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HYDROLOGIC REPORT
LONGORIA LEASE AREA II
DUVAL COUNTY, TCIXAS
INTRODUCTION
This report presents the hydrologic results of a detailed
pump test conducted by Uranium Resources personnel on August 4,

1978. The Longoria Lease Area II was tested by pumping Well

No. U-237 a: an average rate of 37.9 gallons per minute. Twenty

five ore zor- wells and three shalle~ wells were monitored through-

out the test. Ccntinuous recorders were placed on four ore zone
wells and o1.2 shallow monitor well.
The pump failed afcer 1065 minutes (almost 18 hours). The

results of the testing are given below.

HYDROLOGIC CONCLUSIONS
The aquifer parameters of trancsuissivity and storage coaffi-
cient were .Jetermined for the 28 wells which were monitored. All
of the ore 7one wells responced to the pumpage and the shallow
monitor wells likewise declined in response to the pumping of
U-237.

Ore Zone Wells

The wells in the ore zone with six exceptions appear to have
normal Theis drawdown curves. The exceptions were wells No. MW-1,
MW-7, U-242, U-243, U-244 and U-246.

Wells No. U-242, 243, 244 and 246 demcnstrated transmissivi-
ties one-third to one-half lower during the first 50 to 75 minutes

han during the remainder of the test (Fig. 1). The average
transmic :ivity for the early part of the test for these four

wells is 1567 gal/day/ft. The later segments of the drawdowr?,z
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curves produced transmissivities very close to the surrounding area

wells.

Well MW-7 differed in that the last 300 minutes of data in-
dicate a response to a negative boundary. Well No. MW-1l reflects
an excessively high transmissivity for the first 60 to 75 minutes
before establishing a drawdown curve representative of the average

transmissivity in the area.

The average transmissivity for the 25 ore zone wells monitored

is 3700 gal/day/ft. The highest transmissivities are found to the
southwest and northwest of the pattern area (Figure 1). A
band of lower transmissivity extends east and west through the

northern part of the pattern.

Shallow Monitor Wells

Three shallow monitor wells were observed during this test.
All three w2lls showed early response to pumpage and cont:inued to
decline throughout the test. MS-1 ind 2 showed a slight flat-
tening of the Theis curve after several hours of pumping but then
tendec to remain parallel to the original curve previously estab-
lished. The fact that all three shallow wells responded to the
pumping of the ore zone well is indicative of hydraulic continuity
between the ore zone and the shallow aquifer by some natural or
man-made cause (Fig., 2).

It will therefore be necessary to model the ore zone aquifer
and calculate the operational parameters of production, injection
and bleed which will at all times and at all places impose a
slight negative head on the ore zone. This negative hezi will
cause the shallow zone to leak at a small rate into the ore zone

and prevent excursion of the leachate from the'ore zone %f?égd to

the shallow zone. ‘ 2] 4
2
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Ground Water Movement

Based upon the average aquifer thickness of 31 feet in the
ore zone, a porosity of 28% (obzained from exploration coring), a
natural hydraulic gradient of 14.9 feet per mile, and a 25-well
average transmissivity of 3700 gal/day/ft, we have estimated that
the permeability of the ore zone is 120 gal/déy/ftz-hnd that the
rate of natural ground water movement is about 0.20 feet per day.

The niatural liydraulic gradient of the ore zone aquifer is east
to southeast across the leach mine area (Fig. 3).

Please advise us if we can be of further assistance on this

project.
Very trm |, yours,
ED L. REED & ASSOCIATES, INC.
A. Joseph Reed

AJR:1b

; 1214 324
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rutpeu well NUBDEL. . cuoviann
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0594
9905
0906
0907
0908
0909
2s10
usLl
9512
uell
0914
oSl
9920
0925
oS
u9ls
0%y
J945
0950
1000
1010
1020
1030
1053
Li22
1y
1121
1424
1508
1620
1700
1757
1957
230)
gloi
0%00
o2
0%01
1100

wtr Level
103.82
2.7
90.11
88.5%%
87. 0
86.4)
5.0
85.12
44,69
84,20
8.
8).%7
é2. 1)
e1.62
30.94
80.%9
a0, 24
7%.50
79.7%
79. 41
79.15%
78, %6
78. 84
78.60
78,28
77.9%
7.7
77.65
77.9%2
17.4
77. 30
77.10
77.900
76,84
76.67
76.62
76.45
6. 47
75.7%

A
&
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Cua T

92
909
75.68

/e’
361.00
299.00
241,00
206.71
181.00
i6l.00
145,00
131.91
121.00
u.n
103,86

97.00
73.00
$8.60
L)
42. 14
37.00
33.00
29.80
25.00
21. %7
19.00
17.00
1.4
11. 14

8.09

6.9%2

S,

4.9

4.4

4.00

3,68

3.19

.71

2.133

2.20

2.09

2.00

1.92

Jrawdown
8. 14
17.11
4.4
12.97
11.82
10.75
10.02

9.44
9.0l
8.5
.20
7.989
6.65%
5.9
$5.26
4.0
4.5
.22
.
3.73
3.07
3.20
.16
.9
2.60
2.2
2.09
1.97
1.84
1.74
1.62
1.42
1.32
1.16
0.99
0.94
0.77
0.79
0.07

Duval County, Texas
URANIUM RESCURCCS, InC.

Longoria Hydrclogic Test
Recovery Cutve

August 4, 1978
EU L. RCCD & ASSOCIATES
CO4SULTING HYDRCLOGISTS
MIDLAND, TLXAS
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208, Well MUBDEL. cccavsvnnnn v an

© uspeu hell uPDRC .. ienenn v
Tise Test Started., c.oouvvune 900
Time Test Stopped...ccvevene 900
. Static water Level......e0.. 75.68
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AbDSCissa is time in minutes from start of test
divided Dy tise in minutes sSince pumping stopped.
Ordinate is depth tc water from land surface datum,
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Duval County, Teoxas
URANIUM RCSOQURZLS, INC.

Longot ia Hydrologic Test
Recovery Curve

August 4, 1975
€D L. WLLD & ASSOCIATECS
CONSULT [+«C NYURJLOGISTS
M10LAGD, TCXAS



o, Well NusDerl ... .oovvines
sumped Well NumDef.....cvvi0s

L

Tine
0902
0902
0904
0905%
090s
0%07
0908
9%09
0%i0
0911
0912
031)
0914
0915
09ls
09917
0918
0919
0920
0921
%22
9938
0930
193%
S
icoo
ioio0
1020

1045
1100
1116
130
L1468
1200
1218
1230
1245
1300
133
402
1430
1501
1600
170}
180]
1900
1000
2100
o104
04.0

Time Test

v
v
Started

?
?

Static water Level....

wer Level
i5.m
16647
173. 54
178.7%
101,18
103.n
184,40
185. 37
186.08
186 .81
187.02
187.469
187.85
188.20
188,50
8. M
188.97
189.20
189. 4
189.25
189,18
189, 36
189.60
1%.2
189.53
190.2)
1%0.7M2
191.00
190.65
190.30
191.7
151,46
191.61
191.65
191.48
190,90
190,62
191.00
1%0. 1)
1%0.71
198,804
188,88
188,46
188.86
188,72
189.06
189.25
188.25
188,31
189.6)
187.09

Drawdorn
77.09
90.79
97.66
105.00
105.47
107.64
108.72
109.6°
110.40
111.13
111.64
112.01
112.17
112.%2
112.82
113,09
113.29
113.%2
113.66
111,57
113.50
11).68
1.9
114.65
113,85
114,55
115.04
11s5.32
114,97
114.62
116.02
115.78
115.93
115.97
115.80
115.22
114.94
11s.32
114,45
115.03
113.16
113.20
112.78
112.98
113.08
113.38
113. 9
112.57
112.6.
113.9%
1il.41

puval County, Texas
URANIUM RESOURCLCS INC.

Longoria Hydrologic Test
Dravdown of Pumped well wo, U 2137

August 4, 1978
ED L. RECD & ASSOCIATES
CONSULTING HYDRCLOGISTT
KIDLAND, TCXAS

1214 328
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cos. Well NUMDEE ... avsrrinn U N

Pusped Well HURDET. .. ..ovioe viin
1 Time Test Started.. ....veans

static water Level......vvvs

900
75.68

193
1.08 00 1.01 01

Abscissa is time in minutes from start of test.

Ordinate is depth to water from land sutface datum,
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Duval County, Texas
URANIUM RESOURCES INC.

Longoria Mydrologic Test
Drawdown of Pumped well No. U 237

August 4, 1978
ED L. RECD & ASSOCIATCS
CONSULTING HYDROLOGISTS
MIDLAND, TEXAS
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Obe. Well wumeer........uuve LR
Pusped Well wumber.......... v

Radive from Pumped Well..... 1065. 0
Tioe Test Started.......uuus 0o

Static water lovel,, .. .. ... ". 08
Tine wtr Level Cum T Myt Ot awdown
0918 7%.10 i o8 g.0
%30 7.1 1 " 0.04
0943 70.20 “ o 0.11
1000 7. 26 50 (1) .1
1015 70.29 04 ) ” 0.2¢
103 7.4 %0 " 6.27
1048 0.4 108 e 6.3
Lio0 .% 120 0 0.41
11 70.61 150 L2 0.52
1200 7.7 180 os .66
123 N 110 os o
1300 .9 140 06 o.m
1330 71,08 in 06 0.9%
Ll00 71.18 Joo s i.08
Ity n.n 1 o6 1.4
1500 .30 380 06 L.
153 n.» 3% 06 P
1600 T 20 o€ 1.8
1830 7.5 % o6 1.4%
1700 .9 80 o6 1.5%
1000 n.n sS40 s L.64
1%00 1.4 €00 0% .75
1000 TLon 540 06 1.0%
1100 72.0% 720 o6 .9
100 72.1) 780 6 .
2300 7121 san 3% i, aé
400 72,34 00 e 3.1%
0100 2.4 90 e .2
0109 72,49 1020 s 1.4
0300 72.9) 1080 o6 1.44
0%
f Duvel County, Texas
URANIUR RESOURCES Ia ..
Longor la Hydrologic Test
Drawdown Curve
August 4, 1978
ED L. RELD & ASSOCIATES
orr CONSULTING AYOROLOGISTS
MIDLAND, TEXAS
@® whiw
107 L Ty 0834
»i 5, 9900%
2nviso’
® whin
w
0
R a0’
Y' 1,37
19%-1 8 e
10°-2 o
107 0" 10% 10" 1w
e
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Oos. well BB cosssvocsne L L
Fusped well NumDer.......... van

Radius from Pumped well..... 928.00

Time Test Started........... 900
Static water Level.......... 69.9%
Tine wte Level Cum T R°U/T Drawdown
1100 69.95 120 i.03e 07 0.36
1154 70.13 174 7.13¢ 06 0.54
1281 .37 231 $.37¢ 06 0.7
1324 70,54 164 4.70¢€ 06 0.95%
1421 70.66 321 3. 06e 06 1.07
150¢ wn.n 164 J.41E 06 1.18
15% 70.9%0 410 3.02¢e 06 1.31
16817 70.98 a7 2,842 06 1.39
1752 70.0% $12 2.33e 06 1.26
1823 71,10 363 2.30€ 06 1.51
1938 .3 $i8 1.94€ 06 1.78
2014 71.48 674 l.o~c 06 1.89
2128 7.5 T48 1.66E 26 3.99
233% n.n 876 1.42C 06 2.)%
0182 12.3 1012 1.23e 06 .78 .
03le 72,01 1116 1.11E 06 2.42
0534 72.10 1204 1.00€ 06 2.51
10°1¢
Duval County, Texas
URANIUM RESOURCES INC,
Longeria Hydrologic Test
Drawdown Curve
August 4, 1578
ED L. REED & ASSOCIATES
PUMP OFF CONSULTING HYDROLOGISTS
2 I MIDLAND, TCXAS
_\.\ @ Wwisl
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VDS, well NuBLEr. .. vaunnnen

Pusped well M aDEf. . ovuurnns

LR ]

v

Radius from Pumped Well..... 618.00

Tise Test Stoiied... ... 900
Stotic wat ¢ Level......ovvve 74.00
Time wtr Level Cum T R°2/7 Dt awdown
1024 75.00 L 1] 6.55E 06 1.00
1112 75.40 132 4.17¢C 06 1.40
1303 75.61 183 3.0l 06 1.61
1)00 76.00 240 2.29¢ 06 2.00
133 76.20 78 2.00e 06 .20
1426 76.3% 326 1.6% 06 2.3%
1512 7.4 b Rk ] L.48E 06 L. 48
1558 76, 60 415 1.33c os 2,60
162) 716.66 4 1.24E€ 06 2.66
1758 75.70 538 1.02C 06 1.7
830 76.00 $10 9.65C 05 2.00
1945 .07 645 8.5) 0% 3.9
2020 7.1 680 8.09 05 3.18
21 77.31 754 7.29¢C 0% .
1ia 7.9 882 6.24€ 05 1.9
0156 75.86 1016 S.41E 05 1.86
034) 77.47 112) 4.9%0€ 05 1L
assn 717.08 120 4,448 05 1.48
1071
Duval County, Texas
URANIUM RESQURCES INC.
Longor ia Hydrologic Test
Dravdown Curve
PuMP OFF
4 August 4, 1978
. e €D L. REED & ALSOCIATES
*e CONSULTING HWYUIOLOGISTS
\ WIDLAND, TEXAS
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O08. Well NUBDET....cvvveesns LAt ]

..

Pusped wWell NumbDer, .. .ovvus. van

-

Radius from Pumped wWell..... $5).00

b Tine Test Started....oovuvvs 900
Stotic water Le tl.ivvvinvnns 78.2%
Time wWtr Level Cus T R°2/? Ot awdown
o 7.7 n 1.428 07 0.%)
- 1008 79.16 1] 6.482 06 0.91
1040 79.45 100 4.408 06 1.20
1N 80.47 151 2.92¢ 06 .22
a 1203 79. 78 183 2.41C 08 1.51
, 1248 80.99 2128 1.96¢ 06 2.74
-~ 138 81,23 1174 1.588 06 2.9
1438 81.09 338 1.31e 06 .84
1511 8.5 n 1.19¢ G§ 3.2
- 1548 0.9 408 1.09¢ 06 3.32
1641 81,34 a6l 9.55¢ 0% 3.09
o 1739 81.9) 519 8,488 0% 3.68
1826 92.00 566 7.788 0% 3.7%
1928 82.15 628 7.01E 0% 3 %0
~ 2024 02.2" 684 6.44¢ 08 4.00
un 82.38 747 $.90e 0% 4.13
! 2348 82.9%0 ELE) 4.98¢ 0% 4.2%
- 0122 82.82 982 4. 48c 0% “9
0333 82.60 111) 3.9%¢ 0% 4.35
0823 82.95 1223 3.60C 0% 4.7

10%1
. Quval County, Texas
URANIUM RESOURCZS InC,

orr Longor ia Hydrologic Tes:
Drawdown Curve

. August 4, 1978

b €D L. REED & ASSOCIATES
. CONSULTING HYDROLOGISTS

MIDLAND, TEXAS
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Gee. Sell rusoer....

Punped nell numcer..

wn 5
casanene v

fedius Lrom Pumpea well..... $55.00
1ime Test Started. .oiivanen 900

static water Level....cvovne 1%.4
4 Time wtr Level Cus T rR°/T Crawdown
1003 79.8) %) 9.81E 06 0.41
103% 30, 9% 9 6.50C 06 1.53
- 1118 81.0% 138 4. 48C 06 1.6
1158 80.69 178 1.47C 06 1.37 . ,\
1239 .51 219 2,826 06 2,49 o ’\ﬂfﬁy‘ \ i \
- 1333 9i.8% m 2.26E 06 2.4 - M {11\ L;\,.,\, ﬂ\m
141 82,08 11 1. 87C 06 2.66 SRR IR
L 1504 82.08 364 1. 70L 06 .63 AU \Jus
1 1540 82.20 400 1.54E 06 2.86 W\ e
! 16)° 81.40 487 1.35€ 06 .98
o 1% §2.46 518 1. 208 06 3. 04
1821 82.13 s61 1.108 06 .
1922 0127 822 9.93€ 0% 3,35
2 2019 82.10 679 9.10c 0° 2.68
| 2148 83.00 765 8.08C 0% 1.48
o 2312 33,30 872 7.08e 05 3.86
0113 83,40 975 6. 34€ 05 3.98
0120 81,30 1100 5,628 05 3.88
3 0516 83.51 1216 5,088 0% 409
10°2¢
Duval County, Texas
! JRANIUN RESOURCES 1aC.
Longor ia nydrclogic Test
Uravdown Curve
u August 4, 1974
€0 L. RCCD & ASSOCIATES
JSULTING HYOROLD ISTS
MIDLAND, TEXAS
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Obs. wal) NUBBRE. .. iecaasas

-6

bunped well MBLEr. . ouivinnn van
Redius from Pumped well, ... #ll1.00
Time Test Started... oo vovs 900
Static water Level....cvvvens 7%.9)
Time wetr Level Cum T Ryt Or awdown
1111 7.7 1§11 7.23C 06 0.84
1182 7.7 172 $.51e 06 0.9%
121 78,18 213 4. 4% 06 1.12%
127 78. 94 267 3.55E 06 2.00 )
1422 .17 n 2.942 06 1.24 \ >
1458 78. 49 158 2,65C 06 1.56 DoV
1536 7. 7% 196 2.39¢ 06 1.83 " WV
1632 78. 80 o2 2.10¢ 06 1.87 AN
1731 79.0) sii 1.85¢ 06 2.10 N N\
1017 90.10 $87 1.70E 06 3" PAN\Y )
1918 79.98 618 1.5 06 3.08 RN
2014 79. 40 674 1.4 06 2.47 PN \J)é
113 79. 44 133 1.29¢ 06 2.5% \w\\;)
101 19. 60 a1 1.09 06 2.6 “
0108 79.958 968 9.78¢ 0% 2.6%
0318 79.96 1098 8.6 05 3.0
oslo 79.90 1210 7.83C 0% .97
10°1
Duval County, Texas
URANIUM RESOURCES INC.
Longor ia Hydrologic Test
Drawd wn Curve
August 4, 1478
PUM® OFF €0 L. REED & ASSOCIATES
..( < CONSULTING HYDROLOGISTS
> \ MIOLAND, TEXAS
\_-\
. ® wwis
1070 vsl
" 2
\ v'ﬁuhﬂ’
T+3%9%
s:1000”*
10°-1
10°-2
10%4 10°s 1078 109 10°s
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Obs. well NumDEr. ... .vinvans -1

Pusped well Mumber.......... v
Radius from Pumped Well..... 820.00
Time Test Started.......evvs 900
Static ¥rter Lavel.. oo cvvues M.
Time wtr Level Cum T Ry Ot awdown
oNns 78. 36 1 6.48E 0’ 0.02
0930 78.4) » 3.2 07 0.09
0945 8.5 45 2.1% 07 8.2
1000 78.68 0 l.é2 M 0.4
101% .80 7% 1.29%t 07 0.46
e» 78.9% 90 1.008 &7 0.5
1048 78.99 108 9.228 06 0.85
1100 79.07 120 8.07c 0 9.73
1115 M. 15 7.17€ 06 0.8%0
113 79.20 is%0 6.46E 06 0.8
Lles 79.28 16% S.07e o8 0.5
1200 7.1 180 $.38E 06 0.9
1218 .0 19c .98 08 1.03
1230 . 10 4.81E 06 1.00
1248 %.4 2 4.30 06 1.1
1300 7.5 0 4.0 06 .17
1330 78,60 70 3.%9¢ 06 1.26
1400 8.8 300 3.2% o 1.24
1500 9.0l 60 2.69¢ 0, 1.47
1670 9.9 420 2.31¢ 0 1.59
700 #0.03 480 2.02¢€ 05 1.69
1800 80.1) sS40 1.79¢ 0 1.7
1900 80.22 €00 1.6l 08 1.08
2000 86.32 660 1.47€ 06 1.9
3100 0. 720 1.342 06 1.08
1300 80,52 %0 1.24E 08 .18
1300 80.62 440 1.15¢€ 0 .20
0100 0.0 %0 1.01e 06 2.4
0200 0.9 1020 9.492 0% .58
10°1¢
Cuval County, Texas
URANIUM RESOURCES . uC,
Longor la Hydrologic Test
Orawdown Curve
Avgust 4, 1978
E2 L. REED & ASSOCIATES
CONSULTING HYDROLOGISTS
\ MIDLAND, TEXAS
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ooes., well mumber..

Pusiged well Number..........

srisassnne LR ]

U2

Radius from Pumped well..... 646,00
Time Test Started....ovuvees 900
Static sater Level.......uvs n.«a
Tise wtr Level Cua T R°2/7 Or awdnwn
0829% 76.29 b 1.20c 08 0.8,
PETR 78.34 4 1.28¢e 07 0.92
1019 78.98 L] 7.61E 06 1.56
1085 79.91 11% $.23e 06 2.49
1142 78,45 162 3.71E 06 1.0)
1220 78. 75 200 1,00€ 06 1.37
1316 79.65 256 2.35C 06 2.23
1410 9.9 310 1.94€ 06 2.51
1445 80.91 346 1.74€ 06 3.49
1523 80.20 i8] 1.57C 06 .78
1624 80.10 4 1.35€ 06 2.68
11 80.50 507 1.19€ 06 3.08
013 80.54 $53 1.09¢€ 06 3.12
1913 80.70 613 9.80E 05 3,28
2007 79.50 667 9.01E 0% 2.0°
2104 79.16 724 8.30E 05 1.7
2156 81.00 776 7.74C 05 3.5
217 81.16 9 7.54E 05 3.7
0cs? 8L.07 957 6.28E 05 3.95
9210 81.55 1030 $.83€ 0% 4.13
0505 8l.%2 1208 4.99%c 05 4.10
1071 (
Duval County, Texas
URANIUM RESOURCES INC.
Longor ia Hydrologic Test
PUMP OFF Orawdown Cutve
v August 4, 1973
\ . ED L. REED & ASSOCIATES
. CONSULTING HYDROLOGISTS
o N MIDLAND, TEXAS
@ wiujst
s
1070 'EE)
czhtlnﬁ’
T= 3102
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Obs, We'.l NBDEL...covevvnss LR ]
Fusped well MuBD@C. .. cvuvnen v 237

Radius from Pumped well..... 420.00

Time Test Started.....co. v 900
Static Water Level.......... 77.54
Time wtr Level Cum T R*2/7 Drawdcwn
0901 77.85% 1 2.54€ 08 0.31
0941 78.87 4 $.91E 06 1.33
1015 80.91 75 3,39 06 .3
1048 80.45 108 2.35E 06 2.9
OS] ] 80.59 158 1.61E 06 3.05
1212 80.47 192 1.32E 06 2.9)
1303 80. 88 24 1.05¢ 06 1.4
1408 80,94 308 8.33e 05 3.4
L44l 81.46 LD 7.45 0% 3.92
1519 81.29 379 6.70€ 05 3.7%
1621 81.32 4“l $.76E 0% 3.78
1724 81,43 S04 $.04E 05 3.54
1810 81.81 550 4,628 05 .7
1907 92.08 607 4.18€ 0S5 4.51
2001 82.13 661 3.0 0% 4.5
20%8 82.328 718 3, 54€ 05 4.4
2210 82. 4 7%0 3.22€ 0% 4.90
0053 82.67 953 2.97E 0% $.13
032 82.79 1082 .35 05 $.2%
0500 82.83 1200 2.12E 05 5.29

1072¢
Duval County, Texas
URANIUM RESOURCES INC,

Longoria Hydrologic Test
Orawdc.n Curve

August ¢, 1978
ED L. REFD & ASSCCIATES
CONSULTING HYDROLOGISTS
MIDLAND, TEXAS

10°3¢

® wh) 2
wsl
1070 ¢ a3
.'/uuuo'
T334
ss7810°%
1214 338
10°-1
1073 10% 10%7 10°8
R°2/7 TS R
L ‘\X\v/}:ua\) =
& w\)‘u



008, Well BuUP *C. . .ucrannnns Mu-10
Pusped well NuBDEC. .4 .....s. g2

Radius from Fumped well..... $20.00

tine Test Stacted..ccocvouee %00

- Static Wat:r Level.......... 77.02

3 Tise | WEtr Level Cum T R°2/T Drawdown
1021 77.99 9l 4,28 06 0.97
1130 78.6) 150 2.60c 06 1.61
1216 78, %2 196 1.99€ 06 1.5
1306 7.7 FLls 1.58E 06 i.n
- 13%8 78. 86 298 1.31E 06 1.84
1412 79.10 133 1.17€ 06 2.08
= 1520 7%.17 jso 1.02E 06 2.15
1600 79.60 420 9.27c 0% 2.58
1708 80.0) 485 8.0J 05 J.ol
- 808 719.20 545 7.14C 05 2.18
2002 79.69 660 $.90E 05 .67
2103 79. 86 723 $.39C 05 2.04
* 2303 79.83 84 4.62C 0% 2.7
2108 80.23 965 4.0)E 0% > )
=2 0302 79.84 108) 3.60€ 09 2.82
0503 80.37 1202 J.24E 0% 3. §
"> 101y
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Duval County, Texan
URANIUM RESOURCES INC.

Longor ia Hydrologic Test
Orawdown Cutve

August 4, 1978
ED L. REED & ASS.CIATES
CONSULTING HYDRCLOGISTS
MIDLAND, TEA S
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ODs. Well NuUBDE@C....0vevvens Mw= 11
ruaped well MmOer...covvues van
.
Radius from Pumped Well..... 780.00
Time Test Started......cc000 900
- Static Water Level.......... 77.24
- Time wtr Level Cus T R°2/T Drawdown
0935 78,00 s 2.5%¢€ 07 0.76
-— 1037 78,19 97 9.03Z 06 0.95
113 78. 44 187 5.58E 06 1.30
1224 78.65 204 4.29€ 06 1.41
b 1313 78. 719 253 J.46E 06 1.58
1408 78.98 308 2.87E 06 1.74
- 144 79.06 34 2.55C 06 1.82
1529 79.11 le9 2.35E 06 1.87
! 1605 79.19 425 2.06E 06 1.95%
- 1719 79. 4 499 1.76€ 06 2.10
811 79.3% 551 1.59€ 06 2.11
2003 79.64 66) 1.328 06 2.0
- 2107 i 127 1.21E 06 2.5
2308 79.96 848 1.0 06 2.1
& 0117 80.12 aMm 8.97€ 0% 2.08
0311 80.21 1091 8.01E 05 .97
0505 80.23 120% 7.27€ 0% 2.99
q
]
-~
10°1¢
Deval County, Texas
ﬂ URANIUM RESOURCES iInC.
Longor ia Hydrologic Test
Drawdown Curve
o) August 4, 1978
u PUMP  OFF ED L. RECD & ASSOCIATES
. / CONSULTING HYDROLOGISTS
~.. MIDLAND, TEXAS
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Obs. well NUBDEC.. . .crvonsse

rusped well MuBDEL...ccenens

w12

vy

Radius from Pumped well..... 1046

Time Test Started........vv. 900
Static water Level.......... 2.2
Time wtr Lavel Cus T R°2/T Dt awdown
0545 72.61 45 3.50E 07 0.25
1047 72.70 107 1.47e 07 0.34
L1435 73.0% 165 9.55E 06 0.69
121 73.10 12 7.43C 06 0.4
1320 73.45 260 6.06E 06 1.09
1411 73.55 i1l $.07C 06 1.19
1450 7.0 3150 4.50€ 06 1.4
1541 73.80 401 3.93E 06 1.44
1609 74.00 429 J.67E 06 1.64
1816 74.00 556 2.83€ 06 1.64
2010 74.25 670 2.15€E 06 1.8°%
112 74,32 732 2.15¢ 06 .97
2315 74,46 855 1.84E 06 2.12
o138 74. 92 998 1.%6E 06 2.1/
0318 74.68 1098 L1.43E 06 2.32
0517 74.87 1217 1.29€ 26 2.1
10°1¢
Duval County, Texas
URANIUM RESOURCES INC.
Longoria Hydrologic Test
Drawdown Curve
August 4, 1978
ED L. REED & A3SOCIATES
CONSULTING HYDROLOGISTS
MIDLAGD, TEXAS
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Obs., well NumbDeL. .. .i.venenn u-226

Pusped well MumSel....vvvnns v

Radius from Pumped Well..... 497,00

Time Test Started.......oevn 300
- Static water Level.......... 75.20
* Time wtr Level Cua T R°2/T Or awdown
0% 76. 36 o 7.57€ 06 1.16
1028 76.89 [1] 4.04€ 06 1.69
1048 717.09 108 3.29¢€ 06 1.89
1110 77.26 130 2.74E 06 2.06
. 1140 77.45 160 2.22€ 06 2.2%
L1156 77.54 176 2.02¢ 06 2.4 . !
1218 77.€2 198 1.80€ 06 2.42 !
aii 1240 77.75% 220 1.62E 06 2.58
1255 7.7 238 1.51E 06 2.959 !
- 1450 78. 14 150 1.02E 06 .94
1542 78.31 402 8.85¢C 05 3.11
1613 78. 10 413 8.21€E 05 2.90
- 1716 78.50 496 7.17¢ 0§ 3.30
1811 7.9 851 6.46E 05 2.n
) 1926 78.27 616 5.68E 05 .67
2012 78.50 672 $.29€ 05 3.3
2112 79.01 132 4.86C 05 3.0
o 2316 79.13 856 4.16E 05 3,53
! o110 719. 04 970 3.67€ 0S5 4.14
' 01312 79.37 1092 3.26E 05 4.17
- 0513 79.65 1213 2.93 05 4.75
N
o 10%1¢

Duval County, Texas
URANIUM RESOURCES INC.

Longor ia Hydrologic Test
Drawdown Curve

/Z(
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August 4, 1978
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Obs. Well MBDEC. .. covvvavass u-227

Pusged Well Nusder......ce00. v 2y

Radius f:om Pumped Well..... 593.00
Time Test Started........... 900

Static wWater Level.......... 73.63
Time wtr Level Cus T R°2/T Drawdown
0924 73.74 2 2.11E 07 0.11
G944 74.09 a“ 1.158 07 0.46
1024 74.56 L 1] 6.0)E 06 0.93
1045 75.70 108 4.82€ 06 .07
1104 4.9 124 4.08E 06 1.16
1137 75.08 157 3.2 06 1.42
1153 75.15 173 2.9 06 1.%2
1213 75.23 192 2.628 06 1.60
1234 75.35 14 2.37E 06 1. %3
1253 75.43 213 2.17€ 06 1.80
1445 75.90 345 1.47¢ 06 2.27 -
1538 75.90 39 1.27€ 06 2.7 rF\"'\!’(— "\\s \
1610 76.04 430 1.18E Ca 2.41 - mrm MO S 0\
1712 76.17 492 1.03E 06 .9 D M L U\
1808 76. 26 48 9. 24 05 2.6 \ @m UJiiad
19l 76. 47 611 8.23€ 05 2.84 ~
2008 76. 58 668 7.58E 05 ¥
2110 76.67 730 6.94E 05 3.04
2312 76. 84 852 $.94E 05 3.21
0107 77.02 967 S.24E 05 3.39
0lo% 77.09 1089 4.65E 05 .
0si0 77.30 1210 4.18E 05 3.6
10°2¢
Duval County, Texas
URANIUM RESOURCES INC.
Longor ia Hydrologic Test
Drawdown Curve
August 4, 1378
ED L. REED & ASSOrIATES
COMSULTING HYDROLIGISTS
MIDLAND, TEXAS
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OIs., Well *“wBbeL.ccocssrosae AW=<15(MS-2)

Pumped well MusDEr.......000 v 2

Radius from Pumped Well..... $90. 00

Tise Test Started...cvvvvene %00
i Static Waver Level.......ue. 75.10
Time wer Level Cum T R°2/T Orawdown
0930 75.23 30 1.67¢ 07 0.13
- 0949 75.37 49 1.026 07 0.27
1010 75. 74 30 5.57E 06 0.64
N 1081 75.96 11 4.52E 06 0.86
1113 76.06 133 3.77¢ 06 0.96
1143 76. 128 163 3.08E 06 1.18
a 1158 6. 40 178 2.82E 06 1.30
1222 6. 48 202 2.48E 06 1.38
1243 76. 60 223 2.25€ 06 .50
~ 1358 7.7 298 1.682 06 1.61 ann 0
) 1458 77.14 355 1.41£ 06 2.04 ) ~ =it A
- 1546 77.129 406 1.23E 06 2.19 ~ AN AUD)iHeal "'”"\‘\L
1617 77.35 437 1.15¢ 0é 3.a2 DI U =\x;r“\\~@ud‘~\3_1“u
1719 77.%0 499 1.00E 06 2.40 U "\J“\l U)L\su
- 1812 77.50 $52 9.08c 03 2.40 R\
1830 77,58 6130 7.96E 0% 2.48
2016 77.60 676 7.42E 05 2.50
o~ 2119 78.06 719 6.78E 05 2.9
2321 78.09 8€l 5.92¢ 05 2.99
- 0114 78. 35 974 5.15€ 05 3.25
0316 78, %9 1096 «.57E 0% 3.49
0si? 78. 62 1217 4.128 05 3.52
-

1072¢

[ |

Duval County, Texas
URANIUM RESOURCES INC.

Longoria Hydrologic Test
Orawdown Curve

August 4, 1978
ED L. REED & ASTOCIATES

|
|
CONSULTING HYDROLOGISTS |
MIDLAND, TEXAS |
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Uus. well NumDEf...civnvanns

Fusped well NusDer.... .o 000

-

L |

1071

=3 3 £

£33 £33 3 £33

10°-1

10°-2

Time
0941
1021
1041
1100
1138
1150
1209
n
1250
1442
1534
1607
1707
1805
1908
2008
2106
2104
0104
0105
0508

Radius from Pumped well.....
Time Test Started...........
Static water Level..........

WLE Le ey

73.10
73.11
73.46
73. %7
1.n
73.86
73,95
74.07
74,15
74.57
74,64
4.7
74.87
75.00
75.19
75.35
75. 14
75.65
%.N
75.85
75.30

u-228

u2n

690
72

. 00
300
.68

R°2/7

1.67¢
8.46€
6.79¢€
5.71E
4.42C
4.03€
J.63e
3.23
2.98¢E
2.00€
1.74cC
1.6l
1.41€
1.26E
1.13¢
1.03¢
9. 44€
8.12¢
7.112
6.32€
S.88C

0?
06
06
o6
06
06
06
13
06
06
06
06
o6
08
06
06
0s
0s
es
a5
es

Dr awdown
0.42
0.63
0.78
0.89
1.09
1.18
1.7
1.3
1.47
1.89
1.9
2.04
.19
2.32
2.51
.67
i.40
2.9
3.04
3.1.
3.2

Duval County, Texas
URANIUM RESQURCES INC.

Longocia Hydrologic Test
Drawdown Cutve

August 4, 1978
ED L. REED & ASSOTIATES
CONSULTING HYDROLUGISTS
MIDLAND, TEXAS
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Obs. Weld NUBLeL..ocescscncs

rusped wWell NuoDer......e00.

u-230

v an

Radius from Pumped wWell..... 638,00

Tise Test Started...covvnnan 900
Static water Level.......... 73.3
Tine wir Level Cum T R*2/T Orawd .wn
0913 73.41 13 4.51€ 07 g.08
0539 7.1 3% 1.50e 07 0.38
1014 74,11 74 7.92E 06 0.78
1019 74.24 99 5.92E 06 0.91
1058 4.4 118 4.97E 06 1.10
1131 74.59 151 1. 88E 06 1.26
1148 74.68 168 J.4%E 06 1.3%
1206 74.82 186 3.15€ 06 1.49
1229 74.9%0 209 2.80E 06 1.57
1248 74.235 228 2.57€ 06 0.92
1438 75.13% 338 1.73€ 06 2.02
isu 75.52 sl 1.50€E 06 2.19
1604 75.% 24 1.38E 06 2.26
1704 7%. 74 484 1.21E 06 .41
1802 75.87 542 1.08E 06 2.5
1906 75.99 606 9.67€ 0% .65 ;
2004 76.1) 664 8.83 05 2.80
2104 76.23 724 8.10E 05 2.90
2301 76.51 84l 6.97€ 05 3. 18
010) 76. 68 963 6.09E 0S5 3.35
0303 76.80 10813 S.41E 05 .
0502 76.73 1202 4.88E 05 J.«0
107\
[ Duval County, Texas
URANIUK RESOURCES INC.
Longoria Hydrologic Test
Orawdown Curve
\ /MP oFF August 4, 1978
7, ED L. REED & ASSOCIATES
. CONSULTING HYDROLOGISTS
b MIDLAND, TEXAS
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+ObS., Well NUADEL .. .voveasens u-231

Fumped well Numoef........e0 v

Kadius from Pumped wWell..... 544.5%0
Time Test Stacted...covuveen %00

Static water Level.......... 73.20
Time wtr Level Cum T R°2/7 Drawdown
0936 73,69 1 1.19¢ 07 0.49
1011 74.25 n 6.01C 06 1.0%
1037 74.%7 97 4.408 06 1.37
1056 74.69 116 3. 68E 06 149
1132 74,94 152 2.81E 06 1.74
1147 75.03 167 2.56€ O 1.83
1202 75. 14 182 2.15€ 06 1.94
12217 75.23 | 207 2.06E 06 2.03 A\
1247 75.36 227 1.88E 06 2.16 “y\i\f‘\\
1358 75. 66 298 1.43E 06 2.46 SUTRY \,)
1438 75. 66 135 1.27¢ 06 2.46 AN
1526 75.92 106 1.11€ 06 nn ‘ « ANDY
1602 76. 00 §22 1.01E 06 2.8¢ ALY L
1102 76.10 82 8.36C 05 2.90 (W \WDeT
1800 7. 28 540 7.91C 0% 3.08 AL
1904 7. 35 604 7.07% 05 305 W\
2001 76. 54 661 6.46E 05 3.2 -
2101 7. 62 721 $.92¢ 0% 3.4
2300 6. 86 840 5.28E 05 .66
0101 76. 57 361 4,442 05 3.37
0301 17.19 1081 3.95¢ 0% 3.99
500 77.2% 1200 3.56E 3% .05
1071
{ Duval County, Texas
URANIUM RESOURCES INC.
Longor ia Hydrologic Test
\ PUMP OFF Orawdown Curve
-< August 4, 1978
v ED L. REED & ASSOCIATES
P CONSULTING HYOROLOCGISTS
“~ MIDLAND, TEXAS
™
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Jos. ul'l HUBD CLoesovsossnnsee

rumped he.l humber.....

u-232

vy

Radius from Fumped Well..... 469.00
Tine Test Stacted........... 900
Static wWater Level.......... 713.41
Time wtr Level Cum T R°2/T Dt awdown
0912 71.54 12 2.64€ 07 0.13 Q
0934 74.0) EL ) 9.32€ 06 voul QAN
1008 74.69 68 4. 66C 06 1.28 Al
1020 74.25 90 3.52E 06 0.84 A NN
1082 7. 14 112 2.83E 06 1.713 caliiini
1129 75. 41 149 2.13C 06 2.00 ~ABI AN R
1144 75.48 164 1.93E 06 2.07 &(\\\‘.\j\
1200 75. 59 180 1.76E 06 2.18 A0 O
1224 15.72 204 1.55€ 06 2.3 ;\\Q\-\—‘ 2
1245 75.80 223 1.41C 06 2.39 VUL
1327 76.02 267 1.19€ 06 2.61 \‘\3 WAV
1430 6.17 110 9.608 05 2.7 \g )
1522 76. 36 j82 8.29¢ 0% 2.95%
15%8 76.43 418 7.%8E 05 3.02
1700 78. 58 480 6.60E 05 =17
175¢ 76.73 5135 5.92¢ 0% 3.0
190 76. 92 600 $.28E 05 3.9
2000 77.00 660 4.80€ 05 3,99
2058 77.10 718 4.41E 05 3.69
2254 77.34 834 3.80E 0% 3.93
0100 77.54 360 3.30E 0% §.13
02%6 77.1% 1076 2,94t 0% 4.3
0456 77.60 1196 2.65€ 05 4.19
10°2¢
Duval County, Texas
URANIUM RESOURCES INC,
Longoria Hydrologic Test
Drawdown Cu. ve
August 4, 1978
ED L. REED & ASSOCIATES
CONSULTING HYDROLOGISTS
MIDLAND, TEXAS
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Obs. Well NuBDer. . ... vovuus u-23s
Pusped well Number.......... v
5.4 Radius from Pusped well..... 204.00
Time Test Started......cvun. 900
2 Static water Level........c0s 74,53
- Tise wir Level Cum T R/T Drawdown
6955 81.25 s 1.09 06 6.2
1008 81,51 [ 9.00¢ 0 6.5
- 1015 81.6% 7% 7.99 0% 6.7
102% .7 [ L] 7.08E 08 .85
- o0 5l.9 3 6. 18¢€ 0% 7.08
1082 82.19 112 $.)%e 08 7.36
L1106 82.2% 116 4.78C 05 7.32
- un 82.36 141 4.2% 0% 7.4)
1138 42,45 158 3."1e 0% 7.93
1181 2.9 i J.5¢e 0% 7.64
- 1208 32,64 188 3. 242 0% 7.1
121 02,49 202 3.97¢ 0% 7.76
-~ 1218 2. 21 2.79¢ 0% 7.88
120 82,04 PEi] 2.62c 05 7.9
130% w.r 245 2.45¢ 05 7.8
™ 1338 83.02 73 2.16€ 0% 8.09
1408 83,10 308 1.9 08 .17
= R 9.1 3134 1.79¢ oS 8.26
1504 8.2 Jeb l.648 08 8.36
1608 8. s 1.412 0! 0.54
- 1700 81,61 450 1.:.5¢ o 8.68
1807 .% 547 l.1e¢ O 8.03
1906 3.9 606 9.8%¢ 0s 8.9
ot 100% 84,02 665 9.0l o4 9.09
110 84,230 730 8.21€ 04 "
— 1306 8445 d46 7.08E 04 .52
0110 a6 370 .18 04 "n
0s0? 5.04 1307 4,.9%E 04 10.11
-
I
Duval County, Texas
URANIUM RESOURCLS INC.
- Longci ia Wydrolegic “est
Dravdown Cutve
= August 4, 197
B0 L. REED & ASSOCIATES
CONSULTING EYDROLOGISTS
d WIDLAND. TEXAS
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4

bumped well mmder. ... ...,

v

Ryt

Radius from Pumged well..... 132.00
Tise Test Started. ......... 900
Static weter Level.......... 75.19
Tine Cum v Rt Or awdown
09%0 50 $.02C 08 a.00
1004 [ 1] 3.92¢ o8 .0
1013 7 l.44C 08 9.3
1623 L 3] J.o2c o 9.5
1034 9" 1.67¢ 0% 9.68
1044 104 3.41C 08 9.85
lie2 122 2.06¢ 0% .9%
Lile 18 i.02¢ 0% 10.06
i 193 1.64€ 08 10.1»8
14y 169 1.48€ 0% 10.47
1203 18} 1.)7¢ 0% 10.24
1220 200 1.2%¢ 08 10.40
123) 1) i.l8c 0% 10.458
li48 . 1.10¢ oS 10.%8
1303 4 l.03c 0% 10.%
13 276 9.0% o0« 10.70
1404 104 8.25E 04 10.7M2
a2 in T.56E 04 10.80
1504 s 6.89¢ 04 10.%
1601 23 $.% £ 04 11.09
1706 R} $. 12 04 1i.24
1803 Se. 4.852 04 11.36
1904 $04 4.15€ 04 11.99
1061 46) J.78E 04 11.69
2106 226 J.46E 04 1.9
2302 L LH 1.98E 04 13.06
0187 7 21.99¢ 04 12.21
0504 1304 i.08e 04 i.n
u‘!r
Ouval County, Tesas
- URANIUM RESOURCES INC,
Longoria Hydrologic Test
Orawdown Curtve
August 4, 1972
ED L. RCED & ASSOCIATLS
CONSULTING H'DROLOGISTS
= MIDLAND, TEXAS
/M orr
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Obe. Well Mumber............ u=23

Pusged well wumder.......... ¢
Radive from Pumped well..... 97.00
Tise Test Stacted....... . %00
Static weter Level.......... 76. 36
Time Cun T R Or awdown
o9 15 .03 08 6.10
0830 b1 4.52¢ 08 .48
0945 45 3.01c os 9.46
1000 (1 2.36€ 05 9.5
101% 75 i.8.z 08 10.22
1030 0 i.51e 08 10.42
1043 10% 1.29¢ oS i0.58
1100 120 1.13e o8 o.n
113 150 *.03k 04 0.92
1200 i80 7.5 04 1L.10
123 10 6.45C 04 1..2)
1300 140 S.65¢ 04 .0
1320 70 5.0 04 Li.49
1400 jon 4.528 o4 11.51
40 b 5. 4.1 o 11.60
1500 %) 1 %E o0 11.7
1530 150 . 472 04 L.
1600 420 3.23e 04 1.9
1630 %0 3,012 o4 12.00
1700 80 1.82¢ 04 12.07
173 sio 2.6 0 12. 1
1800 540 2.51¢ o 12.20
1830 s70 2.8 0« 12.28
1%00 600 2.26E 04 1.7
1930 630 2.1%¢ 0 12.4%
1000 660 2.0%€ 04 12.%
100 720 1.88E 04 13.74
2200 780 1.74€ 04 .92
1 840 L.81E 04 1.9
1400 900 i.51¢e o 13.00
olo0 %0 l.412 04 1).10
0300 1020 1.138 04 13.20
1072y
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Obs. wall Wuaber............ u-242

Punped well Wuasber.......... v
Radius from Pumped well. ... 71.%
Tise Test Started........... 900
Static water Level.......... 76.54
Time wtr Lavel Cum * R 27 Orawdown
0% .12 7 1.51e 97 0.5
09ls 7.2 1s 7.05¢C 06 1.7
0923 .11 22 4.81C 06 .9
0925 9 J.65C 08 3.2%
0938 i 2.78¢C 06 1.8
09548 4 2.308 06 “27
0954 54 1.96€ 06 4.2%
ie0l [ 3% 1.73¢ 06 ‘.80
1008 (1] 1.56€ 0s 49
1021 [ 2] 1.27¢ 06 $.20
i01) 9 il.i4c 06 $.38
1042 102 1.04c 06 5.46
1051 111 9.5k 03 5.99 ‘
Lice i34 8.51E 05 s.n
1118 1% 7.0e 0% s.80
1129 149 7.108 0% $.%
1148 168 6.4l 03 6.02
1200 180 S.88¢ 05 .11
1218 198 $.428 0% .19
1230 10 $.04C 05 6.20
1245 228 4.70C 0% 6.38
1300 240 4.41C 08 6.42
11 270 3.92e o 6.54
1400 oo 3.5 0% 6.64
4 30 3.208 28 6.7
1500 360 1.948 0% 6.0
1600 420 2.52¢e 0% 7.00
1700 480 2.208 0% 7.19
‘289 540 1.96E 05 7.3
is%0. 60s 1.7%¢ oS 1.47
2001 661 1.60¢ 05 7.9
102 2 l.48C 05 7.7
2300 "W 1.26C 0% 7.9
010 %2 1.10¢ 0% 8.1
0300 1080 $.79¢ 04 .1
oseL 1200 8.8l 04 .4
10%2y
Duval County, Texas
URANLIUM RESOUS TS INC,
Longoria Hydrologic %est
ot Cur ve
August 4, 1978
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Obs. well msber............ u-243
Puaped well Nusber.......... v

Radius from Pusped well..... 7.0
Tise Test Stor.ed........... %00

Static water Level.......... 77.19
Tise wtr Level Cum T Rt Drawdown
0% 3 7. 3 2.478 07 0.07
[ 1791 8. 50 1 6.75C 0t 1.3
o918 %4 18 4,128 06 .22
0923 9. 06 28 .97¢ cs 1.87
[T 80. 54 1 2.39 06 3.38
0942 .11 @ 1.77¢ o0é .92
09%0 0.8 50 1.48E 06 “19
0957 al.6l s 1.30c 06 a2
1004 8l o L.162 06 4“5
1012 s 72 1.03¢ 06 .. 60
1027 82.16 [ 0.53E 038 “e
1038 82.26 9 7.57¢ 0% s.m
1048 2.3 108 7.07¢ 0% $.17 .
105 82.46 116 6.40E 0% $.27
1108 2.5 128 $.808 0% 5.39
1118 2.4 138 $.0¢ 0% 5.4%
111 92.74 153 4858 05 5.5%
| 1149 $2.0) 189 4.39€ 0% 5. 64
1203 2.9 183 4.0% 05 s.7
1218 82.98 198 3.7%e 0% 5,78 A
' 1234 2).09 14 3. 472 08 5,90 oD
' 1248 03,18 228 J.ase 0% 5.9 NN
1303 0 3.0% 0% 6.01 (O
1334 Pl 2.71e 08 6.1% vV
o 304 2448 0% 6.24 o N
1433 m 2.2 0% 6.30
1504 364 2.048 03 6.42
1604 (5L 1.7%¢ oS .. %
. 1703 o) 1.54¢ 0% .72
1003 541 1.37¢ 0% 6.8)
1911 611 1.2l 0% 6.9
2006 666 1.1ie 0% 7.99
2109 729 1.022 0% 7.2
2210 050 .72 04 7.48
0109 %9 T.66E 04 7,84
0306 1086 6.008 04 7.469
{ 9309 1209 6.4 04 7.9
La
re w2
! [ ODuval County, Tesas
L URANIUM RESOURCES 1.C.
Longor ia Hydrologic Test
r Drawdown Curve
{ August 4, 1979
‘e €0 L. REED & / SSOCIATES
CONSULTING HY! ROLOGISTS
[-; RIDLAND, TiXAS
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Pusged hell mecer.......... vy

Tiee wtr Level Cum T Ry D¢ awdown
0%9% 76,88 L .9k 0 0.0%
0%12 76,91 2 .30 07 e. 11
0918 77.00 is 1.7%¢ o 9.20
093¢ 717.460 30 8.79% 9% 0.80
0948 7.2 a5 S.86C 06 L4
1000 n.n 60 4.40E 06 1.9
1015 "0 15 3.52¢ o8 .
i0)0 ”.0 S0 1.9 0% .9
Loas .9 10% 2.51¢ o6 .n
1100 79.69 120 .30 06 .0
111 7.8 138 L.95€ o8 3.03
11 150 1.76€ 08 1.1
Lies 165 1.60€ 08 3.2
! 1200 180 1.47€ 06 .n
1218 195 L.)5¢C 08 J.a8
123 10 L.288 06 3.0
’ Lie0 0 1,108 08 3. 66
1330 7 9.77¢ 08 Ln»
1400 300 8.79¢ 0% 1.9
1500 Js0 i.l)e 0s 4.1)
1600 420 .a8E 0% @0
[ 1700 e $.50e 0% 4.4
1800 540 4,808 0% .9
1%, 600 4,408 05 “n
000 660 4,00 08 .92
2100 720 .66k 08 “%
2200 180 J.ise 08 5.0
f 2300 40 J.14e 0% 5.16
olco s60 .75 0% 5.0
Q0100 1020 1.59¢ o8 5.49
Q248 1085 2.48€ 08 $.52
BT
Ouval County, Texas
r URANIUN RESOURCES INC.
l \ l..‘uu Mydrologic Test
. . Drawdown Cur ve
- e August 4, 1978
S e, €0 L. RCED & ASSOCIATES
L b COMSULTING BYDROLOGISTS
- . MIDLAKD, TEXAS
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Oos well wemoer..... u-246
Puaped well wumber.......... ¢
Radius from Pusped well..... 354,20
Time Test SCarted...........
Static weter Level.......... .8
Time wtr Level Cus ? 2y Drawdown
0904 17.23 ‘ e.51C 07 0.0%
0912 7.7 12 1.%0¢ 07 8.5
2920 0 9.02¢ 0% 1.01
0928 I 6.942 06 1.49
2931 1 $.472 06 1.7
0943 3] 4.208 06 .22
0951 s1 3.54€ 0% .46
1000 80 3.01E 06 2.60
1006 56 2,738 08 2.30
1013 73 2.47¢ 06 .92
1030 20 2.01¢ 08 316
1029 99 1.828 06 .27
1048 109 1.662 06 L3
1087 117 1.54E 06 346 \
1109 129 1.40E 06 3,86 % :
1120 140 1.29¢ 06 3.5 \ )
1138 158 1.16E 08 .74 ‘§,~ W
1151 i L.26E 06 384 VAN
1206 186 9.70¢ 0% .92 AN
1220 200 9.02e of 4.00 AR
1236 216 8.15¢ 08 439 \\\\,
12% 230 7.85€ 0% 4l V) e
1304 244 7.40€ 0% 4.2 Q .
1338 275 6.56€ 03 o N
1406 306 5.90E 0% . (\\
1433 238 5.2% 05 52 NN
1507 267 4.92¢ 0% 4.8l Q ~
1606 26 4.248 05 “n /:
1708 a8 3.72¢ 0% ‘.9
1806 546 1.31E 08 .04
1914 514 2.94t 08 5.17
2008 s68 2.70¢ 0% $.31
112 172 2.47¢ 08 $.42
1314 s 2.11¢ 05 $.52
9112 P 1.86¢ 05 5.82
0312 109. 1.65€ 0% s.62
0sil 1211 1.49¢ 08 5.99
10°2¢
Ouval County. Texas
URANIUM RESOURCES INC.
Longor ia Hydrologic lest
Orawdown Curve
August 4, 1978
ED L. ALED & ASSOCIATES
CONSULTING 4YDROLOGISTS
WIOLAND, TEXAS
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Qus. well MuABEr. .. ovvi s LR BRE RE
Punped well wumber Lol v

Redius from Pumped well..... e, 00

Time Toot Started.. ... e %00
static water Level. ... ..voun 17.08
Tine st Level Cun v D1 awdown
0909 77.09 ’ s.01
(1%} 17.10 1 0.07
0934 7.1 " 0.04
oo .4 30 0.09
%0 7.24 “w 9.16
0%4n 7.4 “" 0.26
095e 17.40 5 0.12
100) 1:.49 3 0.4
1010 7.9 70 0.4y
1028 77.1) " 0.4%
1008 7.0 " 0.7
1044 7.0 104 0.80
1083 8.00 1) 0.92
1106 .10 126 1.02
1 .. 7 1.10
un . 1% 1.31
1147 8. 40 17 .32
1202 4. 50 2 1.42
. 1217 78. 60 197 1.82
1un W6 1) 1.4l
124a9 70.7% mn 1.67
1301 .08 241 1. m
1312 79.00 m 1.92
1402 19.12 102 1.04
1422 7.2 m 1.18
1%02 7.3 182 2.2%
1602 .52 22 1.44
1701 "8 i 1.9
1801 n.n s4l 1.49
. 1508 9.9 608 1.8
1003 80,04 661 1.9
108 40.20 728 .12
T 2301 80.43 " 1.3%
0106 00,46 e 1.5
L 0304 0.7 1084 nn
0308 0.4 1208 168
[.
1671
Duval County, Tesas
& URANIUM RESOUACES IN(.
L Longor la Mydcologlic Test
Drowdown Curve
' Auguat 4, 1978
! £D L. REED & ASSOCIATES
L‘ CONSULTING HYDROLOGISTS
WIDLAND, TEXAS
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Obs. well Numper.. ..

Pumped Nell NuBDEr. .. .......

M- Lle(MsS-2)

v

Radiuvs from Pusped wWell..... 162.00
Tise Test Stacted......cv000 00
Static water Level........e. 75.41
Tine wer Level Cun ¥ Orawdown
0910 7%.12 30 0.01
0945 7%.23 T 0.12
1000 75.07 0 0.26
1018 7.9 7 0.41
1010 18,67 %0 0.5
1045 75.82 108 .
1100 75.97 120 0.86
1118 7%.09 138 0.9
1130 7.21 15 1.16 &
1143 .31 16% 1.20 AN
1200 %. 41 180 1.30 NN
1230 .40 Ft) ot f\x
1300 7%.78 140 1.67 SN\
1330 %. 31 170 1.80 Ay
1400 77.04 300 1.9 (2
1430 77.18 130 2.04 QN A
1500 77.26 160 2.1% NN
1338 7.38 190 2.2 AN
1400 77.44 420 .3 (O %
1630 7.5 450 2.41 S
1700 77,60 480 2.49 \_>
1600 7.5 540 7.64
1900 77.98 $00 .n
2000 .0 660 3.9
2100 .13 720 3.04
2200 .28 o 3.1
2300 .39 840 3.28
2400 .. 92 900 3.4
0100 7.6 960 3.52
0100 w4 1020 3.63
P 13
Duval County, Texas
URANIUN RESOURCES INC.
Longor ta ¥ydrelogic Test
Dcrawdown Curve
August 4, 1978
ED L. REED & ASSOCIATES
COMSULTING 9Y. 0LOGISTS
MIDLANG, TEXAS
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TEXAS DEPARTMENT OF WATER RESOURCES
1700 N. Congress Avenue
Austan, Texas

TEXAS WATER DEVELOPMENT BOARD l‘r" % TEXAS WATER COMMISSION
A. L. Black, Chairman = * Joe D. Carter, Chairman
Robert B. Gilmore, Vice Chairman . Dorsey B. Hardeman
Milton T. Ports Joe R. Carroll
John H. Garrett .

: Harvey Davis
George W. McCleskey Executivr ™ ~~ctor
Glen E. Roney

SUBSURFACE WASTE DISPOSAL IN TEXAS

Agency Publication No. 72-GS, prepared by th. Texas
Water Quality Board on Subsurface Waste Disposal in
Texas, is out of print. The publiication is currently
under review and a revised adition will be published

at a later date. Attached is a copy of a portion of
the publication. Additicnal information concerning
subsurface disposal can be obtained from the fGeological
Services Section of the Texas Department of Water
Resources.
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Subsurface Waste Disposal in Texas

B8y Rooert Hill
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PURPOSE OF THE REPCRT

This report on subsurface waste disposal 1is to
inform the general public of the practice and nature
of the method. It is designed to foster a Detter
understanding of the discipline, and the role of
the Texas Water Quality f£hard in protecting the
quality of the water resou ces of the State, and to
dispel fears of the public that are based on igner-
ance of the science. The rercort is also to be used
as a general zuide for persons censidering or plan-
ning a subsurface waste dispcsal project.

INTRODUCTION

Subsurface or underground waste disposal, in
+.@ broad interpre.ation, is the placing of waste
substances beneath the surface of t.ue ground and
includes sanitary landfills, septic tank lateral
lines, injection wells and other methods. This
paper discusses only subsurface dispcsal through
injection wells which is the more common, although
restricted, connotation of the teru.

8y means of a well, agueous and gasecus fluids
are injected intc the subsurface s=rata. Solids
other than those of minute size are usually not in-
jected into the subsurface througn a well., The re-
ceiving stratum usually is an aguifer centalining
highly mineralized water.

*he year that disposal of liquid waste 1into
subsurface strata tegan in Texas is not knewn. The
first ma‘cr and cooperative profect tegan in the East
Texas o0il field in the year 13238, Salt water pro-
duced in ceniunction with oil from the Weedbine
fciacion was returned to the lower part (l.e. down-
dip) of the formation with favorable results. Today

V-
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millicas ot barrels of salt water are beinqg re-

turned to the tormation trom which the water
originatced.,

n the carly 19505, the Ratlroad Commission of
Texas began iussuing peormits v disposal ot salt
water 1nto subsurface strata wonproduct 1ve af o1l or
Jas., By this tume, 1! not earlior, domestlc waste
was being disposed aof in the subsurface. In 1961,
the State lagislature adopr.xl a Statute regulating

tnjection or all wastes imto the subsurface, 38y
1961, the use of this disjosal method had become a
common practice., The StaLute was known as the In-
jection Well Act, and 1t required that any person
seek1ng to dispose of waste int ne subsurface must
secure a permit from the Railrocaa Commission of
Texas for all waste arising out of the production of
o1l and gas, and a permit from the Texas Board of
Water Engineers for all other types of waste. The
Act was amended 1n 13" and again i1n 1969, result-
ing 1n transfer of the rcregyulatory function of the
Board of Engineers and i1ts successors to the Texas
Water Quality Board. 1In 1971, the 62nd Legislature
in regular sess.on passed the Texas Water Code
which incorporated and revised the Injection Well
Act. The Act became known as the Dispcsal Well Act
and is ncw Chapter 22 of the Texas Water Code (Ap-
peidix). Should the waste to be injected contain
radicactive materials, the apolicant would have to
obtain a license from the Texas State Department of
Health 1n accordance with the Texas Radiation
Control Act.

There has been an unusual amoun:z <f detrimen-
tal publicity cn the use (or more acpropriately mis-
use) of injection wells. This puk.icity has under-
standably concerned injection well failures, After
all, a successful disposal well is seldom newswocrthy.

1215 0.9



Such publicity tends tc alarm the cudlic. Gen=-
erally, the uninicrmed perscn nas =wo fears, namely,
that the waste may ce injectad Lnto freshwater-Ltear-
ing straca, or that the waste will migrate into

these strata, and that ne injeccion ogeration may
~ause earthjuakes Or a simillar castastrogpne.

The primary purgose of the D.szcsal wWell Act
18 to pratact the guaiisy of the State’'s water re-
sources and t2 sratect the rignts of =he public.
The Texas Water Qua.izy 3S.4rd ané =he Ra.lscad Com-
mission of Texas are charged w.itn es::ns.cx--:v

-

éd latar in

~
for administering tha Act. As 2
< Board staff

Fae 4t

o

"
:J r i oy

this rerort, :the Texas water Quality

has the function of reviewing an wn’acticn well ap-
plication, conducting invastigations and making
recommendazions =0 tne 3card for approval or refusal
of the issuance 27 a waste2 conwro. crier, and the
staff has rasgensibility of monitoring the dispesal
well cperaticn after an order i3 jranted,

If in‘ection of waste 1s coniinsd %O suitable
reservoirs, =he well .3 oroperly dssiznad and cper-
ated, and iniacticn gressures ale naintained belcocw
certain limiss, there snou 3 be no hazards of earth-
Tuakes or spectacular well failures.

T™ere have teen .25 germits Oor waste contrcl
orders jrantec ov tne T:xas Wazer Quality 3card and
ts predecessors, and subsequently, 14 have been
cancelled. Abcut 350 millisn barrels of combined
2

o
municipal ané industrial wast2 1f Delng injected

annually in Texas.

SCCEYDROLOGY
A Xncwledze oI th
most essential ascec
posal proiect, Suitab
before a disTcsal over
consideration.

srface geclcgy s the
srscosed sutsurface dis-
ase:"a"s nuss de available
can e 3iven sarious
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The stratigraphy, structure. and occurrence of
groundwater in an area has to be determined and
evaluated prior to the use of an injection well.

Stratigraphy

Most of the rocks exposed at the surface in
Texas are of sed.mentary origin., These sed.imentary
rocks often extenc several thousand feet beneath the
land surface. They were deposited in stratif.ed
layers, and are jenera.ly composed cf sand, silt,
clay, shale, 3ravel, and limestone.

The ages of the rock units composing disposal
zon« 5 utilized in Texas range in age from Permian
£0 Quaternary. More wells utilize strata of the
Miocene Series for waste injection than any' other
age because a preponderance of the chemical and
petrochemical industries are located in areas of
Miocen2 sediments that constitute excellent waste
Storage reservoirs. The majority of the dispesal
operations are into sand strata: however, limestone,
dolomite and salt-dome caprocks are utilized. No
waste disposal permit has been issued for the util-
ization of fractured shale nor 13neous Or metamor-
phic rocks in this State,

Hundreds of thcusands of oil and gzas explora-
tory tests have been drilled in Texas during the
last 70 years. From this activity of the petroleum
industry, an abundance of information is available
concerning subsurface geology. ZElectrical logs, in
particular, have furnished sufficient Zata for de-
tailed mapping of the subsurface geclogy. Figure 1
1s 2 generalized map of Texas indicating the suita-
bility of the subsurface strata for disposal.

Structure

The structura. jeclogy or tectonic framework ~f

3

1215 01l



an «rea 1s always important. r2as that exhibit
high structural deformacion are generally to e
avoided for disposal cperations. Also, Righly
faulzeu areas, particularly whare thne strata is
composed of consolidated rocks, age not suic abl

for saf injection., PlLercement-Iype salt ‘cmes,
which cause considerable deformation, Must recelve
a shorocugh evaluaticn grior to £helr ucilizacion
for subsurface dlspeosal.

The stru. ‘s most favorable for suzsurface
disposal are gently digoing mcnoclines, mas.ns,
and shelves or platforas. These structural cypes
are the dominantc geclogic feacurss n Taxas.

Groundwater

The primary purpcse Of the Disposal well Act
is to protect both ground and surface fresh water
from contamination., The sccurrence ani Tuality of
yroundwater in the State is Zfairly Wwg. , Ancwn at
this. time. The groundwates availlap..ity programs
of the Texas wWater -evalcoment 3card and the United
States Geological Survey have resulted i1n numerdus

-

publicaticns on the cccurrence of usabl e-q*a---
water in -he shallow aguifers throughout the State.
Also, a significant contributicn By the petrolaum
industry and related sarvice ccompanies nave Deer

tiie publications on subsurface jeclogy ané resistiv-
ity of fcrmation waters. Var.ous types of electri-
cal log surveys, oI which hundreds ¢f zhacusands nave
been csnduct=ed an axploratsry wells in Texas, allow
sar reliable calculazions of watar gqual.lzty.

enerally <dezends upcon
urvevy indicates a
ions. For purpose
7 9 three
QL1owS:

lassificaticn o2 wa
its uyse; however, a . g
lack of uni oruz:
of this report, 3¢

categories based upcn mineral:i:l

: 1215 012



Fresh water - water containing a total dissolved
mineral concentration of 3,000 parts per
million or less. Ti.is type of water usu-
ally, although not always, can be consumed
by humans if aseptic and the mineraliza-
tion is by natural occurring salts.

Potentially beneficial water - water contain-
ing a total diisolved mineral concentra-
tion between 3,000 and 10,000 parts per
million., This type of water ¢an be used
for irrigation and stock watering under
certain conditions, and is poteatially
useful for desalt.nation purposes.

Saline or salt water - water contain.ng a total
dissolved mineral concent:i.tion greater
than 10,000 parts per millien.

Texans are very depencent upon grcundwater as
a source of water supply. With the increase in
populacion and productivity demands, the usage of
groundwater 1s on ¢ 2 iLncrease. Groundwater of us-
able quality commonly occurs throughout the State,
with the notable exception being Northcentral Texas.
Here rocks of the Permian and Pennsylvanian Systems
seldom are freshwater-tearing. The depths from
which groundwater is produced in Texas ranges from
a few feet in alluvial deposits up to several thou-
sand feet in Qulf Coast agquifers.

RESERVOIR CHARACTERISTICS

Fhysical characteristics of a reservoir that
must be considered in determining the suitability
of the strata for dispcsal are porosity, permeabil-
ity, and volume. The chemi-physical aspect %0 con-
sider in injection is the compatibility of the re-
ceiving stratum and its natural fluid with the
wastewater,
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Eorosicy

Porcsity is the percentage of void space not
occupied by the rock matrix. It may be intergranu-
lar, solution channels, fractures, etc, If a res-
ervoir he® 4 low porcsity percentage, it is not a
likely candidate for recei-ing waste. Porosities
of the reservoirs presently receiving waste in Texas
may range from a low of 10 percent =0 as much as 35
percent. In the Gulf Coas: province, porosities of
30 to 35 percent are very common; in West Texas, the
Panhandle, and Zast Texas, a few suitable raserveir
have porosities ranning from 20 to 30 perczent. In
Nerth Texas, suitable reservoirs have porosities in
the range of '0Q =0 22 percent., There are reservoirs
that may be suitable for dispcsal in all areas that
de not fall in the above ranges of sorasis:

Permeability

Permeability is a measure of the formation's
capacity to transmit a liguid or fluid. All sub-
stances have permeabilizy, although in the case of
Jranite or cement it may be sC low as to be diffi-
Sul®t to measure under a normal pressure 4ifferental.

A reservoir considerei for injecticn must have
sufficient germeability td allow =he fluid =2 cene-
trate into the veid spaces Iporsosity) without the
need for undue prassure. Compacted clays, commenly
described as impermeable :r impervicus, usually have
low coefficients of permeabiliszy. Waste can be in-
jected into clays (or shales) only at an extremely
slow -ate, thus clays are nct suitable for was=zes
disposal. 3y contrast sands, -ravels, and vagular
or fractured limestones may have 113hn permeabilities
and are usually given consideration as disposal
reservoirs,
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Permeabili'y may be measured in many different
units such as cdarcys, Meinzer units, etc. The daicy
is equivalent tu the passage of one cubic centimeter
of fluid of one centipoise viscosity flowing in one
second under a pressure d.fferential of one atmos-
phere through a porous medium having an area cross-
section of one square centimeter and length of one
centimeter., The leinzer unit of the coefficient of
permeability, P, is the rate of flow of water in
gallons per day through a cross- :ctional area n»7?
one square foot under a hydraulic gradient of 1 foot
per foot at 60°F. The Meinzer unit is usually used
in hydrology, but other coefficients are also in
common usage.

Theis' introduced the term cosfficient of
transmissibility, T, in 1935 and it .s expressed as
the rate of flow of water in gallons per day through
a vertical strip of t'» aquifer one fuot wide and
extending the full saturated height of the aquifer
under a hydraulic gradient of 100 percent. Thus the
term coefficient of transmissibility is applied to
an aquifer by multiplying the coefficient of perme-
ability by the thickness, in feet, of the aquifer.
Within the last few years, the term "transmissibil-
ity" has been changed to "transmissivity".

Yolume

The thickness and areal development of a J0oten-
tial disposal reservoir ar: extremely important, for
these are the parameters that determine not only

lfhoia, C.V., 1935, "Relation Between the Lowering
of the Piezometric Surface and The Rate and
Duration of Discharge of a Well Using Ground
Water Storage"”, American Geophysical Union
Trans., pt. 2, pp. 519=524,
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the total pore wvolume of the reservoir, but also th
volume of the fluid that is available for ccmpres-
sion. This latter factor will be discussed under
the heading ¢f Hydraulics of Injection. Fcor nost
injecticon operat:ons, the reservoir should be larg
enough to be considerad as having infinite lateral
boundaries. If a reservo.r has ":;:e and xnown

boundaries, it may also te suicable for a calculable
amount ©of waste disposal.

Somoacibility

Fluids that are i1njected into the s bsurfaces
have to be compatible with the rock matrix and the
formation water. ompatibility tests ure conducted
by the applicant to assure that the .njeczion cpera-
tion will be successful. Some prublems enccuntered
are:

1) Acidic waste reacting with :he car-
bonate material of the receiving
stratum and causing a precipitate.

2) Alkaline waste reacting with the clay
of the stracum and causing swelling
cf the clay.

Most ccmpatibi Yy tests are carried out in the
laboratory pricor .o illing a well; however, many
tests can only be approximated priodr to an actual
injectivity test, Compatibility problems that arise
afcer the well is drilled usually can be corrected
by additicral treacti: (3 St
ment, etc.) or by the injection of a bt ¥#fer fluid
to maintain separation of the waste and t
tion water, :f the waste is not compatible with the
formation water, a buff zone of ccmpatible fluid
scmetimes can be .Lnjected anead of the wastewater
to prevent ccntact of the formation water and the
noncompat.ble waste,

i : ;
.6, £filtering, -H adjust

"
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HYDRAULICS OF INJECTION
aadial D .

Where the porosity, permeability aid thickness
are uniform in a horizontal stratum, the distribu-
tion of inje :ted wastewater will be in a radial
direction, Dip of the receiving bed which influences
the pressure gradient can often be ignored when cal-
culating the effluent distribution, if the dip of
the beds 1s of a low order. Assuming uniformity in
a bed that is receiving a fluid, the radial distance
of distributicn can be calculated by the formula.

r =
r A

where:

Q = quantity of fluid in cubic feet per
unit of time

@ = porosity of receiving formation
h = thickness of formation in feet

For illustration, assume an injection operation as
follows:

SCO gallons per minute
200 feet, sand thickness
30 percent porosit:

Find radius of displacement after 20 years of
injection,

SCOLUTICN:

500 gpm = 619,810,000 cu. £r. in 20 years

r =(813,810,000 = 1,790 feet
3.1416 (200) 5.38

10
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As can be observed in this example, injection
at a large rate for a score of years results in the
fluid moving approximately 3/10 of a mile radially
from the wellbore. Radial displacement cannot al-
ways be expected "> be uniform in all directions.

The guestion 1s often asked, "Wha. happens to
the waste after injection ceases’™' The waste will
move in the downdip direction of the regional hy-
draulic gradient. The direction 1s usually, but not
necessarily, the same as that cf the regional dinr 3£
the strata. The rate 0f movement 1s determined oy
the gradient differential and the permeability of
the rece.ving strata. Commonly, the natural rate
of water movement in sal: water aguifers ranges from
5 to 50 feet per year. To illustrate the distance
of travel baseé on an average rate of 25 feet a year,
the waste would move cnly one mile in two centuries.
Cbviously, the waste cannot continue to move in
a down gradient direction incdefinitely. The waste,
along with the formation water, will eventually move
upward through the overlying sediments even though
the sediments may be less permeable than the dis-
posal reservoir. This movement through the overly-
ing clay and shales ranges from .0l to 0.2 feet per
vear; therefcre, it would take several millennia for
the flow to reach the surface., There is scme evi-~
dence tha: the compressed clays may act like mem-
branes resulting in some infiltration of the waste-
water as it migrates upward.

Pressure Increase

The nressure increase on the fluld 2f a forma-
tion is a significant part of the injection Cpera-
tion and should be evaluated in all subsurface dis-
posal projects. To understand the effect o©f subsur-
face dispcosal upon an aquifer, a knowledge of cercain
functions is assential.

(8]
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The hydrostatic pressure on the formation
causes the fluid to rise in an open borehole. If
the fluid level rises above the top of the formation,
the fluid is under artesian conditions. The plane
to which this water would rise if uncon“ined is krown
as the potentiometric surface.

Upon injecting liquid into a subsurface zone
under artesian conditicns, a cone of inpression is
developed on the potentiometric plane i.e., a rise
of the potenticmetric level around the well. Con-
versely, the withdrawal of liquid from an artesian
aquifer causes a cone of depression to develop a-
round the wellbore. A typical cone of impression is
shown in Figure 2. It can be observed that any point
on the potentiometric surface is cocrelative with
the pressure of the fluid within the formation imme-
diately below the point. Thus the pressure in the
formation can be calculated by meauring the fluid
level in a monitoring well, open to the formation,
provided the specific gravity of the fluid is known.
A cone of impression will occur on the water surface
by injection into an aquifer under water table con-
ditions. Injection or withdrawal increases or de-
creases the natural hydraulic gradient around the
wellbore.

Stated briefly, storage ccefficient is the
volume of water that is released or taken into stor-
age per unit surface area of an aquifer per unit
change in the component o: head, normal t» that sur-
face. Stated another way, it is the amount of water
released Or stored in an aquifer by ccmpressicn or
expansion of the water and the aquifer skeleton.

The latter measurement 1s often referred to as the
bulk modulus of compression or elasticity. The stor-
age coefficient is a significant measurement in cal-
culating yield or storage in an artesian aquifer.
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Generalizinc, the formula for the coeffic .ent
of stcrage is:

S=fwomla+-B.) modified after Jacobs?)
2

where:

£ = weight of 1 cubiz inch of formation
water at s‘ ced temperature in pgounds

® = porosity of aquifer

m = thickness of saturated aguifer in
inches

B = bulk of modulus of compressicn or
elasticity of aquife: skeletcn

4@ = bulk modulus of compression cf aguifer
water

The coefficient of storage »f an agquifer can bLe
determined from pumpi~ng tests 1n an aquifer, if there
are one Or mcre observa:ions wells =0 measure =he
rise or fall of the potentiometric surface over a
period of time, and provided the pumping rate is con-
stant. The transmissivity can also be obtained bv
measuring the change i. the water level under con-
trolled conditions.

In lieu of conducting pumping %

aatermine the coefficient of storage, is

culated with a few assumptions. Given the aguifer
thickness and areal distribution, with a knowledge
of the area, an empirical if not an exact storage
coefficient may be cderived., This method is normall:
used where a monitor well would be .mpractical.

"
m

ow tests =0
can ze cal-

2racobs, C.E., 1350, "Flow o
S5 in Rouse, Hunter, Eng
John Wiley & Scns

f Ground Water", Chapter
ineering Hydraulics:
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A great store of informaticn is available, much
of it from the petroleum industry, on the porosity
and permeability of the formations and the resistiv-
ity of the formation water. The information is ob-
tained from sonic logs, core analysis, direct mea-
surements, published data, etc. From this type of
readily available information, the parameters of most
formations in Texas can be determined with goed
accuracy.

To illustrate the derivation of the coefficient
of storage, a typical Gulf Coast Prio sand is utilized:

Sand thickness <00 feet: (From various
types of logs)

Formation water 1.068 sp. gr. (From published
information or
calculations of
water resistivity
from logs)

Porosity 30 percent (Very common for
clean sands)

Water )

Compressibility 3.3 x 10-°15/in2  (Standard for
water at &6Q0°F,)

Rock )

Compressibility 3.6 x 10"°1b/in? (See discussion)

S = 0.039 (0.30) 2400 (3.3 x 105 + 3.5 x 10=5 _
0.30

4.24 x 10% 1b/in?

Generally, water is considered as a noncompres-
sible fluid; however, water is slightly compressible,
Average compressibility of groundwater is 3.3 x 10™®
1b/in? at 50°F. Although higher temperatures are

14
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encountered at the usual subsurface depths of dis-

posal, this increase can be largely ignored in this
‘ype problem because of the very small change that

would occur,

When fluids are injected intc the subsurface,
displacement and compression occur with a resulting
pressure increase with the formation. As pcinted
out in the praceding section, the size of the re-
ceiving reservoir 1§ important to disgosal opera-
tions. The distribution of a liguid injected 1nto
a formation is contrclled by the thickness, porosity,
permeability and coefficient of compressibility or
storage coefficient.

The vertical compressibility of the aquifer
skeleton is influenced by the weigh: of overburden;
hence the depth, the lithology and the ccnsolidaticn
of the sediments are all important factors. The
average range for matrix compressibility is from
2 x 107% o 2 x 1075 1bs in? or cne magnitude for
pOorous sedimentary rocks at average dispogsal depths
in Texas. The selaction of the matrix compressibil-
ity measurement for solution of the formula is one
of empirical judgment based on published data rela-
tive to formation pressure, depth, etc., It is ac-
knowledged tha: there is a certain amount of error
in chcosing this value, but it has small to negli-
gible influence in the formula except in cases of
extremely thin aquifers.

Ncneguilibrium method

ed

There are several! methods and formulas util
£or computing injection pressures, reservoir yie
etc. Since we are awar~ that there 1s a rise in

[ =

N

the potentiometric surface with injection at certain
radii from the well within the influence of the cone
of impressicn, a formula is needed that includes
this concepgt of chance with injection., Such a




formula 1s utilized in the nonequilibrium method.

fn 1935, Dr. C.V. Theis! derived the nonequilib-
rium formula from the analogy between T"e hydraulic
conditions in an aquifer and the thermal conductions
in similar thermal systems. In essence the method
‘esents a means for calculating the water level
. anges that occur when water i1s being discharged
from an aquifer. The method is based on the follow-
ng assumptions:
l) the aquifer is homocgenecus and isotropic
2) the aquifer is of infinite areal extent and
conscant thickness
J) the discharging well has a small diameter
and completely penetrates the aquifer
4) water taken from storage in the aquifer 1is
discharged instantanecusly with the decline
i1 head

An aguifer that would fit this i1dealized situa-
tion does not exist in nature; hcwever, these theoret-
ical restricticns do not preclude the use of the
method where an aquifer approaches these parameters.
Thousands of water well aquifer tests have proven
the method toc be reliable although not exact. For
a decailed discussion of the method and original
fcrmula, refer to Theis' paper. The formula as mod-
ified by Wenzel’ o simplify the calculation is:

2s = 2320 Wiy

As 1s the change of head in feet cf the poten-
tsiometric surface or water table.

1

“Theis (19135)

>jenzel, L.X., 1942, "Methods fcr Cetermining Perme-
ability of Water Bearing Materials, etec.”, U.S.
Gecl. Surv. Water Supply Paper 287

12
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Q = guantity in gallons per minute
T = transmissivity

The value of W(u) is obtained Dy iLntegrat.ion
from Theis' formula; however, Wenzel tabulated the
values of W(u) for correspgonding values of . which

simplifies the calculaticons, (For copy of the tables,

refer tc Wenzel's paper or cther publ.caticons of the
chare.)

The formula for cobtaining , 1is:
s = 1.87 £2 s/T¢

where:

= radius from injection well, in Zfeet
= coefficient of stcorage

= time, in days

it n

Althoigh the method was developed through dis-
charging wells, the same methcd can be applied to
wells receiving fluids, Like all formulas, it can
be used to determine any parameter., If the trans-
missivity and the ccefficient of storage are known,
the watar level rise or fall (pressure change) may
be computed f£or any peint on the cone of depressicn
or impressicn, If the fcocrmation pressure change is
xnown, the transmissivity and stcorage cc £ficients
can be Jdetermined assuming the lithclegic boundaries
are also kncwn. The former mechod is most cften
used for predicting pressure bdbuildup in an injecticon
well cperation because of the general lack of meni-
toring wells to conduct actuil measurements,

Now that transmissivity, coefficient of stor-
age, and the ncnequilibrium formula have been dis-
cussed, a typical case will be taken to illusctracte
the sclving for the potenticmetric or water level
change (Ais’.
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A well is used for injection of 300 gallons
per minute of waste in an areally extensive sand
with a thickness of 200 feet, at a depth of 5,000
feet. The average porosity of the sand has been de-
-2rmined to be 30 percent and average permeability
to be 0.5 darcy (laboratory) as in the previous ax-
ample. Assume the sand to be uniform and 100 per-
cent saturated with saline water. What will be the
rise, in l0 years, on the potentiometric surface at
a distance of 10,000 feet from the well if the waste
has the same density as in the previous example?

The permeability, K, i1 darcys can be converted
into Mein. "r units where the viscosity of the fluid
at formation tem'erature is determined. For purpose
of the example, "he assumed conversion factor will
be 20.5 or appro<imately that of water at 68°F,
Therefore, T = 0.5 x 20.5 x 200 = 2,050 (or rounded
off = 2,000).

S = 4.28 x 107% (from previous example)

therefc .e:
.10 yr. = L1.87 (10,0000% 4.28 x 1074
2,000 x 3,850
= 1.10 x 1072
W (u) = 1.74 (from Wenzel's tabulations)
1s = 114.6 (430, 74

= 29.8 faet

This amounts to an increase of 13 pounds per
square inch at a distance 2f 10,000 feet or 0.002s
pounds per foot of depth from the example, it can
be observed that the ncnequilibrium method has many

18
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advantages over other methods 1in computing water
level drawdown or buildup in artesian aguifers. It
is, of course, important to determine or assume rela-
tively correct values for transmissivity and storage.

The method has been purposely simplified for
clarity in explanation, =hus critics probably will
question why such items as dissol’ed zases in dis-
PCsal zones, permeability ALfferences between fresh
water and mineralized wastewater, temperature of in-
Jected fluid, effect of pressure on fluid compressi-
Sility, etc. have been ignored, Where these measure-
ments are known and ccould be impertant, they are
taken iato consideration and utilized in the formula.
Howeve:, they ocften can be ignored because of their
insignificant effect un the total oressure change.

It is not uncommor to find the total resul: of 13~
noring these mMinor cCorrections 1s -0 create a small
safety lactor (i1.e. the ores: ire buildup may be
Overestimated). In summary, che three meost important
parameters, where reliable data is needed, are perme-
ability, porcsity, and thickness of an infinite
aquifer,

The nonequilibrium method 1s based on the as-
sumption that the hydraulic system doces not reach
a stata2 of equilibrium. However, with long dis-
tances from the well and or axtended -ime periods,
the nonequilibrium method approaches that of a hy-
draulic system in equilibrium. The nonequilibrium
methoed 1s an excellent meth.d for overall accuracy
in computing expectaed pressure increases.

APPLICATION FCR SUBSURFACE WASTE CONTROL ORDER

An application to the Texas Water Quaiity Board
for a subsurface waste control order must te on forms
supplied by the Agency and accompanied by a $25.00

‘.

fee (see Appendix: UDisocsal Well Act). The
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application must include data on treatability studies
conducted on alternate methods of waste dismosal.

The studies should indicate that the proposed sub-
sarface disposal has less impact on the environment
than the alt_.rnate methods,

A technical report on the proposed operation
ls required before the application can be processed
(Figure 3). This ~omprehensive report includes
such items as composition of the waste, data on well
construction, geology of area, etc.

The Act does not require a public hearing on
the application, but the Texas Water Quality Board,
in adepting rules and regulations for administering
the Act, deemed it in the public interest and made
a pablic hearing mandatory for all applications.
Notice of the public hearing must be published in a
local newspaper of general distribution, by the ap-
plicant, at least 20 days prior to the date of the
hearing. The purpose of the public hearing is to
inform the public of the prop.sed operation and al-
low opportunity for comment on the project.

The technical staff of the Board reviews the
submitted report on the proposed operation ané the
data developed in the public hearing. Included in
the evaluaticn are: the determination of the re-
gional structural geolcgy and the lithology of the
receiving stratum, the influence of the waste dis-
persion, pressure increase of the disposal zone, the
presence of potential hazards to groundwater guality,
producing o1l and gas wells, etc. and proper well
construction,

Upon completion of the review, the staff pre-
pares a technical report for the EZxecutive Director

of the Board that includes staff recommendations on
the application.

20
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A waste control order may be jranted by the
Zxecutive Director, or the Board, when it is deter-
mined t' "~ both groundwater and surface waters will
be protucted from pollution. The waste contro) cor=
der will contain srovisions anc requirements tu as-
Sure proper monitoring and operation of ‘'.e disposal
well. The staff observes certain aspects of the
drilling and completion of the dispcsal wei , and
monitors the disporal operation.

The holder of the waste control order is re-
quired to submit periodic reports on the injection
operation. The holder must fulfill all provisions
©f the waste control order, and the Board may can-
cel the order for noncompliance or other good cause.
The Act provides for a penalty fine not to exceed
$1,000 for each day of noncompliance with provisicns
of the Act or waste control order.

INJECTION WELL DESIGN

The type of construction fc: injection wells is
quite variable because of the different compositicns
and volumes of waste injected. The Bcard has not
adopted standards on well constructicn, but prefers
O consider each proposal cn an individual basis.
The constructicn of the well must be such that the
potentially usable~-guality water rescurces are ade-
quately protected and the injected fluid is confined
0 tne permitted disposal zone. A typical well
would be completed as shown in Figure 4. The surface
casin: is set from the surface to a depth belcow
strata containing potentially beneficial water, and
then cemented back to =he surface by the pump and
plug wethod. The long string casing or protecticn
casing 1s set from the surface %o either the top or
through the entire disposal zcne. This casing is
usually cemen ¥d to the surface by circulating ce-
ment Irom total depth, or by cementing the upper

&
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part by circulating through a multiple -stags cement-
ing tool installed in the casing below the base of
fresh water strata, The casing is pressure tested
to assure that there are no leaks.

Two strings of cemented casing placed through
the fresh water zcne gives added strength to the
casing and extra protection to the fresh water
resources. The protection casing is usually made
of carbon steel, but may be of a special alloy that
is not affected by the corrosive nature of the waste.

Injection of waste as shown in Figure 4 is con-
fined to the tubing, set or sealed i~ a packer. The
injection tubing is made of a material that will
not be affected by the injected waste. Materials
¢ mamonly used in the construction of the tubing are
carbon steel, internally plastic coated steel, fiber-
glass, and stainless steel, Screens, if utilized,
are usually made of stainless steel.

The materials used in the well construction
must be new and meet either American Petroleum In-
stitute, American Society for Testing and Materials,
or comparable naticnally recognized standards.

The Agency usually requires that a pressure
gauge be installed on the wellhead for meonitoring
the pressure cn the 2nnulus between the injection
tubing and the protection casing. Should a leak
occur in the tubing or the packer seat, a pressure
increase on the annulus during injection would be
indicated by the jauge, and remedial action can be
initiated to correct the malfunction. A jauge on
the injection tubing is also required to monitor the
surface injection pressure,.

Common methods of o1l field construction and

completion are utilized in the disposal wells, The
specific method used in well design and construction

- -
-
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depends more on past experience of the consulting
engineer or geologist than on any trends or practice
in an area. Stimulation of the dispcsal zone by

acid and surging is common, and seems tO De necessary
in many instances. In fact, many wells are "acidized”
each time the injection pressure increases signifi-
cantly ahove the expectced unorm,

ABANDONING AND PLUGGING OF INJECTION WELLS

A well that is abandoned after use as an in-
jection well must be plugged with cement in confor-
mity with Board policy. The procedure for plugging
the well involves approval of the propcsed plugging
operation by the Board prior to the permittee under-
taking the cperation, The purpose of plugging the
well is to confine the disposed waste to the injec-
tion zone and to prevent future clandestine disposal.

Obviously, a standard method of well plugging
cannot be adopted because of the different types of
well construction utilized, Nevertheless, certain
guidelines encompassing minimum criteria have Deen
formulated. Basically, three cement plugs should
be placed in each well previously used for disposal.
First, a plug should be placed across the injection
zone to seal it and prevent backflow. A second plug
should be placed across the base of the surface
casing to extend above and below the casing shce ap-
proximately SO feet. This plug affords protection
from upward flow of fluid from any lower zone into
the casing oppesite the usable guality water zone. If
the protecticn string casing nas been cemented tc the
surface during installation, then this plug should
be placed in the protection string casing at the same
place as abcove to give added protection from upward
movement 2f fluid in the event of casing collapse
at a lower dep:ch. In the event the protecticon
string has not been cemented tc the surface (i.e.

23
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an clder well where cement did not reach the sur-
face), that portion uncemented shculd be removed

from the well prinr to plugging, The third plug

is placed in the top of the cased well and should
extend 10 to 30 feet below the ground.

Other zones that must be sealed off by »
cement plug are strata precductive of oil and gas
and any known high pressure salt water zones. An
emergency procedure is utilized by the Board should
a well be abandoned during the initial drilling and
completion operaticns, Where a drilling rig is on
location and can be used for plugging, the Board's
staff can verdally approve 1 plugging procedure.
This method would be utilized in the event drilling
tools were loust in the well, similar procblems en-
countered preventing further drilling, or the
proposed injection stratum was unsatisfactory for
disposal.

Upon completion of the plugging, a complete
record of the operation is filed with the Board.
A cementing affidavit from the service company that
performed the cementing must accompany the plugging
report,

CCNCLUSION

The ultimate repository for all waste is either
the atmcsphere, the oceans, or the lithcsphere,
Wastes permanently dispcocsed of in the atmosphere
are limited to gases, althcugh particulate matter
is often discharged with the gasecus waste but of
necessity must return to the surface,

The fate of the waste deposited in the uceans
is generally unkncwn, However, we have Dbecome
aware that some waste such as insecticides, lead,
and mercury are enterinrg the focd chain and as such

24
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are polluting the food supply. The oceans have been
utilized simply because their enormous volumes allow
for dilution.

The advantages of underground disposal of waste
are: (1) the fate of the waste is, in general,
known and understoocd; (2) the waste is contained and
can be isolated from man's food, water, air and

activity; and (3) the waste can be recovered if the
need arises.

The State of Texas realizes that there must be
control over the disposition of waste in the subsur-
face. Accordingly, the Disposal Well Act was adopted
CO assure that these controls are forthcoming. The
Texas Water Quality Board, in administering the Act,
holds that disposal of waste in the subsurface is a
practical and feasible method when properly designed
and enyineered. The 3card also recognizes that, un-
like stream disposal, subsurface disposal has volume
limitaticons. Therefore, as technology of waste treat-
ment advances, disposal of waste in the subsurface
should be restricted to radiocactive, and to refrac-
tory, and malodorous wastes.

25

1215 032



The Potential of Subsurface
Strata for Waste Dispcsal

Favorable
Not Suitable
B reiatively Unknown




Schematic Czne o/ impression Around Weilbore
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Figure
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INSTRUCTIONS

1. Application form n quintupiicate, ail acenmpanyng 4ata, and the $25.00 filing fee shall be sent to the
Texas Water Quality Board. P.0. Box 113216 Cupitoi Station. Austin, Texas 78711 The 's staff s available
for consuitation should questions arise n compieting the application.

2. Justification for suhsurface disposal must iecompany the anplication by submitting treatability studiss of
alternate merhods of waste disposal Fxplain in detail why each method s considered ‘0 be less satisfactory in
terms of environmental protection than the proposed subsurface disposal method. !ndicate whether this waste
is presently newng produced. and if s0. what method s used in disposal. Briefly describe the manufactunng pro-
cess(es} and product(s) from which waste will arse.

3. A technical report is required heiore an application can be processed. This report should inciude. but not neces-
sanily be limited to the following information:

4 An accurate plat showing location of proposed njection well relative to both state land survey and plant
boundaries.

b. A map indicating location and denth of water wells on and adiacent to plant nroperty. This map or a supnle-
mentary map must show location of Wl artificial penetrations (o1l and zas wells, exploratory teats. etc.) of
the uppermost proposed :rjection intervai(s) withn 2'. miles of the injection well site. (The teehmeal staff
may adjust this distance as *he <ituation warrants.)

¢. Description of local topograpny and zeology pertinent to injection program. Denth of {ieepest strata con-
taiming fresh water or water of suitable quality for potentiai heneficial deveiopment as determined by well
t and or electreal logs.

d. A detailed Aeserintion of the chemrcal and phvsical characteristics of the waste to he njected. Complete
chemical analvsex of il inorganic constituents shouid e reported in npm or mg | [f organic fractions are
present. all such cons:ituents snould he reported in ppm or Mg | dividual percentages by weignt. or
in other appropriste terms. Give anaiveis of such waste stream and 11~ percentage of totai waste.

e. The anticinated average and maximum rate of inieetion in gallons ner minute Estimated veariv volume of
injected waste and anticipated life of projeet.

f. Data on construction. completion and oneration of nroposed iniection weil.
(1) Total depth

(2) Casinge=size, grade. tvis, wereht and setting depth of all srrings: <ize and tvpe of tubing: name. model,
and depth of tuing packer <etting

(3) Cement—ivpe and volume of cement to be used on each casing string and calculated tor: of cement he-
hind each string. Deseribe and give perceat of ail coment additives

(4) Proposed iniection intervalis) and perforations or <creen setting depths. This should inciude the inter-
val(s) 1o he utilized imittally and the entire zone renuested for future development.

(8) Diagramatic sketch of proposcd wells including the weilhead.

(6) Antic:pated maximum and average wellhead injection nressures.

(T) Description of jossible hvdraulic fracturine and or acidizing programs. ! anticipated.
(8) Description of nroposed njectivity ests

(9) Proposed logging, hottom-iole teeting. “oring. stc.

#. Charactenistics of injection n.erval’s):
(1) Lithology, nornsity. nermeabuisty :omperature.

(2) Natural reservoir flmid wressure or hvdrastatic nead: fluid saturation and chemicai charactenstics. and
fracture gradient or critical npat sressure.

h. Compatibility of iniected waste and ‘ormation Tluids.
i Caleulated formation pressure increase Ly injected waste and directiors of dispersion.
). Surface installations.

(1) Detailed descrintion uf nretreatment nencoss and facilities 1o he used «inelude flow Alagram).
(2) Deserintion of tviw of muteriiis to he used in pretreatment facilities and transmission lines.

i3) Desermption und oeation f ul waste retention faciities. f -uch are Lo he used 'n conjunction w~ith the
injection weil.

4. In tae event an AXISTIAE well ix 1o fw converted to an niection weil appiicant snouid submit 4 comniete electreal
‘o, all other logs or surveys wrturmien on Uie w+il ind complete ~asing and cementing 1ata.

5. Submit a list of adiacent landowners, e ddresses. and 4 Man indicating ‘ocatior. of :heir nronerty. See Rules

and Reguiations, TW ;B Ruie 115.] .2))
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TEXAS DEPARTMENT OF WATER RESOURCES

INSTRUCTI.JNS AND PROCEDURAL INFORMATION

Por Piling an Application For a Permit To
Dispose of Waste by Well Injection

PART ONE
GENERAL INSTRUCTIONS

1 No perscn may begin drilling a disposal well or converting an existing well
into a disposal well to dispose of industrial and municipal waste withou*
first obtaining a permit pursuant to the Texas Water Code. In applying to
the Texas Department of Water Resour~es, hereafter referred to as the
Cepartment, the applicant shall follow the procedures outlined below an
the application form and in the Rules of the Department.

2. Five copies of the application, two copies of the technical report and a
$25.00 filing fee shall be mailed to:

Zxecutive Director

* TEXAS DEPARTMENT COF WATER RESOURCES
P.0. Box 13087, Capitol Station
Austin, Texas 7371l

A;. application will not be processed uniil all information required to pro-
perly coasider the application has been received.

J. A person making application tc the Department for a permit shall submi. w~ith
the application, a letter from the Railroad Commission stating that drilling
the disposal well and injecting industrial or municipal waste :nto the sub=-
surface stratum will not endanger or injure any oil »r gas formaticn.

A Zopy of the application and technical report should be submicted to:

RAIZRCAD COMMISSICN "F TEXAS

Agetn: OQil § Gas Division

P.0. Drawer 12967, Capitol Staticn
Austin, Texas

4. An applicaticn which involves the dispcsal of a defined waste containing
radicactive materials shall be accompanied by a letter or other instrument
in writing from the Texas Department ~ Health, stating either that the
appiicant has a license from the “epartment of Health governing the csispcsal
of radicactive materials; or that the applicant dces not need such a license.

A copy of the application should be submicted to:

143
TOWRA.0088 Application Instructionrs 11
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(Part Two-Proecadural Information--Con't.)

2. By the Texas Water Commission

The Commission will not. fy the applicant of any hearing on the appli-
cation. The Commission will mail notice of the hearing at which the
application is to be n»nsidered tc landowners, certain governmental
entities and other parti ¢ who may be -~ ‘ed by the proposed waste
injection. TAis nctice w»:.] be msile. . 1 s than tventy (20) days
prior to the date set for the “e' ing.

After the heari: , if all rec sarv information has bee.' - vailable for
discussicn, a ..vort, wh'ch wi.’ actain the recr mmendations concerning
the applicationr &+ 1" be prep. =d. The repor+ will be sent to the
applicant and other interested parties prior to the decision of the
Texas Water Commission. The permit will be mailed to the applicant if
granted by the Commissicr.

',E::":? Appiication _astructions ‘ 2] 5 038



TEXAS DEPARTMENT OF WATER RESOURCES

1700 North Congress

Stephnn F. Austin Building Mpplication No.
?.0. 3ox 13087, Capitel Station County=District
Austia, Texas 738711 Receipt Acknowledced

FOR DEPARTMENT USE CONLY

Filing Fee Receipt Malled

RN e B 0 Sem—

dm. Review 3y

dministracively
omplete

Copies Sent: RRC,
|TDH, TWWDB, Dist.

APPLICAT "N FOR PERMIT 10 CISPCSE CF WASTE BY WELL INJECTION

Applicant

Plant Name

Address

City 2ip Code

Telephcne No.

2. List those persons cr firme authorized to act for the applicant during the
processing of the permit applicaticn.
3 Type of permit: Original ( ) Amendment to Permit No.
4. List any other permits, existing or pending, which pertain to pcllution centrol
acitivities conducted by the plant or at this location.
5. Nature and Status cf Activity
A. Type of operation or process: (for example sulphuric acid plant, zetro=-
chemical plant, sewage treatment plant, etc.)
2. Current methcds of waste dispcsal:
5 039
1215 U
TOWR.Q0%8

APPLICATION FCRM
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6. Locaticn of Proposed Injection Well

County Lease well No.
TWP-RGE cr

Section Block No.

Survey Abstract

Name and address of surface owner

Distance (in {eet) and directicn from two adjacent survey lines

7. Propeosed Injection Program

A. New Well Convert existing well

(Yes or Neo) (Yes or No)

3. Type of waste

Depth of well D. Depth(s) and geologic name of

o

injecticn interval(s)

3. Submit with Application
A. 3525.00 Fee (Please remit by Check or Mcney Order)
3. Technical Report (see attached instructions)

C. Letter “rom the Railrcad Commission (see attached instructions)

I, (name) ,(title)

(Company Representac.ve)
state thac I have kncwledge of the facts herein set forth and that the same are :true
and correct to the best of my kiowledge and belief. I further state than to the
best of my knowledge and telief, the project for which appliication is made will not
in any way vioclate any law, rule, ordinance, or decree of any duly aucthorized

governmental entity laving jurisdiction.

Dace Signacure

1215 040
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TECHNICAL REPORT
FOR

DISPOSAL WELL APPLICATICNS

Information shall be furnished in the form of a technical or engineering report
prepared under the direction of a professional engineer or geologist.

Justification for subsurface “ispcsal must accompany the application by submitting
treatability studies of alternate methods of waste disposal. Explain in detail
why each method is considered to be less satisfactory in terms of environmental
protecticn than the proposed subsurface disposal method. Indicate whether this
waste 1s presently being produced, and if so, what method is used in dispesal.
Descri in detail the manufacturing process(es) and preduct(s) from which waste

will arise. Applicants should consult with the staff prior to ccmpleting the
application to determine if the waste would be a candidate for subsurface dispcsal.

The applicant is advised to review the informaticn to be developed in detail with
the Department staff prior to beginning to collect the information indicated because
certain conditions or data may require additional or different information than
that listed below. Adjustments in the fol ‘ng requirements may be made by the
technical staff upon a showing of gcod cause tndt the situation warrants.
|
& ipplication map or maps similar to the map on Page 4 of Instructions.
More than one map may be used to show the required information. Maps should
be on sheets 8%xll inches or folded to that size, and must include the
following information:
A. The approximate boundaries of the tract of land on whicn the waste dispcsal
activity is or will be conducted.
3. The location of dispcsal well as related to plant boundaries and two adja-
cent survey liies.
" general character of the areas adjacent to the place or places of
di-rzsal such as residential, commercial, recreational, agricultural,
undevelcped, etc.
D. The boundaries and ownerships of the surface and subsurface rights of
the tracts of land adjacent to the plant bcundaries.
The names and addrassses (including zip code) of the cwners cf the surface
and subsurface rights cof the tracts of land properly cross-referenced
to the map.
Ncte: The applicant, unless ctherwise approved by the Department, must
own the surface and subsurface rights or have long-term leases
for both surface and subsurface rights to an area required o

contain the calculated waste movement over the life of the prcjecet.

-~
-

L
.

A USGS topographic map (1:24,000 scale, ir available) indicating the plant
becundaries and well location.

Ca
.

A map indicating location of all water wells on and adjacent to plant property
and selected wells in a 2 l/2-mile radius of the procposed well, and a tabu-
laticn of depth, owner, chemical analysis, and cother pertinent data keyed

to the map.

4. A map showing the lccation of a.l artificial penetrations (oil and zas wells,
exploratory test, disposal wells, etc.) within a 2 l/2-mile radius of the
propecsed dispeosal well. (Note: Scale of maps in 3 & 4 shall be the same.)

;iw?:e:l TECHYNICAL REPCRT-DISPOSAL WELL 1 2 ] 5 O 4 ]



5. A tabulation of all penetrations reguested under (4) abcve of operator;
lease or owner; well number; casing size; setting depth and cementing data
for surface; intermediate and long strin¢ casings; and plugging data for the
abandoned wrlls. In addition to this Information, copies of available
casing and cementing records for those wells which penetrate the uppermcs:
proposed injection interval shall be submitted including but not limited to
the followirg RRC forms: 1, 2, 2a, and 4, and cementing affidavits (RRC
Form W=-15). Tabulation shall be keved to map in 4. above.

6. Description of local topography and geology pertinent to injection program.
T™his information shall include but is not limited to:

(A) Surface geologic map, cross-sections and structural contour map on a
scale necessary to depict the regicnal geology of the area.

{B) Two cross-secticns perpendicular to each other crossing at the proposed
injecticn well location. These cross-sections will include, at a
minimum, available log control, geclogic units and lithology indi=-
cated from the surface to the lcwer confining bed belcw the injection
zone, or if a major structure uxists below the injection zZone, to as
deep as necessary to show the structure. All aquifers and their gquality
should be identified. (These maps will be to the necessary scale to
detail the local geology =-2% mile radius of well minimum.)

(C) Structural contour map on the tcp of the proposed injecticn zcne.

(D) Iscpach map of the injection zone. (Betieen major confining zones.)

Iscpach of sand thickness in injection zore.

If more than one zcne is being requested, iscpachs of each sana or
porous zone.

L
.

3]

Description of faulting and fracturing or lineaticons in the area /an
aerial photo with lineation interpretations .- suggested).

(F) Depcsiticnal, structural and tectonic (seismic) histcry of che area
iacluding litholeogy and hydrologic properties of all! units penetrated
by the proposed well.

Pilezometric surface map of the major aquifer in the area containing water
with less than .C,000 ng/. IDS.

3. A detailed description of the chemical and physical characteristics of the
waste to be injected. Ccomplete chemical analyses of all inorganic consti-
tuents should be reported in ppm or ag/l. If organic fractions are present,
all such constituents should be eported in ppm or mg/l, as individual per-
centages be weight, or in other appropriate terms. Give analysis of each
individual waste stream and its percentage of total waste volume. Toxicity
and decradability rates and levels are regquired on final waste stream.

3. The anticipated average and maxizum rate cf injection in gallons per minute.
Escimate the vearly volume of injected waste and the anticipated life of the
project. Also include the anticipated max:mum injection pressure regquired.

1215 042
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0. Data on construction ard completion of the proposed injection well (all new
materials required unless otherwise approved by the Deparwment) :

A. Total depth of well.
3. Type of completion: perforation, cpen hole, screen, etc.

€. Type, size, weight, grade and setting depth of all casing strings.
(API starjards)

D. Propcsed cementing procedures and type of cements including volumes,
additives, slurry weight, etc. /Sufficient cement shall be used to
circulate to the surface). Submit service company recommendations
along with studies to determine the suitability of the selected cements.

E. Cementing technique and equipment: guide shce, flocat collar, plugs,
baskets, DV tocls, etc. (Casing should be recipricated or rotated during
cementing.)

F. Propcsed injection interval(s) and perforating or screen setting depths.
This should include the interval(s) to be utilized initially and the
enctire zone requested for future development.

G. Number and location and spacing of centralizers, wall scratchers, atc.

H. Size and type of tubing, ! ,» model , and propcsed setting depth of
tudbing packer.

T. Descripticn of filters, type, name and mcdel, capacity.

J. Injection pumps, type, name and model, capacity.

X. Description of pressure and voclume monitoring systems.

L. Diagramatic sketch of well .ncluding well head facilities.
M. Proposed well stimulation program, acidizing, etcc.

N. Description of proposed injectivity tests. (i.e., permeability, reservcir
limits, reservoir type, etc.)

C. Proposed logging, bottom~hole testing, coring, etc. Minimum requirement
belcw may be adjusted by technical starzf.

(1) Surface Hole
4. Spontaneocus Potential and Resistivity log
b. Caliper lLog

(2) Bottom of Surface Casing to T
4. Spontaneous Potential and Resistivicy Log

b. Gamma Ray (full hole)
¢. Porosity Log
d. Fracture Finder (at discreticn of the staff)
e, Cement Bocnd lcg
£. Directicnal Survey
1215 045
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ll. Characteristics of Injection Interval (give sources of information).

A. Geologic name(s)

8. Depth and thickness and areal develcpment

C. Lithieology, porcsity, permeability, and temperature (sources of infor-
mation)

D. Natural reservcir fluid pressure (bottom=“w0le pressure) or hydro-
stacic head; fluid saturation and chemical characteristics of forma-
tion and formation fluids.

Z. Leocation, extent, and effects of known or suspected faulting, frac-
turing and/or formation solution channels.

F. Fracture gradient or critical input pressure.

G. Piezometric surface map of receiving strata cr if insufficient data is
available, expected static fluid level and regicnal gradienc.

12. Nature and extent cf upper and lower confining strata.

(lithology, permeability, etc.)

13. Compatibility cof proposed injection fluid and formaticn and formation flulids

(detailed testing required) at expected pressures and temperatures.

l4. Corrosicn Test on all facilities which will be In contact with the waste
stream and long string casing.

l5. Zxpected changes in pressure, formation fluid displacement, and direction(s)
of dispersicn of injected fluids.

l6. Contingency plan and description of facilities to cope with well failures
or shut-in. (A two well system Is recommended). 90-day minimum emergency
facilities unless two wells are =0 be used or operaticn can be closed.

a7 Surface Installations

A. Detailed description of pretreatment process and facilities. Include
flow diagram with waste streams :dentified (pits, ponds and lagoons are
not recommended) .

B. A plat of the plant showing all waste flcw lines, and pretreatment system.

C. Plans for disposal of solid »r semi-sclid waste from pretreatmenc.

23. Qther subsurface disposal cperaticns in the area.
A. DJiscussion of industrial and municipal waste and salctwater disposal vell
r
Towa. 3038 TECHNICAL REPORT-DISPOSAL WELL | 2 \ ) 044
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(2) Injection Zone
a. Side walls at a minimum, full hole cores recommended
b. Bottom Hole pressure & Temperature Logs



operations in the area, including names, distance from the proposed well,
and the injection interval.

8. Hydrologic implications of proposed well as related to the existing injection
operations.

19. Dcncribo' provisions for continuing activities necessary for proper well
operation and qualifications of personnel who will operate 2nd supervise the
injection well and relatnd facilities.
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CCNSULTANTS FOR DESIGN OF WASTE CISPCSAL WELL

-

-

To assist individuals and industries in contacting perscns who
design wells Zor subsurface disposal, the fcllowing list of

consultants and consulting firms has been prepared.

The

TCWR

acknowledges that the list may be incomplete, and additions to

the list will be considered when called =o our -~t+tention.

list is given in alphabetical order.

LEMCO
120 Sovth College Street
Tyler, Texas 75701

D'Appolonia Consulting Engineers, In

10 Uuff Road
Pittsburgh, Pennsylvania 152353

Ken E. Davis and Associates

Post QOffice Box 30295

Lafayette, Louisiana 70503
or

Post Cffice Box 42303

Houston, Texas 77042

Geraghty and Miller, Inc.
44 Sintsink Drive East
Port Washington, New Yor:

[
'
L&)
wn
-

Godsey-Earlougher, Inc.
600 Copper QCaks Building
7030 Scouth Yale

Tulsa, Oklahoma 74136

Golden Engineering, Inc.
1100 Milam 3uilding
Suite 2000

Houston, Texas 77002

2

William F. Guvton and Associa
Consultzing Ground Water Hydro
415 First Federal Plaza Builé
Austin, Texas 78701

Hydrosciences, Inc.

2611 Scuth Interlocken Or
Evergreen, Colorado 304390
3C3/674=-6400

“he
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Layne Texas Company, Inc.
5402 Lawndale

Post Office 3cx 9449
Houston, Texas 77011

Pollution Control and Waste Disposal, Inc.
Suite 1408

3500 N. Causeway 3culevard

Metairie, Lecuisiana 70002

C. #. "Son" Pumphrey
Post Office Orawer "
Lane City, Texas 77
713/532-5189

+ wf. and Associates
c!'
453

28 L. Reed and Associates

1199 N. 3iz Soring

Midland, Texas 79701

lescurces Sarvices, Inc.

Post QOffice Box 326

orshington, Jhio 430833
Subsurface Cisgosal Corporation
3535 West Looen Scuth

Suite 646
3ellaire, Taxas 77491

furke, Xehle and Associates
326 Crevy Chase II

313 E. Ancerscn lLane
Austin, Texas 7387352

Nilliams Brothers Process Services, Inc.
Pesource 3Sciences Center

6600 Scuth Yale Avenue

Tulsa, Cklakema 74135

913/496=-3000

Cnderground Resource Managemens<
202 San Jacinto Building
Austin, Texas 737C1
512/473-23139
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List of Consultants (Con't.)

J=-W Operating Jompany
10120 Morthwest Freeway
Suite 106

Houston, Texas 77092
713/638-7291

Scurces of additicnal information:

'

Director, Consulting Engineers Council
cf Texas, Inc.

302 iIaternational Life Building
Austin, Texas

Yellow Pages of the Telephone Directorv in ma‘or cities uniar

irez
Consulting Geologist and Consulting EZncineers.

1215 048



Texas Water Development Board
Waste Discharge Permicts
156.25

GENERAL PROVISIONS
156.25.01.001-.006
These rules are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.001. DEFINITIONS.

(a) '"Defined Waste'" means all wastes subject to the juris-
diction of the Department and includes waste, sewage,
industrial waste, municipal waste, recreational waste,
agriculctural waste, or other waste, all as defined in
Section 26.001, and industrial and municipal waste, other
than salc water or other waste arising out of or incidental
to the drilling for or the production of oil and gas, as
defined in Section 27.002.

(b) "Radicactive Material' means any material, whether solid,
liquid, or gas, which emits ionizing radiation. Ionizing
radiation includes: gamma rays and x-rays; alpha and
beta particles, high-speed electrons, neutrons, protons,
and other nuclear particles; but not sound or radic waves,
or visible, infrared, or ulcraviolet light.

(¢) '"Qutfall" means the point or location where waterborne
defined waste discharges from a sewer system, treatment
facility, or disposal system into or adjacent to the

water in the state.

14311
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Texas Water Development Board
Wllt; Discharge Permits
156.25

or pattern of discharge of certain prescribed types

of defined waste into or adjacent to the water in the

state which was occupying on or was established, in

the judgment of the Texas Water Pollution Control Board

or the Executive Secretary of the Board, within a reasonable
time prior to November 7, 1961, the effective date of

the State Water Pollution Control Act.**

() "Disposal Well Permit" means a waste discharge permit
which authorizes the use of a disposal well for the
subsurface disposal of certain prescribed types of
defined waste, issued under the Disposal Well Act,
Chapter 27 of the Texas Water Code, by the Commission
or its predecessors, the State Board of Water Engineers,
and Texas Water Commission (which became che Texas

Water Rights Commiision), the Texas Water Develcopment

Board, and the Texas Water Qualicy Board.

.002. STATUTCRY DEFINITIONS. Definitions contained in
Sections 26.001 and 27.002 shall apply to this Chapter.

.003. POLICIES FOR THE ADMINISTRATION OF WASTE DISCHARGES.
(a) The Department administers Chapters 26 and 27 of the

Texas Water Code relating to the discvrge of wastes

**The deadline for filing an application for a egtatutory permit
was Novemper 7, 1%€2.

V-3
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Texas Water Develcpment Beoard
Waste Discharge Permits

156.25

.004.

(a)

(®)

PROHIBITION AGAINST UNAUTHORIZED WASTE DISPCSAL.
Except as enumerated in subsection (b) of this rule,
no perscn may discharge, deposit, inject, or otherwise
dispose of any defined waste unless the disposal is
authorized by and conducted in compliance with a waste
discharge permit, rule, or other order of the Department.
The following activities under the conditions stated
ordinarily do not need to be covered by a waste discharge
permit. However, nothing herein limits the authority
of the Commission to require a waste ischarge permit to
abate and prevent water pollution resulting from the
disposal of iny defined waste.
(1) Disposing of sewage from a private dwelling by

means ocher than a disposal well. However, if

the disposal is made in an area covered:

a. by an order regulating the use of privace
sewage facilicies entered by che Commission
under Secticn 26.031 or by a County Commissioners
Court under Section 26.032;

b. by a rule or order entered under Seccziom 27.019
controlling the use in a given area of disposal
wells for the subsurface disposal of sewage; or

8. by any other order or rulz of the Deparcment;

the disposal shall be made in compliance with che

rule cr order.

Xv-3
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Texas Water Development Board
gggtgsnischarg. Permicts

(3) Disposing of waste resulcing from activities
associated with the exploration, development cor
production of oil and gas. This includes the hauling
by a salt water hauler of water containing salt or
other mineralized substances produced in the drilling
or operation of an oil and gas well for disposal
in an approved salt water disposal system pursuant

to a permit issued by the Texas Railroad Commission.

.005. WASTE DISCHARGE PERMIT.

(a) In general, a waste discharge permit authorizes:
(1) the disposal of a defined waste into or adjacent

to the water in the state; or

(2) cthe dispecsal of a defined waste by disposal well.

(B) Alchough a waste disposal activity involving induscrial
solid waste may be subject to authorization under a
waste discharge permit, the Commission may require the
person owning or conducting the activity to comply with
the rules of the Board contained in Chapter 22 related
to the managament of industrial solid wasce.

(¢) The Board may also adopt rules governing particular
waste disposal activicies otherwise subject to
authorizaction under a waste discharge permit, as

provided in Section 26.040. To the extent that the
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Texas Water Development Board
Waste Discliarge Permits
156.25

PROCEDURE FOR OBTAINING WASTE
DISCHARGE PERMITS
156.25.05.001-.016
These rules are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.001. GENEAML APPLICATION PROCEDURES.

(a) A waste discharge permit authorizes the disposal of
a defined waste into or adjacent to the water in the
state, or the disposal of a defined waste by disposal
well. The forms for applying for a waste discharge
permit or an amendment "y a waste discharge permitc
shall be furnished o: approved by the Executive Director.
The Executive Director is available to confer with the
applicant on any questions concerning the preparation
of the application. It is strongly recommended that
the applicant confer with the Execuvive Director before
preparing design plans and specifications for sewer
systems, treatment facilities, disposal systems, disposal
well systems, and any other propeosed céllection, transpor-
tation, treatment, or disposal facilicies involved in the
application so that the applicant can be informed in
advance of any requirements of the Department which are
applicable to the proposed system or facility, or te the

area in which it is to be lccated, such as recommended
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(®) A letter from the Texas Railroad Commission stating
that the drilling of the disposal well and the injection
of the defined waste into the subsurface stratum selected
for dispor :' will not endanger or injure any oil. or gas

formation.

.003. MAP REQUIRED. The application shall be accompanied
by an applicaticn map and, if needed as explained below, a supplemental
map. Maps must be of material suitable for a permanent record, and
shall be on sheets 8-1,2 inches by 14 inches or folded to that size,
and shall be on a scale of not less than 1 inch equals 1l mile. The
application map should be an ownership map, if available*, or it
may be a county highway map** or a map prepared by a registered
professional engineer or a registered surveyor. The map shall show
the approximate boundaries of the tract of land owned or used
Oy the applicant on which the waste disposal acﬁivity is or will
be conducted. The applicant shall locate on the map, each oucfall,
disposal well, place of deposit, and other place of disposal used
or to be used by the applicant for the dispesal of any defined
waste. The map shall also show known geographic features, such
as public roads, towns, streams, and watercourses; Gthe general
character of the areas adjacent to the place or places of disposal,

such as residential, commercial, recreatiocnal, agriculsural,

*Cwnership maps may usually be cbtained from commercial map companies,
some county offices, and scme abstrac:c companies. '
**Councy highwavs maps may be ordered eicher through the Scate
Deparcment of Highwavs and Public Transporcation, Austin, Texas,
or through the State District Highway Engineer for tie councty.

1215 054

Xv-1l



Texas Water Development Board
Waste Discharge Permits

156.25

(1)

(2)

(3)

A general description of the facilities and

systems used for the collection, transportation,

treatment, and disposal of the waste or used

in connection with the waste dispoual activicty.

For each outfall, disposal well, place of

deposit, or other place of disposal:

the volume and rate of disposal of the

defined waste, including daily and yearly
averages, the maximum rates of disposal cver
representative periods of time, and detailed
information regarding patterns of disposal; and
the physical and chemical properties of the
defined waste; the charscteristics of the

waste (chemical, physical, thermal, organic,
bactericlogical, or radioactive), as applicable,
should be described in enough ditail to allow
evaluation of the water and environmental qualicy

considerations inveclved.

Such other information as may be reasonably required

for an adequate understanding of the project or

operation.

.005. WASTE CONTAINING RADIOACTIVE MATERIALS. An application

which involves the disposal of a defined waste containing radicactive

materials shall be accompanied by a letter or other instrument in

Xv-13
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application for a disposal well permit to determine
the local cornditions and the probable effect of the
dispecsal well.

(b) Based on the inspectior and other relevant information,
the Exe' itive Director shall make recommendations to the
Commission concerning rhe requirements for setting casi:
based on the factors contained in Section 27.056.

(¢) 1If the Executive Director recommends tha: a permit be
issued by the Commission, the Executive Director shall
prepare a proposed permit and findings consist:at with

the requirements of Section 27.0S51.

.009. NOTICE OF APPLICATION FOR DISPOSAL WELL. When an
aprlication for a dispecsal well is in proper form, the Executive
Director shall submit copies of the application to:

(a) Texas Department of Health;

(b) Water well Drillers Board; and

(¢) Texas Railroad Commission.
.010. PUBLIC HEARING REQUIRED. A publi hearing shall be
held on every applicaticn for a waste discharge permit before it

is acted on by the Commission,

.011. APPLICATION FORWARDED TO COMMISSICN. When an

application for a wastce discharge peruit is in proper form, che
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the county jud;

county in

the Texas

the Texas Parks and Wildlife Department;
the Texas Railroad Commission: and

the Texas Water Well Drillers

aoplication involves an

.013. CONTENTS OF WASTE . A waste discharge
name and add the holder of the permirt;
the duration the permit;

Describe the location of each authorized point or

place of discharge, injection, deposit,

the case of disposal by injection, the
identify the stratum or strata which
disposal and the dispo
C.e maximum quanticy
may be dispeosed of he ; ' any time and
Cime to time at each
charge, injection,

ify the character

be disposed

-
.
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of time, to the extent applicable to the waste discharge of the
defined waste in question, may be used in ascertaining the quanticy
of the iischarge, unless some other method is specified.
() Average or Monthly Average. The quantity of a discharge
of a defined waste stated as an average, not to exceed
an average, or zonthly average in gallons or other units
of measurement per day, means and is determined by deriving
the arichmetic average of the total of all daily discharges
of the defined waste over a period of thirty (3Q) consecutive
days. However, for monitoring and reporting purposes only,
the monthly average quantity may be derived on a calendar
month basis or on such other basis as may be agreed upon
between the person making the discharge and the Executive
Director unless specified in the waste discharge permict,
rule, or other order.
(b) Daily Quantity. The quantity of the discharge of a
defined waste stated so as not to exceed a specific
maximum number of gallonms or other units of measurement
per day, means and is determined by deriving the total
volume of the discharge of the defined wastce over
twenty-four (24) consecutive hours. For self-reporting
purposes only, the twenty-four (24) hour reporting period
may start and end at such times as may be es:ablished and

used by the person wmaking the discharge.

LKv-19
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(b)

otherwise specified in the permit, rule, or other

order, or agreed to by the Executive Director. In

the computation, each analytical value from an individual
sample shall be weighted according to the flow at the
time of sampling. However, for monitoring and reporting
purposes only, the menthly average quality may be

derived on a calendar month basis or on such other

basis as may be agreed upon between the person making

the discharge and the Executive Director, unless
specified in the permit, rule, or other order.

24-Hour Composite Quality. 24-hour composite quality
means the quality determined by measuring the concentration

ter, parts per million, or other

[
'A-

in milligrams per
appropriate units of measurement in a combination of

grab samples of the discharge of a defined wastce caken

at selected, representative intervals over a period of
twenty-four (24) consecutive hours. The volume of each
sample in the composite shall be proportiocnal to the flow
at the time of sampling. For monitoring and reporcin
purposes only, the twenty-four (24) hour reporting

period may start and end at such times as may be escimacted
and used by the person making the discharge.

Individual or Grab Sample Qualicy. Individual or grabd

sample quality means the quality determined by measuring

XXv-21
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REVOCATION, SUSPENSION AND AMENDMENT
OF WASTE DISCHARGE PERMITS
156.25.10.001-.006
These rules are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.001. WASTE DISPOSAL AUTHORITY SUBJECT TO REVCCATIOCN,
SUSPENSION, AND AMENDMENT.

(a) A waste discharge permit does not become a vested right
in the holder of the permit. The permit may be revoked
or suspended by the Commission for good cause, however,
a public hearing shall first be held, notice of which
shall be given to the holder of the waste discharge
permic, and the revocation or suspension must be based
on one of the following grounds:

(1) The holder has failed or is failing to comply
wich the conditions of the permict;

(2) The permit or the cperations thereunder, have
been abandoned;

(3) The permit is no longer needed by the holder;

(4) The authority zo discharge defined wastce inczo or
adjacent to the water in the sctate under a wasce
discharge permit is subject zo zancellation or
suspension under Section 26.084.

(8) The Commission may amend waste discharge permits =o

require the holder of a waste discharge permit o conform
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.003.

(a)

(®)

is not required. The Executive Director shall forward
the waiver to the Commission for consideracion and action
by the Commission at a regular meeting. A copy of

the order entered is sent by mail to the holder of the

waste discharge permit.

AMENDMENT WITH CONSENT.
The holder of a waste discharge permit on his cwn
initiative or upon request of the Executive Director
may file an application to amend the permit in any
particular. The written request for amendment is
prepared setting forth the modifications desired. The
holder of a waste discharge permit may use the form of
an application for a permit and indicate thereon the
amendments requested.
A public hearing shall be held on every application
for amendment filed under this rule unless the
modifications will amend the waste discharge permirc
to improve the quality of the defined waste authorized
to be dispcsed of; and if the applicant does not seek
to increase significantly the quanticy of defined wastce
authorized to be disposed of, or to change materially
the pattern or place of disposal. Ac the time che
application is submitted to the Commission for consideraricn
and acticn, the Executive Direccor will recommend whether

a public hearing should be required.
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(®)

(e)

(d)

Notice of the date, time, place and purpose of the

public hearing shall be personaliy served on the holder
of the waste discharge permit or be sent by mail to the
bolder at his last known address as shown by the ‘records
of the Department, not less than twenty (20) days pricr

to the date of the hearing. Notice shall also be
published at least once not less than twenty (20) days
before the date for the hearing in a newspaper regularly
published or circulated in each county where the Commission
or the Executive Director has reason to believe persons
reside who may be affected. The Commission will pay the
publicaticn cost and be responsible for proper publication.
Notice shall be mailed to the mayoer and health authoricies
of the city or town and to the county judge and health
authorities of the county in which the defined wasce

is discrarged or dispused of.

After the hearing has been concluded, the Commission

may revoke the waste discharge permi: in whole or in

part, amend it in any particular, suspend the authority

Co operate the waste disposal activicty or dispose of
defined waste for a specified pericd of zime, dismiss

the proceedings, or take any other acticn as may be
appropriacte.

1f the Commission in its srder directs a person to

perform or refrain from performing a cerctain act or

V-

[ 5]
~4
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(e)

(d)

(e)

.006.

(a)

After the hearing has been concluded, the Commission

may impose new or additional conditions on the holder

of the waste discharge permit, or dismiss the proceedings,
or take any other action as may be appropriate.

IZ the Commission in its order directs a person to
perform or refrain from pe. .ming a certain act or
activicy, there shall be set forth in the order the
findings on which the directive is based. A copy of
every order of the Commissicn entered in the proceedings
will be sent by mail to the holder of the waste discharge
permict.

The holder of the waste discharge permit shall have a

reasonable time as specified in the order to conform to

the new or additional conditions imposed by the Commission.

EXTENSIONS OF TIME TO COMPLY WITH REVOCATION,
SUSPENSION, OR NEW CONDITIONS.

Upon application by the holder of a wast2 discharge
permit or other order, the Commission may grant an
addictional period of time beyond that specified in the

permit or order in which tc terminat

m

or suspend the
disposal of waste or to conform %o the additional
conditions, through an amendcment cr temporary order

issued in accordance with the procedures of the Chapter.

XXv-29
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CORRECTIONS AND TRANSFERS OF
WASTE DISCHARGE PERMITS
156.25.15.001-.002
These rules are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.001. CORRECTIONS. The Commission may make corrections
to waste discharge permits, either by reissuing the permit or by
issuing an endorsement to the permit, without the necessity of
observing the formal amendment procedures prescribed in this
chapter:

(a) To correct a clerical or typegraphical error;

(b) To describe more accurately the location of the authorized
point or place of discharge, injection, deposit, or
disposal of any defined waste, or the route which any
defined waste follows along the watercourses in the
state after being discharged;

(¢) To describe more accurately the character, quality cor
quanticy of any defined waste authorized to be dispesed
of;

(d) To describe more accurately the pattern of discharge or
dispcsal of any defined waste authorized to be dispcsed
of; or

(e) To state more accurately any provisions in a permit bus

without changing the substance of any such provision.

XvV-31
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RENEWALS
156.25.20.001-.004
These - :les are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.001. DURATICN. The Commission may issue waste discharge
permits for specific periods of time. The waste discharge permit
will terminate at the expiration of the period of time specified

in the waste discharge permit except as provided in this subchapter.

.002. APPLICATION FOR RENEWAL. The Executive Director on
his own motion or the holder of a waste discharge permit may initiate
renewal pr._cedures by the filing of an application for renewal prior
te the expiration date. The application for renewal shall be filed
with the Executive Director.
(a) The application for renewal may be in the same form
as an application for a waste discharge permit. In
preparing the application for renewal, the applicant
shall specify that the applicant requests the continuation
of the same requirements and concdicions of the expiring
waste discharge permic.
(b) 1If the applicant for renewal is in fact petitioning the
Ccamission for a modification of the requirements and

conditions of the expiring waste discharge permit, the
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(e)

.004.

(a)

Director may be affected not less than thircy (30) days

in

advance of Commission consideration of the application

for renewal.

The Commission may require the applicant for renewal to

be
or
to

or

responsible for causing notice to be properly published
served in accordance with Commission instructions and
pay for all or part of the costs of the publicaticn

service of notice.

ACTION ON APPLICATION FJUR RENEWAL.

In

considering the application for renewal, the Commission

may take into account the following factors:

(1)

(2)

3)

(4)

(3)

Whether the permit holder has maintained compliance
with the requirements and conditions of the expiring
waste discharge permic;

Whecther the operations or facili:ies authorized by
the waste discharge permit have been abandoned;
Whether the waste discharge permit is no lenger
needed;

Whether a change in conditicns requires the
discontinuation of the discharge; and

Whether maintenance of the water quality comsistent
with the objectives of Chapter 26 of the Texas Water

Code requires the discontinuation of cthe discharge.

Xv-33
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EMERGENCY CRDEP?T
156.25.25.001-.005
These rules are promulgated under the authority of Secticns

5.131 and 5.132, Texas Water Code.

.001. EMERGENCY ORDER TERMINATING DISCHARGES. If che
Executive Director determines there is good reason zo believe
that a discharge or proposed discharge of defined waste into or
adjacent to any water in the state, whether the discharge is
covered by a waste discharge permit or not, is creating or will
cause extensive or severe property damage or econcmic loss to
others, and that other procedures available to the Department to
remedy the situation or prevent the situacion from occurring
will result in unreasonable delay, the Executive Director may
raquest the Commission to issue a temporary order to the person
respensible for or exercising control over the discharge or
proposed discharge, directing that the discharge be discentinued,
modified, or not made, or that other a; sropriate remedial or
preventive measures be taken. The urder may be issued without
aotice and hearing, or with such notice and hearing as the Commission
deems practicable under the circumstances. The temporary order
shall be complied with immediately upon its receipt by the person

to whom it is directed.

8
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(d)

.003.

(a)

supply additional information as may be reasonably
required to assist the Commission in making the necessary
findings set ocut in subsection (a) of this rule.

The Executive Director shall forward the request for

a temporary order accompanied by a proposed agenda item
and notices of hearing, if appropriate, as well as the
Executive Director's recommendation, including any

proposed temporary orders and findings.

NOTICE AND LEAFING.
If the Commission deems it practicable to do s., it
shall call a public heariag “elore issuing an emergency
or temporary order as authorized by =his subchapter.
If the Commission issues an emergency 2T tamporary crder
witiaout a hearing before the Commission, :he Cormissicn
in its order shall call and set a time and placa for a
haaring to be held before the Commission as soon after
the emergency or temporary order is issued as is practicabla.
At the hearing, the Commission shall comsider whether to
affirm, modify, or set aside the emergency or tempo .rv
order.
For any l.earing called as provided in subsection (a) of
this rule, it is not necessary to give notice in accordance

with the requirements of Section 26.022. However, such

XXv-39
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appropriate remedial or preventive measures be taken ; authorized
under rule .00l of this subchapter, the person to whom the order

is directed shall immediately comply with the order according to
its terms as soon as he receives it, regardless of how he initially
receives it. If the order is issued pursuant to rule .002 of this
subchapter and authorizes a discharge, the person to whom the order
is issued may not make any discharge under the order except in

strict compliance with its terms and conditions.

LLV=-41
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at cthe hearing, compel the atterdance of witnesses, and make

findings of fact and conclusions of law.

.003. LEGAL PROCEEDINGS. The Executive Director is
authorized to institute or cause to be instituted, in courts of
competent jurisdiction, legal proceedings to enforce and compel
compliance with the provisions of the Texas Water Code administered
by the Department and the waste discharge permits, rules, decisions

determinations, and other corders of the Department.

XXV-43
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Clarificazion of Perm: = Reguirements

Prilling and construction supervision;
Supervised by a qualified drilling engineer. whe
has the authority %o act for the company on matters
concerning drilling. Must be on the site Auring
most of the drilling and during logging. testing.
casings., cementing operatiosns.

Drillers log or record of strata requested. (Constructed
from cutting samples)

Casing testing:
Must be witnessed by consulting engineer or compan?’
representative.

Collection of formaticn £luid:
Must pump. jet, swab. backflow or ctherwise produce
the well until a representative sample of formation
£luid can be obtained. It is suggested that con-
ductivity or some other Parameter be measured until
it stabilizes. then several gallons or preferabl-
barrels collected. The £luid should be analyzed for
A miaimum of the following:

Silica Potassium
Calcium Manganese
Magnesium Barium

Sodium 3oron

Carbonate Strontium
3icarbonate Cadmium

Sulfate Iron

Chloride pH

Floride Cissolved Cxvgen
Nitrate Hydrocarbons
Viscosity Specific Gravity
Conductivity Temperature

Total Dissolved Solids H28

Cores and cocre testing:
Sidewall coras are rasuired as a minimum full hole
Ccores recommenced.

1215 071
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Cores will ke analyzed for:

Permeability

Porosity

*% Saturation of each fluid

Sample description

Sieve analysis of sand

Compatability testing of cores with waste stream
for permeability reduction

O

Compatibility testing of formation fluids. waste streams
and cores should be conducted or simulated at reservoir
Pressure and temperature.

7. Completion Report shculd consist of the following:
I. Drilling and Completicn Records

Daily Reports

Orillers Log or Record of Strata

Casing and Tubing Records: Pipetallys
Detailed Screen and Liner Setting
Cementing Records

Details of Centralizers, Scratchers., aeto.
Engineering Drawings of:

3. Well completion

B. Packer assembly and setting

€. Wellhead. parts list. ete.

s I LI LI SRV S

IT. Gecphysical Locs
Final Prints of all Logs run on the Well
nterpretations of lLogs by Qualified Persons
irecticnal or Inclinaticnal Survey

L

I
D
III. Testing Reccrds

A. Well Testin
l. Statiec Fluid Level
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Iv.

2. Bottom hole Temperature

3. Bottom hole Pressure

4. Injectivity Test Results, i.e.. Permeabil ity
Determination, Reservoir Limits, Storage Coefficient

5. Spinner or Tracer Surveys

6. Casing Testing Results

8. Lab Testing

1. Cores for Permeability

2. Cores for Compatibility

3. Cores for Porosity

4. Complete analysis of formation wat-er

5. Ccompatibility of formation water and wastewater
6. Descriptive core analysis and/or sieve analvsis
Qther

1. New cross-sections. if reguired

2. New pressure increases, if reguired

3. Summary Data Sheet

4. Letter indicating Local Health Department furnished

a ccpy of the Permit
Phcoto of Wellhead

w

8. 1Injectivity Testing

Testing must incl Jde pressure/time relationships to
determine permeability. Cransmissivity and reserveoir
limits if any. Pressure recordings can be by botto
Acle bomb. or guar+<z guace in the case »f wells which
cperate on a vacuum. Testing can be pressure builli-
UP Or pressure fall off tvpe.
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REVIEW OF ARTLIFLICIAL PENETRATIO

"
T

“0nC pose a serious constraint to injection operations. The diotuy-
m:naction of what cons®itutes an improperly comulotad ar plugan:d
well 1s a difficule problem.  Among the many variables are gooloe:,

completion methods, Plugying methods, expectaed rescrvoir conditions,
ete.

Improperly plugged or comploted wells which penctrate the inj

Ther? are saeveral schools ¢f thoughte concerninyg the radius af | V2S5
tigation for artificial Penutrations. This Agoncy has used an a
rule of thumb, a 24¥-mile radius. This is not an absalute recquice-
neat.  The distance can he udjusted as the circumstances require.
For oxample, after making Rescrvoir pressure calculations, i« My

be detormined that a J=-mile revicw is required bLuecause of a S AT
ffe”sure increase at 2% milcs. On the other hand, lew volumes 1o

A Thick reserveir may rcesulit 1n an insignificant Pressure at 1 milo
flewaver, litar fequests tor volume lacreases zan reosuls in a 32y
fecord search. 1In order to maintain a uniform apsroach 2o tha racius
of raview, a): applicants should submit data for Sh-miles with £l
applicacion., Additienal data can be submitecd 1f needed afier g
evaluution is made.

Gererally Speaking, dry holes on the Texas Gull Coast wars abandeongd
without leng String casing lefs in the hole. Zurface Sasiag was
generally set and cemented at the basc of fresh water and nc lone
Striig was set. 4 plug is normally set at the base of =he suriace
Ca517¢ and at the Lop.  The hole and the casing between nlugs is
dsually filled wieh érilling muds. Due to sie uncensglidatad nasuro
©f the Gulf Coast Scdiments and the plastic nature of mos: targiag
3halcs, abandoned well beres probabdbly do net remain cpen for lcng
Feriods of time.

in the west and norih central part of the Statsc, injectien zo: ‘
confining bueds and mOSE of the overburdened SSTata are competuns,
indurated rocks. wall bDores remain open fcr indefinite geriods af
time, aad frequently drilling fluids and cement may not ke in =he
well ber2 tecause of -est clrculazion zones.

A well which has been propercly abandened is ora wrero ingtariormatio
transfer of flyids dces not geecur or will net cecur as a Tesuit as
sAjection.  Although our Primary concuern is protection af ground-
~ater resources, oll or yus formations, or oslor mineral bLuarsiag
“3nCs may be aficceed, L.v., magnesium 1s groduccs {som thwe Yaces
Formation and ochcr commercial brines Probably exisst ia the S=ate
Prcoably she greatest dunger ‘reom artilicial penceration PEeSLUrs in
the West Texas aren.  Mose fonorts of f{lewing ibandoned wells or
iTCund-water contamiration from oil field brines is fzem chis arzea
There ace several POSsisle causes far LaLls, dus 1t is Primarily woe



reuult of well bores, wiilch do nut collapse around casing or dn nob
c¢lnze after casing is removed, or the fact thas loss circulation
<ones are commen and tho hole mav be ualntentionally abandoned

2r comuloted without acuquate mud or cement. Ancther problem comnun

t0 all areas of the State is some wclls are temporarily abandoncd
Witk casing in the hole and then forgotten.

Cften the information subm.tted with an application is 1nadequaty,
incomplete or in error. For example, many tabulations indicate that
the well is a Producing well, however, the well M3y not have produced
17 Many years and is toemporarily abandened. 1In order to check tie
5tatus, the Railrcad Commission records mus: bhe reviewed. Form wW-.0
semi-annual well status feports and Rule 140(2) (Plugging) excou-
ti0ns are two methods of establishing well status. Additionally,
thne "Well Schedule” is computer print-out of all active wells and
is updated motnhly. There 4re separate schedules for il and gas
and are filed by districe.

v

Acditionally, all of the penctration in the arca maY not be tabn-
lated nr listed by the applicant. The General Land Office maint.in:
up=-to-date records con oil and gas well locations as dces the Railrsad
Cocmmission. The RRC also maintains reprocducable field Mags which
have jenerally been updated Within the past year.

After all the data has been assimilated, a determination mu

3t B
12 2 hazard exists. Usiag all the data available, seme ceaflicti:
conclusions can be made. There are no unlgque solutions to the proul

and a value Judgement may be-required.

Ther: are several rules of thumb which can Be applied. Nene are
absolute and :n fev.ewir shiculd use individual Kncwledge and exgori-
2ACC o sunplement <huse ideas,

"3

ki) In the Texas Gul

..

Coast area, the bere dcles nermally de nes
1 - \

r L0ng peried of eime. The weight of the
drilling fluia (i£ zhe hole remains cpen) aor sae collapscd
sediments should prevent any upward migrasion of rative £fluids
1 rescrvoir pressures are not significantly increased.

rule of thumb has Loo: A pressure increasc cof !5 $Si/1,000 fec:
3L depth. This is baseed On the pressure differential of a 9.8
15. mud, nermal Gui- Coast reservoir Prfessures, and a consid-

eranle safetv facmor.

(2] In West Toxas area, uncemented well bores can result
avenues of escape. Generally, wells which Penetrate
tion zene should have cement across the injecticon ins
|ravent corrosion, casing failure and escape of fluicd
ccntaminacion of Produced fluids.

(3) It is not uncommon to find wells which have Seen abandoned wish
\Ong string €asing still in the hole and the well has not ceen
T iugged. Therefore, i no informaticn concerning tnc well can
-e Iound, we should procced as if iz is nes sluggaé and nas
icng string Casing i1n =he hole. This is ptcbably\cne cf zhe
MCST dangercus situat.ions WRicl can exisct.

1215 075
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in summacy, artificial penetrations, which are thegush the cons i
Suay 18 one of L@ mOSt §orious proviems in any injection operat:
Zach application for a well must be thoroughly evaluated in tormg
0f r2u0TvoLr prossure incr:ase and artificial penctration ina the
araea.

In order to revicw the surrounding penesraticn and o dotormine i f
a hazard exists, an accurate Picture of the wall and well status Lu

necessarcy. ;

The attached review sheot nNas Deen compiled to facilitate this reviow,

1215 076
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I

INJECTION WELL APPLICATION
REVIEW CHECKLIST

Application #

Apnlicant

County

Reviewed by

Date

Justification

Treatibility studies
Current method of disposal
Manufacturing processes
Products

W

Well Location

Plant location map

Well location in relation to plant and survey lines
Surface & ownership maps

USGS Topo map

Coes applicant own surface and subsurface rights

B wN -

Gec logy

A Region

1. Surface map

2 Cross-sections

3 Structural contour

B Local

i Cross-sections

2 Structural contour

3. 1Isopach

3 Description of faulting and fracturing

S Aeria.l photso

8 Depositicnal, structural and tectonic history of the area

Ground Water 121 5 077
1. Map of area water wells 13311

|



tJ

2. Depth, owner and chemical analysis from wells
3. Piezometric surface map
4. Base of usable water

Other Penetrations In The Area
l. Map of penetrations within 2 1/2 mile radius

2. Tabulations of pPenetrations
3. Casing, cementing and P&A records

-

LT = (]

Characteristics of Disposal Zone

Lithology

Areal development

Porosity

Permeability

Expected temperature

Natural reservoir Pressure and static fluid level
Fluid saturation

Chemical characteristics

Fracture gradien+

WM 30U W e

Proposed Well Completion

1. Total Depth
Injecticn interval
3. Surface casing: size, tyre, weicht, setting depth,
guide/float equipment, centralizers, scratchers, etec.
4. Surface casing cement data anc service company recommendatio-s

(8]

5. Intermediate string and cementing data

6. Protection or long string: size, type, weicht, setting
depth, guide/float equipment, 2V Tool. centralizers,
sCcratchers, etc.

7. Protection string cement data and service company
recommendations, cemen=s compatibility data

3. Packer: tyPe and setting depth

9. Description of annulus monitoring svstem, including type

f£luid and proposed pressure

10. Type completion

Cpen hole

Perforated long string: where and how many

Screen and blank liner: size, setting depth, tvpe
Uncderream and/or gravel pack

Other 1215 078

Diagramatic sketch of well
Diagramatic skotch of well head and complete description

® an ow



Reservoir Stimulation and Testing

Description of Proposed injectivity tests

Well stimulatien: acidizing, etc.

Description of logging program

Description of coring program and lacoratory testing

oW e

Waste Characteristics

Nature of the waste

Description of physical and chemical characteris%ics
Analysis of final waste stream

Analysis of individual waste streams

Toxicity of final waste stream

Degradability rate of fina) waste stream
Compatibility of waste and native formation fluid
Corrosion characteristics of waste

N e W N

Volume of the waste

Percentage of each stream to total effluent
Average and maximum injection rates
Monthly or vearly volume

Anticipated life of the pProject

o wn-w

Waste Pretreatment Facilities

Existing facilities

Propeosed facilities

Flow diagram with waste streams identified

Plat of plants showing all waste flow times

Plans for emergency storage or treatment in ~ase of
well fajlure

Pond or lagcoons Proposed or in use

Filters types and location

Injection pumps and location

Disposal of sludges or solids

WU e W N e

O W -9

Injection Well Operation

1. Expected maximum and averace injecticn pressure
2. Formation Pressure increase calculatisns

3. Minimum £fluid front calculations

Remarks:

1215 079
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INJECTION WELLS

Cperating Company Name and Address:

L IA REPORT FOR INDUSTRIAL AND MUNICIPAL

Telephcne No.

Individual Responsible for well

I. General Identification Data

i 78 ' Permit No. WDW-

2. Plant Well No.

3. Latitude and Longitude

4. Well Locaticn (Legal Descripticon )

w

- County

s )

Location to Nearest Town

- -

4. General Data on Well Site

L. Generalized Description cf Waste Stream In-ectad

(attach “omplete chemical analvsis

<+ vatz2 Well Permicted (Day) (Month

-

- - P -
-~ -.A-s -
/
1\
————————

1215 08
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3. Date Well Put Into Service

4. Maximum Injection Rate

5. Average Injection Rate

. Maximum Injection pressure

(Day) (Month) (Year)
gom gallons/menth
gpm gallons/month

Psig

7. List All Special Provisions ©f the TWQB Permit not Covered Above:

8. Total Depth of Well

9. Name and Depth of Injection Zcne

Geclogic Information

-

1. Litholegy and Stratigraphy
A. Geologic Description of Rock

a) (b) (e)

Name Age Segth

Units

Penetrated by wWell

(d) (e)
Thickness Lithology
R — eose————————

1215 081



8. Description of Injection Unit

Injection Zone

(1) Name(s)

(2) Depth (drill)

(3) Thickness

(4) Formation Fluid Prassure

(3) Lithostatic Pressure

() Hydro Fracture Pressure

(7) Age of Unit

(8) Porosity (avg.)

(9) Permeabillty (Millidarcies)

(10) Bouttom Hole Temperature

(11) Lithology

(12) BHP (original)

(13) BHP (present)

C. Chemical Characteristics of Formation Fluid

(attach complete chemical analysis)
D. Description of dydrclogy of Fresh Water and cther Potentially
Seneficial Agquifers.
(1) Depth to Base of Usable Quality Water (2000 =g/l)

e
ieet

(2) Depth to Base of Potentially Usable Water (10,000 mg/1l)

feet

(3)  Geclogic Description of Aquifer Lnits
(a) (b) (e) (d) (@)
Same Age Depth Thickness Lithology TDS (ave

Ll

sl




(3) Geolegic Description (continued)
(a) (b) (e) (d) ()

LAY

Name Age Depth Thickness Lithology TDS(avg.)

(4) Number of Wells within 2% mile radius that penetrate the

injection interval

(3) Number of item{4) wells above that are plugged and abandoned

§) Number of item(4) wells above that are still preducing

(7) Number of water wells with a 2% mile radius

(8) ttach complete chemical analysis.
IV. Waste Charactaristics

L L. N mber of Waste Streams to Form Composite Iniection Stream

2. Plant Products Manufactured and Process or cperation which resuls

in waste being injected

3. Physical/Chemical Cescription (taken from complete chemical Anilve

313 attachment)

A. TDS

3. -fpecific Gravity

C. oH

<

0. Temperature

Z. Degradability Level and Rate

4. Toxicity

1215 083
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5. Corrosion Reactivity

A. Surface Facilities

3. Injection Well Tubing

C. Long String Casing

8. Degradability Level and Rate

7. Biolcgical Level at Injection

8. Pre-injection Waste Treatment Description

V. Well Design and Sonstruction

L. Casing Size, Weight, Grade Cent.: Sat

A. Surface Casing

1215 084



Well Design and Construction (Cont'd)

9 Casing Size,weight,q
——————

-y

rade

8. Intermediate Casing

C. Long String Casing

D. 1Injecticn Tubing

2. Cement Data

Type/class

A. Surface Casing

Acdditives

Amount

2. Intermediate

C. ong §

s
"
»e
e }
e

D. DV Tool (stage cementing)

Setting depth

3. Packer

A. Type

3. Name & Mcdel

Setting Depth




. -

3. Packer (cont'd)

L. Tvpe Annular Fluid Used

4. Centralizers:

number and approximate depths

5. Bottcm Hole Completiosn

5. Well Stimulaticn Programs

Cescripticn o

-
-
-

Sar

&

ace Eguipment

£l

1. Holding Tanks and Flow Lines

1215 086



L)
.

b ]
Filters

A. Type

B. Name & Mcdel

C. Capacity

3. Injecticn pumps

A. Type

B. Name & Mcdel

C. Capacity

ViI. Monitoring Systems

1. 1Injection Pressure Auges (Non-Recording)
(a) (b)

Lecation Name & Model

2. Injection Pressure Cauges (Continuous Recording)
(a) {b) (e) (d)

Lecation Name & Model Mechanical Electrical

3. Casing-Tubing Annulus Pressure Gauges (Non-Recording)
(a) (b)
Locaticn Name § Mcdel

1215 087



Casing-Tubing Annulus Pressure GCauges (Continuous
(a) (b) (¢)
Location Name & Model Mechanical

Injection Rate Meters (Non Recording)

(a)
Location

(b)
Name & Model

Injection Rate Meters (Continuous Recording)

(a) {b) (¢) (d)
Location Name § Mcdel Mechanical Electrical
pH Recording Devices
(a) (b) (e) (é
- Noncontinuous
Location Name & Model Centinuous Recrd. Recording
Temperature
(a) {(b) (e) (a)
Noncontinuocus
Location Name & Model Continuous Recrd. Recording

1215 083



9. Sampling Freauency and Water Quality Parameter Measures

10. Frequency of Measuring:

Water Levels

Scttom Hole Pressure

5 0 Contingency Plan for Well Failure During Operation

Vvall. Logging Program
Surface TD Long string T
1 l
- 8 <
3+ 3
K 4.

1215 089



iX.

Chronological listing of all wor - s and well malfuncetions

and brief description of reascns fo 1l failure.

1215 090



12 =

Diagramatic sketech of injection well showing casing, cement,
tubing, packer, etec. with proper setting depths. Sketch should
include well head and Jdauges. Geclogic units penetrated by the
well should be indicated as well as electric log of the well.

8% x 11 paper is preferred. An example of the type sketch desired

is attached.
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Injection tubing pressure jauge
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