0011

Document Information Form

Mine Number: C/ ()07/ 009

File Name: Incoming

To: DOGM

From:

Person N/A

Company ]\//A

Date Sent: ?P}O(‘ VO \j) 07 \ \C\XB

Explanation:

| A“w mmxv 1 Geﬁ&(‘o.\ EQ‘UQ\‘\M\()

cC:

File in:
c 0 0% ,_ Incoming
Refer to:
Q Confidential
a Shelf
u] Expandable
 Date For additional information




Ty Lt

ATTACHMENT I
GENERAL EQUATIONS

File in:
a Confidential
a Shelf

a Expandable

Refer to Record No (91} Date A_ “53

In C/_DAOYD , 509

)

Incoming

For additional information



4

e

o ®
ATTACHMENT I

A. General Equation for the Residual Head in a Well

Theis (1935) presented the equation for the drawdown in an instantaneous
vertical line source.! The equation provides a useful method for
estimating the transmissivity of a formation in the vicinity of a

well, which is a physical approximation of the theoretical vertical

line source. Ideally, a "slug" of water is injected into a fully
developed well at time t=0. The well theoretically penetrates the

full length of the aquifer in question, a condition met by each well,

10-2 and 11-2. The equation for the residual head is then written
as:

-pl
- Q ezﬁétr S/4Tt) [1]

where

residual water level after injection of the water,
measured with respect to the original water table.
= distance from the injection well to an observation
point

time since injection of the slug

volume of the slug

aquifer transmissivity

aquifer storativity

)
!

nNnHO
wnun

Generally, only a small volume of water is injected into a well.

For this reason, the reaction to the injected slug usvally is not
measurable in the aquifer beyond the immediate vicinity of the

well. Therefore, the water-level measurements are made only in

the injection well; the distance is then the radius of the well.

For values of r as small as the well radius, especially where S

is small (as for artesian aquifers), the argument of the expomential
in equation 1 approaches zero as t becomes large and the value of
the exponential terms approaches unity. Then, for a consistent set
of units, transmissivity can be represented as:

T=—-Q— [2]

4nist

A plot of s versus 1/t should be a straight line which passes through

the origin. Any coordinate of the line should thus yield-a value
for T.

B. Specific Technique for Transmissivity Determination from test
Data of Wells 11-2 and 10-2

Observed data for wells 11-2 and 10-2 did not plot on a straight
line, nor was there a trend for any of the locally straight segments
on either plot to pass through the origin. This may be attributed

1Theis, C.V., 1935, The relation between the lowering of the piezometric
surface and the rate and duration of discharge of a well using ground-
water storage: Amer. Geophys. Union Tramns., 16th Ann. Mtg., pt.2,

P. 519-524
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to poor well construction techniques. The water levels in both wells
were asymptotic not to the original static level, but to levels more
than 200 feet higher. WA has speculated that all of the additional
excess head was indeed necessary to force water into the formation
and to overcome head loss associated with the perforations in the

- casing. At later time, the residual excess head in the well was not

great enough to overcome severe head loss, through the perforations,
thus causing a relatively slow decline in the water level and a corres-
pondingly low apparent transmissivity.

Assuming that the water levels were displaced by some constant value

due to well inefficiency during the tests, WA has employed a differen-
tial form of equation 2 to determine transmissivity from the graphs

of Figures I-1 and I-2, which represent time-residual head data for
wells 10-2 and 11-2 respectively. The key to the analysis is that T

is determined from the predicted rate of fall of the water level rather
than its actual position at various times during the test. Consequences
of the analysis is that the apparent transmissivity of the formation is
found at various points in time, with the gradual decrease being attrib-~
uted more and more to poor well completion. In addition, the trend for
the water table not to return to static is removed from the analysis.

Equation 2 is rearranged as:

T = DT 31,

and the slope of the time-residual head curve (always negative) is
measured at various values of time, t. Table 1 summarizes the values
of transmissivity for the Price River formation as obtained by equation
3. Using 1000 as a time during the test for which T is representative,
the transmissivity of the Price River formation aquifer is approxi-
mately 1 gpd/ft.

C. Coal Transmissivities as Derived from Well 5-1 Data

An estimate of the transmissivity of the coal members of the Black-
hawk formation is possible by applying Darcy's law to the observed
data for well 5-1. This is done by calculating the volume of water
lost to the formation from the well over a given time, and dividing

it by the average gradient in the immediate vicinity of the well during
the time period. As water is not likely to have penetrated too far
radially into the formation, the assumption that the formation gradient
is equal to the average excess head during the time period of interest
is reasonable. Therefore,

T = Q/iAtnd [4],
where:
Q = volume of water lost to formation during time At

i
nd

average excess head during time At
the "width" of well screen, if unfolded, normal to the
flow.



. _ For well 5-1, use i = 280.2 ft/ft between times of 2 and 1922 minutes.

Then At = 1.33 days, and Q = 4.5 feet (7.48 gallons/ft3) (nd%/4), or
4.6 gallons. Then:

T

4.6 gallons/(280.2)(1.33 days) m(.417 ft)
T

0.009 gpd/ft




; ® ®

i | TABIE I-1

' SUMMARY OF TRANSMISSIVITY VALUES FROM

!“ PRICE RIVER FORMATION AQUIFER TESTS

b *

- A. Well 10-2

I time slope transmissivity

t ds/dt T
*ik

(min) (ft/min) ' (gpd/ft)
1000 90/1300 1.04

1500 30/550 0.59
2500 42/1000 0.27

Fk
B. Well 11-2

t ds/dt T
(min) (£t/min) (gpa/£t)""

b time slope transmissivity
500 110/500 2.19
E 1000 40/300 0.91
1500 30/300 0.54
*
Volume of slug = Q = (nd2/4)(initial excess head) (7.48 gal/ft3)
= 627 gallons
*k
Volume of slug = Q = (nd?/4)(initial excess head)(7.48 gal/ft3)

' = 1053 gallons

***T = 114.6Q/(ds/dt)t2, for units used.

e e
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FIELD PERMEABILITY TEST
FALLING HEAD

PROJECT ,SAQQPo/gt /DUeT CANYoN TESTED a'v\[_ SEL SIEQEL OATE [|-4-42
"I PROJECT NO. __SGD /02 A .

- CALCULATED a%one 1-9-82 .
] BORING NO. 3=/ CHECKED BY . DATE |
DIAMETER OF BORING N/A
DIAMETER OF CASING 5 e - PERMEABILITY, K
HEIGHT OF CASING (REF. LEVEL) |
ABOVE GROUND SURFACE _ 2.l AT - PUMPING FROM: T0
PERFORATED CASING FROM: T0

TYPE OF PERFORATION:
DEPTH TO GROUND WATER
FROM TOP OF CASING (STAT/C) 0.9 FT. pumeing RATE:

gpm
DATE lELAPSED DEPTH TO S.W.L.-DEPTH ] INVERSE
AND TME WATER TO WATER(rt) H/H!* - TIME
TME | ouiND o H S(MINT)
I482] 13:c47 ) 304,99 ¥ . — N
p 3511 6 /7.9 273:0 — 1 —
| /3:53 < 22,5 232.4 / 0% 10-2 |
[3:53:30] 2.5 23,5 2804 0.99 J4oxi0-Z}
P /3:55 23,7 282 | 0.99 [25x/07% -
13:5F 7 23% 2211 2,99 1431075
[tf¢ 02 (1 23,9 231.0 0.99 21 x/0"%
L A B DY, 280,9 | 0.99  B.3x/02
zatia Ky 2440 2.20.9 0:99  12.00 x/1g~H ;
2/:53 | 482 24,9 296,06 0:.97 10,2i/0~2
: 1-582) 0R¥2¢) 1/73 | 25.9 2770 0:22 10,09 x/0-2
2/353 | /1922 27:.0 277.9 0,98 05x/8-2
| cNp loF TEST. '

- cot—— -
ey o4~ <2

COMMENTS: ¥Sraric LeVEL

h—r ama. . . e = ™™ MY 2t T e
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FIELD PERMEABILIT’TEST
FALLING HEAD

[SS—

PROJECT SAGE PoINT/DUGOUT CANYoN TESTED BY JoeL Sicoel oate {1-3-02.
"ferovECT NO. _SEDIO2 A CALCULATED BY L 0ATE [/-9-2

- [ BORING NO. l6-2 CHECKED BY . DATE
JDIAMETER OF BORING N/A

| DIAMETER OF CASING 5 iNCH PERMEABILITY, K

I HEIGHT OF CASING (REF. LEVEL) _ ‘

| ABOVE GROUND SURFACE 2.3 F7. PUMPING FROM: T0
} PERFORATED CASING FROM: 70

§ TYPE OF PERFORATION:

| DEPTH TO GROUND WATER _
| FROM TOP OF CASING \STATIC) 7/5, 8 FT° PUMPING RATE:

<ok

—_—_— gpm

' DATE ] ELAPSED] DEPTH TO S.W.L.—DEPTH INVERSE
AND TIME - WATER 70 WATER(TIY) H/He TIME
I TIME (MIN) (re) H (MiN™)
11-292] §:31 O 75.8 % | - J——
b 9306 0 /01,0 Gl 8 /
: 9:09 3 (25,4 $706.4 .96 3%x/0"
9:// 5 139. 6 576.2 L 20.0 xj0-% |
I g3 7 46,5 $69.3 43 4.3 %0
Qll5 9 /9.7 $66./ » 92 I x10°%
» 9:48 /2. /50.9 565.0 72  18.33 x)0°2
l 7:23 | /7 132.8 _$33.2 | .87 ls;mxi0
P2:27.1 2] (5.3 |  §20,5 235 a6 x1073
7:39 33 2/2, 4% 50 3.4 ¥2  ]3.03 %|02
l 9147 | 4/ 2/3.8 502..0 82 oy xi07F
/000 | S4 /5.7 500. 0 21 L85 x10-*
I 03| 98 220.6 495,0 .3/ Wy <1073
(/212 | j26 225.2 __490,6 .80 Joa %[0~
. 13711 /53 229.5 “26.3 o2 o8 xjO"
I ' 12803 | 177 | 23/.1 S $£.7 77 10.56 %102
(2:4( ) 2/5 | 235.0 _4%0.% 78 Jo46 x1072
: 3:49 ) 253 | 2323%.3 _477.0 78 0.39 % |02
/126 | 320 2445,/ 470.7 ° 77 031 x10”
o/ éZé _A‘/?ng 66,0 TG 'O-Z-' x|
5' 25:/3 667 273.2 _H42.6 | 720 o5 x10°
22471 6§23 | 294.7/ “43.7 .70 Jo.12 x}0~<}]
® I482007:/% | 1328 | 3/5.6 2400.2 65 10,075 x|07
: 13:/2.]1 7686 | 335.0 380, & 62" 0,059 x 10~2

COMMENTS: ¥STATIC LEVEL .
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FIELD PERMEABILITY TEST

FALLING HEAD

PROJECT SAGE POINT/MGIJT cANYON TESTED By deer SieCEL oate 11-2-B2

"IPROJECT NO. __SED|02 A CALCULATED BW DATE /(-9-§2
BORING NO. 1Q0-2 CHECKED BY . DATE

DIAMETER OF BORING N/A
DIAMETER OF CASING S _INGRH

HEIGHT OF CASING (REF. LEVEL)
ABOVE GROUND SURFACE _<2:3 FAT. PUMPING FROM:

PERFORATED CASING FROM: To

TYPE OF PERFORATION:

DEPTH TO GROUND WATER

PERMEABILITY, K

T0

E FROM TOP OF CASING PUMPING RATE: _____ gpm
r DATE | ELAPSED| DEPTH TO S.W.L.~-DEPTH INVERSE
AND TME WATER TO WATER(TY) H/Ho TIME
TIME CMIN) (o) H | (M)
I-483 220 | 2224 3670 - 354,73 i 5%  10,045\072
’ /1-5-82] 684/ | 2325 386.9 32%.9 <53 .035%1073
H 2/¢36 | 3¢30 /7.0 298.8 47 lo.o21x |0

END OF |\7EST

© COMMENTS: | ‘ 3
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FIELD PERMEABILITY TEST
F‘LL"‘G HEAD

PROJECT Sﬂﬂi'/’d/n/}:/oueour CWNYON  TESTED BY Joer S,ciel.  DATE /f-4-82
"{PROJECT NO. ___SED/02 A CALCULATED 8Y ;

COMMENTS: ¥ s7a7c cevel . eNp or TEST &~ 3}

ATE [[-1-82
BORING NO. [I-2 CHECKED 8Y . DATE
DIAMETER OF BORING N/A
DIAMETER OF CASING S INCH PERMEABILITY, K
HEIGHT OF CASING (REF. LEVEL) . ‘
ABOVE GROUND SURFACE 2.4 FT. PUMPING FROM: TO_____
PERFORATED CASING FROM: T0
TYPE OF PERFORATION:
PTH TO GROUND WATER
o %Rou TOP OF CAsms_@M‘lc,r) /27,6 FT"_ puMPING RATE: gpm
DATE ] ELAPSED| DEPTH TO S.W.L.-DEPTH INVERSE
AND TIME WATER TO WATER(fT) H/Ho TIME
TIME (MIN) ({3 H (MnN‘f}
n-4-82] 7:40 O  |wz27.0 ¥ - — — —
8:53 () ?25.3 /032.3 / —_—
?: 5~6 3 Y/ 702 /1008, 6‘ ° 9? 3303 x 10~
9:0¢ g /30,0 ?297.6 .97 12.5%107% |
7:02 9 [43. % 94,2, 95 /el X10°2
2266 /3 /72../ 7§5, S .73 7-69 x1p°2
7:09 /b I824,/ AT N7 .25 x/p°2
225 22 187.9 739.7 7/ 4.55 x/0”%
9:2/ 29 [93.7 233.9 70 3.57xi10"2
?:23 38 198:9 7287 70 2.86 x/0~¢]
92/ 49 20%.0 7/9.6 39 2.08 xj0-2]
/0200 67 22/, 3 206..3 88 |49 xip=2 !-
10:22 | g% 2340 8?3.6 g7 112 x(072] |
| 10:4s | 112 247.9 8797 85 1089 x1077] |
: [[:25 /52 270.6 §57:0 g3 10.66 x10° '
I ' (248 ) (75" | 28/.3 X446, 3 82 10,57 »=j0°
2006 ) 203 | 294 2. 8334 & 049 x10-2
‘ r12:401 227 | 303.5 824, ) 80 Oy X |0°
12:58 ) 2¢4S 3077 2079 .79 o4 x\0°
500 427 349 3 772. 3 75 23 X)0r?
I (6253 | +30 372,/ 75S:S 73 j0.21 x/0°
i 8is2| %99 327./ 730.§5 _Zz 0.17 _x)0
[ ] 2/%23] 750 | #2605 702/ .68 J0.13 x/0°
! /-5-8407: 53] 1330 /2. 6153 60~ I0.072x/0°% |
: | 272081 21751 539.6 i _543,0 .53 Jo.ou6x0q |
{





