE SAND AND SI~T, 
~.EDrt.i:1 DENSE 

3.9\-103 

GRADING CALCAREOUS WITH CALCITE 
STRINGERS AND OCCASIONAL ZONES 
OF MASSIVE CALCITE CEMENTATION 

os 
10 

15 

20-----

PAL~ BROWN, FINE GP~INED, WEATHERED 
SAND51'ONE. GRADING HARDER 

DARK BROWN TO DARK GRAY, FINE TO 
~l£DIU}~ GRAINED, WEATHERED SANDSTO."E, 
GRADES HARDER AND TAN COLORED 

INTERBEDDED HARD AI.;o VERY HARD, 
LIGHT GRAY SA..'.JDSTONE 

HOLE COMPLETED 9/18/77 
NO GROUND WAT~R ENCOUNTERED 

BORING NO. 10 
EL. 5690.9 FT. 

85/ 
6.7%-106 .10" 

10 

15 

lSI 84/ 
8" 

70 

20------

SM/ 
ML RED-BROWN 

DENSE 
FINE SAND AND SILT, 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS 

GRADING VERY CALCAREOUS AND 
VERY DENSE 

YELLm-l TO GREE~, FUn: TO MEDIUM 
GRAINED, WEATHERED SANDSTONE 

GRADING liARD, GREEN. MEDIUH TO 
COAP.SE-GRAINED SANDSTONE 

HOLE COHPLETED 9/19/77 
NO GROUND WATER ElICOUNTERED 

BORING NO. 13 

10 

EL. 5602.4 FT. 

RED-BROWN FINE SAKD AND SILT, 
MEDIUM DENSE 

PALE GREEN, MEDIU~l-GRAINED SANDSTONE 
BECOMES VERY \<ELL-CEMENTED 

HOLE COHPLETED 9/18/77 
NO GROUND \<ATER ENCOUNTERED 

LOG OF 

... 
w 
w ... 
~ 

:z: .. 
"-w 
0 

... 
w 
w ... 

BORING NO.8 
EL. 5668.4 FT. 

10------1'" 

REu-3ROioJN FINE SAND n~D SILT. 
DENSE 

GRADING CALCAREOUS WITH CAL
C:::::TE STRINGERS 

GRADING TO MAssn-;: CALCITE 
CEHENTATION 

GREEN, MEDIUM TO COARSE GRAINED. 
WEATHERED SAYDSTONE 

~ 15 ----...,----f 

DARK GRAY, SILTY CLAYSTONE, 
WEATHERED WITH YELLOW-ORANGE IRON 
STAINING, GE,;EAALLY VERY DRY 

:z: ... 
"-w 
o 

... 
w 
w ... 
~ 

:z: ... 
"-

37 

SO/ --_-_-
02,· ---

20 -----i_' 

30-----

GRADES TO VERY HARD 

DARK GRAY. !-tEDIUM-GRAINED SANDS'.L~ONE, 
~TlVEi.Y tii..iCi:,ioiE:riTr;iJ 

OFF-WHITE, MEDIUM-GRAINED SANDSTONE. 
!,TL!.L C£MENTt:D 

HOLE COMPLETED 9/19/77 
NO GROUND WATER ENCOUNTERED 

BORING NO. II 
EL. 5677.8 FT. 

_\ SM/ _ ML 

SO/ 
rilI4~· 

----;FI~ti-i 

-r. .. 

RED-BROWN FINE SAUD AND SILT 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS AND SOME ZONES 
OF MASSIVE CALCITE CEMENTATION 

LIGH7 BROWN, FINE GRAINED, 
WEA':'HERED SAiWSTONE 

l!: 10 

15-----

GRADING WELL ~EME!~TED 

HOLE COMPLETED 9/18/77 
NO GROUND HATER ENCDUNTt;RED 

BORING NO. 14 
EL. 5597.5 FT. 

3.2t-1Q5 .42 

10 

15------

RED-BROWN FINE SAND AND SILT, 
MEDIUM DENSE 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS 

LIGHT GRAY TO OFF-WHITE, MEDIUM 
TO COARSE-GRAINED SA1;DSTONE, VERY 
WELL CE.'lENTED 

COLOR GRADES TO YELLOW-TAN 

HOLE COMPLETED 9/18/77 
NO GROUND WATER ENCOUNTERED 

BORINGS 

DAMES e MOORE 



BORING NO. 9 
EL. 5679.3 FT. 

RZD-3ROWN FINE SAND AND SILT 

MOT7:":':D OFF-WHr:"L N;D GREt:N, 
)\E.;..'i'rlLRED SILTY CI..,.;YSTO,.JE 

OFF-~HITE TO GREE~, CLAYLY, 
W~7HERED SANDSTONE 

GRADES dARDER TO GREEN SAN uS TONE 

GRE:£X, FINE TO MEOltM-GRAINED, 
WEATnERE:J. CLA 'fEY SANDSTONE 

MF.Drl'~t GRAY. r.r.;'YEY SIt,'T'STON'f. 

BLA:K. HIGHLY wEATHLRED. SOFT. 
L..=\~:~:;,':'ED CLAYSTO~E WITH ORANGE: 
LH-~:)N!TE-STAINED LAYERS 

MEDIUM BROWN, FINE TO MEDIUM-GRAINED 
SANDSTONE; VARIES FROM MODERATELY 
C~£NTED TO VERY POORLY-CEMENTED 

NEDlt:'~l-':;RA!NED SANDSTONE, NODErtA7ELY 
CE!U:~TED, \'lITH IHO:-; STAINING ALONG 
HOR:ZONTAL FRACTuRE 

BANDED, LIGHT TO MEDIUM GREEN SILT
STONE, CLAYEY AND SOFT IN PART 

DAlt.'i. GRAY TO BLACK, .·tEDIUM GRAINED, 
'tiEL:' CEMENTED, C.~RBONACEOUS SANDSTON!.: 
WITH sm·tE SOFT, BLACK, CLAYEY 13ANDS 

OCCASIONAL THIi:". CARBONACEOUS 
BANns C::.'NT:NUE 

VERY WELL CEMENTED, LIGHT GRAY TO OFF
wHITE. MELlIUH-GRAINED SANDSTONE 

POORLY-CEMENTED PEBBLE CONGLOMERATE 
IN BROWN, SANDY MATRIX, SOME UNCE~lENTED 

SANOY BANDS 

MODE:RATELY-CEI1ENTED TO POORLY-CEMENTED 
SAi.OSTONE 

GRA"£S WELL CEMENTED 

MATCH LINE 

80 

85 

90 

95 

100 

I-
W 
w 
&1..105 

3: 
:l: 
l-
0.. 
W 
c 

110 

115 

120 

125 

130 

135 

I 

I 

I 

..L 

1.1 

0.3 

LOG OF BORINGS 

MATCH LINE 

GRAY-BROWN, ~tI:DIUH GRAINED, NODER
;,.'rELY TO POORLY-CEl1EUTED SANDSTONE. 
HIGHLY FRACTURED BY OISKING PERPEN
DICULAR TO CORE AXIS 

GROUND WATER LevEL 99.8 FT, 11/4/77 

PALE GREEN, MEi)IU~l GRAINED, HARD, 
SILICIFIEi) SANDSTONL 

PALE GREEN, SANDY CLAYSTONE FROM 
107.7 TO 108.2 FT 

DARK GREEN, MEDIUM GRAINED, CLAYEY 
SANDSTONE, MODERATELY HARD WITH MINOR 
INCLUSIONS OF DARK BROWN, ANGULAR 
GRAVEL-SIZED CHERT 

HOLE COl1PLETED 9/27/77 

DAMES e. _OORE 
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BORING NO. 12 

6.2%-10~ 

15 

20 

25 

30 

35 

, 
I 

EL. 5648.1 FT. 

r-" SMI 
1 fI- ML 
jJ 

5~/ r'-
~ 6"lJ' 

• !~/ { 
~~..",.."..r 

RED-BROWN FI~E SAND AND SIL7, 
DENSE 

GRADIN~ c;"LCAREOUS WITH THIN 
LAYERS OF VF.;RY CALCAREOUS 
NATERIA:" 

GREEN AND YE':"LOW, FIrH:.: TO MEDIUM 
GRAINED, ,it:.\THI.;RED SAi"DSTONE 

GREEN, FINE GRAINED, CLAYEY, 
WEATHERED SANDSTONl. WITH YELLOW 
AND RED raON STAINING 

BECO~$ LESb CLAYEY; MOST 
CIRCULATION LOS'! 

VERY LIGH7 dROWN TO GRAY. ~tEDIUM
GRAINED S:\N,JSTONE WITH SOl-IE ORANGE 
STAINING; MODERATELY TO WELL 
CEl-tENTED AT TOP. BECOMES POOiHd
CEHENTED i\T 35 FT 

GENERALLY MODERATELY-CEMENTED 
SAHDSTONE = 40 

'" Ii: 
w 
Q 

WELL-CE.HE!ITED SANDSTONE 

45 

0.9 
MODERATE~Y-CEMLNTED SANDSTONE 

50 
WELL CENEN7!:? 

~~:;:-;~~:~~·~C;L~s~~6~lGi!EEll. SANL'Y CLAYSTONE W;TH 

-'----t'=--t::~~:~:~~~ -+SOME RZD IRON STAIrimG. SOn' 55 

60 -'-----i' 

65 -'------+ 

70 -'------t 

75 -'------t 

80 -'-__ ..L_J---

SOS ---...lGREEN. FINE GRAINED. MODER
ATELY-CEMENTED SANDSTONE 

INTERLAYERED SANDSTONE AND SAHDY 
CL;,.YS'L'O.~i. 

WELL-CE:-tENTED SANDSTONE. APPAR
ENTLY WITH OCCASIONAL FRACTUREu 
ZONES 

LIGHT BROWN. MEDIUM-GRAINED SAND
STONE, MODERATELY CENENTED, GRADING 
WELL CEMENTED 

LOG OF 

.. 

80 -+--l;----rC 

85 -'------\::::':"1 

90 --'-----F: 

I 10.7 
I 

95 --.JL-__ -I ::: 

100 

..L 

~lO5 

"" = 
'" .. 
0.. 

~10 

120 -----I 

125 

130 

135 ------

GROU~m W';TER LI.:VEL 81. 3 F'!', 11/4/7i 

CIRCU~ATION LOS7. STILL h?PEARS 
WELL CEME!lTED 

BECOMES LESS CEMENTED 

SOME CIRCULATION REGAINED BVT 
STIL~ LARGE WATER LOSSES 

WELL-CEMB"TED SANDSTONE 

POORLY-C:::1ENTED SANDSTONE 

POORLY-Cr::1EllTED SANDSTONE 

WELL-CEMI:;~TED SANDSTONE 

POORLY-CE!-1ENTED. POSSIBLY CONGr.O!!
ERATE OR FRACTuRED SANDSTONE 

MODERATELY-CEMLNTED SANDSTONE 

POORLY-CE:1ENTED SANDSTONE 

WELL-CEMENTED SAt-:DSTONE 

HOLE COMPLETED 9/29/77 

BORING NO. 15 
EL. 5600.7 FT. 

.. -
W 
W 

"" = 
'" .. 

• 63 

SMI 
ML 

:-:-:- CLS 

~ 1 0 --_llSl~a~lLt=fJtsim:;1 

15 -----

BORINGS 

RED-BROWN FINE SAND AND SILT. 
MEDIUM DENSE 

GRADING CALCAREOUS WITH CALCITE 
STRINGERS 

GREEN. WEj\THERED CLAYSTONE 

GREEN. FINE TO MEDIUI1-GRAINED 
SANDSTONE . 

GRADES "ELL CEMENTED 

HOLE COMPr.ETED 9/17/77 
NO GROUND WATER ENCOUNTERED 

DAMES & _OORE 
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BORING NO. 16 
EL. 5597.5 FT. 

RED-BRONN FINE SAND AND SILT. 
Mr:D I UM DENSE 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS 

6.3,-104 

10 

SOS 

15 

GRI\Dt:S DENSE 

PALE GREEN TO WHITE. FINE TO 
COARSE-GRAINED SANDSTONE, ALTI:R
NA7ING WELL-CEMENTED AND PooRLY
CEz.tENTED BANDS 

BECmlES COilTINUOUSLY WELL
CF:·1ENTED 

20----- HOLE COMPLETED 9/10/77 
.lD GROUND WATER ENCOUNTERED 

BORING NO. 18 
EL. 5608.5 FT. 

RED-BROWN FINE SAND AND SILT. 
MI:DIUM DENSE 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS 

OFF-WHITE. POORLY CE~~NTED. 
I;EATHERED SANDSTONE WITH LAYERS 
OF WEA7HERED CLAYSTONE 

GREEN SANDSTONE 

~ 50 
c>l 5" ~.-...".,......! 

:= 15 ------/: GREEN. WEATHERED CLAYSTONE WITH 
OrlANG~ IRON STAINING 

i=: a.. 
w 
o 

..... 
w 
w 
u. 
:= 

'" ..... 
e.. 
w 
o 

20 

86 
!l~ :-:-::-

50/ :::-:
lSI , 

25 ------t 

50/ ------
o o· .. -_-_-..... _ ... 

30 ----- HOLE COMPLETED 9/17/77 
NO GROUND WATER ENCOUNTERED 

BORING NO. 20 
EL. 5570.4 FT. 

BO 

o 
10-----

RED-BROWN FINE SAND AND SILT. 
LOOSE TO MEDIUM DENSL 

LIGHT BROWN. FINE TO MEDIUM
GRAINED SANDSTONE. GRADING WELL
CEMENTED 

HOLE COMPLETED 9/17/77 
NO GROGclD WATER ENCOUNTERE.D 

LOG OF 

BORING NO. 17 
EL. 5582.0 FT. 

..... 
W 
W 
u. 

:= 

'" ..... 

5. 5%-105.76 

e.. 
~ 10 ---=--F':'.J 

15-----

RED-BROW~ FINE SAND AND SILT 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS AND INCLUSIONS 

GREEN. FINE TO HEDIUM-GRAINED 
SANDSTON~. INIITALLY WEATHERED. 
GRADING WELL CEl1EUTED 

LAYERED POORLY-CEME~TEC AND 
WELL-CEMENTED. POSSIBLY SOME CLAY
STONE LAYERS 

LAYERED WELL-CEMENTED AND VERY 
WELL-CEMENTED 

HOLE COMPLETED 9/17/77 
NO GROUND WATER EKCOUNTERED 

BORING NO. 21 

..... 
w 
w 
u. 

:= 

'" ..... 

EL. 5584.5 

~ 10------~''''',', 

15-----

FT. 

RED-BROliN FINE SAND AND SILT. 
LOOSE TO MEDIUH DENSE 

GREEN CLAY WITH SOME GYPSUl1 
CRYSTALS. (WEATHERED CLAYSTONE) 
STIFF TO VERY STIFF 

GREEN, FINE GRAINEO, WEATHERED 
SANDSTONE 

BECOMC:S WELL-CEl-lE:lTED 

HOLE COMPLETED 9/17/77 
NO GROUUD WATER ENCOUNTERED 

BORING NO. 22 
EL. 5585.3 FT. 

73/ 
12.5%-118.10'1' 

~ lOI-------t 
u. 

:= 

'" ..... 
e.. 
~ 15-----~"" 

20-----1"":;, 

25-----

BORINGS 

SM/ 
ML 

CL 

RED-BROWN FI:lE SAND AND SILT 

GRADING CALCAREOUS WITH CAL
CITE STRINGERS 

GP.ADES CLAYIER 

LIGHT BROWN TO OFF-WHITE. SILTY 
CLAY 

GREEr., FI:~i: G~:r;'.lED. WJEATH~REO 
SANDSTONE WITH HIGH CLAY CONTENT. 
POORLY-CEMENTED 

BECOMES WELL-CEMENTED 

HOLE COMPLETED 9/17/77 
NO GROUUD WATER ENCOUNTERED 

DAMES e MOORE 



~----------------

BORING NO. 19 
EL. 5600.3 FT. 

0-
w 
w .... 
:z 

93/ 
12.4%-92 • 11" I 

10 

15 

20 

25 

30 

35 

J.. 
I 

7.0 

10 

95/ 
51 9" 

98 
71 

85 
- 40 
:r 
0-
IL 
W 
Q 

943 
45 

50 

78 

55 

60 

65 

70 

75 

80 

RED-BROWN FlHE SAND AND SILT, 
HEDIUM DENSE 

GRADING CALCAREOUS WTIH 
CALCIT£ STRINGERS 

GRADES VERY CALCAREOUS AND 
VERY DENSE 

BEC0l1ES VERY LOOSE, POSSIBLY 
:;rTH VOIJS 

BECOMES DE:;SE 

GREEN, FINE TO MEDIUl-t-GRAINED 
SANDSTONE, "EATHl.RED, WITH SOMB 
ORANGE AND YELLOW IRON STAINI;~G 

GRAY-GREEN, FINE TO l1EDIUM GRAINED, 
WEATHERED, CLAYEY SANDSTONE liITli 
ORANGE AND YELLO,", I RON STAINING 

BECOMES LESS WEATHERED WITH LESS 
CLAY" PREDOmNANTLY GRAY WITH 
ORANGE IRON S1AINING, MODERATI:LY 
CEMENTED, MEDIUM GRAINED 

BROWN-YELL0I1, COARSE-GRAINl.D SANDSTONE 

FINE GRAVEL CONGLOMERATE i'HTH CONSID
ERABLE COARSE-G~.INED SAND AND CAL
CAREOUS MATRIX 

BROWN TO YELLOW, COARSE-GRAINED SAND
STONE WITH CONSIDERABLE [{EAR HORI
ZONTAL FRACTURING AND SOME ORANGE 
IRON STAINING, MODERATELY CEHENTED 

WATER RETURN COMPLETELY LOST 

LIGHT GRAY, MEDIUM TO COARSE-GRAINED 
SANDSTONE; HIGHLY FRACTURED ALONG 
HORIZONTAL BEDDING, CONSIDERABLE 
LIMONITE STAINING ALONG BEDDING 
FRACTURES; MODERATELY CEMENTED TO 
UNCEMENTED, CORE LOSSES ASSUMED 
DUE TO WASHING AWAY OF UNCEMENTED 
ZONES 

LIMITED WATER RETURN 

BECOMES VERY UNCEHENTED, WATER 
RETURN LOST 

HOLE LOST AT 72 FT; HOLE 19A 
DRILLED 15 FT SOUTH OF HOLE 19; 
NO WATER RETURN OBTAINED; NO 
SAMPLING POSSIBLE; HOLE LOGGED 
FROM DRILLING PROGRESS 

VERY WELL-CE1IENTED SANDSTONE (72 FT) 
MODERATELY-CEMENTED SANDSTONE (73 FT) 

LOG OF 

0-
W 
W .... 

85 -----i' 

90 -----{,::,'" 

95 ------i 

100 -----L:":] 

~lD5-------i::::"" 
:r 
0-
IL 
W 
Q 

110 -----i:::::::" 

115 -------1:::;:::::1 

120 ------~:",," 

130-----

BORINGS 

MODERATELY WELL-CEMENTED CONGLOMERhTE 
OR FRACTURED SAt;oSTON~ GRADING BETTE.R 
CEMENTED 

GRADING LESS CEMENTED 

VERY POORLY-CEMENTED SANDSTONE 

MODERATELY-CEMENTED CLAYSTONE 

POORLY-CEMENTED SANDSTONE WITH 
MINOR HARD LENSLS 

MODERATELY-CEMENTED SANDSTONE 

GRADES LESS CEMENTED 

APPEARS CLAYEY 

MODERATELY-CEMENTED SANDSTONE 

GROUND WATER LEVEL 110 FT, 11/4/77 

POORLY-CEHENTED SANDSTONE WITH 
OCCASIONAL BANDS OF GRAVEL OR 
CONGL01-IERATE 

VERY WELL-CEMENTED SANDSTONE 

VERY POORLY-CEMENTED SANDSTONE 

VERY WELL-C~1ENTED SANDSTONE 

BECOMES LESS CEMENTED AND CLAYEY 

HOLE COI1PLETED 9/25/77 

DAJIIIES e JIIIOORE 
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10 

15 

BORING NO. 23 
EL. 5555.9 FT. 

RCD-Bf:m·;.<J FINE SAND AND SILT. 
LOOSE TO MEDIUM DENSE 

GRADING CA~CAREOUS WITH CAL
C!TE STRINt;;ERS 
GRADES: MEDIUN-GRAINED 
MO~TLED CO~ORS FROM RED TO 
.. nil TE ANO YELLOW 

YELLOW TO LIGHT BROWN, MEDIUH TO 
COAnS~-GRAINED SAND (WEATHERED 
SANuSTONE) 

______ JR~~:;~~;;~CL GREE~ TO WHITE MOTTLED CLAY 
(WE1~THERED CLAYSTONE) 

OFF-WHITE TO YELLOW BROWN, MEDIUM 
TO COARSE-GRAINED, POORLY CEMENTED 
SANDSTONE, GRADES WELL CEMENTED 

HOLE COMPL~TED 9/10/77 
NO GROUND WATER ENCOUNTERED 

20-------

0 

10 

15 

BORING NO. 24 
EL. 5573.4 FT 

8M/ 
ML 

P£O-BROWN FINE SAND AND SILT. 
LOOSE TO MEDWH DENSE 

GRADING CALCAREOUS WITH CALCITE 
I&l~~/ w.::.o'0i;l;: ~."..d STRIiiGERS 

OFF-WHITE, FINE GRAINED, WEATHERED 
SANDSTONE, GRADES WELL-CEMENTED 

so/ 
lSI," 

OFF-WHITE, FINE TO MeDIUH GRAINED, 
HODERATELY WELL-CEHENTED SANDSTONE 

aor.z COlo:Pl.ETED 9/17/77 
NO GROUND WATER ENCOUNTeRED 

BORING NO. 26 
EL. 5578.3 FT. 

RED-BROW:; FINE SAND AND SILT, 
LOOSE TO MeuIUM DENSE 

GRADING CALCAREOUS WITH CALCITE 
STRINGERS 

OFF-WH!TE. FINE TO t-IEDIUH-GRAINED 
SANDSTONE, WEATHERED, GRADING WELL
CENENTED 

10 -----

VERY WELL CEMEi~TEO 

HOLE COMPLETED 9/17/77 
NO GROUND WATER ENCOUNTERED 

LOG OF 

... 
w 
w ... 
'= 
'" ... 
D.. 
W c 

10 

... 
'" w ... 
~ 

'" ... 
D.. w c 

10 

BORING NO. 27 
EL. 5555.0 FT. 

SM/ 
:ML 

1O!50/ " .. 
2" ~80S 

nH 

RED-BRO-;'P.'J FINE SAND AND S!L";. 
LOOSE TO ~IEDIUN DE.NSE 

GRADING C.\LCAREOU5 WITH CA:"C::i:TE 
STRINGERS 

GREENISH. FLU; ?O IJJEDIUM-GRAIN::::D 
SANDSTONE, V~RY WELL-CE~~NTED 

HOLE COMPLETZO 9/17/77 
NO GROUND \iATER El\:COUNTERED 

BORING NO. 29 
EL. 5655.0 FT. CAPPROX.l 

os 

RED-BROWN FINE SAND AND SI~TJ 
LOOSE 

GRADES I·tEDIUM DENSE 

GRADING CALCAREOUS 

lo/HITE TO SLIGHTLY TAN SANDSTONE 

BECOMES WELL-CEm;:;TED 

HOLE COMPLETeD 9/30/77 
NO GROU:;D WATER ENCOUNTERED 

BORINGS 

DAIIIIES e IIIIOORE 
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BORING NO. 28 
EL. 5547.6 FT. 

~jl1!lt, ~~/ 

~tir;tl .0. :J: 
-----Ii 

10 ___ aw..:c:..jj 

llltt1 
lbJ 1 

15 _-~L:l~5--l[WI~;: 
ilRfl1 

~~~: lyh 
20 -----':.;!....t,llih 1 

'lin, 

2 5 ~--+----I 

I 

T 
30 -,------l 

35 

40 

45 

RED-BROWN FINE SAND AND SILT, 
HEOIUH DENSE 

GRADING C;.LCAR!.OUS WITH 
CALCr:E S7RIL"GERS 

GRADES LIGHT BROWN AND VERY DENS!. 

BECOHES LOOSE 

BECO?-lES VERY DENSE 

ORANGE TO YELLOW. ~IEDruH TO FINE 
GRAINED, SILTY SAND (WEATHERED 
SANDSTONE) 

LIGHT GRELNISH-GRAY, FINE TO 
!-lEDIUt-l-GAAINl:O SA~DSTONE WITH 
SOHE GRAVEL TO PEBBLE~SIZED IN~ 
CLLSIONS; SO:I£ MIl>.OR i,IMONITE 
ST., .... INING; FR..,,\CTURE.S HaRt ZONTAL 

BO-----C 

90 -'-----t"";; 

95 -'-----l 

100 -'-----1 

EIOS -'------1':::::: 
u.. 

::: 
i= 
0. 
~110 -'---1-"-''''--1', 

i,IGHT GREEN. FINE-GRAINED SAND- 115 -'------1:,<, 
STONE WITri LAYI.RS OF GREEN CLAY
STONE UP TO 4 INCHES THICK 

MEDIUM TO LIGHT BROWN. HEDIUH TO 
COARSE GRAINED. W!.LL-CE~ENTED SAND
STONE, IRON STAINING EVIDENT AT 
CONTACT WITH OVERLYING FINER-

120 -'------l' 

GRAINED SANDSTONE 125 -'-------t: 

50 130 ~----~'" 

55-----~" 

60 ---+-!----t,"",' 

75------l,",", 
T 

I 

80-1----(;;.'-

CIRCULATION LOST 

LIGHT GRAY. MEDIUH TO COARSE
GRAINED SANDSTONE WITH SECTIC"'S OF 
VERY POORLY-CEMENTED SANDSTONE 

INTERLAYERED. POORLY-CEHENTED AND 
WELL-CE:r-JENTED SANDSTOl-lE AND CON
GLOMERATE 

CASING INSTALLED TO 74 FT 

GROUND WATER LEVEL 75.7 FT. 11/4/77 

MATCH LINE 

LOG OF 

135-----

BORINGS 

L.... _________ ~ ____ _ 

MATCH LINE 

GRAVEL AND PEBBLE CONGLOt-IERAT!: WITH 
SANDY MATRIX IN PLACES UNCI:HEN7E.D 

LIGHT GRAY TO OFF-WHITE. FINE TO 
MEDIUM-GRAINED SANDSTONE. WELL 
CEMENTED 

GE:IERALLY LIGHT GRAY SANDSTONE WITH 
OCCASIONAL 3ANDS OF BROI<N. CLAYlER 
SANDSTONE 

GRADES D_~RKER GRAY 

LIGHT GRAY, WELL-CEMENTED SANDSTONE 

LIGHT GRAY, MEDIUM GRAINED, WE:'r.
CE~lENTED SAtlDSTONE; FRACTURES 
GEIIERALLY NEAR HORI ZONTAL 

HO~E COMPLETED 9/21/77 

DA_ES e _OORE 
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3rouna Wale<' ~IIY Data 

Wm&r 

Decxh INM., 'lVM1t2 ·tlM.:! ',VMU ·,VM.t5 ·,VM." ·,'IM.'2 'NM.t13 CULINARY '~14 .,..,~. 

06-Se0-79 <;3.0 
07-Seo-i; 9-4.7 
10-Se0-7; ~08.s , ~5.2 94.6 
14-Sec>-79 7'7.3 ~09.6 94.6 
2S-Seo-79 76.6 110.1 a3.4 94.7 
10-0:::·79 81.7 110.2 84.9 94.7 
1~ 7'6.0 109.5 63.2 93.9 
28-F~ 7'40 lea.l 81.9 92.8 
2O-Mar-80 74.0 10i.9 80.8 92.4 
3Q..Ma't'-80 i5.9 ~ 10.0 83.1 94.3 112.2 
17.Jun-aQ 75.4 110.0 B.J.7 94.3 108.0 
16.Jui..80 is.4 110.0 63.6 94.3 lOS.0 

19-Aug-aO 75.1 110.0 a3.& 94.2 1OS.0 
07-5eo-&:) 76.2 111.1 a3.7 94.4 lOS.4 
ll-Seo-aO 74.3 110.5 B.J.7 9-4.3 lOS.5 
08-0cI-80 76.2 111.1 84.4 
27~ 75.3 110.0 83.6 9-4.3 1OS.6 104.0 118.7 78.0 
2S-Seo-34 8:3.2 112.3 87.5 96.4 1OS.2 1'3.4 111.8 n.3 
C>0ec-&4 76.0 110.4 84.0 9-4.0 1OS.0 104.0 109.6 73.0 
21·FeD-aS 76.0 110.3 84.3 9-4.2 1OS.0 104.0 110.' 73.3 
25.Jun-8S 76.2 110.5 84.5 9-4.0 1OS.2 103.9 109.8 73.2 .. ~ 75.4 110.0 83.7 93.4 107.5 102.9 1OS.8 77.0 
31-Clc:l-es 75.0 110.8 53.0 
27·Nov-es 75.9 j 12.2 
1S-0ec-8.5 75.5 110.3 83.7 93.5 1OS.1 103.7 109.7 77.5 
2"-Jan...86 80.2 110.0 a3.7 
28-F~ 75.8 110.1 a3.8 
2O-Mar.ao 76.2 110.5 84.5 9-4.0 1OS.2 103.9 110.8 73.3 
27-Mar.ao 75.8 110.3 84.0 103.0 110.0 77.0 
~.ao 75.6 1og.9 84.8 
19-Jun...<!C 75.7 109.8 83.4 93.4 107.9 102.S 109.3 n.2 
~ 75.7 109.8 83.4 93.4 107.9 102.S 1og.3 i7.2 
04-Se0-BS 75.9 110.1 83.8 93.5 107.9 103.0 109.3 77.1 
l()"Oec.ao 76.5 111.::1 83.8 95.7 lOS.2 103.2 111.2 79.3 
~et>a7 76.8 111.3 83.8 95.7 loa.2 103.2 110.2 79.3 
28-A1:x'-87 75.7 1'0.2 83.8 93.2 IOS.0 102.4 109.7 78.0 
1'-Aug-87 76.3 11 1.1 83.3 93.3 lOS.3 102.6 1OS.5 78.0 
2C-Nov-87 76.0 110.4 83.9 93.3 loa.3 10::1.2 109.7 77.3 
27.Jan-88 . 75.9 110.4 83.8 93.6 1OS.3 102.S 109.7 77.2 
01--.1un-aa 75.8 110.4 83.8 9::1.4 loa.3 101.9 109.6 77.2 
23-Aug-88 75.2 110.1 83.4 93.1 110.5 '02.0 109.1 77.4 
03-Nov-88 75.3 110.0 83.5 9::1.3 1OS.1 102.6 109.2 76.9 
09-Mar-89 7::1.0 "0.1 83.8 9::1.8 1OS.7 102.5 109.5 77.4 : 
21--.1un-89 76.1 110.3 83.7 93.2 loa.l 102.5 109.2 
01..$ep.-89 75.6 110.0 85.7 93.3 1OS.2 102.6 109.4 
l>Nov-89 75.8 110.1 83.7 93.1 IOS.3 102.5 IOQ.5 105.2 107.t' 
1~Fe!>90 75.81 110.01 8:3.64 93.11 lOS.14 102.52 IOQ."5 105.34 107.1" 

OS-May·90 75.5 109.8 83.6 92.9 IOS.1 102.2 IOQ.5 105.44 107.· 
07.Aug.go 75.0 110.0 83.9 92.9 1OS.2 102.6 109.4 105.~7 107..5-': 
13-NoY-90 75.8 lOQ.8 84.2 92.8 IOQ.O 102.5 lOQ.O 105 107 
27·Fe!>91 75.6 110.1 83.7 92.5 108.1 102.1 109.2 105.37 lOlL 
21oMay·91 75.5 110.0 83.7 92.4 loa.3 102.5 109.6 105.4 107.:; 
24Seo-91 75.0 110.3 84.0 92.6 1OS.5 102.6 109.7 105.0C0 107.£..: 
03-0ec·91 75.7 110.4 83.9 92.5 1OS.5 102.5 lOQ.7 105.6 107.:··~ 

::::1 17-Mar·92 75.7 110.0 83.8 92.2 loa.2 101.9 109.4 105.25 107.7' 
;·1 11.Jun-92 75.7 110.2 83.7 92.5 loa.5 102.3 109.5 105253 107.S:~ 

0J..Se0..92 75.2 110.1 83.7 92.4 1OS.4 102.2 109.5 105.43 107.:-
19-Nov·92 75.7 110.0 83.9 92.4 1OS.4 102.4 109.6 105.58 107.5.: 

-



::;rouM Walar Ouailtv uala 

·Phreallc NM.l 'NM.:2 .,';')..AS3 .'IM" 'M.A*5 ·NM.11 ·,';')..A.12 NM.w13 C~L!NARY 't'IMlI14 .15 
:'eV8llOC'l S048.22 5513.49 ::.55.32 3ti22.57 5OJ9.33 5009.45 5511.08 ::70.35 s..~.39 :OSsa.52 

0&-Se0-79 :5.29.57 
07-Seo-i; SQ7.B7 
1C-Seo-79 55.39.72 5498.29 SQ7.97 
~ 4-Seo-i; :570.92 5503.89 :::Q7.97 
2S-Seo-79 5571.62 5503.39 5471.92 5Q7.87 
1 ()..Qc;l-79 5500:52 5503.29 5470.42 5Q7.87 
10-Jan..80 5572.22 5503.99 5472.12 ::za.67 
2&-Feb-80 5574.22 5505.39 5473.42 5529.77 
2O-Mar-80 5574.22 5:05.59 5474.52 5530.17 

" 3O-Mav-80 :0572.32 5503.49 547222 :0528.27 5497.13 
17.Jun-8Q 5572.82 5503.49 5471.52 5528.27 5501.33 
16-Ju1..&:) 557'2..82 5503.49 5471.72 5:za.27 5501.33 

19-Aug-aO 5573.12 5503.49 5471.72 5528.37 5501.33 
07-Se0-80 5572.02 55:l2..39 5471.62 S:za.17 5:00.;3 
11~ 5573.92 55:l2..99 5471.62 5528.27 5:00.83 
0&-0d-80 5572.02 55:l2..39 5470.92 
27.Jan..82 5572.92 5503.49 5471.72 5528.27 5:00.73 5:05.45 5502.41 5492.35 
26-Sec-a4 5565.0' 5501.20 5467.78 5526.13 5501.16 5506.08 54Qg.33 54Q3.06 
os-Oec-a.4 5572.22 5503.07 5471.32 5528.57 5501.33 5505.45 5501.50 5497.35 
21-Fe0-a.5 5572.22 5503.16 5471.07 5528.40 5501.33 5:05.45 5501.00 5497.10 
2S.Jun-a5 5572.05 5502..99 5470.82 5528.57 5501.16 5505.53 5501.25 5497.18 
JO.Seo.a5 5572.80 5503.49 5471.6.5 5529.15 5501.83 5506.53 5502.25 5493.35 
31-O:t~ 5573.22 5502.56 5472.::.2 
27-Nov-a5 5572.30 5501.32 
1S-0ec-a5 5572.72 5503.16 5471.6.5 5529.07 5501.25 5505.78 5501.4' 54112.85 
2~ 5568.05 5503.49 5471.65 
2S-Feb-86 5572.39 5503.4' 5471.57 
2O-Mar-&3 5572.05 5502..99 5470.82 5:za.57 5501.16 5505.53 5500.28 5497.10 
'Z7-Mar-&3 5572.39 5503.16 5471.32 5506.45 5501.08 54Q3.3S 
Q8.Apr-as 5572.64 5503.57 5470.57 
1~ 5572.55 5503.66 5471.90 5529.15 5501.41 5506.62 5501.83 54Q3.18 
26-Jun-86 5572.55 55:l3.66 5471.90 5529.15 S501.41 5506.62 5501.83 54Q3.18 
04-Se0-a6 5572.30 55:l3.41 5471.49 5529.07 5501.41 5506.45 5501.83 54Q3.27 
1~0ec-80 5571.72 5502.19 5471.52 5526.87 5501.13 5506.25 549;.88 5491.05 
~FeO-a7 5571.47 5502.24 5471.57 5526.90 5501.16 5506.2S 5500.91 5491.02 
2.8-Aor-<l7 5572.55 55:l3.32 5471.57 5529.40 5501.33 5507.0:3 5501.41 54Q2.3S 
14-Aug-87 5571.89 5502.41 5471.99 55251.32 5501.00 5506.87 5502.58 5492.35 
~Nov-<l7 5572.22 55:l3.07 5471.40 5529.24 5501.00 5506.28 5501.41 5493.10 
27.Jan-aa 5572.30 5503.07 5471.49 552.8.99 5501.00 5506.62 5501.4' 5493.18 
01.Jun-88 5572.47 55:l3.12 5471.~9 5529.15 5501.08 5507.55 5501.50 5493.18 
23-A~ 5573.05 5503.37 5471.90 5529.45 5498.83 5507.45 5502.00 5492.93 
03-Nov-<18 5572.12 5503.19 5471.62 5529.34 5501.24 5506.96 5501.85 5570.35 
09-Mar-<l9 5575.22 5503.39 5471.52 5528.77 5:00.63 5506.95 5501.58 
21.Jun-a9 5572.12 55:l3.19 5471.62 5529.34 5501.24 5506.gs 5501.85 
01-Sep.a9 5572.67 5503.45 546i.59 5529.30 5501.18 5506.85 5501.72 
1S-Nov-<l9 5572.43 5503.37 5471.60 552!U5 5501.08 5506.95 5501.63 5491.19 54;Q.Q5 
I&-Feb-QO 5572.41 5503.48 5471.68 5529.46 5501.19 5506.93 5501.63 54IU.05 5491.15 
OS-M.y-90 5572.71 5503.69 5471.68 5529.67 5501.20 5507.29 5501.55 54GO~ 5491.22 
07-Auq-QO 5573.19 55:l3.48 5471.~5 5529.64 5501.09 5506.89 5501.68 54GO.Q2 5491.o:l 
13-Nov-90 5572.42 55:l3.69 5471.12 5529.77 5:00.33 5506.95 5502.08 5491,.3g 54QO.Q::2 
27-F8b-91 5572.64 55:l3.42 5471.67 5530.10 5501.26 5507.39 SSOI.SS 5491.02 54QO.17 
21 oM ..... ; 1 5572.77 5503.45 5471.58 5530.15 5501.0:3 5507.00 5501.52 54GO.~ 5491.06 
2~91 5573.26 5503.19 5471.:36 5529.97 5:00.80 5506.89 5501.4.3 54GO,Sa3 5491.00 
03-0ec-91 5572.52 5503.11 5471.42 5530.03 5:00.114 5506.~ 5501.36 54GO.7'9 54QOhS 
17-Mar-92 5572.52 55:l3.47 5471.57 5530.37 5501.15 5507.53 5501.64 54;1.1~ 54QO.91 
11.Jun-92 5572.52 5503.27 5471.64 55.30.09 55OO.SS 5507.18 5501.55 5491.10 5491.1C 
OJ..Set>.S2 5572.99 5503.40 5471.64 55.30. 1~ 5500.96 550727 5501.55 54QO.~ 54QO.91 
19-Nov-92 5572.55 5503.46 5471.46 5530.16 5:00.89 5507.10 5501.44 54QO.81 5491.c. 

--



:;rouna Water WaJrrv Oa:a 

Conduaance 
MW., MW*2 'AWat3 ·.~Wu 'AWttS MWat11 MW.,2 'AW.13 :::";~JNARY 'AWltI4 MW.1:: 

31 -0::1·79 ;48 ~270 :260 J.:lo.:l 
3O-Mav-80 1500 2413 :!915 :!205 26&:l 
:JO.Jun-80 ~367 3031 4275 :~96 ,..)" 
31...iul-80 14SQ 2500 .!.386 :;254 2371 

31·Aug-80 1ScS5 2712 45.37 "2"'3 24.4Q 
JO.Seo-aO ~~7 2791 4758 2791 2559 
31-0::1-80 1578 2930 J.8.46 3268 2479 

JO.NoY-80 1509 2568 4782 3289 2568 
31·Dec..ao 1S6S 27'30 4828 :!2~ 2412 
31..Jan..81 158:2 3100 5.398 :;.t3S ZZS2 

":; 2.8-F1lb-a 1 17Z3 3089 5<.."54 3370 226B 
31-Mar-81 1'72 515.3 3391 2S38 
30-A0r-81 1425 3097 .£.893 3.363 2SBg 

3O-May-81 1~ 2985 4918 30&4 2422 
~1 1303 2.806 4433 3108 zsgg 

l'-AlJ9-81 1716 3702 S632 3963 3077 
27~ 1~ J.45O 5100 3370 3050 
07·~-82 1635 34C2 54,8g J630 3275 4SQ 
Oi.,j~ 1570 3340 5170 33SO 27QO 573 

lo.Dee-8.2 1320 2720 ~go 3030 2Z2O 2102 32l3O 3:)60 530 
25-Jan-83 1310 2580 4260 2910 2150 1630 31:30 32>0 4.Jg 

30-A0r-8.3 1320 2800 ~ 3420 24go 2330 3400 3970 450 
07·Sec>.a3 1390 2810 4.4go 2970 21:30 2250 3250 3160 412 
26-Od-8.3 1680 3550 5550 3700 28040 2600 4000 4380 470 
2o.Mar-a.4 ' 1200 2380 4200 2340 2150 1500 3OSO 32)0 312 
14.Jun..&4 1200 2400 4500 2500 2300 1800 3200 32Xl 370 

05-Dee..a4 1100 2275 3975 2325 2000 1900 3000 :J05O 238 
21·Feb-8S 1300 2800 4000 2700 2100 1900 4000 32Xl 380 
2s.Jun..aS 1100 2600 '200 2800 2200 1850 3300 3150 300 
~ 1500 Z500 5000 3300 2SOO 2:!50 3800 3S:X) 470 
15-0ee-as 3000 3200 4700 3000 2200 3100 2SOO 3600 
Z1-Mat-ao 1350 2550 4000 2800 2300 1900 3100 3000 500 
~ 1900 3800 5&0 3600 3800 3400 5400 .uoo 700 
~ 1800 3700 5000 4100 32SO 2700 5500 SCOO SSO 
lo.Dee-ao 2200 3200 4800 3400 2400 1500 3300 3600 800 
2O-Feb-87 1800 3800 5&0 3200 2800 3400 SSOO .uoo 4SQ 
~-87 1800 5000 5600 2600 3700 32SO .woo 3900 sao 
1~Au9-B7 1500 3300 5400 3800 2700 2800 3300 4:200 sao 
20-N0Y-a7 1600 3400 5000 3700 2600 2300 3900 4OX) 600 
27~ 1300 2600 4500 1900 1800 3000 :J05O 265 
01.,jun-88 1350 2800 4500 2850 2100 2000 32SO J.4OO 340 
23-Auq-88 1550 3400 4500 3100 2200 1800 :;.we 3350 310 
~Nov-88 1250 2850 ~ 2000 1950 3000 3XIO 
09-Mar-89 1300 2800 4200 2700 2100 2000 3200 3150 

i 21.,jun-89 165104 3660 5560 36go 2710 2520 4000 550 
01-5ep-89 1670 3670 5550 3670 27~ 2560 ~10 575 3860 45S.~ 

IS-Nov-89 1680 3620 5590 ~ 2750 2510 ~ 693 3S8O ~' 

2O-Feb-go 1695 J630 5550 J630 2780 2750 3980 684 3.!DO .a: 
oa-May.go 165104 36:JO 5OSO 36SO 2750 2550 4000 700 3S8O 43"" 
07 .... ug-90 1667 3SOO 5480 3550 2680 2530 3880 688 3710 ~i-

I~NoY-90 10.&0 2060 4010 2070 2000 1090 3000 550 2090 JC 
27-Feb--91 1700 3720 55:30 37:30 2~ 2580 4120 "II 3SI6O 43';", 

21-May-91 1705 3680 5560 3670 2550 2620 ~ 448 3S8O 44.; 
24-Seo-gl 1726 3660 5.570 3660 2550 2sgo 4030 "7 3a.&O 4.31:, 
~Oec-gl 1705 36SO 5500 3610 2630 2610 4100 442 ~ ~,' 

" 

>"J 17-Mar..g2 1702 3600 54QO 3670 2S2O 2630 4070 ~ 38QO 432:, 
", 11..Jun-Q2 1669 ~ 54.80 3620 2600 2600 4000 447 38SO ~' 

03-Se0-92 16!U 3620 5Sgo 3610 2600 2630 4000 411 3810 .i2O.. 
1~-Q2 1690 3660 5710 36SO 2580 2630 4070 407 38SO 4Z7C 

-



3rouna WalE!( WaJIIV Dala 

MW.l MWIr2 I,1W.:J '.iWtU I,1W.-s 
31-Oct-i9 8.6 72 -:-.3 -:-.1 
31-Jan-80 
»Mav-&) 
JO..Jun-&) 
31-Jul-<)Q 
31-A~ 

~ 
31-Oct-&) 

»Nov-80 
31-Dec.aJ 
31-Jan...81 
2S-F~1 

31-M.r~1 

~~1 
3O-Ma.,..al 
:JO.Jun..81 
31-~1 
31-Dec~1 

31..Jarr.a2 

3O-.l.or-82 
31-A~ 

31-Dec-82 
31-Mar-sJ 
~-sJ 

31-Dec-sJ 
31-Mar-a4 
3O-Jun-.84 
3Q..Seo.&4 

31·~ 

31-Mar~ 

:JO.Jun..85 
:lO-Seo-aS 
31.o.c~ 

31~-86 

3O-Jun..86 
~ 
10-0ec-86 
2O-Fei>87 
29-A0r~7 

19-A~7 

~Nov~7 

27.Jan..88 
01.Jun-aB 

23-AU9-88 
03-Nov-88 
~~g 

21.J~9 

01-Sep-a9 
15-NoY~9 

~Feb-QO 

Q8..May-QO 
07-Aug-QO 
13-Nov-90 
27-Feb-91 
21-Ma'f"'Gl 
24&0-91 
03-Dec-91 
17-Mar-92 
11.Jun-92 
03-Seo-92 
19-Nov-92 

74 
7.3 
7.5 
74 
72 
76 
7.4 
7.5 
7.4 
72 
72 
7.5 
7.5 

7 
7.3 
7.4 
7.5 
7.3 
7.7 
7.8 
7.8 
7.6 
7.8 
7.6 
7.7 
7.6 
7.5 
7.7 
7.8 
7.6 
6.8 
7.3 
7.0 
7.5 
7.3 
7.7 
7.4 
7.6 
7.6 
7.8 
8.0 
8.1 
7.6 
7.5 
7.4 
8.0 
7.3 
7.5 
7.8 
7.5 
7.5 
7.9 
7.9 

7.' 
7.7 
7.S 
6.7 
7.1 
8.1 
7.5 

7.2 
7.4 
7.4 
7.5 
72 
7.6 
7.3 
7.4 
7.4 
72 
7.1 

7.15 
7.2 

7 
72 
7.4 
7.7 
72 
7.5 
7.7 
7.i 
7.5 
7.7 

7.55 
7.0 
7.2 
7.1 
7.1 
7.6 
7.0 
7.1 
7.3 
7.0 
7.0 
6.9 
6.9 
7.1 
6.7 
6.7 
7.4 
7.4 
7.2 
7.1 

7.2 
7.1 
7.1 

7.' 
7.0 
7.5 
7.1 
7.0 
7.5 
7.5 
7.1 
7.0 
7.3 
7.2 
6.9 
7.9 
7.8 

0.8 
72 
-:-.2 
72 
6.9 
76 
7.2 
7.1 
7.1 

7 
6.8 

7 
7.1 
6.5 
6.8 
6.9 
7.3 
6.7 
7.2 
75 
7_5 
i.~ 

-r: ,--
7' 
6.a 
7.4 
6.6 
6.8 
6.9 
6.8 
6.4 
6.8 
6.6 
6.7 
6.7 
6.5 
6.5 
6.5 
6.6 
7.2 
6.8 
7_0 

6.7 
6.7 
6.7 
6.7 
6.9 
6.5 
6.8 
6.6 
6.8 
6.6 
6.6 
6.3 
6.7 
6.8 
5.8 
6.1 
6.7 
7.1 

;"2 
;"_3 

73 
71 
7.7 
7.8 
7.3 
72 
7.1 

7 
7.7 
7.5 
6.8 
7.3 
7.2 
7.7 
7.1 
7.3 
7.B 
76 
7.3 --i.1 

7.55 
7.8 
7.8 
7.0 
6.8 
7.1 
6.7 
6.3 
6.9 
6.9 
7.0 
6.8 
7.0 
7.0 
6.9 
7.9 
7.2 

7.1 
6.8 

7.3 
6.9 
7.0 
6.8 
7.0 
7.0 
7.7 
7.7 
7.7 
6.8 
7.0 
6.9 
6.9 
6.7 
7.0 
6.9 

:-.6 
;"6 

7.7 
74 
7.7 
7.6 
7.7 
72 
7.4 
7.3 
7.7 
7.5 
72 
7.3 
7.8 
7.7 

7.35 
7.8 

8 
8 

a.05 
8.12 
i.i 
7.9 
7.8 
7.5 
7.8 
7.8 
7.9 
7.0 
8.1 
7.0 
7.5 
7.S 
7.1 
7.6 
-~ '_0 

74 
8.0 
7.7 
7.6 
7.8 
7.5 
7.6 
7.4 
7.7 
7.8 
8.0 
7.6 
7.7 
8.0 
8.0 
7.4 
7.4 
7.7 
7.6 
7.2 
7.6 
7.8 

82 
7_4 

8 
7.2 
7.8 
72 
7.9 
7.9 
7.9 
8.0 
7.9 
7.1 
7.0 
7.9 
7.9 
7.9 
7.9 
7.B 
7.5 
7.B 
7.0 
7.9 
7.7 
B.O 
7.9 
7.B 
7.B 
7.8 
8.1 
7.8 
7.4 
B.O 
8.0 
7.9 
8.0 
7.9 
7.9 
7.4 
7.9 
62 

i_8 
0.7 
7.4 
7.2 
7.2 
7.8 
6.8 
6.7 
7.1 
6.8 
6.9 
7.7 
6.7 
6.7 
6.8 
7.1 
6.9 
6.9 
7.0 
7.3 
7.1 
7.1 
6.7 
6.6 
6.9 
6.8 
6.8 
7.1 
7.2 
6.8 
7.0 
7.5 
7.5 
7.0 
6.8 
6.9 
7.0 
6.6 
7.4 
8.1 

7.85 
7.4 

8 
7.6 
7.0 
7.5 
7.0 
7.1 
7.4 
7.2 
6.5 
7.1 
6.9 
6.9 
7.0 
7.1 
7.0 
7.0 
7.1 
7.4 
7.1 
7.3 
6.9 
7.0 
6.8 

7.6 
8.2 
7.8 
B.3 
8.0 
7.8 
7.4 

7.0 

7.0 
7.6 
8.5 
i.S 

7.4 
i.i 
B.2 
7.8 
7.B 

7.7 
7.7 
7.6 
8.0 
7.9 
7.B 
8.2 
B2 
7.1 
7.3 
7.B 
7.1 
7.7 
7.6 
7.7 

6.9 
6.87 

6.8 
6.87 
6.47 
6.47 
6.82 
6.S; 

S.8 
7 

6.6 
6.~ 

6.83 

MW.1S 

6.9 
7.40 
7.01 
7.1B 
7.06 
7.06 
7.06 
6.g./, 

7 
7.21 
7.J3 
7.03 
7.16 



3rouna Water CNailtY Data 

1 ~. ': 
Sodium :ngA 

MW., MW.w2 '.lWIt3 'AWtu .... W6S '.lW.,1 MW.'2 ~.AW"3 C~LlNARY MW." Mw.15 
31-0:::-79 106 154 282 342 
Jl.J~ 14() 213 3J4 274 

JO...Mav-80 165 34S 575 34S 478 
3O.Jun-80 lSS 361 542 322 .l.Q2 

31.Jul-80 160 418 4.42 J:l5 4-15 
31-Aug-80 158 410 653 33S 4S5 
JO..Seo...aO 156 4S8 sao 371 500 
31-0::1-80 162 415 677 341 443 
~Nov-80 lSS 419 S07 300 428 

"-~ 

31-Dec-80 168 4.42 699 338 4.60 
31.Jan...81 170 407 iSS J:l5 407 
2S-Feb-81 148 462 704 3S4 487 
31-Mar-81 175 470 745 338 473 
~-81 161 476 70J 314 407 

3O-Ma.,....s1 160 472 7~a 3SO 45Q 

~1 162 4S8 6B5 351 437 
31·Aug-81 161 460 68B 323 426 
31·o.c..al 170 40Q 730 330 4.60 
31~ 170 483 757 J.4O 490 
~-82 190 4SO 790 330 510 
31-Auq-82 160 470 750 340 470 
31·0ec-82 170 480 810 JJ4 431 550 310 630 67 
3O.Jun-aJ 170 470 770 330 458 480 310 64() 27 

, 31·0ec-a3 170 500 800 320 480 S40 290 64() 
/"'; :JO.Jun-84 170 500 780 310 470 530 320 650 5.6 

31·0.c-&4 182 443 489 J.4O 428 4A6 328 45; 7.2 
JO.Jun-a5 20 ~ 790 370 ~ 610 330 660 7.3 
31·0ec-as 320 490 780 340 530 550 3SO 600 5.5 
1~ 262 543 937 326 514 sao 4.30 ssg 23.6 
04-S«>-86 175 4SS 746 289 436 ,n 296 541 29.5 
1000ec-ao 210 529 7804 335 501 250 324 562 68.0 
2O-Feb-87 ,,6 333 513 209 307 3S6 197 360 54.3 
~-87 134 362 518 232 360 378 235 38; 7.0 
20-N0Y-87 212 618 958 395 564 768 334 6n 11.6 
27.Jan..88 185 507 176 
23-Aug-88 157 495 768 286 432 535 244 ~ 15.2 
~-88 172 4SO ssg 289 "0 486 280 510 17.4 
()g..Mar-89 169 464 713 275 321 375 186 564 22.0 
01-SeQ-a9 163 4S6 713 287 411 489 269 
15-Nov-89 1904 SIS 537 270 508 507 321 70.1 70.7 72.6 
09-May·90 188 504 7SO 291 4SO 517 2804 70.8 388.0 566.0 
I~Nov-90 165 470 698 285 410 47S 2n 48.9 348.0 s.4O.0 

:i 27·Fe!>-Ql 171 4n 708 2804 4:lO 522 213 19.0 255.0 406.0 
21-May-91 In 503 796 274 .wo 549 271 15.0 353.0. 590.0 
03-0ec:·91 179 492 797 324 4S6 &46 33S 17.0 366.0 490.0 
11..Jun-Q2 180 490 760 300 410 SoW 290 15.2 350.0 510.0 
Q3.Se0..92 162 475 742 291 428 S38 291 9.5 345 504 
19-Nov·92 182 467 736 318 453 520 318 8.5 3S8..0 478.0 

:. 



CI 
MW., 

31-Cd·79 2.5 
31.Jat1-8O 

3O-Ma¥-<lO 
J(Nun-<lO 
31-Jui-OO 

31.Aug-<lO 

3O-Seo-8o 
31-0::-80 
~-<lO 

31·Oec-<lO 
Jl.J6rr81 

2S-Feb-81 
31-Mar-al 
JG-,&,or -a I 

3O-M.-,...al 
~1 

31.A1J9-81 
31·0ec-81 
31~ 

:JO-,4,o(-82 

Jl·Auq-8.2 
31·0ec-82 
2s.Jan-.a3 
:JO.J~ 

31·0ec-8J 
31-Mar-84 

:JO.Jun-a4 
~ 
31.0ec:-84 

31-M1r-8.5 
3Q..Jun-a5 

~ 
31·o.c:..a.s 
1~ 

~ 

04-Sec:>-a6 
1~Dec;-86 

:ao-feb-87 
29-A00'-87 
19-A1J9-87 
2C-Nov-a7 
27.Jan-a8 
01-Jun-88 
~Au<]-88 

03-N0v-88 
09-Mar-a9 
21-Jun-89 
01-Se!>a9 
ls..Nov-ag 

2C-Feb-90 
~ay·90 

07'Au<]-90 
13-Nov·90 
27·Feb-91 
21-May-91 

2~91 

OJ-0ec-91 
17-Mar-92 
l1-Jun-92 

OJ-Seo-92 
19-Nov-92 

14 

20 

20 
i8 
13 
30 
12 
13 
15 

14 
14 

13 

" 12 
14 

IS 
13 
12 
12 

10.9 
16 

16.5 

13 
14.3 
12.0 
15.4 
14.2 

14.0 
17.0 
18.0 
53.2 
25.0 
25.0 

2.0 
8.8 

11.0 
12.1 
11.0 
9.3 

10.0 
9.9 

13.2 
11.8 
12.0 
11.3 
10.0 
11.0 

11.0 
12.0 
11.0 
12.0 
12.0 
12.0 
11.0 
13.0 
13.0 
10.0 

11 
13.0 

MWYc! 

18 

~8 

2'J 
16 
~5 

20 
8 

10 
11 

9 
10 

" 13 
10 
7 

14 

8 
7 

5 
5.5 
11 

25 
8 

94 
7.0 

10.9 
i.l 

13.0 
i.8 

17.0 
iO.9 
15.0 
17.0 
9.5 
2.7 
6.6 
7.7 
6.0 
4.6 
3.7 
4.8 

5.4 
6.6 
7.6 
6.4 
6.0 
5.0 
5.0 
7.0 
6.0 
6.0 

10.0 
6.0 
9.0 
7.0 
i.O 
6.0 

6 
6.0 

25 
50 
51 
62 
65 
52 
65 
04 

65 
~. , . 
65 
60 
60 

110 
6i1 
67 
50 
64 
64 
67 
5..3 
71 

00.5 
63 

6i2 
63.0 
57.4 
6i.4 
68.0 
73.0 
78.0 
35.0 

140.0 
140.0 
64.0 
68.0 
66.0 
65.3 
65.0 
62.6 

64.0 
66.0 
00.1 
67.7 
64.0 
66.9 
65.0 
60.0 
65.0 
67.0 
65.0 
68.0 
68.0 
56.0 
60.0 
64.0 
64.0 
i6.0 

58 
63.0 

':;rouna Water C>.JaJ1lY Dala 

'.lWIU 

2C.l 
:!5 
4.4 

4.3 
48 
56 
4.3 
SO 
38 
41 

48 
41 

40 
41 

41 

'3 
32 
41 
42 
40 
4.3 
36 
46 

37.3 
36 

4.3.1 
4.3.0 
44.6 

42.5 
40.0 
42.0 
47.0 

53.0 
98.0 
95.0 
42.0 
45.0 
4.4.0 
42.4 

40.0 
45.3 
45.0 
45.0 
48.5 
48.2 
45.0 
45.9 
40.0 
45.0 
47.0 
48.0 
48.0 
SO.O 
SO.O 
44.0 

45.0 
40.0 
48.0 
43.0 

43 
45.0 

50 

60 
60 
51 
55 
49 
S2 
53 
Sol 
55 
53 
53 
53 
5.2 
20 
51 
SO 
4.3 

47.1 
57 

48.1 
54 

57.8 
54.0 
5e;'6 

53.2 
59.0 
53.0 
62.0 
71.0 

130.0 
130.0 

53.0 
Sol.O 
54.0 
54.3 
Sol.O 
53.2 
54.0 
53.0 
53.9 
54.7 
52.6 
54.6 
54.0 
54.0 
55.0 
56.0 
53.0 
54.0 
SO.O 
48.0 
54.0 
SO.O 
51.0 
40.0 

40 
SO.O 

24.4 
:!2 

25.8 
32 

31.4 
32.0 
33.9 
31.g 

34.0 
31.0 
38.0 
71.0 
i7.0 
iO.O 
32.0 
33.0 
32.0 
432 
33.0 
31.9 
31.0 
32.0 
33.5 
352 
32.3 
32.4 
34.0 
34.0 
33.0 
33.0 
33.0 
34.0 
31.0 
30.0 
30.0 
31.0 
32.0 
29.0 

31 
41.0 

57.4 

70 
BO.5 

6S 
64.1 
65.0 
64.6 
67.4 
67.0 
62.0 
71.0 
53.0 

170.0 
lSO.0 

58.0 
64.0 
63.0 
62.7 
61.0 
612 
61.0 
64.0 
64.8 
65.1 
61.5 
60.8 
59.0 
63.0 
63.0 
62.0 
63.0 
63.0 
61.0 
55.0 
59.0 
60.0 
60.0 
56.0 

56 
62.0 

40.5 
53 

4.3.8 

SO.4 
49.0 
SO.9 
4g.6 
SO.O 
40.0 
47.0 
71.0 

1:20.0 
100.0 
48.0 
SO.O 
48.0 
48.7 
51.0 
49.2 
48.0 
SO.O 
51.2 
52.1 
48.8 

4.6 

5.4 
2.8 

2-' 
3.0 
1.9 
3.5 

10.0 
1.0 

47.0 

62.0 
7.7 
9.1 
8.1 
3.3 

32.0 
1.7 
0.4 
0.1 
0.9 
0.1 . 
0.9 
2.7 
5.7 
S.2 
8.0 
7.0 
4.0 

6.0 
7.0 
4.0 
1.0 
1.0 
2.0 
2.0 
2.0 
1.0 

1.0 

25.0 
20.0 
23.0 
21.0 
23..0 
23_0 
21.0 
15.0 
19.0 
22.0 
18.0 

20 
18.0 

4g.0 
u.c 
4-4.0 
4-4.0 
U.O 
41.0 
38.0 
38.C 
38.0 
4O.C 
35.0 

37 
39.C 



:',ouna WaJer waJlly Da:a 
:~ 

.!:;! i ! 
Sutf81ElS ~giI 

MW., MWIt2 'AWtt3 '.!WIU 'AWIIS .MW." MW.'2 'AW.'3 CuLINARY MW.14 MW.15 
31-C1:1·7; 220 240 ;30 ~220 

31~ 520 630 2100 ~ 700 
.:lO-Mav-80 635 1075 24.30 '800 ~290 

JO-Jun-80 6J2 1290 26.25 ~850 ~2OO 

Jl..Jui-80 610 1400 2450 1980 :100 
31-Aug-80 612 1345 2975 1980 1150 
~Sec>&J e;.w 1550 2800 2075 960 
:!1-C1:1-80 570 15.35 3050 2020 1060 
~Nov-80 613 1425 2750 1780 1050 -- 31-0ec-80 620 1520 3060 1780 1150 
31..Jan-81 638 1530 3012 1900 l1AO 
~EJ!>.81 600 1550 2780 1980 1260 
31-Mar-81 6.58 3150 1890 1210 
~-81 620 1680 3C3O 1880 1220 

3C-May-81 650 1730 3100 1910 1190 
~0-81 62fi 1690 ::;o.w 2070 1105 
31-Aug-81 630 1750 3C5O 1910 1115 
ll.Jan-82 613 1590 3100 1920 1260 
~-82 697 1760 3Zl9 ~ 1518 
31-Aug-82 602 1788 3185 2047 1295 

:< 31-0ec-82 6S3 1749 3259 1979 ~ 182 926 2395 2288 39 
JO-Ju0-83 658 1801 3226 2109 ~228 943 2420 2324 41 
31-0ec-83 6CO 1820 2200 2075 ~2OO 900 23:38 22S5 64 
29-Feb-84 637 1835 :235 2050 1175 937 2400 22SO IT 
JO..J~ 680 1900 3300 2075 1200 920 2400 2200 32 
31-0ec-&4 637 1835 3235 "2050 1175 937 2400 22SO 
JO.Jun-as 816 1890 2040 1210 909 2440 23XI 18 
31·0ec-85 1080 1210 2870 2020 7820 79 7820 2120 79 
19-Ju~ 703 2010 J.45O 2120 12AO 943 2500 2420 45 
JO.Jun..86 691 2040 3400 21SO 18go 949 2520 2420 43 
04-&0-86 707 2020 3410 2160 1230 956 2470 2400 49 
1~0ec-86 680 1860 2620 2000 l1AO 911 2370 22AO 77 
2O-Feb-87 6S7 1910 2&Ca 2030 1120 895 2100 1990 62 
29-AQr-87 664 1920 3200 1930 1310 1020 2.300 2270 22 
19-AUC]-87 691 2000 3400 2130 1140 951 2430 2:l8O 26 
2O-Nov-87 697 2040 3S2O 2170 1120 961 2560 2450 2S 
27..Jan-88 690 1930 3020 2060 1130 919 Z380 23XI 22 
01.Jun-88 681 1900 23SO 2120 1030 947 2450 2370 2S 
23-AlJ9-88 S48 1970 3330 2100 1050 915 2290 2:J3O 7 
~Nov-88 688 1980 3410 2120 1090 974 2500 2240 34 
09-Mat-89 6~ 1990 3410 2070 1180 ;75 2530 2400 41 
21..Jun-89 718 2040 ~ 2180 1180 1020 2500 - 65 
01-Se0-89 l52 2000 3500 21AO 1140 1020 22SO 60 
1S-Nov-89 697 1990 2670 2150 ,,80 993 22SO 105 2230 2S6O 
2O-Fei>90 692 2020 3330 2140 1210 1010 2400 98 2250 24S1O 
08-May..Q() 684 2020 3480 2080 l1ao 1000 2070 51 1160 1250 
07.Aucr90 685 1970 3400 2080 1140 973 2450 88 2240 2"-'5 
13-Nov·90 687 1980 3400 21:30 1100 975 2460 89 2230 2470 
27·Fei>91 602 18411 2712 1940 1028 967 1850 45 1512 1876 
21-May·91 652 1885 29047 1988 1010 936 2255 51 2112 zsg 

24-Seo-91 692 1848 2532 1939 860 956 2240 49 lWl 2215 
~0ec·91 677 1883 2214 1958 1035 968 2325 27- 191; 22S3 
17-Mar·92 607 189Q 3220 2035 1022 976 2330 21 2162 2314 
l1--Jun.92 &42 1862 2B~ 1993 998 976 2.:304 26 2138 2:2;;3 

~Set>-92 670 1933 3312 2029 10:!3 1005 2352 JO 22011 2:366 
19-Nov·92 654 1804 3200 1951 1055 1507 23<C.3 21 2Q;8 2362 



:;rouna Waler WaJllY Da:a 

TuS mg..1 
,.J MW.1 MWII2 'AWM3 VtWIU. 'AWtt5 'AW.11 LAW.12 MW.13 ~~LlNARY ~WltU MW.1' 

31..Qc:-79 625 :-;.0 2HXl 2950 
31~ 870 1080 ,4.50 2800 

JC..Mav-&:) :250 1950 .:..t..OO :;600 2300 
J(Nun-aJ ~2SO 2300 ~75.::l 2500 2:200 
31 ")ul-&:) 1182 2uQ ~"2" 3198 2060 

31-Aug-&:) ~22O 2278 4908 J.4aO 2218 
3C-Seo-8O :285 2769 45S.3 3525 2182 
31..Qc:-&:) 1220 2552 4.82S 3402 2096 

3O-Nr::r-I-&:) 1166 2492 ~5Z2 2990 1960 
31-Dec-&:) 11904 2548 4908:2 2998 2105 
31...lan-al lZi3 276.3 ~S3 3:l3O 20n 
28-Fei:>-81 1254 2e:l5 4&:lo4 3.3ZZ 2192 
31-Mar-81 1317 5122 3.:2J 22S6 
JO..Acr-81 1 J.:X) 3C28 51~ J.:318 23()g 

JC..May-81 1306 29908 5198 :J,2g6 Z2,g7 

~1 1188 2983 5.387 3S08 2'" 
31-AU9-81 1197 2932 5124 3J.:37 :m9 
31-0ee-a1 11gQ 2901 5167 J.:377 21go 
31..Jan...a2 1200 2BOO 4s;50 :J2!X) 2250 
JO..Acr-82 1200 2BOO 5125 3200 2500 
31-Aug-82 1200 2950 5.300 3500 2250 
31-Dec-82 1326 3056 SJ50 3470 2180 1812 4116 3780 
3O-Jun-83 1150 3500 4900 3500 2200 1650 4050 3S5O 
31-Dec-8.3 1200 2950 5150 3250 2100 1550 3950 3750 
JG,Jun...&4 1400 3200 5.300 3500 2200 1700 4100 3700 280 
31-0ec-84 6;:3 1479 2733 1581 1300 2000 2033 139 
3O-.Jun...aS 1560 3'-30 3610 2200 1700 4300 3000 221 
31-Dec-85 4000 3700 5COJ 4.600 6600 5100 5100 6aXl 
19-Jun..86 1280 3.200 5500 34SO 2130 1700 4140 3870 277 
:JO.Jun.86 1330 32SO 5500 3610 3210 1700 4210 3S5O 292 
Q.l..Seo.aO 1250 3240 SJ20 34SO 2040 1710 4040 3770 263 
1(>.0.:-86 1270 3140 5290 3S3O 2100 1710 4110 38:20 403 
~~7 1270 3Z3O 5.3:lO 3-480 2050 1710 4120 3780 311 
29-AQr-87 1270 3180 S400 33<&0 2380 1880 4120 3810 249 
19-Aug-87 1280 3190 5320 3S3O 1990 1690 39QO 3750 234 
2O-Nov-87 1330 3260 5S2O :>Si0 1970 rno 41:30 3S4O Z36 
27..Jan-88 1310 3270 5100 3400 2030 1640 3960 3740 22 
01.Jun-88 1250 3140 5240 ~ 199o 1660 4060 3720 25 
23-Aug-as 1220 3080 S230 :J.32O 1930 1620 3010 3720 207 
~-as 1250 31sa S4JO 3450· 1890 1710 4060 3670 170 
09-Mar-89 1200 3140 5270 3530 2010 1730 3960 3780 
21.Jun-89 ~200 3210 S450 3580 2020 1750 4030 316 
01-Se0-89 1210 :3OAO 5290 34JO 1940 1760 3630 296 
1>Nov-89 1200 3060 52S0 J.:370 2090 1860 3900 54-4 3.c.3O 399: 

,oj 
~eb-90 1280 3190 5300 3540 2110 1780 4030 202 3710 397~ 

08-May·90 1160 3050 5060 3240 1950 1660 3700 338 3000 37LC 
07-"'ug-90 1210 3OSO 5220 :J.32O 1970 1700 3750 34" 3500 3'11 
13-NaY-90 1170 3150 5290 32SO 1880 1720 3760 308 34AO 3n 
27·F9b-91 1272 3154 5268 3424 1850 16BS 3260 252 2S84 3:l5 
21-May-91 1275 3037 532S 3348 1871 1740 3~ 2.50 3613 ~ 

2~91 1352 31'9 53()g 3471 2139 1819 3810 266 3818 3817 

03-Dec·91 1286 3179 5188 3462 1943 1810 3930 238 3661 3SL: 
17-Mar·92 1285 3206 5.317 35Z3 1922 1797 402" 237 3700& Jg'" ,~ 

11.Jun-92 990 2910 4930 3190 1810 1740 3900 219 JSaO 3a:c 
0J.Se0..92 
19-Nov·92· _. 

_. 



3rouna 'NaJar o..aicrv DaJa 

ARSENIC 
MW., MWtt2 MWIr3 '.lWtU MW.s MW." l.AW.12 MW.13 C:.JlINARY MW*14 MW.1E 

31.Jul~ :.0009 0.016 :::.0:2 0.008 J.oc.s 
:)1.Aug-BO 0.004 Q.OO4 O.CXlO9 :::.002 0.0009 
JO..Seo-&:l 0.002 0.002 0002 O.co::l9 0.0009 
:) 1 -0:::1-80 :::.0009 O.co::l9 O.CXlO9 :.0009 0.0009 
JO..Nov-80 ::l.002 0.004 0.004 0.002 0.002 
31·Dec-8Q J.C009 00009 o CXlO9 0.0009 O.et:)Og 
31~1 0.0009 00009 O.CXlO9 ~.CC09 0.0009 
28-FEt>-81 0.0009 0.0009 C.o::o9 'J.OOO9 0.0009 
31-Mar-al ':::.CXXl9 0.0009 0.0::09 0.0009 0.0009 
JO-Aot-al 0.C009 C.OOO9 C.CXlO9 0.0009 0.()X)g 

3C-Ma...-al O.C009 0.0C09 O.CXlO9 0.0009 0.()X)g .. 
3INun-81 0.C009 0.0009 0.et::09 0.CC09 O.CXlO9 
31.Auq-Bl 0.C009 0.()X)g 0.0::09 0.0009 O.CXlO9 
31.Jan-82 0.C009 C.()X)g C.CXXl9 0.CXXl9 O.CXlO9 
~-85 0.C009 0.1lm 0.CXXl9 
2hIun-85 0.C009 0.CXXl9 0.00C9 O.CCOQ 0.1lm 0.0009 0.C'.009 0.00Qg 0.008 
23.Jl»..a5 0.C009 0.021 0.CXXl9 

Ot>Aug-8S 0.001 0.001 0.0::09 
JO..s.p..a.s 0.C009 0.1lm 0.C009 
3Q.Gd-85 0.C009 0.0009 O.CXXl9 

27·Nov-as 0.0009 0.0009 0.0::09 
1S-0ac-as 0.C009 0.0009 0.0::09 0.0009 0.0009 0.0009 0.0009 0.00Qg 0.0009 
2~ J.C009 0.0009 0.0::09 
28-Feb-a6 0.0009 0.0009 0.0:0; 

27-Mar-86 0.C009 0.0009 0.0:0; 0.0009 0.0009 0.0009 0.0009 0.002 0.0009 
r .. 08-ADr-86 O.ooog 0.0009 0.0::09 

02-May-86 C.OOO9 0.0009 0.0::09 

04-Se0-a6 0.0009 0.0009 0.0::09 0.0009 0.0009 0.0009 0.0009 0.00Qg 0.0009 
1(}.0ac-86 0.001 0.003 0.005 
2O-Feb-a7 0.000\) 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.0009 
~-a7 0.002 0.002 0.001 O.CCOQ O.CXlO9 0.002 0.003 0.002 0.011 
2O-Nov-a7 0.003 0.005 0.006 0.002 .0.001 0.001 0.0C)g 0.008 0.013 
27.Ja1H1a 0.0030 0.0009 0.0030 
23-Aug-88 0.0140 0.0190 0.0250 0.0220 0.0170 0.0180 0.02:30 0.0190 0.0070 
o:>NoY-88 0.000\) 0.000W 0.0110 0.0009 O.CXlO9 0.0009 0.0009 0.0030 0.0009 
09-Mar-89 0.0150 0.0320 0.C4S0 0.0330 0.01ga 0.0150 0.0360 0.0300 0.0070 
22.Jun-a9 0.000Ca 0.0140 0.C330 0.0170 0.0100 0.0050 0.0210 0.0150 
01-Sep.a9 0.0010 0.0050 0.0060 0.0030 0.0010 O.COOO 0.0030 0.0060 
1S-Nov-a9 0.0010 0.0080 0.0100 0.0020 0.0070 0.CQ20 0.0030 0.0130 0.0030 0.00'-
08-May~ 0.0020 0.0010 0.0050 0.0010 O.QOC)g 0.0010 0.0010 0.0120 0.0010 O.OC;;;. 
13-Nov-90 0.0009 0.0009 0.0::09 O.CXlO9 O.CXlO9 0.0009 0.0009 0.0110 O.ClOC» O.OOC 
27·Feb-91 0.0010 0.C009 0.0009 0.0020 0.0009 0.CQ20 0.0010 0.0140 O.ClOC» 0.0::-' 
2~91 O.ooog 0.0010 O.CXlO9 0.0020 0.0080 0.0009 0.0010 0.0130 O.ClOC» O.ex: 
17·Mar·92 O.ooog 0.0009 O.CXlO9 0.0020 0.0100 0.0020 0.0009 0.0130 O.ClOC» O.OC: 
~92 0.C'.009 0.0009 O.CXlO9 0.0009 0.0060 0.0060 0.0009 0.0210 0.0000 O.CX:C 



::;tOuno Wau~t' O-raJilY Da:a 

S8.E. ... Il . .t.4 
MW., MWlr2 '.!WAC '.iWIU MW.s MW.11 MW.'2 MW.13 C~L1NA,.y MW.14 MW.15 

31.Jul-80 0.C009 0.025 :.X09 'J.C009 0.C009 
31.Aug-80 0.002 0.026 ·J.005 0.002 0.003 
»Seo-8Q 0.C009 0.012 C.OC09 J.C009 0.C009 
31-Cd-80 0.C009 0.017 O.C009 J.C009 0.C009 
»Nav-80 0.001 0.011 0.003 0.001 0.001 
31·Dec-80 O.c:oog 0.C009 C.C009 0.C009 0.C009 
31.Jan-81 0.0009 0.016 0.C009 0.C009 0.C009 
2S-Feo-al 0.C009 O.C009 0.C009 0.C009 0.000\i 
31-Mar~1 0.C009 0.C009 0.C009 0.000\i 

'~ : ~ ~~1 O.c:oog O.(X)Og O.CXXl9 0.0009 0.CXX)g 
3Q.M~, O.c:oog 0.002 0.CXXl9 O.c:oog 0.C009 
:lC-.Jun..a 1 0.CXX)g 0.01 0.000\i O.c:oog 0.000\i 
Jl.Aug-al O.c:oog 0.004 0.000\i O.c:oog 0.000\i 
31.Jan-82 0.CXX)g O.OOQ 0.003 0.003 0.000\i 
~ 0.004; 0.015 0.031 O.~ 0.004; 0.0049 0.004; 0.005 0.0049 

~ 0.CXX)g 0.CXX)g 0.C009 
~ O.c:oog 0.0009 0.0009 0.C009 0.CXX)g 0.CXXl9 0.0009 0.0009 0.0009 
Z3-JuI...85 0.037 0.C009 0.C009 

Q6.Auq-a5 0.CXX)g 0.000\i 0.CXXJ9 
3O-Seo-a.5 0.CXX)g 0.0009 0.0009 
3O-Oc::l-85 0.0009 0.C009 0.C009 

.. 27·Nov-85 0.0009 0.C009 0.CXXJ9 
15-Dec.a5 o.c:oog 0.C009 O.o:109 J.C009 -J.C009 0.C009 0.0009 0.0009 O.OC09 
24-.Jat1...86 0.CXX)g 0.C009 O.CXXl9 
2S-Feb-86 0.CXX)g 0.C009 0.CXXJ9 
27-Mw-as 0.CXX)g 0.C009 0.CX)Qg 0.C009 0.C009 0.C009 O.ooog 0.0C09 O.C:CO; 
Q8..Apr-as 0.CXX)g 0.003 0.C009 

02-May-a& 0.CXX)g 0.C009 0.C009 
04Se0-86 0.CXX)g 0.C009 0.001 0.0009 O.C009 0.C009 0.CXX)g 0.C009 O.C:CO; 
1~0ec-86 0.001; 0.001; 0.0019 
2O-Feb-a7 0.CXX)g 0.C009 0.002 0.0009 0.001 0.003 o.oelt 0.007 0.0009 
29-.I.or~7 0.CXX)g 0.0009 0.0009 0.0009 0.C009 0.CXl()g 0.CXX)g 0.0009 
~~7 0.005 0.023 0.036 0.01 0.018 0.02 0.004 0.027 0.0009 
27~ O.~ 0.01 0.016 
Zl-Aug-88 0.01' 0.045 O.Qgl 0.008 0.061 o.on 0.015 0.057 0.C009 
~-88 0.005 0.024 0.037 0.005 0.026 0.029 0.003 0.03 O.C:CO; 
<»-Mar~9 0.004 0.017 0.027 0.019 0.005 0.002 0.021 0.027 0.001 
22.Jun-89 0.001 0.002 0.003 0.003 0.004 0.004 0.001 0.001 
01-Seo-a9 0.001 0.001 0.004 0.003 a 0 a 0.001 
,s..Nov~9 0.005 0.015 0.019 0.015 0.006 0.02 0.02 0.001 0.01' 0.019 
08-May.9Q 0.0009 O.CXlO9 0.CXXJ9 0.0009 0.CXl()g 0.0009 0.0009 0.0009 0.000; 0.C009 
'~Nav-90 0.0009 0.004 0.003 0.0009 0.0009 0.0009 0.0009 0.0009 0.000; 
27·Feb-91 0.002 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.001; 0.0019 

·;1 
2~' 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.001Sl.. 0.0019 
17-Mar-92 0.0019 0.002 0'(X)19 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 
~2 0.0019 0.003 0.011 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.017 

';: 

---



':;(ouna Water CuaJItV Data 

Fla-226 
pCit1 MW.1 MWtr2 MWIt3 lAWt14 ',J.WttS MW.11 MW.12 MW.13 C:JLlNARY M'MI14 MW.1S 

31.Jul-BO 1 1.3 0.7 1 
31.Aug-SO 0.7 17 0.6 0.7 0.6 
3O-Se0-80 0.7 0.3 0.5 0.4 0.2 
31-Oc:-ao 0.8 1.9 ~ ., 0.9 1.1 
3O-Nov-SO 0.7 1.1 0.8 0.8 0.8 
31·Oec-ao 0.5 0.4 0.3 0.7 0.4 
31.Jan.81 0.5 1.3 13 0.5 0.6 
28-FEb-81 0.6 1.7 0.6 0.9 0.6 
31-Mar-81 2 1.6 0.8 0.9 0.7 
30-A0r-81 2.2 1.3 18 0.5 0.3 

3O-May-81 3.5 2.3 1.5 1.3 0.8 
JC..Jun-81 1.5 2 2.3 1.2 1.8 
31·Aug-al 0.8 7.5 16.5 1.1 1.6 
~1 0.4 1.1 0.5 0.8 0.2 
31.Jan..a2 0.8 , .6 1.' 0.9 
3().,&,p(-B2 0.3 0.6 0.5 0.3 
3Q.Jun-83 0.4 0.'7 '.4 1 '.2 0.4 0.6 0.6 0.4 
3O-.Jun..84 3 8 8 7 2 2 6 3 7 
3O.Jun..85 1 , .3 1 1.4 0.3 0.1 1.1 0.9 2 
31·0ec-85 0.5 0.9 5.3 0.9 0.8 0.1 0.7 0.4 0.55 
2,-MIIr-86 0.5 1 0.8 0.6 0.2 0.' 0.6 0.' 0.4 

: .... 19.Jun-a6 0.5 
'-."; 

0.9 5.3 0.9 0.8 0.' 0.7 0.4 0.055 
04-Se0-86 '.5 0.8 0.9 0.6 0.2 0.2 0.9 0.1 1.3 

-;. .... 
- .. ' 

,o.Oec-86 0.4 0.5 1.' 0.7 0.3 0.3 0.7 0.3 0.3 
2O-Fab-87 0.2 0.5 1.1 0.5 0.4 0.4 0.7 0.2 0.3 
29-Apr-87 0.6 0 0.3 0.4 0.3 0.2 0.6 0.3 0.5 
2O-Nov-87 0.3 0.2 0.3 0.' 0 0.2 0.3 0 0.6 
27.Jan-88 0.6 0.2 0.8 
2J.Aug-aa 0.5 0.2 0.7 0.3 0.1 0.1 0.5 0.1 0.5 
~-88 0.1 0.2 0.3 0.1 0 0.2 0.7 0 0.5 
Q9.Mar-89 0.1 0.2 0.3 0.1 0.1 0.1 0.2 0.2 0.9 
01-Seo-a9 0 0.5 0.2 0.2 0 0.1 0.5 0.2 
15-Nov-89 0.2 0.2 0.4 0.2 0.1 0.2 0.1 0.1 0.1 C." 
Q8.May·90 0.2 0.3 0.6 0.4 0.2 0.1 0.4 0.3 0.1 C. 
13-Nov-90 0.2 0.4 0.2 0.1 0.2 0.4 0.1 0.4 0.2 0..: 
27·Feb-91 0.1 0.3 02 0.3 0 0.1 0.3 0.3 0.3 
24-Sec>91 0.4 0.1 0.2 0 0 0 0.3 0.2 0.2 
17-Mar-92 0.4 0.2 0.7 0.9 0.4 0.3 0.2 0.3 0.4 C 
03-Sep.92 0.2 0.8 0.8 0.4 0.1 0.1 0.4 0.7 0.2 

-



3rouna 'NaJar QuahlV Dala 

Ra-22B 

DCiII MW.1 MWtt2 MW.:3 'AWIU. ~AWJ5 l.AW.11 MW.'2 MWltl:! CULINARY MW.l" MW.15 
27-Feb-91 1.7 2.5 1.1 2.1 1.2 0.9 2.8 1.4 0.5 '.-
24-Se0-91 1.8 2.2 1.9 1.9 0.8 0.7 2.1 0 0 0.: 

17-Mat-92 1.6 1.6 0 2.1 0.4 0 1.6 0.6 0.9 0.: 

CJ..Seo-92 1.8 0 2.5 1.4 0 0 0 0 0.6 0.-
Average 1.725 1.575 1.:!75 1.875 0.600 0.400 1.625 "DIV/OI 0.500 0.500 0.550: 

Standal'a Deviabon 0.083 0.965 0.936 0.2BS 0.447 O.~ 1.030 IINUMI 0.574 0.324 0.:rT. 
Mnimum 1.600 0.000 0.000 1.400 0.000 0.000 0.000 0.000 0.000 0.000 0.3X 
Maximum 1.800 2.500 2.500 2.100 1.200 0.000 2.800 0.000 1.400 0.g()Q 1.zx 

-



3rounCl 'Najar wahlY Data 

Th-23J 
pCi!1 MW.1 MWt12 MWM3 '.'oWIU '.'oW.s \iW.ll MW.12 MW.13 C:JLJNARY MW.l. MW.15 ··:i 

31..Jul-ao 0 .• 0.3 0.3 0.4 0.5 !-•• : 

31-Aug-80 0.4 0.4 0.5 0.3 0.3 
~ 0.8 0.5 0.4 C.7 0.9 
31~-80 0.5 0.9 OA 0.9 1.1 
3O-Nov-80 0.8 0.6 0.5 0.6 0.9 
31-Dec-80 0.5 0.4 0.8 0.9 0.6 
31..Jan..al 0.5 1.3 1.3 0.5 0.6 
2~Feb-al 0.5 0.8 0.6 0.7 O.S 
31-Mat-al 0.8 0.4 0.8 0.8 0.5 
30-A0r-al 0.5 0.6 0.6 0.5 0.9 

3O-May..al 1.1 0.7 0.5 1.2 O.B 
" 3O..Jun..81 1.7 1.1 0.8 1.3 0.7 

31-A~1 0.7 1.2 1.1 14 0.9 
31.Jan-82 1. I 0 0 I 2.9 
30-A0r-82 0.8 0.9 1.5 0.8 1.7 
31-Aug-82 02 0 0 0 0 
:JO..Jun..a3 0 0 .• 0.5 0.1 02 0 0.1 0.1 0 
3Q.Jun...84 2 4 I 0 0.1 2 0 5 2 
3Q.Ju0-8.5 1.2 0.5 O.S 0.9 0.1 1.2 0.6 O.S 0.3 
31·Dec-as 0.1 0 0.7 0.1 0.1 0.1 O.S 0.1 0.05 
21-Mat~ 0.1 0 0.7 0.1 0.1 0.1 O.S 0.1 0.05 
1~ 0.1 0 0.7 0.1 0.1 0.1 0.5 O. I 0.05 

' .. 04-Se0-86 0.4 0.7 0.9 2.4 1.8 1.2 0 0.5 0.5 
lQ.Dec~ 0 0 0 0.5 0.1 0 0 0 0 
2Q.Fei>-87 02 1.5 0 0 0.9 0 0 0 0.1 
~-a7 0.1 0.1 0.2 O.S 0.3 1.9 5.4 4.3 1.2 

2Q.Nov-87 0 0 0 0.1 0 0.1 0 0.1 0 
27.Jan-88 0.1 0.1 0.3 
23-Auq-8.8 0.9 0 0.7 0 0.4 0 0 0 0.4 
O:>Nov-aa 0.7 02 0.3 0 .• 0 0 0.5 O.S 02 
~-89 0 0 0 0.1 0 02 02 0.2 0 
01~9 0 0 0 0 0.1 0 0 .• 0 
2Q.Nov-a9 0 0 10 0.1 0 0 0 32 0 C 
08-Mal'-90 0.1 0 0.1 0 0 0 0 0 0 
13-Nov.9Q 02 0.1 0 0.1 0 02 02 0 0 C. 
27-Feb-9l 0 0 0.1 0 0 0 0 0.1 0 C. 
2"-Seo-91 0 0 0 0 0 0 0.1 0 0 0 ... 
17-Mat-92 0 0 0 0 0 0 0 0 0 
O:>Sep.92 0 0 0 0 0 0 0 0 0 0.:. 

-



,'OJ 

':.; 

, ,. 

i='.>210 
p(A/l 
Jl.Jul~ 

Jl.Aug~ 

JC.Seo..8O 
31-O:::~ 

JO.Nov~ 

Jl·Dec~ 
31.Jan-81 
28-Fe0-81 
31-Mar-81 
JO-Aor-81 

JO.May-81 
3O.Jun-81 
31·AU9-81 
31.Jan-82 
JO-Aor-82 
31·Aug-82 
JO...kn.a3 
3O-Jun...8.4 
3O-Jun-85 
31'0ee-8S 
21-Mar-BO 
19-Jun-86 

04-Sec-86 
100Dec-86 
2O-Fe0-87 
29-Acr-87 
2O-Nov-87 
27~ 

2J.Aug-a8 
~Nov.aa 

~-89 

01-Sec>-89 
2O-Nov-89 
~.y-90 

lJ.Nov·90 
27·Feb-91 
2~1 

17-Mar·92 
0J.Sep.92 

MW.l MWr.! ' .... 'MM:3 
3 3 3 
3 3 5 
3 3 2 
:3 3 J 
:3 2 4 

. 5 3 :3 
3 3 " " 5 4 

" 5 
4 5 5 
4 3 5 
3 5 6 
2 3 6 
0 5 0 

1.3 12 1.8 
0 0.5 1.03 
0 0 0.5 

12 9 7 
2.7 8.3 1.2 

0 0.4 
0 0.4 
0 1 0.4 

0.3 0 0 
22 3 0 
22 2.3 1.8 
3.1 02 0.5 
0.7 0.0 0.0 
0.0 0.0 0.0 
0.0 0.4 0.0 
0.0 0.0 0.0 
02 0.8 0.1 
0.0 0.1 0.0 
0.4 1.::1 1.3 
0.4 0.0 1.0 
0.7 1.::1 0.4 
0.0 0.4 0.1 
0.5 0.7 1.1 
1.4 2.6 1.3 
0.0 0.0 0.0 

3(ouno Water QualItY Daxa 

','/10,4" ','lM1tS ·,'.IM.lt 'NM.12 WMJt13 CULINARY WMJt14 'NMM15 
J 5 
2 3 
J 5 
2 3 
5 4 

" 2 
2 " 3 5 
3 5 
3 5 . 

3 4 
3 5 
5 3 
0 8 

0.9 1.1 
0.9 0 

0 0 0 0 0 0 
1 3 8 1.2 8.8 
0 0.3 0.8 0 02 1.6 

02 0.3 0.9 0.1 0.2 0.2 
02 0.3 0.9 0.1 0.2 0.2 
0.2 0.3 0.9 0.1 0.2 0.2 

0 3.6 0.1 0.3 0 0 
0 0 0.8 0 0 0 

1.5 2.7 1.5 2..1 1.1 1.3 
6.6 2.4 4 0 1.8 0.9 
1.7 0.6 6.7 2.::1 1.2 0.9 

0.0 0.0 0.4 0.0 0.0 0.0 
0.0 0.0 0.4 0.0 0.0 0.0 
0.8 0.1 0.7 0.3 0.8 0.9 
0.5 0.0 0.1 0.0 0.3 
0.1 1.0 0.1 02 1.2 1.0 0.0 
0.4 1.1 0.7 0.8 0.0 0.7 1.3 
0.9 0.0 1.1 0.3 0.0 0.6 0.1 
2.6 0.9 0.6 0.::1 0.8 0.6 0.7 
0.0 0.0 0.1 1.8 1.8 1.7 0.0 
1.5 1.8 1.5 . 22 2.0 2.3 2.2 
0.0 1.1 0.4 0.0 0.6 0.6 0.0 

---



~'O\Jno ..... alef CNaJitv Da:a 

u·Nat uCilml 
MW.l MWII'2 MWAC '.iWIU '.lW-S I,IW.ll MW.12 MW.13 C:...:t"lNARY MW.l" MW.1S 

30-Se0-81 2.7E-09 :!2E~ 2.4E-Oa . 5::~ ~ 41:-00 5.8:·10 
31-Dec-81 6.5E-l0 3.0E-09 ~ 4E-Oa :.:JE-09 3.:JE{)9 5.s.:-10 
:l1-Mar-8.2 6.5E-l0 2.0E-09 2.7:{)9 ~ ;E·l0 5.8E-l0 6.s.:- I 0 
~Un-82 ~ 4E-09 -!7e-.Q9 2.4E-CS • 3::-09 2.iE{)9 7.0E-l0 
3O-Sec>-82 5.8E-l0 2.7E-09 8.;E{)9 5.8E-l0 6.7E-l0 4.SC{)9 
31-Dec-8.2 5.8E-l0 6.6E-l0 2.5E~ 5.7E-l0 5.7E-l0 5.6C-l0 
ll-Mar-8J :-.4E-09 2.0E~ ~ .0E-08 :.5:-09 8.0E·l0 HE-l0 50E-09 41E-09 
~n-83 5.7E-l0 3.4E-09 2.0E~ <i.BE-l0 6.7E·l0 a.8E-l0 2.0E-09 4 0E-09 
3O-Seo-8J 2.3E-09 2.3E-09 14E-08 2.3E-09 5.6E{)9 8.5E{)9 1.1E~ 6.8E-09 
31-Dec-8J 2.3E-<)Q 6.0E-09 2.8E-<JS 5.7E·l0 6.8E-l0 0.;E-l0 1.0E~ 1.4E~ 

l1-Mat-84 2.71E-<)Q 1.~E-09 1.4I1E-08 • J.5E-09 1.J.5E.{)Q 1.45E-<)Q 2.91E-08 S.24E-<>Q 3.25:-08 
3Q...Jur.-84 2.71 E-<)Q 2.71 E-<>Q 1.2SE-<JS 2.71E-09 2.71 E-OO 2.71E-09 1.B.3E-08 1.B3E-08 2.71E{)9 
JO..Seo..84 8.12E-l0 4.C16E-l0 1.Z2E-09 406E-l0 4.06E-l0 4.06E-l0 406E-l0 4.06E-l0 4.06E-l0 
31·0ec--84 4.0SE·l0 O.ooE+oo 1.4~-<>Q 8.12E·l0 O.ooE+OO 1.7SE-<>Q 1.62E-09 1.4Qt-09 1.J.5E.{)Q 
Jl-Mar-a.5 1.76E-09 1.90E-<>Q 1.56E-09 4.20E-<>Q 6.OQE·10 2.71E·l0 4.74E·l0 2.3OE-09 2.03E·l0 
~ 7.~10 6.20E-09 1.08E-09 9.ooE·l0 6.03E·l0 2.98E·l0 6.80E-09 2.5OE-<>Q 1.5OE{)9 

~ 1.:l5E-<>Q 1.6Qt-08 3.05E-08 1:lSE-<>Q 3~.OQ 8.80E-<>Q 3.3Qt-<>Q 2.03E-<>9 1.66E.OQ 

31·o.c-as 1.70E-<>Q 9.40E-09 2.06E-<)8 1.60E-OO 5.OOE·10 5.00E·l0 S.SOE-09 1.:l5E-<)8 2.15E{)9 
31-Mar-a6 1.9OE-<JQ B.8OE-09 1.90E-<l6 2..20E-<JQ 1.1QE.OQ 1.70E-OO 9.SOE-<>Q 1.48E-08 
~ 1.9OE-09 6.4OE-OO 1.5OE-<)8 1.80E-09 S.OOE{)9 1.5OE-09 9.60E-OO 1.10E-08 l.ooE{)9 

C4--Seo-a6 2.3OE-09 5.8OE-<>9 1.67E-<)8 100E-OO i.OOE·l0 4.ooE·l0 9.00E-OO 1.17E-<)8 2.ooE-09 
10-0ec-a6 2.90E-09 8.2OE-09 1.2'E~ '.90E·l0 1.60E{)9 1.90E·l0 1.29E-08 1.17E-08 2.2OE{)9 
2Q.Feb-87 1.90E·l0 3.5OE-OO I 10E-08 ~ 9OE·l0 1.90E·l0 1.90E·l0 9.10E-OO 7.00E-09 1.90E·l0 
29-AQr-a7 1.5OE-<>Q 3.10E-09 1.25E-08 1.30E-OO 9.ooE·l0 3.ooE·l0 1.05E-08 9.5OE-09 700E·l0 
19-Aug-a7 2.40E-<JQ 6.20E-09 2.3OE-08 ~ 5OE-09 2.10E.{)Q '.OOE·l0 ;.ooE-09 1.2OE-08 5.00E·l0 
2Q.NoY-a7 1.30E-09 4.10E-OO 1.60E-08 900E·l0 3.00E·l0 5.00E·l0 9.401:-<>9 1.2OE-08 3.00E·l0 
2&-Jan.88 1.80E-09 4.10E-OO 2.ooE-08 160E-09 1.00E{)9 1.90E·l0 8.90E-09 1.2OE-08 3.00E·l0 
01.Jun--88 7.00E·l0 4.70E-09 1.84E-08 1.40E-09 9.00E·l0 5.ooE·l0 1.23E-08 1.43E-08 8.ooE·l0 
23-Aug-aa 7..20E-<>9 1.10E-<>9 1.5OE-09 :.4OE·l0 1.2OE·l0 5.ooE·l1 l.ooE-09 1.2OE-<>9 2.2OE·l0 
Q3..N0v--88 1.22S-<JQ 4.~E-09 148E-G7 3.60E·12 I.CSE.OQ 2.71E·l0 1.2OE-07 1.23E-07 1.62E.OQ 
~-a!l 1.C2E-09 6.OOE-OO 2.20E-08 140E-09 1.5OE.OQ 9.ooE·l0 1.00E-08 O.ooE+oo 1.9OE.OQ 
21.Jun.8!1 2.00E.OQ 6.8OE-<>9 2.3OE-08 1.2OE-<>9 6.ooE·l0 8.ooE·l0 1.10E-<)8 O.ooE .. oo 6.ooE·l0 
01-Sep-8!1 9.00E·l0 8.8OE-09 2.20E-08 2.60E-<>9 1.10E.OQ 1.60E-OO 1.10E-08 O.ooE+OO 9.ooE·l0 
20-N0v-a!l 2.00E·l0 9.5OE-09 1.90E--08 9.00E·l0 4.00E·l0 5.00E·l0 5.60E-09 O.ooE+oo 2.7E-D8 4.4E-08 
1~~ 2.40E-OO 7.4OE-OO 1.4OE-08 1.60E-09 7.00E·l0 7.00E·l0 8.801:-00 3.00E·l0 3.2f:-D8 3.0E.Q6 

Q8.May-90 7.ooE·l0 8.00E-09 2.3OE--08 1.60E-09 7.00E·l0 8.ooE·l0 1.00E-08 3.00E·l0 3.3E-D8 3.0E.Qe 
1S-Auq-Qa 4.67E·l0 5.87E-09 1.67E--08 " .Z7E-<>9 6.00E·l0 4.SiC·l0 1.07E-08 4.00E·l0 l.3E-D8 2.SE.Qe 
13-NoY·9Q 5.00E·l0 7.2OE-09 1.60E-08 1.2OE-OO 3.00E·l0 5.00E·l0 1.00E-08 5.ooE·l0 l.3E-D8 2.4E-08 
27·Feb-Ql 2..20E·l0 3.50=-<>9 8.ooE-09 1.30E-09 2.70E·l0 2.00E·l0 8.80E-09 2.00E·l0 2.-4C-D8 2.0E-De 
21-May-91 9.10E·l0 4.3OE-09 13OE-08 :-.70E·l0 1. 10E-OO :2.30E·l0 l.ooE-08 8.60E·l0 2.2S-D8 1.8E-<lo'_ 
24-Seo-gl 82OE·l0 1.60E-09 2.2OE--08 9 OOE·l0 8.00E·l0 ;.40E·l0 1.10E-08 9.90E·10 J.1E-D8 3.3E-08 
03-Oec·gl 4.30E·l0 9.5OE-09 8.10E-<l9 ;'.40E·l0 5.3OE·l0 2.40E·l0 6.8OE-09 2.401:·10 3.0E.Q8 2.3E-08 
17-Mar·1I2 4.54E·l0 7.071:-09 4.53E-<l9 1 C2E-D9 1.60E-OO 2.70E-09 1.01E-08 1.46E-OO 3.03E-D8 2.37E-08 
II--.1un-92 2.76E-09 4.66E-09 9.13E-OO 2.00E·l0 2.ooE-10 2.ooE·10 5.SJE-09 2.00E·l0 2.6E-oa... 1.9E-D8 
03-Se0-92 2.03E-09 1.15E-08 1.9E-08 406E-D9 4.06E-<l9 3.39E-OO 1.29E-08 2.03E-OO 4.27E-D8 2.7BE-08 
19-Nov-92 5.42E·10 1.02E-08 1.12E--08 1.42E~7 6.iIE·l0 3.1BE-09 1.39E-08 1.B3E{)9 4.3E-D8 2.7E-08 

_. 



3rouna Water Quamv Data 

Alkalin'y 
'm9fl1 MW.l MWt12 ',VMlt:] ,'1M" 'NMA'S ',VM.ll 'NM.12 WM.V14 'NM.r15 Culiraty 

Dale 
01-Nov-89 326 316 34S 428 374 0 
2O-Nov-89 260 277 347 3ZZ 301 342 379 353 240 
1>Dec-89 314 J04 324 392 3S.5 
2ohJan-QQ JOO 300 319 382 353 
27-Feb-91 271 349 20. 334 303 301 296 361 35S 201 
1S-Nov-92 258 345 352 J50 ::l22 329 J3.4 406 157 1~ 

---



3rouna Water Oualitv DaIa 

Ammonlll 
:m9l1) MW., MWII2 'NM.:1 NMU 'NM.s 'NM.'1 'NM.12 WWll" "NM.tlS Culirary 

Dale 
01·Nov-89 0.7 0.6 0.2 0.1 0.1 
2O-Nov-89 0.5 0.009 0.009 0.7 0.7 0.6 0.1 0.009 0.2 0.2 
1S.Cec-89 0.7 0.6 0.1 0.1 0.1 
24-Jan.90 0.5 0.5 0.09 0.09 0.09 

---



;:;(ouna WaJ.er waJllY Dala 
~ ':".~.J 

.. 

! Cadmium 
I 

:mgil) MW.l MWt12 WM.:3 'NIJoIU 'NM.S ·,VJ,4.11 IM.A.12 W~14 W~1S Culinary 
Dale 
01-Nov-89 0.()}49 :l.0049 0.0049 0.0049 0.0049 
~Nov-89 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049 0.0049 
1S-Dec-89 0.0049 0.007 0.006 0.0049 0.0049 
2<hlan-90 0.0049 0.007 0.007 0.0049 0.0049 
2~1 0.001 0.0009 O.COQg 0.0009 0.0009 0.00Qg 0.0009 O.QOC)g 0.0009 O.QOC)g 
17-Mat-92 0.0009 0.0009 O.cXlO9 O.OOQg 0.0009 0.001 0.001 O.QOC)g 0.0009 O.coog 
14-$ep-92 0.0009 0.0009 0.0009 0.0009 0.CXXl9 0.00Qg 0.0009 O.QOC)g 0.0009 O.coog 

·,"A 
,-, ~ 

i·-'-" 



:;round Wafer Oualify Data 

Cyanide 
.mgil) MW.l MW/t2 'NM*3 .... MIU ,VMItS W'M#11 WM#12 WM.tl14 'NM.tI15 c;ulinary 

Dale 
01-NoY-89 0.009 0.009 0.009 0.009 0.009 
2C-NoY-89 0.009 0.009 0.009 0009 0.009 0.009 0.009 0.009 0.009 0.009 
15-Dec-89 0.009 0,009 0.009 0.009 0.009 
24-Jan..90 0.009 0.009 0.009 0.009 0.009 

-



3rouno Waler C\.ialilY Data 

Ctvomll.m 
:m9fl) MW.1 MW~ 'NMA!3 ,VMIU ',VMItS ','1M.,' ·,'IM.'2 W~14 • .... W1S Culinary 

Dale 
01-Nov~9 0.009 0.009 0.009 0.009 0.009 
2O-Nov~9 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 O.cog 
15-Dec~9 0.009 0.009 0.009 0.009 0.009 
24-Jan-90 0.009 0.009 0.009 0.009 0.009 

-



::;rouna Warer OuaJIIY Data 

Calcium 
(mg.rl) MW.l MWII2 ""IM*3 .,"IM#4 ·HMItS 'HM.l 1 'NM.12 WMM14 WMll5 Culinary 
Dare 
03-Seo-92 126 306 377 377 110 34.5 4.88 467 359 47 
14-Nav-92 152 334 437 424 132 198 504 474 431 49 

-



:;r:luna Water Ouality Oala 

5ety1lium 

~ "'911) MW., MWr.2 '/.Jl.4.:3 .... M-.4 ·,VM.S ',VMM11 WM.'2 WMM14 WMM1S Culinary 
:JaJ& 

24-Seo-91 O.CXlO9 0.0009 O.CXlO9 J COO9 :.0009 u.CXXl9 0.CXXl9 O.OClO9 0.00Qg 0.0Cl09 
17·Mar·92 O.CXlO9 0.0009 O.CXlO9 J.C009 J.OOO9 O.CXXl9 0.CXXl9 0.0009 C.CXXl9 O.OOOQ 
03-Seo-92 O.CXlO9 0.0009 O.CXlO9 :.0009 ').0009 O.CXXl9 O.CXXl9 0.0009 O.CXlO9 O.OOOQ 

-



3rouna Walei' WaJltv Daxa 

2·31Aan0n8 
:ug.'l) MW_1 MW~ 'NMII3 .'h,4U ,VM_S VYM_11 '.VM_12 WMM1. WMM15 Culinatv 
Dale 
Ql·Nov-89 99 99 99 99 99 
2O-Nov-89 99 99 99 99 99 99 99 99 99 
1S-Dec-89 9.9 9.9 9.9 9.9 9.9 
24-,Jan-90 9.9 9.9 9.9 9.9 9.9 

-



::;,ouna Waler Uualltv Data 

ChloroiOlTll 

~.:, :ug.1) MW.1 MWIt2 'MA.:3 ·.VM~ 'MA.s 'NM.11 WM.12 'NMM14 WMM15 Culinary 
Dale 
01-Nov-a9 4.9 4.9 4.9 4.9 4.9 
~Nov-a9 4.9 ~.9 .19 49 4.9 4.9 4.9 4.9 4.9 4.9 
1S-Dec-a9 4.9 4.9 4.9 49 4.9 
24-Jan...QO 4.9 4.9 4.9 4.9 4.9 

.'! ," 



3rouna Warer OuaJllV Dala 

::! Carbon 
DOsulfide 

lugA) MW.1 MWIr2 WMtKJ 'NMU 'NM.S 'NM.ll 'NM.12 'NM.1t14 'NM.tlS C ... lWIry 
Dale 
01·Nov-89 49 49 49 4,9 4.9 
2O-Nov-89 4.9 49 49 4.9 4.9 4.9 49 4.9 4.9 4.9 
1S-0ec-a9 4.9 4.9 4.9 4.9 4.9 
24-Jasr.90 4.9 4.9 4.9 4.9 4,9 



~(ouna Water Qualltv Oa:a 

AcelOf'Ie 

a'- :ugll) MW.1 MWII2 ',''''''lf3 ,'1M" ,VM.:i ·,VM.11 VVM.12 WM.f14 WM.f1S Culinary 
!)ale 

01-Nov-<l9 99 99 99 99 99 
2'J-Nov-<l9 99 99 99 99 99 99 99 99 99 
1S-Dec-<l9 9.9 9.9 9.9 9.9 9.9 
24-Jan-90 9.9 9.9 9.9 9.9 9.9 

-



3rouna Walet OuaJllV D<na 

M9Ihy!ene 
Chlotioe 

(u9l1) MW.l MWM2 'NM.:3 ,.,"M .... ',VM.S WM.l1 'M,4.12 'NMII,,, WMM1S Culinary 
Dale 
01-Nov-89 4.9 49 4.9 4.9 4.9 

2O-Nov-89 4.9 4.9 4.9 ~.9 4.9 4.9 4.9 4.9 4.9 130 
15-Dac-89 4.9 4.9 4.9 4.9 4.9 

2<hJan-90 4.9 4.9 4.9 4.9 4.9 

-



3rouna Waler QuaJllv Dala 

Gross Beta 
i" DiSSOlved 
~ . .pCVI) MW.1 MWt12 WMIt3 .'IMIU ,'1).4.5 .... 1M.11 WM.12 Wt.U14 · ..... """15 Culinary 

Dale 
01-Nov-89 12 21 30 013 55 
~Nov-89 11 31 5J ~5 18 ; 34 40 29 6.i 
15-0ec-89 19 16 44 37 51 
24-Jan...QO 13 10 29 37 41 
27-Feb-Q1 ;.1 21 31 ~3 6.3 S.3 26 25 18 
204-Se0-91 15 21 OJ 40 17 1S 25 3.3 42 5.6 
17-Mar~ 20 28 42 22 13 16 25 56 29 4.2 
~2 12 58 60 10 10 14 3S 67 39 4.2 

":~., 

-

;:.:: 



-



::;rouno Waler wauty Dala 

7"haJ~um 

;mgJI) MW.l MWII2 'NMIt3 .... ').Au 'NI.I.s ',V),4_" 'NM.12 WM.e'~ WMa15 Culirwy 
Dale 
01-Nov~9 0,009 0.009 :).009 0.009 0.009 
2().Nov~9 0.009 0.009 0.009 J.OO9 0.009 0.009 0,009 0,009 0.009 O.()()g 
~ s-Oec-ag 0.009 0.009 0.009 0.009 0,009 
24-Jan-QO 0.009 0.009 0,009 0.009 0.009 

-



, . , 
::) 

Vanaaium 
:mgA) 

Dale 
01-Nov-89 
2O-Nov-89 
lS-Dee-89 
24-.Jan-QO 

MW., MW~ .,'I!.A,t3 

0.009 0.009 O.DOg 

3rouna Water wamv Dala 

','1M" ','J),4-S .,"IM.,' 'tJ),I.'2 WM.1t14 'NMM15 ::ulinary 

0.009 0.009 0.009 0.009 O.DOg 

0.009 0.009 0.009 0.009 0.009 0.03 0.04 
0.009 0.009 0.009 0.009 0.01 
0.009 O.()()g O.oog O.()()g O.DOg 

-



:;rouno Water CuaJnv Data 

NieMI 
:mgA) MW.l MWt12 'NMI3 ','I'M" ·NM.s ·NM.ll WM.12 'NMjr14 NMjr15 :uIinary 

Dale 
01-Nov-a9 0.009 0.009 0.03 0.03 0.02 
2O-Nov-ag 0.009 0.009 0.05 0.02 J.OO9 0.009 0.02 0.02 0.02 0.009 
1>Dee-ag 0.009 0.009 0.02 0.03 0.02 
24.Jan..QO 0.009 0.009 0.009 0.01 O.cog 
27-Ftlb-91 0.02 0.06 0.1 0.07 0.04 0.05 0.06 0.05 0.07 0.01 
24-Sep.gl 0.0Qg 0.01 0.02 0.009 O.cog 0.0Qg 0.0Qg O.OOQ O.cog 0.0Qg 
17-Mar-Q2 0.0Qg 0.01 0.01 0.009 0.009 0.0Qg 0.009 0.00; O.cog O.cog 
14-Sep.g2 0.iXX)g 0.C009 0.019 0.CXXl9 a.CC09 0.C009 O.iXX)g 0.0QC)g 0.0QC)g O.cX)OQ 



::lrouna Waler Lluairtv Da:a 

Moiybo60lnl 
:mgtl) MW., MW.,z WM"3 8M," "'VM.S 'NM.,1 ·M.4.'2 WM.t,,, ·M.lM15 ::ulinary 

Dale 
01-Nc:w-a9 0.009 0.009 0.02 0.02 0.04 
~Nc:w-a9 0.Q1 0.02 0.009 0.02 ;).009 0.009 0.02 0.02 0.009 O.c:og 
15-Dec-a9 0.009 O.QOg 0.02 0.02 0.03 
2<Wan-QO 0.009 O.QOg 0.009 0.009 0.01 
24-Sep.91 0.001 0.003 0.01 0.01" 0.0009 - 0.0009 0.006 0.025 0.001 
17-Mar-92 0.001 0.001 0.0009 0.0009 0.0009 O.~ 0.002 0.003 0.003 0.00' 
1~2 0.0009 0.0009 0.0009 0.0009 0.001 0.001 0.001 0.002 0.0009 0.001 

'_i 

.,'" 

-



:;round Water waJ,tv DaIa 

Mercury 
,mg/l) MW.l MWtrl. 'MA.3 tIMIt4 ','IM.S ',"'M.l1 'v'/M.12 WM.14 W~15 Culinary 

Dale 
01-Nov-89 0.00019 0.00019 0.00019 0.00019 0.00019 
2O-Nov-89 0.00019 0.00019 0.00019 .: 00019 0.00019 0.00019 0.00019 0.00019 O.oooH' 0.00019 
1S-Dec-89 0.00019 0.00019 000019 0.00019 0.00019 
24.Jan-90 0.00019 0.00019 0.00019 0.00019 0.00019 

---



3rouno Water Ouality Data 

Potassium 
(mgtl) MW.1 MWt12 WMlf3 .'1M #4 M.4.5 WM." WM.12 WM.14 W~'5 Culinary 
Dale 
03-Seo-92 6.77 11.4 23.9 10.17 7.7 5.3 '3.8 12 10.2 3.27 
14-Nov-92 6.65 1225 24.3 10.6 7.85 10.55 13.25 11.5 10.1 3.15 

--



3rouna Water Ouailtv Dala 

MagnesIUm 
(mgJI) MW.1 MWII'2 WM.:3 'NMIU 'M.\.S WM.11 'M.\.12 WW14 WW15 Culinary 
Dale 
03-Sep.92 60.5 105 252 192 42 12 231 161 160 23 
14-Nov-92 63 104 244 185 .l.3 73 224 157 172 21 

. ' 
-~:.: 
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~METCO MINE?ALS COR? 
ANALYTICAL LABORATORY 
WHITE MESA MILL 
P.O. BOX 669 
BLANDING, UTAH 84511 

REPORT OF ANALYSIS 

Laboratory Sampie ID: 15903 

Sa",pls Desc:ipt1on: #2. Standpipe 

Date Sample Received: February 4, 19S3 

Report Date; February 10. 1993 

Unft3 Of Measurement mg/I 

Parameter value Metnoo Numoer 

Ca 93.0 EPA 215.1 
K 2.S5 EPA 258.1 

M; 5.25 EFA 242.1 
Na 26.0 EPA 273.1 
Se <0.002 E?A 210.2 
CI ~1S E?A325.3 

504 99 E?A315.3 
Alkinity as Caeoa ~3S EPA 310.1 

pH 7.1 

Approved by: ~~ U 

-

Reterencs Code(s): 
1) Filtered.45u pH<2 HN03 
2) Unftttered Raw 
3) Analyst - T. Slade 

AnalYSIS Date Reteren~ coosts 
10-Feb-93 2.3· 
10-Feb-93 2,3 
10-Feb-S3 2,3 
10-Feb--S3 2,3 
10-Feb-93 2.3 
09-Feb-93 2.3 
09-Feb-B3 2.3 
OS-Feb-93 2.3 
OS-Feb-S3 2.3 



';.,-' 

5580.00 .... --_._._---. ----------- ... 

5560.00 -.- .•. ----.---.--------- .. - -... 

.t:! 
c 
o 
·iii 

5540.00 

~ 5520.0l 
. Y ro 
~ 

~~®D O· 

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

': :' ~: .:: 

UMETCO MINERALS CORPORATION 
While Mesa Mill 

... li: 

... . . ._, •.• --U-•• •••••• • ....... ' •••••• II •••••• 

of)O.OOvOOo.,oo() o v\.) ...;.00 0000-000000 000,) 

~ I Qn eiDuIlVI-------- C~_::=-_:::_.:.:::::_ ... , __ . --wI IPll1l'llfll)nl! fll n II! II I I II II 1-_!U.JrII 1 C!'I,. 1.11 I II ] I II J I II I 
5500.00 - -6~---T'J.------·~--·--·-·----·-·- .. -.-. :&:6.. __ ._[ _.".11:_06 .......... :6. ..... ......... ?-.A.;- .•• -.......... • ... -.......... ... 

548000 -1--·---·----··-----·-·-·-··--·---· 

#---
\~. ~---------.------.---- ... /+ +- .•. -~.~ .• +. + •• + + +---+ + + + +. +'+ +.+ + •. +. + + •• 

_._-. 
5460.00 -/ 1---·-··-------1··---- --- ---1---.-.---1-----1----.-.--1 -... ----.--. --.. -.. --

OS/25n9 10/06/60 02118162 07/03/63 11/14/84 03/29/86 08/11/67 12/23/86 05/07/90 09119191 01/31/93 

[

- -_. __ .--_._----- ------ .. -.. ----------.- .. - ------- ----- -- -------- --OJ 
-- .--- MWI 11---· MW2 -_. + - -- MW3 -- - 0 -.-. MW4 -- ... - MW5 

-- --- - ._------------_._-_._-----_._--_ .• _- .. -.. --_._._--_._------ ----



;:: 
c 

5508.00 

5506.00 

5504.00 

5502.00 

.~ 5500.00 
> 

~ 549SJ 
e 
.c 
0.. 

5496.00 

5494.00 

',-',-,-."' 

-.----- '. '.'--------_._ .. - ---'-'" _.' 

• 

; .. ' 

UMETCO MINERALS CORPORATION 
WtllTE MESA Mill 

----. /- . /.. .... _. - . . / ... - • I ---,,- .- -. ~~ ~ • 

:::"', 

. ,., ".... . .. •• ••••• • •• 

LL .1\ -'---'---'-"--~~':'ltJ'I~J[]ill\Z{ . 111-1r"II\JIIUL>u"OC/I-IIU Illyllll 

----- .. _-

5492.00 -1------. ---_ .. _--_ ... --. 

5490.00 -

10/06/80 

--t----I---.. --/ i-----/ ___ ~_~-~w7'~~:~<> _ ... 
02/18/82 07/03/83 11114/84 03/29/86 08/11/87 12/23/88 05/07/90 09/19/91 OWI/93 

[-----.. -.. -... --- .. ---- ... -... ------ ........ --.--.-- ..... -... ------ I 
--.-- MW11--[]--'-- MW12 - ... -.- ----. MW14 .. -0---- MW15 

-- - .. _--_. __ ._--_.. ----



'~«. '.-: 

200 

, ~ .. 

UMETCO MINERALS CORPORATION 
While Mesa Mill 

180 -.---.. -----------.-.-.-

160 --_._-- ------- _._.. .. . ..... _----_ ........ _ .. _- .. _----_ ... _-,---_."._. 

140 

----------_._-.. -.. '" 

" 120 
g' 

~ 100 '1 0 
-------•• - - ••• 

.Q 

.c 
o 80 

.-'" + 
! I ~ /........ ~[............ .-+. + +'" l' •. ;.,.. +.-+-- +..... •. ~ _. ___ .. _. ___ " ,L..... / 

60 -I-----.... M '---. . ..... , ....... _*'-&" ' ... 
~ 4 ,j...... 1 "" ...... -. ;::; 

/'\ 0 ~o. .. ~~- .. ~2--:Q--n"-{(\f 40 

/+ ••. +.+ + + + + ....• ~+ + + .... +. + + .I 

_li~:;~~-~ ~~=~~;;~i~t ~-.~~-:~~ : ~ 
0··· <:f 11+ 

20 +.-~J~ ~~-urr--J~\. ~ :ii -;;;X---.. ---•. p .. r 
+ '-o~~ •. .-.- tJ O· 0 r 

rt. . 0--0-[ 0 .. 
o ./- -II 1·· .. ·------··1-·-·-·---1-

•• ~ •.•• _ •••.•.•••.•• • BllB . .-.· B 
i'000 00 000 U DuO [10 [J c)-- n url rl~ 
- ····----1-_...::...---- ····-·I·------/-- -- .. -- -. I . - ..... 

05/25/79 10/06/80 02118182 07/03/83 11/14/84 03/29/86 06111187 12/23/66 05/0llg0 09119/91 

(--==;,=-~~, . - lJ~.--.~·~~;-=-~~~-.~-~·;;;---~---~~.-.::.-M~4 ~~~~~.:.-.-~W:_l 
01/31/£13 



· ... ", '. ~ ~,-c~~,; .. ..:-.-.' ... -

180 

160 -.-- ---- .- .-.-.---.--------.. -.-.. 

140 -.----. -.---------.-.-.- ... 

120 -.------ .----... --.. ---.. ------. -.---

" ~ 100 +
UJ o a: 
9 80 
I -.----.---J\.---. ---O. t: ) 

r( ~HJU~~ () 

60 ~I- . ·--it-----. __ ._ .. _~ .... +". 

I ~. _. . 
-.-._.+ - --._- -.-.-...... 7 40 -1--- • __ ._. 
1~. ____ __ 

20 -1-_____ ._ 

<»----o _I '( v ~v 1 - (,) 

UMETCO MINERALS CORPORATION 
Wile Mesa Mill 

;: : ' ~; .' .:~.::.~ .. .:. 

---_ ... --- -------- ---'--' - . 

[I 

. ~~!JU~~U .uu.:::i~~~~·~~'-·I I 
i--··. + -.-.-- •.•. -..... + ....... . 

'H1U', HI./ \ 1'1 J--'-- ---'-- . I ,J '-I I 
--- "1 1 .1 

6, 
"6.--0-6.-6 _ 

-.... - ----' ------. - ------------6.../:1"-6:6.- ~., 

"-. rT". -• • _ ............• --•• -...• -.-•..• ---•• _ •• _ .•. ~ 
~'":' .. ~.: "" -- ~~::--! . ""''-- ............ ... 

'",,' 

__ ~~J__.._:I.L.=\>__o-,V>-----<:.>-'-~o~r <> <> O'O"·O--T°-"'O .. ·o-=o..:.:.._?O'-O. 0----·--

02/18/82 07/03/63 11/14/64 03/29/86 08/11/87 12/23/88 05/07/90 09119191 01/31/~J 

1---=-=~~-=~-~~~--~~=·~-~~12 --~.==~;~-~~~;- -~~--~~~~:1~_-~.~~--~-==_~_~~·4 __ =~~~-.~~-~'. ~~~~ 



7000 

6000 

<::: 5000 
g' 
en 
0 g 4000 

0 
w 
> 
...J 

@ 3000 
B 
...J 

~ 
~ 2000 

1000 

UMETCO MINERALS CORPORATION 
WI-liTE MESA Mill 

-

._--_ .. __ ... _.- _. 

-l ... ------.. ---

A /\. /+" + .. .. /+-" .... -.., • .I........ +.-, /+ .~.~ _ '~. \ 
• -0 ... ,. _ ._.. • _. _ _ _. ____ * __ . .. 

~ rv:!:=\-(.+ ~~:2~.+~:;·_ 
8-... /' -.. . 

.. •...• ..t·-t, \ t. +, .-... / .··..t' +./ .• •... \ """.--. . .... 
~=~~~:~~~~. ~. ~~~:~ .•• :~:~ •. ~.~ •.. ~~ ~~ 

o-<9~O-'O -
:!-j)'" ~. -- .. --~. 4 0. Q <) '--0 _.v:Q '''- 'OO""'-OOO·h--O-O -00- 0 '0<:;( 00 

. ........ - ... -.... ... - • ... -- ....... -- "'-"'-"'-"'-"" ... -4" 4--4 ... '-' .... ---\ 
--'-"-'- ----_._--_ .. __ .. - - _. ----_._-_._. -'-'-- .--." - -' --... 

o -I 1---,,-,-,---1 1----1--------1-----1 ---·---1-------.. -·-··· 
OS/25/79 10/06/80 02118/82 07/03/83 11114184 03/29/86 08/11/87 12/23/68 05/07/90 09/19/91 01/31/93 

r-. .-~=~;~-- _~:_ .. _.~.--.-~~3·~~=:~~ ~_~. ~~~~~~~~.-~ __ : ___ :~~~--<~ ~-~~~~~~~-I 

. ....:-:-. 



UMETCO MINERALS CORPORATION 
WHITE MESA MIll 

.r. 

7000 .---------------.---.--.-.~.-----. 

6000 -.--.---------------.-.--.--.. 

~ 5000 

u) 
o 
:J 
~ 4000 
o 
UJ 
> 
oJ o 
~ 3000 

o 

. ... ..... ..... • J 

- '. 1;l
8

u 

-d

1 

-) ..... 0-0 __ [/ - \. ___ . . ..... _ .• _ .. __ ...... . -.-_._- .... - .. -. ..... . 
\.--_._-1-.-.- f -\--_. -.-

oJ 

~ 
g 2000 -

• • --.-.----- .. -....... .• -. --... .-... .-.. -..... .... .. '.-. -..... - . 
1000 

A 

A 11.--,. __ -11. •. -.-......-A,It.-A --_.A_ A " ~.It. AI/." Y I/.--'I/.-I/.-It. - .11.. A A I/. 

+-----I------t-I--- I A ~ -/-------\ +_.-- -"'-'" o 
02110/82 07/03/83 11/14/84 03/29/06 08/11/87 12/23/86 05/07/90 09119191 01/311U] 

---.-MW11 __ =~~~~~ .. :_. ~~~~ .. _=_--.=~.~_M~~~_~~·_~_·~ ._ ... :'- M~.~~~.~~_~=-. Cl~ _ 1 1

---_ .... ·_·_------ . ------ ..... -.... --' .. -- .-.---.. ----.-- --.... 



,,?;:-:- ,.:::;,.',:.; ';' .. 

t:::: 

9000 

UMETCO MINERALS CORPORA liON 
WHITE MESA Mill 

8000 -I ---.-----.--.---.---.. ---

7000 - ······-·------·-11·---·-·---·-···· 

6000 

g' 5000 -1-1 -------. 
_. _____ • ___ 1 __ 41 • __ .0 ___________ ._. __ •• 

uj 

~ 
U. 
....J 4000 -
:J 

I'-~'-\ . -f.\ I 1 {')TI(I n I (~ . O - [] {'I I I I I· (-] JI .n ) 1 J II J . - - 1 l . . :. _ '-u -' -'. . (. . - 1./ . I l 
3000 -I c~D A=~-u_=----/[f~- ,;J--- '_-.-----\f------ r' \/h 
2000 -I-~~-,.~~. + =···.:a::::::-· 21-·- a'a • .r-a-aa::-.. aa-a::Ja,.a.a-a-'~:t '·:·A" a·· ......... .. .-.-.-.... "- . .. . -..- "-~A-o---o- 00 ,>, 0--- .. 6o. 00"-OAO 0-0-000000 
1000 -1-0-'- ------7"'~-----'~-- 00 Q:o-O .... <i>-v-o 

__ ~ .. _ ... -It.-... - ... -- •. - . .••. -.---.• -- ••. - ..... -..••• - •••. -.-"y •.. "."."-" .. ,, ..... -" " ... A 

o -I 1 I -/------1 I 1------1 1--·-----··-··1---··--··-· .-. --

Cf) 

05/25179 10/06/60 02116/62 07/03/63 11/14/64 03/29/86 08/11187 12/23/88 05/07/90 091H)/91 01/3 Wl3 

I--=;-=-;;:;;-=-'·~·~···~-- '~W3 ~-=-.• --- .. ~=-~;;~ --==~~n -'--.:.~.~ ~W5 ~-. . .... :-=-~-~~~~'I 



,_,' _', ,~'i . 

9000 

8000 -/-------------. 

7000 -

6000 -l----.--.----.----.---- --.-- ... - .. 

" 

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

< 

~ 5000 -

uj I 

~ 4000 1--------------··-.--' ..... 
:J 
(/) 

.._----_. ---_._--_. --'-"---'" 

3000 -.------

0--0--OC1--o-·--n .--/:1 
2000 -1 ___ ._ .. --. 

ILl (J-Ll L1-(")-~_-. ( . .l~~!J-'1l I \~ ~~_~ J~~.. fl .. ;:~~~~-.~ .. __ .. V _____ .__ -\V 

1000 

o -I '" - n-+n A-A '" .. . - M"=/.c..:.&=.6.=-A-·A-.a. ;. .... .. .. '" /- .... - .... 4-.-·n ... -·t· .... .:..:: ... -"-' ... ~.... ·t-... -~ .... ---·-· 
02118/82 07103/83 11/14/84 03/29/86 08/11/87 12/23/88 05/07/90 09/19/9 tOt 131/9:.1 

,
------------ .... ------- --- --... --- ---- ----.. ------.-- . . -- .. ------ .... --.. ---I 
--.--MW11 -·0--··- MW12 ---+-.-... MWI4 ---·-0- -- MWI5 ----- .... --- Cui 

.-.------.----. ---_. __ ._ .... 



· \ ~ . '.,: '.' 

~ 
0 
::J 

" .:,""-' -:.-.: . 

1.6E-07 

UMETCO MINERALS CORPORATION 
WHITE MESA MILL 

1.1 

1.4E·07 +-----. -------.------.----.-. '-'- -

1.2E·07 • __ ._. __________ . __ •• ______ ._ •. _ •••. I 1_ .. ··_ •• ____ . ___ ._ .•. _._ ..• _ ..•.. 

1.OE·07 - _._ .. ". __ . __ ...•..• ____________________ . __ •.• _ •.....• 1-··- ______ . ______ . __ .• _._ •... _ 

~ B.OE.' 
iii 

-f .... ---- ----.-.-----.. ---.. --.. -- .... 

z 
:J 

6.0E-OB -I ..... --- ........ -

4.0E-08 --I .. - - .... -.. -.---..•. -----.-.--------- ... -.- .. _ ... I - I .---.--.---.--.• _._.- - - ....... . 

r\ 
2.OE-08 '13: ~'~[JttA;-~-' ---t,--l-,:')]i\~:~i\I-"n I- UJ:l::si\j'~'-)){ - I I 

_ ,- _ J\_~'e- ~ __ . ·'fl.'-. ,. _.\ -.. . ., .. ) J J.h_/'I'" 
O.DEtOO ·1 I.." ~; - ~-W~ .. W lt~ ::~~e"'~~~-*'~I=~;i~~c~~~-I-!=~.l~ '-' 

10106/80 02/10/02 07/03/03 11/14/04 03/29/86 08111107 12/23/08 05/071£10 09119/[l1 01 1:11 tn:.J 

[-=.~-- M~;'H--~'~_{~ ~-'-_~~~-~~3 _ .. ~==~~~-. M~4 .~~.~~ .... ~~-~~~~~;-.~-~=~~=~=~.~~~. j 



2.00E-07 

1.80E-07 

1.60E-07 

lAOE-07 

E 1.20E-07 
::::. 
() 
:l 

~ 1.00Ef7 
1U z 
::) B.OOE-OB 

6.00E-OB 

4.00E-OB 

2.00E·08 

O.OOEtOO 

: ,,_::'c',": 

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

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

~~'. ," .; : 

UMETCO MINERALS CORPORATION 
WHITE MESA MILL 

.............. -.- ...... - .. --.-... --.. - .. -. LI .. 

'-1,1 

.. :~ '. 

-.---- 4 ---.--..... - - - ----'-- -"-"-'1- -\ ~~=~----

-.---~~~ ~-~;~;~~nrl~[~;~;;[;~=i--- (J:[-"I,~,::~,:,,-,~~~~-~ 
f ____ l,-=\~"'l~~.i. ~..z.,...:....,*-=.-.-__ ,,- *r.=.~.-. •• . • .--w,-,!,-~ILfII --... 

07/03/83 11/14/84 03/29/86 OB/11/87 12123/88 05/07/90 09/19/91 01/31193 

[ 
.. _._--_ ... _------_. __ . _ ........ -----.. - ..... - .... _------_..... -_._ .. _- --- -.-. 

--.-- MW11 -- .... (].---- MW12 --+-- MW14 -,--,0-- MW15 --',4-'" CuI 
. . . ---:--.-· .. - __ 0_.---_-------------- .. _. ______________ . __ . _ 



. ~ -~:- . 

0::::: 

~ 
<D 
C\I 

~-
a: 

" ""::~ :i'_>: . 

16 

1 4 -1---------

1 2 -1- -------- " ------. 

. ,~;~.;. 

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

_. __ . ---._----._--_._------_._--_ .. 

10 -1----- --_._-----.... _- ..... _--_ .. _---------.-._-._-_ .. _ .... 

8 ~ -'----------

6 -.----.-- -----

4 -1---

2 -/--.---' 

o -I 1\. -- -1-=-::""---

OS/2517910/06/0002/10/8207103/0311/14/04 03/29/06 00/11/0712/23/0005/0719009/19/91 OIl:JIIUJ 

r--=-~:- MW~----=;;~~2-_~:_.-~-~ ~3-=--~:~-~-~-~;4- -~:==~~=:_~~;---~:~-~ -- --SO~i~~~ -I 



<::: 

~ 
<D 

~ 
cU 
II: 

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

20 

18 -.---.- .. ---.--_.-

:-.' 

UMETCO MINERALS CORPORATION 
WHITE MESA MILL 

16 - ----_._ ... -_._ ...... _ .. _-_._--- ..... -.- ... _ .•. _---- ..... -

1 4 -.-- .- ... --.-.-. --- .. ---.. ---- . -'- . 

12 

10 ~' --.-- .... 

8 -,---.------. ---"'--'" 

6 ~I lOA.: 

4 -.----------.-

'~,:; " 

. __ .. _ .... 

2 -- _ .. ----. --------

-~~~~iC~-~':i~~'~~~"lIi-~-,-~I6l-.---- ... . 1---'-=---" o -I T 
02/18/82 07103/83 11/14/64 03/29/06 08/11/87 12/23/08 05/07/00 OD/)!)!9) 01l31!D3 

r
---------·--------------.. -.. --------.--------.-----.---------- ...... ----.-.. ---..... ---. "-'-' 
--... - MWll -[]-- MW12 --..... --. Cui --. '-0-- MW14 -.. ---... --.. - MW15 .... 

---.- . -----
~~~~~.~ '/ 

-:t·. 



~ 
:e 
:::> 
(5 
a 

1000 

900 

800 

lOO 

600 -

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

------------------------ ._---_ .. __ ._-

---~ 
~~ (V ,,~>/ •.. -.-
l~~\r~ ~'-- \/."./ 

•• .. 
• . ~\I . ___ ._. __ . -.. _ ....... . 

A 

r 1---- -
. '\'/1 J I' U----1. A,' ____ A, .. 

C/) 400 

.. 1- -( \-.- ----'---~L~ . -. J 1.--_1 1 . I 1 

... "-. ....l . 

~ 'Av··~ .... ~ ~ .) · 
OO·O':':-~o.;;~o .... 0 0

0
/' .. ' 

v u ". 

200 -I--)~ d./ ...... - ....... ----.:::.--;.-.=·; .-~ ..•. -:.~.~-. .-=:- .t--==.:=--. II····· • 
/ 

100 -1--.---- ---- ._.- ---.---._ .. ---.-- .. -.-

a -I 1----1 ---1----1-------1---1------1-·---··-
05/25179 10106/80 02/18/82 07103/83 11/14/84 03/29/86 08/11/87 12/23/88 05/07/90 09/19191 0\/3\/93 

I_=-~-=M;;-=~ ~; _~. =-_ -~-~~-~~~ .. ~~~~~ ~~-~~~=~~~._-:~~~~-M~5 --~. ··:~~--_~~~w ~ .. 'j 



;; 

~ 

~ 
, 

C 
I' 

i .. 0 • ;- ~I 

I / ,-
i ,.: 

; . I • , ? ·G ~I Cl ~ "-i \ \! ...... ".ij 

~ 
, Cl 

\ ,I ...... 
"'3 Cl 

~~ ~ C u 

% ' . ' ,~ I 

/J~ , , I 
I 

• i- .e i y / <If / ' : / Ii 0 
! /, I ~ , m 

'~ I ...... O-a ~ <If r-.. 
I 

I 
0 

/ 
...... 
U') 

U') 0 I 

~ 3: 
-----.. :E "'-" 

, 
Z 

'~,i , /. '- ~I 
C:l i a 

,~ 
C:l I , .... 

i 0 i= C"l , ' 

:1 C\I I < :~ 
.... 

i C\I 0: '-1 '- - , 
O...J 

I 
Q....J 

~ 0:-
0::1 

I 3: u< 

~. 
~ r-.. :E en(/) I C:l 

...Jw ::: , 
<:E T - i ...... 
O:w < ~l 

Q • 0 w .... 
I z-- """ I :E~ , ~ I .... a 

-~ C\I U 
<If (!) 

;:: .... -,' Q 

\ ...... w 
\- T m :E :E C\I 

::::l • <If cry 

/ '\ .. I 
0 

, , I CJ 

~ 
=, ~ r' 

j -; ~I !.{ T ...... I T 
~ 

I \ - I 

3: 

i 
...... I 

I " 0 .. :E 

I f 

P I I • • I !I i 
r4 I 

',::--1 

~ I~T 
I ,... 

0 

C\I 
Q ...... 
Q - N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 m co r-.. co U') ~ C") C\I 

vOw 'rinraos 



0.05 

0.045 

0.04 

0.035 

0.03 -.------.-------.-.... - .... -. 

" ~ 

'.-,'.' 

UMETCO MINERALS CORPORATION 
While Mesa Mill 

------

IS • 

': .. '.. 

.~ 0.025 r--------·--·---··---.. -···· .. · 
~ 

0.02 -•.... - .... - ... - .... - - .-.-.. ---.... ---" 1.1 

0.015 
u 

0.01 -.---.----0 ---.----... --. '-"" .-. ., .. /.4 

0.005 

a .1 .-,',,··',···w , ......... --

05/25f79 10/06/00 02/10/02 07/03/63 11114164 03/29/66 00/11/67 12/23/00 05107190 09/19/91 

f'~~~~--~ ~-~.;-.~~-.=~~~~ .... ~~-~~;~-~.~~~~~-.~~--~~;~~~~~~-;.':-.-~<~~~--~~~~~-=~-~~~~'j o 1/31/~n 



0.05 

0.045 

0.04 -

0.035 

0.03 
c:::: 

~ 

UMETCO MINERALS CORPORATION 
White Mesa Mill 

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

.!i 0.025 
t: 
CD 

~ 
0.02 .-------- - -- -

0.015 ._----_._._--_ ... 

.6. 

_ .... 
0.01 -'---" 

l~ ~ -:=: .(~-.- • 
Q 

n-I~ -----'-' --- . 
---,./ -'-"'~r)-':-' ~-:~-=-----..:::~:......----. .....:-.. ~ - ~ ~ _u ___ .. ___ ._._ 

).1 

o -j n '" . ~~. 
11114104 'i' '" • .- - ..• 1---

0.005 -1----·· .--.-------.----

03/29/86 08111187 12/23/88 05/07/90 09119191 OI/31/!J3 

,
--------_ ....... _ ...... _-_ .. _-_ .. _-- ..... -._ .. _------_._ ...... _-- .... _.-_-----_ .. -.. -........ --._--.. . 

--.-- MW11 ---I J-. . MW12 --+--. '--. MW14 --0 ... - MW15 --.6.-'.'" Cui I 
. __ .-_ .•.. _-_. -------._-_ .. __ ._----_ .... - ...... - .. -_._-------_ .. -- .. _---." --. -



. ':~; '. 

9 

8 -.----- -------_ ... --------_._--_._. 

7 

6 -.- -.- ... -... ---.- --

s 
'6. 5 -.-.----.--

o ..--
C\I 
.0 4 -I ----
a.. 

3 -•. ---.---. 

2 -.--------

0-1--

05/25179 10106/80 02110/82 07103/83 

.< 

UMETCO MINERALS CORPORATION 
WtllTE MESA MILL 

11/14/04 03/29/86 00/11/87 12/23/00 05/07/90 

I~-- -=. ~~ .. ~·M~~-~-~-_-_-~~~_._. ~ -~:~~;-~~.:=~~~~~~~_-~.~~~.~~.~ ___ ~.~.~--.- ... -0.~-~--- -_.- ~-~-.. -~W5 
09/19/91 01/31/!):1 



'" 

.::' :";.\~': ". 

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

9 -r--~-----

8 -j----------- Il 

7 -1--- I-/-

6 -.-~.---.- -----.-.----.. ---- .,.-----. 

.~ .);:J .. ' 

(3 5 -.------0. -----.~--

o .... 
N 

~ 4 

3 

I.J 
2 -

--A - ~,,-/ .\, --,-
.~...- ~' f- __ r., n , ;:4 
1.&1 - - --=:::::'U-0-1-----

02118182 07/03/83 11/14/84 03/29/06 08/11/87 12/23/08 05/07/90 09/19191 

[
--------------------- -------------- ----------- ------- -------- -------J 
--.-- MWJl -{]----- MW12 --+---- MW14 ----- 0 -- --- MW15 ---- 4--- Cui 

_ _ ___ ._._ •• _ •••• __ • __ ._. _________ • ____ •••• _____ 0 ____ •• • ____ • _____ ••• ____ • 

o 1/31/!.J:l 



':.;:::: 

I 
0.. 

9 

6.5 -.- .. ~ --- . ------------------.---.----- .. ---

8 -.--

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

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

.:\ 
\ ~)\\ 

J 

9 7.5 
ill 
u: 

7 

6.5 

.. , I' \ 

)1,\/'1. 1 

[ 

6 -/---1----+----
05 

I-----t /-----·---1-----/-- \ /' J 125/79 --- ----1----- - -- ... -
10106/80 02/16/62 07103/63 11114184 03/29/06 08/11/07 12/23/06 05/07/90 09/19/91 o 1/31/D:1 

r-~=;~- --~~2 _~-- ~~J~~~-_-_~~~~~-:_ .. ---.~-:=_~:.~~~-~~~_~~~~~~ .. ~_-~~ .~~~~~~~_-:=.~~.-~~~ 



9 

8.5 

'\. 

I 

UMETCO MINERALS CORPORATION 
WHITE MESA MILL 

.--. 

._----------_._----_ .. __ .. - .. - -.-.. 

,~ 7.5 ~I-
u: 

7 

6.5 -.-------

6 -t-----------t---- 1-------_··_·-

02/16/82 07/03/83 11/14/84 03/29/86 08/11/67 12/23/68 05/07/90 09/19/91 01/31/93 

f~·=== ~-~ -. ~~-1-1----·--· [~~~-_-_~~~~~.-~=._~~ ----_~~-;4 .. - ~~-~~-._-. ..... _ ~~~~-~~~~~~_~_ ~-:J~ ·~"I 



, .?.:. 

0.1 

0.09 -

0.08 

0.07 

~ 
0.06 

,"' ~/: . 

UMETCO MINERALS CORPORATION 
WHITE MESA MILL 

----------_. __ . . ....... _.- ...... _- .... __ ... __ .. __ ..... . 

----.----

E 0.05 :J l----·---··---·-·---------· -._-- .. -.. -. 
·2 
III 

JJ 0.04 

0.03 -. -----.. 

0.02 

//" 
.--.---~~. 

... , .. -_. 
o + _ ~~:C<:i-

~hhi'kl ___. _u 

0.01 

. ~ : . .: .. ,"/"' 

~ .. ~' .-

4 

. '.1. 
~:-~ II) - W .-- III .- IJJ 
- ·----1----··-05J25n9 ' .. '1-" ---------_ .. -. -M --

10/06/60 02/18/62 07103/63 11/14/64 03/29/66 00/11/67 12/23/68 05/07/90 mIl I DI9 I 

I--=-~~·~--:_--~~~~~_~~ J: _. ::~-~~;-_=~~~:-~~~~_~_-~W3~_~.~-_-:-~: .... _- ~~-~-~~-=_~- :-=~-~:~~~~ I 
0113 II!.)] 



. <':::.," 

0.06 

0.07 -.------.--------------------

0.06 +-- --------------_._-- -

0.05 -.- ---- ... - .. --... - ...... ----- .... ---- -- "-

~. 

UMETCO MINERALS CORPORATION 
WI·tlTE MESA MILL 

': ::~ ... \ ':it~:'~ 

~ 0.04 tl --------.---... --- .... -- .. -
'2 
CD 

~ 
0.03 -. ---.---.. --.. --------------- ... --- ...... 

0.02 -'-----------. ---- ------- .. ,.. 

-\ 0.01 -.-----.. -.-.. -------------- .. .-

0-1 I6! W' . _, .. ~II 
1 1114184 'l' '" liI-rj-/I-_.6. ---- ... .. ... (&! -ttl .--P- -- r ~W _______ .. _. 

03/29/66 06/11/67 12/23/66 05/01190 09/19/91 

t'-':"=;=-~-~~.;;-~~~~; .. ~--- MW12 ----;.:~--~~~~' '-~~-o---- -~-WI5 -~-~~~---~.-~-- ~~; 
- _____ • _____ ------_._--_._. _______ 0 •••• _ •••• ______ • ____ • _____ _ 

01/31/U3 



. ,,~.:i. ::-. 

s o 
Q. 

".-.. ';., 

10 

9 -.-.---.---- -.-.-.-.---.-.--.--.---- .. - .. 

8 -/.-.---.. --. ------....... . 

7 -.--...... .. 

6 -.---.. -----.---------.------ ... ---- -.-

o 5 -.-.------ .. -.--- .. --.... -----... -.-.-... - .... - ..... 
~ . 
.c 
I-

4 -.- .-.-----.----..... ----.. -----.. - ...... . 

3 -1:--·----· 

2 -1-------

0-1----
05/25/79 

;" 

UMETCO MINERALS CORPORATION 
WI·IITE MESA Mill 

-_._._ ..... _ .. _-----+----_._----.. 

OD/19/91 

w 
011:1 1/9:1 



... >.; .. 

10 

9 -.- ------.--. -.-------------.. ----- --- .. 

8 -t-I--

7 -.----- .... - .. -----... --- --'---'---'- .- .. - .. - .. 

6 ---------------.----.---- - --.- -

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

,17 . 

.-.:.--

s o 
a. ~ 5 _1__________ ______ _ _ _ _ _ [I 

~ 
4 -1-------

3 -.------.---------------.----- -- .. 

2 

0-1 ~.-
A '- .. ·1 , L_--;}.

] 

I-W---I. ·lyJ.~ ~-lt;--~~.:!{f;- --' -\fl--ilJ 

02118182 07103/83 11/141B4 03/29/86 OB/ll/B7 12/23/66 05/07/90 09/19/91 

f-----~--··--·-----~~1-1---.. --.~~.~.=_~.-~.~~ 2_-·-_--=:-~~-_-~~~_~_·W_l ~~-_~~_~~~~.~_- .. : .~~_~ 5~_-_---_-:= A _~= ~~~~- -./ 

---_._-

01/31/93 



CI) 

o 
.c 
E 
:J 

(I) 

6000 

5000 

4000 

g 3000 
I'd 
U 
:J 
U 
c: 
o 
() 

·",'1." 

:.-

UMETCO MINERALS CORPORATION 
WHITE MESA Mill 

--{.I'----------- . r·}cl, . 

L \ . 1\ 
i:HII)l, 

}l . .. j\' 
. II \~(L _ \, . ", :I 

u (Il·,n~ II· . 1.1 

'+ ~'M.*_". .• , 

.. ,:j ~ '~. 

II Ll I Ii , 

1.1 

III"~~ 

2000 J.. _____ •. -----------

1000 -

\4~\~4-A~-A.-/·\ .;' V"'4\.\ . .:\_i··· .\/ .......... 
..... -.,.~ ""' ... . _ ... ____ ... __ .... __ ._. ____ ... __ ._ .. __ " .. __ ............... __ ._._ .. _ ...... ... . _ ... __ .. _ ........ _. __ ._ ... A .. . 

o ·1----·----05/25/79 t-----I ---'-"-""--'" -I- +----.-+-----... -.. ---I ---. 1--·----·-- I .. ··· .. -..... . 
10106/80 02/18/82 07103/83 11/14/84 03/29/86 08/11187 12/23/88 05/07/90 09/19/91 01/31/93 

,
.-.----- .. - ... --.----- .. --.-.... --_._- ..... - .... -- ... ,_._-. __ .... --- ... -- .. J 
_.-. ...... MW2· 1.1 MW3·--· • MW4··· . o· MW5 -'.- A .. MW 1 

• ________ • ____ ._ ••• __ • __ • ________ ._. ____ • ___ ••• _ •• __ ••••• _ •••• " • __ • ___ 0. ___ • ____ •• _. __ • __ _ 



~ I ex: 
O..J 
a...J c::-
0:5 
CJ< 
cnen 
..JW 
<:E 
C:: w 
WI
z= 
:i~ 
o 
U 
I
W 
:E 
::::J 

o 
o 
o 
~ 

o 

0='. -. o _, 

-, . 

'\1 
-~ 
~ 

• • 

.'. 
/ • :\ 

~ 

=:t~ . 
=~. 

o 
o 
o 
I.() 

=--"--. ' 'l-

~ i~ 
! jl~! I ~ , 

~ 

t--zj 1. 
I ri l i 
I -. i 
: j i 

! ! ! , 

o 
o 
o 
v 

--o 
o 
o 
C") 

'~uelOnpU08 S04wn 

o 
o 
o 
C\I 

...• 

Q 
o 

Ol, 

0;: 
en 1 "3 
01 0 

; i 

! i 

I ~! ~ I 
..l.. ~ I ; ! 

I ~ I ~ j 
: 3: I 

i .:!! 
! !! , 

<:)1 
<:)1 

: M i 0 

~ ~I ~ i i 
.:. : '<:' i 
\ I i 3 I . ~ I"" i :! I <" ~! I 

.... ..,- =: I i : I I ex; I ., ! 
I .... ',0 I • i '.... , I 1 

I ~ ; I' ~ I I 

"'~ iNI 

o 
o 
o 

/ ~ I ~ I ~ Oil:! '\~ ~ N 1 

I M I ~ : 

i 0: 1 I 
~ ! ; U I 
\~ I I I 

/ i 

\rl~l'~ 
:::: 3: 
::i:E 

t II / I. I 
~ ~ i I 
I ~ LJ i' 0 ;. 

~ 

N 
co 
"'-co 

N o 0 



, . :.- ~. :. . .:: ;, 
_ ... ~ -,:-: 

~ .:: 

Chloridll5' ·ToT IIsl 
Monilor WIIU·MW·I 

I T1I61: Two·Samplli Assuming Equal Varianclls 

Dalll Oala 5111 I Oalll Dala 5012 Dala sut I Data sui 2 
30-Nov-60 12 07-Aug·SO 1 \.0 Milan 13.6 11.S 
31 Oec·ao 13 13·Nov 90 120 Vaoance 1 1 
31-Jan·81 15 27·Feb 91 12.0 ObsefValions 10 10 
28 Feb·81 14 21 May91 12.0 Pooled Variance 1.11 
31·Mar·81 14 24·Sep91 11.0 Hypoihllslzed Mtian Oillerene 0.00 
30·Apr81 13 03 Dec 91 130 dl 18.00 

30-May·81 14 17 Mar 92 13.0 382 
30-Jun·S I 12 11 Jun 92 10.0 PIT <;1) onti . tail 0.00 
31-Aug81 14 03,SlIp 92 II I Crilical one-Iall 1.73 
31·0dC 81 15 19 Nov 92 13.0 PIT <;1) two-tail 0.00 

I C, ilical Iwo -Iall 2.10 

Data 591 I Data S9t 2 

~ Mean 13.60 Mean 11.80 
Standard Elfor 0.34 Standard Error 0.33 
Madian 14.00 Mtidian 12.00 
Modll 14.00 Modll 11.00 
Standald Ouvialion \07 Standard Ouvialion 1.03 
Variance 1.16 Vallance 1.07 
KUllosls ·0.88 Kurtosis -0.90 
Skllwness ~.32 Sktiwoesli -0.27 
Range 3.00 Range 3.00 
Minimum 12.00 Minimum 10.00 
Maximum 15.00 Maximum 13.00 
Sum 136.00 Sum 118.00 
Counl 10 Counl 10 
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U·nal·"T"Tllsl 
Monllor Well·MW·l 

I· Tes!: Two·Sample Assuming Equal Variancils 

Date Data set' Date Data set 2 Data set 1 Data set 2 
30-Sep-81 ·2_7E-09 16-Aug-90 4.67E-l0 Mean 1.938E-09 9.133E-l0 
31·Dec·81 6.5E-l0 13·Nov 90 5.00E-l0 Variance 0 0 
31·Mar·82 6.5E-l0 27·Feb91 2.20E-l0 Observations 10 10 
30·Jun·82 t.4E·09 21·May 91 9.IOE·IO Pooled Variance 0.00 
30· SliP 82 6.SE·IO 24·Sep·91 8.20E·10 Hypoihuslzed Milan Dilltmln( 0.00 
31 DecS2 6.SE·10 03 Doc 91 ".30E·10 dl IS.00 
31·Mar·S3 7.4E·09 17·Mar92 4.S4E-l0 1.45 
30·Jun·83 6.7E-l0 11·Jun92 2.76E·09 PIT <-I) one·tail 0.06 
30-Sop·S3 2.3E·09 03·Sop92 2.03E·09 I Crilieal one-laU 1.73 
31·Doc·S3 2.3E 09 19 Nov 92 5.42E-1O PIT <=1) lWo-tall 0.17 

I C,ilicallWo ·Iall 2.10 

Data Slit I Data sot 2 

~ 
Mean 1.94E·09 Maan 9.13E·l0 
Standard Error 6.S9E·IO Standard Error 2.60E·IO 
Madian 1.02E·09 Madian 5.21E·l0 
Mode 6.50E·l0 Mode NN/A 
Standard Dtlvialion 2.0SE·09 Standard Dal/ialion S.23E·l0 
Variance 4.35E-IS Variance 6.7SE·19 
Kurtosis 6.lOEtOO Kurtosis 2.13EtOO 
Skllwnoss 2.3SEtOO Skllwness 1.13EtOO 
Range 6.75E·09 Range 2.54E·09 
Minimum 6.50El0 Minimum 2.20E·l0 
Maximum 7AOE·09 Maximum 2.76E09 
Sum 1.94E·OS Sum 9.13E·09 
Count 10 Counl 10 
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Suliales·"T"Tosl 
Monitor WolI·MW·1 

I·Tosl: Two·Samplo Assuming Equal Variancos 

Dat8 Data S8t , Data Data S8t 2 Data S8t t Data S8t 2 
31·Jan·00 520 07·Aug·90 685 Moan 609 668.0 
30 May·OO 635 13·Nov 90 687 VarJanco 1400 274 
30·JunOO 632 27 Feb 91 662 Observations 10 10 
31·Jul·00 610 21·May·91 652 Pooled Variance 036.90 

31·Aug·80 612 24·Sep91 692 Hypolhesized Mean Difference 0.00 
30·Sap·80 640 03·Dec 91 677 d' 18.00 
31·OcI·80 570 17 Mar 92 667 ·4.62 
30·Nov·80 613 II·Jun·92 642 PIT <=1) one·lail 0.00 
31·Dec·80 620 OJ·Sep·92 670 t Critical one·tail 1.73 
31·Jan·Ol 638 19·Nov·92 654 P(T <;1) two·tail 0.00 

I Criticaltwo·lail 2.10 

Data S8t , Data sot 2 

~ Mean 6.09E,02 Mean 6.69Et02 \ Slandard Error 1.18EtOl Slandard Error 5.24EtOO 
Median 6.17Et02 Median 6.69Et02 
Mode NN/A Mode IIN/A 
Slandard D~vialion 3.74EtOI Slandard Devialion 1.66E,01 
Varianco 1.40EtOJ Variance 2.74Et02 
Kurlosis 3.18EtOO Kurtosis ·1.10EtOO 
Skewnoss ·1.80EtOO Skawnoss ·1.29E·Ol 
Range 1.20Et02 Range 5.00EtOl 
Minimum 5.20Et02 Minimum 6.42Et02 
Maximum 6.40Et02 Maximum 6.92Et02 
Sum 6.09Et03 Sum 6.69Et03 
Counl 10 Counl 10 
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Chlorides·°T"Tesl 
Monilor Well·MW-3 

ITes!: Two-Sample Assuming Equal Variances 

Datu Data sut , Datu Data sut 2 Variable , Variablu2 
30-Nov-80 64 07-Aug-90 65.0 Mean 70.9 64_2 
31 Dec·80 65 13·Nov 90 68.0 Varlanct! 193 33 
31.Jan-81 71 27-Feb 91 68.0 Observations 10 10 
26·Feb81 65 21·May 91 56.0 Pooled Variance 112.61 
31-Mar·81 66 24·Sep 91 60.0 Hypolheslzed Mean Dillerence 0.00 
30-Apr 81 66 03 Dec 91 64.0 dl 18.00 

3D-May 81 110 17Ma,92 64.0 1.41 
30-Jun·81 69 11-Jun 92 76.0 P( T <=1) one-Iail 0.09 
31-Aug 81 67 03 Sep 92 58 I Crilical one-Iall 1.73 
31-Dec81 66 19 Nov 92 63.0 PIT <=1) two-tail 0.18 

I C,illellltwo'laU 210 

Data S9t , Data S9t 2 

~ Mean 70.90 Mean 64.20 
Slandard Error 4.39 Slandard Error 1.81 
Median 66.00 Median 6400 
Mods 6600 Mode 68.00 
Slandard Deviation 13.89 Slandard Devialion 5.11 
Variance 19299 Variance 3262 
Kurlosis 9.40 Kurlosls 1.02 
Skewne:is 304 Skewness 0.66 
Range 46.00 Range 20.00 
Minimum 64.00 Minimum 56.00 
Maximum 110.00 Maximum 16.00 
Sum 709.00 Sum 642.00 
Count 10 Count 10 
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Date Data set' 
3O-Sop·81 2."E-08 
3H)oc81 I.4EOB 
31·Mar·B2 2.7E·09 
30·Jun·82 2.4E·08 
30·Sep·B2 8.9E·09 
31·DecB2 2.5E·OB 
31·Mar·B3 1.0E·OB 
30·Jun·Bl 2.0E·OB 
lO·Sup·B3 I.4E·08 
31·Dec·B3 2.BE·OB 

~ 

U·Nal·"T"Tusl 
Monitor WeU-MW·3 

I·Test: Two·Sample Assuming Equal Variances 

Dale Data set , Data set 1 Data S8t 2 
16-Aug-90 1.67E-08 
13·Nov 90 I.60E·08 
27·Feb·91 8.00E·09 
21·May91 1.30E·OB 
24·Sep91 2.20E·OB 
03 Dec 91 B.l0E·09 
17 Mar 92 ".53E·09 
11 ~un 92 9.llE·09 
03Sep92 1.9E·08 
19·Nov 92 1.12E·08 

Dala 581 I 

Mean I.7tE·OB 
Standard Error 2.64E·09 
Median 1.70E·OB 
Mode 2.40E·OB 
Standard Deviation B.36E09 
Variance 6.99E·17 
Kurlosis -1.09E-tOO 
Skewness ·3.35E·Ol 
Range 2.53E·08 
Minimum 2.70E·09 
Maximum 2.80E·08 
Sum 1.7IE·07 
Count 10 

Mean 
Variance 
Observalions 
Pooled Variance 

1.706E·OB 1.277E·OB 
o 0 

to 10 
0.00 

Hypolheslzed Mean Oillurence 0.00 
tit lB.OO 

1.35 
PiT <~I) one·lail 0.10 
I Critical one·lall 1.73 
PIT <;1, lWo-laii 0.19 
I Crilicallwo'lail 2.10 

Data 58t I 

Mean 1.28E-OB 
Siandard Error 1.76E·09 
Median 1.21 EOB 
Mode MN/A 
Standard Deviation 5.56E·09 
Variance 3.09E-17 
Kurlosis ·9.33E-OI 
Skewness 2.46E·Ot 
Range 1.75E·08 
Minimum 4.53E-09 
Maximum 2.20E-08 
Sum 1.2BE·07 
Count 10 
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Dat8 
1130/80 
5130/80 
6130/80 
7/31180 
8/31/80 
9/30/80 

10/31/60 
11/30/80 
12131180 
1/31/81 

Data S8t , 
2100 
2430 
2625 
2450 
2975 
2800 
3050 
2750 
3068 
3012 

Dat8 
1113/88 
3/9/89 

6/21/89 
9/1/89 

11115/89 
2/20190 

5/8190 
8/7190 

11113190 
2/27191 

Data S8t , 

Mean 
Siandard Em 
Median 
Moda 
SlandiJrd Dill 
Variance 
Kurtosis 
Skewness 
Range 
Minimum 
Maximum 
Sum 
Counl 

,:.~~/, 

SuI/ales· °rT 8s1 
Monllor Weil·MW-3 

I·Tesl: Paired Two·Sample lor Means 

Data S8t 2 Data S8t , Data S8t 2 
3410 Mean 2726 3288 
3410 Variance 104184 101681 
3500 Observalions 10 10 
3500 Pearson COlTelation ·0.41 
2670 Pooled Variance -42384.67 
3330 Hypolheslzed Milan Dillereo 0.00 
3480 dl 900 
3400 I ·3.30 
3468 PIT <=1) one-tail 0.00 
2712 I Critical on8-lali 1.83 

PIT <=1) two-Iall 001 
I Critical two-tail 2.26 

Data sat 2 

2726.00 Mean 3268.00 
102.07 Standard Error 100.94 

2775.00 Median 3410.00 
liN/A Mode liN/A 

322.78 Standard Deviation 319.19 
104164.22 Variance 101880.89 

-0.27 Kurtosis 1.19 
-0.74 Skewness -1.67 

968.00 Range 830.00 
2100.00 Minimum 2670.00 
3068.00 Maximum 3500.00 

27260.00 Sum 32880.00 
10 Counl 10 
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Chlorides· ·T·Tesl 
Monilor Well·MW·5 

I·Test: Two·Sample Assuming Equal Variances 

Dat8 Data SBt , DatB Data S8t 2 Varlabl8 , Variabl6 2 
30· Nov-80 &f 07-Aug-go 49 Mean 10.9 49_4 
31·Dec-80 65 13·Nov90 52 Variance 193 109 
31 -Jan Bl 11 27·Feb91 53 Observations 10 10 
2BFebBI 65 21·May91 54 Pooled Variance 151.07 
31·MorB I 66 24·Sep 91 55 Hypolhasized Mean DiHerence 0.00 
30·AprBI 66 03-Dec·91 53 dl lB.OO 

30-MayBI 110 17·Mar92 53 3.91 
30-Jun·BI 69 11 Jun92 53 PIT <=1) one·lail 0.00 
31·Aug·BI 67 OJ·Sep 92 52 I Crillcal one-loll 1.73 
31 Dec BI 66 19 Nov 92 20 PIT <=1) two-tail 0.00 

I Crilicallwo·lail 2.10 

Data Sill , Data stH 2 

~ Mean 70.90 Mean 49.40 
Siandard Error 4.39 Siandard Error 3.30 
Median 66.00 Median 53.00 
Mode 66.00 Mode 53.00 
Siandard Devialion 13.89 Siandard Devialion 10.45 
Variance 192.99 Variance 109.16 
Kurlosis 9.40 Kurlosls 9.39 
Skewnass 3.04 Sktlwness ·3.03 
Range 46.00 Range 35.00 
Minimum 64.00 Minimum 20.00 
Maximum 110.00 Maximum 55.00 
Sum 709.00 Sum 494.00 
Counl 10 COUll I 10 
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Daltl Dala s91 1 
30-Sep-al 1."E~8 
31·Dec·81 3.0E09 
31 Mar 82 6.0E·10 
30·Jun·02 2.7E·09 
JO·Sep·02 6.7E·10 
31 Dec 02 6.7E·10 
31·Mar·OJ 8.0E-10 
30-Jun·OJ 6.7E·l0 
30-Sep,83 5.6E-Q9 
31·Dec03 6.8E-10 

~ 

~~,.' . 

U Nat· °T"Test 
Monitor WaU-MW·5 

,,' 

t·Tes!: Two-Sample Assuming Equal Variances 

Daltl Data S8t 2 Data S9t 1 Data s81 2 
16-Aug-90 6.00E-l0 Mean 2.897E-09 1.014E·09 
13·Nov90 3,OOE·l0 Variance 0 0 
27 Feb 91 2.70E·10 Observations 10 10 
21 May 91 1.10E-09 Pooled Valiance 0.00 
24 Sep 91 0.00E·l0 Hypolhoslzed Moan DiHII/ence 0.00 
03 Dec 91 5.30E·10 dl 1000 
17 Mar 92 1.60E·09 I 1.41 
II·Jun92 2.00E·10 PIT <"I) one·lail 009 

OJ·Sop92 4.06E 09 I Critical ol'Ml-taU 1.73 
19·Nov92 6.77E-1O PIT <;1) two-taU 0.10 

I Criticsltwolal! 2.10 

Data s81 , Data Stlt 2 

Mean 2.90E·09 Mean 1.01E·09 
Slandard Error 1.29E·09 Slandard Error 3.64E-10 
Median HOE·l0 Median 6.39E·IO 
Mode 6.70E·10 Mode tlN/A 
Standard Devialion 4.07E·09 Siandard Deviation 1.I5E09 
Variance 1.65E·17 Variance 1.32E-18 
Kurlosis 5.90EtOO Kurlosls 6.53EtOO 
Skllwness 2.37EtOO Skewness 2.45EtOO 
Range 1.20E·00 Range 3.06E-09 
Minimum 6.70E·l0 Minimum 2.00E-10 
Maximum 1.35E·00 Maximum 4.06E·09 
Sum 2.90E·OO Sum 1.0IE·08 
Counl 10 Counl 10 
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Chlorides- "T"Test 
Monitor Well-MW-II 

t-Test: Two-Sample Assuming Equal Variances 

Dat9 Data S9t , Datil Data S9t 2 Data S9t , Data S9t 2 
31-Mar-S. 31.. 07-Aug-90 33_0 Mean .5.016 32.2 
30-Jun-S. 32.0 13-Nov90 34_0 Variance 371 12 
30-Sep-84 33.9 27-Feb91 31.0 Observations 10 10 
31-Dec-8. 31.9 21-May-91 30_0 Pooled Variance 191.46 
31-Mar-85 34.0 24-Sep-91 30_0 Hypothesized Mean DiHerence 0_00 
30-Jun-85 31.0 03-Dec-91 31.0 dl 18_00 
30-Sep-85 38.0 17-Mar-92 32_0 2_07 
31-Dec-SS 71.0 ll-Jun 92 29_0 PIT <~t) one-Iail 0_03 
19-Jun-86 77.0 03-Sep92 31 I Critical anti-tail 1.73 
30-Jun-86 70_0 19-Nov-92 41.0 P(T <~t) two-tail 0_05 

I Crilieal two -Iail 2.10 

Data S8t 1 Dala s81 2 

~ Mean 4S_02 Mean 32_20 
Standard Error 6.09 Standard Error 1.08 
Median 33_93 Median 31.00 
Mode IIN/A Mode 31_00 
Standard Dflviation 19.27 Standard Devialion 3.43 
Variance 371.19 Variance 11.73 
Kurtosis -1.08 Kurtosis 5.44 
Skewness 1.03 Skewness 2.17 
Range 46.00 Range 12.00 
Minimum 31.00 Minimum 29.00 
Maximum 77.00 Maximum 41.00 
Sum 450.16 Sum 322.00 
Counl 10 Count 10 
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Dal8 Dala S8t , 

31-Mar-84 7_45E-09 
30·Jun-S4 2.71E-09 
30-Sep-S4 4.0SE-l0 
31·Dec-S4 1.76E-09 
31·Mar·S5 2.71 E-l0 
30-Jun·85 2.9BE-l0 
30-Sep·85 S.SOE-09 
31-Dec·S5 5.00E-l0 
19-Jun·S6 1.70E-09 
30·Jun·86 I.S0E-09 

~ 

U·Nat-T'Test 
Monitor WeU-MW-ll 

t·Test: Two-Sample Assuming Equal Variances 

Dal8 Dala S8t 2 Data S8t 1 Dala S8t 2 
07-Aug-90 4.67E-l0 Mean 2_54E-09 1.195E-09 
13·Noy·90 6.00E-l0 Variance 0 0 
27 Feb·91 2.00E-l0 Observations 10 10 
21·May·91 2.30E-l0 Pooled Variance 0_00 
24-Sep 91 7.40E-l0 Hypothesized Mean DiHerence 0_00 
03 Dec·91 2.40E-l0 dl 18.00 
17-Mar·92 2.70E-09 t 1.27 
l1-Jun·92 2.00E-l0 PIT <=t) one-tail 0_11 

03·Sep·92 3.39E-09 1 Critical one -Iall 1.73 
19 Nay 92 3.18E-09 PIT <=t) two-tail 0_22 

1 Critical two-tail 2_10 

Dala S8t I Dala SBI 2 

Mean 2_54E-09 Mean U9E·09 
Standard Error 9_70E-l0 Standard Error 4_21E-l0 
Median 1_60E-09 Median 5_34E-l0 
Mode IIN/A Mode 2_00E-l0 
Standard Davialion 3.07E-09 Standard Deviation 1_33E-09 
Variance 9.40E-18 Variance I.77E-IB 
Kurtosis 1.12E-tOO Kurtosis -9_99E-Ol 
Skewness 1.54E-tOO Skewness 1.02EtOO 
Range 8_53E-09 Range 3_19E-09 
Minimum 2_71E-l0 Minimum 2_00E-l0 
Maximum S.80E-a9 Maximum 3_39E-09 
Sum 2_54E-OS Sum U9E-OB 
Count 10 Count 10 

',"'-; 
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Dahl Data 58' , 
31-oec·82 57 .• 
25.Jan·83 70 
30,Jun·83 aO,5 
31·Dec83 65 
31·Mar·84 64.1 
30·Jun84 65.0 
30·Sop·04 64,6 
31·06c·04 67.4 
3t,Mar·05 67,0 
30·Jun·a5 62,0 

~ 

",~~ 

Chlorides·"T"Tesl 

'.', :., 
;.',";, 

·_i'~ ,'._ 

Manllor Web·MW·12 

I·Tasl: Two·Sample Assuming Equal Variances 

Dahl Dala S9t 2 Variable , Variable 2 
07-Aug·90 63.0 Mean 66.301 59.5 
13·Nov 90 63,0 Variance 36 9 
27·Feb 91 61.0 Observations 10 10 
21'May91 55,0 Pooled Variance 22.46 
24·Sep 91 59,0 Hypolhltslzed Mean DilltlrtlOCtl 0.00 
03 Dec 91 60,0 dl 1000 
17Mar92 60.0 1 3.21 
It·Jun 92 56,0 PIT ..;;1) one·lail 000 

OJ·Sep 92 56 1 Crillcal one-Iall 1,73 
19·Nov 92 62.0 P(T <;1) two·tail 0,00 

I Crilicaltwo'lall 2,10 

Dala s91 , Dala sui 2 

Mean 66.30 Mean 59.50 
Siandard Error 1.90 Siandard Error 0.93 
Median 65.00 Median 60,00 
Modlt 6500 Modo 63,00 
Siandard Dtlvialion 6,02 Siandard Deviation 2,95 
Variance 3620 Variance 0.72 
Kurlosis 357 Kurlosls ·1.31 
Sktlwnll:is 1.35 Sktlwness ·0.39 
Range 23.10 Range 0.00 
Minimum 57.40 Minimum 55.00 
Maximum 00.50 Maximum 63.00 

Sum 663.01 Sum 595.00 
Counl to Counl to 
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U Nal-"T"Tesl 
Monllor Wol'-MW-12 

I Test; Two·Sample Assuming Equal Variances 

Dat9 Data 59' 1 Datil Data 5912 Dala 59' t Data 591 2 
31-Mar-83 5.0E-{)9 Ol-Aug-90 1.01E-08 Mean 8.41E-{)9 9.913E-09 
30 Jun-B3 2.0E09 13·Nov 90 I.OOE·OB Variance 0 a 
30-Sep·B3 I.1EOB 21 Feb·91 8.BOE-09 ObS8rvations 10 10 
31-Dec·B3 I.OE·OS 21·May91 I.OOE·OS Pooled Variance 0.00 
31·Mar-B4 2.9IE-OS 24-Sep 91 1.10E-OB Hypolhllslzed Muan Di/lerence 0.00 
30·Jun·B4 I.B3E-OS 03·Dec91 6.80E-09 dl IS.OO 
30-Sep·S4 4.06E-IO 17 Mar 92 I.OIE-OS -0.50 
31-Dec-B4 1.62E-09 l1-Jun·92 5.53E-09 PIT <;1) one-Iail 0.31 
31·Mar-S5 4.14E-l0 03·Sep·92 L29E-OB 1 Critical one-Iall 1.13 
30·Jun-S5 6.80E-09 19·Nov92 1.39E-OS PIT <;1) IWO-Iail 0.62 

1 Cr ilical Iwo ·Iall 210 

Dala sat' Data S8/ 2 

~ Mean 8,47E-09 Mean 9.97E-09 
Standard EHor 2.91E-09 Standard Error 1_94E-IO 
Median 5.90E-09 Median 1.0IE·OB 
Mode IfN/A Modo 1.00E-OB 
Standard Deviation 9.2IE-09 Standard Devialion 2.S1E·09 
Variance S.48E-17 Variance 6.3IE-18 
Kurtosis 1.81E.00 Kurtosis 1.B9E-02 
Skflwness 1.44E.OO Skewness -2.99E-{)1 
Range 2.B7E-08 Range 8.31E-09 
Minimum ".06E-IO Minimum 5.53E-09 
Maximum 2_9IE-OS Maximum 1.39E-OS 
Sum B.47E-OS Sum 9.91E-OS 
Count 10 Count 10 
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Chlorides-mw-15 & mW-12 

t-Test: Two-Sample Assuming Unequal Variances 
Date mW-IS mw-t2 mw-15 mW-12 

15-Nov-89 49.0 63.0 Mec¥l 40.84615 60.23077 
20-Feb-90 44.0 63.0 Variance 15.30769 8.525641 
08-May-90 44.0 62.0 Observations 13 13 
07-Aug-90 44.0 63.0 Pearson Com 0813065 
13-Nov-90 44.0 63.0 Pooled Varian 3.5 
27-Feb-91 41.0 61.0 dl 22.20217 

21-May-91 38.0 55.0 -14.31649 
24-Sep-91 38.0 59.0 P(T <=1) one- 6.25E-13 

03-0ec-91 38.0 60.0 1 Critical one· 1,/1'1144 
17-Mar-92 40.0 60.0 P(T <=1) Iwo- 1.25E-12 

11-Jun-92 35.0 56.0 I Critical two 2.073675 

03-Sep-92 37 56 

~ 
19-Nov-92 39.0 62.0 

Mwl5 Mw-I2 

tv1ean 40.84615 tv1ean 6023077 
Standard Error 1 .085134 Standard Error 0.609826 
Median 40 Median 61 
MxJa 44 MxJa 63 
Standard Oeviatiol 3.912505 Standard Deviat 2.91987 
VarianCe 15.30769 Variance 8.525641 
Kurtosis -0.154432 Kurtosis -0.803318 
Skewness 0.550588 Skewness -0.791194 
Range 14 Range 8 
Minimum 35 Minimum 55 
Maximum 49 Maximum 63 
Stm 531 Stm 763 
COUllt 13 Count 13 



-;;.-' ' .. ~; ~~ . ·: .... 1 

CHLORIOES-MW-14 & MW-15 

DatB mW-14-1 mw-15-1 Dale mw-14-2 mw-15-2 

15-Nov-89 25.0 49.0 27-Feb-91 23.0 41.0 
20-Feb-90 20.0 44.0 21-May-91 21.0 380 
08-May-90 23.0 440 24-Sep-91 15.0 38.0 
07-Aug-90 21.0 44.0 03-0ec-91 19.0 38.0 
13-Nov-90 23.0 44.0 17-Mar-92 22.0 40.0 

l1-Jun-92 18.0 350 
03-Sep-92 20 37 
19-Nov-92 18.0 39.0 

t-TesJ: Two-Sample Assuming Unequal Variances I-Test: Two-Sample Assuming Unequal Variances 
mW-14-1 mw-14-2 mW-15-1 mW-15-2 

22.4 19.5 Meal 45.00 38.25 

Variance 380 657 Variance 5 3 36 
Observations 5 8 Observations 5 8 
Pearson Correlation IIN/A Pearson Correlation IIN/A 
Pooled Variance 3.5 Pooled Variance 3.5 
dl 10.3862 dl 7.32449 

2.306074 5.665187 
P(T <=t) one-tail 0.0219 P(T <=1) one-I ail 0.000381 
I Critical one-Iail 1.812462 t Critical one-Iail 1.894578 
P(T <=1) Iwo-tail 0.043799 P(T <=1) Iwo-Iail 0.000762 
I Crilical two-Iail 2.228139 I Critical two-tail 2.364623 



,. ~. , 

Chlorides Mw-14 & Mw-15 

t-Test: Two-Sample Assuming Unequal Variances 
Dale mw-'4 mw- '5 mw-14 mw-'5 

15-Nov-89 25_0 49.0 MeM 20.61538 40.84615385 
20-Feb-90 20.0 440 Variance 7.25641 15.30769231 
08-May-90 23.0 44.0 Observations 13 13 
07-Aug-90 21.0 44.0 Pearson Correlation 0.721347 
13-Nov-90 23.0 44.0 Pooled Variance 3.5 
27-Feb-91 23.0 41.0 df 21.28944 
21-May-91 21.0 38.0 -15.35589 
24-Sep-91 15.0 380 P(T <=t) one-tail 3.42E-13 
03-0ec-91 19.0 38.0 t Critical one-tail 1. 720744 
17-Mar-92 22.0 400 P(T <=t) two-tail 6.84E-13 
11-Jun-92 18.0 35.0 t Crilical two-tail 2.079614 
03-Sep-92 20 37 
19-Nov-92 18.0 39.0 

~ mw-14 mw15 

Meal 20.61538 Mean 4084615 
Standard Error O. -, 47118 Standard Error 1.085134 
Median 21 Median 40 
MxJe 23 fvbja 44 
Standard Deviation 2.693772 Standard Deviation 3.912505 
Variance 7.25641 Variance 15.30769 
Kurtosis 0.171462 Kurtosis -0.154432 
Skewness -0.452377 Skewness 0.550588 

AarYJe 10 Aarw 14 
Minimum 15 Minimum 35 
Maximum 25 Maximum 49 
Strn 268 Strn 531 
Count 13 Count 13 
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PiuanwlC( Ulliis 

Field P.1fameiers 
Casi/io Elov. roel 
I30llum Elov. 1'001 
Phroatic [lov. rool 
Doplll 10 Walor "col 
pli IJlliis 
Tomporaluro ·c 
Condo @ 25 "C Ilmhoslcm 

So/ublo Data 
sAn "I. 
oa motl. 
TOS motl 
Calbonalo motl 
OicaJoonalo motl. 
ChlorkJos motl. 
Sullalas motl 
Calcium motl. 
Fiuorldo mgll 
NilrilolN rngll 
NilralolN motl 
Jlmmoniu/N motl. 
Aluminum 01 gil. 
Arsenic motL 
Antimomy rnotL 
Ooron motl 
Barium mgll 
Ooryllium 

lot

L 
Cadmium IgiL 
Chromiul11 IgiL 
Cobalt notl. 
Coppor nlotl 
Cyanido lIIotL 
Iron lIIotl. 
l.oad210 I 111 gil 
Lilhium motl.' 
Magnesium motl. 
Manganese motl. 
Morcury motl. 
Molybdenum rllotL 
Nickel motL 
Polassium mglL 
Solenium mgll. 
Silver mgll. 
Sodium motL 
Thallium motl 
Vanadium motL 
Zinc rnotL 
Sol.lJ·Nal. pCi/l 
Sol. Th·230 pCliI. 
Error Torm "Cill 
Sol. Oa·226 "CilL 
Error Term "Ci/l 
SoL lIa·2iu pCi/l 
Error Term pCi/l. 

:( ;1055 Alpha rCi/L 
Error lerlll pei/L 
Gross Oola pCi/1. 
Error lelln pei/l 

:1', 

II.D 

0.001 
0.001 
0.1 
0.1 
0.1 
·2. 
25 

0.01 
4ml)ll 
Il1Iotl. 
lmotL 
Imotl 
0.101011. 
O.05motl 
0.1111011. 
O.lmg/l 
O.lmgll. 
0.101011. 
0.05mgll 
O.OOlmg/L 
:Jug/L 
10ugil 
lDuotL 
IDuotL 
Sugll. 
O.OlmotL 
O.OlrnotL 
O.OlmotL 
O.OllllotL 
0.02mgll. 
0.02motl 
0.05motL 
0.05mgll 
O.Olmgil 
0.2uotL 
10ugil 
O.OSmglL 
O.Smgil 
2uO/1. 
O.Olrnotl 
0.05mgll 
O.Olmgil 
O.OlrnotL 
SuOIl. 
0.2pCil1. 
0.2pCi/L 

0.2pCi/l 

0.9pCi/l 

2.0pCi/L 

2.0pCi/L 

5500 

5492.64 
87.36 

7.23 

4490 

4607 

:184 
28 

2004 
406 

00009 

0.0009 
0.0009 

0.7 

200 

0.0009 
0.0009 

17.8 
0.0019 

615 

2.03E·08 

5500 

5492.41 
87.59 

7.04 

4800 

4636 

:105 
27 

2079 
388 

180 

17.7 

641 

1.29E·OO 

0.9 

5500 

5492.40 
87.60 

7.20 

4030 

4592 

383 
20 

2670 
:175 

0.0009 

0.00019 
0.0002 

100 

0.0009 
0.0009 

10.7 
0.0019 

724 

9.40E·09 

10 

40 

14/12/!l:1 

5500 

5494.64 
8536 

7.29 

6450 

5296 

305 
25 

2460 
372 

171 

18.6 

600 

9.40E·09 

0.7 

1.0 

TOS 

GOOD ........................ - ...... .. 
5500 
5000 
4500 !' 

'5. 4000 
E 3500 

'==""'="=='''=;':';::()'' ;c'.":.".'" I.,) ;.:~:~~.:::: .. ,--~": ... ~l 
-.---~-.-.--.-- .. --... ---., .. -.~ .... -- - .-. -~'-.-'- ..... -- - _ ...... _- ... . _. __ ... __ .... -.-
--------~--------~-------~ 

~~ ~-----------f-- --- r--
~ Dale 

-.---- .... -~- .. -----.. ----.-.---.-- .. _---.. '." ,._.,. 

~ 
~M 

-------~-------.-.--.--.---.----. ~--- _._--_._. 

ChloJldes 

r~"~~~f~~~i~~, 
21 .. -- --- .... ----- S 20---·-----·- Ii! f3 

EM ~ M iii 
'-M 
~'" 

Dale 

Sulfales 

~ ~5 r~ :-~~=~=~~~=~~~t;· ~~ ~- ~-.=--~-.-:=~=:: ... : 
E 2000 o--=====--: - '0 

:~ ~ 1~:~::~-c~=::;~~:::;~=:::=:=::!=-=;~:::::;~;1 
~M ~ ~M 

N 
'-M 
~OI 

Dalli 

Magnesium 

300 ._ .. -....... _ .. -- .......... _ .... _,-..... -.-._-.---..... --:---. -- ........ .. 

~ ~~ t~~~·::~~~;~f'~~~~~~~,J==:~:-:-~-;:-. i< 

5 E I~ 
MM ~ N 
N 

N 
.-(") 

~'" 

Dale 
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Pararnolcr lJnils l1 () 

Field Paramoters 
-CasinO Elov. Fool 0.001 5660.00 5660.00 
£1ollom Elav. Fool 0.001 
Phroalie Elav. fool 0.1 556B 00 5567 BB 
()oplh 10 Waler 1'001 0.1 
pli lJnils 0.1 
Tompor<llLlfo 'C ·2. 

92.00 02.12 
6.02 6.63 

2000 2060 
Condo @ 25 "C ,.mhos/em 25 

Soluble Data 
SAn % 
DO mgll 0.01 
TDS mgil. 4m()lL 2655 2720 
Carbonalo moll I moiL 
Blcat bonala moll I moiL 
Chloridos mOIL Imo!l· 
Sullalos mg/L O. I moiL 
Calcium mOll O.OSm()lL 

324 325 
34 34 

1371 1431 
415 445 

AUOlldo moll 0.1 m()ll 
NitriltllN moll O.lm()ll 
NilfattllN moll 0.1 moll. 
Ammonia/N mgll O.IOIOIL 
Aluminum IIIgll 0.05m()lL 
Arsonic III Oil 0.001 moll 0.0009 
Anlimomy moll 3u()ll 
Bolon 111 Oil 10ug/L 
Balium IIIOIl 10uOil. 
OolylJium 

~ 
111 gil 10uO/L 

Cadmium III gil 5u()ll 
Chlomium 111 OIL 0.0 1 III()II. 
Coh<llt moiL O.OII1101L 

0.0009 
0.0009 

COPPOI moll O.OIIll()l1. 
Cyanido III Oil 0.01111011. 
lIon moll 0.02mglL 
Lead 210 moll 0.02mglL 
Ulhium moll 0.05111g11. 
Maonesium III Oil 0.05mOlL 
Manoanoso moll O.Olmgll. 
Melcury moil 0.2uO/L 
MolybdonulII 111011. 10uO/i. 
Nickol moll 0.05mo/L 
Potassium moll 0.5m()ll 
Salonium moll 2u()ll 

92 96 

0.0009 
0.005 

7.1 7.6 
0.0019 

Silvor 1II0/L O.Olm()lL 
Sodium 111011. 0.05111g1L 
Thallium 1II0lL 001111g11. 
Vanadium III Oil O.OlmOlL 

185 192 

Zinc 111011. 51101L 
SoI.LJ·Nat. pCill. 0.2pCilL 
Sol. Th·230 pCill 0.2pCilL 

1.22E·00 9.40E·09 
0.2 

ErIal TOlm pCi/l. 
Sol. /1<1·226 peiil 0.2pCilL 0.7 

EnOl Telm pCilL 
Sol.llo·22B pCi/l. 0.9pCill. 
Ellor Telm pCi/L 
Gross Alpha pCill 20pCilL 
Ellol felrn pCi/L 
GlOSS Bela pCil1. 20pCill. 
Ellor Terlll pCi/1. 

11 ~I. WllIh) Musa 

5660.00 

556B 15 
91.65 
694 
2030 

2700 

323 
34 

1446 
437 

0.0009 

000019 
0.0004 

0.5 

97 

0.0009 
0.0009 

7.0 
0.0019 

100 

0.12E·09 

12 

13 

14/12/93 

5660.00 

5568.18 
91.B2 
689 

:1340 

2940 

328 
34 

1446 
419 

95 

7.4 

193 

1.00E·00 
0.3 

00 

1.3 

. '.I .. :;. ~: :-' 

lOS 

~ooo 
30110 
3600 
3400 

· . -- •.. _-- -.... -.. _.- -_ .......... _-- - .-... __ . _. -' ._._.- - . · . ------_ .. 

-a. = E 2800 
2600 

---.------- .-.- .. -------.-.. ~---- _. __ .. -_ .. -. 
~=====~'---. ·-b;:====-~-==iE:~=_~~~~~::·:~) 

2400 
2200 
2000 ~ ----_._---_._. .~ 

i ~ 
'-M 

~ 
Dale 

.. _. _._._. __ . 

Chlorides 

--------_._-.-- .. -._-----_. __ ._._ .... _._-- ...... _- _. 

~~ 
· . -------·--·~··i--- T----------·--·-, 
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01 30 -
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EM 
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§ ~M 
Dato 

5ul/alea 

iii 
~M 

:)'" 

~I 
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. _.- _._----

200 
180 
160 
1~0 
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20 
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M 
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~M M ~ 
N 
~M 
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Dale 

Magoeslum 
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Paramcllu Unils 

Field Parameters 
"'CilsIr1Q Elov. lucl 
0011010 Elov. fool 
Phrealic flov. Fuol 
Doplh 10 Waler Fool 
pit Unils 
T omperalurc 'C 
Condo @ 25 "C fUllhoslcm 

Soluble Data 
SAR 
DO 
TOS 
Carbonale 
Bicarbonale 
Chlorides 
Sulfales 
Calcium 
FlUOlido 
NilrilolN 
NilraleiN 
AmmonilllN 
Aluminum 
Alsenic 
Anlimomy 
Ooron 
Barium 
I30ryllium 
Cadmium 
Chromium 
Cohall 
Copper 
Cyanido 
Iron 
Lead 210 
Lithium 
Magnesium 
Manoanese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selonium 
Silvor 
Sodium 
Thallium 
Vanadium 
Zinc 
Sol. U·Nal. 
Sol. Th·230 
Error Term 
Sol. /1a·226 
Error Tcrm 
Sol. l1a·228 
&rorTerm 
GroSs Alpha 
Error Term 
Gross Bela 
Error Term 

I IN. Wliliu Me~a 

% 
mgll. 
mgll 
mgll 
rngll 
mgll 
mgll 
mglL 
mgll 
mglL 
mgll 
mgll 
mglL 
mgll 
mglL 
mgll 
mgll 

t
1gll 

11 gil 
11 giL 
l1gll 
mgll 
mgll 
mglL 

Imgll 
mglL 
mglL 
mglL 
mglL 
mgll 
mgll 
mgll 
mgll 
rngll 
rngll 
rngll 
rn()ll 
IIl()lL 
pCiil 
pCiil 
pCill 
pClil 
pCilL 
pCiil 
pCiil 
pCiil 
pCill 
peilL 
pC ill. 

11.0 

0.001 
0001 
0.1 
0.1 
0.1 
·2. 
25 

0.01 
4mgil 
lmgil 

' .. ' ',~ 

1 moll 
Irno1l 
O. lmOil 
0.05mo1l 
0.1 moll. 
O.lmgJl 
O.lmgll. 
0.1 moll. 
0.051Oo1l 
O.OOllOgll. 
3ugil 
lOUgil 
10uo1l 
10uo1l 
5uOIL. 
O.Olmoil 
0.0 1 moll 
O.Olrngil 
0.0 I moll 
0.02rnoil 
0.02mgil 
0.05rnoil 
0.05rnoil 
O.Olmgil 
0.2ugll 
lOUo1l 
O.05mo1l 
0.5moll. 
2uOil 
O.OlmglL 
0.05mgil 
O.OlrnoJl· 
0.0 I rno1l 
5uo/1. 
0.2pCi1L 
0.2pC1/L 

0.2pCiil 

0.9rGill 

2.0pCiil. 

2.0pCi/L 

r' I', 

5650.00 

5564.73 
85.27 

7.39 
3210 

2625 

194 
81 

1500 
245 

0.0009 

0.0009 
0.0009 

0.6 

88 

0.007 
0.0009 

12.7 
0.005 

432 

1.00E·08 

5650.00 

5564.51 
85.49 

7.48 
3490 

3144 

205 
92 

1736 
316 

111 

11.8 

438 

9.50E·09 

0.4 

221UIU3 _I~~_ 

565000 

556470 
85.30 

7.52 
3580 

3172 

208 
U4 

1811 
305 

0.0009 

000019 
0.0004 

115 

0.004 
0.004 

13 
0.0019 

476 

8.80E·09 

7 

21 

5650.00 

5564.85 
85.15 

7.57 
4170 

3694 

206 
93 

1783 
287 

102 

12.8 

475 

8.10E·09 

0.8 

1.2 

,.:..:.:"!.;.' L.:.;". 

TDS 

6000 ... -.- ....... · .... ··· .. -1··.. --.-.-.-... J-...... . .... 1 
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~ ! ! ~ SM 
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j
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07-22-1994 13:34 303 534 7435 CONCORD/ENERGY FUELS 
~~r.I~ P.02 

"" ~bV Iq q I 
HOLT JET PUMP WELL ~'.. . : ~14>14-,'. 

PAAAMI'IIR RESULTS DAINKlN(I WATIR STANDARD. 
MCJJL UNL!88 OTHIBWIIE IJIIICIFIID 

M8EN1Q co.001 D.GI 
IWUUM G.oI 1 
CW)MIUM 0.014 0.01 
CHROMIUM Co.01 . G.GI 
&..lAD 0.G4 G.GI 
IlIiRCUJIlY cfI.OOOI a.ooa 
NlTRAU • 1.1 10 
IIU!NIUM O.1a 0.0' 
SlLYSI -cO.O' 0.01 
AADIUM(Z!I) 1,8 pCIII 
RADIUM_ i' pCIJI 
RADIUM (lie + 121) .'pCIII 15 pan 1M." 0.0 pClJl 
URANIUM 0.0114 
GRO"AU'HA Il:10,0111 111pCW 
GROIIBITA 100 pCl/l 4MRlMlYR 
CHlORIDE IGI IIG 
COIIPiR cOtO, 1 
IRON G.II o.a 
MANGAN.'. 7.78 O.GI 
~ 4.14 15.15 ... 1.1 
SULFA,. 1"0 lID 
TOTAL D'8.0.LVIID aoUDI 2100 100 
ZINC 2.11 I 

ALUMINUM eD 
AMMONIA e.o 
ANnMONV oCO,OO8 
BlRVUlUM a.ps 
IORON 0 •• 
CALCIUM -ALKAUNITY(C03) 11 
AUCAUNITY (HC03) 141 
COIALl 0.42. 
cYANIDE 0.02 
ClAWUM 0.08 
LlTHWM 1.t 
MAGNIllUM .. 
MOLYBDENUM CO.01 
NICKeL 0.41 
NOI 0.01 
PHOSPHATE <D.1 
PQTA881UM S,. 
IODIUM '117 

-:., 
STRONTIUM 8.SIG ~ ':; 

THALUUM 40.01 
~TAL8U.P!ND!DSOUDB I 

. 11~ cO.QQI 
MAHlUM <O.na 
VANADlUM 0.01 

I I " ... ' t.-t •• ' I 

PAGE.C!l02 



: • .1 
".! 

PARAME11!R 

ARSENIC 
IANUM· 
OADMIUM 
CHROMIUM 
\.&AD 
MERCUIW 
NIl'AATI 
IILBNIUM 
elLVEA 
RADIUM_ 
RADIUM .. 
RADIUM (221 + 2U) 
1M-no 
URANIUM 
B"OI8 ALPHA 
BROSSI.TA 

~HLOAIDE 
COPPIlA 
IROM 
MNJGANEB! 

./ruLFATIi 
• TOTAL DISSOLVED GOUDa 

ZINC 

ALUMINUM 
AMMONIA 
ANtiMONY 
BERYlLIUM 
IORON 

, 'CALCIUM 
ko ALKAUNnY (COl) 
" ALICALINrrY (HCOI) 

COIALT 
CVANID& 
QALUUM 
untIUM 

"'MArIN Ii81U M 
MOLVBDINUM 
NICKEl-
NOI 
PHOSPHOROUS 

." P01A8aRJM 
M SODlUM 

eTRONTlUM 
THALUUM 
TOTAL GUBPENOI!D IOUDS 
TIN 
nTANIUM 
VANAOJUM 

JlJL 22 '94 11:49 

CONCORD/ENERGV "FuELs ....... a...a __ •••• _ •• __ -.. 

P.03 

JONES WELL 

RE8ULT8 

cO.OO' 
<0.01 
cO.cD5 
<0.01 
<o.oi 
<0.CK11J2 
<0.01 
0.001 
<0.01 
O.3~ 
OApCIII 
0.7 pOiII 
O;t pCM 
0.0057 
1.1 pOUt 
7.2 pCIJI 
15 
<0.01 
..:0.01 
0.04 
8.11 
410 
1DIO 
O.OH 

",0,01 
0,1 
<0.003 
..:0.01 
0.11 
10.7 
a 
Me 
<0.o, 
0,01 
eO.oa a.. 
;LiS 
0.01 
eO.D1 
cO.01 
<0.1 
1.1 
:JTa 
0.11 
co.01 ,a 
cD.OOI 
cO.05 
cO.Dt 

DA1NKlNI WA1DGTANDARD8 
MOIL UNLlII OTH&JiI!II8I8pl9lPER 

,G.. , 
0.01 
0,01 
al. 

o.oDI ,a 
o.oi 
o.os 

'1p(M 
4 MAlMR 

. . ........ II. 

110 
1 

0.3 
o.oe 

1.1 .... 1 -1500 
I 

30324:5197.3 
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ANDERSON WELL 

PMAM!TIR M8ULTI DRINKING WATER ITANDNIDI 
j I MW\.. UNLlII Q!HERWlal'PEOIFIID 

AMI!NIC co.OO1 G.aI 
IMIUM co.01 t. 
CADMIUM co._ D.01 
CHROMIUM co.01 D.OI 
LIAD· <G,oa 0.01 
uaACURY co.ODDa o.aaa 
NrrRAU . 0.1 1a 
IELiNIUM O.GOI 0.01 
81LVEf' ca.ca, G.. 
RADIUM (_ 1,11)CL1 
RADIUM_ 1.lpCM 
RADIUM (2M + HI) UpCIII IpCfII 
1M-no 0.0 pCLIL 
URANIUM 0.041 
GROUA\.P~A upern 11pCV1 

'; AGR088IIn'A • pCIJl 4MAlMIYA 
CHLORlDI! 81 lID 
coppa" <0.01 1 
IRON 1.11 0.1 
MANGANE. &II O,DS 

~LPA1! tl.5l e ..... I.B ,. 1150 
TOTAL DI880LVIg eOUDI Il1O aoo 
ZINC O.I7U 15 

ALUMINUM <0.01 
AMMONIA cO.t 
ANTIMoNY "o,ooa 
IIRYWUM .cQ,01 
IORON a,a. 

vCALClUM aDO 
....... ALKAUNITY (003) 11 
<I' AUCALlNlTY (HCOa) .. 

COBALT 0.01 
CYANIDE a.aa 
GALLIUM 0.01 

~"etuM D.1 
107 

MOLYIDENUM 0.01 
Nlo,.L cD.D1 

• HOI 0.01 
PHOSPHATe I 

..;0.1 
v1-0TA8IJUM , ... 
'VSODIUM 11.1 

STftONtiUM I.el 
,"., 

ntALLIUM -cO.D1 
TOTAL. eUBPlND&D IOUDI • . TIN <0.005 
1lrANIUM <0.01 
VANADIUM D.Oi 

3032431973 
, 
PAfiE.e04 



07-22-1994 13:35 303 534 7435 CONCORO/ENERGV FUELS P.05 

HOLT WINDMILL WELL 
• 

PARAMETER REaULTS DRINKING WA'mR 8TANDMDI 
M~ UNl.U8 01HIRWI8B •• OIf.IBD 

AAlENIC cO.ao, 0.01 
IlAAIUM 0.04 , 
~MIUM 0.0Ge o.ot 
CHROMIUM eG.Ot 0.01 
LIAD <DAM 0.01 
MERCURY cO.DOD! o.GOl 
NnMTI a.' '0 
I.LaHIUM -co.aaa 0.01 
sn.veR -cO,01 0.01 
RADlUM(Ue) O.7pCln 
RADIUM_ i.'pCUI 
RADIUM (Ite + 228) UpClIl JpClII 
'TH-ao 0.0 pc1/I 
URANIUM OIOOM 
ClROI' ALPHA 10 pCf/I 18 pOIJI 
ClROS81RTA 18 pCIJI 4MAEMIVR 
CHLORIDE t4 110 
eoP~11i\ cD.Oi 1 
IRON o. 0" 
MANClANIi8& "to 0.01 
J'M 11.17 "'-8.. 
8UurA~ nto DO 
TOTAL DI880LV;O SOLIDS 1140 IGO 
ZINC 0.101 I 

AWMINUM IICO.OS 
AMMONIA 0.2 
ANTIMONY <.003 
BIAVWUM <0.01 
BORON 0.01 
CA'-C$UM 2111 
ALKALINrTY (COB) 11 
AUW.INnv (HaOG) '11 
COaAl..T ..:0.01 
CYANIC! G.OZ 
ClAloLIUM O.GI 
UTHIUM 0.1 
MAGNESIUM .. 
MOLYBDENUM " <O.Oi 
NIOJ<&L 0,01 
NOZ 0,' 
PH08PHA'fE .co., 
POTASSIUM 11.7 
aODtUM •• 0 

:J STRONTIUM a. .. 
THAWUM ..,,0.01 
TOTAl. SUSPENDED SOLIDS 53 
llN cO.OOI 
TITANIUM <o.oe 
VANADIUM 0.01 . 

JU.. 22 '94 11:59 
. 

J032431973 PAGE. 005 



F. 
m . 
'i 
..... 
~ 
~ 

M· ti ..... 
U) 
...:J 
t.l 

Parameter 
Na .. m08 4 
N~ 

. 
Kmg(I '-. 

/I ~RIQ 
lAg. rmJ 
Sr.~1 
H.nV 
·U.uamtl 
V.IIVJ 
Zrl. moll 
Zr •. mgJl 
TCIaI~_ ... maqll 
NH3-N. mg,II 
C. moll 
CN CfOlall .. mgII 
PDoIaO.mon 
S04.nUI ., 
TDS.nUI 
lSS.1ID1 
Re(Jort Dale 

mgII IS 0--. perller 
pQJI ;;::; picDCwies per lief' 

4-

. 

"U- I'nR81 = d:rogmns per Iter 
ift NO ~ naI dal1dBd 
~ NS=nat ...... 

CElL2LDS 
. Bild 

C2LDS Du 
34- 36 

0.02 0.02 
2.8 3.3 

NIl NO 
ND ND 

2.2 2.5 
0.01 0.05 

1.2E-OB 1.0E-OS 
0.03 D.03 

NO NO 
NO NO 

3.8 3.82 
ND ND 

119 ·180 
NO ND 
NO ND 

150 159 
765 770 

ND ND 
Feb-91 ._~tn 

TABLE 1 

A..YASHPOND 
Upper Lower PnMous Simes 
fool Pool ..... .. DtaIn 

391 219 57D ZM5 
0.05 0.04 as 72-
7:J. 8.8 23 251 

OJ128 0.23 G.OD5 0.&4 
NO NO tl.OD2 D.ms 

1.1 2.1 1.4 14 
o.os 0..04 0.08 1.1 

2.6E-07 2.1E-D1 1.DE-01 1JE-D5 
8.7 11 0.0 185 

ND NO 7S1 50 
ND ND NO ND 

2.52 1.38 0.8 NO 
1A 4..0 57 1781 
134 74 Sl6 3191 

Nl NO ND NO 
0.1 o.a 0.2 1.2 

854 8B8 1414 38404 
1514 1393 288B 87110 

ND Nl NO NIl 
_-.ftb-81 Feb-91 Od-IO fEb-91 

NoIe: The blanksampla is obtained byfttshlng the ....... 9 a:ppmentwilb c:IabJIzBd ...... Mar 
1010 2OpD.des 01 ftusbk1g..fresh daIanized water Is pAJip8d1hroug'l the aqufprnrdancl....,red. 

Slid 
NO 
ND 

CUD 
ND 
lID 
NO 
ND· 
NIl 
Ml 
ND 
NIl 

0.2 
ND I 

ND I 

ND 
ND 
ND 
NO 
Nl 

fGb-91 

~ 
·1 -
~ 
.,.g 
--. 

CSJ 
"\l 
I 

f\l 
f\l 
I .... 

(0 
(0 
,f:o 

.... 
~ .. 
~ 
IJ) 

~ 
CSJ 
~ 

gJ 
,f:o 

"\l 
,f:o 
~ 
Ul 

B z n 
0 
;0 
0 , 
~ m 
;0 

~ 
"T1 
C m r 
[Jj 

lJ 

CSJ 
IJ) 



F 
tJ .. 
f 
.... 
~ 
~ 

",.' :::~'..:.~~ --

• 

TABLE 1 

CEU.2lDS FLV ASH P(R) 

BInd I tJppGr lDwer PlaUIS I SImas 
ParameIsr I C2lDS 1 Duplcalll Peal I Pc)of I ~ DraIn I Blank 

GroasMlha.pQII 4.501 7.CXU 21101 2501 2301 140001 0..0 

e'&~ . J ~:, -- ~:I. ---- :1 --u:J 1:1 ·-:1 :,jJ 
fJa--.pC]A 1.501 1.601 1.01 8.7. 1.8) 1.91 1.4 
lb"':'230.PQII o.CXU 0.001 241 .2.91 aliI --3B50' 0.5 
~11Ir~ 

2-bu1anarte.II.IUff 

di-n-1!.gI pthalr1! 1'1'1 __ 

r.KotalU_1&. mmall 
cIIrysa'le. 

' ...... :mwy· 
I ~1P1-'1f ...... 11WI1D11 ,-.... ··v· 

NO I NO 1 --NO~I-ND -I . NS --- 1513.811 MJ 
NO J - NO I -ND MJ 1 NS 15.131 ND 
ND M> NO f ND I --NS l .• aMj ND 
ND . NO NO ND NS 8.25 ND 
N) ND-- -- ·---1.3- ND NS 1.1J8 NO 
NO ND 1.15 NO NS N> NO 
NO· ND 1:.73 NO NS NO 1m 
ND -ND-·- -. -- ··1:79 1.2 NS 1.13 M) 

ND NO 1 .. 18 NO NS NO . ND 
ND ND NO NO NS 38...4 ND 
NO ·ND ND NJ NS ~ NIl 
NO. ND-·--~D- - -N) -. NS . 2.70 NJ 
NO NO NO NO NS 1&10 flO 

", 

~I ~ w 

~ B. 
1.___ . 

o..oB o.os 0.46 D.33 1.8 2460 D.01 
o.JJM daM G.24 a..a 0.082 G.2B 0.CD2 
0.10 0.10 0.03 0.04 0.10 NO . MJ 
8.1 0.1 Cl3 0.9 D.2 3.5 NO 
108 110 12 112 81 474 ND 

lCd.mg O.cxn I 0.0021 aal 0.0021 ..... 1 4.21 0.001 
O..fDU'· 0..0051 0.0021 0.0031 o.lXBl 1.01 ND 

:~ I :~I·_m:_ .. r -: I ~I ,;;1: ~m 

!'I~~ 
~ ':_!! -t 

D.1IJ8 f 0Jm1- cum I D.02S, 0.0821 D.2I J til 
51 52 23 36 121 auo Nl 

1Mn.11ICI •• 11 4.11 NO - 1 NO I 2.81 1281-"" 
~ o.«m I 0.030 f 1.61 2.81 0..' 0.441 MD 

~ 
.... 
...I) 
~ -

; 
.... 

~ 
.... 
(Jl 

lfj 

(Jl 

~ 
El 
.:. 

~ 
U1 

~ 

I 
"'Tl 

~ 

-0 . 
~ 



07-22-1994 13:37 303 534 7435 "'...,..""" ..... ,-.,..,."y VYlI •• 

ANi\LVTlCAL I.ABORAroRY . 
CONCORD/ENERGY FUELS P.08 

WHlTI MIlA MILL , . 
P.o. IOX-

:' , BLANDING. UTAH 84111 

sPORT OF ~LyslS 

Reflrance CodI(I): 
1) FIJIINd.4&.I pH<! HNOa 

i UnftftInM:I FlaW 
3 An_ -R. MartIn 
4 Ani. - V. MarlIn 

Alpert Datt: 18-Apr-81 

Unltll 01 Muaurwmn m;IJ tx;Ipt wh .... otherwlu IPIOIfied 

rum. : i-m- _. ~ Fiimeit &iilS flelerenc8 92S!1[11 

T* AIkaIl'IaY 0/ """,,'''" . SAl mtqII 1.,1'" EPA 810.' 16-Uar-Sli 2.4 
L ,.." 0.001 EPA lOlL! 28-MIt-8, 1,S 

II 0.001 EPA2ID.2 03-Apt-81 1,3 
CI 113 EPA 211.1 I2-MaI'-e1 1.3 

, ' 01 ...... 12 EPA •• 18-MIl'-11 2.3 
.~ 52 EPA24R.1 2I-Mar-I' 1.:1 

CL2I EPA., II-Mer-e1 ,.s 
He 171 EPA27a11 2'-MaI'-01 ',8 
M o.D2 I!PA24I.2 27-Mar-81 ',3 
K 8.0 ePASl.1 22-Mar-81 ii' 
81""" D.rm !PA270.2 11-Apr-81 1,a 
804~ lIS! EPA 115.3 18-M .. -11 ~,a 
TDI v' 1272 EPA 1 .. 1 11-M.-81 2.3 

U '{6CvmQ 22-10 ASTMD2807 iB-Apr .... 11 1,4 

• 

, 
JLL 22 '94 11=50 3a32431973 PAGE.1!Ui 
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07-22-1994 13:38 303 534 7435 '-em ... ~ nil.' .. ' _ "'v.... . 
ArW..YTICAL LABORATORY 

. WHITE MESA MILL 
P.O. BOX_ 
BLANDINB, UTAH 84511 

CONCORD/ENERGY FUELS . 

aepgBT OF ANALYSIS 

Date Samp11 RIC8IIY.r\DUiil::!!!!,::lI 

Rlport Date: 18-Apr-I1 

AI_nat COd-C.): l' .-rid 148u pH<2 HN03 
2) UntI1ltt.CI RaW 
8) Anaiyal- It MMln 

. 4' An"~ - v. MartIn 

Unltl Of MlUurement mglleaapt wh .... ctherwlle."eoHIed 

P.09 

: iiue Y-OiWNpjjjPir Mi. Da' Rifirence coa.m 
Total AlkaBnity 

As 
Se 
Ca 
Cl 
Mg 
Mn 
N. 
HI 
K 
Sa 

804 
TDS 
,U (uCVml) 

.. 
':1 

8.lImaq/J ,~'" ~ EPAG10.1 
<0.001 ePA 208.2 
0,004 ePA 210.2 
.. EPA 211.1 

10 EPAHI.a 
11 EPA 241.1 

0.02 EPA 24&1 
471 !PA27&1 

G.M EPA 248.2 
" EPA 2&8.1 

<O,D EPA 110.2 
UM9 IPA171.3 
3184 EPA 180.1 

I.SE-OS ASTM D2807 

Approved by:.1 _.. · 
~ 

. , ., " ...... -. 
JLL 22 '94 11131 

15-Mat-81 2.4 
28-Mar-81 1,3 
03-Apr-81 1.3 
22-""'-S" 1t3 
18-Mar-I1 2.3 
22-Mar-81 1.3 
2S-Mar-11 1.1 
21-Mar-11 1t3 
Q7-MIu'-11 ita 
22-M .. -11 1,S 
11-API' .. 11 1,8 
18-M"-I' 2.1 
15-M .. -11 2.3 
18-Apr'-lt 1 •• 

3032431973 PAGE.Ba'i' 
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07-22-1994 13:38 303 534 7435 
"1II1ii1"""'" mll.~ """"",,,'. 
AMAi.YTICAL LABORATORY 

" WHITE MESA MILL 
Plo.lOX .. 
BLANDING. UTAH 84511 

Llbatatory Sample ID: 11887 

BEPORT OF ANALysiS 

8empt. If3 

Riport Datr.18-Apr-81 

P.10 

Rlflrenoe CodI(a): 
1) FIItnd k4lu pH<2 HNOS 

~ 
Unfiltered Flaw 

t ~ - R. Martin 
4 AnIlYIt - V. Martin 

Unlbl Of M--.nrnent mgll exotPt wh,,.. otIwrwlu tpeOlfIed 

Y , ;r~ ~ 

TOIII Alkalinity 4.08 meqll 'D~' EPA 310.1 15-M .. -D1 1.4 
Ira <0.001 EPA 208.2 18-Mlr-11 1,S 
Be 0.001 EPAlto.! 03-Apr-81 1.3 
Oa 4f1f EPA 215-' 22-,..,.-81 1,3 
CI 88 EPA 115." 18-MIU'-81 2,3 
M; 284 EPA 141.1 2!-M.,-" 1.3 
M" 0.30 EPA 141.1 IS-Mlr-81 1,3 
Na 708 EPA 273.1 21-Mlt-81 1.3 
N1 0.10 I:PA248.2 27-Mlr-I1 1.8 
K II! EPA ... 1 22-Mlr-81 '.3 Sa co.oaa EPA 270.2 11-=-11 1.a 

804 1711 !PAma '8- 11'-'1 2.1 
tD8 U88 EPA 180.' 1&-Mlr-lt 1,3 

U (UCllmQ B.OE-OI ASTMD2907 18-Apr'-81 1,4 

• 

3032431973 PAGE.0B8 



, f~· 

-07:':22'::'1994--13:39- - --303--53-4 7"4--3"-5"-----
W'.-.~. -~ ..... --- - -
ANALYTICAL LABORATORY 

CONCORD/ENERGY FUELS 

. WHITE MESA MILL 
P.O. BOX 881 
BLANDING, UTAH 8451 t 

REPORT OF ANALYSIS 

Laboratory Sample ID: 13888 

Total AlklllnRy 
AI 
~ 
Mg 
Mn 
Na 
NI 
K 
Se 

S04 
TDS 

U (uCI/mQ 

:!I1U8 SeMoa Number 
J,,,11 

I.ae m8QII ~&\ ' EPA S1 0. , 
0.002' EPA2O&t2 
n 1104 EPA. OtD.Q 

174 EPA 241.1 
1.4 EPA 14&1 

284 EPA J7l.1 
0.07 EPA 248.1 

10 EPA25B.1 
<0.002 EPA 170.2 

11148 EPA 375.3 
3424 EPA '10.' 

i.le-OS ASTM 02807 

Ref.anot Coda(a): 

~ 
Fllllred .45upH<2 HNOS 

Unftltlrld Raw 
AnaJyet - R. MllIn 

4 AnII)C - VI MIrtIn 

15-Mar-81 2.4 
28-M.,.-81 1.3 
M-Aar-11 1.3 
22-MII"-I1" '.3 
I5-MIt-li 1.8 
21-MII'-11 1,S 
27-MIr-11 " '.3 
22-Mar-81 1,3 
11-Apr-81 1.3 
11-M"ar-81 2.3 
15-M.,.-9' 2.S 
18-Apr-81 1,4 

3032431973 

P.11 



07-22-1994 13:40 303 534 7435 
\JME'fOO MINSWJI UUtr. . 
ANALYTICAL LA8QRATORV 
WHITE MESA Mill. .• 

CDNCDRD/ENERBV FUELS P.12 

P.O. BOX_ 
BlANDING, UTAH 8411 t 

HEPOAT OF ANALYSIS 

LaboratoIy &amp_10: 18a . ~ fWIrenGt 00d8(8): 

81/11p.~~\" i ~.~PH<2HNOI 
U~FIaW 

'"oJ ~-R.Mlrlln 
Data a.mpla R'Olly~j ..... "'1 4 ~ - V. MartIn 

Ripon Datt: 18-Apr-81 

Un .. Of MlMUfI".,t: mg/llXClpt Whn othlrwlll ~~ 

earn-. iii- ~ IIlJ'XX1l!1um§:er NliMDDI .... nE! coall-]: : 
Total AIkIIInIty a.G8meq11 rol .,,"'i'lA 31D.1 11-*-81 2.4 

M cO.001 ~ EPA2D8.1 28-M.-G1 1,3 
._, Be 0.001 EPAI1D.1 08-Apr-11 1.3 

Ca 118 EPA21a., 21-Mlr-81 1,3 
CI 50 . EPAarm.a 18-Mer-81 2.3 = S4 EPA 141.1 22-Mlt-'1 1,a 

0 •• EPA 143.1 25-"-81 1.3 
Na 4ID EPA 27&1 21-Mar-81 1,3 
NI 0.G4 EPAR4D.~ ~-Mlr-81 t,S 
K 7.4 EPAu&1 21-Mar-I1 t.S 
S- <0.001 EPA 270.2 11-:.r-11 1.3 

804 tOIl EPA:na.a 18- 11'-81 2.S 
TDS 1B!O I!PA 180.1 15-Yw-01 I.S 

U (uCflmQ 1.71-10 ASTMD2807 18-"F-rn 1.4 

1-. 
I.··· 

• 

. ... 3032431973 PF¥3E.010 



CONCORO/ENERGV FUELS 

. . 

REPoatOF ANALVSra 

AlferenOl Coda(a): 
1) FtIterec1.4aU pHcaHNOS 
2) Unaltered Raw 
I) AnafVat - R. MIttin 
4) Anatpt - V. Mlrtfn 

UnltB Of M ...... rnlnt; mgJI except whlre otherwM IPl(;lfIed 

II !!!!!! 
Total AlkalInity 8.01 mICIII ,0\ 

1S-Uar-11 2,4 ~O' EPA 310.1 
AI 0.002 EPA2DU a-Mat-li 1,3 a. 0.001 EPA 210.2 03-Apr-11 1,3 
c. 33 EPAI1G.1 22-Mar-8' 1,1 
OJ 31 EPA_I 18-Mar-81 2.3 
M; &.7 EPAHL1 II-M.-S1 1,3 
Mn o.oa EPAKU 28-*-81 1,3 
Na .. EPA 173.1 21-~-'1 1.8 
N1 0.0& EPA 148.. I7-M .. -I' 1,3 
K 1.0 EPAB8.1 II-Mar-11 'as 
&8 <0.002 EPA270.! 11-Apr-81 1.:1 

804 G87 EPA378.a is-Mer-81 2.S 
TOS 1888 EPA 1eo., 11-Mat-81 2.S 

U (UC1/ml) <2.0E-10 ASTMD2907 18-Apr-81 1.04 

P.13 



07-22-1994 13:41 303 534 7435 
"!'I~ I \iU Mnl:l'¥MIO \AIIV", 

. ANALYrICAL LABORATORY 
. WHITB MIlA MILL • 

CONCORD/ENERGV FUELS 

P.O. sox_ 
BLANDING. UTAH 84511 

BSPOBT QF ANALYSll. 

"Llboratcry Sample 10: 

a.mpl.~n:Q~~ 

DatIl ~le Rlcelvtd: . 

fIIPcrt Dall: 18-",-1' 

"""nce Cod.,.): 

i 
FlltltMl.4IU pHc2 HN03 
UnfIIWed RaW 
~-R."'n 

4 Analyat - V. MlJ1In 

Untta Of Meuurmnent mgIIlXCIPt ¥Alere OIhnJae 1pecIftt~ 

P.14 

::: : pjriiriiit !P Mei1Qii BumP.r : B-Ril f@riiCi COdem 

• 

Total AIkaIlnRy 
M 

. . 

BI 
CI 
CI 
Mg 
Mn 
Na 
N1 
K 
Be 

SCM 
TD8 

U CuCl/rnll 

JlIL 22 '94 111:;>3 

... meqll ~" .. 1.*'~EPA :110 •• 
0.001 EPA 208.2 
0.004 EPA 110.1 

818 EPA 111.1 e, EPAaa 
81 EPA 242.1 
1.3 EPAM.1 

" 218 EPA 173.1 
0.08 EPA 241.2 
1.8 EPA.' 

<0.002 EPA 170.1 
1110 EPA 371.3 
U80 EPA18tM 

8.8E-0I ASTM D2807 

15-MII'-11 
28-M ....... 81 
OS-Apr-Oi 
II-Mar-It 
18-Mlr-11 
22-Mlr-11 
IS-Mer-It 
Ii-Mar-11 
21-Mar-11 
.-Mar-I' 
11-..",-Dt 
11-MII'-81 
11-Mar-11 
18-AQr-81 

3032431973 PAGE.IU2 



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

07-22-1994 13: 41 303 534 7435--
UMIII""" MI"~"''''nr. 
RW.Y11CAL LAIOMTORV 
WHITE MESA MILL 
P.O. lOX 8 
BLANDING. UTAH 84511. 

_.- - .. - ... --.- --
CONCORD/ENERGV FUELS 

REPORT OF ANALYSIS 

Laboratcry s.tnpla ID:1 J.!I_~ 

a.mple Dnorlptlo ~I~ __ . ____ ~ 

Da18 Sampl8 AecIIv~ O&-M.-81 

Report Date:".. 1 

Unill Of Measurement: mall except wher. otherwise spaclfied 

II1II 
eararnitir W,y.: I:: MethOd NUiii§i ili·lillle-

To ... Alkalinity 0.14 fnlq/l EPA 310.1 US-Mar-81 
All 0.002 EPA 208.2 28-Mar-11 
Be 0.001 EPAti0.! OS-Apt-Ii 
C- o.. EPA215.1 22-Mw-81 
CI <1 EPA_.3 18-MII'-ln 
M; 0.04 EPA 142.1 22-Mar-11 
Mn 0.Q1 EPA-I48.1 .-Mar-11 
Na cO.01 EPA 273.1 21-Mlr-81 
NI 0.02 EPA 141.2 27-MII'-81 
K 0.02 EPA 258.1 22-Mar-8i 
Se <0.002 EPA 270.2 11-APr-11 

S04 11 EPAS71.3 'I-Mlr-81 
T08 16 EPA 110.1 1S-Mar-11 

U (uCIlrnO t.eE-OS ASTMD2807 18-Apr-'" 

3032431973 

P.1S 

B;j;ihC! §i.'11 : : 
&4 
1.3 
1.3 
1.3 
2,3 
1.3 
1.3 
1.3 
1.3 
1.3 
1,3 
2.S 
2.3 
1.4 

P~.313 



, , 

I 

07-22-1994 13:42 303 534 7435 
Uttemc MINI:MUI WtW-. 
ANN.Vl'lCALLABDMTOJff 

. WHITS MI!IA Mill. 

CONCORD/ENERGV FUELS 

11.0. lOX. 
BLANDING. UTAH 84511 

REPORT OF ANALYSIS 

Total ADaIItnlly 7.21meqn ~\:'>r".A '10.1 11-...... -11 
M "' <0.001 EPAa.2 a-Mar-I' 
Be 0.003 EPA11G.2 03-Apr-81 
Ca 308 !PAat1.1 22-Mlr-81 
CI • EPA8B.S 18-Met-81 

I 41 EPA 242.1 22 .. Mlr-I' 
1.1 IPAI4I.1 15-Mlr-8' 

Na 281 EPA 178.1 2t-M.-I' 
HI 0.01 EPAR4I.a 27-Mit-81 
K 7.' EPA 118.1 22-Mlr-11 
8e co.a EPA 170.1 ii-APt-ii 

S04 1112 EPAI7U tl-*-11 
TDS .a4 EPA 180.1 15-Mar-81 

U (uCfImI) 1.4&-08 ASTMo.o7 18-~r-91 

.. 

_ .......... -_ .. -
J\.L 22 ' 94 11:54 3032431973 

P.1S 

1.4 
t.1 
1.1 
'.3 
1,3 
1,3 
1,3 
ita 
1,1 
1,B 
1.8 
2,1 
I.S 
1.4 
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07-22-1994 13:42 303 534 7435 CONCORD/ENERGV FUELS 
• t, 

uMETCO MINERAlS CORP. 
ANALY11CAL.LA80MTORY 
WHITE MI!SA MlU. p.o.soxeee 

. BLANDING. UTAH 14111 

BEPOAT OF AtiALYSIS 

P.17 

........... Code(.): 

i FUInd.4&I pH<2 HNOI 
UnfBlllildAaw An.,.. -A. M.,., . 

4) An. -v. M-*1 

Report Date: 18-Apr-11 

Unl .. Of U ... uremlnt mgll e)(Capt wherl otherwll •• peclfled 

2metir ViJQ. jlffi@ Nymbii MaW' @·'Ai!iie g'll 
Total Alkalinity 7,11 megll ,';'t. ~A310.1 'G-Mer-tf 2,4 

M <0.001 EPA 208.2 .... Mat-D1 1,3 
II O.OCM et'AI1G.2 oa-~r-D1 ',3 
Ca 38S EPA 211.1 12-Mar-11 1.3 
01 41 EPA .. a 11-M .. -11 2.3 
Mg 110 EPA 242.1 22-Mw-11 1.S 
Mn 0.15 EPA 24&1 26-MIr-81 1.3 
Na _ EPArra.1 21-MII'-81 '.3 
NI 0.07 EPA248.R 27-Mir-81 '.3 
K 8.4 EPAa1 22-Mar-111 '.3 
Sa <0.002 EPA 270.2 1 1 -~r-81 1.3 

S04 1871 EPA 375.3 18-Mar-81 2.0 
TDS use EPA 1&0.1 15-M .. -81 2.3 

U (uC1/mQ 2.0E-08 ASTM 0280'7 18-Apr-81 1,~ 

Jm24319?3 PAGE.12I1S 
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CONCORD/s,iER13V· "FuELs 

REPORT OF ANAL YSI 

"'orltory SlmplelD; 

SImple Deacrrptlon: 

A8part D*: 18-Apr-81 

UnHII Of Meauremant: mg/l except whete 01h.w1ee lPecItI~d 

eririii::, VI!Ui g_mOd NlJmper HiliDji 

Total AUcaDnILV 1.78~ IPAI1o.1 1S-MIJ'-81 ,. <0.001 EPA_2 2B-Mw-1I1 
B. 0.003 EPA 110.2 03-~r-g1 c. 111 EPAI'S.1 a..;.Y.-81 
OJ 10 EPA_a ' il-Mat-11 
Mg at !PA148.1 21-"'-81 
Mn 0JI8 EPA .. , II-Mlt-li 
Na lID ePA 271.1 21-M.,.-I' 
NI 0.04 EPA 818.2 I7-MIt-11 
K 7,1 EPA ... 1 22-Mar-81 
Ie <D.002 EPA 270.2 n-Apr-81 
804 ., EPAI7S.G i1-MIt-a1 
TDI 1808 EPA 180.1 11-MII'-11 

U (uC"mQ &4&-10 ASTMD2807 i8-Apr-11 

JUL 22'94 11:55 

P.1B 

_ncct W8(e' 
1.4 
1,3 
1,a 
',3 
2,B '.1 1.a 
t.3 
1,3 
1.1 
1,3 
1.3 
2.3 
1.4 
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I 

QUAUT'f CONTROL DATA SHEET 

Number or ~Iea RIIoeIvad: 14 
Type Of lempll Contafnlr(8): PIUtIo 111W 

DUPLlDA7fJ MId u.o RESULTS 

1Il0l Araenlo-Aa O~O'4 0.014 1_' =:=-81 0.001 0.001 0.0 
18888 -Ca 118 . 282 a. 
1181' Chlorldl- ct ea 88 2.1 1'" Magnulum - Mg 174 172 0.8 
18801 ManganIN - Mn 1.3 1.5 10.1 1" 80d1Urn- Na 488 417 1.4 

·131OS NIckII- NI 0.05 0.05 0.0 
13104 POUIIIIum-K '.4 'U a.. 1..., StIItWm-a. c.OOI <.QQI 0.0 1aaoa 8uifltl - 804 41 .. 3.2 -- _A ... IIrN!Ift ft& 

• 
.001 mgJI 
.001 mQll 
,01 mgll 
1 mgll 

.01 mg/l 

.01 mg/l 

.01 m;ll 

.01 mgJi 

.01 m;ll 
.• 002 ':1f' 

4m I 
1n "",n 



• , 

LIborItCty SamPle ID: 13808· 

SlU'npta Delcrlp1on: lCUDftMV 

REPOm OF ANALYSIS 

Report Date: 18-Apr-11 

........ --- .... -_ .. - ..... -.. " 
P.19 

Reflrence Cod.'I): 

! 
PDWed.4IU pH<2 HN03 
UntIIttnd Raw 

3 AnIbWt - At Martin 
4 ~t-V.M'" 

Unltl Of M_uremlnt: mall,xeept whlre athlrwll, apeclfIld 

enffi.!, 
Total Alkalinity 

M 
Ba r..'" 
MfiI
Mn-
Na 
Nl 
K....
Ie 
804 
TDB 
U (uCl/mQ 

2aLe MethOd Nufri§er 
4,01"*111 10\!LO\EPA 310.1 

0.014 EPA 201,2 
<0.001 EPA21CJ.=Z 

.. CPA MI." 
0.01 EPAIMS.1 
l' EPA 273.1 

0.01 EPA 248.2 
4.8 I!PA2!8.1 

co.OO2 EPA 270.2 
45 EPA37U 

252 EPA '80.1 
c1.OE-10 ASTM D2807 

MM; - RiJiiii COC&II) 
15-Mar-81 2.4 
28-Mer-11 1.3 
03-Apr-11 1.3 
GO. Uv-01 1.~ 
25 ... Mw-11 ',3 
21-Mar-I1 1.3 
27-Mar-81 1.3 
a-Mar-81 . 1,3 
11-Apr-81 1.S 
11-"'-11 2.a 
15-Mw-11 2.S 
1a-Apr-81 1,4 

-
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APPENDIXC 

HELP MODEL OF TAILINGS CELLS 

....-...._-_ ...... -..-.------ ----= i i i:-==~ Environmental 



:'.1 

Titan E~n·ronmental 
~. (c,4-

By: PMW, 7 0/94 EFN, #4111-001 
ChkdBy: 

Subject: Running the HELP (Hydrologic Evaluation of Landf'IlI Perfonnance) Model for 
several scenarios at the White Mesa Tailings Facility, Blanding, Utah. 

Purpose: Using the HELP model, determine the performance of the tailings caps and 
tailings cells under local (Blanding, UT) precipitation and temperature conditions and 
latitudes, and solar indexes from Milford, Utah. Water movement through tailings Cell 3 
and Cell 4 were determined. Tailings within Cell 3 were considered saturated while 
tailings within Cell 4 were considered unsaturated. Tailings cells 3 and 4 were modeled 
using a PVC liner with 1 % leakage and without the PVC liner (100% leakage). 

Additional work: For comparison purposes, both cells were modeled using 20 years of 
default climate data from Grand Junction, Colorado. 

Methods: 

1. Input local climate data into HELP model. Five years of precipitation data was 
obtained from Utah State University. Temperature data was obtained from the 
Application for Source Material License, dated September 26, 1978. Tables 1 and 2 
identify the precipitation and temperature data. The remaining climate data was input 
using the default parameters from the Milford, Utah area. Milford is located in 
southwestern Utah, in similar climates and elevation. Elevation at Milford is 5000 feet 
Elevation at Blanding (southeastern Utah) is 5600 feet The additional HELP runs used 
the default climate data from Grand Junction, Colorado. Grand Junction has similar 
climatic conditions, yet is lower in elevation (4600 feet) and has a longer growing season. 

2. Identify soil layers within the cap and tailings. The cap and tailings are described in the 
Reclamation Plan, White Mesa Project, Blanding, UT, dated June, 1988. Default soil 
parameters from HELP were used for each of the 7 layers. Figures 1 and 2 identify the 
layers of the cap, tailings and liner. Figure 2 also identifies the individual parameters used 
for each of the soil layers, including the initial soil moisture, soil type number, thickness 
and layer number. Table 3 defines the soil types by number. Table 3 identifies the default 
soil types within the HELP model. 

3. Calculate the area of the two cells. Figures 3 and 4 present Cells 3 and 4, respectively. 
Cell 3 equals 3,150,000 feet"2. Cell 4 equals 1,650,000 feet"2. 

4. Run the HELP model. Several scenarios were run for each of the tailings cells. The 
four scenarios for Cell 3 are: 1) saturated tailings with the PVC liner at 1 % leakage and 
Blanding climate data, 2) saturated tailings without the PVC liner (100% leakage) and 



JF/.. 7!U/R1 . 2/rS 
,~~fzc(~ 

Blanding climate data, 3) saturated tailings with the PVC liner and 20 years of simulated 
Grand Junction climate data, and 4) saturated tailings without the PVC liner and 20 years, 
of simulated Grand Junction climate data. The two scenarios for Cell 4 are: 1) 
unsaturated tailings with the PVC liner at 1 % leakage and Blanding climate data, and 2) 
unsaturated tailings without the PVC liner (100% leakage) and Blanding climate data. 
The HELP runs are presented at the end of this calculation brief. 

Summary: Table 4 summarizes the HELP runs. 



.J·F)... 

7/cz IP-I 

~ 
~~ Date 

1/1/88 
112188 
113/88 
114188 
115/88 
116/88 
117188 
118/88 
119/88 

1110/88 
1111188 

1112188 
1113/88 
1114/88 
1115/88 
1116/88 
1117/88 
1118/88 
1119/88 
1120/88 
1121188 

1122188 
1123/88 
1124/88 
1125/88 
1126/88 
1127/88 
1128/88 
1129/88 
1130/88 
1131188 

211/88 
212188 
213/88 
214/88 
215/88 
216/88 
217/88 
218/88 
219/88 

2110/88 

2/11188 
2112188 
2113/88 
2114/88 
2115/88 
2116/88 
2117/88 
2118/88 
2119/88 
2120/88 

2121188 
2/22188 
2123/88 
2124/88 
2125/88 
2126/88 
2127/88 
2128/88 
2129/88 
3/1188 

312188 
313/88 
3/4/88 

PRECIP.XLSI (7/20/94] 

Precipitation 
(inches) 

0 
0 
0 

0.06 
0.19 
0.17 

0 
0.Q1 

0 
0 
0 

0 
0 
0 
0 
0 

0.89 
0.71 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0.4 

0.06 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0.04 
0 
0 
0 

0 
0 
0 

Daily PreciEitation Values, Station #42073807, Blanding, Utah 
January, 1988 through February, 1994 

Precipitationl ~----'--f: . Precipitation I Precipitation I 
Date (inches) i Date (inches) I Date (inches) I 

111190 0 ~-+--- 0 111/92 0 I 
112/90 0 I 112191 i 0 ! 112192 0 
113/90 0.2 I 1/3/91 ! 0.15 I 113/92 0.04 i 

114/90 0 I 114/91 i 0.96 ! 1/4/92 0.31 I 
115190 0 I 115191 0.08 ! 115192 0.02 
116/90 0 i 116/91 0 : I 116/92 0.42 
117190 0 I 117191 0 i 117192 0.03 
118/90 0 i 118/91 0 I 118192 0 
1/9/90 0 119191 0 119192 0 

1110/90 0 1110191 0 I 1110192 0 

I I 
I 

1111190 0 1111191 0 1/11192 0 
1112190 0 

I 
1112191 0 1112192 0 

1113190 0.04 1113/91 0.01 1/13/92 0 
1114/90 0 1114/91 0 1114/92 0 
1115190 0.14 1115191 0.02 ! 1115/92 0 
1116/90 0.03 I 1116/91 0 , 1116/92 0 
1117/90 0.06 1117/91 0 i 1117/92 0 
1118/90 0.29 1118/91 0 1118/92 0 
1119/90 0.32 1119/91 0 I 1119/92 0 
1120/90 0 1120/91 0 1120/92 0 

1121190 0 1121191 0 I 1121192 0 
1122190 0 1122/91 0 1122192 i 0 I 
1123/90 0 i 1123/91 0 ! 1123/92 I 0 ! 

1124/90 0 1124/91 0 : 1124/92 I 0 
1125/90 0 1125191 0 i 1125/92 0 I 
1126/90 0 1126/91 0 1126/92 0 
1127/90 0 1127/91 0 ! 1127/92 0 
1128/90 0 1128/91 0 1128/92 0 
1129/90 0 1129/91 0 1129/92 0 
1130/90 0 i 1130/91 0 1130/92 0 

1131190 0.03 I 1131191 0 1131192 0 
211190 0.06 211191 0 ! 211192 0 
212190 0.03 I 212191 0 212192 0 
213/90 0 I 213/91 0 213/92 0 
214/90 0 i 214191 0 ! 214/92 0.01 
215/90 0 i 215191 0 , 215192 0 i 
216/90 0 I 216/91 I 0 I 216/92 0 
217/90 0 217191 I 0 217/92 0 
218/90 0 I 218/91 0 : 218192 0.Q2 I 

219/90 0 219/91 j 0 219/92 0 I 
-, 

2110/90 0 ! 2110/91 0 : 2110192 0.3 ! : 
2111190 0 2/11191 I 0 2111/92 i 0.27 i 
2112190 0 2112/91 ! 0 ! 2112192 : 0.05 I 

2113/90 0 I 2/13/91 i 0 , 2113192 0.66 
2114/90 0.16 i 2114/91 0 I 2114/92 0 
2115/90 0.06 

, 
2115/91 I 0 i 2115/92 0 I 

2116/90 0 : 2116/91 0.03 ! 2116/92 I 0.23 , 
2117/90 0 2/17/91 0.02 ! 2117192 0 
2118/90 0.03 ! 2/18/91 0 2118192 i 0 
2/19/90 0.Q1 ! 2119191 0 I 2119/92 0 

2120/90 0.03 2120/91 0 I 2120/92 0 ; , , 
2121/90 0 2121191 0 ! 2121/92 0 ! 

2122190 0 ! 2122191 0 i 2122192 0 
2123/90 0 ! 2123/91 0 i 2123/92 0 
2124/90 0 2124/91 0 : 2124/92 0 
2125190 0 , 2125191 i 0 i 2125/92 0 
2126/90 0 2126/91 0 2126/92 0 
2127/90 0 2127/91 I 0 

, 
2127/92 0 i 

2128/90 0 2128/91 ! 0.4 2128/92 0 I 
3/1190 0.02 3/1191 I 0.9 2129/92 0 

312190 0 312191 ! 0 311/92 0 
3/3/90 0 I 3/3/91 i 0 i 312192 0 
3/4/90 0 : I 3/4/91 ! 0 

, 
3/3/92 0.34 

Precipitation 
Date (inches) 

111/93 0 

I 
112193 0 
1/3/93 0 
114193 0 
115193 0 
1/6/93 0.34 
117193 0.36 
118/93 1 
119/93 0.01 

1110/93 0.51 

1111/93 0.41 
1112193 0 
1113193 0.21 
1114/93 0.2 
1115/93 0 
1116/93 0.49 
1117/93 0.16 
1118/93 0.88 
1119/93 0.31 
1120/93 0 

1121193 0 
1122193 0 
1123/93 I 0 
1124/93 0 
1125/93 0 
1126/93 0 
1/27193 0 
1128/93 0 
1129/93 0 
1130/93 0.22 

1131193 0.21 
211193 0.16 
212193 0 
213/93 0 
214/93 0 
215/93 0 
216/93 0 
217/93 0 
218/93 I 1.16 
219/93 0.48 

2110/93 0.02 
2111/93 I 0 
2112193 ! 0 
2113/93 0 
2114/93 0.01 
2115/93 0.01 
2116/93 0.08 
2117/93 0 
2118/93 0.05 
2119/93 0.62 

2120/93 0.7 
2121193 0 
2122193 0 
2123/93 0 
2124/93 0.4 
2125193 0.04 
2126/93 i 0 
2127/93 0 
2128/93 0 
3/1193 0 

312193 I 0 
313/93 I 0 
3/4/93 I 0 

?age 1 of ~ 



.;! 

J.F2- . 
//(1$/1'1 

r:;;;;ictk Date 
3/5/88 
3/6/88 
317188 
3/8/88 
3/9/88 

3110/88 
3/11188 

3/12/88 
3/13/88 
3/14/88 
3/15/88 
3116188 
3117188 
3/18/88 
3/19/88 
3/20/88 
3121188 

3/22188 
3123/88 
3/24/88 
3/25/88 
3/26/88 
3/27/88 
3128188 
3129/88 
3/30/88 
3/31188 

411188 
412188 
4/3/88 
4/4/88 
4/5/88 
4/6/88 
417188 
4/8/88 
4/9/88 
4/10/88 

4/11188 
4/12188 
4/13/88 
4114/88 
4/15/88 
4/16/88 
4/17/88 
4/18/88 
4/19/88 
4120/88 

4121188 
4122/88 
4/23/88 
4124188 
4125188 
4/26/88 
4127/88 
4128/88 
4129/88 
4/30/88 

511/88 
512188 
5/3/88 
5/4/88 
515/88 
5/6/88 
517188 

PRECIP.XLS/ [7/20/94] 

, 

Precipitation 
(inches) 

0 
0.01 

0 
0 
0 i I 

0.01 
0 

0 
0 
0 
0 

0.01 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.Q2 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.06 
0.2 

0.16 
0.2 

0.02 
0 
0 

0.01 
0.08 
0.01 
0.02 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Daily PreciEitation Values, Station #42073807, Blanding, Utah --
January, 1988 through Februru , 1994 

i i ! 
Precipitation Precipitation I Precipitation I ! Precipitation I 

Date (inches) Date (inches)_ Date (inches) i Date I (inches) 
3/5/90 0 i 3/5/91 0 3/4/92 0 I 3/5/93 0 , I 

3/6/90 0.01 I 3/6191 0 3/5/92 0 I 3/6/93 
, 

0 , , 
317190 I 0 I i 3/7191 I 0 3/6/92 0 I 317193 I 0 

I ; .. -
3/8/90 I 0 ~ 3/8/91 0 317192 0 3/8/93 0 
3/9/90 0 I 3/9/91 0 3/8/92 0.25 i 3/9/93 0 

3110/90 0.02 3110/91 0 3/9/92 0.03 ; 3110/93 i 0 
3/11190 0.15 3/11191 0 3110/92 ' 0 ; I 3/11193 0 , 

; 

3/12190 0.23 3/12191 0 3/11192 I 0 3/12193 0 
3113/90 0.06 3113/91 0 3112/92 ; 0 i 3/13/93 I 0 
3/14/90 0 3/14/91 0.06 3/13/92 i 0 ! i 3/14/93 I 0 
3/15/90 0 3115191 0.01 3/14/92 i 0 ; ! 3/15/93 I 0 
3/16/90 0 3116191 0 3/15/92 ! 0 3/16/93 . 0 
3/17/90 0 3/17/91 0 3/16/92 I 0 ! 3/17/93 0 
3/18/90 0 3118191 0 3/17192 0 3/18/93 0.19 
3/19/90 0 3/19/91 0.03 3/18/92 0 3/19/93 0 
3120190 0 3120/91 0 3/19/92 0 3120193 0 
3/21190 0 3/21191 0.14 3120/92 0 3121193 0 

3/22190 0 3122191 0 3121/92 I 0.03 I 3122193 0 I 

3123/90 0 3123/91 0 3122192 i 0.02 3/23/93 0 
3124190 0 3124/91 0 3123192 ! 0.05 3/24/93 0 
3125190 0 3125/91 0 3/24/92 ! 0.02 ! 3/25/93 I 0 
3126190 0 3126/91 0.26 3/25/92 0 i 3/26/93 0.06 
3127190 0 3127/91 0 3/26/92 ; 0 i 3/27/93 I 0,47 
3128/90 0 3128/91 0 3127192 i 0.5 ! 3128/93 ! 0 
3129/90 0 3129/91 0 3128/92 : 0.37 t 3129/93 : 0.01 
3/30/90 0.08 , I 3/30/91 I 0 3129192 i 0 t 3/30/93 : 0 
3/31190 0 3/31191 0 I 3/30/92 I 0.13 i 

, 3/31193 ! 0 

411190 0 411/91 0 3131192 i 0.11 I 411193 i 0 
412190 0 .412191 0 4/1192 ' 0.05 i 412193 i 0 
4/3/90 0 4/3/91 0 412192 i 0 I 4/3/93 I 0 
4/4/90 0 4/4/91 0 4/3/92 I 0 4/4/93 I 0.03 ! 
4/5/90 0 4/5/91 0 4/4/92 ! 0 ! 4/5/93 I 0.04 
4/6/90 0 4/6/91 0 4/5/92 i 0 I 4/6/93 t 0.5 t 

417190 0.06 417191 0 4/6/92 i 0 I 417193 0 
4/8/90 0.11 4/8/91 0 417192 I 0 I 4/8/93 0 
4/9/90 0 4/9/91 0 4/8/92 i 0 I 4/9/93 0 
4/10/90 0 4/10/91 0 4/9/92 0 I 4/10/93 i 0 I , 
4/11190 0 4111/91 0 4/10/92 ; 0 4/11193 ' 0 
4/12190 0 4112/91 0 4111192 , 0 I 4/12193 ! 0 
4/13/90 0 4/13191 0 4/12192 I 0 ! ! 4113/93 ! 0 
4/14/90 0 4/14/91 0 4/13/92 i 0 ; 

I 4/14/93 i 0 
4115190 0 4/15/91 0 4114192 i 0 I I 4/15/93 ! 0 
4/16/90 0 4/16/91 0 4115192 ' 0.03 , 

! 4/16/93 I 0.02 
4/17/90 0 4/17/91 0 4116/92 ' 0.03 I 4/17/93 ~ 0 
4/18/90 0 4/18/91 0 4/17/92 I 0 ; ! 4/18/93 i 0 
4/19/90 0 4/19/91 0 4118192 i 0 I 4119/93 . 0 
4120/90 0 4120/91 0 , 4119/92 0 , 4/20/93 I 0 

4121190 0 i 4121191 0 I 4120/92 . 0 ! 4121193 i 0 
4122190 0 4122/91 0 4/21/92 . 0 4122193 I 0 
4123190 0 4123/91 0.01 4122/92 . 0 i 4/23/93 i 0 
4124/90 0,48 4/24/91 0 4123/92 0 t 4124/93 : 0 
4125190 0 4125191 0 4124/92 . 0 ! 4/25193 I 0 
4126/90 0 4126/91 0 4125/92 i 0 I 4/26/93 i 0 
4127/90 0 4/27/91 0 4126192 i 0 4127/93 i 0 
4128/90 0 4128/91 0 4127/92 0 I 4128/93 i 0 
4/29/90 0.09 4/29/91 0 4128192 i 0 I 4129/93 ! 0 
4/30/90 0.06 4/30/91 0 4129192 : 0 ! 4/30/93 0 , 
511190 0.83 5/1/91 0 4/30/92 : 0 

, 
5/1193 0 

512190 0 512191 0 5/1192 i 0 I 512193 0 
5/3/90 0 5/3/91 0 512192 0 I 5/3/93 0 
5/4/90 0 5/4/91 0 5/3192 0 I 514/93 0.05 
515190 0 515191 0 5/4/92 0.07 515/93 0.5 
516/90 0 5/6/91 0 515192 i 0 5/6/93 0 
517190 0 I 517191 0 5/6/92 0 I 517193 0.06 

Page 2 of 6 



Daily Precipitation Values, Station #42073807, Blanding, Utah 
January, 1988 through Februar , 1994 

Precipitation Precipitation Precipitation Precipitation Precipitation 
Date (inches) Date (inches) Date (inches) Date (inches) Date {inches) 

5/8/88 0 5/8/90 0 5/8/91 0 5/7/92 0.19 5/8/93 0.15 
5/9/88 0 5/9/90 0 5/9/91 0 5/8/92 0 5/9/93 0 
5/10/88 0 5110/90 0 5/10/91 0 5/9/92 0.96 5110/93 0 

5/1lI88 0 5/11/90 0 5/11/91 0 5/10/92 0 5/11/93 0 
5/12/88 0 5/12/90 0 I 5/12/91 0 5/11192 0 5/12/93 0 
5/13/88 0 5113/90 0 5/13/91 0 5/12/92 0 5/13/93 0 
5/14/88 0 5/14/90 0 5/14/91 0 5/13/92 0 5/14/93 0 
5/15/88 0 5/15/90 0 5/15/91 0.06 5/14/92 0 5/15/93 0.02 
5/16/88 0 5/16/90 0 5/16/91 0 5/15/92 0 5/16/93 0.08 
5/17/88 0.64 5/17/90 0 5/17/91 0 .5/16/92 0 5/17/93 0.35 
5/18/88 0.3 5/18/90 0 5/18/91 0 5/17/92 0 5/18/93 0 
5/19/88 0.15 5/19/90 0 5/19/91 0 5/18/92 0 5/19/93 0 
5120/88 0 5120/90 0 5120/91 0 5/19/92 0.06 5/20/93 O.oI 

5121/88 0 5121/90 0 5121/91 0 5/20/92 0.05 5/21/93 0 
5/22/88 0 5122/90 0 5122191 0 5/21/92 0.06 5122193 0 
5/23/88 0 5/23/90 0 5/23/91 0 5/22/92 0.36 5/23/93 0 
5124/88 0 5124/90 0 5124/91 0 5/23/92 0.02 5/24/93 0 
5/25/88 0 5125/90 0 5125/91 0 5/24/92 0.2 5125/93 0.05 
5/26/88 0 5126/90 0 5126/91 0 5/25/92 0.15 5126/93 0.11 
5/27/88 0 5127/90 0 5/27/91 0 5/26/92 0.13 5/27/93 0.19 
5/28/88 0 5128/90 0 5128/91 0 5/27/92 0.05 5128/93 0.05 
5/29/88 0.17 5129/90 0.02 5129/91 0 5f28/92 0 5129/93 0 
5/30/88 0.01 5/30/90 0 5/30/91 0 5/29/92 0.03 5/30/93 0 

5/31/88 0 5/31/90 0 5/31/91 0.43 5/30/92 0 5/31/93 0 
6/1/88 0 6/1/90 0 6/1/91 0 5131/92 0 6/1/93 0 
6/2/88 0 6/2190 0 6/2/91 0 6/1/92 0 6/2193 0 
6/3/88 0 6/3/90 0 6/3/91 0 6/2192 0 6/3/93 0 
6/4/88 0 6/4/90 0 6/4/91 0 6/3/92 0 6/4/93 0 
6/5/88 0 6/5/90 0 6/5/91 0 6/4/92 0.01 6/5/93 0 
6/6/88 0 6/6/90 0 6/6/91 0 6/5/92 0.03 6/6/93 O.oI 
6/7/88 0 6/7/90 0 6/7/91 0 6/6/92 0 6/7/93 0.01 
6/8/88 0 6/8/90 0 6/8/91 0 6/7/92 0 6/8/93 0.06 
6/9/88 0 6/9/90 0.04 6/9/91 0 6/8/92 0.16 6/9/93 0 

6/10/88 0 6/10/90 1.09 6/10/91 0 6/9/92 0 6/10/93 0 
6/11/88 0 6/11/90 0 6/11/91 0 6/10/92 0 6/1lI93 0 
6/12188 0 6/12/90 0 6/12191 0 6/11/92 0 6/12193 0 
6/13/88 0 6/13/90 0 6/13/91 0 I 6/12192 0 6/13/93 0 
6/14/88 0 6/14/90 0 6114/91 0.05 6/13/92 0 6114/93 0 
6/15/88 0 6/15/90 0 6/15/91 0 6/14/92 0 6/15/93 0 
6/16/88 0 6/16/90 0 6/16/91 0 6/15/92 0 6/16/93 0 
6/17/88 0 6/17/90 0 6/17/91 0 I 6/16/92 0 6/17/93 i 0.04 
6/18/88 0 6/18/90 0 6/18/91 0 6/17/92 0 ' I 6/18/93 0 
6/19/88 0 6/19/90 0 6/19/91 0 6/18/92 0 6/19/93 I 0 

I 

6120/88 0 6/20/90 0 6120/91 0 6/19/92 0 I 6120/93 0 , I 
6/21/88 0 6121/90 0 6/21/91 0 6/20/92 0 6121/93 i 0 
6122/88 0.02 6/22190 0 6122191 0 6/21/92 0 6122193 0 
6123/88 0.01 6/23/90 0 6123/91 0 6/22/92 0 6/23/93 0 
6124/88 0.05 6124/90 0 6124/91 0 6/23/92 0 6124/93 0 
6/25/88 0.27 6125/90 0 6/25/91 0 6/24/92 0 6/25/93 0 
6/26/88 0.11 6126/90 0 6126/91 0 6/25/92 0.08 6/26/93 I 0 

,~.~ . 6127/88 0.52 6/27/90 0 6/27/91 0 6126/92 0 6/27/93 I 0 
6/28/88 0.42 6128/90 0 6/28/91 0 6/27/92 0 6128/93 ' 0 
6/29/88 0 6/29/90 0 6/29/91 0 6/28/92 0.01 6/29/93 0 

6/30/88 0 6/30/90 0 6/30/91 0 6/29/92 0 6/30/93 0 
7/1/88 0 7/1/90 0 7/1/91 0 6/30/92 0 7/1/93 0 
7/2188 0 7/2190 0 7/2/91 0 7/1/92 0 7/2193 0 
7/3/88 0 7/3/90 0 7/3/91 0 I 7/2/92 0 7/3/93 i 0 
7/4/88 0 7/4/90 0 I 7/4/91 0 T 7/3/92 0 i I 7/4/93 i 0 
7/5/88 0 7/5/90 0 7/5/91 0 7/4/92 0 I 7/5193 0 
7/6/88 0 7/6/90 0 7/6/91 0 I 7/5/92 0 7/6/93 0 
7/7/88 0 7/7/90 0.78 7/7/91 0 7/6/92 0 7/7/93 i 0 
7/8/88 0 7/8/90 0.73 7/8/91 0.1 7/7/92 0 7/8/93 0 
7/9/88 0 7/9/90 0.02 7/9/91 0.45 7/8/92 0.4 7/9/93 I 0 ! 
7/10/88 0 7/10/90 0 7/l0/91 0.01 I 7/9/92 0 7/10/93 0 
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Date 
7/11188 I 
7/12/88 
7/13/88 
7/14/88 
7/\5/88 
7116/88 
7/17/88 I 
7/\8/88 I 

7/\9/88 

7/20/88 
7/2\/88 
7/22/88 
7/23/88 
7/24/88 
7/25/88 
7/26/88 
7/27/88 
7/28/88 
7/29/88 

7/30/88 
7131/88 
8/1/88 
8/2/88 
8/3/88 
8/4/88 
8/5/88 
8/6/88 
8/7/88 
8/8/88 

8/9/88 
8/10/88 
8/ll/88 
8/12/88 
8/l3/88 
8/14/88 
8/15/88 
8/16/88 
8/17/88 
8/18/88 

8/19/88 
8/20/88 
8/21/88 
8/22/88 
8/23/88 
8/24/88 
8/25/88 
8/26/88 
8/27/88 
8/28/88 

8/29/88 
8/30/88 
8/31/88 
9/1/88 
9/2/88 
9/3/88 
9/4/88 
9/5/88 
9/6/88 
9/7/88 

9/8/88 
9/9/88 

9/10/88 
9/l1/88 
9/\2/88 
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(inches) 

0 
0 
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0 
0 
0 
0 : 

0.05 
0 
0 

0 
0 
0 
0 
0 
0 

0.16 
0 
0 

0.13 

0.05 
0.\2 
0.13 

0 
0 
0 

0.38 
0.02 

0 
0 

0 
0 

0.04 
0.07 

0 
0 

0.09 
0.05 

0 
0 

0 
0.24 
0.15 

0 
0 
0 
0 
0 
0 
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0 
0.18 
0.47 
0.01 

0 
0 
0 
0 
0 
0 

0 
0 

0.32 
0.05 
0.58 

Daily Precieitation Values, Station #42073807, Blanding, Utah 
January, 1988 through Februar , 1994 , 

i 
Precipitation Precipitation ! Precipitation ~ Precipitation 

Date (inches) Date i (inches) Date (inches) Date ! (inches) 
7/1 \/90 0 7/1 \/91 I 0 7110/92 i 0 I , 

, I 7/11/93 I 0 
7/12/90 0 7112/9 \ 0 711 \/92 • o --L i 7/12/93 i 0 
7/13/90 0 7113/91 0 7/12/92 133 i + 7113/93 I 0 

7/\4/90 0.05 i i 7114/9 \ 0 I I 7/13/92 0.02 -L I 7/14/93 : -%--7/15/90 0 i 7/\5/9\ 0 
I 

; 7114/92 o I, 7115/93 i 
7/16/90 0 7/16/91 0 7115/92 0 7/16/93 ' 0 
7117/90 0 7/\7/9\ 0 7116/92 0 7/17/93 i 0 
7/\8/90 0.0\ I 7/\8/9\ 0 7/17/92 0 I 7/18/93 : 0 
7/19/90 0 I 7/19/91 0 7/\8/92 0.08 

, 
7/\9/93 0 

7/20/90 0 7/20/9\ 0.28 7/\9/92 0 7/20/93 0 
7/21190 0.03 712119\ 0 7/20/92 0 7/21193 0 
7/22/90 0 7/22/91 0 7/2\/92 0 7/22/93 0 
7/23/90 0.01 7/23/9\ 0.04 7/22/92 0.\ 7/23/93 0 
7/24/90 0.02 7/24/9\ 0.23 7/23/92 0.08 7/24/93 0.0\ 
7/25/90 0.05 7/25/9\ 0.08 7/24/92 0 7/25/93 0 
7/26/90 0 7/26/9\ 0.0\ 7/25/92 0.\7 7/26/93 0 
7/27/90 0 7/27/91 0 7/26/92 0 7/27/93 0 
7/28/90 0.02 7/28/9\ 0 7/27/92 0 7/28/93 0 
7/29/90 0 7/29/91 0 7/28/92 0.02 7/29/93 0 

7/30/90 0.19 7130191 0 7/29/92 0 7130/93 0 
7/31/90 0 7/31/91 0 7/30/92 0 7/31193 0 
8/1/90 0 8/1/91 0.03 7/31/92 i 0 I 8/1/93 0 
8/2/90 0.25 , I 8/2/91 I 0.04 i 8/1/92 I 0 I I 8/2/93 0 
8/3/90 0 8/3/9\ I 0.08 8/2/92 ! 0 8/3/93 0 
8/4/90 0 8/4/91 0 8/3/92 I 0 8/4/93 0.0\ I 

8/5/90 0 8/5/9\ 0.01 8/4/92 0 8/5/93 0 
8/6/90 0 8/6191 0.56 8/5/92 0.02 8/6/93 0.03 
8/7/90 0 8/7191 0 8/6/92 0.0\ 8/7/93 i 0.03 
8/8/90 0 8/8/9\ 0 8/7/92 ! 0 8/8/93 0.03 

8/9/90 0 8/9/91 0 8/8/92 I 0 8/9/93 0.03 i 

8/10/90 0 8/10/91 0 8/9/92 0.03 8/10/93 0.01 
8/11/90 0.04 8/ll/91 0 8/10/92 0 8/11/93 0 
8/l2/90 0 8/12/91 0.36 8/11/92 0.04 8/12/93 0 
8/l3/90 0.15 8/l3/91 0 8/\2/92 0 8/l3/93 0 
8/l4/90 0.07 8/14/91 0 8/\3/92 I 0 J 8/14/93 0 
8/15/90 0.05 8/15/91 0.01 8/14/92 I 0 8/15/93 0 
8/\6/90 0.24 8/16/91 0 8/15/92 0 8/\6/93 0 
8/17/90 0 8/1719\ 0 I 8/16/92 0 8/\ 7/93 ' 0 
8/18/90 0 8/18/9\ 0.06 8/17/92 I 0.19 8/l8/93 0 

8/19/90 0 8/\9/91 0 8/18/92 i 0 8/l9/93 0.03 
8/20/90 0 8/20/91 0 8/19/92 : 0 8/20/93 I 0 
8/21/90 0 8/21/91 I 0 8/20/92 i 0 8/21/93 I 0.02 
8/22/90 0 8/22/9\ I 0 8/21/92 : 0 8/22/93 I 0 
8/23/90 0 I I 8/23/91 0 8/22/92 : 0.37 I 8/23/93 ! 0 I 

8/24/90 0 8/24/91 0 8/23/92 ~ 0.16 
, 

8/24/93 ' 0 
8/25/90 0 8/25/91 0 8/24/92 0 8/25/93 0.08 
8/26/90 0 8/26/91 0 8/25/92 i 0 8/26/93 0.74 
8/27/90 0 8/27/9 \ 0.01 8/26/92 0 8/27/93 , 0 
8/28/90 0 8/28/9\ 0 8/27/92 0 8/28/93 0.73 

8/29/90 0 8/29/9\ 0 8/28/92 I 0 8/29/93 I 0 
8/30/90 0 I 8/30/9\ i 0 8/29/92 : 0 8/30/93 I 0 I 

8/31/90 0 8/31191 0.02 8/30/92 i 0.28 8/31193 0.05 
9/1/90 0.01 9/\/9\ 0 8/3 \/92 i 0.16 9/1193 0 
9/2/90 0.32 9/2/9\ 0 9/1192 0 9/2/93 0 
9/3/90 0.\ 9/3/9\ 0 9/2/92 0 9/3/93 0 
9/4/90 0 9/4/91 0 9/3/92 0 9/4/93 0 
9/5/90 0.08 9/5/91 0 9/4/92 0 9/5/93 0 
9/6/90 0.\ 9/6/9\ 0.93 9/5/92 0 9/6/93 i 0 
9/7/90 0 9/7/9\ 0.25 9/6/92 i 0 9/7/93 I 0 

9/8/90 0 9/8/9\ 0 9/7/92 i 0 9/8/93 0 
9/9/90 0 9/9/91 0 9/8/92 0 9/9/93 0 

9/10/90 0 9/10/91 0 9/9/92 i 0 - I I 9/10/93 I 0 
9/II/90 0 9/\1/9\ 0.13 , 9/10/92 0 -++9/\ 1193 I 0 
9/l2/90 0 I 9/\2/9 \ 0 9/1 \/92 I 0 I i 9/12/93 I 0.0\ 
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Daily PreciEitation Values, Station #42073807, Blanding, Utah 
January, 1988 through Februar , 1994 

i i I I , 
I , 

Precipitation Precipitation , Precipitation Precipitation I i Precipitation 
Date (inches) Date (inches) 1 

! Date (inches) Date (inches) i I Date 1 (inches) 
9113/88 0 9/13/90 0 

, 
9113191 0.01 9/12/92 0 I 9/13/93 1 0.6 I 

9/14/88 0 9114190 0 i 9114/91 0 9113/92 0 ; 9114/93 • 0 i 

9115/88 0 9115190 0 
, 

9/15191 0 9/14192 0 9/15193 I 0 

9116188 0 9/16/90 0 i 9116191 0 9/15/92 0.13 I 9116193 i 0 

9117/88 0 9117/90 0 ! ! 9117/91 0 9/16/92 0 I 9117/93 I 0 
I 

9/18/88 0 9/18/90 0.63 9/18/91 0 9/17/92 0 I 9/18/93 0.22 

9119188 0 9/19/90 0 9/19/91 0 9/18192 0.22 9/19/93 i 0 
9120188 0 9/20/90 0.16 ! 9/20/91 0 9/19192 0.47 ; 9120/93 ! 0 
9121188 0.08 9121190 0 . 1 9121191 0 9/20/92 0.08 I i 9121193 I 0 
9122188 0 9122190 0 i 9122191 0 9121192 0 , I 9122/93 I 0 
9123/88 0 9123/90 0.06 9/23/91 0 9/22192 0 i ! 9/23/93 0 
9/24/88 0 9/24/90 0 9124191 0 9/23/92 0 1 

I 
9/24/93 0 I 

9125188 0 9/25190 0 9125191 0 9/24/92 0 9/25193 0 
9126188 0 9126/90 0 9126/91 0 9/25192 0 9126193 0 
9/27/88 0.03 9127190 0 9127/91 0 9/26/92 0 9/27/93 0 

9128188 0 9128/90 0.23 9128/91 0 9/27/92 0 9128193 0 
9/29/88 0 9129190 0 9129/91 0 9128/92 0 I 9129/93 i 0 
9/30/88 0 9/30/90 0 9/30/91 0 9129192 0 9/30/93 I 0 
1011188 0 1011190 0.01 1011191 0 9130192 0 1011193 0 
1012188 0 1012190 1.1 1012191 0 1011192 0 1012193 0 
1013/88 0 10/3/90 0.02 10/3/91 0 1012192 0 1013/93 0 
10/4/88 0 10/4/90 0 10/4/91 0 10/3/92 0 10/4/93 0 
10/5/88 0 10/5190 0 10/5191 0 10/4/92 0 I I 1015193 0 
1016188 0.02 10/6/90 0 10/6/91 0 10/5/92 0 i 10/6/93 0.61 
1017188 0.04 1017190 0.1 I 1017191 0 10/6/92 0 ! 1017193 0.21 

10/8/88 0.02 10/8/90 0 1018/91 0 1017192 0 I 10/8/93 0.19 
1019188 0 1019/90 0 1019191 0 1018/92 0 1019193 0 
10/10/88 0 10/10/90 0 10/10/91 0 1019/92 0 10110193 0.01 
10/11188 0 10/1lI90 0 10111191 0 10/10/92 0 10/11193 0.1 
10112188 0 10112190 0 10/12191 0 10/11192 0 10112193 0 
10113/88 0 10113/90 0 10113/91 0 10/12192 0 10113/93 0 
10/14/88 0 10/14/90 0 ' 10114191 0 10113192 0 10/14/93 0 
10115188 0 10/15190 0 10/15191 0 10114/92 0 10/15193 0 
10116/88 0 10116/90 0 10/16/91 0 10/15/92 0 10116/93 0.09 
10/17/88 0 10/17/90 0 10/17/91 0 10116192 0 10/17/93 0.2 

10/18/88 0 10/18/90 0.2 10/18191 0 10/17/92 0 10/18/93 0.02 
10/19188 0 10/19/90 0.28 10119191 0 10/18/92 0 101191931 0 
10120/88 0 10120/90 0.11 10/20/91 0 I 10/19/92 0 i 10120/93 0 
10121/88 0 10121190 0 I 10121191 0 10/20/92 0 10121193 I 0 
10122188 0 10122190 0 10122/91 0.02 10/21192 0.11 I 10122193 0 
10123/88 0 10123/90 0 10/23/91 0 10/22192 0 i : 10/23/93 0 
10124188 0 10124/90 0 10/24/91 0.08 10/23/92 0 1 101241931 0 
10/25/88 0 10125190 0 10125191 0 10/24/92 0.37 I 10125193 0 
10126/88 0 10126/90 0 I 10126191 0 10125/92 0.15 i ! 10126/93 I 0 
10127/88 0 10127/90 0 10/27/91 0.69 10/26/92 0 ! I 10/27/93 i 0 

10/28/88 0 10/28/90 0 10128191 0.26 10/27/92 0.04 10128/93 0 
10129/88 0 10129/90 0 10129/91 0.26 10/28/92 0.26 10129/931 0 
10/30/88 0.02 10/30/90 0 10/30/91 0.1 10129/92 0.12 10/30193 0 
10/31188 0 10/31/90 0 10131191 0 10/30/92 0.22 I 10/31193 0 
1111188 0 1111190 0 1111191 0 10/31192 0.19 I I 1111193 I 0 
1112188 0 1112/90 0.35 1112191 0 1111192 0 i i 1112193 0 
1113/88 0 11/3/90 0.37 1113/91 0 1112192 0 I 1113/93 I 0 
1114/88 0 1114190 0 

; 1114/91 0 1113/92 0 ! I 1114/93 0 
1115/88 0 1115190 0 1115191 0 I 1lI4/92 0 ' I 1115193 I 0 ! ! 
1116/88 0 1116/90 0.01 I 11/6/91 0 11/5/92 0 I I 1116193 I 0 

1117188 0 1117/90 ! 0.12 I i 1117/91 0 1116192 0 I 1117/93 ! 0 I 

1118/88 0 1118/90 ! 0 1118/91 0 1117192 0 I 1118/93 i 0 
1119/88 0 1119190 : 0 

, 
1119/91 0 1118/92 I 0 ! 1119/93 0 

11110/88 0 11110/90 I 0 11110/91 0.03 11/9/92 0 11110193 1 0 
11111188 0.56 i 1/11190 I 0 11111191 0 11110/92 0.14 11/11193 I 0.64 

11112188 0 11112190 0 11112/91 0 11111192 0 11112193 I 0.3 

11113/88 0 11113/90 I 0 11113191 0 11112192 0 ! 11113/93 0.14 

11114188 0 11114/90 0 11114191 0.49 11113/92 0 I 11114/93 0 

11115/88 0.25 11115190 0 11115191 0.95 11114/92 0 I 1 11115193 I 0 
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)vL __________ n Daily Precipitation Values, Station #42073807, Blanding, Utah _____________________ ~ __ 

~ k 7/zz/91 January, 1988 through Februarr ,1994 I --~---i---- _[" ______ _ 

1-------+P-r-ec-:ip-ii-ta-tio-n-f-I-------+P-r-ec-ip-ii-ta-tio-n+--1---+-p-re-c-ip-iit-at-io-n+-U+_----__ I precipitatio-;;H----~t-p~~~ 
Date (inches) Date (inches) Date (inches) i I" Date I (inches) ; i Date i (inches) 

11116/88 0 11116/90 0 11116/91 0.03 : i 11115/92 0 !; 11116/931 ~O __ _ 

11117/88 0.02 11117/90 0 11117191 0 ,111116/92 ---0- --'--i-1it"17/9~----
11118/88 0 11118/90 0 I 11118/91 0.07 ! i I 1I17/~ -- 0 _~-i+li7i81931--== 0 ~-= 

1----'-'1I"---'1I---'-9'-:-:/8c:c8+-----:c0--+-+-I=---:I"--'II=--=9=--=/9--=-O+-----=-0-i 11119/91 0 :! 11118/92 0.01 I i 11119/93 0 
l-l=---:I"--'I2":0'-:-:/8c:c8+-----:-0-~-+-'I-I=--=I"--'I2":0=--=/9--=-O-+---------,-0--'::.0--::-9-+-t----:I---'-II':-"2-':'01--:-9-:-1-1----0---; i 11119192 0 7 11120/93 0 

11121188 0 11121/90 0 11121191 0 j i 1II20/92 0.12 11121193 0 
11122188 0 11122190 0 11122191 0 I I 1II21192 0 11122193 0 
11123/88 0 11123/90 0 11123/91 0 I 11122192 0 11123/93 0 
11124/88 0 11124/90 0 11124/91 0 i 11123192 0 " 11124/93 0 
11125188 0.Q7 11125/90 0 11125/91 0 I' 1II24/92 0 ! 11125/93 0 
11126188 O.ll 11126/90 0.48 11126191 0 11125192 0 : 11126/93 0 

11127/88 o 11127/90 0.01 11127191 o 11126/92 o 11127/93 o 
11128188 o 11128/90 o 11128191 o 11127/92 o 11128/93 o 
11129/88 o 11129/90 o 11129191 o 11128/92 o 11129/93 o 
11/30/88 o 11/30/90 o 11130191 0.01 1II29/92 o 11/30/93 o 
1211/88 0.03 12/1/90 o 1211/91 o 11130/92 o 1211/93 o 
1212188 o 1212190 o 1212191 o 1211/92 o i 1212193 o 
1213/88 o 1213/90 o 1213/91 o i, 1212192 o 1213193 ' o 
1214/88 o 1214/90 o 1214/91 o 1213/92 o I 1214/93 o 
1215/88 o 1215/90 o 1215/91 o 1214/92 0.13 ! 1215/93 o 
1216/88 o 1216/90 o 1216191 o 1215/92 0.81 1216193 i o 
1217188 o 1217/90 o 1217191 o 1216/92 I o I 1217/93 I o 
1218/88 o 1218/90 o 1218/91 o i 1217/92 -99999 i 1218/93 : o 
1219/88 o 1219/90 o 1219191 I o 1218/92 0.28 ; 1219/93 i o 

12110/88 o 12110/90 o , 12110/91 0.02 1219192 o ! 12110/93 ! o 
12111/88 o 12111190 o 12111191 0.26 12110/92 o 12111193 ' o 
12112188 o 12112/90 0.27 12112191 o 12111/92 o 12112193 0.07 
12113/88 o 12113/90 0.04 12113/91 o i 12112192 0.5 12113/93 o 
12114/88 o 12114/90 o 12114/91 o i 12113192 o 12114/93 o 
12115/88 o 12115/90 0.06 12115/91 o 12114/92 o 12115/93 0.07 
12116/88 o 12116/90 0.11 12116/91 o 12115/92 o 12116/93 0.18 

12117/88 o 12117/90 o 12117/91 o 12116/92 o 12117/93 o 
12118/88 o 12118/90 o 12118/91 0.54 12117/92 o 12118/93 o 
12119/88 o 12119/90 0.06 12119/91 0.43 12118/92 0.2 12119/93 o 
12120/88 0.05 12120/90 0.36 12120/91 o 12119/92 o 12120/93 o 
12121/88 0.38 12/21/90 o 12121191 o 12120/92 o 12121/93 o 
12122188 o 12122190 o 12122191 o 12121192 o I 12122193 i o 
12123/88 0.2 12/23/90 o 12123/91 o I 12122192 o I 12123/93 I o 
12124188 0.13 12/24/90 o 12124191 o I 12123/92 ! o ! 12124/93 I o 
12125/88 0.09 12125/90 o 12125/91 o i, 12124/92 o i 12125/93 ! o 
12126/88 o 12126/90 o 12126/91 o I i 12125/92 I o : 12126/93 : o 
12127/88 o 12127/90 o 12127/91 o , 12/26/92 o : i 12127/93: 0.1 
12128188 o 12128/90 o 12/28/91 o i 12127/92 I o : 12128/93 ' o 
12/29/88 o 12129/90 o 12129/91 0.05 ! : 12128/92' 0.3 i 12129193 : o 
12130188 o 12130/90 o 12130/91 0.11 i 12129/92 o : 12130/93 i o 
12131/88 o 12131/90 o 12131/91 0.02 12130/92 0.07 i 12131/93 i o 

I I 12/31/92 o 
Notes: Source: Utah Climet Center, Utah State University, Logan, UT. I i I Iii 
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PLATE 2.2-/ 
MONTHLY MEANS AND EXTREMES 

OF TEMPERATURES 
BLANDING, UTAH· 

REVISED c.:. ;,'s';:.,'=-':":':'.-' 
SEPTEMBER 26, 197e' 

MONTH JAN 

EXTREME 
MAX. 16 18 24 27 33 38 38 37 34 29 

M~~~. 3.8 __ ~6~.~9 __ ~10~.~9~1~,6:~.~3~2~2~.~8~2~8~~~7~3~1~.9~~3~0~.~2~2~6~.Q~ 
t1p ,..-, [!5f. ,?Vi i:,1 41-.\ 6:1..4 !Ae.'1 1-;.(.. 1'0.'1 &1;,0 '1/.(, 

CMEAN'--t -z::; 0.,5 3.4 S.4 1'"4.1 19.4 23.1 21.6 1/.2 10.9 

21 15 

IQ.2 4..5\ 
~.6 ~'3.q 
3.6 1.7 

MEAN MIN. -8.8 -5.9 -3.2 0.4 5.4 10.1 14.2', 13.1 8.4 2.9 -3.2 -7.8 

EXTREME 
MIN. -29 -22 -IS -1\ 

(A) MEAN DAILY MAXIMUM 

(8) MEAN MONTHLY 

(C) MEAN DAILY MINIMUM 

(D) FREEZE DATES 

-6 -I 8 :3 -5 -12 -19 -22 

DAM.S 8- MOOR. ' 
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DEFAULT, UNVEGETATED, UNCOHPACTED SOIL CHARACTERISTICS 
============================================================= 

SOIL TEXTURE DHIENSIONLESS SAT. HYD. 
---------------- POROSITY FIELD l'lILTING CONDUCTIVITY 
HELP USDA uses CP~PACITY POINT (CN/SEC) 

============================================================= 

1 CoS GS 0.417 0.045 0.018 1.0E-02 
2 S SrT 0.437 0.062 0.024 5.8E-03 
3 FS S11 0.457 0.083 0.033 3.1E-03 
4 LS SM 0.437 0.105 0.04-1 1.7E-03 .-.. ~.~-

-- 5 LFS SM 0.457 0.131 0.058 1.0E-03 
6 SL SH 0.453 0.190 0.085 7.2E-04 
7 FSL SM 0.473 0.222 0.104 5.2E-04 
8 L HI. 0.463 0.232 0.116 3.7E-04 
9 SiL ML 0._501 0.284 0.135. 1.9E-04 

.10 SCL SC 0.,398' 0 .. 244 0.136...-- ·1.2E-04 
_-11 CL CL' 0.464 0.310 0.187 6.4E-05 

____ 12 SiCL. CL 0.471 0.342 0.210 4.2E-05 ~ 
13 SC CH 0.430 0.321 0.221 3.3E-05 

============================================================= 

ENTER RETURN TO VIEW THE REST OF THE SOIL TYPES. 

11 CL CL 
12 SiCL CL 
13 se CH 

0.464 
0.471 
0.430 

0.310 
0.342 
0.321 

0.187 
0.210 
0.221 

6.4E-05 
4.2E-05 

'3.3E-05 
============================================================= 

ENTER RETURN TO VIEN THE REST QF THE SOIL TYPES. 

============================================================= 

SOIL TEXTURE DIHENSIONLESS SAT. HYD. 
---------------- POROSITY FIELD \'TILTING CONDUCTIVITY 
HELP USDA USCS CAPACITY POINT (CI-IISEC) 

============================================================= 

14 SiC CH 0.479 0.371 0.251 2.5E-05 
15 C CH 0.475 0.378 0.265 1.7E-05 

~16 Liner Soil 0.430 0.366 0.280 1.0E-07 
17 Liner Soil 0.400 0.356 0.290 1. 0E-08 
18 Hun. Naste 0.520 0.294 0.140 2.0E-04 
19 USER SPECIFIED SOIL CHARACTERISTICS 
20 USER SPECIFIED SOIL CHARACTERISTICS 

============================================================= 

5.9 ENTER SOIL TEXTURE OF SOIL LAYER 1. 
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*********************************************************************** 
WHITE MESA TAILINGS FACILITY 
CELL 3, WET, INCLUDING LAYER 7, PVC LINER 
BLANDING CLIMATE DATA 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS = 6.00 INCHES 
POROSITY = 0.5010 VOLNOL 
FIELD CAPACITY = 0.2837 VOLNOL 
WILTING POINT = 0.1353 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
THICKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAGE LAYER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOLNOL 
FIELD CAPACITY = 0.1127 VOLNOL 
WILTING POINT = 0.0580 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.0600 VOUVOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000050000002 CM/SEC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0 FEET 

LAYER 4 

BARRIER SOIL LINER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOLNOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
THICKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOLNOL 

1 
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FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
nncKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.3300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
nncKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
SATURAlED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 0.01000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER = 87.21 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

= 3150000. SQ FT 
= 28.00 INCHES 

= 10.3210 INCHES 
3.9200 INCHES 

UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE = 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

= 0.0000 INCHES 

SOIL AND WASTE LAYERS = 109.0200 INCHES 

SOIL WATER CONTENT INITIALIZED BY USER. 

CLIMATOLOGICAL DATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR MILFORD UTAH 

MAXIMUM LEAF AREA INDEX = 1.60 
START OF GROWING SEASON (JULIAN DATE) = 138 
END OF GROWING SEASON (JULIAN DATE) = 276 

NORMAL MEAN MONTIll.. Y TEMPERATURES, DEGREES FAHRENHEIT 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

26.40 32.10 38.20 46.30 55.90 65.80 
74.30 72.10 62.60 50.30 36.80 28.20 

*********************************************************************** 

2 
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MONTHLY TOTALS FOR YEAR 1988 

JAN/JUL FEB/AUG MARlSEP APR/OCT MA Y/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0.78 1.27 lAO 
0.64 1. 70 1.06 0.10 1.04 0.85 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 1.003 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.644 1.388 0.100 0.306 0.395 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0459 0.0434 0.0463 0.0447 0.0461 0.0446 
LAYER 7 (INCHES) 0.0460 0.0459 0.0444 0.0458 0.0442 0.0457 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAn.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAn.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG. DAILY HEAD ON 258.07 257.68 257.30 256.90 256.51 256.11 
LAYER 7 (INCHES) 255.72 255.32 254.93 254.54 254.15 253.76 

STD.DEV.OFDAILYHEAD 0.12 0.00 0.11 0.18 0.15 0.13 
ONLAYER 7 (INCHES) 0.00 0.10 0.12 0.00 0.17 0.13 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 10.96 2877001. 100.00 

RUNOFF 0.000 O. 0.00 

EVAPOTRANSPIRATION 9.885 2594779. 90.19 

LATERAL DRAINAGE FROM LAYER 3 0.0000 O. 0.00 

PERCOLATIONFROMLAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.5430 142529. 4.95 

CHANGE IN WATER STORAGE 0.532 139691. 4.86 
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SOIL WATER AT START OF YEAR 109.02 28617752. 

SOILWATERATENDOFYEAR 109.55 28757442. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 2. 0.00 
*********************************************************************** 

MONTIll.. Y TOTALS FOR YEAR 1990 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.007 0.027 
0.000 0.000 0.000 0.029 0.000 0.000 

EVAPOTRANSPIRATION 0.788 1.136 0.566 0.413 1.864 0.758 
(INCHES) 2.272 0.908 1.597 1. 707 1.245 0.648 

LATERALDRAINAGEFROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0456 0.0411 0.0455 0.0439 0.0453 0.0438 
LAYER 7 (INCHES) 0.0452 0.0451 0.0436 0.0450 0.0435 0.0448 

MONTIll.. Y SUMMARIES FOR DAlLY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG. DAlLY HEAD ON 253.36 252.98 252.61 252.22 251.83 251.45 
LAYER 7 (INCHES) 251.06 250.67 250.28 249.90 249.51 249.13 

STD.DEV.OFDAILYHEAD 0.11 0.11 0.13 0.08 0.18 0.15 
ON LAYER 7 (INCHES) 0.11 0.06 0.12 0.13 0.10 0.09 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1990 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.39 3514875. 100.00 

RUNOFF 0.063 16508. 0.47 
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EV APOTRANSPIRA TION 13.902 3649268. 103.82 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.5323 139735. 3.98 

CHANGE IN WATER STORAGE -1.107 -290634. -8.27 

SOIL WATER AT START OF YEAR 109.55 28757442. 

SOIL WATER AT END OF YEAR 108.44 28466808. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 -1. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1991 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUNIDEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 0.05 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOFF (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

EVAPOTRANSPIRATION 1.306 0.588 1.407 0.366 0.094 0.384 
(INCHES) 0.822 1.620 1.312 0.266 1.047 0.858 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0448 0.0404 0.0446 0.0431 0.0445 0.0430 
LAYER 7 (INCHES) 0.0444 0.0443 0.0428 0.0442 0.0427 0.0440 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 248.74 248.37 248.00 247.62 247.24 246.86 
LAYER 7 (INCHES) 246.48 246.10 245.72 245.34 244.97 244.59 
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STD. DEV. OF DAn.. Y HEAD 0.16 0.03 0.12 0.10 0.12 0.16 
ONLAYER 7 (INCHES) 0.07 0.11 0.09 0.13 0.11 0.16 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1991 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 11.74 3081750. 100.00 

RUNOFF 0.074 19552. 0.63 

EVAPOTRANSPIRATION 10.071 2643531. 85.78 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 o. 0.00 

PERCOLATION FROM LAYER 7 0.5228 137247. 4.45 

CHANGE IN WATER STORAGE 1.072 281420. 9.13 

SOn.. WATER AT START OF YEAR 108.44 28466808. 

SOn.. WATER AT END OF YEAR 109.40 28718424. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.11 29804. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1992 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MA Y/NOV JUN/DEC 

PRECIPITATION {INCHES) 0.82 1.54 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOFF {INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.590 1.879 1.221 1.556 1.144 
(INCHES) 3.022 0.935 1.227 0.370 0.440 1.062 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0440 0.0411 0.0438 0.0424 0.0437 0.0422 
LAYER 7 (INCHES) 0.0436 0.0435 0.0420 0.0434 0.0419 0.0433 

MONTIIL Y SUMMARIES FOR DAn.. Y HEADS 
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A YG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEY. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A YG. DAILY HEAD ON 244.21 243.84 243.47 243.10 242.72 242.35 
LAYER 7 (INCHES) 241.98 241.60 241.23 240.86 240.49 240.12 

STD. DEY. OF DAILY HEAD 0.15 0.16 0.10 0.07 0.09 0.15 
. ON LAYER 7 (INCHES) 0.17 0.13 0.09 O.II 0.10 0.14 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1992 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 15.10 3963750. 100.00 

RUNOFF 0.095 25025. 0.63 

EY APOTRANSPIRATION 15.290 4013554. 101.26 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.5149 135170. 3.41 

CHANGE IN WATER STORAGE -0.800 -209997. -5.30 

SOILWATERATSTARTOFYEAR 109.40 28718424. 

SOIL WATER AT END OF YEAR 108.7I 28536844. 

SNOW WATER AT START OF YEAR O.II 29804. 

SNOW WATER AT END OF YEAR 0.01 1387. 

ANNUAL WATER BUDGET BALANCE 0.00 -1. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MA YINOY JUN/DEC 

PRECIPITATION (INCHES) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFF (INCHES) 0.283 0.489 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EY APOTRANSPIRATION 0.950 1.452 1.732 1.304 0.833 0.995 
(INCHES) 1.476 1.276 1.050 1.533 1.219 0.368 
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LA1ERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
LAYER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0654 0.1240 0.1348 0.1326 
LAYER 4 (INCHES) 0.1370 0.1356 0.1291 0.1308 0.1238 0.1249 

PERCOLATION FROM 0.0432 0.0390 0.0431 0.0416 0.0429 0.0415 
LAYER 7 (INCHES) 0.0428 0.0427 0.0413 0.0426 0.0412 0.0425 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.64 2.62 3.36 3.59 
LAYER 4 (INCHES) 3.59 3.42 3.17 2.87 2.55 2.20 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LAYER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

AVG.DAILYHEADON 239.74 239.38 239.03 238.66 238.29 237.93 
LAYER 7 (INCHES) 237.56 237.19 236.83 236.46 236.10 235.73 

STD. DEV. OF DAILY HEAD 0.09 0.12 0.07 0.11 0.12 0.15 
ON LAYER 7 (INCHES) 0.10 0.07 0.10 0.14 0.00 0.13 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 17.66 _ 4635750. 100.00 

RUNOFF 0.772 202776. 4.37 

EV APOlRANSPIRATION 14.187 3724166. 80.34 

LATERAL DRAINAGE FROM LAYER 3 0.0005 131. 0.00 

PERCOLATIONFROMLAYER 4 1.2379 324945. 7.01 

PERCOLATION FROMLAYER 7 0.5044 132397. 2.86 

CHANGE IN WATER STORAGE 2.195 576280. 12.43 

SOIL WATER AT START OF YEAR 108.71 28536844. 

SOIL WATER AT END OF YEAR 110.91 29114510. 

SNOW WATER AT START OF YEAR 0.01 1387. 

SNOW WATER AT END OF YEAR 0.00 o. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

A VERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUNjDEC 
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PRECIPITATION 

TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

STD. DEVIATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0040 0.35 0.65 0.51 0.72 

RUNOFF 

TOTALS 0.060 0.098 0.002 0.000 0.005 0.005 
0.015 0.000 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.004 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

EV AP01RANSPlRATION 

TOTALS 0.978 1.188 1.121 0.716 0.983 1.091 
1.685 1.277 1.315 0.795 0.851 0.666 

STD. DEVIATIONS 0.202 0.385 0.798 0.502 0.723 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.0274 0.0271 0.0258 0.0262 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.0293 0.0554 0.0603 0.0593 
0.0613 0.0606 0.0577 0.0585 0.0554 0.0559 

PERCOLATION FROM LAYER 7 

TOTALS 0.0447 0.0410 0.0447 0.0432 0.0445 0.0430 
0.0444 0.0443 0.0428 0.0442 0.0427 0.0441 

STD. DEVIATIONS O.ooU 0.0016 0.0013 0.0012 0.0013 0.0012 
0.0013 0.0013 0.0012 0.0013 0.0012 0.0013 

*********************************************************************** 
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 TIIROUGH 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.77 (2.695) 3614625. 100.00 
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RUNOFF 0.201 (0.321) 52772. l.46 

EVAPOTRANSPIRATION 12.667 (2.510) 3325060. 9l.99 

LATERAL DRAINAGE FROM 0.0001 ( 0.(002) 26. 0.00 
LAYER 3 

PERCOLATION FROM LAYER 4 0.2476 (0.5536) 64989. 1.80 

PERCOLATION FROM LAYER 7 0.5235 ( 0.0150) 137415. 3.80 

CHANGE IN WATER STORAGE 0.378 (1.360) 99352. 2.75 
*********************************************************************** 

PEAK DAIL Y VALUES FOR YEARS 1988 THROUGH 1993 

(INCHES) (CU. FT.) 

PRECIPITATION 1.33 349125.0 

RUNOFF 0.209 54815.7 

LATERAL DRAINAGE FROM LAYER 3 0.0000 0.5 

PERCOLATION FROM LAYER 4 0.0044 1162.2 

HEAD ON LAYER 4 3.6 

PERCOLATION FROM LAYER 7 0.0015 393.2 

HEAD ON LAYER 7 258.3 

SNOW WATER 2.53 665421.9 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

0.3469 

0.1354 
*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 1993 

LAYER (INCHES) (VOLNOL) 
1 0.92 0.1529 
2 7.95 0.1892 
3 1.85 0.1539 
4 5.16 0.4300 
5 7.96 0.1658 
6 84.50 0.3201 
7 2.58 0.4300 

SNOW WATER 0.00 
********************************************************************** 
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*********************************************************************** 
WHITE MESA TAll..INGS FACILITY 
CELL 3, WET, WITHOUT THE LAYER 7 PVC LINER 
BLANDING CLIMATE DATA 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
nnCKNESS = 6.00 INCHES 
POROSITY = 0.5010 VOL/VOL 
FIELD CAPACITY = 0.2837 VOLNOL 
Wll.TING POINT = 0.1353 VOLNOL 
INITIAL SOIL WATER CON1ENT = 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
nnCKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
Wll.TINGPOINT = 0.1361 VOL/VOL 
INITIAL SOIL WATER CON1ENT = 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.()()()()()6()() CM/SEC 

LAYER 3 

LATERAL DRAINAGE LAYER 
nnCKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOLNOL 
FIELD CAPACITY = 0.1127 VOLNOL 
WILTING POINT = 0.0580 VOLNOL 
INITIAL SOIL WATER CON1ENT = 0.0600 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000050000002 CM/SEC 
SWPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0 FEET 

LAYER 4 

BARRIER SOIL LINER 
nnCKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
Wll.TING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CON1ENT = 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
nnCKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOLNOL 
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FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmALSOIL WATERCON1ENT = 0.14ooVOl/VOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
THICKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CON1ENT = 0.3300 VOl/VOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INmAL SOIL WATER CON1ENT = 0.4300 VOl/VOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 1.()()()()()()OQ 

GENERALS~ATIONDATA 

SCS RUNOFF CURVE NUMBER = 87.21 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

= 3150000. SQ FT 
= 28.00 INCHES 

= 10.3210 INCHES 
3.9200 INCHES 

UPPER LIMIT VEG. STORAGE 
INmAL VEG. STORAGE = 
INmAL SNOW WATER CONTENT 
INmAL TOTAL WATER STORAGE IN 

= 0.0000 INCHES 

SOIL AND WASTE LAYERS = 109.0200 INCHES 

SOIL WATER CONTENT INmALIZED BY USER. 
CLIMAroLOGICAL DATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLARRADIATIONFOR MILFORD UTAH 
MAXIMUM LEAF AREA INDEX = 1.60 
START OF GROWING SEASON (JULIAN DATE) = 138 
END OF GROWING SEASON (JULIAN DA 1E) = 276 

NORMAL MEAN MONTHLY 1EMPERATURES, DEGREES FAHRENHEIT 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

26.40 32.10 38.20 46.30 55.90 65.80 
74.30 72.10 62.60 50.30 36.80 28.20 

*********************************************************************** 
MONTHLY roTALS FOR YEAR 1988 
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0.78 1.27 1.40 
0.64 1.70 1.06 0.10 1.04 0.85 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 1.003 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.644 1.388 0.100 0.306 0.395 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 4.2828 3.4955 3.2217 2.6811 2.3827 1.9828 
LAYER 7 (INCHES) 1.7622 1.5117 1.2580 1.1180 0.9304 0.8268 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG. DAILY HEAD ON 239.42 205.56 176.41 150.86 128.91 110.01 
LAYER 7 (INCHES) 93.77 79.59 67.60 57.30 48.43 40.82 

STD. DEV. OF DAILY HEAD 11.02 8.91 8.20 6.83 6.07 5.05 
ON LAYER 7 (INCHES) 4.49 3.85 3.20 2.85 2.37 2.10 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 10.96 2877001. 100.00 

RUNOFF 0.000 o. 0.00 

EVAPOTRANSPIRATION 9.885 2594779. 90.19 

LA TER.AL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 25.4537 6681596. 232.24 

CHANGE IN WATER. STORAGE -24.379 -6399377. ****** 

SOIL WATER. AT START OF YEAR 109.02 28617752. 
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SOIL WAlERATENDOFYEAR 84.64 22218374. 

SNOW WAlER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 3. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1990 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.007 0.027 
0.000 0.000 0.000 0.029 0.000 0.000 

EVAPOTRANSPIRATION 0.788 1.136 0.566 0.413 1.864 0.758 
(INCHES) 2.272 0.908 1.597 1.707 1.245 0.648 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

. PERCOLATION FROM 0.7093 0.5536 0.5298 0.4409 0.3918 0.3261 
LAYER 7 (INCHES) 0.2898 0.2486 0.2069 0.1839 0.1530 0.1360 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG.DAILYHEADON 34.16 28.70 24.00 19.80 16.19 13.08 
LAYER 7 (INCHES) 10.41 8.08 6.10 4.41 2.95 1.70 

STD. DEV. OF DAILY HEAD 1.81 1.41 1.35 1.12 1.00 0.83 
ONLAYER 7 (INCHES) 0.74 0.63 0.53 0.47 0.39 0.35 

********************************************************************** 
ANNUAL TOTALS FOR YEAR 1990 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.39 3514875. 100.00 

RUNOFF 0.063 16508. 0.47 

EVAPOTRANSPIRATION 13.902 3649268. 103.82 
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LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 o. 0.00 

PERCOLATION FROM LAYER 7 4.1697 1094534. 31.14 

CHANGE IN WATER STORAGE -4.745 -1245433. -35.43 

SOIL WATER AT START OF YEAR 84.64 22218374. 

SOIL WA lER AT END OF YEAR 79.90 20972942. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 -1. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1991 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 0.05 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOFF (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

EVAPOTRANSPIRATION 1.306 0.588 1.407 0.366 0.094 0.384 
(INCHES) 0.822 1.620 1.312 0.266 1.047 0.858 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.1166 0.0128 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.60 0.01 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.30 0.02 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
*********************************************************************** 
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ANNUAL TOTALS FOR YEAR 1991 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 11.74 3081750. 100.00 

RUNOFF 0.074 19552. 0.63 

EV APOTRANSPIRA TION 10.071 2643531. 85.78 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.1295 33984. 1.10 

CHANGE IN WATER STORAGE 1.465 384684. 12.48 

SOIL WATER AT START OF YEAR 79.90 20972942. 

SOIL WATER AT END OF YEAR 81.25 21327820. 

SNOWWATERATSTARTOFYEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.11 29804. 

ANNUAL WATER BUDGET BALANCE 0.00 -1. 0.00 
*********************************************************************** 

MONTIll..Y TOTALS FOR YEAR 1992 

JAN/JUL FEB/AUG MARlSEP APR/OCT MA Y/NOV JUN/DEC 

PRECIPITATION (INCHES) 0.82 1.54 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOFF (INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.590 1.879 1.221 1.556 1.144 
(INCHES) 3.022 0.935 1.227 0.370 0.440 1.062 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTIll.. Y SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
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STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1992 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 15.10 3963750. 100.00 

RUNOFF 0.095 25025. 0.63 

EVAPOTRANSPIRATION 15.290 4013554. 101.26 

LATERAL DRAINAGE FROM LA YER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 o. 0.00 

PERCOLATION FROM LAYER 7 0.0000 1. 0.00 

CHANGE IN WATER STORAGE -0.285 -74830. -1.89 

SOIL WATER AT START OF YEAR 81.25 21327820. 

SOIL WATER AT END OF YEAR 81.07 21281408. 

SNOW WATER AT START OF YEAR 0.11 29804. 

SNOW WATER AT END OF YEAR 0.01 1387. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MA Y/NOV mNIDEC 

PRECIPITATION (INCHES) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFF (INCHES) 0.283 0.489 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.950 1.452 1. 732 1.304 0.833 0.995 
(INCHES) 1.476 1.276 1.050 1.533 1.219 0.368 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
LAYER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 
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PERCOLATION FROM 0.0000 0.0000 0.0654 0.1240 0.1348 0.1326 
LAYER 4 (INCHES) 0.1370 0.1356 0.1291 0.1308 0.1238 0.1249 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTIll.. Y SUMMARIES FOR DAILY HEADS 

A VG. DAn... Y HEAD ON 0.00 0.00 0.64 2.62 3.36 3.59 
LAYER 4 (INCHES) 3.59 3.42 3.17 2.87 2.55 2.20 

STD.DEV.OFDAILYHEAD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LAYER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 17.66 4635750. 100.00 

RUNOFF 0.772 202776. 4.37 

EVAPOTRANSPIRATION 14.187 3724166. 80.34 

LATERAL DRAINAGE FROM LAYER 3 0.0005 131. 0.00 

PERCOLATION FROM LAYER 4 1.2379 324945. 7.01 

PERCOLATION FROM LAYER 7 0.0000 11. 0.00 

CHANGE IN WATER STORAGE 2.700 708667. 15.29 

SOIL WATER AT START OF YEAR 81.07 21281408. 

SOIL WATER AT END OF YEAR 83.78 21991462. 

SNOW WATER AT START OF YEAR 0.01 1387. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGEf BALANCE 0.00 -1. 0.00 
*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 

PRECIPITATION 
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TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 l.08 1.18 

STD. DEVIATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0.40 0.35 0.65 0.51 0.72 

RUNOFF 

TOTALS 0.060 0.098 0.002 0.000 0.005 0.005 
0.015 0.000 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.004 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

EVAPOTRANSPIRATION 

TOTALS 0.978 1.188 1.121 0.716 0.983 1.091 
1.685 1.277 1.315 0.795 0.851 0.666 

STD. DEVIATIONS 0.202 0.385 0.798 0.502 0.723 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LAlERAL DRAINAGE FROM LAYER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.0274 0.0271 0.0258 0.0262 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.0293 0.0554 0.0603 0.0593 
0.0613 0.0606 0.0577 0.0585 0.0554 0.0559 

PERCOLATION FROM LAYER 7 

TOTALS 1.0218 0.8124 0.7503 0.6244 0.5549 0.4618 
0.4104 0.3521 0.2930 0.2604 0.2167 0.1926 

STD. DEVIATIONS l.8466 1.5186 1.4005 1.1655 1.0358 0.8619 
0.7660 0.6571 0.5469 0.4860 0.4044 0.3594 

*********************************************************************** 
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.77 (2.695) 3614625. 100.00 

RUNOFF 0.201 (0.321) 52772. 1.46 
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EVAPOTRANSPIRATION 12.667 (2.510) 3325060. 91.99 

LATERAL DRAINAGE FROM 0.0001 (0.0002) 26. 0.00 
LAYER 3 

PERCOLATION FROM LAYER 4 0.2476 (0.5536) 64989. 1.80 

PERCOLATION FROM LAYER 7 5.9506 (11.0482) 1562025. 43.21 

CHANGE IN WATER STORAGE -5.049 (11.168) -1325258. -36.66 
*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1988 TIIROUGH 1993 

(INCHES) (CU. FT.) 

PRECIPITATION 1.33 349125.0 

RUNOFF 0.209 54815.7 

LATERAL DRAINAGE FROM LAYER 3 0.0000 0.5 

PERCOLATION FROM LAYER 4 0.0044 1162.2 

HEAD ON LAYER 4 3.6 

PERCOLATION FROM LAYER 7 0.1481 38869.1 

HEAD ON LAYER 7 257.9 

SNOW WATER 2.53 665421.9 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3469 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1354 
*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 1993 

LAYER (INCHES) (VOLNOL) 

1 0.92 
2 7.95 
3 1.85 
4 5.16 
5 7.96 
6 57.37 
7 2.58 

SNOW WATER 

0.1529 
0.1892 
0.1539 
0.4300 
0.1658 
0.2173 
0.4300 

0.00 

********************************************************************** 
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*********************************************************************** 
WlDTE MESA TAILINGS FACILITY 
CELL 3. WET. INCLUDING LAYER 7. PVC LINER 
20 YEARS GRAND JUNCTION CLIMATE DATA 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS = 6.00 INCHES 
POROSITY = 0.5010 VOLNOL 
FIELD CAPACITY - 0.2837 VOLNOL 
WILTING POINT· = 0.1353 VOLNOL 
INITIAL SOIL WATER CONTENT = O.I400VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.OOO342()()()()14 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
THICKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.()()()()()6()() CM/SEC 

LAYER 3 

LATERAL DRAINAGE LAYER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOLNOL 
FIELD CAPACITY = 0.1127 VOLNOL 
WILTING POINT = 0.0580 VOLNOL 
INmAL SOIL WATER CONTENT = 0.0600 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.()()()()5()()()()()()2 CM/SEC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0 FEET 

LAYER 4 

BARRIER SOIL LINER 
TIDCKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.()()()()()()100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
TIDCKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOLNOL 
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FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CONTENT = 0.1400 VOL/VOL 
SA TURA lED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
nnCKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CONTENT = 0.3300 VOL/VOL 
SATURAlED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
nnCKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INmAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
SATURAlED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 0.01000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER = 87.21 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

= 3150000. SQ FT 
= 28.00 INCHES 
= 10.3210 INCHES UPPER LIMIT VEG. STORAGE 

INITIAL VEG. STORAGE = 
INITIAL SNOW WATER CONTENT 
INmAL TOTAL WATER STORAGE IN 

3.9200 INCHES 
= 0.0000 INCHES 

SOIL AND WASTE LAYERS = 109.0200 INCHES 

SOIL WATER CONTENT INITIALIZED BY USER. 

CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR GRAND JUNCTION COLORADO 

MAXIMUM LEAF AREA INDEX = 1.60 
START OF GROWING SEASON (JULIAN DATE) = 116 
END OF GROWING SEASON (JULIAN DAlE) = 288 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

25.50 33.50 41.90 51.70 62.10 72.30 
78.90 75.90 67.10 54.90 39.60 28.30 

*********************************************************************** 
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AVERAGE MONTHL Y VALUES IN INCHES FOR YEARS 1 THROUGH 20 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 

PRECIPITATION 

TOTALS 0.72 0.54 0.60 0.73 0.57 0.39 
0.52 0.96 0.73 0.88 0.73 0.56 

STD. DEVIATIONS 0.40 0.26 0.28 0.44 0.43 0.22 
0.37 0.42 0.71 0.44 0.42 0.36 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.001 0.001 0.000 0.000 

EVAPOTRANSPIRATION 

TOTALS 0.555 0.718 0.704 0.747 0.736 0.577 
0.513 0.907 0.719 0.697 0.517 0.539 

STD. DEVIATIONS 0.192 0.260 0.285 0.467 0.411 0.327 
0.327 0.440 0.668 0.482 0.239 0.194 

LArnRAL DRAINAGE FROM LAYER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 7 

TOTALS 0.0393 0.0358 0.0392 0.0379 0.0391 0.0378 
0.0390 0.0389 0.0376 0.0388 0.0375 0.0387 

STD. DEVIATIONS 0.0041 0.0038 0.0042 0.0040 0.0042 0.0040 
0.0041 0.0041 0.0040 0.0041 0.0040 0.0041 

*********************************************************************** 
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20 

(INCHES) (CU. FT.) PERCENT 
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PRECIPITATION 7.94 (l.572) 2084906. 100.00 

RUNOFF 0.000 (0.001) 122. 0.01 

EVAPOTRANSPIRATION 7.929 (l.452) 2081472. 99.84 

LATERAL DRAINAGE FROM 
LAYER 3 

0.0000 ( 0.0000) o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 ( 0.0000) O. 0.00 

PERCOLATIONFROMLAYER 7 0.4597 (0.0487) 120661. 5.79 

CHANGE IN WATER STORAGE -0.447 (0.832) -117348. -5.63 
*********************************************************************** 

PEAK DAILY V ALOES FOR YEARS 1 THROUGH 20 

(INCHES) (CU. FT.) 

PRECIPITATION 0.91 238875.0 

RUNOFF 0.006 1572.3 

LATERAL DRAINAGE FROM LAYER 3 0.0000 0.0 

PERCOLATION FROM LAYER 4 0.0000 0.0 

HEADONLAYER 4 0.0 

PERCOLATION FROM LAYER 7 0.0015 393.2 

HEAD ON LAYER 7 258.3 

SNOW WATER 0.67 175610.8 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2232 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1356 
*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 20 

LAYER (INCHES) (VOLNOL) 

1 1.18 
2 5.80 
3 0.72 
4 5.16 
5 6.72 
6 77.93 
7 2.58 

SNOW WATER 

0.1961 
0.1380 
0.0600 
0.4300 
0.1400 
0.2952 
0.4300 

0.00 
********************************************************************** 
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*********************************************************************** 
WHITE MESA TAILINGS FACILI1Y 
CELL 3, WET, WITHOUT PVC LAYER 7 ' 
20 YEARS GRAND JUNCTION CLIMATE DATA 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER ' 
THICKNESS = 6.00 INCHES 
POROSITY = 0.5010 VOLNOL 
FIELD CAPACITY = 0.2837 VOLNOL 
WILTING POINT = 0.1353 VOLNOL 
INmAL SOIL WATER CONTENT = 0.1400 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
THICKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CONTENT = 0.1400 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.()()()()()6()() CM/SEC 

LAYER 3 

LATERAL DRAINAGE LAYER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOLNOL 
FIELD CAPACITY = 0.1127 VOLNOL 
WILTING POINT = 0.0580 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.0600 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVI1Y = 0.000050000002 CM/SEC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0 FEET 

LAYER 4 

BARRIER SOIL LINER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVI1Y = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
THICKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOLNOL 



FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CON1ENT = 0.1400 VOL/VOL 
SATURAlED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
THICKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CON1ENT = 0.3300 VOL/VOL 
SATURAlED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOL/VOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CON1ENT = 0.4300 VOL/VOL 
SATURAlED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 1.00000000 

GENERAL SIMULATION DATA 

= 87.21 SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

= 3150000.SQ Ff 
= 28.00 INCHES 
= 10.3210 INCHES UPPER LIMIT VEG. STORAGE 

INITIAL VEG. STORAGE = 
INITIAL SNOW WATER CON1ENT 
INITIAL TOTAL WATER STORAGE IN 

3.9200 INCHES 
= 0.0000 INCHES 

SOIL AND WASTE LAYERS = 109.0200 INCHES 

SOIL WATER CONTENT INITIALIZED BY USER. 
CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR GRAND JUNCTION COLORADO 

MAXIMUM LEAF AREA INDEX = 1.60 
START OF GROWING SEASON (JULIAN DAlE) = 116 
END OF GROWING SEASON (JULIAN DAlE) = 288 

NORMAL MEAN MONTHLY lEMPERATURES. DEGREES FAHRENHEIT 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUNIDEC 

25.50 33.50 41.90 51.70 62.10 72.30 
78.90 75.90 67.10 54.90 39.60 28.30 

*********************************************************************** 
AVERAGE MONTHL Y VALUES IN INCHES FOR YEARS 1 THROUGH 20 
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 

PRECIPITATION 

TOTALS 0.72 0.54 0.60 0.73 0.57 0.39 
0.52 0.96 0.73 0.88 0.73 0.56 

STD. DEVIATIONS 0.40 0.26 0.28 0.44 0.43 0.22 
0.37 0.42 0.71 0.44 0.42 0.36 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.001 0.001 0.000 0.000 

EVAPOTRANSPIRATION 

TOTALS 0.555 0.718 0.704 0.747 0.736 0.577 
0.513 0.907 0.719 0.697 0.517 0.539 

STD. DEVIATIONS 0.192 0.260 0.285 0.467 0.411 0.327 
0.327 0.440 0.668 0.482 0.239 0.194 

LA1ERAL DRAINAGE FROM LAYER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.00000.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 7 

TOTALS 0.2556 0.1978 0.1885 0.1569 0.1394 0.1160 
0.1031 0.0885 0.0736 0.0654 0.0544 0.0484 

STD. DEVIATIONS 0.9613 0.7599 0.7275 0.6054 0.5380 0.4477 
0.3979 0.3413 0.2841 0.2525 0.2101 0.1867 

*********************************************************************** 
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20 

(INCHES) (CU. Fr.) PERCENT 
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PRECIPITATION 7.94 (l.572) 2084906. 100.00 

RUNOFF 0.000 (0.001) 122. 0.01 

EVAPOTRANSPIRATION 7.929 ( 1.452) 2081472. 99.84 

LATERAL DRAINAGE FROM 
LAYER 3 

0.0000 ( 0.00(0) o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 (0.0000) O. 0.00 

PERCOLATION FROM LAYER 7 1.4876 (5.7122) 390507. 18.73 

CHANGEINWATERSTORAGE -1.475 (5.662) -387194. -18.57 
*********************************************************************** 

PEAK DAIL Y VALUES FOR YEARS 1 THROUGH 20 

(INCHES) (CU. Fr.) 

PRECIPITATION 0.91 238875.0 

RUNOFF 0.006 1572.3 

LATERAL DRAINAGE FROM LAYER 3 0.0000 0.0 

PERCOLATION FROM LAYER 4 0.0000 0.0 

HEAD ON LAYER 4 0.0 

PERCOLATION FROM LAYER 7 0.1481 38869.1 

HEAD ON LAYER 7 257.9 

SNOW WATER 0.67 175610.8 

MAXIMUM VEG. SOIL WATER (VOUVOL) 0.2232 

MINIMUM VEG. SOIL WATER (VOUVOL) 0.1356 
*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 20 

LAYER (INCHES) (VOLNOL) 

1 1.18 
2 5.80 
3 0.72 
4 5.16 
5 6.72 

. 6 57.37 
7 2.58 

SNOW WATER 

0.1961 
0.1380 
0.0600 
0.4300 
0.1400 
0.2173 

0.4300 
0.00 

********************************************************************** 
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*********************************************************************** 
WHITE MESA TAILINGS FACILITY 
CELL 4, DRY, INCLUDING LAYER 7,PVC LINER 
BLANDING CLIMATE DATA 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
TIllCKNESS = 6.00 INCHES 
POROSITY = 0.5010 VOLNOL 
FIELD CAPACITY = 0.2837 VOLNOL 
WILTING POINT = 0.1353 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
TIllCKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOl/VOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAGE LAYER 
TIllCKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOLNOL 
FIELD CAPACITY = 0.1127 VOLNOL 
WILTING POINT = 0.0580 VOLNOL 
INmAL SOIL WATER CONTENT = 0.0600 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000050000002 CM/SEC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0 FEET 

LAYER 4 

BARRIER SOIL LINER 
TIllCKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOl/VOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INmAL SOIL WATER CONTENT = 0.4300 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
TIllCKNESS = 48.00 INCHES 
POROSITY = 0.3~ YOLNOL 
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FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOLNOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
TIllCKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CONTENT = 0.1400 VOLNOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
TIllCKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INmAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
SATURA1ED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 0.01000000 

GENERAL SIMULATION DATA 

= 87.21 SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

= 1650000. SQ FT 
= 28.00 INCHES 
= 10.321OINCHES UPPER LIMIT VEG. STORAGE 

INmAL YEG. STORAGE = 
INmAL SNOW WATER CONTENT 
INmAL TOTAL WATER SIDRAGE IN 

3.9200 INCHES 
= 0.0000 INCHES 

SOIL AND WAS1E LAYERS = 58.8600 INCHES 

SOIL WATER CON1ENT INITIALIZED BY USER. 

CLIMAIDLOGICAL DATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR MILFORD UTAH 

MAXIMUM LEAF AREA INDEX = 1.60 
START OF GROWING SEASON (JULIAN DATE) = 138 
END OF GROWING SEASON (JULIAN DATE) = 276 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 
JAN/JUL FEB/AUG MARlSEP APR/OCT MAY/NOV JUN/DEC 

26.40 32.10 38.20 46.30 55.90 65.80 
74.30 72.10 62.60 50.30 36.80 28.20 

*********************************************************************** 
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MONTIll. Y TOTALS FOR YEAR 1988 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0.78 1.27 1.40 
0.64 1.70 1.06 0.10 1.04 0.85 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 1.003 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.644 1.388 0.100 0.306 0.395 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 .0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 10.96 1507000. 100.00 

RUNOFF 0.000 o. 0.00 

EVAPOTRANSPIRATION 9.885 1359170. 90.19 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.0000 O. 0.00 

CHANGE IN WATER STORAGE 1.075 147830. 9.81 
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SOIL WATER AT START OF YEAR 58.86 8093250. 

SOIL WATER AT END OF YEAR 59.94 8241080. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 1. 0.00 
*********************************************************************** 

MONTIll.. Y TOTALS FOR YEAR 1990 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 

PRECIPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOFF (INCHES) O.()()() 0.000 0.000 '0.000 0.007 0.027 
0.000 0.000 0.000 0.029 0.000 0.000 

EVAPOTRANSPIRATION 0.788 1.136 0.566 0.413 1.864 0.758 
(INCHES) 2.272 0.908 1.597 1.707 1.245 0.648 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTIll.. Y SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1990 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.39 1841125. 100.00 

RUNOFF 0.063 8647. 0.47 
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EV APOTRANSPIRA TION 13.902 1911521. 103.82 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 o. 0.00 

PERCOLATION FROM LAYER 7 0.0000 o. 0.00 

CHANGE IN WATER STORAGE -0.575 -79043. -4.29 

SOIL WATER AT START OF YEAR 59.94 8241080. 

SOILWATERATENDOFYEAR 59.36 8162037. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1991 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MA Y/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 0.05 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOFF (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

EVAPOTRANSPIRATION 1.306 0.588 1.407 0.366 0.094 0.384 
(INCHES) 0.822 1.620 1.312 0.266 1.047 0.858 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTIll..Y SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 {INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 {INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
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ON LAYER. 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
********************************************************************** 

ANNUAL TOTALS FOR YEAR 1991 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 11.74 1614250. 100.00 

RUNOFF 0.074 10242. 0.63 

EVAPOTRANSPIRATION 10.071 1384707. 85.78 

LATERAL DRAINAGE FROM LAYER. 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER. 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER. 7 0.0000 O. 0.00 

CHANGE IN WATER STORAGE 1.595 219302. 13.59 

SOIL WATER AT START OF YEAR 59.36 8162037. 

SOIL WATER AT END OF YEAR 60.84 8365727. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOWWATERATENDOFYEAR 0.11 15612. 

ANNUAL WATER BUDGET BALANCE 0.00 O. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1992 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MA Y/NOV JUN/DEC 

PRECIPITATION (INCHES) 0.82 1.54 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOFF (INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.590 1.879 1.221 1.556 1.145 
(INCHES) 3.021 0.936 1.226 0.371 0.440 1.060 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 
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A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1992 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 15.10 2076250. 100.00 

RUNOFF 0.095 13106. 0.63 

EVAPOTRANSPIRATION 15.290 2102365. 101.26 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 o. 0.00 

PERCOLATION FROM LAYER 7 0.0000 o. 0.00 

CHANGE IN WATER STORAGE -0.285 -39220. -1.89 

SOIL WATER AT START OF YEAR 60.84 8365727. 

SOIL WATER AT END OF YEAR 60.66 8341379. 

SNOW WATER AT START OF YEAR 0.11 15612. 

SNOW WATER AT END OF YEAR 0.01 740. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

MONTHLYTOTALSFORYEAR1~3 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MA Y/NOV JUN/DEC 

PRECIPITATION (INCHES) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFF (INCHES) 0.284 0.490 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EV APOTRANSPIRA TION 0.950 1.449 1. 728 1.303 0.837 0.996 
(INCHES) 1.475 1.277 1.048 1.531 1.219 0.369 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
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LAYER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0655 0.1240 0.1349 0.1326 
LAYER 4 (INCHES) 0.1371 0.1357 0.1292 0.1309 0.1239 0.1250 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.64 2.62 3.36 3.60 
LAYER 4 (INCHES) 3.59 3.43 3.18 2.88 2.55 2.21 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LAYER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 17.66 . 2428250. 100.00 

RUNOFF 0.774 106369. 4.38 

EVAPOTRANSPIRATION 14.183 1950185. 80.31 

LATERAL DRAINAGE FROM LAYER 3 0.0005 69. 0.00 

PERCOLATION FROM LAYER 4 1.2386 170301. 7.01 

PERCOLATION FROM LAYER 7 0.0000 . O. 0.00 

CHANGE IN WATER STORAGE 2.703 371627. 15.30 

SOIL WATER AT START OF YEAR 60.66 8341379. 

SOIL WATER AT END OF YEAR 63.37 8713746. 

SNOW WATER AT START OF YEAR 0.01 740. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 O. 0.00 
*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1993 

JAN/JULFEB/AUGMAR/SEP APR/OCTMAY/NOV JUN/DEC 
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PRECIPITATION 

TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

STD. DEVIATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0.40 0.35 0.65 0.51 0.72 

RUNOFF 

TOTALS 0.060 0.098 0.002 0.000 0.005 0.005 
0.015 0.000 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.004 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

EVAPOTRANSPIRATION 

TOTALS 0.978 1.188 1.120 0.716 0.984 1.091 
1.685 1.277 1.315 0.795 0.852 0.666 

STD. DEVIATIONS 0.202 0.385 0.798 0.502 0.722 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LA1ERAL DRAINAGE FROM LAYER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.0274 0.0271 0.0258 0.0262 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.0293 0.0555 0.0603 0.0593 
0.0613 0.0607 0.0578 0.0585 0.0554 0.0559 

PERCOLATION FROM LAYER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

*********************************************************************** 
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.77 (2.695) 1893375. 100.00 
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RUNOFF 0.201 (0.322) 27673. 1.46 

EV APOTRANSPIRA TION 12.666 (2.509) 1741590. 91.98 

LATERAL DRAINAGE FROM 
LAYER 3 

0.0001 ( 0.0002) 14. 0.00 

PERCOLATION FROM LAYER 4 0.2477 ( 0.5539) 34060. 1.80 

PERCOLATION FROM LAYER 7 0.0000 ( 0.0000) .0. 0.00 

CHANGE IN WATER STORAGE 0.903 (1.355) 124099. 6.55 
*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1988 THROUGH 1993 

(INCHES) (CU. FT.) 

PRECIPITATION 1.33 182875.0 

RUNOFF 0.209 28712.2 

LATERAL DRAINAGE FROM LAYER 3 0.0000 0.3 

PERCOLATION FROM LAYER 4 0.0044 609.1 

HEAD ON LAYER 4 3.6 

PERCOLATION FROM LAYER 7 0.0000 0.0 

HEAD ON LAYER 7 0.0 

SNOW WATER 2.53 348554.3 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3469 

MIN1MUM VEG. SOIL WATER (VOUVOL) 0.1354 
*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 1993 

LAYER (INCHES) (VOLNOL) 

1 0.92 
2 7.95 
3 1.85 
4 5.16 
5 7.96 
6 36.96 
7 2.58 

SNOW WATER 

0.1529 
0.1892 
0.1541 
0.4300 
0.1658 
0.1400 
0.4300 

0.00 
********************************************************************** 
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*********************************************************************** 
WlllTE MESA TAILINGS FACILITY 
CELL 4. DRY. WITHOUT LAYER 7 PVC LINER 
BLANDING CLIMATE DATA 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
TIDCKNESS = 6.00 INCHES 
POROSITY = 0.5010 VOLNOL 
FIELD CAPACITY = 0.2837 VOLNOL 
WILTING POINT = 0.1353 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOIJVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
TIDCKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOIJVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAGE LAYER 
TIDCKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOLNOL 
FIELD CAPACITY = 0.1127 VOLNOL 
WILTING POINT = 0.0580 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.0600 VOIJVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000050000002 CM/SEC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0FEET 

LAYER 4 

BARRIER SOIL LINER 
TIDCKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOIJVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
TIDCKNESS = 48.00 INCHES 
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POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CONTENT = 0.1400 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
THICKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOLNOL 
FIELD CAPACITY = 0.2173 VOLNOL 
WILTING POINT = 0.1361 VOLNOL 
INmAL SOIL WATER CONTENT = 0.1400 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOLNOL 
FIELD CAPACITY = 0.3663 VOLNOL 
WILTING POINT = 0.2802 VOLNOL 
INmAL SOIL WATER CONTENT = 0.4300 VOl/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 1.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER = 87.21 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

= 1650000. SQ FT 
= 28.00 INCHES 

= 10.3210 INCHES 
3.9200 INCHES 

UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE = 
INmAL SNOW WATER CONTENT 
INmAL TOTAL WATER STORAGE IN 

= 0.0000 INCHES 

SOIL AND WASTE LAYERS = 58.8600 INCHES 

SOIL WATER CONTENT INmALIZED BY USER. 

CLIMATOLOGICAL DATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY lEMPERATURES AND 
SOLAR RADIATION FOR MILFORD UTAH 

MAXIMUM LEAF AREA INDEX = 1.60 
START OF GROWING SEASON (JULIAN DATE) = 138 
END OF GROWING SEASON (JULIAN DATE) = 276 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 
JAN/JUL FEB/AUG MARlSEP APR/OCT MAY/NOV JUN/DEC 

26.40 32.10 38.20 46.30 55.90 65.80 
74.30 72.10 62.60 50.30 36.80 28.20 
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*********************************************************************** 
MONTHLY TOTALS FOR YEAR 1988 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0.78 1.27 1.40 
0.64 1.70 1.06 0.10 1.04 0.85 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 1.003 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.644 1.388 0.100 0.306 0.395 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG. D~ Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ONLAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. Fr.) PERCENT 

PRECIPITATION 10.96 1507000. 100.00 

RUNOFF 0.000 o. 0.00 

EVAPOTRANSPIRATION 9.885 1359170. 90.19 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.0000 O. 0.00 

CHANGE IN WATER STORAGE 1.075 147830. 9.81 
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SOIL WATER AT START OF YEAR 58.86 8093250. 

SOIL WATER AT END OF YEAR 59.94 8241080. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.00 O . 

ANNUAL WATER BUDGET BALANCE 0.00 1. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1990 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 l.13 
l.91 0.80 1.69 l.82 1.43 0.90 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.007 0.027 
0.000 0.000 0.000 0.029 0.000 0.000 

EVAPOTRANSPIRATION 0.788 l.136 0.566 0.413 l.864 0.758 
(INCHES) 2.272 0.908 1.597 l. 707 1.245 0.648 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD.DEV.OFDAILYHEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1990 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 13.39 1841125. 100.00 

RUNOFF 0.063 8647. 0.47 
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EVAPOTRANSPIRATION 13.902 1911521. 103.82 

LATERAL DRAINAGE FROM LAYER 3 0.0000 O. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.0000 O. 0.00 

CHANGE IN WATER STORAGE -0.575 -79043. -4.29 

SOIL WATER AT START OF YEAR 59.94 8241080. 

SOIL WATER AT END OF YEAR 59.36 8162037. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOWWATERATENDOFYEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 O. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1991 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 0.05 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOFF (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

EV APOTRANSPIRA TION 1.306 0.588 1.407 0.366 0.094 0.384 
(INCHES) 0.822 1.620 1.312 0.266 1.047 0.858 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 O.()()()() 

LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
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STD. DEY. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1991 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 11.74 1614250. 100.00 

RUNOFF 0.074 10242. 0.63 

EY APOTRANSPIRA TION 10.071 1384707. 85.78 

LATERAL DRAINAGE FROM LAYER 3 0.0000 o. 0.00 

PERCOLATION FROM LAYER 4 0.0000 O. 0.00 

PERCOLATION FROM LAYER 7 0.0000 O. 0.00 

CHANGE IN WATER STORAGE 1.595 219302. 13.59 

SOIL WATER AT START OF YEAR 59.36 8162037. 

SOIL W A 1ER AT END OF YEAR 60.84 8365727. 

SNOW WATER AT START OF YEAR 0.00 O. 

SNOW WATER AT END OF YEAR 0.11 15612. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1992 

JAN/JUL FEB/AUG MARISEP APR/OCT MAY/NOY JUN/DEC 

PRECIPITATION (INCHES) 0.82 1.54 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOFF (INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EY APOTRANSPIRATION 0.843 1.590 1.879 1.221 1.556 1.145 
(INCHES) 3.021 0.936 1.226 0.371 0.440 1.060 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTIll.. Y SUMMARIES FOR DAILY HEADS 
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A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

*********************************************************************** 
ANNUAL TOTALS FOR YEAR 1992 

-----------_ ....... -.... _ ..... -------------;.-----------------------.. ------------
(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 15.10 2076250. 100.00 

RUNOFF 0.095 13106. 0.63 

EVAPOTRANSPIRATION 15.290 2102365. 101.26 

LATERAL DRAINAGE FROM LAYER 3 0.0000 

PERCOLATIO~ FROM LAYER 4 

PERCOLATION FROM LAYER 7 

0.0000 

0.0000 

o. 0.00 

o. 0.00 

o. 0.00 

CHANGE IN WATER STORAGE -0.285 -39220. -1.89 

SOIL WATER AT START OF YEAR 60.84 8365727. 

SOIL WATER AT END OF YEAR 60.66 8341379. 

SNOW WATER AT START OF YEAR 0.11 15612. 

SNOW WATER AT END OF YEAR 0.01 740. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 

PRECIPITATION (INCHES) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFF (INCHES) 0.284 0.490 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.950 1.449 1.728 1.303 0.837 0.996 
(INCHES) 1.475 1.277 1.048 1.531 1.219 0.369 
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LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
LAYER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0655 0.1240 0.1349 0.1326 
LAYER 4 (INCHES) 0.1371 0.1357 0.1292 0.1309 0.1239 0.1250 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

0.00 0.00 0.64 2.62 3.36 3.60 
3.59 3.43 3.18 2.88 2.55 2.21 

STD.DEV.OFDAILYHEAD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LAYER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

A VG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 17.66 2428250. 100.00 

RUNOFF 0.774 106369. 4.38 

EVAPOTRANSPIRATION 14.183 1950185. 80.31 

LATERAL DRAINAGE FROM LAYER 3 0.0005 69. 0.00 

PERCOLATION FROM LAYER 4 1.2386 170301. 7.01 

PERCOLATION FROM LAYER 7 0.0000 O. 0.00 

CHANGE IN WATER STORAGE 2.703 371627. 15.30 

SOIL WATER AT START OF YEAR 60.66 8341379. 

SOIL WAlER AT END OF YEAR 63.37 8713746. 

SNOW WATER AT START OF YEAR 0.01 740. 

SNOW WATER AT END OF YEAR 0.00 O. 

ANNUAL WATER BUDGET BALANCE 0.00 o. 0.00 
*********************************************************************** 

AVERAGE MONTHL Y VALUES IN INCHES FOR YEARS 1988 THROUGH 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 
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PRECIPITATION 

TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

STD. DEVIATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0.40 0.35 0.65 0.51 0.72 

RUNOFF 

TOTALS 0.060 0.098 Q.002 0.000 0.005 0.005 
0.015 0.000 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.004 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

EVAPOTRANSPIRATION 

TOTALS 0.978 1.188 1.120 0.716 0.984 1.091 
1.685 1.277 1.315 0.795 0.852 0.666 

STD. DEVIATIONS 0.202 0.385 0.798 0.502 0.722 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.0274 0.0271 0.0258 0.0262 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.0293 0.0555 0.0603 0.0593 
0.0613 0.0607 0.0578 0.0585 0.0554 0.0559 

PERCOLATION FROM LAYER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

*********************************************************************** 
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 1993 

(INCHES) (CU. FT.) PERCENT 
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PRECIPITATION 13.77 (2.695) 1893375. 100.00 

RUNOFF 0.201 (0.322) 27673. 1.46 

EVAPOTRANSPIRATION 12.666 (2.509) 1741590. 91.98 

LATERAL DRAINAGE FROM 0.0001 ( 0.(002) 14. 0.00 
LAYER 3 

PERCOLATION FROM LAYER 4 0.24 77 ( 0.5539) 34060. 1.80 

PERCOLATION FROM LAYER 7 0.0000 (0.0000) o. 0.00 

CHANGE IN WATER STORAGE 0.903 (1.355) 124099. 6.55 
*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1988 THROUGH 1993 

(INCHES) (CU. FT.) 

PRECIPITATION 1.33 182875.0 

RUNOFF 0.209 28712.2 

LATERAL DRAINAGE FROM LAYER 3 0.0000 0.3 

PERCOLATION FROM LAYER 4 0.0044 609.1 

HEAD ON LAYER 4 3.6 

PERCOLATION FROM LAYER 7 0.0000 0.0 

HEADONLAYER 7 0.0 

SNOW WATER 2.53 348554.3 

MAXIMUM VEG. SOIL WATER (VOL{VOL) 

MINIMUM VEG. SOIL WATER (VOL{VOL) 

0.3469 

0.1354 
*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 1993 

LAYER (INCHES) (VOLNOL) 

1 0.92 
2 7.95 
3 1.85 
4 5.16 
5 7.96 
6 36.96 
7 2.58 

SNOW WATER-

0.1529 
0.1892 
0.1541 
0.4300 
0.1658 
0.1400 
0.4300 

0.00 
********************************************************************** 
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Table' 

Properties of the DakotalBnrro Canyon Sandstones 

.. - _._- - -

Moisture Moisture Dry Unit 
Well No. and Content Content Weight Porosity Particle Saturation Retained Liquid 

Sample Interval (Peroent) Volumetric (ibsleu ft) (percent) Sp. Gr. (Percent) Moisture Limit 

WMMW·16 26.4'·38.4' 1.51 3.3 13S.2 17.9 2.64 18.2 5.1 
iWMMW·16 37.8' - 38.4' 0.4 0.8 127.4 22.4 63 3.7 6.3 
'WMMW·16 45.0' • '45.5' 5.6 12.6 140.9 16.4 2.7 77.2 29.6 

\\7J\of1v[W ·16 47.5'·48.0' 2.56 5.9 142.8 12 2.6 48.9 4.37 

WMMW·16 53.5' - 54.1' 0.68 1.4 129 19.9 2.5'8 1.1 6.38 

WMMW-16 60.5' - 61.0' 0.11 0.2 117.9 21.3 2.61 0.8 9.89 

WJt.fl,.fW-16 65.5' ·66.0' 2.62 5.5 131.5 19.3 2.62 28.2 7.13 
WMMW·16 13.0' - 73.5' 0.13 0.3 130.3 20.6 2.63 1.3 5.5 
WMMW·16 82.0'· 82.4' 0.05 0.1 134.3 18.5 2.64 0.6 4.7S 

Wz,.·1MW-16 90.0'-90.7 0.12 0.3 161.5 2 2.64 12.8 0.8S 
WMMW·16 91.1'- 91.4' 5.2 9.8 118.1 29.1 Ui7 33.8 33.1 

~VJ\oIM\\7-17 21.0'·21S 0.29 0.6 138.8 13.4 2.51 4.8 5.11 
WMMW·17 49.0'· 49.5 3.62 1.1 121.9 26 2.64 21.2 9.6 
WMMW·17 104.0'· 104-.5' 0.11 0.4 161.4 1.7 2.61 26.6 0.81 

Average: 1.65 3.4 135 17,6 2.63 I 11 5.48 
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Sample Description 

Shale: black.plaly.hard. 

Sandstone: qUllrlz.1IghI bufllo Nght gray. sllbraund, kaO/InItk:. Irace 
ron staining ,.,.,. loss loward baSil, Occ IIh1c pebble. occ thin 

.... I .... j ... l, .. I ... j .... I ... 1 ahale paning. 

Saods1one: as above »,. very eongIomarallc ... part., 
pebble slza cher1an I/Ihtc Iragmenls. 
SandsH)!1o: quartz, buti', nne-grained, subrounded,. sllghlly 

... j .... I .. + ... I ... I .... I ... a.rgllaceous. kaolnllc,trace Iron staining. 

S'b,one: IIghC greentsh gray. argllaceous, platy. 

Sandslone: quarlz, fight gray, very nn&- &0 medlum-gralned, 
subangular.oce pebble. 

J .... I .... I ..... I ..... I .... HI =; ;::.~V~~~~~d with Congfomarala, pebble 

-t-tt--t-t-t:::l'Sa,"'''me, as above. 

Sandslone: quartz, llreenlsh gray,lIne·g-aIned, aubangutar.1o 

sublOund, kaonriUc, fr1able,lnferbedded with occaslonallhln shale 

layer reddish brown. soli. 

rll··,j··+·+·\····I···1 Sandstone: quar1l. !lghl greentogreenfshvay. very line-to nne· 
grained, subround •• rgllliceous. 

V I--.J-.I-l--Hi-l 

Congbmeri'lll: ptibble. Ithlc lragmenls. vmy Iflabla, sandy 10 
"my sandy irI pari. 

SandslOlMl: quarll.11ghI green, very nn&-gr.tned.. argillaceous wlltt 

'-t .... I ..... f ... I .... I .... \ ... 1 Ihlnred and greon shale slrhgera. 
Sandstol'l9; al> above. 

14CI-f:::-::HH-+++-H Shale: reddlsfl brown platy. I5Oh. 

Be,.",..s .. , 

i-' 



r-- [EkrlOfi!No. : 
~ Environments/ServIces 
~ ., .... ., •• co 1301}"22·51IC WMMW-19 

1 Prolect: While Mesa 1 Surface Elev. 5655.051 T. D_ = 149 UMETCO Mlnemlg 

I Dale: 12107192 I Depth to Water: 150 I GeoloolSI: F. A_ Peel 

Gamma (Nal, I.Dep~ II Neulron • API 7. , I Sample Description 1 Gemmon', c=" 
.----

0 Sand: quartz. reddish brown,llne.gr.llll'lld, dly. 1f4·S'~·:::: ~ &u1.c. CI9 

rz Sand$tone: quarl:t, right gray.llne·gratoad, aubltJl,lnd. kaoltnltlc.. ~ 
~ 
~ 
~ 

- - ~ 
~ 
~ 

! Sandsl:one: QUartz.1Igh1 burt. very nne· 10 rnedklm-gralned. 
subangutar 10 stlbrourx1. kaollrillc, iron £talnng. C.lnlnt.o1k~. 

"''''' 

~.dMlls""O PVC !-

"--.. ISarx1s10ne: n above »> leu Iron staln&d. 

:---------: f:,-::- !SlRstona: quartz. medium gray. sandy hant. 

- -

~ ;:~: 
(' tI:I: 

< 
40- ~:~. 

Sandstone: quarlz,lghi bun. WHy flne-Io medum-graMd, 

lubangular 10 cubfOund, kaollnhlc.lron lIalning. 

( 

1-
11RWfi I ~~.~. ) =:~~yrt:o~ ~J;:~.u~CO&!~:~~.d.lubangu1ar 10 

congIomeralle (chert & '.hIe pebbles). 

SandsIOll8! quartz. very nne· 10 

ITe," lrace Iron &lalnlng, occ shale parllng, n> very hard al basa. 

\ k.II.4E-6cm's-e 

60-
Sandstone! quar1z. Igllt bufl. very 'ne- to medium-grained. subround 
kaolinkJc. red and brOwn lion slaWng. 

( 
BU,? Ca~yon Fm If := Sandstono: quartt.lght gray. very fine· Ie Ilnellralnod, subround, 

C.n_Illi,1M' 

Kaonritlc. 

I" '''(92 

a,t1Ionit.s. .. 

Shale: reddtsh brown, plaly. waxy. 11011. 

I Sandstone: quartz, Ighl gray, fine· 10 

"-------. 
1100- Sandstone; cpJar1z,lghi greenish gray. wry nne-grafned. lIubround, 1= ! ii ~-,:s argllac80ua to very argllaceous.lhh green &hale partings, wuy. ~ reddtsh brown IIhala parting al base. ~ 

( IT .... E 
to.20Cgb-'o ~ 

fl 
..... So .. 

t-~ Shale: as above. ~ 
) t-- ~ 

- . I) Sandstone: quartt.1g1lt greenish gray,lkle-gralnod. occ medum- ~ 
gr.llned. subround. Kaollnlle. !=' 

[\ ~ 
.~ 

\ 11 t= 
~ 
~ 
~ 1= 
~ 1= 

I'l 
t i( iB<~ Ba j: ~ Me~b<> 

Shale: dark reddtsh brOWn. sofl. 

- . 
Note: wei \fII3J klgged befer, the ~I rKfllrged --~II 1-
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I -- --1- Sample Descrlpllon I Ii NUlron·API ","_d~wb,w"'. (

Nal) Depth ~1 • .. ' .... h .... '."' ...... mw 
Gamma ' ' '. OM<" . 

CD 0.: ~ --- ---- -- • ...,.'"'"""'~".- ~ I ~"I -~ ~ 
s :::3;:. 

Oakc __ ... ".n"._"I11". fiumvrlilned,lUbround,kidlrlUc,Ughl. 

) 

.. . \ 
20- I I I ' ..... 1 I 1~:~.-:~ili:~'.lIhIQl.r,vW'/ln"lolnllP' .. ntd,lUbfound,kdrllit,lrec.1 

"I 
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TableZ 
HELP Model Summaries for Cells 3 and 4 

White Mesa Tailings Facility, Blanding, Utah 

Lateral Percolation Percolation 
Drainage from from from Change in 

HELP Precipitation Runoff Evapotranspiration Layer 3 Layer 4 Layer 7 Water 
Run {inches~ ~inches~ {inches~ {ftI\3~ {ftI\3~ {ftI\3~ Storage 

I Cell 3. saturated with 
~ I PVC liner. Blanding 13.77 0.2 12.67 26 64989 137415 99352 A ~S· e> \ climate data 

'i I /. lP. I Cell 3. saturated, no 
V Lliner, Blanding climate 13.77 0.2 12.67 26 64989 1562025 -1325258 

data 

Cell 3, saturated, with 
I· PVC liner and 20 yrs ····1. 7.94 0 7.93 0 0 120661 -117348 
\ Grand Junction 

climate data '''. 

Cell 3, saturated, no 
liner and 20 yrs Grand 7.94 0 7.93 0 0 390507 -387194 
Junction climate data 

Cell 4, unsaturated 
with PVC liner, 13.77 0.2 12.67 14 34060 0 124099 

Blanding climate data 

Cell 4, unsaturated, no 
liner, Blanding climate 13.77 0.2 12.67 14 34060 0 124099 

data 

&J&2.unu 2 r 
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BoringIWell 
Location 

Soils 
6 
7 
10 
12 
16 
17 
19 
22 

Dakota Sandstone 
No.3 
No.3 

No. 12 
No. 12 
No. 19 
No. 19 

Bmro ClIIlYon Formation 
No.3 
No.3 
No.3 
No.3 
No.3 
No.3 
No.9 
No.9 
No.9 
No.9 
No.9 

No. 12 
No. 12 
No. 12 
No. 28 
No. 28 
No. 28 

WMMWI 
WMMW3 
WMMW5 
WMMW5 

WMMWll 
WMMWll 
WMMW12 
WMMW12 
WMlvfWI4 
WMMW14 
WMMWlS 
WMMW15 

Tablet ~ /1; J ?ltut I G 
Summary of If,; tll~opertles 

White Mesa Tailings Facility, Blanding, Utah 

Hydraulic 
Interval Document CODcJ~etivity 

Test Type (ft-ft) Referenced (Wyr) 

Laboratory Test 9 D&M 1.2U+Ol 
Laboratory 'fest 4.5 D&M l.OE+O) 
Laboratory Test 4 D&M 1.2E+01 
Laboratory Test 9 D&.M 1.4E+02 
Laboratory Test 4.5 D&M 2.2I:!+Ol 
Laboratory Test 4.5 D&M 9.3£+01 
Laboratory Test 4 D&M 7.01:!TOI 
Laboratory Test 4 D&M 3.9t!.+00 

Geometric Mean 2.45E+Ol 

Injection Tesl 28-33 D&M 1 5.68£+02 
lnjection Test 3342.5 D&M 2.80E+OO 
lnjcction Test 16-22.5 D&M S.10E+OO 
Injcction Test 22.S-37.S D&M 7.92E+Ol 
Injection Test 26-37.5 D&M 7.00R+OO 
Injection Tesl 37.5-52.5 D&M 9.44E+02 

Geometric Mean 4.03E+Ol 

Injection Tes~ 42.5-52.5 D&M 5.80£+00 
Injection Test 52.5-63 D&M 1.62E+Ol 
Injection Test 63-72.5 D&M 5.30E+OO 
Injection Test 72.5·92.5 D&M 3.20E+OO 
Injection Test 92.5·107.5 D&M 4.90E+OO 
lnjection Test 122.5-142 D&M 6.00E-Ol 
Injection Test 27.5-42.5 D&M 2.70£+00 
Injection Test 42.5-59 D&M 2.ooE+OO 
Injection Test 59-82.5 D&M 7.00E-OI 
Injection Test 82.5-107.5 D&M 1.10E+OO 
Injection Test 107.5-132 D&M 3.00E-01 
Injcction 'fest 37.5457.5 D&M 9.0 I E-Ol 
Injection Test 51.54 82.5 D&M 1.40E+OQ 
Injc:ction Tcst 82.5-102.5 D&M 1.07E+Ol 
Injection Test 76-87.5 D&M 4.30E+OO 
Injection Tesl 87.5·107.5 D&M 3.00E-Ol 
Injection Test 107.5-132.5 D&M 2.00E-Ol 

7 Recovery 92-112 Pc:el 2 3.00£+00 
7 R.c:covery 67-87 Peel 2.97E+OO 
7 Recovery 95.5-133.5 H-E 1.31E+OI 
7 Recovc:IY 95.5-133.5 Peel 2. 1 OE+O 1 
7 Recovery 90.7·130.4 H-E 3 I.23ET03 
7 Single wcll drawdown 90.7-130.4 Pccl 1.63E+03 
7 Recovery 84-124 H4E 6.84E+Ol 
7 Recovery 84-124 Peel 6.84E+01 

Single well drawdOWIl 904120 5 R-E 1.21E+03 
Single well drawdown 90·120 6 H-E 4.02£+02 
Single well drawdown 99-129 H-E 3.6SEoi{)l 

7 Recovc:ry 99-129 l'c:el 2.58E+Ol 

Hydraulic 
Conductivity 
(~sec) 

1.2&05 
1.0E-05 
1.2&05 
1.4E-04 
2.lE-05 
9.0B-05 
6.8E-05 
3.8&06 

2.37E-OS 

S.49E-04 
2.71B-06 
4.93E-06 
7.66E-OS 
6.;m..o6 
9.12&04 
3.S9E-05 

5.61B-06 
1.57E-OS 
S.13E-06 
3.09E-06 
4.74E-06 
5.80£.07 
2.61E-06 
1.93E-06 
6.TTr':r07 
l.06E-06 
2.90B-07 
8.70E'()7 
1.35E-06 
1.03E-OS 
4.16&06 
2.9OB-07 
1.93E-07 
2.90E-06 
2. 87E-06 
1.21£-05 
2.03E-05 
1.l9F.-03 
1.58£"()3 

6.61E-OS 
6.61E-OS 
1.l6E-03 
3.88E-04 
3.53&05 
2.49E-05 

P8!P" Dr 2. 



BoringIWelJ 
Location 

WMMW16 
WMMWl6 
WMMW16 

WMMW16 
WMMW17 
WMMW17 
WMMW17 
WMMW18 
WMMW18 
WMMW18 
WMMW18 
WMMW19 
WMMWl9 

Brushy Basin Member 
Garfield County, Utah 

, , . L 
~ : If '" ..... LJ ~ 

~,.,. 

Table f . I lJ-

Summary Of~properties 
White Mesa Tailings Facility, 8landing, Utah 

(Cl)ntin~ed) 

Test Type 

Injection Test 
Injection Test 
Injection Test 

Injection Test 
Injection Test 
lnjccti.on Test 
Injection Test 
Injection Test 
Injc:ction Test 
Injc:ction Test 
Injection Test 
lnjc:ction Test 
lJUection Test 

Injection l'est 
Injection Test 
Injection Test 
Tnjection Test 
Injection Tc:sL 
Injection Test 
Iq.iect:ion Test 
lnjcdion Test 
Injection Test 
Injc=ction Test 

lnterval 
(ft-ft) 

28.5-31.5 
45.5-51.5 
6s.sm.5 
85.5-91.5 

45-50 
90-95 

100-105 
27-32 
85-90 
85-90 

12()"125 
55-60 
95-100 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Document 
Referenced 

Peel 
Peel 
reel 

Pccl 
Pcc:l 
Pcc:1 
Peel 
Pcc:l 
Pcc:l 

Hydraulic 
COllductivity 

(ftlyr) 

9.42E+02 
5.28£+01 
8.07E+Ol 

3.00E+Ol 
3.10E+OO 
3.62E+OO 
5.69E+OO 
1.14E+02 
2.S9E-+{}I 

Pccl 2.69E+O I 
.p'cc. ;l--/-:/~~-4..<66E-+{}O peey' 8.69' 
Pee 

Geonfetric mean 

D'+'Onla (4b) 2.07£..00 
D'Appolonia 2.078+01 
D'Ap~lonia 9.30E 
D'Appo a 

---~ D'Appolonia 
D'Appolortia 
D'Appolonia 
D'A ma .. - - /. 
D'Appolonia 
D'Appolonia 

aelmctric Mean I.65E+Ol 

Hydraulic 
Conductivity 

(cm/scc) 

9.10&04 
5.10E-OS 
7.80E-05 

2.90E-05 
3.00E-06 
3.S0E-06 
S.SOE-06 
1.1OE-04 
2.50E-05 
2.6OE-05 
4.S0r~ 

8.4{)E-06 
J.40E..()6 

1.01E-05 

2.00E-06 
2.00£.05 
9.00E-06 
2.60E-05 
S.OOE-05 
5.10E-OS 
3.10E-05 
4.10E-OS 
l.OOE.06 
2.80E-05 
1.60E-Q5 

EnttadaINavajo Sandstones 
WW-l Recovery 

Multi-well drawdown 
Multi-well d11lwdown 

f 
t,.Appolonia (4ij 3.80E-+{}2 3.67E-04 

~
' I r \ 4.66E-+{}2 4.50E-04 WW-l 

WW-l,2,3 I' I I 4.24'8+02 4.10&.04 
Goo emc Mean -~4.~22E~.~""O""2-+--4:-:.0:--::8~E-04~--n 

(1) D&M .. Dames & Moore. Environmental RepOrt. White Mesa Unmium Project, January, 1978. 
2) Peel = Peel Environmc:ntnl Services, UMETCO Minerals Corp., Ground Water Study, White Mesa Facility, Iun~ 1994. 
3) H-E = Hydro-Engineering. Groundj-Watc=r- Hydrology at the White Mesa Tatlings Facility, July. 1991-
4a) O'Appolonia, Assessment of the Water Supply System, White Mesa Project,Fcb. 1981 

(4b) D'Appoloniu, Geotecbnic:a.l Site Evalualion. Farley Project. Garfield Co., Utah, June, 1984. 
(5) Early test data. 
6) Late test data.. 

Test data reanaly1.ed by TEe. 



Table 1 

Properties of the DakotalBnrro Canyon Sandstones 

- --- -- - - -

Moisture Moisture Dry Unit 
Well No. and Content Content Weight Porosity Particle Saturation Retained Liquid 

Sample Interval (Percent) Volumetric _(ibslcu ft) (percent) Sp. Gr. (Percent) Moisture Limit 

WMMW·16 26.4'.38.41 1.51 3.3 135.2 17.9 2.64 18.2 5.1 
~-16 37.8' - 38.4' 0.4 0.8 127.4 22.4 63 3.7 6.3 
WMMW·16 45.0' • '45.5' 5.6 12.6 14G.9 16.4 2.7 71.2 29.6 

~VMMW-16 41.5' -48.0' 2.56 5.9 142.8 12 2.6 48.9 4.37 

WMMW·16 53.5' - 54.1' 0.68 1.4 129 19.9 2.58 7.1 6.38 

WMMW-16 60.5'·61.0' 0.11 0.2 117.9 27.3 2.61 0.8 9.89 
WMMW-16 65.5' ·66.0' 2.62 5.5 131.5 19.3 2.62 28.2 7.13 

W[ill...1W·16 73.0' - 73.5' 0.13 0.3 130.3 20.6 2.63 1.3 5.S 
WMMW·16 82.0'·82.4' 0.05 0.1 134.3 18.5 2.64 0.6 4.78 

W),.·IMW-16 90.0'-90.7 0.12 0.3 161.5 2 2.64 12.8 0.85 

WMMW·16 91.1' • 91.4' 5.2 9.8 118.1 29.1 2.67 33.8 33.1 

~Vl\'tMVl·17 27.0'·27S 0.29 0.6 138.8 13.4 2.51 4.8 5.11 
WMMW·17 49.0'· 49.5 3.62 7.l 121.9 26 2.64 27.2 9.6 
WMMW·17 104.0'· 104.5' 0.17 0.4 161.4 1.7 2.67 26.6 0.81 

, 
Average: MiS 3.4 135 17..6 2.63 I 21 5.48 

/ 

TABlEI.XLS (7121194) 

Plastic 
Limit 

15.4 

16.2 

.... ) 
~:-:: 

\ 

''1..'\(" tf" 
~ 

..•. '\ 
tj~ 

',. 

- ----- -------~~ 

Plasticity 
lndex Rock Type Formation 

Sandstone Dakota 
Sandstone Dakota 

14.2 Sandy Mudstone Burro Canyon 

Sandstone Burro Canyon 
Sandstone Burro Canyon 
Sandstone Burro Canyon 
Sandstone Burro Canyon 
Sandstone Burro .Canyon 
Sandstone Burro Canyon 
Sandstone Burro Canyon 

17.5 Claystone Burro Canyon 

Sandstone Dakota 
Sandstone Dakota 
Sandstone Burro Canyon 

,.':<" .. ':.: ',"" 
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VADOSE ZONE MONITORING EVALUATION 

This appendix presents results of an evaluation performed by Energy Fuels on methods to monitor 

the vadose zone. The methods evaluated include: 

I. Conventional Monitoring Wells, 

2. Suction Lysimeters, 

3. Vacuum Pressure Lysimeters, 

4. Neutron Probe Method, and 

5. Transient Electromagnetic Geophysical Surveying. 

1. Conventional Monitoring Wells 

Conventional shallow wells were evaluated to collect solutions in the unsaturated bedrock (Figure 

EI). The bedrock has a high negative matrix potential (suction) which would prohibit solution 

from flowing into the well. The only condition under which the wells would produce solution 

is the case where a massive failure of the liner would occur, thus producing saturated flow 

conditions directly underneath the cells and outside the perimeter of the cells. 

2. Suction Lysimeters 

These devices can collect fluids in the vadose zone via a ceramic-type cup. These cups, if 

properly placed, would become an extension of the pore space in the bedrock. Consequently, the 

water content in the lysimeter would become equilibrated at the existing bedrock-pore water 

pressure. A sample of fluid can be collected by applying a vacuum to the cup (Figure E2). 

These units are generally effective up to six feet below the ground surface. Below this depth, 

detection of a migrating contaminant plume would be impossible. 

3. Vacuum Pressure Lysimeters 

This device is a modification of the suction lysimeter in that pressure can be applied to extract 

the fluid (Figure E3). The disadvantage is that forcing pressure into the cup would also force 

fluids back into the bedrock, thus limiting the amount of the sample that could be obtained. This 

condition is exacerbated with depth and becomes ineffective below depths of a maximum of 30 
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feet. Consequently, this method is also not useful where the devices are placed at the edge of 

a tailings disposal cell. 

4. Neutron Probe Method 

Use of the neutron probe (Figure E4) to determine the moisture profile in a borehole has proven 

to be a reliable indirect method of obtaining a subsurface moisture distribution. The prime 

disadvantage of using this technique is that moisture measurements are limited to a few inches 

from the borehole. This method also does not provide data on the quality of seepage. Therefore, 

information from this method will be nonconclusive. 

5. Transient Electromagnetic Geophysical Surveying 

General - The following describes the basic concepts of the method transient electromagnetic 

(TEM) geophysical surveying, which will be considered in applying the method at White Mesa 

Mill. 

Electromagnetic techniques are used for measuring the electrical resistivity of the ground, with 

the electrical resistivity being derived by determining resistance to flow of electrical current. 

With TEM, current driven through a transmitter (Tx) loop laid on the ground surface creates a 

primary magnetic field. At the instant the current is turned off an electromagnetic induction is 

established by the primary magnetic field. This electromagnetic induction in turn results in eddy 

current flow in the subsurface. The intensity of these eddy currents at certain time, and depth, 

depends on ground resistivity. Immediately after turnoff, the eddy currents are concentrated near 

the surface. With increasing time, the eddy currents diffuse down and out; which can be 

illustrated as a "smoke ring" pattern. Eddy currents generate a secondary magnetic field whose 

lines of force are opposite those of the primary magnetic field. The receiver (Rx) measures the 

electromagnetic forces (EMF) due to the secondary magnetic field. A schematic of the resistivity 

loop is shown on Figure E5. 

Eddy Currents - At early time when the eddy currents are concentrated near the surface, the 

EMF's measure will reflect the electrical resistivity of near-surface layers. With increasing time, 

the EMF measured will progressively be more influenced by physical properties of deeper layers. 
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In a uniform layered environment the secondary magnetic field produced by the eddy currents 

is symmetric about the Tx loop center. The behavior of the EMF due to the vertical magnetic 

field (Bz) is relatively flat about the center, so that measurements of the EMF due to Bz are 

relatively insensitive to errors in surveying the center of the loop. The EMF due to Bz has a 

maxima in the center of the loop, has a zero crossing on both sides of the center, and passes 

through a minimum before decaying to zero with increasing distance. The EMF due to the 

horizontal magnetic fields (Bx and By) has a zero crossing in the center of the loop, passes 

through a minimum and maximum outside the loop and decays to zero with increasing distance. 

The position of the minimum and maximum for Bx and By is a strong function of the geoelectric 

section of the ground. Measurements made inside the loop will exhibit a maximum Bz 

component with a weak-to-no Bx and/or By component as opposed to measurements made 

outside the loop which will have a weak Bz component and maximum Bx and/or By component 

response. 

Coupling - The term used in electromagnetic theory for how well a body can be detected is 

"coupling", or how well is the target energized. The target must have a different resistivity than 

the host rock to be detected. It is advantageous if the target is a better conductor. The direction 

of the electromagnetic field varies with position. Electromagnetic coupling is a crucial concept 

for planning a survey, as even good conductors can be missed. Coupling depends on the location 

and must be considered any time one is planning a survey using electromagnetic methods. It is 

of particular importance for conducting resistivity surveys. 

Asymmetry in the component profiles in regards to geometry and/or magnitude is an indicator 

of two-dimensional (2-D) and three-dimensional (3-D) conductors. The induced EMF in the 

conductor( s) will produce a secondary magnetic field whose amplitude and decay rate are 

dependent on the quality of the conductor. In TEM, the depth and size of the conductor are 

reflected primarily in the amplitude of the secondary field, whereas the quality of the conductor 

is reflected mainly in the rate of decay of the secondary magnetic field, a good conductor having 

a long decay and a poor conductor having a short decay. 

With 2-D conductors the vertical and horizontal component asymmetry will be restricted to 

measurements taken orthogonal to strike of body, i.e. an E-W striking fault will exhibit change 

in both the Bz and Bx component response along a N-S transect, but little variance in 

measurements made parallel to strike. 
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With 3-D conductors, symmetry in component profile will exist about the Tx loop center when 

the Tx loop is positioned directly over the body (similar to a uniform half-space response). 

However, EMF magnitudes for the conductor will be much higher, perhaps one order of 

magnitude than the response of the surrounding half-space. Asymmetry in profiles will exist 

when the Tx loops are offset from the conductor. Shape and magnitude will be indicators of 

strike, dip and plunge. 

Downdropping of surface and subsurface strata, increased fracturing and interstitial water content, 

increased silicification and argillization, depletion of carbonates and anhydrides and increased 

salinity are factors contributing to the EMF response of the pipe environment. Variations in one 

or all of the factors can alter the measured EMF from one target to the next. 

Depth of Investigation - Depth depends on several factors. The later in time a measurement is 

taken, the deeper the response. It is important to note, that in some cases near surface conductive 

responses can obscure any response from depth. The near surface responses can be cultural, 

fences or drill pipe, or surface geologic structures. Separation between the transmitter loop and 

the receiver loop is also important especially with slingram or profiling. A greater separation 

increase the depth of penetration. 

Depth of penetration also depends on the resistivity of the rock. Through a resistive basalt it may 

be possible to see several thousand feet, through a conductive shale the depth of penetration may 

be limited to several hundred feet. Survey design is critical. 

Induced Polarization Response - In almost all situations, current flow in the earth is carried in 

the solutions filling the pore spaces of the rocks. The current flow is actually maintained by 

charged ions in the solutions ( electrolyte). Ions in fluid-filled pore space within the rock are 

driven by eddy currents, conceptually creating an additional current flowing in the same direction 

as the eddy currents. This additional current is termed the induced polarization (IP) current 

which is a result of additional charge carriers supplied by the pore-space electrolyte. 

After the initial ionic movement has ended with ions "stacking up" at boundaries of regions of 

different ion mobility, the charged state of a conductor is achieved. When the eddy currents 

decay sufficiently, the ions want to return to the equilibrium position that existed prior to the 

induction of the eddy currents. This ion flow again constitutes a polarization current, now in the 

opposite direction to that of the rapidly decaying eddy currents. 
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This reversed polarization current may be large enough to dominate the eddy currents, causing 

the secondary magnetic field and EMF to decay faster than normal, and possibly reverses com

pletely. In general the amplitude of the polarization current depends on the chargeability and 

resistivity of the medium. Increasing resistivity decreases the strength of the eddy currents 

allowing the polarization current to dominate earlier in time, while increasing the chargeability 

increase the amplitude of the polarization current. 

While in the conventional IP frequency range a small increase in IP response (few milliradians) 

may not be detected, at the higher EM frequencies these small changes can have a strong 

influence on the measured response. The IP response will be strongest near the Tx loop wire 

where the current density is greatest. 
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RESPONSE TO NRC LETTER OF MARCH 31, 1994 

In the NRC letter dated March 31, 1994, the NRC requested a response to specific questions so 

that they could proceed with the review of the license renewal and the Monticello amendment 

request. For clarity, the specific requests of the NRC are included in italics immediately before 

the corresponding reply: 

NRC REQUEST: 

A. Please propose modifications to enhance the tailings cell leak detection system to provide 

prompt detection of a major cell leak. 

ENERGY FUELS NUCLEAR RESPONSE: 

Leak detection systems are currently in place at Cell 3 and Ce1l4-A and are monitored to identify 

excursions should they occur.. The leak detection systems in the cells cannot be modified. 

However, additional monitoring of the vadose zone can be conducted. This additional monitoring 

for both Cell 3 and Ce1l4-A is described below in response to NRC Request B and in Section 4 

of the main report. 

NRC REQUEST: 

B. Please propose additional detection monitoring points for the vadose zone lying beneath or 

adjacent to the tailings cells, since the nonuniform plume migration can occur in this zone. 

ENERGY FUELS NUCLEAR RESPONSE: 

Energy Fuels has researched several methods of measuring the development of a wetting front 

beneath the tailings disposal cells and movement through the unsaturated zone to the perched 

water. These methods include conventional monitor wells, suction lysimeters, vacuum pressure 

lysimeters, neutron probes, and geophysical surveys. Results of this research are presented in 

Section 4.5 of this report. 
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Energy Fuels proposes to monitor fluid movement in the unsaturated zone through the use of 

transient electromagnetic (TEM) geophysical surveys. Discussions of TEM surveys are presented 

in Section 4.5 and Appendix E of this report. We propose to monitor a line that would detect 

excursions to the west, the south or the east of the tailings impoundments. Initial surveys will 

be obtained to establish a "baseline" moisture profile with depth at the survey locations. 

The TEM survey information will be evaluated to determine if a wetting front has occurred and 

contaminants are advancing downward in the vadose zone. The data and yearly evaluation will 

be presented in the "Annual Technical Evaluation of White Mesa Mill Tailings Management 

System." If the evaluation indicates that significant seepage is occurring from the cells, Energy 

Fuels will develop an appropriate contingency plan. 

NRC REQUEST: 

C. Please propose additional detection monitor wells in the saturated Burro Canyon Formation. 

Umetco indicated this formation, not the Dakota Sandstone, is the uppermost aquifer at the White 

Mesa facility. Currently, water quality in the southerly, downgradient direction is monitored only 

at Monitor Well MW-3. The areal extent of the tailings cells and, therefore, the potential source 

of tailings seepage, requires an enhanced ground water monitoring network. 

ENERGY FUELS NUCLEAR REPLY: 

Monitor Wells MW-5, MW-12, MW-14, MW-15 and MW-3 are currently used to detect changes 

in water quality in the saturated zone of the Burro Canyon Formation. Energy Fuels feels that 

this saturated zone is not an aquifer by virtue of its inability to sustain any reasonable production 

rates. 

Notwithstanding the above, a drilling program is proposed to install three new monitoring wells 

in areas downgradient of the tailings cells. These wells will be used to monitor water quality 

within the saturated Burro Canyon and to provide information on the saturated thickness. This 

program is set forth in Section 4.0 and locations of the borings are shown on Figure 4.1. 
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NRC REQUESTS: 

D. You have indicated that the variable quality of ground water necessitates developing 

(baseline) standards on a well-by-well basis. To justify your position, please demonstrate that 

the reported water quality is representative of only one aquifer. One way to demonstrate that 

your ground water samples are from an hydraulically-connected aquifer, for example, would be 

to perform a pressure test comprising pumping one monitor well and measuring the effects on 

sensors positioned in the other monitor wells. The necessary time for performing this test would 

be based on aquifer hydraulic properties and the various distances between sensor-equipped 

monitor wells and the pumping well. In addition, please provide documentation such as well 

logs, electric logs, or other borehole data to verify well screen positioning. 

ENERGY FUELS NUCLEAR REPL Y: 

The available site data suggest that the perched water within the Burro Canyon is continuous 

beneath the site. Site data shown on Figures 2.4 and 2.5 indicate the perched water has limited 

saturated thickness but is continuous beneath the site. 

The variable quality of the subsurface water is likely the result of the slow-moving nature of the 

water, as demonstrated by on-site permeability and gradient measurements and the very limited 

direct-recharge of the perched system. The ground water quality is characteristic of slow-moving 

water circulation with high total dissolved solids. The variable nature of waters in the slow

moving system may be the result of local variations in the availability of gypsum near the contact 

between the Burro Canyon and Brushy Basin units. 

1.0 ENCLOSURE 1 

NRC COMMENTS: 

1. Please provide the laboratory analytical results for monitored, ground water constituents from 

four quarterly sampling events for Mon~tor Wells MW-17, MW-18 and MW-19. These wells will 

provide additional data for establishing background ground water quality. 
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ENERGY FUELS NUCLEAR REPLY: 

The data requested is included in Appendix B of this report. Data from sampling events to 

December 1993 are included. 

NRC COMMENT: 

2. Please discuss alternative corrective action programs (CAP) that could be implemented in the 

event of detected seepage from your tailings cells. The purpose of this discussion is to enable 

the NRC to conclude that feasible and practical corrective actions are available. 

ENERGY FUELS NUCLEAR REPLY: 

Alternative corrective action programs that could be considered for implementation at the White 

Mesa Facility include: 1) increased site monitoring, 2) reduction of head on the synthetic liner, 

3) collection of water in the leak detection system, or 4) treatment of the liquids within the cell 

or cells. If necessary, one or a combination of these or other technologies could be employed 

at the site to achieve or maintain compliance with the ground water protection standard. 

Increased Site Monitoring - Increased site monitoring could potentially entail collection and 

analysis of additional water samples from the site, drilling and sampling of additional wells, and 

conducting additional resistivity survey measurements. These actions could be used to assess the 

potential, long-term impact to the Entrada/Navajo aquifer and to determine if additional corrective 

actions are necessary. 

Reduction of Head in the Cells - Reduction of the head on the cell liner could possibly be 

accomplished by transfer of free liquids from the top of the cells to the evaporation impoundment 

and a withdrawal of liquids from the tailings material by pumping the slimes drain system. 

Collection of Water from the Leak Detection System - Water accumulating in the seepage 

collection system beneath the synthetic liner could be removed to minimize the flux of tailings 

liquids into the subsurface materials. Most likely, a combination of head reduction on the liner 

and removal of liquids from the underdrain system would provide a feasible, practical approach 

to mitigating contaminant flux to the environment. 
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Treatment of Liquids within the Cells - Liquids within the cells could potentially be neutralized 

to lessen the migration of contaminants from the impoundment. The addition of lime or hydrated 

lime to the tailings liquids has been proven to be an effective technology in the control of 

contaminant migration. NUREG/CR-3030 "Evaluation of Selected Neutralizing Agents for the 

Treatment of Uranium Tailings Leachates" and NUREG/CR-3449 "Laboratory Evaluation of 

Limestone and Lime Neutralization of Acidic Uranium Mill Tailings Solution" can be consulted 

for an assessment of the potential benefits of tailings liquid neutralization. It should be noted that 

these are laboratory studies only, and not scaled-up to the real world of 3.5 MM tons of tailings 

and solutions. 

NRC COMMENT: 

3. Based on your evaluation of the ground water monitoring and leak detection programs, as 

well as geologic and hydrogeologic information, please provide an analysis of the rate of plume 

migration through the Dakota/Burro Canyon Formation and Brushy Basin to the underlying 

Entrada Sandstone Aquifer, if a tailings cell leaks. 

ENERGY FUELS NUCLEAR REPL Y: 

Potential rates of plume migration from the disposal cells are proposed in Section 3.2 of the main 

report. As discussed there, travel time through the Dakota-Burro Canyon Sandstones to the top 

of the Brushy Basin is conservatively estimated on the order of 50 to 150 years. Based on 

existing information, which will be enhanced with the proposed field investigations, it is assumed 

that the Brushy Basin is in an effective aquitard and will prevent migration downward to the 

underlying Entrada/Navajo Aquifer. The function of the Brushy Basin in preventing downward 

migration is further enhanced by the 850-foot hydrostatic head pressure within the Entrada/Navajo 

Aquifer. 

NRC COMMENT: 

4. Please provide a technical analysis of, or a reference to, a previous submittal which describes 

the anticipated impact of the low pH raffinate on the clay liner integrity and potential ensuring 

consequences. 
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ENERGY FUELS NUCLEAR REPLY: 

The effect of low pH solutions on the clay liner is addressed in NUREG/CR-2946, "The Long

Term Stability of Earthen Materials in Contact with Acidic Tailings Solutions," NUREG/CR-

3124, "Laboratory Measurements of ContaminaIlt Attenuation of Uranium Mill Tailing Leachates 

by Sediments and Clay Liners," and NUREG/CR-2494, "Interaction of Uranium Mill Tailings 

with Soils and Clay Liners." These reports indicate that clay liner permeability decreases over 

time when low pH, high TDS solutions contact natural earth materials. This decrease in 

permeability is due to the precipitation of hydroxides and amorphous members of the alunite 

mineral group. These reactions are likely to occur at the White Mesa facility because the 

raffinate solutions and clay materials are similar to those used in the studies. 

NRC COMMENT: 

5. At the February 9, 1994 meeting, you stated you were going to perform a drilling program 

at the White Mesa site. Therefore, please provide the results of the angle-hole drilling, packer 

tests, and any other analyses you performed to determine the presence of a subsurface fracture . 

system. Based on information you presented, in the event of a liner failure, tailings seepage 

could reach the Brushy Basin. The angle-hole drilling program should, therefore, incorporate 

penetration and analyses of this strata. This is necessary to evaluate whether a fracture system 

exists which could provide a conduit/or seepage migration through the Dakota Sandstone, Burro 

Canyon Formation, and Brushy Basin, to impact the Entrada Sandstone. It is our understanding 

that the drilling program will comprise two sets of boreholes, and that each borehole will be 100 

feet in length. Based on available information for the thickness of the overlying strata, this would 

allow as much as 20 feet of penetration into the Brushy Basin unit. Each borehole set would 

include one borehole perpendicular to the previously identified, primary joint system. We 

understand these boreholes would be at approximately 30 degrees to the vertical. The 

accompanying borehole would be perpendicular to the secondary joint system. At a minimum, 

the following information for the vadose zone (Dakota Sandstone), Burro Canyon Formation, and 

the uppermost 20 feet of the Brushy Basin strata should be provided: A) Characterization of 

subsurface structure (fracture systems), and b) A quantitative analyses of the rate and direction 

of ejJluent migration through the system in both horizontal and vertical, cross and downgradient 

directions. 
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ENERGY FUELS NUCLEAR REPLY: 

Observational data presented in the Environmental Report (Dames and Moore, 1978) indicate that 

jointing is common in the exposed DakotaIBurro Canyon Formations along the mesa's rim with 

primary joints parallel to the cliff faces and secondary joints almost perpendicular to the primary 

joints. Umetco (1991) also mapped surface fractures along the canyon rim and found a primary 

joint vector with strike of NIlE, and a secondary joint vector with a strike of N47W. 

Investigations are proposed to determine whether the surficially-mapped joint sets are present in 

the subsurface Dakota/Burro Canyon Formations beneath Tailings Disposal Cells No.3 and No. 

4A at the site and whether their presence, if any, is causing an increase in the rock mass 

permeability . 

The scope of investigations to identify subsurface joint sets consists of advancing four angled 

borings into the Dakota/Burro Canyon Formations and at least 25 feet into the Brushy Basin 

Member beneath Tailings Disposal Cells No. 3 and No. 4A. Figure 4.1 of this report presents 

the location of the angled borings. At each location, one angled boring will be advanced parallel 

to the strike of the primary joints mapped on the surface. A second boring will be advanced 

perpendicular to the strike of the primary joints. This method should intersect the maximum 

number of potential subsurface fractures, if present. Each boring will be fully-cored with an NX 

or NWQL double-core barrel. Cores will be logged with particular attention given to fractures, 

specifically, their orientation, spacing, aperture, and any evidence of flow (e.g., staining, mineral 

redepo:?ition or presence of clay). 

Permeability pressure (packer) tests will be conducted in each borehole in five- or ten-foot 

increments throughout the entire length of the borehole. Upon completion, borings will be 

grouted with cementlbentonite grout from the bottom up. 

NRC COMMENT: 

6. Please provide the geologic and hydrogeologic information necessary to characterize that the 

Brushy Basin acts as an aquitard between the Burro Canyon and the Entrada Sandstone. This 

information should include the vertical and horizontal conductivities characterized at the site, 

verification of the effective porosity, and thickness of this unit. Also, please provide this 

information for any wells constructed in the Entrada Sandstone. 
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ENERGY FUELS NUCLEAR REPLY: 

As discussed in Section 4.3 of the main report, the primary objective of the Brushy Basin 

Member investigation is to quantify the hydraulic properties of the unit and evaluate its 

effectiveness as an aquitard. For the sake of expediting the investigations, borings from which 

the above information will be obtained will be converted into observation wells to further define 

the extent of saturation in the Burro Canyon Formation. 

The proposed Brushy Basin Member investigation includes: 

• Drilling three exploratory borings into the Brushy Basin Member. Each boring will 

penetrate 20 feet into the unit. The boring data will also be used to define the Brushy 

Basin-Burro Canyon Member contact. The proposed locations of the borings are 

presented on Figure 4.1. 

• From each boring, collecting two 5-foot sections of the core from the Brushy Basin 

Member. 

• Conducting packer permeability tests in each boring within the section of the hole in the 

Brushy Basin Member. 

• Conducting laboratory liquid permeability tests on vertically-oriented cores from the 

Brushy Basin Member. These tests will be necessary to quantify the vertical permeability 

which is expected to be orders of magnitude lower than the horizontal permeabilities from 

the field packer tests (horizontal permeability will be calculated from packer tests). 

All borings advanced within the Brushy Basin Member will be converted into the observation 

wells screened in the Burro Canyon Formation. 

As discussed in Section 3.0 of the main report, not only the Brushy Basin but the Westwater, 

Recapture and Salt Wash of the Morrison Formation as well as the Summerville Formation are 

effective aquitards because the EntradalNavajo is a confined aquifer under artesian pressure. 

No wells have been constructed in the Entrada Sandstone; however, driller's logs of the Navajo 

water supply wells constructed at the site and geophysical logs for these wells have been included 

as an attachment to Appendix A. 
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NRC COMMENT: 

7. In consideration of both stratigraphy and structure, please provide a quantitative assessment 

of horizontal and vertical effluent travel times within the Dakota Sandstone, Burro Canyon 

Formation and Brushy Basin. 

ENERGY FUELS NUCLEAR REPLY: 

Calculations for travel time within the Dakota Sandstone, Burro Canyon Formation and Brushy 

Basin are provided in Section 3.0. Travel times could range from 50 to 150 years from the base 

of the cell to the top of the saturated zone in the Burro Canyon. 

Ground water velocity calculations for the perched water in the Burro Canyon are presented in 

Appendix D. Using Darcy's equation, ground water velocity is estimated to be 0.89 feet per year 

in a southerly direction in the Burro Canyon. 

Site-specific data for the Brushy Basin have not been collected yet but will be the focus of the 

current drilling program. 

NRC COMMENT: . 

8. Please provide well log, geophysica1 data, piezometric data, or other data to justify your 

interpretation of the southerly pinch-out of the saturated thickness of the Burro Canyon 

Formation that was presented in the referenced meeting. As discussed in the meeting, the unit 

thickness isopachs are somewhat speculative in the region downgradient of the tailings cells. It 

is not clear whether the downgradient direction is actually south, southwest, or southeast. Please 

include isopach maps and a map depicting the bottom surface of the Burro Canyon Formation. 

ENERGY FUELS NUCLEAR RESPONSE: 

Figure 2.5 in the main report is a map of the Burro Canyon saturated thickness. The thickness 

of saturation is greatest in the northern and central sections of the site and reduces toward the 

south. 

The topography of the Brushy Basin Member which defines the bottom of the perched water is 

included in the report at Figure 2.6. 
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The general direction of ground water flow is toward the south, with southeast and southwest 

components, as depicted in Figure 2.4. 

NRC COMMENT: 

9. During the meeting, four piezometric wells were noted as being constructed southwest of the 

tailings cells. Please identify these wells and include any piezometric and subsurface structural 

or stratigraphic information collected during this drilling program, such as that from electric logs 

or core samples, to enhance site characterization. 

ENERGY FUELS NUCLEAR RESPONSE: 

The four piezometers are located on a site map (Figure Fl). The piezometers are west of Cell 

1-1. They are designated as #9-1, #9-2, #10-1 and #10-2. The depths of these piezometers are 

as follows: 

Piezometer 

#9-1 

#9-2 

#10-1 

#10-2 

Depth 

30.0' 

59.7' 

31.3' 

59.2' 

These piezometers have been monitored annually and were dry at all sampling events. More 

information about these piezometers is available in D' Appolonia's February 1982 report, "Ground 

Water Monitoring Program," which is on file at the White Mesa Mill site. 

NRC COMMENT: 

10. Please provide piezometric data to characterize the Burro Canyon formation and Entrada 

Sandstone aquifers. 

ENERGY FUELS NUCLEAR RESPONSE: 

The occurrence of perched water in the Burro Canyon Sandstone is discussed in Section 2.0 of 

the main report. Levels of perched water are presented on Figure 2.4 of the main report. 
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Ground water level data for the EntradalNavajo Aquifer based on drillers' logs are presented in 

Table 3.1 of the report. These data indicate artesian pressures up to 850 feet of head exist within 

the aquifer. 

2.0 ENCLOSURE 2 - EPA COMMENTS AND QUESTIONS CONCERNING THE 

UMETCO MINERAL CORPORATION, WHITE MESA FACILITY 

EPA COMMENT: 

EPA believes, based on the data which we have received and reviewed, the Umetco, White Mesa 

facility is not in violation of any applicable Federal or State of Utah regulations. However, EPA 

is concerned the us. Nuclear Regulatory Commission (NRC) and Umetco have not agreed upon 

a Point of Compliance (POC) for the White Mesa facility. EPA will not allow the facility to 

receive the Monticello Mill tailings until such time as a POC is established and "constituent" 

levels have been determined, which, if exceeded, will indicate a release has occurred 

After reviewing the design of cells 3 and 4A, especially the leak detection systems (LDS), we 

would concur with Umetco, the LDSs, as designed and constructed, will only detect minor leaks 

positioned almost directly over the detection system unless a major breakthrough were to occur. 

For this reason, we are not certain what is gained by making the LDS the POe. Based on the 

data presented, we would agree that the "saturated" Burro Canyon-Dakota Formation would be 

suitable as the Poe. If NRC accepts the Burro Canyon Formation as the POC, additional 

hydrogeological characterization of the Burro Canyon Formation needs to be conducted Since 

the Brushy Basin Member of this Morrison Formation is considered to be the geological unit 

providing protection of potable water in the underlying Entrada Formation aquifer, the 

characterization effort should extend into the Brushy Basin. Additional comments addressing 

some of the necessary characterization efforts of the Brushy Basin Member are attached 

EPA requests that NRC and Umetco explain how background levels for constituents of concern 

will be determined If it is eventually determined that "site-wide" constituent background and 

compliance levels cannot be developed, how will appropriate compliance levels be established 

for the individual wells? It might be appropriate to determine, if possible, why there is such a 

variation in constituent levels in the upgradient wells (i.e., could well construction, completion, 

and development, sampling procedures, or other factors account for this variability?). It may be 

appropriate to initially set constituent levels for several of the mobile constituents, while further 

sampling and analyses is conducted to determine if "site-wide" background levels can be 
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established. EPA would note if a State of Utah Ground Water Discharge Permit (GWDP) is 

required or if Umetco intends to gather the data required to substantially meet the intent for 

obtaining the GWDP, it may be appropriate to discuss with the State of Utah, Division of Water 

Quality any additional requirements that they may have. 

ENERGY FUELS NUCLEAR REPLY: 

The spatial variability of water within the Burro Canyon formation is presented in Section 2.2 

of this report. Up gradient wells and wells across the site show variability in water chemistries 

as demonstrated by sulfate and chloride concentrations. This variability may be related to the 

dissolution of minerals near the Brushy Basin Shale and Burro Canyon Sandstone contact by very 

slow-moving (0.89 feet per year) ground water. Because ofthe variable ground water chemistry, 

comparison of well chemistries to single or mUltiple background wells may not be an appropriate 

means of detection for cell seepage or ground water contamination. Rather, it may be appropriate 

to establish water quality baseline values on a well-by-well basis with appropriate compliance 

level values set for selected compliance monitor wells. 

The existing well construction and water quality data, and additional data gathering programs will 

. be further evaluated. Energy Fuels will then propose methods for developing background and 

compliance levels for constituents of concern. 

As EPA has suggested, it may be appropriate to initially set constituent levels for particular 

mobile constituents, while conducting further sampling and analyses to determine the appropriate 

approach to background determination. The collection of additional data will provide insight into 

the means of selecting proper pointe s) of compliance. 

EPA COMMENT: 

Our review of the Student T test ("T'~ analyses contained in the documents indicates that some 

of the data were excluded. Furthermore, the use of the "T" test may be inappropriate since the 

data are not normally distributed. However, we concur with Umetco that if a significant leak 

were to occur, the chlorides would be one of the first constituents to break through and that the 

chloride constituent levels would be elevated significantly above background. 

CRru150\WHITEMSA\WHTMSA·F.APP [7/27/94] F-12 



I.,,, 
ENERGY FUELS NUCLEAR RESPONSE: 

The statistical analysis was an attempt to determine whether a small population (10 samples) 

collected during the early period of sampling was statistically similar to a similar size population 

for the most recent sampling periods. This analysis indicated, in the case of the chlorides (the 

more critical of the indicator solutes), that the means of the two populations not only differed but 

indicate a decrease in the mean chloride concentration over time. This suggests that the ground 

water has not been impacted by fluids from the ponds. 

Energy Fuels recognizes the need to consider the distribution of the data in selection of statistical 

text. In the future, Energy Fuels will refer to guidance, such as "Statistical Analysis of Ground 

Water Monitoring Data at RCRA Facilities," (EPA, 1989) for selecting appropriate statistical 

analysis of ground water data. 

EPA COMMENT: 

EPA believes if a major leak occurs it will migrate through joint fractures and along preferential 

pathways and not be held in the pore spaces of the matrix, especially if the matrix is well

cemented, as is generally assumed by many proponents of flow mechanisms through unsaturated 

sediments. Water level fluctuations in excess of 1. 5 feet have been observed in several wells over 

a 5-month period. This suggests that the ground water table responds relatively quickly to influx. 

We did not evaluate or prepare detailed ground water table maps to determine if any trends could 

be established; however, it might be useful to do so. 

ENERGY FUELS NUCLEAR RESPONSE: 

Although joints have been observed and mapped on the edge of the mesa, no significant joints 

have been documented in the subsurface from over 45 wells and borings at the site. In addition, 

hydraulic tests conducted at the site do not indicate the presence of extensive jointing. 

A review of the hydro graphs of the monitoring wells showed that the majority of the recorded 

water-level fluctuations greater than 1.5 feet are in a negative direction to the mean water surface 

elevation in that well. This may suggest a lowering of the water table. The few measured, 

positive water-level fluctuations were sporadic, single-well fluctuations with no trend. In many 

cases these water-level fluctuations occurred in one sampling event, followed by a similar 

fluctuation in the reverse direction. These fluctuations probably were due to measuring error. 

CRru 150IWHlTEMSAIWHTMSA·F.APP [7/27/94J F-13 



I' 

k: 
The majority of these errors occurred prior to 1989, at which time new equipment was purchased. 

The present sampler also started at that time and has had a better understanding of quality control. 

In addition, Energy Fuels has prepared a new quality assurance plan which will include an 

updated Standard Operating Procedure (SOP) for water level measurements. The SOP is 

currently under review. 

EPA COMMENT: 

We concur with Umetco's statement that they need to confirm that the saturated thickness of 

sediments in the Burro Canyon is pinching out. Review of the well logs suggests that the reason 

Well No. 16 is dry is that the bottom of the well was screened at the bottom of the Burro Canyon 

Formation at an elevation of5,497 feet above sea level. Water elevations in Wells 5 and 12 were 

at approximately 5,501 feet. Based on the assumed phreatic surface gradient, the linear distance 

between Well 16 and Wells 5 and 12, and the fact that the Burro Canyon Formation is 

unconformable over the Brushy Basin Member, water at that elevation would not be detected. 

EPA's review and analysis of the existing well logs suggests that the bottom of the Burro Canyon

Dakota Formation is generally dipping to the southeast with the possible exception of a 

topographic high at Well 4. 

ENERGY FUELS NUCLEAR RESPONSE: 

Data from MW -16 indicate the elevation of the top of the Brushy Basin is at 4,597 feet. The 

projected phreatic surface at this location is approximately 4,590 feet (see Figure 2.4 of this 

report). Therefore, the projected perched water level is below the top of the Brushy Basin. This 

would indicate the saturated thickness of the perched water approaches zero at this location. 

EPA COMMENT: 

We concur with Umetco that additional exploratory borings are needed to be made and 

additional piezometers constructed when water is encountered. Additional compliance monitoring 

wells may need to be constructed based on the results of further characterization. Additional 

characterization efforts should extend southerly, from a line formed by extending the common 

wall/dike between cells 2 and 3, east and west to the mesa edge to confirm that the saturated 

thickness of Burro sediment pinches out. Data from the existing wells and any additional data 

collectedfromforther characterization efforts can be utilized to prepare a geologic map depicting 
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the bottom of the Burro Canyon Formation and an isopach map depicting the thickness of the 

formation and saturated intervals. 

ENERGY FUELS NUCLEAR RESPONSE: 

All data gathered during the drilling program will be added to existing data to update maps and 

cross sections. The vertical borings completed during this program will be developed as 

monitoring wells and will become part of the ground water monitoring program. These data will 

be included in the Semi-annual Effluent Reports that are submitted to the NRC. 

EPA COMMENT: 

During the meeting, Umetco indicated that the hydraulic conductivity of the Brushy Basin 

Member was approximately 10-8 and that the effective porosity was approximately 15 percent. 

Is there any site-specific data supporting these assumptions at the Umetco site? Can Umetco 

provide reasonable assurance that if a significant release occurs there will be time to put in place 

a contingency plan (e.g., a pump-and-treat system) to avoid contamination from moving 

horizontally offsite or vertically through the Brushy Basin Member? The angle holes, core 

recovery, and the packer testing should extend into the Brushy Basin Member so that 

confirmation of the assumed hydraulic conductivities in the Brushy Basin Member can be 

obtained 

ENERGY FUELS NUCLEAR RESPONSE: 

Effective hydraulic conductivity of the Brushy Basin Shale has not been measured at the site. 

However, hydraulic conductivity values for mudstone and claystone in the Burro Canyon 

Formation, reported in Table 2.2 of the report, range from 1.58E-03 to 1.93E-07 cm/sec. 

The slow-moving nature of water in the saturated zone of the Burro Canyon Formation (0.89 feet 

per year) and the low permeability of the underlying Brushy Basin Shale allows for the 

implementation of a contingency plan if a significant release were to occur from the disposal 

cells. Horizontal migration offsite, a distance of over 8,000 feet, would take over 8,000 years 

and vertical migration through the Morrison Formation would be negligible. 
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The proposed field program is designed to penetrate into the Brushy Basin Shale so that packer 

tests can be conducted to provide site-specific values for the hydraulic conductivity of the Brushy 

Basin Shale. 

EPA COMMENT: 

Some of the wells logs and any test data from the culinary wells may be useful to respond to or 

support eh above concern. Can the culinary well locations be placed on the map, and the well 

logs be made available to EPA for review? As a minimum, the lithologic logs for the culinary 

wells should provide a good estimate of the thickness of the formations from the surface down 

to the Entrada. 

ENERGY FUELS NUCLEAR RESPONSE: 

Drillers' logs of site water supply wells are included in Appendix A. Thicknesses of the 

formations were inferred from these logs as: 

Unit Thickness 

Dakota 81 ' 

Burro Canyon 65' 

Morrison 672' 

Summerville 37' 

Entrada 365' 

EPA COMMENT: 

EPA also requests that all additional compliance monitoring wells be constructed in accordance 

with the Handbook of Suggested Practices for the Design and Installation of ground Water 

Monitoring Wells (EPA 1991 Document No. EP A/600/4-89/034) or be functionally equivalent. 

ENERGY FUELS NUCLEAR RESPONSE: 

This document was used to design MW -16 through MW -19 and is the basis for the design of any 

future monitoring wells. 
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EPA COMMENT: 

EPA also requests the results of any packer tests which were completed in the vadose zone. 

Please provide EPA with any packer and pump/slug tests that may have been conducted and were 

not included or referenced in the February 1993 Ground Water Study, White Mesa Facility, 

Blanding, Utah. 

ENERGY FUELS NUCLEAR RESPONSE: 

The results of all packer tests conducted in the vadose zone are included in this report in 

Table 2.2 

EPA COMMENT: 

EPA would like to have the confidence and assurance that field sampling techniques and 

laboratory quality assurance and quality control procedures are in place to validate data. We 

would like to see in place, a system which would preclude questionable "hits" based on sampling 

techniques and analytical methods. 

ENERGY FUELS NUCLEAR RESPONSE: 

Energy Fuels has prepared an updated Quality Assurance Project Plan (QAPP) for the White 

Mesa Mill ground water compliance monitoring program. The QAPP is included as Appendix 

G to the main report. The current version addresses data quality objectives, quality assurance 

objectives, sample and document custody procedures, quality control procedures, data evaluation 

methods, and analytical procedures. The QAPP presents the organization structure to ensure 

conformance to the Quality Assurance Plan. The SOPs to be attached to the QAPP are currently 

being revised from the SOPs that were used previously. 

3.0 ATTACHMENT 

EPA COMMENT: 

If the Burro Canyon-Dakota Formation is used as a point of compliance, the Brushy Basin 

Member of the Morrison Formation must also be characterized since it is the geologic unit 

separating the Burro Canyon aquifer from the underlying aquifer in the Entrada Formation. 
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Characterization of the Brushy Basin Member should verifY the assumption that it is acting as 

an "aquitard." Characterization of the Brushy Basin Member should include, but not be limited 

to: 

• 

• 

• 

• 

• 

lithologic and geophysical logs for the culinary wells previously installed into the Entrada 

Formation, 

thickness of the unit, 

any fractures observed in the unit, 

packer tests at different depth intervals, 

other data related to horizontal and vertical hydraulic conductivity, including laboratory 

tests conducted on samples, 

• verification of 15 percent effective porosity of the Brushy Basin underlying the White 

Mesa area or laboratory data from tests conducted for effective porosity on samples 

collected from the Brushy Basin Member underlying the site, and 

• any other data pertinent to characterizing the Brushy Basin Member which supports the 

assumption that the Brushy Basin is an aquitard. 

EPA believes by extending the proposed characterization effort into the Brushy Basin Member, 

Umetco should be able to provide answers to our questions and comments. The minimum 

apparent depth of penetration into the competent Brushy Basin Member would be 20 feet. Based 

on the assumption that a 3q-degree angle from the vertical is used for angle drilling, the total 

length of core would be 25 feet and the horizontal distance would be 15 feet. The decision of 

the actual depth occurred can be made on criteria observed in the field such as lithology, the 

occurrence, spacing, and orientation of joints and fractures observed in the Dakota/Burro 

Formation. The core should be recovered for observation and laboratory analyses. Packer 

testing intervals should be determined after observation of the core. 

ENERGY FUELS NUCLEAR RESPONSE: 

The Brushy Basin Member of the Morrison Formation will be investigated in the additional 

characterization studies proposed for the White Mesa Facility. These studies, described in 

Section 4.0 of this report, include penetration of at least 25 feet of Brushy Basin in the angle 

boring, core sampling, lithologic and geophysical logging, and permeability testing. Laboratory 

analysis of the shale will also be conducted to estimate the effective permeability of the Brushy 

Basin. 
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4.0 ENCLOSURE 

EPA COMMENT: 

Various types of leaks may occur through the bottom of Cell 4A. EPA would like to see various 

leakage scenarios to assess the possible leakage rates that may occur through the cell lining. 

Leak scenarios that examine a range of leakage rates, types of leakage that may occur through 

the bottom of the cell using reasonable assumptions about the subsurface characteristics directly 

below the cell are appropriate. 

These leakage rates should include the following scenarios: 

1. areal leakage though the bottom of the cell equal to the expected flux of water infiltrating 

the cover, 

2. areal leakage through the bottom of the liner 10- to 100-times the expected flux of water 

infiltrating the cover, 

3. a scenario that simulates a major liner failure. 

Based on Umetco 'sfigure titled "Ce1l4A Schematic"from the February 9, 1994 meeting at NRC, 

the cover flux is projected at 0.01 ff /yrl./"f. This flux may be considered as an areal flux through 

the bottom of the liner (Qin = fLu;. The three-dimensional extent of leakage can be calculated 

using this flux rate, assuming that the leakage occurs throughout the bottom of the cell and 

making some reasonable assumptions about the in situ material characteristics directly below the 

cell clay liner. These assumptions would include flow through the matrix and the potential for 

fracture flow in the subsurface. If a major leak occurs, the movement of fluid will be primarily 

in the open fractures, if fractures are present, and not within the matrix of the sedimentary units. 

The cover may fail and, therefore, the second scenario, leakage through the bottom of the liner 

at 10- to 100-times the expected cover flux (0.1 to 1.0 jf/yr/ff), should be calculated. Finally, 

a worse-case scenario that assumes a major liner failure should.be calculated. For this worse

case scenario, assumptions may include the maximum water level expected in the cell, a leak in 

the southwest corner of the cell, and a significant leakage rate of at least 10-5 cm/sec. 

ENERGY FUELS NUCLEAR RESPONSE: 

Analyses of infiltration through the bottom of wet and dry tailings disposal cells are discussed 

in Section 3.1 of the main report. The analyses were conducted using the EPA HELP Model 
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(Version 2.0) using site-specific soil data and climatological data from Blanding, Utah and Grand 

Junction, Colorado. The results of the HELP Model are presented in Appendix C of this report. 

The results of the analyses indicate that zero net infiltration would occur through the dry tailings 

cell. An infiltration rate of 0.04 to 0.12 feet per year was predicted for the wet tailings cell 

assuming a partially- and fully-leaking bottom liner. 
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WHITE MESA MILL'S GROUND WATER QUALITY ASSURANCE PROJECT 
PLAN 

1.0 INTRODUCTION 

This quality assurance program is based on u.s EPA 
Guideline SW-846, u.s NRC Regulatory Guide 4.14 and 
4.15, and is designed to provide specific guidance 
and quality assurance requirements for White Mesa 
Mill's environmental sampling activities. This 
quality assurance (QA) program presents the 
purpose, organization, and Standard Operating 
Procedures (SOPs) pertinent to conduct sampling in 
a manner consistent with specific quality assurance 
goals. 

These quality assurance goals focus on preC1Sl0n, 
accuracy, completeness, representativeness, and 
comparability. The QA program addresses data 
quality objectives (DQOs), quality assurance 
objectives, sample and document custody procedures, 
quality control procedures, data evaluation 
procedures, and analytical procedures. 

2.0 DESCRIPTION AND OVERALL DATA QUALITY OBJECTIVES 

2.1 INTRODUCTION 

2.2 

The overall intent of the environmental sampling 
activities is for compliance purposes under the 
NRC Material License SUA 1358. 

ANALYTICAL OBJECTIVES 

The data quality objective process described in 
U.s EPA Guideline SW-846 is used as a basis for 
development of the analytical objectives. For 
analysis of the ground water samples, analytical 
objectives have been developed and are described 
in detail in sections 4.0 and 8.0. 

Analytical objectives include criteria for 
precision, accuracy, representativeness, 
completeness, and comparability of the ground 
water data. Analytical methods used vary 
according to the analyses required and according 
to the methods used by the laboratory. 
Procedures regarding review of data and data 
validation are included in Appendix A, Part 2, 
Standard Operating Procedure (SOP) No.6. 
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2.3 DATA MANAGEMENT OBJECTIVES 

Procedures are given to document sample quality. 
Procedures include all SOPs for ground water 
monitoring well sampling activities. Field 
logbooks will be kept as described in Appendix 
A, Part 2, SOP No.1. Sample analyses from the 
in-house laboratory and from the contract 
laboratory will be retained in the monitoring 
wells file. All ground water analyses shall be 
summarized and included in,the semi-annual 
effluent reports. 

2.4 PROJECT SCHEDULE 

The ground water project schedule is discussed 
in section 1.0 of Appendix A, Part 1, Ground 
Water Monitoring Plan. 

3.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

3.1 PROJECT ORGANIZATION 

3.2 

Project organization consists of the 
environmental coordinator reporting to the 
Department Head of EA/HS. The Department Head of 
EA/HS has the overall responsibility for 
assuring that the QA program is being followed 
and that QC measures are adequate. The 
environmental technician reports to the 
environmental coordinator on the progress of 
ground water sampling activities and any 
problems incurred. In addition, both the 
in-house chemist and the laboratory project 
chemist send all ground water analyses to the 
environmental coordinator for review. An 
organizational chart is included in Table 1.0. 

RESPONSIBILITIES OF EFN PERSONNEL 

The environmental technician is responsible for 
sample collection, sample storage, sample 
management, and equipment calibration. The 
technician is required to follow all SOPs 
relating to ground water sampling activities. 
The in-house chemist is responsible for 
performing ground water analyses for chemical 
analytes specified by EFN. 
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The chemist is also responsible for following us 
EPA analytical methods in Guideline SW-846. In 
addition, White Mesa Mill's environmental 
coordinator is responsible for directing and 
coordinating all environmental sampling 
activities. The Department Head of EA/HS will 
supervise all QA/QC measures to assure proper 
adherence to the QA program and will determine 
corrective measures to be taken when deviations 
from the program occur. 

3.3 RESPONSIBILITIES OF CONTRACT LABORATORY 

The contract laboratory is responsible for 
providing sample analyses for ground water 
monitoring and for reviewing all analytical data 

, to assure that data are valid and of sufficient 
quality. The laboratory is also responsible for 
data validation in which 10% of the data is 
checked in reference to data quality objectives. 

In addition, the laboratory must adhere to the 
specified guidelines EFN is requiring the 
laboratory to meet. The guidelines the contract 
laboratory is expected to follow are us EPA 
Guideline SW-846, and us NRC Regulatory Guide 
4.14 and 4.15. 

The contract laboratory will be chosen based on 
the following criteria: (1) experience in 
analyzing environmental samples with detail for 
precision and accuracy, (2) experience with 
similar matrix analyses, (3) operation of a 
stringent internal quality assurance program 
meeting EFN's specifications, (4) ability to 
satisfy radionuclide requirements as stipulated 
in NRC Regulatory Guide 4.14, and (5) audit and 
approval of the laboratory by EFN. Details of 
quality assurance/ quality control (QA/QC) 
requirements for laboratory performance are 
addressed in Sections 6.0 and 15.0 respectively. 

4.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT OF DATA 

The primary QA objective for all White Mesa Mill's 
ground water sampling activities is to identify and 
implement procedures for field sampling, laboratory 
analyses, data management, and reporting that will 
provide data of sufficient quality to meet ground 
water monitoring objectives. 
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Project objectives are previously discussed in 
section 2.0. The quality assurance objectives are to 
document data quality in terms of precision, 
accuracy, representativeness, completeness, and 
comparability. 

4.1 QUALITY ASSURANCE PARAMETERS 

4.1.1 PRECISION 

Precision is defined as the measure of 
variability that exists between individual 
sample measurements of the same property 
under identical conditions. Precision is 
measured through the use of sample splits 
taken at specified regular intervals. 
split samples are prepared during 
laboratory analysis and must contain 
identical concentrations of the parameters 
of concern. 

Analysis of sample splits generates an 
estimate of overall precision in sampling 
and analysis. Laboratory split analyses 
express precision as a relative percent 
difference (%RPD). Field and laboratory 
split analyses are evaluated during data 
validation as discussed in section 9.0. 

4.1.2 ACCURACY 

Accuracy is defined as a measure of bias 
in a system or as the degree of agreement 
between a measured value and an accepted 
or measured value. The accuracy of 
laboratory analyses is evaluated based on 
analyzing standards of known concentration 
both before and during analysis. Accuracy 
is also measured by spiking samples with a 
known concentration of reagent and 
measuring the actual versus expected 
recovery in analysis. 

Blank analysis also notes bias that may 
have occurred due to cross-contamination. 
Analytical QC samples which will be used 
to control analytical accuracy are 
discussed in section 4.3. Accuracy is 
moreover measured and evaluated through 
the Standard Operating Procedures(SOPs). 
SOPs are provided in Part 2, Appendix A. 
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Accuracy is evaluated through the use of 
blanks. Blanks may be field blanks of 
equipment rinsate blanks which may 
demonstrate the bias resulting from 
contamination. Such contamination may be 
due to sampling equipment, sample 
containers, or sample handling. Section 
4.2 addresses quality control samples 
collected in the field to be used to 
evaluate the accuracy of sampling 
activities. The impact of bias encountered 
during sampling will be evaluated during 
data validation as discussed in section 
9.0. 

4.1.3 REPRESENTATIVENESS 

Representativeness is defined as the 
degree to which a set of data accurately 
represents the characteristics of a 
population, parameter conditions at a 
sampling point, or an environmental 
condition. Representativeness is 
controlled by collecting QC samples and 
performing all sampling in compliance with 
the applicable procedures. Detailed 
sampling procedures are provided in 
Appendix A. QC samples collected in the 
field to control data representativeness 
are discussed in section 4.2. 

4.1.4 COMPLETENESS 

Completeness refers to the amount of valid 
data obtained from a measurement system in 
reference to the amount that could be 
obtained under ideal conditions. 
Laboratory completeness is a measure of 
the number of samples submitted for 
analysis compared to the number of 
analyses found acceptable after review of 
the analytical data . 

4.1.5 COMPARABILITY 

Comparability refers to the confidence 
with ~hich one set of data can be compared 
to another measuring the same property. 
Data can be prepared based on accuracy, 
precision, and representativeness. Data 
are comparable if sampling conditions, 
collection techniques, measurement 
procedures, methods, and reporting units 
are consistent for all samples within a 
sample set. 
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Data subject to quality assurance/quality 
control (QA/QC) measures are deemed more 
reliable than data without any QA/QC 
measures. Quality control samples which 
help evaluate comparability are discussed 
in section 4.3. 

4.2 FIELD AND LABORATORY QUALITY CONTROL 

4.2.1 FIELD QC CHECKS 

Field QC checks consist of field 
duplicates and rinsate blanks collected 
and submitted to the analytical laboratory 
in order to assess the quality of data 
resulting from the field sampling program. 
Field duplicates will be analyzed to 
determine the reproducibility of sampling 
and laboratory results. 

Equipment rinsate blanks will serve as a 
check for cross-contamination that may 
have occurred during the sampling process. 
The Standard Operating Procedures address 
the topics of equipment decontamination 
and sampling procedures to be followed. 
Equipment rinsate blanks provide a check 
for cross-contamination by sampling 
equipment. The frequency for collection of 
equipment rinsate blanks is described in 
Part 1, Appendix A, Ground Water 
Monitoring Plan. 

Field blanks will be analyzed to evaluate 
data accuracy through presentation of 
possible bias. 

4.2.2 FIELD QC CHECK PROCEDURES 

Field QC check procedures will include peer 
review and approval of field procedures by the 
Department Head of EA/HS. All procedures must 
be signed off by the Department Head of EA/HS 
in order to be properly implemented and 
documented. For field QC check procedures, 
instrument calibration of all field instruments 
involved in the sampling process will done 
prior to each day of sampling. Procedures for 
instrument calibration are contained in the SOP 
No 1. 
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The QC checks for the in-house and contract 
analytical laboratory will meet or exceed the 
quality control measures set forth in the 
analytical methods used by the laboratory. 
Laboratory QC samples will assess the accuracy 
and precision of the environmental analyses. The 
following describes the type of QC samples which 
will be used to assess the quality of the data. 

4.3.1 MATRIX SPIKE 

A matrix spike is an environmental sample 
to which known concentrations have been 

i. . added. The spike is taken through the 
entire analytical procedure and the 
recovery of the analytes is calculated. 
Results are expressed as percent recovery 
of the known amount spiked. The matrix 
spike serves as a check evaluating the 
effect of the sample matrix on the 
accuracy of analysis. 

Matrix spike analyses will be documented 
in the field logbook and the Chain-of 
custody form by the environmental 
technician using a sample identification 
number. Extra sample volume may be 
collected as needed. A minimum of 1 in 20 
samples shall be designated for spike 
analysis. The same minimum will hold true 
for the in-house laboratory as well as 
the contract laboratory. 

The amount of spiked reagent to add to a 
sample can be determined from the 
following formula: 

(N1) (V1)= (N2) (V2) where N1 is the 
concentration of sample water and where 
N2 is the concentration of the spike 
reagent ; V1 is the volume of the sample 
water. V2 is the volume of reagent that 
needs to be added. When solving the 
equation V2 can be determined. 
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A laboratory duplicate is taken as a 
split from an environmental sample. A 
duplicate is prepared and analyzed by 
identical methods to the original sample. 
Duplicates serve to check precision of 
the analysis. Results are expressed as a 
relative percent difference (%RPD) 
between analytical results for the split 
and the original sample. Both the 
in-house and the contract lab will 
analyze duplicates. 

LABORATORY AND PREPARATION BLANKS 

A laboratory blank is prepared and 
analyzed in an identical manner to the 
environmental sample. A preparation blank 
consists of analyte-free deionized water 
analyzed in a manner identical to the 
environmental sample. contamination 
detected in analysis of laboratory or 
preparation blanks will be used to 
evaluate any laboratory contamination of 
ground water samples which may have 
occurred. 

" • " MEASUREMENT GOALS 

The objective of quality assurance is to assess 
the accuracy and precision of sampling activities 
and laboratory methodology, and to provide 
quantifiable data with known accuracy and 
precision limits. 

Field activity QA objectives will be fulfilled by 
the approved sampling and sample handling 
procedures described in the Ground Water 
Monitoring Plan and the Ground Water SOPs. 

The accuracy and precision of laboratory analyses 
will be determined by analysis of laboratory 
spiked samples, laboratory duplicates, and sample 
blanks collected and analyzed with frequency as 
described below. Accuracy is measured as the 
percent recovery (%R) of a known standard or 
spiked amount for method-specific calibration 
standards and spiked field samples. Precision is 
measured as relative percent difference (%RPD) 
for field duplicates. 
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The frequency of the duplicates is 1 for every 20 
samples submitted. The frequency for blanks is 1 
for every 20 samples submitted. Equipment rinsate 
blanks will be collected each day ground water 
sampling is conducted and submitted with the 
quarterly samples. Furthermore, a spike should be 
performed for every 20 samples submitted. 

QA measurement of the representativeness of data 
is achieved through analysis of field duplicates 
assuming that comparable sampling and analysis 
procedures have been followed. QA measurement of 
data comparability is also achieved through 
analytical methods and laboratory quality 
assurance programs. 

Laboratory quality assurance provides a means for 
establishing consistency in the performance of 
analytical procedures and assuring adherence to 
analytical methods utilized. Laboratory quality 
control programs include traceability of 
measurements to independence reference materials 
and internal controls. QA measurement of 
completeness will be evaluated during data 
validation as discussed in section 9.0. 
Completeness goals for ground water are addressed 
in section 4.14. 

FIELD MEASUREMENTS 

Measurement data will be generated for all ground 
water sampling activities and will include a 
description of weather conditions during the time 
of sample collection. QA objective for the data 
will be achieved by recording field instrument 
calibrations and by following preventive 
maintenance procedures addressed in Part 2, 
Appendix A, SOP No. 1 

5.0 SAMPLING PROCEDURES 

Sampling procedures are specified in Part 2, Appendix 
A, Ground Water Standard Operating Procedures. These 
procedures include procedures for preparation of 
sampling equipment, sample designation, sample 
preservation, and decontamination. 
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Sample" and document custody procedures are addressed 
in Part 2, Appendix A, SOP No.2. Procedures will 
include sample handling, labeling, shipping, 
Chain-of-Custody documents, field documentation, and 
project documentation. Verifiable sample custody 
will be an integral part of all field and laboratory 
operations related to ground water monitoring. 
Traceable steps will be taken in the field and 
laboratory to document that all samples have been 
properly acquired, preserved, and identified. 

7.0 CALIBRATION AND FREQUENCY PROCEDURES 

Calibration and frequency procedures are addressed 
in the Part 2, Appendix A, SOP No.1. Procedures 
include calibration of field and laboratory 
equipment, and frequency of calibration. A 
fundamental requirement for collection of valid data 
is the proper calibration of all analytical 
instruments. Calibration documents that analytical 
equipment is operating properly and that data 
produced are within defined calibration ranges. 

8.0 ANALYTICAL PROCEDURES 

8.1 LABORATORY PROCEDURES 

The analytical procedures to be used by the 
in-house laboratory and contract laboratory 
will depend on the analysis being done. Methods 
will vary depending on the laboratory 
contracted. All compliance analyses will be 
performed at the contract laboratory. However, 
both labs are to meet the specifications as 
outlined by EFN. 

These specifications require both the in-house 
and contract laboratory to follow us NRC 
Regulatory Guide 4.14 and us EPA Guideline 
SW-846. The ground water limits for 
radionuclides are given in NRC Regulatory Guide 
4.14 and the contract laboratory is expected to 
meet these limits. Analytical procedures are 
discussed in section 11.0 and SOP No.6. 
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PHYSICAL TESTS AND PIELD PROCEDURES 

Parameters such as pH and specific conductance 
will be measured upon sample collection with 
appropriate instruments in accordance with the 
procedures defined in the SOP No 1. 

The contract lab will be required to meet the 
guidelines specified for LLD values for 
radionuclides in ground water and may deviate 
from the LLD values provided that the standard 
error is not greater than 10% of the estimated 
value of the sample. 

9.0 DATA REDUCTION, VALIDATION, AND REPORTING 

The analytical data generated by the contract 
laboratory will be evaluated for precision, 
completeness, accuracy, and representativeness using 
specific data validation procedures. All ground water 
data will go through two levels of data review and 
validation. The first level of review will be by the 
contract laboratory. A data validation specialist 
will validate all analyses for the contract lab. 

Full validation will include recalculation of raw 
data for a minimum of one or more analytes for ten 
percent of the samples analyzed. The remaining 90% of 
all data will undergo a QC review which will include 
validating holding times and QC samples. Overall data 
assessment will be a part of the validation process 
as well. 

The laboratory reviewer will evaluate the quality of 
the data based on US NRC Guide 4.14 and on 
analytical methods used. The reviewer will check the 
following: (1) sample preparation information is 
correct and complete, (2) analysis information is 
correct and complete, (3) appropriate laboratory 
SOPs are being followed, (4) analytical results are 
correct and complete, (5) QC samples are within 
established control limits, (6) blanks are within QC 
limits, (7) special sample preparation and 
analytical requirements have been met, (8) 
documentation complete. 
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The laboratory will prepare and retain full QC and 
analytical documentation. The laboratory will report 
the data as a group of 20 or less, along with the 
QA/QCdata. The contract laboratory will provide the 
following information: (1) cover sheet listing 
samples included in report with a narrative, (2) 
results of compounds identified and quantified, (3) 
dilution factors, and (4) reporting limits for all 
analytes. Also to be included are the QA/QC 
analytical results. 

The second level of review will be the 
responsibility of the environmental coordinator. The 
review will be objective and independent since the 
coordinator is not directly involved in the analysis 
of the ground water samples. Additional chemical 
analyses for ground water samples will be provided 
by the in-house laboratory. other areas of interest 
for validation purposes will include the review of 
sampling procedures, rinsate blanks, laboratory 
blanks, laboratory duplicates, and spikes. 
Laboratory analyses will also be checked for 
completeness upon receipt from the contract 
laboratory. Re-runs will be required for samples not 
meeting reporting limits or LLD values. 

In addition, the holding time for ground water 
samples vary according to the analyte being 
analyzed. As part of the data validation process, 
the holding time will be compared to the date of the 
laboratory sample analyses and the date of sample 
collection to assure validity of the analyses. 

10.0 INTERNAL LABORATORY CHECKS 

Laboratory QA procedures will be followed to ensure 
proper handling and tracking of analytical accuracy 
and precision. Accuracy will be evaluated using 
spikes, blanks, and duplicates. All 
out-of-compliance results will be logged by the 
laboratory QA officer with corrective actions 
described as well as the results of the corrective 
actions taken. All raw and reduced data will be 
stored according to the laboratory's record keeping 
procedures and QA program. All records will be 
available for on-site inspection at any time during 
the course of investigation. 
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The contract laboratory will follow specific SOPs 
and analytical methods used by the laboratory. SOPs 
will be available for on-site review by 
non-laboratory personnel during the course of 
investigation. 

If re-runs occur with increasing frequency, the QA 
officer and the project chemist will be consulted to 
establish more appropriate analytical approaches to 
problem samples. 

11.0 SYSTEM AND PERFORMANCE AUDITS 

system audits are conducted to verify documentation 
and implementation of the QA program. The audits 
also evaluate the effectiveness of the established 
QA program and identify any weakness within the 
program needing improvement. Audits identify 
deviations from the QA program and verify correction 
of such deviations. The Department Head of EA/HS 
will be responsible for initiating and overseeing 
system audits. 

Performance audits are used to assess the accuracy 
of measurement data through the use of laboratory 
performance evaluation and blind check samples. 
Blind performance evaluation samples will be 
submitted to the contract laboratory for analysis. 

11.1 AUDIT PROCEDURE 

11.2 

The system audits will be conducted by EFN 
staff or by other qualified and approved 
persons. System audits will review field and 
laboratory operations including sampling 
equipment, laboratory equipment, sampling 
procedures, and equipment calibrations to 
evaluate the effectiveness of the QA program 
and to identify any weaknesses that may exist. 

FOLLOW-UP ACTIONS 

Response to the system audits is required when 
deviations are found and corrective action is 
required. The Department Head of EA/HS in 
coordination with the environmental coordinator 
will respond to each Audit Finding Report by 
completing the Corrective Action Reply section 
on each form. The response is to be completed 
within 20 days of receipt and is to state the 
corrective measures taken for each finding. The 
response will include the corrective action, 
the date of implementation, and include 
corrective action to prevent recurrence. 
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Audit records for all audits conducted to date 
will be retained in Central Files. These 
records will contain audit reports, written 
replies, records of completion for corrective 
actions, and any other documents associated 
with the audits supporting audit findings or 
corrective actions. 

12.0 PREVENTIVE MAINTENANCE 

Preventive maintenance concerns the proper 
maintenance and care of field and laboratory 
instruments. Preventive maintenance helps ensure 
that ground water data generated will be of 
sufficient quality to meet QA objectives. Both field 
and laboratory instruments have a set maintenance 
schedule to ensure proper functioning of the 
instruments. Both field and laboratory instruments 
will be maintained as per the manufacturer's 
specifications and established sampling practice. 

Field instruments will be checked and calibrated 
prior to use. Batteries will be charged and checked 
daily or as needed. All equipment out of service 
will be immediately replaced. Field instruments will 
be protected from adverse weather conditions during 
sampling activities. Instruments will be stored 
properly at the end of each working day. Calibration 
and maintenance problems encountered will be 
recorded in the field logbook. Calibration and 
maintenance procedures are specified in SOP No.1. 

Both the in-house and the contract laboratory are 
responsible for the maintenance of their 
instruments. Preventive maintenance will be 
performed on a scheduled basis to minimize downtime 
and the potential interruption of analytical work. 

13.0 DATA ASSESSMENT PROCEDURES 

Data assessment and review will be accomplished by 
the project chemist in conjunction with data 
validation and QC review described in Section 9.0 
and SOP No.6. A summary of this assessment of 
chemical data quality will be reviewed by the 
environmental coordinator. Any problems regarding 
sample collection, shipping, handling, or analysis 
will be taken into consideration when evaluating the 
quality of the data. 
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Both precision and accuracy of the data will be 
evaluated to assess the quality of the data. 
Assessment of data with respect to the quality 
assurance objectives will be accomplished through 
the joint efforts of the project chemist, 
environmental coordinator, and the Department Head 
of EA/HS. The assessment will evaluate sample 
collection, sample handling, field data, validated 
blank values, and any other data flags or 
qualifiers. 

14.0 CORRECTIVE ACTION 

Both the field technician and project chemist are 
responsible for following procedures in accordance 
with the protocols established in the Quality 
Assurance Project Plan. 

corrective action should be taken for any procedure 
deficiencies or deviations noted in the ground water 
monitoring program. All deviations from field 
sampling procedures will be noted in the field 
logbook. Any QA/QC problems that arise will be 
brought to the immediate attention of the 
environmental coordinator. Laboratory deviations 
will be recorded by the QA officer in a logbook as 
well. 

corrective actions will be made and documented when 
procedures are not strictly in compliance with the 
established protocol. Data associated with these 
deviations is considered suspect. Additional samples 
or measurements will be taken in the field to 
replace data considered suspect. Upon implementation 
of corrective action, a memorandum documenting the 
field corrective action will be placed in the 
monitoring well files and in Central Files. 

Corrective action for laboratory deviations will 
be the responsibility of both the environmental 
coordinator and lab supervisor. Any deviation 
apparent during analysis will be addressed and 
corrective action will be taken when deemed 
necessary. All corrective measures will be 
documented and filed. 
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15.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The environmental technician will report to the 
environmental coordinator regularly regarding 
progress of the ground water sampling. The 
technician will also brief the coordinator on any 
QA/QC issues associated with ground water sampling 
activities. Refer to section 3.0 and Table 1.0. 

The in-house and contract laboratory maintain 
detailed procedures for laboratory record keeping. 
Each data set report submitted to the environmental 
coordinator will contain the laboratory's 
certification of the analytical methods performed 
and identify all QA/QC measures not within the 
established control limits. Any QA/QC problems will 
be brought to the environmental coordinator's 
attention as soon as possible. 

After sampling has been completed and final analyses 
are completed and reviewed, a brief data evaluation 
summary report will be prepared. The report will 
summarize the data validation efforts and provide an 
evaluation of the data quality in regard to 
precision, accuracy, and completeness. The final 
summary will be prepared by the project chemist for 
the contract lab and by the staff chemist at the 
in-house lab. The final summary will be reviewed by 
the environmental coordinator and incorporated into 
the ground water semi-annual effluent report. 
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