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HYDROLOGIC REPORT
U LONGORIA LEASE AREA II

DUVAL COUNTY, T2XAS .
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INTRODUCTION
n
j This report presents the hydrologic results of a detailed

pump test conducted by Uranium Resources personnel on August 4,
q
d 1978. The Longoria Lease Area II was tested by pumping Well

I No. U-237 at an average rate of 37.9 gallons per minute. Twenty
,

L
five ore zonc wells and three shalloe wells were monitored through-

out the test. Ccntinuous recorders were placed on four ore zone
t

wells and oi.e shal. loa monitor well.p

M The pump failed after 1065 minutes (almost 18 hours). The

results of the testing are given below.

HYDROLOGIC CONCLUSIONS

The aquifer parameters of trantmissivity and storage coeffi-

cient were determined for the 28 wells which were monitored. All

of the ore 7one wells responded to the pumpage and the shallow

I 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 demonstrated 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

transmie3ivity for the early part of.the test for these four

wells is 1567 gal / day /ft.
Thelatersegmentsofthedrawdow52 |
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curves produced transmissivities very close to the surrounding area
n

wells.,

Well MW-7 differed in that the last 300 minutes of data in-n

d dicate a response to a negative boundary. Well No. MW-1 reflects

1 an excessively high transmissivity for the first 60 to 75 minutes
a

before establishing a draudown curve representative of the average
r1

u transmissivity in the area.

q 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 walls showed early response to pumpage and continued to

decline throughout the test. MS-1 2nd 2 showed a slight flat-

tening of the Theis curve after several hours of pumping but then

tendet 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 heai willI ,

~
I

cause the shallow cone to leak at a small rate into the ore zone '

and prevent excursion of the leachate from the' ore zone u d to

the shallow zone. ILi7
n 2

i ,
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Ground Water Movement
,

Based upon the average aquifer thickness of 31 feet in the
.

a porosity of 28% (obtained from exploration coring), aore zone,-

natural hydraulic gradient of 14.9 feet per mile, and a 25-well"

l average transmissivity of 3700 gal / day /ft, we have estimated that
.2

the permeability of the ore zone is 120 gal / day /ft2.and that the
9

J rate of natural ground water movement is about 0.20 feet per day,

The ne.tural hydraulic gradient of the ore zone aquifer is eastn
-

J to southeast across the leach mine area (Fig. 3).

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

o
project.

Very tri yours,,

ED L. REED F. ASSOCIATES, INC.

A. Joseph Reed

AJR:lb
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,L s . W e l l fueDe c . . . . . . . . . . . . U I?'

Fuspeu hell hueter.......... 'J 2 37
t i me 1 e s t '. sa r t t u . . . . . . . . . . . 9.30**

tape Test httpped........... 90J
S ta tic h ater Level. . . .. . . . . . 15.68

q

6' time Wtr Level Cum T t/t* Dr a ndown

0904 103.82 4 361.00 28.14
09J5 92.79 5 289.00 17.11
0936 90.11 6 241.00 14.43"'

0907 88.55 7 206.71 17.87
.a 0908 87.2J B 181.00 11.52

,

0909 86.43 9 161.00 10.75 3

3910 85.70 10 145.00 10.02 '

-1 0911 85.12 11 131.91 9.44
|'

0612 84.69 12 121.00 9.01

d J913 84.26 13 111.77 8.55
0914 8 3. 88 14 103.86 s.20
0915 83.57 15 97.00 7.89

3
0920 42.33 20 73.00 6.65
0525 81.62 25 58.60 5.94

.

093J 30.94 30 4 8. C0 5.26
] 0935 80.*3 35 42.14 4.82.

094W #0.24 40 37.00 4.56
J945 79.50 45 33.00 4.22

I 0950 79.75 53 29.s0 4.07
1000 79.41 60 25.00 3.73

* 1010 19.15 70 21.57 3.47
1020 78.96 80 19.00 3.25
10 3J 78.84 to 17.00 3.16

F 1053 78.60 113 13.74 2.92
s 1122 78. 28 142 11.14 2.60

l 1223 77.9G 203 8.09 2.22
1321 77. 77 261 6.52 2.09
1424 77.65 324 5.44 1.97

p 1508 77.52 368 4.91 1.84
16C0 77.42 420 4.43 1.74

g
1700 77.30 480 4.00 1.62

1757 77.10 537 3.68 1.42h

1957 77.00 657 3.19 1.32
2303 76.84 843 2.71 1.16
0301 76.67 1081 2.33 0.99
0500 76.62 1200 2.20 0.94
0702 76.45 1322 2.09 0.77
0501 76.47 18'1 2.00 0.79
1100 75.75 ILeo 1.92 0.07

Duval County, fesas
USAN!UM RCSCUkOC3. INC.

35
Longoria Hydtclogic 7est

Recovery Cur ve

Auggat 4, 1978
EL L. RCCD & ASSOCI ATES
CQdsuLTinC NYDROL*A!STS

M10 LAND, TCXAS
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Oos. well humoer............ U 237
- .speu hell 64uater.......... U 237

Time 1est startes........... 930
Time Test Stopped........... 900
Static heter Level.......... 75.68*'

..

'O .
..
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73 s/ Log Crcie stEO
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1.0C 03 1.CC 01 1.0E 02 1.Ct 03 1.0c 04

Abscissa is time in sinutes from start of test
divided by time in minutes since pumping stopped.

Or dina t e as depth tc water tros larus surf ace datus.
Duval County. Texas

URAN!UM RCSQUR003, INC.

Longor ia Mydrologic Test
Recovery Cur ve

August 4, 1976
CD L. taCLO & ASSOCIAftS
CCNSULT1.eC IIYuRJtEISTS

410LAdD, TCIAS
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O s. We ll Num b e r .. . . . . . . . . . . U 237
U 237Naped well Numbe r . . . . . . . . . . *

Time Test Started........... 900
S ta tic w at e r Le vel. . . . . . . . . . 75.68

.

time u tt Level Cum 7 Orawdwn'

0902 152.77 2 77.09
0902 166.47 3 90.79
0904 173.34 4 97.66.

0905 178.76 5 10 3.29

0906 181.15 6 105.47
0907 183.32 7 107.64
0908 104.40 8 108.72
0909 185.37 9 109.49*

0910 146.08 10 110.40
0911 186.81 11 111.13
0912 187.32 12 111.44 |

.

0113 187.69 13 112.01 '

J 0914 187.85 14 112.17 |
0915 188.20 15 112.52 j

0916 188.50 16 112.82 .

0917 18 8. 77 17 113.09''

0918 188.97 18 113.29

J 0919 189.20 19 113.52
0920 189.34 20 113.66
0921 189.25 21 113.57
0922 18 9.18 22 113.50*,

0925 18 9. 36 25 113.68

j 0930 189.60 30 113.92
1935 190.33 35 114.65
0947 189.53 47 113.85
1000 190.23 60 114.55
1010 190.72 70 115.04.

1020 191.00 80 115.32
6 1030 190.65 90 114.97

1945 190.30 105 114.62
1100 191.70 120 116.02 %

F1 1116 191.46 136 115.78 D
1130 191.61 150 115.93 ^''

1144 191.65 166 115.97
1200 191.48 180 115.80
1218 190.90 198 115.22 g

v

1230 190.62 110 114.94

['1333
1245 191.00 225 115.32 O
1300 190.13 240 114.45 n

V
190.71 273 115.03

1402 188.84 302 113.16

1430 188.88 33G 113.20 g
v

1501 188.46 361 112.'8
1600 188.66 420 112.98
1703 188.73 483 113.05
1803 189.06 543 113.38
1900 189.25 100 113.57

188.25 660 112.57

0
2000
2100 188.31 720 112.61
0104 189.63 964 113.95
04~0 187.09 1140 111.41

.

ouvel county, Texas
URAN 1UM RESOURCCS INC.

Longoria Hydrologic 7est
Drawdown of Pumped hell re. U 237

August 4, 1978

|
CD L. RECD 6 ASSOCIATE!
CCNSULTING MTDRCLOGISTr

M I D L.AN D . TC XA S
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U 237Oes well pueber............
U 237Pueped we!! pusoer.......... Time Test Started........... 900

j Static water Level.......... 75.68

J

151
m

*

J
155

7

.1
159

-s
*

,

J
163

M

.

* 167

171
s

*

U 175 9
%9

g,,, -

9
*

.

.
183

.

e*

.
-

*
.

187 *.
. . * . , ' '*

** ,,, ,
.

. . . .. -..
. . . . .

g 1,1

195 1.0E 02 1.0E 03 1.0E 04
1.0L 00 1. 0f. 01

Abscissa is time in minutes from start of test.
Crdinate is depth to mater fecsa larmi sur f ace da tum. Duval County. TemasI URANIUM SCSOURCES INC.

Longoria Hydrologic Test
Drawdown of Pumped well mm. U 237

August 4, 1978
ED L. REED & ASSOCIATES
CGNSULTING HYORCLOGISTS

MIDLAND. TE2AS
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* .a CD s. We !! Dueue r . . . . .. . . . . . 8m8 * 1
* .

* ' #Pumped well pueber.......... U 237 *.

Sadtma f rom Pumped well... . 1065.00
Tise Test Started........... 900
Statte unter level.. . . 70. 09.

fine wtg Level Cum ? A*2/T Brawdown091$ 70.10 15 1.098 00 0. 010930 70.13 30 S.441 47 0.040945 70.20 el 3.43t 07 0.111000 70. 26 to 2.728 07 0.17
101S 10.29 75 2.*88 07 0.281910 70.36 90 1.01E 07 0.27
104S 70.43 10S 2.56E 0' O.341100 70.30 120 1.36C 07 0.41
1130 70.61 150 1.09C 07 0.521200 70. 7S 100 9.07E 06 0.661230 .07 210 7.70s 06 0. 701300 70.97 240 6.012 04 0.081330 11.0S 270 6.038 04 0. 94.

1400 71.15 300 S.448 06 1.06
t o 30 71.23 330 4.918 06 1.14
1500 71.30 360 4.542 06 1.211930 71.37 390 4.198 04 1.20g* 1600 71.44 420 3.898 CE 1.351630 71.S4 4 50 3.632 04 1.451700 71.59 400 3.402 06 1.501000 71.73 See 3.028 06 1.641900 11.04 600 2.728 06 1.7S
2000 71. 94 660 2.478 06 1. 0 S
2100 72.0$ 720 2.27C 06 1. 96

*

2200 72.13 780 2. 0 9C 06 2.042300 77:7) ft! 1_3st 34 i.ia
2400 73.34 9 00 1.812 06 2.25
0100 72.41 960 1.70E 06 2.33
0200 72.49 1020 1. 6 ct 06 2.40.

0300 72.S3 1980 1.S13 06 2.44
.

*

10*1 -

Devel County. Tesas,,
URAm! List assouaCts ga .

i. Longoria Nydrologie Sest
Greedown Curwe

t August 4.1970

L' to L. Atta 6 A SSOCI ATES
p consutTlac stonCLOGISTS

mIO1Ano, TtsAs

% .

a .

e . .is.y .

1 * **- e= r, . i3.,
seL3 g2 '''' '04a

( 2#jgeig,gf
m -

.

u @ WMH

' *
eQ39

h 2e /t .4 2 s c.

4*
T,' e st,137

S stea d{ 10 *a l *
g

I'
..

.
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bd

10*.2

10*4 t o *3 to *6 10*7 10*8

3*2/T

1214 330 ,
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Cos. bell hunter............ mw-2

s

Pumped hell nuncer.......... U 237

Radius frca Pumped hell..... 928.00
Time Test Started........... 900
S ta tic wa t er Le vel. . . . . . . . .. 69.59

Time hts Level Cum T R*2/T Drawdown
1100 69.95 120 1.03E 07 0.36
1154 70.13 174 7.13C 06 0.54
1251 70. 37 231 5.37E 06 0. 78
1324 70.54 264 4.70C 06 0.95
1421 70.66 321 3.86E 06 1.07
1504 70 . 77 364 3.41t 06 1.18
1550 70.90 410 3.02t 06 1.31
1617 70.98 437 2.84C 06 1.39
1752 70.85 532 2.33C 06 1.26
1823 71.10 563 2.20e 06 1.51
1938 71.37 538 1.9dc 06 1. 78
2014 71.48 674 1.'.s 06 1.89.
2128 71.57 748 1.66C 26 1.f3
2336 7 1. 77 876 1.42C 06 2.38
0152 72.37 1012 1.23t 06 2.78 *

0336 72.01 1116 1.11C 06 2.42
0534 72.10 1234 1.00t 06 2.51

10*1-
Duval County. Texas

URAN!UM R ESOURCES INC.

Longcria Hydrologic Test
Dravdown Cur we

August 4,1978
ED L. SCED & ASSOCI ATES

A/M# Orr CONSULTING HYOPOLOGISTS
* MIDLAhD, TEXAS

\
x..s. . m.,

*\ ual10 0 x..

,,

2 7a / sal 2 a10

.

, -

Ds
O$

Ts3290

S:15:10-4

2%
10*-1

.

10*-2

10*4 10*5 10*6 10*7 10*8

a*2/T
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Oc a. w!! maaber............ Md*3

Pum pe d h e l l h a b e r . . . . . . . . . . U 237

w sadius from Pumped well..... 618.00
Time Test 5tseted........... 900
S t a tic W a t u Le ve l. . . . . . . . . . 74.00

m

.a Time hts Level Cum T A*2/7 Drawdown
1024 75.00 84 6.55E 06 1.00
1112 75.40 132 4.17E 06 1.40

m 1203 75.61 183 3.01t 06 1.61
1300 76.00 240< 2.29C 06 2.00

1335 76.20 275 2.00C 06 2.20
,3

1426 76.35 326 1. 69C 06 2.35
1512 76.48 372 1.48C 06 . 48

1555 76.40 415 1.33C 06 2.60q
1623 76.66 443 1.24t 06 2.66
1758 75.70 538 1.02C 06 1. 70

d' 1830 76.00 570 9.65E 05 2.00
1945 77.07 645 8. 5 3t 05 3.07
2020 77.18 680 8.09C 05 3.18

"I 2134 77.31 754 7.29C 09 3.31 *

2342 17.53 882 6.24C 05 3.53
J 0156 75.86 1016 5.41E 05 1.86

0343 77.47 1123 4.905 05 3.47
0549 77.88 1240 4.44C 05 3.68

r
.

10*1' ouval County. Tesas
UAANIUM RESQUSCCS INC.

Longoria Hydrologic Test
D r ewdown C ur ve

[ August 4,1978
CD L. REED & ALSOCI ATES. .%

" *. ComSULTING M?DIOLOGISTS
MIDLAND, TCIAS

*%
.

.
.

.

O W( st

10*0 -

t Ie h a t n|C

hA , .36 ,

s S n17 s o-0

'
0

10*-1
s

"
I
5

1

g
10. ,.

,,., 10 ., 10 6 10 , 10 8

R*2/T

| 1214 332
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00 s.' me ll nunc e r . . . . . . . . . . . . nw-4'

Pum ped he ll Mem be r . . . . . . . . . . U 237

-1
Radius from Pumped well..... 553.00i

T& me Te s t 9 ta r t ed . . . .. . . . . . . 900*d
Static Weter Level.......... 78.25

E Time wtr Level Cum T A*2/T Drawdown
0931 78. 78 31 1.422 07 0.53

-* 1908 79.16 68 6.482 06 0.91
1040 79.45 100 4.40t C6 1.20
1131 80.47 151 2.92t 06 2.22

] 1203 79. T6 183 2.41t 06 1.51
1245 80.99 225 1.96c 06 2.74d 1338 81.23 274 1.585 06 2.98
1435 81. C 9 335 1.31C 06 2.84
1511 81.53 371 1.19e C6 3.28

** 1545 81.57 405 1.092 06 3.32
1641 81.34 461 9.55E 05 3.09
1739 81.93 519 8.488 05 3.60
1826 82.00 566 7.782 05 3.75
1928 82.15 628 7.01t 05 3.30

g 2C24 82.2* 684 6.444 05 4.00
,

j 2127 82.38 747 5.9CC 05 4.13
2345 82.50 885 4.982 05 4.25a

"J 0122 82.82 982 4.48C 05 4.57
0333 82.60 1113 3.96r 05 4.35
0523 82.95 1223 3.6CE 05 4.70,

s

L

10*1-
Duval County, Ta sa s

URAN!UM RESOURC::S IWC.

gp yf Longorla Mydrologic Tes:
Orawdown Curwe

N.,, *N August 4, 1978
ED L. Retd & ASSOC! Att3
CONSULTING HYDit0LOGISTS.

* MIDLAND, TEXAS*

.

@ W M ai
.

10*0 -

e st
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r lvt.tsCIE

D
-
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Sa?. Sal 0*S

10 1

I
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4

Me 5
OC &. b811 8;W8Eer............

.

U 237&wsped bell nascer..........
.

aed ius tron Pumpaa hell... .. 655.00
900j time 1e st Star t ed. . . . ... . ...

Static mater Level.......... 79.42

,

51m6 hts Level Cum ? A*2/T Crawdown

d 1003 79.83 63 9.81E 06 0.41

1035 80.95 95 6.50C 06 1.53

1118 81.05 138 4.48C 06 1.63 I
'

9 80.69 178 3.47C 06 1.27
0i 1158

. 1239 81.51 219 2.82C 06 2.49 <

d 1333 81.85 273 2.26E 06 2.43 n
U

1431 82.08 331 1.87C 06 2.66 n
V

1504 82.05 364 1.10L 06 2.63

~1 1540 82.28 400 1.54C 06 2.86

163' 82.40 457 1.35E 06 2.98

J' 17n i2.46 515 1.20 06 3.04

1821 82.13 561 1.10t 06 2.71

1922 83.77 422 9.93t 05 3.35

q 2019 82.10 679 9.10C 0* 2.68

1 2145 83.00 765 8.08C 05 3.58 '

*j 2332 33.38 872 7.08C 05 3.66

0115 83.40 975 6.34C 05 3.98

0320 83.30 1100 5.622 05 3. 88

0536 83.51 1216 5.08E 05 4.09
,,

b
Duval County. Tesas10 2

USAN!un REMUFCC3 !s C.s

'

Longoria hydtclogic testm Drawdown curve

August 4,1978
CJ L. ACCD 6 ASSOCI ATES
CDJ5ULTING SYDROLJi!STS

64 MIDLANO, TCKAS

10*1

MMP Cf!

N . s.
I. .

.

*
.

O'

w(u) alM
10*O esi

a42

I 2 7# f,,3,g

.
7 a3613

Ss64s10*S

.

3
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10 ,10 7-

10 6 ,10 ,
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0b 8. bhll N aber............ MW*6

.

hoped he ll water . . . . . . . . . . u 237
.

- Radius f r om Pumped hell. ,... 811.00
d Time Test Started........... 900

S ta t ic Wa t er Le ve l. . . . . . . . . . 76.93
..

Time hts Level Cum 7 R*2/7 Orawdows
1111 77. 77 131 7.23t 06 0.84
1152 77.78 172 5.51t 06 0.85 C ''
1233 78. 18 213 4.45E 06 1.25 e

\'^ -

1327 78.94 267 3.55C 06 2.01**

M'Qp's \ ,1422 78.17 322 2.94t 06 1.24
1458 78.49 358 2.65E 06 1.56
1536 78.76 396 2.395 06 1.83 Q..

1632 78.80 452 2.10t 06 1.87 e

1731 79.03 511 1.85E 06 2.10
1817 80.10 557 1.70t 06 29 9*--

1918 79.98 618 1.53C 06 3.05'

2014 79. 40 674 1.41t 06 2.47"
9-

2113 79.44 733 1.29t 06 2 . 5 '.

2331 79.50 471 1.09C 06 2.67
I 0108 79.58 968

.

9.76E 05 2.65
0318 79.96 1098 8.63C 05 3.03I

LJ 0510 79.90 1210 7.83t 05 2.97

n
b 10*1 Ouval County, Texas ,

URAN!uM atsogaCES INC.

Longoria Itydrologic Test
Oravdcen Curwe

U

M/480/7 ED L. EttD & A55301ATES
.* CCMSULT!NG BYD90LOGISTS

MIDLAND, TEXAS
.

% *

N. .D
-

. ~.,
ets

10*0 * * gett

D
II /t.4 9 a C

|
e

T s 5e 3

3:10:10**

| 10*-1

I .

I
I*210 -

10*4 10*5 10*6 10 't 10 *8
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Cea. helt uwener.... ....... Mw-7. ,

twa pd hell tweber... ...... U 23,

Sadium irom Pumped he11.. .. 820.00
Time Test $tarte0.. ....... 900
S ta tic W " te r Le ve l. ... .. . ... 78.34

Tase htr Level Cue ? R*2/T Orawdown
091$ 78. 36 15 6.468 0' O.02
0930 78.43 30 3.238 07 0.09
0945 78.56 45 2.15E 07 0.22
1000 74 .68 60 1.6LE of 0.34
1011 18.80 75 1. 29t 47 0.46
1030 78.90 90 1.08E 07 0.$6
104$ 14.99 105 9. 22E 06 0.45
1100 79.07 120 0.07t 06 0.73
1135 79. 14 173 7.17E 06 0.80*

1130 79.20 ISO 6.462 06 0.86
1141 79.25 16S S.872 06 0.91
1200 79.31 180 S.30t 06 0.97
121S 79.37 195 4.978 06 1.03*

. 1230 79.42 210 4.61t 06 1.08
1245 79 .47 225 4. 3 0C 06 1.13
1300 79. 51 240 4.03C 06 1.17

r* 1330 79.60 270 3.592 06 1.26
1400 79. 68 300 3.238 08 1.34
1500 19.81 360 2.698 0. 1.47
1690 19.93 420 2.312 06 1.59
1700 40.03 480 2.02t 01 1.69
1800 80.13 540 1.798 06 1. 79
1900 80.22 400 1.611 04 1.80
2000 80.32 660 1.475 06 1.98
2100 80.42 720 1.342 06 2.08
2200 40.52 780 1.248 06 2.18
2300 80.62 840 1.152 06 2.28

f ' 0100 40.80 960 1.01E 06 2.46
0200 80.92 1020 9.498 05 2.58

r
i 10*1 -

1. Quval County. Tesas
URAMIUM RESOUact1. 6C.

Longoria nydrologic Test.

0 aveown Curve
*

August 4. 1974
to L. REED 6 ASSOCI ATES

, CONSULT!sG EYDRCLOC25TS
NICIANO. TEEAS
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cos well number. Ph-8 ;..........

.

PueFed bell humoer.......... U 237
t

Radius fras Pumped hell..... 646.00 (
Time test Started........... 900

-

Static s8ater Lavel.......... 77.42 f

~

Time htr Level Cum T R*2/T Drawdnwn
of05 78.29 5 1.20C 08 0. 8 ',

0947 78.34 47 1.28C 07 0.92
1019 78.98 79 7.61E 06 1.56
1055 79.91 1 15 5.232 06 2.49
1142 78.45 162 3.71E 06 1.03
1220 78. 75 200 3.00C 06 1.37
1316 79.65 256 2.35c 06 2.23
1410 79.93 310 1.94E 06 2.51
1446 80.91 346 1.74c 06 3.49
1523 80.20 383 1.57c 06 2.78..

1624 80.10 444 1.35C 06 2.68
1727 80.50 507 1.19C 06 3.08
1813 80.54 553 1.09c 06 3.12''

1913 80.70 613 9.80C 05 3.28
2007 .79.50 667 9.01C 05 2.0*

2104 79.16 724 8.30t 05 1.78
2156 81.00 776 7.74c 05 3.55
2217 81.16 797 7.54C 05 3.7,

0057 81.37 957 6.2SE 05 3.95
0210 81.55 1030 5. 83C 05 4.13
0505 81.52 1205 4.99C 05 4.10

.

.

10*1*

Duval County, Texas
URAWIUM RESQURCES INC.

..

Longotia Hydtclogic test
0tawdown Curwepyup orr,,

August 4, 1918.* ED L. REED & ASSOCI ATES.''
CONSULTING HYOROLOGISTS.

MIDLAND, TE KA Sg,
,, N.
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' co s well hus ne r . . . . . . . . . . . . Mw-9

,
. .

Fumpd hell humoer.......... U 237
.

Radius f r om Pumped well. .. . . 420.00
Ti m e Te s t S t a r t ed . . . .. . . . . . . 900
Static watee Le ve l . . . . . . . . . . 77.54

-.

Time htr Level Cum T R*2/T Drawdcwn
s 0901 77.45 1 2.54C 08 0.31

0943 78.87 43 5.91E 06 1.33
1015 80.91 75 3.39C 06 3.37
lost 80.45 108 2.35E 06 2.91-'

1134 80.59 158 1. 61E 06 3.05
1212 80.47 192 1.322 06 2.93,

1303 80. 88 243 1.05E 06 3.34
1405 80.94 305 8.33t 05 3.40
1441 81.46 341 7.45C 05 3.92
1519 81.29 379 6.70C 05 3.75
1621 41.32 441 5.76t 05 3. 78
1724 81.48 504 5.04E 05 3.94**

1810 81.81 550 4.62E 05 4.27
1907 82.05 607 4.18C 05 4.51_
2003 82.13 663 3.83t 05 4.59
2058 82.28 718 3.54E 05 4.74 ,

-4 2210 82.44 790 3.22t 05 4.90
0053 82.67 953 2.47C 05 5.13
0302 82.79 1082 7.35C 05 5.25

** 0500 82.83 1200 2.122 05 5.29
i

J

p 10*2 -

Duval County, Texas

{ URANIUM RESOURCES INC.

Longoria Hydrologic Test
Dr avdc.-n Cur we

p|I
August 4, 1978b ED L. Stf23 & ASSOCI ATES

CONSULTING HYDROLOGIS73
,

MIDLAND, TEXA$
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* .

00s. hell hu.v**r............ nd-10

rumped hell Number..s....... U 237

*

Radius from Pumped hell..... 520.00
time Test Started........... 900
S t a t i c tr a t a r Le ve l. . . . . . . . . . 77.02-

*

Time htr Level Cum T R*2/T Drawdownl1031 77.99 91 4.28C 06 0.97
1130 78.63 150 2.60c 06 1.61
1716 78. 52 196 1.99E 06 1.50
1306 78. 79 24? 1.58E 06 1. 77
1358 78.46 298 1.31E 06 1.84-*

1433 79.10 333 1.175 06 2.08
1520 79.17 340 1.02C 06 2.15''
1600 79.60 420 9.27C 05 2.58
1705 80.03 485 8.03C 05 3.01
1805 79.20 545 7.14C 05 2.18..

2002 79.69 660 5.90c 05 2.67
2103 79.86 723 5.39C 05 2.84

' 2303 79.83 443 4.62c 05 2.?1 ,

0105 80.23 965 4.03E 05 3. '1
0303 79.84 1083 3.602 05 2.82''
0503 80.37 1203 3.24E 05 3. 5

..

10 *1 >

Duval County, Texa s
URAN!UM RESOURCES INC.

] Longoria Hydrologic Test
orawdown Curwe

N
9 August 4, 1978

g#t/M# 0/7 ED L. REED & ASSOCIATES

J'
'

CONSULTING HYDR ~LOGISTS.

N. IllDLAND, TEC.S
*
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y -
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p 10 *C -
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*

* .

Oos. hell Number............ MW * ll *

', Wa ped hell humoer . . . . . . . . . . U 237

Radius fran Pumped Well..... 700. 00
Time Te s t St a r t ed. . . . . . . . . . . 900

m S ta tic W ater Le vel. . . . . . . . . . 77.24

Time htr Level Cum T R*2/T D r awdoien
0935 78.*00 35 2.50E 07 0.76
1037 78.19 97 9.03E 06 0.95,,

1137 78. 44 157 5.58C 06 1.20
J 1224 78.65 204 4.29C 06 1.41

'd 1313 78. 79 253 3.46E C6 1.55
1405 78.98 305 2.87E 06 1.74
1443 79.06 343 2.55C 06 1.82U 1529 79.11 389 2.25E 06 1.87
1605 79.19 425 2.06E 06 1.95

.3 1719 79.34 499 1.76E 06 2.10
1811 79.35 551 1.59C 06 2.11
2003 79.64 663 1.32E 06 2.40

"1 2107 79. 77 727 1.21E 06 2.53
- 2308 79.96 848 1.03E 06 2. 72 *

,j 0117 80.12 977 8.97C 05 2.e8
0311 80.21 1091 8.03C 05 2.97
0505 40.23 1205 7.27E 05 2.99

9
d

10*1
p Deval County, Texas
a URANIUM RESQURCES INC.

L Longoria Hydrologic Test
Drawdown Curve

August 4, 1978
,agfu# O/r CD L. REED & ASSOCIATES

QNSULTING HYDRCLOGISTS
. \., M10 LAND, TEXAS

.,
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Cos. hell Number............ MW-12

Pumped hell humoer.......... U 237
..

Radius f r om Pumped Well. . . .. 1046.00 .

Time Test Started........... 900a

S ta tic W a t er Le ve l . . . . . . . . . . 72.36
s-

Time hte Livel Cum T R*2/T Drewdown
0945 72.61 45 3.50C 07 0.25--

1047 71.70 107 1.47C 07 0.34
1145 73.05 165 9.55E 06 0.69
12 32 73.10 212 7.4 3C 06 0.14**

1320 73.45 260 6.06E 06 1.09
1411 73.55 311 5.07C 06 1.19

,,

1450 73.70 350 4.50E 06 1.34
1541 73.80 401 3.935 06 1.44

=J 1609 74.00 429 3.67E 06 1,64

1816 74.00 556 2.83E 06 1.64
2010 74.25 670 2.35E 06 1. 8 ',

2112 74.33 732 2.15C 06 1.97''

2315 74.46 855 1. 84E 06 2.13
d 0138 74.53 998 1.58E 06 2.1 A

0318 74.68 1098 1.43C 06 2. 32
0517 74.67 1217 1.29E 36 2.31

O

kJ

10*1 -

Duval County, Texasp URANIUM RESOURCES INC.
,

L Longoria Hydrologic Test
Dravdown Curwe

M August 4, 1978
g ED L. REED & AJSOCI ATES
( CONSULTING HYOROLOCISTS

MICLAdD, TEXAS
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e

U-226CDs. mell hunt,er............

!
o u?- 6 8 d ,e u ,u.= e r . . . . . . . . . .

Radius f rom Pumped Well. .. .. 497.00
Time Test Started........... 900

S ta tic w ate r Le ve l. . . . . . .. . . 75.20
,

Time htr Level Cum 7 A*2/T D r awdown
*

0947 76.36 47 7.57c 06 1.16

1028 76.89 88 4.04E 06 1.69

1048 77.09 108 3.29E 06 1.89'

1110 77.26 130 2.74C 06 2.06

4 1140 77.45 160 2.225 06 2.25

1156 77.54 176 2.02E 06 2.34

1218 17.62 198 1.80c 06 2.42

1240 77.75 220 1.62E 06 2.55
""

1255 77.79 235 1.51c 06 2.59
|

1450 78.14 350 1.02C 06 2.94

1542 78.31 402 8.85t 05 3.11w

1613 78.10 433 8.21C 05 2.90

n 1716 78.50 496 7.17E 05 3.30

1811 77.97 551 6.46E 05 2 . 77

1926 78.27 626 5.68E 05 3.(7
2012 78.50 672 5.29E 05 3.30g

2112 79.01 732 4.86C 05 3.21

2316 79.13 856 4.16E 05 3.53

f 0110 79. 34 970 3.67E 05 4.14n

0312 79.37 1092 3.262 05 4.17

*=8 0513 79.65 1213 2.932 05 4.#5*

d 10*1 - Duval County. Texas
URAN!UM RESOURCES INC.

Y Longoria Hydrologic Test
6 &# F Dravdown Curve
w

N. August 4, 1978
CD L. RECD 6 ASSOCIATES
CONSULTING HTCPCLOCISTS.r * M101AND, TEF AS. .
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. ,

Ca s. h e ll hum be r . . . . . . . . . . . . U-227

-

Pumped hell hwaner.......... U 237

R adius f :om Pumped Well. .. . . 593.00
2 Time Test Started........... 900

S ta t ic W a te r Le ve l . . . . . . . . . . 73.63
.

Time htr C,evel Cum T R*2/T Orawdown
0924 73. 74 24 2.11E 07 0.11.;
0944 74.09 44 1.15E 07 0.46
1024 74.56 to 6.03E 06 0.93
1045 75. 70 105 4.82E 06 2.07--

1104 74. 79 124 4.08E 06 1.16
1137 75.05 157 3. 2 3E 06 1.42'' 1153 75.15 173 2.91E 06 1. 52
1213 75.23 193 2.62E 06 1.60
1234 75.35 214 2.37E 06 1. 72.,

1253 75.43 233 2.17E 06 1.80,
= 1445 75.90 345 1.47E 06 2.27

d 1538 75.90 398 1.27E 06 2.27 h1610 76.04 430 1.18E 0. 2.41 O u
1712 76.17 492 1.03E 06 2.5# Q**
1808 76.26 548 9. 24E 05 2. 6.
1911 76.47 611 8.29E 05 2.84

.) 2008 76. 58 668 7.58E 05 2. 9!
2110 76.67 730 6.94E 05 3.04
2312 76.84 8 52 5.94E 05 3.21

q 0107 77.02 967 5.24E 05 3.39
0309 77.09 1089 4.65E 05 3.4e

d 0510 77.30 1210 4.18 E 05 3.6)

L

10*2 -'

U
Duval County Texas

URAN!UM RESOURCES INC.

f Longoria Hydrologic Test

{ Drawdown Curve

August 4, 1978
ED L. REED & ASSOr! ATES
CorSULTING MYOROLUCISTS

M10!AND, TEXAi
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C: s. he ll Na be r . . . . . . . . . . . . M*15(MS-3)
. .

'~

Pumped hell humber.......... U 237

-<

R adius f r om rumped Well. .. . . 590.00
Time 7est Started........... 900
Static Wa6er Level.......... 7 5. 10*

-

Time htr Level Cum T R*2/T Drawdown
0930 75.23 30 1.67E 07 0.13

-d 0949 15.37 49 1.02C 07 0.27
1030 75.74 90 5.572 06 0.64

~
1051 75.96 111 4.525 06 0.86
1113 16.06 133 3.77E 06 0.96
1143 76. 28 163 3.08C 06 1. 18
1158 76.40 178 2.82C 06 1.30

_

1272 76. 48 202 2. 48E 06 1.38
1243 76.60 223 2.25E C6 1. 50

-1 1358 76.71 298 1.682 06 1.61 3
\'\'3 1455 77.14 355 1.4LE 06 2.04

g 1546 77.29 406 1.23C 06 2.19 0 t b

1617 77.35 437 1.15E 06 2.4? $
1719 77.50 499 1.00t 06 2.40
1812 77. 50 552 9.08E 05 2.40 "-,

1930 71.58 630 7.962 05 2.48
2016 77.60 676 7.42E 05 2.50

d 2119 78.06 739 6.78C 05 2.96
2321 78.09 861 5.82E 05 2.99

0114 78.35 974 5.15E 05 3.25
7 0316 78. 59 1096 4.57C 05 3.49

0517 70.62 1217 4.12E 05 3.52
,

u

V

(
'

Duval County. Tesss
UBAMIUM RESOURCES IhC.

Longoria Hydrologic Test
I Drawdown Curve

August 4,1978
ED L. RCED & AS.90CIATES
CONSULTING HYDROLOGISTS

f MIDIAND, TEXAS
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pt,s. =e l l hua r,e r . . . . . . . . . . . . U-228
.

Fusped hell NumDec.......... U 237

Radius fica Pumped Well. .... 690.00.

Time Test Started........... 900
S ta tic wa ter Le vel. . . . . . . . . . 72.68-.

Time wtr Lesel Cum 7 A*2/7 Drawdown,,

0941 73.10 41 1.67C 07 0.42
1021 73.31 81 8.46E 06 0.63
1041 73.46 631 6.19E 06 0. 78-.

1100 73.57 120 5. 71E 06 0.89
1135 7 3. 77 155 4.42C 06 L.09~
1150 73.86 170 4.03E 06 1.18
1209 13.95 189 3.63E 06 1.27 t1232 74.07 212 3.23E 06 1.39
1250 74.15 230 2.98E 06 1.47 b [i_.

n1442 74.57 342 2.00E 06 1.89 Ugq 1534 74.64 394 1. 74C 06 1.96
1607 74.72 427 1.61E 06 2.04
1707 74.87 487 1.41E 06 2.19g
1805 75.00 545 1.26E 06 2.32
1908 75.19 608 1.13E 06 2.51
2005 75.35 665 1.03E 06 2.67--

2106 75. 14 726 9. 44E 05 2.4h *

2304 75.65 844 8.12E 05 2.97d 0104 75. 72 964 7.11E 0 5 3.04
0305 75.85 1085 6.32E 05 3.1*.
0506 75.90 1206 5.63E 05 3.22

!

w

10*1 -

"
I Duval County, Texas

URANIUM RES00 ACES INC.L
Longoria Hydrologic Test

Deavdown Curvew
- gyp p August 4, 1978,

ED L. REED & ASSOTI ATES
*

CQNSULT!NG HYDRNISTSh. stIDLAND, TEAAS
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ODS. adels ha2 Leg............ U-230,

rwaped well Numoer.......... U 237

'' madius f rose Pumped well . .. . . 638.00
Time test Started........... 900

a S ta t ic W a te r Le ve l . . . . . . . . . . 73.33

m Time hts Level Cum T R*2/T Drawd,wn
0913 73.41 13 4.51E 07 0.08
0939 73.71 39 1.50C 07 0.38"
1014 74.11 74 7.92E 06 0. 78
1039 74.24 99 5.92E 06 0.91 h
1058 74.43 118 4.97C 06 1.10 0
1131 74.59 151 3.88E C6 1.26 O
1148 74.68 168 3.4?c 06 1.35 94 1206 74.82 186 3.15C 06 1.49 g1229 74.90 209 2.80c 06 1.57
1248 74.25 228 2.57E 06 0.92

'7 1438 75.35 338 1.73C 06 2.02
1531 75. 52 391 1.50E 06 2.19d 1604 75.59 424 1.38C 06 2.26
1704 75.74 484 1.21E 06 2.41
1802 75.87 542 1.08E 06 2. 5 .

-. 1906 75.99 606 9.67C 05 2.66
"2004 76.13 664 8. 8 3E 05 2.8n

'' 2104 76.23 724 8.10E 05 2.90""
2301 76.51 841 6.97E 05 3.18
0103 76.68 963 6.092 05 3.35
0303 76.80 1083 5.41E 05 3.473

; 0502 76.73 1202 4.88E 05 3.40
.A

r 10 1
} Duval County, Texasb URANIUM ACSOURCES INC.

Longoria Hydrologic Test
Drawdown Curve

L A/M# 077 August 4,1978
ED L. REED & ASSOCIATES
CONSUL 71NG HYDROLOGISTS

% MIDIAhD, TEXAS
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. co s . a l t ~. ne r . . . . . . . . . . . . u.:n

Pumped hell humoer.......... y 237

kadius from Pusped Well..... 544.50
Time Test Started........ 900..

S t a t i c W a t e r Le ve l. . . . . . . . . . 73.20**

'

time ht Level Cum T R*2/T Drawdown
0936 73.69 36 1.19c 07 0.49
1011 74.25 71 6.01c 06 1.05
1037 74.57 97 4.40C 06 1.37
1056 74.69 116 3.68c 06 1,49

1132 74.94 152 2.81t 06 1.74
1147 75.03 167 2.56c 06 1.83
1202 15.14 182 2.35c 06 1.94

..
1227 75.23 207 2.06c 06 2.03

'

1247 75.36 227 1. 88 E 06 2.16
'' 1358 75.66 298 1.43t 06 2.46 e

1435 75.66 335 1.27c 06 2.46 rg n P
v \

1526 75.92 386 1.11C 06 2.72 *\
1602 76.00 422 1.01t 06 2.80 Qy

1702 16.10 482 8.86C 05 2.90
1800 76.28 540 7.91C 05 3.08 9

..

1904 76.35 604 7.07c 05 3.:5

2001 76.54 661 6.46E 05 3. ' 4

2101 76.62 721 5.92E 05 3.42**

2300 76.86 840 5.08C 05 3.f6

0101 76. 57 $61 4.44c 05 3.37
0301 77.19 108 1 3.95C 05 3.99"

0500 77.25 1200 3.56C 05 4.05

r,

10*1 -

Duval County, Teams.

URAN!0M RESCURCES INC.

Longoria Hydrologic Test

] Drawdown Curve
p

August 4, 1978

* N ,N.D ED L. REED 6 ASSOCIATES
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,Jos. well ham r............ U-232
- e

Pumped he.1 humoer.......... U 237

leadius feca Fumped Well. .. 469.00
*

Tine Test Started........... 900
Statte Water Level.......... 73.41,

.a

Time htr Level Cum T R*2/T Drawdown
** 0912 73.54 12 2.64C 07 0.13

0934 74.03 34 9.32c 06 u.w2'

1008 74.69 68 4.66C 06 1.28,a
1030 74.25 90 3.52E 06 0.84 \'
1052 15.14 112 2.83E 06 1.73
1129 75.41 149 2.13c 06 2.00 9 3-- *
1144 75.48 164 1.93E 06 2.07
1200 75.59 180 1. 76C 06 2.18 g*

" 1224 75.72 204 1.55E 06 2.31
1245 75.80 225 1.41C 06 2.39
1327 76.02 267 1.11C 06 2.61 9

0 1430 76.17 330 9.60E 05 2.76
1522 76.36 382 8.29C 05 2.95

J' 1558 76.43 418 7.582 05 3.02
1700 75.53 480 6.6cc 05 3.17
1755 76.73 535 5.92t 05 3.3J

** 19.0 76. 92 600 5.28C 05 3.51 *

2000 77.00 660 4.8cc 05 3.57
J 2058 77.10 718 4.41E 05 3.69

2254 77.34 834 3.8CE 05 3.93
0100 77.54 960 3.30E 05 4.13

0256 77.75 1076 2.94C 05 4.34
3 0456 77.60 1196 2.65C 05 4.19

J

10*2 *

Duval County. Texas
URANIUM RCSOURCES INC.

14ngoria Hydrologic Test

f D r awdown Cu. <e

b August 4, 1978
ED L. REED 6 ASSCCIATES
CNSULTING HYDROLOGISTS

MIDIAND, TCIAS
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.

*
Obs. well NuaDer.. U-23s........

* .

Pumped hell muster. G 237.... ...

** aadius from Pumped well... . 204.00
flee Test Star ted. ._ 930. .... .

Static water Level.. 74.93........

m Tlee wtr Level Cum ? R*2/T Drawdova
0955 81.25 55 1. 0 9E 06 6.32
1006 31.51 66 9.08t O! 6.58

" 1015 81.49 75 7. 9 9E 05 6.76
1025 8 1. 78 85 7.05E 05 6.85
1037 81.98 97 6.18 E 0 5 7.05
1952 82.19 112 5.35E 05 7.26
1106 82.25 126 4. 76C 05 7.32

=* 1121 82.36 141 4.255 05 7.43
1135 42.46 155 3,*71 01 7.53
till 82.57 171 3. 5 Gt 05 7.64

'" 1205 82.64 185 3.24E 05 7.71
1222 82.69 202 2.97E 05 7.76

me 1235 8 2. 78 215 2.793 05 7.85
1249 82.84 229 2.62C 05 7.91
1305 82.7' 245 2.45E 05 7.84

Ta 1338 83.02 278 2.16E 05 8.09
, 1405 83.10 305 1.96E 05 8.17
g 1434 83.19 334 1.79E 05 0.26

1506 83.29 366 1.64E 05 8.36
1605 83.47 425 1.41E O! 8.54
1700 83.61 480 1. Sc 0'. 8.68
1807 8 3. 76 547 1.10E O! 8.83
1906 83.91 606 9.89C Ge 0.98
2005 84.02 665 9.018 04 9.09""

2110 84.30 7 30 8.21E 04 9.37
2306 84.45 046 7.08E 04 a.52

**
0110 84.64 970 4.18 E 04 9.21
0507 85.04 1207 4.968 04 10.11

m
|_ 10*2 -

dB Duval County, tesas
DAANIUM SESOUacts tuC.

Longeria nydrologic "ast-

Drawdown Curve
ad August 4, 1978

ID L. REED & ASSOCI ATES
Cou3 ULT 1mG EYDaOLOGI573

NEDIAmD. TEXA3
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16*4 le*S 10*4 10*7 10*8
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h" D

o g%o
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'' tvated me11 humoer... . .. . U 237,

e . -

Radius free Pueged well... 132.00
Time te st Star ted. 900. . ..

m S ta ti c w ate r Le ve l. . . . .. . . .. 75.19

time htr Level Cum ? R*2/T C r eedown
0950 03.99 S0 S.02: OS 8.00
1004 84.36 44 3.928 OS 9.17q
1013 84.55 73 3.445 OS 9.34J 1023 0 4. 77 83 3.02c OS 9.58
1034 84.87 to 2.678 0$ 9.64
1844 85.04 104 2.41c OS 9.45
1102 85.1S 122 2.06C OS 9.96

'l 1118 85.25 139 1.82c 05 10.56
1 1133 85.37 153 1.44C OS 10.18J 1149 85.66 169 1.488 OS 10.47

1203 85.53 183 1.37c OS 10.34
1220 SS.59 200 1.25E CS 10.40
1233 61.64 213 1.185 OS 10.45
1248 0 5. 77 2 29 1.1C2 05 10.84
1303 0 5. 77 243 1.03t 05 LO. 58

i

"
1336 85.89 276 9.09E 04 10.70
1404 0 $. 91 304 8.2SE 04 10. 72
1432 83.99 332 7.S6E 04 10.80] 1544 86.09 364 6.89E 04 10.90
1603 86.28 423 S.C.C 04 11.09'* I 1706 56.43 see S.let 04 11.24
180S 8 6. S $ $4| 4.4C6 04 11.36
1904 06. 78 604 4.lst 04 11.59
2003 8 6 . 88 463 3.788 04 11.49

' 2106 97.10 724 3.468 04 11.91
4 2302 57.2S 842 2.98t 04 12. D6

0107 87.41 967 2.S98 04 12.22
0504 97.96 1204 2.082 04 1 2. 77,

-

10 2 ,

.i
4

Duval C6unty. Te sa t
*

USAa!Un 5t300 ACES INC.

Longotta hydrologic test
O r swdows Cur we

'] August 4, 1978
10 L. AttD 4 A330CIAft3;

* C0dSQLTimC N 'DacLCC1373
MIDIANO 752A8
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Obs. teoll Nemeer....... .... U-236.

* e

Pvaged bell Numpet. . . ... .. U 237

Radtve from pumped Well. 97. 00.

flee Te s t S t ar t ed. . . . . . . . 100
S tatic water Level. . . . . .. .. . 76.36

Tlee hte Level C6m 7 a*2/T Orewoown
0915 62.54 15 9.03t 05 6.18
0930 84.84 30 4.52E 05 8.48
0945 05.82 45 3.01t 03 9.46
1000 86.30 60 2.2&E 05 9.94
1015 86.58 7S 1. 8 LE 05 10.22
1030 86.78 90 1.518 05 10.42
1845 86.94 105 1.292 05 10.58
1100 87.07 120 1.13t OS 10 . 71
1130 8 7. 28 150 9.038 04 10.92
1200 87.46 180 7.33E 04 11.10
12 30 47.59 210 6.45E 04 11.23
1300 87.73 240 5.65E 04 11.37
1320 07.05 270 5.02E 04 11.49
1400 07.87 300 4.528 04 11.31
1430 0 7. 96 3 ?' 4.11C 04 11.60
1500 80.06 3. 3 3 '6C 04 11.70
1530 08.14 350 . 472 04 11.70
1600 88.27 420 3.238 04 11.91
1630 48.36 4 50 3.012 04 12.00
1700 88.43 400 2.828 04 12.07
1730 88.50 $10 2.668 Os 12.14
1800 88. 56 540 2.51t ta 12.20
1830 80.64 570 2.30t Oe 12.28
1900 08.73 6 00 2.262 04 12.37'
1930 88.01 430 2.15C 0 12.45
2000 08.90 660 2.058 04 12.34
2100 89.10 720 1.802 04 12.74
2200 4 9. 18 780 1.74C 04 12.92
23e3 09.30 040 1.612 04 12. 94
2400 49.36 900 1.51E 0 13.00
0100 89.46 94 0 1. 41E 04 13.10
0300 89.56 1920 1.338 04 13.20,

T'
L 10 2

Ouval County. Tesas
URAulun St300 acts Inc.

f=
I Longoria Nydrologit 'lest

L. Drawdown Curve
;

Angest 4, 1978
CD L. 8ttD & A330CIATC$(' CONSULfiuG ETD ROLOGISTS
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.

'

Ons. hell member.. u-242. ... .

Pumped bell museer. p 237....

medius from Pumped well. . . 271. 00
Time Te st star ted. ... . 900. ..

Static unter Level.. . . .. . . . 76.54

Time ute Level Cum T a*2/T Drawdown
0967 77.12 7 1.518 07 0.58
0915 70.21 15 7.05E 06 1.67
0922 79.11 22 4.81t 06 2.57
0929 79.79 29 3.65E 06 3.25
0918 80.40 38 2. 78E 06 3.86
0946 80.81 46 2.30E 06 4.27
0954 80. 79 54 1.942 06 4.25
1001 81.34 61 1.732 06 4.80
1008 81.49 68 1.56E 06 4.95* 1023 8 1. 74 83 1.27C 06 5.20
1933 81.89 93 1.14C 06 5.35
1042 82.00 102 1.04C 06 5.46

I' 1051 82.13 til 9.53C 05 5.59 y1104 02.26 124 8.538 05 5. 72
1115 82.34 135 7.838 05 5.80
1129 O2.44 149 7.10E 05 5.90
1145 82.54 165 6.41C 05 6.02
1200 42.65 100 5.88E 05 6.11
1215 82.73 195 5.42E 05 6.19
1238 02.82 210 5.04E 05 6.28
1245 82.89 225 4.70E OS 6.35
1300 82.94 240 4.41t 05 6.42

. 1330 83.00 270 3.928 05 6.54
1400 8 3. 18 300 3. 5 3E 05 6.64
1430 03.27 330 3.20t 35 6.73
1500 83.37 360 2.94 05 6.83

*-

1600 83.54 420 2.528 05 7.00
1700 83.73 480 2. 2 3E 05 7.19(' * a4 03.84 540 1.94E 05 7. 30
190. e4.01 605 1.75E 05 7.47b 2001 84.13 661 1. 6 0E 05 7.59
2102 84.24 122 1.46E 05 7.70
2300 84.48 840 1.26E OS 7.94
0102 4 4. 70 962 1.10E 05 0.16f* 0300 84.87 1000 9.792 04 8.33

[, 0501 84.97 1201 8.412 04 8.43

t'

L 10 2
Duval County, Temas

08AN10M RE50Ueq$ INC.
,

I'
Longoria avdrologic test

orawoown Curwe

August 4,1978

] EO L. SCCD & A550C7ATts
CDmSULT!uG SYD AD14 GISTS
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ons, w il sn.aben . . . . . . . . .. .. u-243

. Pumped heti museer.. ... ... U 237. .

aedius free Pumped hell. .. . 227.00
71ae Test Started....... 900...Static water Level.......... 77.19

time ht Le vel Cum T A*1/7 Drawdown0903 77.26 3 3.478 0? 0.070911 78.50 11 6.75C ca 1.310918 79.41 18 4.125 06 2.220925 79.06 15 2.97t C6 1.474931 80.54 11 2.395 06 3.310942 81.11 42 1.77E 06 3.924910 S t. 38 50 1.48E 06 4.190957 81.61 17 1.30E 06 4.421004 8 1. 78 64 1.16E 06 4.591012 81.37 72 1.038 06 4.681017 82.16 87 8.S3C 05 4.971834 82.26 94 7. Sit SS 5.071945 8 2. 36 105 7.07E 05 S.171956 02.46 116 6.40s OS 1.271804 8 2.54 124 S.80E OS 5.39till -82.64 138 5.38C 05 5.451133 82.74 153 4. 45E 0 5 5.551, 1149 82.83 let 4.39E 05 1.641203 02.89 103 4.05E OS 5. 701314 42.91 198 3. 752 OS 5.74
s
Nr 1234 83.09 114 3.47E 05 5.90 ..' ,<A
i

8 1248 03.15 228 3.25e 01 S.96 0 3' 1303 03.30 243 3.058 05 6.01 f1334 83.34 274 2. 712 05 6.151404 83.43 304 2.48E OS 6.24,. 1433 83.49 333 2. 2 t 05 6.30 x
1504 03.61 364 2.042 05 4.42 \1604 83.75 424 1.758 CS 6.% ( c

* 1703 83.91 481 1.54t OS 6. 72 9
'

1803 84.02 543 1.37E 05 6.83 Q1911 84.17 811 1.212 05 6.982006 84.29 466 1.11C OS 7.392109 04.42 729 1.02E 05 7.23(. 1310 84.47 8 50 8. 73t 04 7.448109 54.83 969 7.46C 04 7.64
0 ,306

6. 832
0 84. 88 1986 04 7.69p 09 85. o uOS .342 04 7. 48 f

1.

10 2 ,
7
i. Ouvel Count y. Tesas

UEAN!UM SE30WECES !;:C.

r Longoria sydsc1091c Test
Drawdown Corwei

1, Autost 4.1978
to L. RIED & 8 $30CIATES
CDNS'JLTING EY1 ROLOGISTSr.

MIGIAmo. TEXA3
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Pumped hell humDer . . . . . . .. . . U 237,

.

Radius f rom Pumped went. . 428.00.

Tlae Te at started._ 900.. .

S ta tis water Leve n. . .. . 76.80..

flee tetr Level Cum T a*2/? prewdove
0909 76. 8 $ 9 2.93C 07 0.0S
0912 76.91 12 2.20E 07 0.110915 77.00 13 1.768 0* 0.20* 0930 17. 40 30 0.79C 06 0.80
094S 78.24 4S S.868 06 1.44
1000 18. 72 60 4.40t 06 1.92
1015 79.07 75 3. 52C C6 2.27
1030 79.32 90 2.93C 06 2.52
194S 79. 53 105 2.512 06 2.73
1100 79. 6 9 120 2.20s 06 2,09
1115 79. 83 135 1.958 06 3.03
1130 ?9.99 ISO 1.76E 06 3.19

- 1145 60.09 les 1. 6 ct 06 3.29
[. 1200 80.17 180 1.478 46 3.37

1215 80.25 19S 1.3SE 04 3.45
1230 80.32 210 1.26E 06 3.52e< 1300 80.46 240 1.10E 06 3.66 s1330 80.S9 270 9.77E OS 3. 79 %I

'
1400 00. 76 300 8.798 05 3.96 h1500 80.93 360 7.33t 01 4.13 %g

J1600 81.12 420 6.J82 OS 4.32
1700 81.26 480 S.SCE OS 4.46 \II 1800 St." S40 4.88E OS 4.37 h V190; 31.e9 600 4.40s OS 4.69
2000 81.62 660 4.00t OS 4.82
2100 81.76 720 3. 6 st OS 4.96 g2200 81.0? 780 3.38C OS 5.07

[' 2300 8 1. 94 540 3.14e 05 S.14
0100 0 2 . 18 960 2.758 05 S.38
0300 82.29 1920 2.59c OS S.49 Q024S 82.32 106S 2.485 OS 5.52

f'

l
10 1 ,

USANIU.1 coe .,.
Goe. Te...

"I
t RESQUACES INC.

tan 9oria sydrototic Test,

%,"...'*% Drawdown Cur ve
, Aetest 4.1978.***% CD L. ArtD 6 ASSOCIAft$L \. COdSULTInc grDn0 LOC 1375

%
stIDLA8G. TEXAS

i
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.

I d

00b ke ll DnHb De r . . . . . . . . . . U*I46

Pumped hell NueDer.......... 0 237

Radius f rom Pumped hell.. 354.00
Time Test Started.. 900... ..
S tatic Water Le vel., . . . . .. 7 7 . 20

Time her Level Cus T 3*2/T Drawdown
0904 77.33 4 4.51C 07 0.05
0912 77.78 12 1.50E 07 0.S0
0920 78.29 20 9.02E 06 1.01
0926 7 8 . 77 28 6.94C 06 1.49
0933 79.07 33 S.47E 06 1 . 79
0943 79. 50 43 4.20t 46 2.22
0951 79.74 S1 3.54C 06 2.46
1000 79. se 60 3.01E 06 2.60
1006 80.04 66 2.73C 06 2.40

* 1013 80.20 73 2.478 06 2.92
1930 80.44 90 2.01C 04 3.16
1839 30.55 99 1.82E 06 3.27'
1049 80.65 109 1.662 04 3.37
1957 00. 74 117 1.54C 06 3.44
1109 40.04 129 1. 4 0E 06 3.56i

1120 50.87 140 1.29C 06 3.59
1135 81.02 155 1.16E 06 3.74
1151 41.12 171 1.068 06 3.84
1206 81.20 les 9. 70s 05 3.92 Q

, 1220 41.28 200 9.028 01 4.00
1236 81.37 216 8.3SE 05 4.09
1250 81.42 230 7.8SE 05 4.14
1204 81.49 244 7.40E 05 4.21
1335 01.62 27S 6.56C 05 4.34
1406 81.71 306 S.90E 05 4.43
1435 81.80 335 S.398 CS 4.$2 s

g''
JQ1507 8 1.89 247 4.92t OS 4.61

1606 02.05 426 4.24C 05 4 . 77,,

1705 82.22 485 3. 728 OS 4.94
1806 02.32 546 3.31E OS 5.04

a 1914 82.45 414 2.945 05 S.17
200s 82.59 set 2.70E 05 S.31
2112 8 2. 70 732 2.47t OS S.42

{* 2314 82.80 854 2.11E 05 S.$2
i 0112 83.10 .7 1.66C OS S.02*

t, 0312 82.90 109. 1.652 05 S.62
0$11 43.27 1211 1.49C OS 5.99

I'

* 10*2 -

Ouval County. Tesas
, USABIUpt RESQGACES INC.

LI Longoria sydtclogic aest,

Drawdown Curve

* 7
ED L. REED 6 ASSOCI ATts
CDeSULTING HTOICLOGISTS
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Ces. hell ah.noer.... ....... ww-13 tfn.4#

.

*
Pweped hell swetes........ . U 239

e, ,

Radies free Pumped well. 248.00...

900Tame feet Started.... .....

S ta t is w at e r Le ve l. ... .. . . .. 77.08

flee hts Level Cum ? A*2/? Orswdown
0909 77.09 9 9.048 06 0.01
0911 77.10 11 S.218 06 0.02
0924 77.12 24 3.696 06 0.04
8930 77.17 30 2.955 04 0.09

0940 77.24 40 2.218 06 0.14
0940 77.34 48 1.0$t 06 0.26
0956 77.40 56 1.10E 06 0.32
1903 7s.49 63 1.412 06 0.41
1010 77.59 70 1.27t 06 0.49*

1926 77.73 86 1.038 06 0.6S
3035 17.82 9S 9.32E 05 0.14
1944 77.68 104 0.52E OS 0.80*

nell 74. 00 113 7.04E OS 4.92

3106 70.10 124 7.01E OS 1.02
.

1117 7 8 . 18 LJ7 6.46C OS 1.10
1131 18.29 151 S.87t 05 1.21

[' 1347 1s.40 167 .308 01 1.32*

1202 78. 30 102 4.87E OS 1.42 \
1217 78.40 197 4.50t OS 1.52 %

$ ,

3333 70,49 213 4.165 OS 1.61
1247 78.75 227 3.90s 05 1.67

e< 1301 70.8S 241 3.67t OS 1 . 77

t 1332 79.00 273 3.265 05 1.92
1402 79.12 302 2.93E OS 2.04
1432 79.23 332 2.67E OS 3.15*

1502 79.33 362 2.4St OS 2.23
1602 19. 52 422 2.20t OS 2.44
3foi 79 .67 481 1.04E 01 2.19,

1801 7 9 . 77 Set 1.645 OS 2.69
** 1908 79.97 608 1.46E OS 2.89 9

2003 30.06 663 1.34C el 2.98
2105 80.20 725 1.22E CS 3.12 9

,' 2301 86.43 441 1.058 05 3.31
0106 00.44 966 9.17E 04 3.18
0304 8 0 . 71 1984 8.11C 04 3.71

,.

0 50 S 50. 74 120$ 7.3SC 04 3.66

, ,

''
1g *1. ,

Duval County. Tesa s
UAAulun RC50uncts Inc.

(=
b 14agerla mydrototle test

Orewdown Cur we
Ames 04

Augwat 4, 1978
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'

one. well avaner............ mw-le(ns.2)
.

Pumped he ll heater . . ... . . .. U 237

Radius from tvaped well..... 162.00
71ae Test Started........... 900
S tatic Water Level.. .. . .... 75.11

Time wtr Level Cum T a*2/T Drawdown
0930 75.12 30 1.:45 06 0. 01
0945 75.23 45 4. t ot 05 0.12
1000 75.37 60 6.30s 05 0.26
1015 75 . 52 15 5.048 05 0.41

1030 75.67 to 4.208 05 0.54
1845 75.83 105 3.60s 05 0. 71

1100 75.97 120 3.152 05 0.86
1115 76.09 135 2.80t 05 - 0.98
1130 76.21 150 2. 52 ' 05 1.10

i 1145 76. 31 165 2.298 05 1.20
1200 76. 41 180 2.108 05 1.30 x

Q12 30 76.60 210 1.84. 05 1.49 -

1300 76. 74 240 1.578 05 1.67 %;

1330 76. 91 270 1.40C 05 1.80 s

3400 77.34 300 1.26E 05 1.93
1430 77.15 330 1.151 05 2.04
1500 17.26 360 1.05C 05 2.15 h
1530 77.35 390 9.698 04 2.24'

1600 77.44 420 9.008 44 2.33
1630 77. 52 4 50 8.408 04 2.41
1700 77.60 480 7.47C 04 2.49

Q1800 77.75 540 7.005 04 2.64

1930 77. 84 600 6.30t 44 2. 77

2000 78.01 660 5.738 04 2.90
2100 70.15 720 5.258 04 3. 04

2200 78. 28 '80 4.85E 04 3.17 g
3J00 78.39 840 4. 50E 04 3.28 v
2400 14.52 900 4.20t 04 3.41 ,

0100 18.63 960 3.945 04 3.52
0200 78.74 1924 3.71C 04 3.63

r-
t
{.

10 2 , Ouval County. To mas
e. URAWIUM RC50URCES INC.
t

Longoria Hydrologic Test..
Drawdown Curve

f* August 4.1978
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TEXAS DEPARTMENT OF WATER RESOURCES
1700 N. Congress Avenue

Ausen. Texas

\TEXA5 WATER DEVELOPMENT BOARD [ TEXAS WATER COMMISSION
A. L. Black. Chairman ![ Joe D. Carter, Chairman.

Ro'oert B. Gilmore.vice chairman ". 4 Dorsey B. Hardeman
Milton T. Potts Joe R. Carroll
John H. Garrett Harvey Davis
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SUBSURFACE WASTE DISPOSAL IN TEXAS

Agency Publication No. 72-05, prepared by the Texas
Water Quality Board on Subsurface Waste Discosal in
Texas, is out of print. The puolication is currently
uncer review and a revised edition will be oublished
at a later date. Attached is a copy of a portion of
the publication. Additional information concerning
subsurface disposal can be obtained from the Geological
Services Section of the Texas Department of Water
Resources.
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PURPOSE OF THE REPCRT

This report on subsurface waste disposal is to
inform the general public of the practice and nature
of the method. It is designed to foster a better
understanding of the discipline, and the role of
the Texas Water Quality E sard in protecting the

and toquality of the water rescu.ces of the State,
dispel fears of the public that are based on ignor--

ance of the science. The report is also to be used
as a general guide for persons considering or plan-
ning a subsurf ace waste disposal project.

INTRODUCTION

Subsurface or underground waste disposal, in
e broad interpre'.ation, is the placing of waste*b

substances beneath the surface of tae ground and
includes sanitary landfills , septic tank lateral
lines, injection wells and other methods. This

paper discusses only subsurface disposal through
injection wells which is the more common, although
restricted, connotation of the teru.

By means of a well, aqueous and gaseous fluids
are injected into the subsurf ace s". rata. Solids

other than those of minute size are usually not in-

jected into the subsurface through a well. The re-

ceiving stratum usually is an aquifer containing
_

_

highly mineralized water.

The year that disposal of liquid waste into
subsurface strata began in Texas is not known. The

first major and cooperative protect began in ene East
Texas oil fiald in the year 1938. Salt water pro-

duce <1 in conjunction with oil frem the Wcodbine
EcrLicion was returned to the lower part (i.e. dcwn-
dip) of the formation with f avorable results . Today

1

1215 008
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millicos o t' barrel s of sal t wat er are being re-
turned to the I o rma t. ion trom which the water
originated.

In the o.ii l y I 'F: 0 * a , I h. Ha ii r o ail O )mm t .*i s t on o f
Texas be.Jan i unis t nq permits ir d a sposal ot salt.

water inta sub su r face s t r at . sonprodnerive of ut1 or
gas. By th i s ttme, it ni o our 1 ic t , itomusttc waste
was beinq il Lsposed a f in the subsurface. In 1961,

the State t o.r i s l a tu re adoor 'd 1 Statute regulating
injection or all wastes into the subsurface. By
1961, the use of this disiosal method had become a
common pract ice . The Statiste was known as the In-
jection Well Act, and it requ ired that any person
seeking to dispose of waste tnt ne subsurface must
secure a permi t from the Railroac Commission of
Texas for all waste aris tng out of the production of
oil and gas, and a perm t t from the Texas Board of
Water Engineers for all other types of waste. The
Act was amended in l ' M ". arid again in 1969, result-
ing in trans fer of the regulatory function of the -

Board of Engineers and its successors to the Texas
Water Cuality Board. In 1971, the 62nd Legislature
in regular session passed the Texas Water Code
which incorporated and revised the Injection Well
Act. The Act became known as the Disposal Well Act
and is acw Chapter 22 of the Texas Water Code (Ap-
pendix). Should the waste to be injected contain
radioactive materials, the applicant would have to
obtain a license from the Texas State Department of
Health in accordance with the Texas Radiation
Control Act.

There has been an unusual amount of detrimen-
tal publicity en the use (or more appropriately mis-
use) of injection wells . This put icity has under-
standably concerned injection well f a iltires . After
all, a successful disposal well is seldom newsworthy.

2

4
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. Such publicity tends te alarm the public. Gen-

erally, the uninformed persen has two fears, namely,
that the waste may be injected into freshwater-bear-
ing straca, or that the waste will migrate into
these strata, and that the injection operation may
ause earthquakes or a sim;1ar castastropne .

The primary purpose of the Disposal Well Act
is to pr:tect the quality of the State's water re-
scurces and to protect the rights of the public.
The Texas Water Cuall:y Es ard and the Ra_1 read Com-
mission of Texas are charged with res;:nsibility
for administering the Act . As detallad later in
this report, the Texas Water Cuality Board staff
has the function of reviewing an injectien well ap-
plication, cenducting investigations and making
rec.u endations to the 3 card for approval or refusal
of the issuance of a waste control crder, and the
staff has responsibility of monitoring the disposal

.
well co. eration after an order is cran:ed.-

If injection of waste is confined to suitable
reservoirs, the well is properly designed and Oper-
ated, and injection pressures are maintained belcw
certain limits, there encu: d be c.o hazards of earth-
quakes or spectacular well f ailures .

.

There have been 105 permits or waste cent:01
orders granted by the Texas Water Cualt:y 3 card and
its predecessors, and subsequently, 14 have been
cancelled. Abcut 350 million barrels of ccmbined
municipal and industrial waste is being injected
annually in Texas.

vm wv. s . .C Ln ev.-v- ,2 evm

A kncwledge of the subsurface gecicgy is th e
most essential aspect Of a proposed subsurface dis-

'

p: sal project. Suitable reservoirs must be available
before a dispesal opera:icn can be given sericus
consideration. ,

.
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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.

Straticrachv

Most of the rocks exposed at the surface in
Texas are of sedimentary origin. These sedimentary
rocks often extend several thousand feet beneath the
land surface. They were deposited in stratified
layers, and are generally composed of sand, silt,
clay, shale, grave 4 and limestone.

The ages of the rock units composing disposal
conm: utilized in Texas range in age from Permian
to Quaternary. More wells utill:e strata of the
Miocene Series for waste injection than any other
age because a preponderance of the chemical and

,

petrochemical industries are locat'ed in areas of

Miocena sediments that constitute excellent waste
storage reservoirs. The majority of the disposal
operations are into sand strata; however, limestone,
dolomite and salt-deme caprocks are utilized. No
waste disposal permit has been issued for the util-
imation of fractured shale nor igneous or metamor-
phic rocks in this State.

Hundreds of thcusands of oil and gas explora- -

tory tests have been drilled in Texas during the
last 70 years. Frem this activity of the petroleum
industry, an abundance of information is available
concerning subsurface geology. Electrical logs, in
particula r, have furnished sufficient data for de-

tailed mapping of the subsurface geology. Figure 1
is a generalized map of Texas indicating the suita-
bility of the subsurface strata for disposal .

St ructure

The structura geology or tectonic framework of

4
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an erea is always tmportant. Areas that exhibit

hign structural deformation are generally to be
avoided for disposal operations . Also, highly

faulteu areas, particularly whare the strata is
composed of consolidated rocks, are not suitable
for safe injection. Piercement-type salt dcmes,
which cause censiderable de formation, must receive
a thorougn evaluation prior to ' heir utilitation
for subsurface disposal .

The strus s most favorable foc subsurface
disposal are gently dipptng monoclines, basins,
and shelves or platfor.ns . These structural types

are the dominant geologic features 'n Texas.

Groundwater

The primary purpose of the Disposal Well Act
is to protect both ground and surface fresh water
frcm contamination. Pe occurrence and quality of

groundwater in the State is fairly ws;', kncwn at
this. time. The groundwater availability programs
of the Texas Water Development Scard and the United
States Geological Survey have resulted in numerous
publications on the cccurrence of usable-quality
water in the shallcw aquifers throughout the State .
Also, a significant contribution by the petroleum
industry and related service companies have been
the publications en subsurface geology and resistiv-
ity of formation waters . Various types of electri-
cal loc surveys, of which hundreds of thcusands have
been conducted on e::ploratory wells in Texas, allow
for reliable calculations of water quality.

Classification Of water generally depends upcn
its use; however, a literature survey indicates a
lack of unifornity in the definitions . For purpcse

of this report, groundwater is divided into three
catecories based upon mineralitation as folicws:

:
,
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Fresh water - water containing a total dissolved
aineral 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 netural occurring salts.

Potentially beneficial water - water contain-
ing a total ditsolved mineral concentra-
tion between 3,000 and 10,000 parts per
million. This type of water can be used
for irrigation and stock watering under
certain condition.s, and is potentially
useful for desaltination purposes .

Saline or snit water - water containing a total
dissolved mineral concentr tion greater
than 10,000 parts per million.

Texans are very dependent upon groundwater as
a source of water supply. With the increase in
populacion and productivity demands, the usage of
groundwater is on the increase. Groundwater of us-
able quality commonly occurs throughout the S tate,
with the notable exception being Northeentral Texas.
Here rocks of the Permian and Pennsylvanian Systems
seldom are freshwater-bearing. The depths frem
which groundwater is produced in Texas ranges from
a few feet in alluvial deposits up to several thou-
sand feet in Gulf Coast aquifers.

RESERVOIR CHARACTERISTICS

Physical characteristics of a reservoir that
must be considered in determining the suitability
of the strata for disposal are porosity, pe rmeab il-
ity, and volume. The chemi-physical aspect to con-
sider in injection is the ccmpatibility of the re-
ceiving stratum and its natural fluid with the
wastewater.

6
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Perosiev

Porosity 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 het a low porosity percentage, it is not a
likely candidate for receivtng waste. Porosities
of the reservoirs presently receiving waste in Texas
may range from a Icw of 10 percant to as much as 35
percent. In the Gulf Coas t province, porosities of
30 to 35 percent are very ccmmen; in West Texas, the
Panhandle, and East Texas, a few suitable reservoirs
have porosities ranning frem 20 to 30 percent. In
North Texas, suitable reservoirs have porosities in
the range of 10 to 22 percent. There are reservoirs
that may be suitable for dispcsal in all areas that
do not fall in the above ranges of porosity.
Pe rmeability

Permeability is a measure of the formation's
capacity to transmit a liquid or fluid. All sub-
stances have permeability, although in the case of
granite or cement it may be so low as to be diffi-
cult to measure under a normal pressure differental. -

A reservoir considered for injection must have
sufficient permeability to allow the fluid to pene-
trate into the void spaces (porosity) withou t the
need for undue pressure . Ccmpacted clays, cc=menly
described as impermeable er impervicus , usually have
low coefficients of permeability. Waste can be in-
jected into clays (or shales) only at an extremely
sicw rate, thus clays are not suitable for waste
disposal. By contrast sands, gravels, and vugular
or fractured limestones may have high permeabilities
and are usually given consideration as disposal
reservoirs.

7
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Permeabilit,y may be measured in many different
units such as darcys, Meinser units, etc. The datcy
is equivalent tu the passage of one cubic centimeter
of fluid of one centipoise viscosity flowing in one
second under a pressure differential 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-s tctional area of
one square foot under a hydraulic gradient of I foot
per foot at 60*F. The Meinzer unit is usually used
in hydrology, but other coefficients are also in
common usage.

lTheis introduced the term coef ficient of
transmissibility, T, in 1935 and it is expressed as
the rate of flow of water in gallons per day through
a vertical strip of t'a aquifer one foot wide and
extending the full saturated height of the aquifer
under a hydraulic gradient of 100 percent. Thus the~

term coe f ficient of transmissibility is applie'd 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" his been changed to "transmissivity".

Volume

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

1 Theis, C .V . , 1935, " Relation Between the Lowering
of the Pie:ometric 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 volume of the rese rvoir , but also the
volume of the fluid that is available for compres-
sien. This latter factor will be discussed under
the heading cf Hydraulics of Injection. For most
in]ection operations, the reservoir should be large
enough to be considered as having infinite lateral
boundaries. If a reservoir has finite and known
boundaries, it may also be suitable for a calculable
amount of waste disposal.

Ccm-:atib ility

Fluids that are injected into the subsurfaces
have to be ccmpatible with the rock matrix and the
formation water. Compatibility tests are conducted
by the applicant to assure that the Anjection opera-
tien will be success ful . Some problems encountered
are:

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

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

Most ccmpatibility tests are carried out in the
laboratory pric to drilling a well, hcwever, many
tests can only be approximated prior to an actual
injectivity test. Compatibility problems that arise
after the well is drilled usually can be corrected
by additional treating (i.e. filtering, pH adjust-
ment, etc.) or by the injection of a b. ifer fluid
to maintain separation of the waste and the forna-
tion water. If the waste is not ccmpatible with the
formation water, a buf fer :ene of ccmpatible fluid
scmetimes can be injected ahead of the wastewater
to prevent centact of the formation water and the
noncompatible waste.

9
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HYDRAULICS OF INJECTION

Radial Discersion

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

e =0 0
1 rnd

where:

0 = quantity of fluid in cubic feet per
unit o f time

,

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

For illustration, assume an injection operation as
follows:

500 gallons per minute
200 feet, sand thickness
30 percent porosity

Find radius of displacement after 20 years of
injection.

SOLUTICN:

500 gpm = 619,810,000 cu . f t . in 20 years

rM 619,810,000 = 1,790 feet
1 3.1416 (2001 0.30

10
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As can be observed in this exampic, 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 ro be uniform in all directions.

The question is often asked, "Whas happens to
the waste after injection ceases?" The waste will
move in the downdip direction of the regional hy-
draulic gradient. The direction is usually, but not
necessarily, the same as th at of the regional din of
the strata. The rate of movement is determined oy

- the gradient dif ferential and the permeability of
the rect _ving strata. Commonly, the natural rate
of water movement in salt water aquifers ranges from
5 to 50 feet per year. To illustrate the dictance
of travel based on an average rate of 26 feet a year,
the waste would move only one mile in two centuries.

Cbviously, the waste cannot centinue to move in
a down gradient direction indefinitely. 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 frem .01 to 0.2 feet per
year; there fo re , it would take several millennia for
the flew to reach the surf ace . The re is some evi-
dence that the compressed clays may act like mem-
branes resulting in some infiltration of the waste-
water as it migrates upwa.-d.

Pressure Increase,

The pressure increase on the fluid of a forma-
tion is a significant part of the injection Opera-
tion and shculd be evaluated in all subsurface dis-
posal projects. To understand the effect of subsur-
face disposal upon an aquifer, a knowledge of cer:ain
functions is essential.

11
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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 unconfined is known
as the potentiometric surface.

Upon injecting liquid into a subsurface zone
under artesian c anditions, a cone of Lnpression is
developed on the potentiometric plane .e., a rise
of the potentiemetric 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
shean in Figure 2. It can be observed that any point
on the potentiometric surface is correlative 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 coefficient is the
volume of water that is released or taken into stor-
age per unit surfr.ce area of an aquifer per unit
change in the component or head, normal to that sur-
face. Stated another way, it is the amount of water
released or stored in an aquifer by compression or
expansion of the water and the aquifer skeleton.
The latter measurement is 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.

12
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Generali:ing , the formula for the coefficient
of storage is:

BS = Sa e m (a + ) (modified af ter Jacobs2)
d

where:

f = weight of I cubic inch of formation
water at s'.. ed temperature in pounds

d porosity of aquifer=

thickness of saturated aquifer inm =

inches
bulk of modulus of ce=pression orB =

elasticity of aquife: skeleton
bulk modulus of compression of aquifera =

water

The coefficient of storage of an aquifer can be
determined from pumpi..g tests in an aquifer, if there
are one or more observations wells to measure the
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 by
maasuring the change in the water level under con-
trolled conditions.

In lieu of conducting pumping or flow tests to
catermine the coef ficient o f storage, it can be cal-
culated with a few assumptions. Given the aquifer
thickness and areal distribution, with a knowledge
of the area, an empirical if not an exact storage
coefficient may be derived. This method is normally
used where a monitor well would be impractical.

2Jacobs, C .E . , 1950, " Flow of Ground Water", Chapter
5 in Rouse, Hunter, Engineering Hydraulics:
John Wiley & Sons

13
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A great store of informatien 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 good
accu racy .

To illustrate the derivation of the coefficient
of storage, a typical Gulf Coast Frio sand is utilised:

Sand thickness 200 fee t (Frem 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 10-615/in2 (Standard for

water at 60 *F.)

Rock
Ccmpressibility 3.6 x 10-61b/in2 (See discussion)

S = 0.039 (0.30) 2400 (3.3 x 10-6 4 3.6 x 10-6 ,
0.30

24.24 x 10-4 lb/in

Generslly, water is considered as a noncompres-
sible fluid; however, water is slightly ccmpressible.
Average compressibility of groundwater is 3.3 x 10-
lb/in2 at 60 *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
type problem because of the very small change that
would occur.

When fluids are injected into the subsurface,
displacement and compression occur with a resulting
pressure increase with the formation. As pointed
out in the proceding. section, the size of the re-
ceiving reservoir is important to disposal opera-
tions. The distribution o f a liquid injected into
a formation is controlled by the thickness, porosity,
permeability and coe fficient of compressibility or
storage coefficient.

The vertical compressibility of the aquifer
skeleton is influenced by the weight of overburden;
hence the depth, the lithology and the censolidation
of the sediments are all important factors. The
averace range for matrix compressibility is frem
2 x 10-6 to 2 x 10-5 lbs/in or one magnitude for2-

porous sedimentary rocks at average disposal depths
in Texas. The selection 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-
kncwledged that 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.

Nenecuilibrium methed

There are several methods and formulas utilized
for computing injection pressures, reservoir yield,
etc. Since we are awarn that there is a rise in
the potentiometric surface with in]ection at certain
radi from the well within the influence of the cone
of impression, a formula is needed that includes
this concept of change with injection. Such a

15
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formula is utilized in the nonequilibrium method.

In 1935. Dr. C. V. Theis1 derived the nonequilib-
rium formula from the analogy between Te hydraulic
conditions in an aquifer and the thermal conductions
in similar thermal systems. In essence the method
resents a means for calculating the water level

m.anges that occur when water is being discharged
frem an aquifer. The method is based en the follow-
ng assumptions:

1) the aquifer is hemcgenecus and isotropic
2) the aquifer is of infinite areal extent and

constant thickness
3) the discharging well has a small diameter

and completely penetrates the aquifer
4) water taken from storage in the aquifer is

discharged instantaneously with the decline
in head

An aquifer that would fit this idealized situa-
tion does not exist in nature; however, these theoret-
ical restrictions do not preclude the use of the
method where an aquifer approaches these parameters.
Thousands of water well aquifer tests have proven
the method to be reliable although not exact. For
a detailed discussion of the method and original
formula, refer to Theis' paper. The formula as mod-

3ified by Wenzel to simolify the calculation is:

ll4h60 g (, )as =

as is the change of head in feet of the poten-
ticmetric surface or water table.

1

~Theis (1935)

3Wenzel, L.K., 1942, " Methods for Cetermining Perme-
ability of Water Bearing Materials, etc.", U. S .

Geol. Surv. Water Supply Paper 287
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Q = quantity in gallons per minute
T = transmissivity

The value of W(u) is obtained by integration
from Theis' formula; however, Wenzel tabulated the
values of W(u) for corresponding values of u which
simplifies the calculations. (For copy of the tables,

refer to Wenzel's paper or other pubi'. cations of the
chart.)

The formula for obtainin9 u is:
2u = 1.87 r S/Tt

where:

' r = radius from in]ection well, in feet
S = coefficient of storage
t = time, in days

Althongh the method was developed through dis-
charging wells, the same methed 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 kncwn,
the water level rise er fall (pressure change) may
be ecmputed for any point en the cone of depression
or impression. If the formation pressure change is
known, the transmissivity and storage cc;fficients
can be determined assuming the lithologic boundaries
are also kncwn. The former method is most often
used for predicting pressure buildup in an in3ection
well operation because of the general lack of moni-
toring wells to conduct actual measurements.

New that transmissivity, coefficient o f secr-
age, and the ncnequilibrium formula have been dis-
cussed, a typical case will be taken to illustrate
the solving for the potentiemetric or water level
change (as).

17
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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-
.armined to be 30 percent and average permeability
to be 0.5 darcy (laboratory) as in the previous Ox-
ample. Assume the sand to be uniform and 100 per-
cent saturated with saline water. What will be the
rise, in 10 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, in darcys can be converted
into Meinr ar units where the viscosity af the fluid
at formation temterature is determined. For purpose
of the example, 'he assumed conversion factor will
be 20.5 or approximately that of water at 68'F.
The re fore , T = 0.5 x 20.5 x 200 = 2,050 (or rounded
off = 2,000).

S = 4.28 x 10~4 (from previous example)

therefc re:

21.87 (10,0001 4.28 x 10'4a 10'yr. =
2,000 x 3,650

1.10 x 10-2=

1.74 (from Wenzel's tabulations)W (u) =

300114.6 (2000)3,74as =

29.8 feet=

This amounts to an increase of 13 pounds per
square inch at a distance of 10,000 feet or 0.0026
pounds per foot of depth. From the example, it can
be observed that the nonequilibrium method has many

.
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advantages over other niethods in computing water
level drawdown or buildup in artesian aquifers. It
is, of course, important to determine or assame rela-
tively correct values for transmissivity and storage.

The method has been purposely simplified for
clarity in explanation, thus critics probably will
question why such items as dissolved gases in dis-
posal :enes, permeability differences between fresh
water and mineralized wastewater, temperature of in-
jected flu id , e f fect of pressure on fluid compressi-
bility, etc. have been ignored. Where these measure-
ments are known and could be impo rtan t , they are
taken into consideration and utilized in the formula.
However, they often can be ignored because of their
insignificant effect en the total pressure change.
It is not uncommon to find the total result of ig-
noring these minor corrections is to create a small
safety factor (i.e. the prest 2re buildup may be
overes timated) . In summary, the three most important
parameters, where reliable data is needed, are perme-
ability, porosity, and thickness of an infinite

.

aqu i fe r .

The nonequilibrium method is based on the as-
sumption that the hydraulic system does not reach
a state of equilibrium. However, with long dis-
tances from the well and/or extended time periods,
the nonequilibrium meched approaches that of a hy-
draulic system in equilibrium. The nonequilibrium
method is an excellent meth 'd for overall accuracy
in computing expected pressure increases.

APPLICATION FCR SUBSURFACE WASTE CONTROL CRDER

An appli:ation to the Texas Water Cualitf Soard
for a subsurface waste control order must be on forms
supplied by the Agency and accompanied by a 525.00
fee (see Appendix: Disposal Well Act). The

,
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application must include data on treatability studies
conducted on alternate methods of waste disposal.
The studies should indicate that the proposed sub-
sarface disposal has less impact on the environment
than the altarnate methods .

*
A technical report on the proposed operation

is required before the application can be processed
(Figure 3). This ccmprehensive 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 Bo'ard,
in adopting rules and regulations for administering
the Act, deemed it in the public interest and made
a public 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 propcsed operation and al-
low opportunity for ccmment on the project.

The technical staff of the Board reviews the
submitted report en the proposed operation and the
data developed in the public hearing. Included in
the evaluation are: the determination of the re-
gional structural geology and the lithology of the
receiving stratum, th'e influence of the waste dis-
persion, pressure increase of the disposal zone, the
presence of potential hazards to groundwater quality,
producing oil and gas wells, etc. and proper well
construction.

Upon ccepletion of the review, the staff pre-
pares a technical report for the Executive Director
of the Board that includes staff recommendations on
the application.

.
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A waste control order may be granted by the
Executive Director, or the Board, when it is deter-
mined tt * both groundwater and surface waters will
be protucted frem pollution. The waste contro) cr-
der will contain 7rovisions and requirements to as-
sure proper monitoring and operation of *S.e disposal
well. The staff observes certain aspects of the
drilling and completion of the disposal well, and
monitors the disperal 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
of 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 provisions
of the Act or waste control order.

INJECTION WELL DESIGN

The type of construction fc; injection wells is
quite variable because of the dif ferent ecmpositions
and volumes of waste injected. The Scard has not
adopted standards on well construction, but prefers
to consider each proposal on an individual basis.

The construction of the well must be such that the
potentially usable-quality water rescurces are ade-
quately protected and the injected fluid is confined
to tne permitted disposal zone. A typical well
would be ecmpleted as shown in Figure, 4. The surface
casin; is set frem the surface to a depth below
strata containing potentially beneficial water, and
then cemented back to the surface by the pump and
plug .aethod. The long string casing or protection
casing is set frem the surface to either the top or
through the entire disposal zone. This casing is
usually cemen' id to the surface by circulating ce-
ment frem total depth, or by cementing the upper

21
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part by circulating through a multipic-stage 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 zone givos 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 ir. a packer. The
injection tubing is made of a material that will
not be affected by the injected waste. Materials
ccc.monly used in the construction of the tubing are
carbon steel, internally plastic coated steel, fiber-
glass, and stainless steel. Screena, if utilized,
are usually made of stainless steel.

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

The Agency usually requires that a pressure
gauge be installed on the wellhead for monitoring
the pressure en the ennulus 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 gauge, and remedial action can be
initiated to correct the malfunction. A gauge on
the injection tubing is also required to monitor the
surface injection pressure.

Common methods of oil 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 disposal zone by
acid and surging is common, and seems to be necessary
in many instances. In fact, many wells are "acidized"
each time the injection pressure increases signifi-
cantly above the expected norm.

ABANDONING AND PLUGGING OF INJECTICN 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 proposed plugging
operation by the Board prior to the permittee under-
taking the operation. Ihe 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. Neverth eles s , certain

guidelines enecmpassing minimum criteria have been
for=ulated. Basically, three cement plugs should
be placed in each well previously used for disposal.
First, a plug should be placed across the injcction
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 shoe ap-
proximately 50 feet. This plug affords protection
fr=m upward flew of fluid from any lower zone into
the casing opposite the usable quality water zene. If
the protection string casing has been cemented to the
surface during installation, then this plug should
be placed in the protection string casing at the same
place as above to give added protection from upward
movement of fluid in the event of casing collapse
at a lower depth. In the event the protection
string has not been cemented to the surface (i.e.
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an older well where cement did not reach the sur-
faca), that portion uncemented should be removed
from the well prior 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 :enes that must be sealed off by a
cement plug are strata productive 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 operations. Where a drilling rig is on
location and can be used for plugging, the Board's
staff can verbally approve a plugging procedure.
This method would be utilised in the event drilling
tools were lost in the well, similar problems 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 atmosphere, the oceans, or the lithosphere.
Wastes permanently disposed of in the atmosphere
are limited to gases, although particulate matter
is often discharged with the gaseous waste but of
necessity must return to the surface.

The fate of the waste deposited in the oceans
is generally unknown. However, we have Oecome
aware that some waste such as insecticides, lead,
and mercury are entering the food 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 understood; (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 realises that there must be
control over the disposition of waste in the subsur-
face. Accordingly, the Disposal Well .Tct was adopted
to 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 engineered. The Board also recognizes that, un-
like stream disposal, subsurface disposal has volume
limitations. Therefore, as technology of waste treat-
ment advances, disposal of waste in the subsurface
should be restricted to radioactive, and to refrac-
tory, and malodorous wastes.
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INSTRUCTIONS,.

1. Application form m cuintuplicate, all acenmpanying data, and the required $25.00 filing fee shall be sent to the
Texas Water Quality Board. P.O. Box 1:cM Capito6 St.ttion. Austin, Texas 73711. The Board's staff is available
for consultation should questions anse in completing the appheation.

2. Justification for subsurface disposal mn.st acenmpany the application by submitting treatability studits of
alternate methods of waste disonnal. !'xplam m detail why each methnd is considered to be less satisfactory in
terms of environmental protection than the proposed subsurface disposal method. Indicate whether this waste
is presently neirg produced, and if so, what method is used in disposal. Bnefly describe the manufactunng pro-
cess (es) and product (s) from which waste will anse.

3. A technical report is required beinre an application can be processed. This report should include. but not neces.
sanly be limited to the following information:

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

b. A map indicating location and depth of water wells on and adiacent to plant property. This map or a supple.
mentarv man must show location of .dl artificial penetrations lod and ran weHs, exploratory teats. etc.) of
the uppermost proposed : rejection interval (s) withn 2'. miles of the insection well site. (The tecnnical staff
may adjust this distance as the situation warrants.)

e. Detenption of Incal topogranny and reology pertinent to inject:on program. Depth of deepest strata con.
taining fresh water or water of suitable quality for potenttal beneficial development as determined by well
development and or electncal ines.

d. A detailed desenption of the chem! cal and physteal characte-tstics of the waste to be injected. Complete
chemical analv=es of all morganic enn3tituents should Im reported in opm or me 1. If organic fractions are
present, all scch conoituents should he reported in ppm nr mg 6. a., uuhvidual percentares by weignt. or
in other appropriate terms. Give analysis of each waste stream and it. percentare of total waste.

e. The antteinated m erare and maximum rate of inieetton m rallons rer minute. II.stimated vestiv volume ofinjected waste and anticipated life of project.

f. Data on construction, completion and oneration of proposed infection well.
(1) Total depth

(2) Casine < ire zrade. tvpa. weight and settme depth nf all = trines: <ize and type of tubing: name model,
and depth of tuhm packer -etting.

(3) Cement-tv;w . mil volume of cement to he u ed on eacii casine 3 trine and calculated top of cement he.
hind each string. De<crdw and give percent of all cement additive <.

(4) Proposed intcetion intervatis) .md perforations or screen settmr depths. This should include the inter.
valts) in he utilized imtially and the . ntire zone requested for future development.

(5) Diarramatie <ketrh of propnsul wells includine the wellhead.

(6) Antic: pated maximum and averare wellhead injection pressures.

(7) Desenption of possible hydraulic fracturtne and nr acidiaint pragrams. :f ant:cipated.
(8) Desenption of prnon ed insectivity tests.

(9) Proposed forgmg. hattom. hole tearing. conne. etc.

g. Charactenstits of injection incervalts):

(1) Lithology. porosity, permeabihtv. temnerature.

(2) Naturd resereoir fhand on~sure or :ivdrostatic nead: f!uid saturation and enemical enaractenrics: andfracture gradient ur er:tical mput pressure.

h. Compatibility of intected waste and formation fluids.

i. Calculated formation pressure mercase by inreeted waste and direct:or.s of dispersion.

j. Surface mstallations.

(1) Detailed description of pretreatment prncess and fae: lit:es to ne used sincluda flow niagram).
(2) Descrmtion of tvie of material * to be used m pretreatment fac:lities and tran.5missic,n lines.

(3) Description and dat2un of .ul wa3te retention fac:lities. if uch ara o be used :n conjunct:en with the
:nlection well.

4. In tae event an ex2 sting well to w comerted to an mrect:on wed. anpaicant snould submit a comniete electneal
!or, all other logs or surveys performoi on the oil. and complete easmg a::d cementag data.

5. Submit a Iist of aittacent lamtowne! . %eir andrew ~. and a man indicat:nr :ocat:cr. of : heir nroperty. <See ass
and Regulat:ons. TWQB, Rule P.M.: 4)

w 121.5'035.
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TEXAS DEPART:fENT CT WATER RESCURCES

INSTRUC Zv35 AND PRCCEDURAI. INFCRMA?:CN

Tor Filing an Application For a permic To
Dispose of Wasce by Well Injection

PART CNE
GENERAL INSrRCCT:CNS

1. No perscn nsy begin drilling a disposal well or converting an exiscing well
into a disposal well to dispose of industrial and municipal waste withou
!Lrst obtaining a permit pursuanc to che Texas Water Code. In applying co
che Texas Department of Water Resources, herea!cer referred to as che
Cepartment, the applicanc shall foliov the procedures cuclined below cn
the applicacicn form and in che Rules of the Department.

2. Tive copies of the applicacion, two copies of the technical report and a
$25.00 filing fee shall be asiled to:

Executive Director
* TEXAS DEPART.'iENT CT WATER RESCURCES
P.C. Box 13087, Capitol Station
Austin, Texas 73711

.

Az. applicacion will not be processed uMil all in!ctmacion required to pro-
perly consider the applicacicn has been received.

J. A person asking applicacicn to che Departmen: for a permic snali submi. vich
the applicacien, a letter from the Railroad Ccamassion ccacing that drilling
the disposal well and injecting industrial or municipal waste into :he sub-
surface stracum will not endanger or injure any oil or gas formaticn.

A copy of the applicacica and technical report should be submi::ed cc:

RA::.,RCAD CCMM:SS:CN CF TEXAS

Ac:n: Cil & Gas Divis:on
p.C. Drawer 1:967, Capitol Station
Austin, Texas

4. An applicacicn which involves the dispcsal of a defined waste containing
radicactive materials shall be acccapanied by a letter or other instrument
in writing frca che Texas Department : Health, sca:ing either chac the
applican has a license from ch9 :epar: ment of Health gcverning the al.4csal
of radicactive ma:erials; or thac the applicanc dces not need such a license.

A copy of :he applicacicn should be submicted to:

:wn.cosa Applica:icn :nscruc::cns
am i ae 4
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(Part Two-Procodural Information~ Con't.)

2. By the Texas Water Ccc=tission

The Comissica will not:. y the applicant of any hearing on the appli-
cation. The Comission will r.all notice of the hearing at which the
application is to be 'onsidered to landcwners, cerain governmental
entities and other parti. * who any be ' 'ed by the proposed waste
injection. This notice aril be mailes 1 s chan cuency (20) dayss.

prior to the date set for the he' 'ing.

After the hearit. , if all nec ;Jaru infor: nation has bes.' r vallable for
discussica, a a soort, wh'ch wi; ' . stain the recemendations ccncerning
the applicatione s'1' be prey ed. The repo.-* will be sent to the
applicant and other interested parties prior to the decision of the
Texas Water Comission. The pe :nic will be mailed to the applicant L!
granted by the Comission.

.

11 0b8' . * . * . * . . ' . * Application nstruc:icns
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TEXAS DEPARTMEN CF WATL*4 RESCURCES
FOR DEPARTMEN: USE CNLY

1700 North Congress
Stephen F. Austin Building Application No. i

?.C. Box 13087, Capitol Scacion Councu-Districe
Ausci.1, Texas 73711 Receipe Ackncwledced

Fi11nc Fee Recespc Mai1ed
Adm. Review St!
Adminiseracively
Comolece
Copies Sent: RRC,
TDH, DWDB, Disc.

.

APPLICA*TN FCR PERM:: M DISPCSE CF WASTE BY WELL INJECTICN

1. Applicant

Plant Name

Address

C1cy ;;lp Code

Telephone No.

2. List chose persons cr firms authorized to act for the applicant during the
processing of the permic applicacicn.

.

3, Type c! permic: Criginal ( ) Amendment to Permic No.

4. ~.ist any other perm.tts, existing or pending, which pertain to pcilution ccncr:1
acitivities conducted by the planc or at this locacion.

5. Nature and Status of Activity

A. Type of operacion or processi (for example sulphuric acid planc, pecro-
chemical planc, sewage creacmenc planc, ecc.)

9. Current mechcds of waste dispcsal:

1215 039,
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6. LocaCLon of Proposed Injection Well

County Lease Well No.
TWP-RGE or

Section Block No.

Survey Abstract

Name and address of surface owner
.

Distance (in feet) and directicn frca :vo adfacent survey lines

7. Proposed njecticn Program

A. New Well Convert existing well
(Yes or No) (Yes or No)

3. Type of waste

C. Depch of well D. Depch(s) and geologic name of

injection interval (s) -

3. Submit with Application

A. $25.00 Fee (Please remit by Check or Money Crder)

3. Technical Report (see attached instructions)

C. Le:ter fica the Railrcad Cc= mission (see actached instructions)

:, (name) , (title)

(Company Representative)
stace chac : have knculedge of the facts herein sec forth and that the same are crue
and correct cc the best of my knowledge and belief. : further state chan to che
best of my knculedge and belief, the project !ct which applicacicn is made will acc
in any way violace any law, rule, ordinance, or decree of any duly authori:ed
governmental encity hav:ng jurisdiction.

Dace Signa:ure__

1215 040
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TECHNICAL REpCRT

FCR

DISpCSAL WELL Appl CATICNS

Informacion shall be fu:nished in the form of a technical or engineering :epcrc
prepared under the direction of a professional engineer or geologist.

Justificacion for subsu:!acs dispcsal must acccmpany the applicacion by submiccing
creacablilcy studies of alternace methods of wasce disposal. Explain in detail
why each mechod is considered to be less satisfactory in terms of environmental
proteccica chan che proposed subs'tr! ace disposal method. Indicace whether this
waste is presently being produced, and if so, what method is used in dispcsal.
Describe in detail che manufacturing process (es) and prcducc(s) !:cm which waste
will arise. Apulicants should censult with the sca!! prior to cccolecinc che
applicacicn to determine if the waste would be a candidate for subsurface dispcsal.

The appilcanc is advised to review the in!ct=acion to be developed in decall with
the Department sca!! prior to beginning to collect che informacion indicated because
certain condicicns or data may :equire additional or di!!erent information than
chac lisced belcw. Adjustments in the tal %g requirements nay be made by the
technical sta!! upon a showing of gcod cause enac the sicuacion warrancs.

i

1. spplicacion map or maps similar to che map cn page 4 cf instructions.'

More chan one map may be used to shcw the :equired informacion. Maps should
be on sheets 84x11 inches or folded cc that sico, and must include che
following information:
A. The approxi= ace boundaries of the crace of land cn whicn the wasce disposal

activity is or will be conducc^ed.
3. The locacion of dispcsal well as relaced to planc bounda:ies and two adja-

cenc survey lines.
C. T%? general characce: of the areas adjacent to che place or places c! *

diccsal such as :esidencial, ccc=1erciala recreational, agricalcu:al,
undeveloped, ecc.

D. The boundaries and ownerships of the surface and subsurface rights of
the craces c! iand adfacenc to che plant bounda:ies.

2. The names and add: esses (including tip code) of the cwners of the surface
and subsu:! ace Lghts of the cracts of land prope:19 c: css-refe:enced
to che map.

Ncts: The applicant, unless ocherwise approved by the Departmenc, must
cwn che su:! ace and subsurface :ights or have icng-term leases
!ct boch surface and subsurface rights to an area :equired cc
contain the calculated waste movement over the life of the prcjecc.

2. A "SGS copcgraphic map (1:24,000 scale, if available) indicating the plant
bcundaries and well locacion.

3. A map indicacing location cf all water wells on and adfacent to plant property
and selected wells in a 21/2-mile radius of the prcpcsed well, and a cabu-
lacicn of depch, cwner, chemical analysis, and ccher pertinent daca keyed
to che map.

4. A map shcwing the 1ccacicn of all a:cificial penec:acicns (oil and gas wells,
explcraccry case, dispcsal wells, ecc.) within a 2 1/2-mile radius of che
propcsed disposal well. (Noce: Scale of maps in 3 & 4 shall be che same.)

.
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5. A cabulation of all penec:acions reque:sced under (4) abcve of operator;
lease or owner; well nu:be:; casing size; setting depch and cemencing data
!ct surface; in:ermediace and long string casings; and plugging data for the
abandoned wcils. In addition to this informacion, copies of available
casing and cementing records !ct these wells which penec:a:e che uppermcsc
proposed injection interval shall be submitted including but noc limited to
che following RRC forms: 1, 2, 2a, and 4, and ce:nnting a!!idavits (RRC
Torm W-15) . Tabulation shall be keyed to map in 4. above.

6. Description of local topography and geology pertinent co injection program.
This information shall include but is act limited to:

(A) Surface geologic map, cross-sec Lons and st:uctural concour map on a
scale necessary to depict the :egicnal geology of :ne area.

(B) Two c: css-secticas perpendicular to each othe: c:Ossing at the proposed
injection nell locacicn. These crcss-sections will include, a c a
mini =um, available 1cq conc:cl, geologic units and lithology indi-
cated from the su:! ace to the icwer confining bed belcw the injection
:cne, or if a major sc:ucture axists belcw the injection :cne, co as
deep as necessary to shcw the st:ucture. All aquifers and thei: quality
should be identified. (These maps will be :o che necessary scale to
detail che local geology -24 mile radius of well minimum.)

(C) Structural concour map on che ecp of the propcsed injection :cce.

(D) Escpach asp of the injection :cne. (Between majcr confining :cnes.)

1. Isopach c! sand chickness in injection scne.
2. If more chan one :cne is being requested, iscpachs c! each sand or.

.

porous :one.

(5) Descripcicn of faulcing and !:acturing c: lineaciens in che area (an
aerial photo with lineacion inte:precations i' suggested).

(T) Cepcsi:icna1, s :uctu:21 and tect:nic (seismic) hise:ry c! che area
including lichcicgy and hydrolcgic proper:Les of all uni:s penet: aced
by :he proposed wel1.

7. pie:cmec:ic surface any of the major aquifer in :he area containing wacer
wi:h less :han LC,000 :x;r/l ::S.

3. A detailed description c! the chemical and physical cha:ac:eris:ics of :he
was:e to be injected. Ccaplete chemical analyses of all incrganic consci-
cuents shculd be :epor:ed in pga or mg/1. If organic !:ac:icas are presenc,
all such cons:Leuencs shculd be :eported in ppm or mg/l, as individual per-
centages be weight, or in other apptcpriate :erms. Give analysis of each
individual wasce s::eam and i:s percencage of cocal waste volume. :cxicity
and degradabill:y races and levels are required on final waste scream.

9. The anticipated ave: age and maximum race cf injection in gallons per minute.
Es:ima:e che yearly volume of injec:ed was:e and :he anticipated life of :he
projec:. Also include the ancicipa:ed maximum injection pressure required.

~cw n-oces TE 3N::A REPCR:-C:3PCSA: WELL
..:...



.

10. Data on construc:Lon a-d ccmplecion of the propcsed injection well (all new
macerials requi:ed unless otherwise approved by the Department):

A. Total depch of well.

3. ?)pe of ccmplecion: perforacion, open hole, scresn, ecc.

C. ?gpe, size, weight, g:ade and setting depch of all casing strings.
(API star.dards)

D. Proposed cemencing procedures and type of cemnes including volunes,
additives, slurry weight, ecc. (Su!!icient cement shall be used to
circulate to che surface). Submit service ecmpany recommendacicns
along with studies to determine the suitability of the selected cements.

E. Cemencing technique and equipment: guide shce, ficac collar, plugs,
baskets, DV cools, etc. (Casing should be :ecip 0cated cr rotated during
cementing.)

F. Propcsed injectica interval (s) and perforacing or sc:een setting depchs.
This should include the incerval(s) to be utilized initially and the
en: ire :ne requested for future development.

G. Number and locacion and spacing of cent:ali:ers, wall scracchers, ecc.

H. Si:e and cype of Cubing, name, mcdel, and propcsed setting depch of
tubing packer.

:. Desc:1pti:n of filters, type, name and mcdel, capacity.

J. :njectica pumps cype, name and .u: del, capaci:y.
.

a

X. Description of pressure and solume mcnitoring systems.

L. Diagramatic sketch of well including well head facilities.

M. 2:cposed well scimulacion program, acidizing, ecc.

N. :escripcion of proposed injec Lvity ceses. (i .e. , permeability, reserici:
lim 1:s, reservoi: cype, ecc.)

C. ?:cposed icgg:ng, bot =m-hole testing, c: ring, ecc. Minimum requirements
belcw may be adjusced by technical sta!!.

(1) Su: face Hole
a. Spcncaneous Potencial and Resiscivity icq
b. Caliper :cg

(:) Bcc::a of Su: face Casing to :D
a. Spontaneous Potential and Resiscivi:y Log
b. Gamma Ray (full hole)
c. Pcrosity Lcq
d. Fracture Finder (at disc:e:icn cf the s:a!!)
e. Cemen 3cnd :cg
!. Di:ec:icnal Survey

1215 043'C* * <CS* ECHN::A REPCRT-D:SPCSA: WEL *.,
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(3) :njection :cne
a. Side walls at a minimum, full halc cores reccmmended
b. Bot ca Hole pressure & Temperature Logs

,

11. Characteristics of :njection :nterval (give scurces of informacicn).

A. Geologic name(s)

B. Depth and chickness and areal development

C. Lithology, porcsity, permeability, and camperature (sources of infor-
mation)

D. Natural reservcir fluid pressu:e (bottom-hole pressure) or hydro-
scacic heads fluid sacuration and chemical cha:acteristics of forma-
cion and formacion fluids.

C. Location, extenc, and e!!ects of kncwn or suspected faulting, !:ac-
curing and/or !crucica solution channels.

F. Tracture gradient or critical input pressure.

G. Piecomec:ic surface up of receiving sc:aca cr if insufficient daca is
available, expected scacic fluid level and regicnal grartient.

12. Nac'tre and extent of upper and lower con!!ning strata.
(11thology, permeability, etc.)

13. Compatibility c! proposeed injection fluid and formacicn and formacion fluids
(decalled cesting required) at expected pressures and temperacures.

.

14. Corrosion Test on all facilicies which will be in contact with the waste
st:eam and long string casing.

15. Expected changes in pressure, formation fluid displacemnt, and di:ection(s)
of dispersicn of injected fluids.

16. Contingency plan and description of facilities ec cope wi:h well failures
or shu:-in. (A two well sys:em is recommended). 90-day minimum emrgency
facili:les unless :wo wells are to be used or opera:icn can be cicsed.

17. Su:! ce :nstallacions

A. :ecalled description of pret:eatment process and facilities. :nclude
ficw diagram with waste st:eams idencified (pics, pcnds and lagoons are
noc :acommended).

3. A plac of the planc showing all waste !1cw lines, and pre::eatmenc system.

C. Plans for disposal of solid or semi-solid waste !:cm prec:eatment.

13. C:her subsurface disposal operacicns in the area.

A. :12cussion of indus::ial and municipal waste and sal:wacer dispcsal rell

)| b 044rcwea TECHN: CAL REPCRT-D:SPCSAL W :. .. .. ,ss



.

.*
.,

operacions in the area, including names, distance fica the propcsed well,
and the injection interval.

B. Hydrologic implicacions of propcsed well as related to the existing injection
operacions.

'

19. Describe provisions for concinuing activities necessary for proper well
operation and qualificacicns of personnel who will operace ud supervise che
injection well and relacM facilities.

.
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CCNSULTANTS FOR DESIGN OF WASTE CISPCSAL MELLS

To assist individuals and industries in contacting persons who
design wells for subsurface disposal, the following list of
consultants and consulting firms has been prepared. The TCMP.
acknowledges that the list may be incomplete, and additions to
the list will be considered when called to our 'ttention. The
list is given in alphabetical order.

.

CLEMCO
120 South College Street
Tyler, Texas 75701

D'Appolonia Consulting Engineers, Inc.
10 Duff Road
Pittsburgh, Pennsylvania 15235-

Ken E. Davis and Associates
Post Office Box 30296
Lafayette, Louisiana 70503

or
Post Office Box 42303
Houston, Texas 77042

Geraghty and Miller, Inc.
44 Sintsink Drive East
Port Washington, New York 11050

Godsey-Earlougher, Inc.
600 Copper Caks Building
7030 South Yale
Tulsa, Oklahoma 74136

Golden Engineering, Inc.
1100 Milam Building
Suite 2000
Houston, Texas 77002

William F. Guyten and Associates
Consulting Ground Water Hydrologists
415 Firs: Federal Plaza Building
Austin, Texas 73701

Hydrosciences, Inc.
2611 Scuth Interlocken Orive
Evergreen, Colorado 30439
3C3/674-6400

14311
1215 046



.

/ '.
.

List of Censu'tants 'Cer't.)_

Layne Texas Company, Inc.
5402 Lawndale
Post Office Sex 9469
Houston, Texas 77011

Pollution Centrol and Waste Disposal, Inc.
Suite 1408
3500 N. Causeway Soulevard
Metairie, Lcuisiana 70002

C. M. " Son" Pumphrey, Jr. and Associates
? cst Of fice Ortwer "C"
Lane City, Texas 77453
713/532-5199

Ed L. Reed and Associates
1109 N. Big Spring
Midland, Texas 79701

Resources Servicas, Inc.
Post Office Sex 526
:orthington, Ohic 43C85

Subsurf ace Cisposal Corporation
5555 Wes: Lecp Scuch
Suite 646
3ellaire, Texas 77201

Turke, Kehle and Associates
326 Chevy Chase III
313 E. Andersen Lane
Austin, Texas 73752

Nilliams Brothers Process Serrices, Inc.
Resource Sciences Center
6600 Scuch Yale Avenue
Tulsa, Oklahcma 74136
913/496-5000

Under7:cund Resource Management
202 San Jacinto Building
Austin, Texas 737C1
512/473-2339

..A
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. _ _ * _ _ _ . . .. - -. _ .

List of Consultants (Con't.)

J-W Cperating Company
10120 Northwest Freeway
Suite 106
Houston. Texas 77092
713/63S-7291

Sources of additional information:

Director, Consulting Engineers Cour.cil
of Texas, Inc.
302 1.iternational Life Building
Austin, Texas

Yellow Pages of the Telephone Directory in T.ajor cities under
Consulting Geologist and Consulting Engineers.

* .
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Texas Water Development Board
Waste Discharge Permits
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 subj ect to the juris-

diction of the Department and includes waste, sewage,

industrial waste, municipal waste, recreational waste,

agricultural waste, or other waste, all as defined in

Section 26.001, and industrial and municipal waste, other

than salt water or other waste arising out of or incidental

to the drilling fo. or the production of oil and gas, as

defined in Section 27.002.

(b) " Radioactive Material" means any material, whether solid, -

liquid, or gas , which enics ionizing radiation. Ionizing

radiation includes: ga==a rays and x-rays; alpha and

beta particles, high-speed electrons, neutrons, protons,
and other nuclear particles; but not sound or radio waves,

or visible, infrared, or ultraviolet light.

(c) "Outfall" means the point or location where waterborne

defined waste discharges from a sewer system, creatnent

facility, or disposal system into or adjacent to the

water in the state.
.

:CW-1
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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

tLse prior to November 7, 1961, the effective date of

the State Water Pollution Control Act.**
(h) " Disposal Well Permit" means a waste discharge permit

which authorites 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 Com=ission

or its predecessors, the State Board of Water Engineers,

and Texas Water Commission (which became the Texas

Water Rights Coc=ission), the Texas Water Development

Board, and the Texas Water Quality Board.

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

.003. POLICIES FOR THF., ADMINISTRATION OF WASTE DISCHARGES.

(a) The Department administers Chapters 26 and 27 of the

Texas Water Code relating to the disegprge of wastes

**The deadline for filing an application for a etatutory permit
was Nove=cer 7, 1962.

XXV-3
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.004 PROHI3ITION'AGAINST UNAUTHORIZED WASTE DISPOSAL.

(a) Except as enumerated in subsection (b) of this rule,

no person 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.
(b) The following activities under the conditions stated

ordinarily do not need to be covered by a waste discharge
permit. However, nothing herein itsits the authority
of the Cocsission to require a waste discharge per=it to

abate and prevent water pollution resulting from the
disposal of 'any defined waste.

(1) Disposing of sewage frem a private dwelling by

means other than a disposal well. However, if

the disposal is made in an area covered: -

by an order regulating the use of privatea.

sewage facilities entered by the Cocmission

under Section 26.031 or by a County Cacmissioners

Court under Section 26.032;

b. by a rule or order entered under Section 27.019

controlling the use in a given area of disposal
wells for the subsurface disposal of sewage; or

c. by any other order or ru12 of the Department;

the disposal shall be made in compliance with the

rule er order.

XXV-5
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(5) Disposing of waste resulting from activities

associated with the exploration, development or

production of oil and gas. This includes the hauling

by a salt water hauler of water containing salt or

other mineralized subs tances 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 Cc= mission.

.005. WASTE DISCFR GE PERMIT.

(a) In general, a waste discharge permit authorites:

(1) the disposal of a defined waste into or adjacent
to the water in the state; or

(2) the disposal of a defined waste by disposal well.

(b) Although a waste disposal activity involving industrial -

solid waste may be subj ect to authorization under a

waste discharge permit, the Ccmmission may require the

person owning or conducting the activity to comply with

the rules of the Board contained in Chapter 22 related

to the manage =ent of industrial solid waste.

(c) The 3 card may also adopt rules governing particular

waste disposal activities otherwise subj ect to

authorization under a waste discharge permit, as

provided in Section 26.040. To the extent that the

XX7-7
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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. GENER.R 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 to a waste discharge permit

shall be furnished or 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 Executive Director before

preparing design plans and specifications for sewer

systems, treatment facilities, disposal systems, disposal
-3

well systems, and any other proposed collection, transpor-
cation, treatment, or disposal facilities involved in the

application so that the applicant enn be infor=ed in

advance of any requirements of the Department which are

applicable to the proposed system or facility, or to the

area in which it is to be located, such as reco== ended

XXV-9
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(b) A letter from the Texas Railroad Commission stating

that the drilling of the disposal well and the inj ection

of the defined waste into the subsurface stratum selected
for dispor C will not endanger or injure any oil,or gas
formation.

.003. MAP REQUIRED. The application shall be accompanied

by an application map and, if needed as explained below, a supplemental
map. Map.* 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 site,
and shall be on a scale of not less than 1 inch equals 1 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 '

by the applicant on which the waste disposal acEivity is or will
be conducted. The applicant shall locate en the map, each outfall,

disposal well, place of deposit, and other place of disposal used
or to be used by the applicant for the disposal of any defined
waste. The map shall also show known geographic features, such

as public roads, towns, streams, and watercourses; the general

character of the areas adjacent to the place or places of disposal,

such as residential, cecmercial, recreational, agricultural,

* Ownership maps =ay usually be obtained from ce==ercial map companies,
scme county offices , and scoe abs tract companies.

**Councy highways maps =ay be ordered either through the State
Department of Highways and Public Transportation, Austin, Texas ,
or thrcugh the State District Highway Engineer for the county.

~1215 054
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(1) A general description of the facilities and

systems used for the collection, transportation,

trea tment , and disposal of the waste or used

in connection with the waste dispocal activity.

(2) For each outfall, disposal well, place of

deposit, or other place of disposal:

a. the volume and rate of disposal of :he

defined waste, including daily and yearly

averages, the maximum rates of disposal over

representative periods of time, and detailed

information regarding pat: erns of disposal; and

b. the physical and chemical properties of the

defined waste; the characteristics of the

waste (chahical, physical, thermal, organic,

bacteriological, or radioactive), as applicable, .

should be described in enough d,4 call to allow

evaluation of the water and environ = ental quality

considerations involved.

(3) Such other information as may be reasonably required

for an adequa:e understanding of the proj ect or

operation.

.005. WASTE CONTAINING RADICACTTTE MATERIALS. An application

which involves the disposal of a defined waste con:aining radioac:ive

=aterials shall be acecmpanied by a letter or other instrument in

XXV-13
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application for a disposal well permit to determine

the local conditions and the probable effect of the

dispcsal well.

(b) Based on the inspection and other relevant information,

the Exe<2tive Director shall make recommendations to the

Commission concerning the requirements for setting casit

based on the factors contained in Section 27.056.

(c) If the Executive Director recocmends that a permit be
issued by the Co= mission, the Executive Director shall

prepare a proposed permit and findings consistant with

the requirements of Section 27.051.

.009. NOTICE OF APPLICATION FOR DISPOSAL WELL. When an

application for a disposal well is in proper form, the Executive

Director shall submit copies of the application to: ~

(a) Texas Department of Health;

(b) Water Well Drillars Board; and

(c) Texas Railroad Cec =ission.

.010. PUBLIC EEARING REQUIRED. A publi.. hearing shall be

held on every applicatien for a waste discharge permit before it
is acted on by the Cocsission.

.011. APPLICATION FORWARDED TO COMMISSICN. When an

application for a waste discharge permit is in proper form, the

:CW-13
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(3) the county judge and health authorities of the

county in which the waste is or will be disposed of;
(4) the Texas Department of Health;

(5) the Texas Parks and Wildlife Department;
(6) the Texas Railroad Commission; and

(7) the Texas Water Well Drillers Board when the
application involves an inj ection well.

.

.013. CONTENTS OF WASTE DISCEARGE PERMIT. A was e discharge
permit issued by the Commission shall.

(a) State the name and address of the holder of the permit;
(b) State the duration of the permi::
(c) Describe the location of each authorized point or

place of discharge, injection, deposit, or disposal; '

in the case of disposal by inj ection, the permit shall ~

also identify the stratum or strata which may be used
for disposal and the disposal :ene;

(d) Specify O.':e maximum quantity of the defined waste

that may be disposed of under the permit at any time and

frem ti=e to cine at each authorized point or place of
discharge, inj ection, deposit, or disposal;

(e) Specify the character and quality of the defined waste

which may be disposed of under the permit at each

authorized point or place of discharge, inj ection ,
deposit, or disposal;

XX'l-17
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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 quantity
of the discharge, unless some other method is specified.

(.) Average or Monthly Average. The quan:ity of a discharge

of a defined waste stated as an average, not to exceed

an average, or =onthly average in gallons or other uni:s

of measurement per day, means and is determined by deriving

the arithmetic average of the total of all daily discharges
of the defined waste over a period of thirty (30) consecutive
days. However, for monitoring and reporting purposes only,

the monthly average quantity =ay 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 per=it,
rule, or other order.

.

(b) Daily Quantity. The quanti:7 of the discharge of a

defined waste stated so as not to exceed a specific
=axi=um number of gallons or other units of =easurement

per day, means and is determined by deriving he total

volume of :he discharge of the defined waste over

twenty-four (24) consecutive hours. For self-reporting

purposes only, the eventy-four (24) hour reporting period

may start and end at such ti=es as may be established and

used by the person making :he diccharge.

XXV-19
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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 monthly 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.

(b) 24-Hour Composi:e Quality. 24-hour camposite quality

means the quality determined by measuring the concentration

in milligrams per liter, parts per million, or other

appropriate units of measurement in a combination of

grab samples of the discharge of a defined waste taken .

at selected, representative intervals over a period of
twenty-four (24) consecutive hours . The volu=e of each

sample in the composi:e shall be proportional to the flow

at the :ime of sampling. For =onitoring and reporting

purposes only, the rwenty-four (24) hour reporting

period may star: and end at such times as may be estimated

and used by the person making the discharge.

(c) Individual or Grab Sample Quality. Individual or grab

sample quality means the quality determined by =easuring

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 REVCCATION,
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
permit, and the revocation or suspension must be based

on one of the following grounds:

(1) The holder has failed or is failing to comply '

with the conditions of the permit;

(2) The permit or the operations thereunder, have

been abandoned;

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

(4) The authority to discharge defined waste in:o or

adj acent to the water in the state under a waste

discharge permit is subj ect to cancellation or

suspension under Section 26.084

(b ) The Commission may amend waste discharge permits to

require the holder of a waste discharge permi: to confor=

XXV-23
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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.

.003. AMENDMENT WITH CONSENT.

(a) 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 amend =ent is

prepared setting forth the =odifications desired. The

holder of a waste discharge permit may use the form of

an application for a permit and indicate thereon the

amendments requested. "

(b) A public hearing shall be held on every application

for amendment filed under this rule unless the

modifications will amend the waste discharge per=1:

to i= prove the quality of the defined waste authorized

to be disposed of; and if the applicant does not seek

to increase significantly the quantity of defined waste

authorized :o be disposed of, or to change =aterially
the pattern or place of disposal. A the time the

application is submitted to the Cocmission for considera:icn

and actien, the Executive Director will recoc=end whether

a public hearing should be required.

XX7-25 k2



'

Texas Water Development Board
Waste Discharge Permits
156.25

(b) Notice of the date, time, place and purpose of the

public hearing shall be personally served on the holder

of the waste discharge permit or be sent by mail to the

holder at his last known address as shown by the ' records

of the Department, not less than twenty (20) days pric
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 Com=ission

or the Executive Director has reason to believe persons
reside who may be affected. The Commission will pay the

publication cost and be responsible for proper publication.
Notice shall be mailed to the mayor and health authorities

of the city or town and to the county judge and health
authorities of the county in which the defined waste -

is discharged or disposed of.

(c) After the hearing has been concluded, the Cc= mission

may revoke the vaste discharge permit in whole or in

part, amend it in any particular, suspend the authority
to operate the waste disposal activity or dispose of
defined waste for a specified period of time, dismiss

the proceedings , or take any other action as =ay be
appropriate.

(d) If the Co= mission in its order directs a person to

perform or refrain frem performing a certain act or

XXV-27
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(c) 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.

(d) If the Commission in its order directs a person to
perform or refrain from pet _ aming a certain act or

activity, there shall be set forth in the order the

findings on which the directive is based. A copy of

every order of the Commission entered in the proceedings

will be sent by mail to the holder of the waste discharge
permit.

(e) 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.
.

.006. EXTENSIONS OF TDE TO COMPLY WITH REVOCATION,
SUS?ENSION, OR NEW CONDITIONS.

(a) Upon application by the holder of a wasta discharge

permit or other order, the Commission may grant an

additional period of time beyond that specified in the
permit or order in which to terminate or suspend the
disposal of waste or to conform to the additional

conditions, through an m=endment or 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 for=al amendment procedures prescribed in this
chapter:

(a) To correct a clerical or typographical error;

(b) To describe more accurately the location of the authorized

point or place of discharge, inj ection, deposit, or

disposal of any defined waste, or the route which any
.

defined waste follows along the watercourses in the

state after being discharged;

(c) To describe more accurately the character, quality or

quantity of any defined waste authorized to be disposed
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 = ore accurately any provisions in a per=it but

without changing the substance of any such provision.
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RENEWALS
156.25.20.001 .004

These r :les are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.

.001. DURATION. The Ccemission 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 precedures by the filing of an application for renewal prior

to the expiration date. The application for renewal shall be filed

with the Executive Director. -

(a) The application for renewal may be in the same for=

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 conditions of the expiring

waste discharge permit.

(b) If the applicant for renewal is in fact petitioning the

Ccmsission for a =odification of the requirements and

conditions of the expiring waste discharge per=it, the
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Director may be affected not less than thirty (30) days

in advance of Comnission consideration of the application

for renewal.

(c) The Cocnission may require the applicant for renewal to

be responsible for causing notice to be properly published

or served in accordance with Commission instructions and

to pay for all or part of the costs of the publication

or service of notice.

.004 ACTION ON APPLICATION PJR RENEWAL.

(a) In considering the application for renewal, the Cocnission

may take into account the following factors:

(1) Whether the permit holder has maintained ccmpliance

with the requirements and conditions of the expiring
waste discharge permit;

.

(2) Whether the operations or facilitie.s authorized by
the waste discharge permit have been abandoned;

(3) Whether the waste discharge permit is no lenger
needed;

(4) Whether a change in conditions requires the

discontinuation of the discharge; and

(5) Whether maintenance of the water quality consistent

with the obj ectives of Chapter 26 of the Texas Water

Code requires the discontinuation of the discharge.
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RHERGENCY ORDEFS
136.25.25.001 .005

These rules are promulgated under the authority of Sections

5.131 and 5.132, Texas Water Code.

.001. EMERGENCY ORDER TERMINATING DISCHARGES. If the

Executive Director determines there is good reason to 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 economic loss to

others, and that other procedures available to the Depart =en: to

remedy the situation or prevent the situation from occurring

will result in unreasonable delay, the Executive Director may

request the Commission to issue a temporary order to the person -

responsible for or exercising control over the discharge or

proposed discharge, directing that the discharge be discontinued,

modified, or not made, or that other a; propriate remedial or

preventive =easures be taken. The arder may be issued without

notice and hearing, or with such notice and hearing as the Cccmission

deems practicable under the circu=scances. The temporary order

shall be complied with i= mediately upon its receipt by the person
to whom it is directed.

:CCI-3 7
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supply additional information as may be reasonably

required to assist the Cemmission in =aking the necessary

findings set out in subsection (a) of this rule.

(d) The Executive Director shall forward the request for

a temporary order acccmpanied 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.

.003. NOTICE AND REARING.

(a) If the Commission deems it practicable to do s a, it

shall call a public hearing "aefore issuing an emergency

or temporary order as authorized by this subchapter.

If the Commission issues an emergency or ccmporary order

without a hearing before the Co= mission, the Cocmission -

in its order shall call and set a time and placa for a

haaring to be held before the Cocsission as soon after

the emergency or te=porary order is issued as is practicable.
At the hearing, the Commission shall consider whether to

affirm, modify, or set aside the emergency or tempo sry
order.

(b) For any 1. earing called as provided in subsection (a) of

this rule, it is not necessary to give notice in accordance

with the require =ents of Section 26.022. However, such

XXV-39
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appropriate remedial or preventive measures be taken i authori:cd

under rule .001 of this subchapter, the person to whom the order

is directed shall i= mediately 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 e:tcept in
strict compliance with its terms and conditions.

.
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at the hearing, compel the attar. dance 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 orders of the Department.

.

.

.
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Clarifica :en of Permi t Recuirements

1. Drilling and construction supervision:
Supervised by a qualified drilling engineer. who
has the authority to act for the company on matters
concerning drilling. Must be on the site during
most of the drilling and during logging. testing.
casings. cementing operations.

2. Drillers log or record of strata requested. (Constructedfrom cutting samples)

3. Casing testing:
Must be witnessed by consulting engineer or company
representative.

4. Collection of formation fluid:
Must pump. jet, swab. backflow or otherwise produce
the well until a rapresentative sample of formation
fluid can be obtained. It is suggested that con-
ductivity or some other pa. ameter be measured until
it stabilizes, then several gallons or preferably
barrels collected. The fluid should be analyzed for
a minimum of the following:

Silica Potassium
Calcium

-

Manganese
Magnesium Barium
Sodium Boron
Carbonate Strontium
Bicarbonate Cadmium
Sulfate Iron
Chloride pH
Floride Dissolved Cxygen
Nitrate Hydrocarbens
Viscosity Specific Gravity
Conductivity Temperature
Total Dissolved Solids HS2

5. Cores and core testing:
Sidewall cores are recuired at a minimum full hole
cores recommended.

1215 071
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Clarification of Permit Requirements
October 17. 1977
Page ?

Ceres will be analyced for:

Permeability
Porosity

% Saturation of each fluid
Sample description
Sieve analysis of sand
Compatability testing of cores with waste stream

for permeability reduction

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

7. Completion Report should consist of the following:
I. Drilling and Completien Records

1. Daily Reports
2. Drillers Log or Record of Strata
3. Casing and Tubing Records: pipetallys
4. Detailed Screen and Liner Setting '

5. Cementing Records
6. Details of Centralizers, Scratchers. etc.
7. Engineering Drawings of:

a. Well completion
b. Packer assembly and setting
c. Wellhead. parts list. etc.

II. Geophysical Logs

1. Final Prints of all Logs run on the Nell
2. Interpretations of Legs by Qualified Persens
3. Directional or Inclinational Survey

III. Teating Records

A. Well Testing
1. Static Fluid Level
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Clarification of Permit Requirements
October 17 1977
Page 3

2. Bottom hole Temperature
3. Bottom hole Pressure
4. Injectivity Test Results, i.e.. Permeability

Determination, Reservoir Limits, Storage Coefficient
5. Spinner or Tracer Surveys
6. Casing Testing Results

B. Lab Testing
1. Cores for Permeability
2. Cores for Compatibility
3. Cores for Porosity
4. Complete analysis of formation water
5. Ccmpatibility of fccmation water and wastewater
6. Descriptive core analysis and/or sieve analysis

IV. Other

1. New cross-sections if required
2. New pressure increases, if required
3. Summary Data Sheet -

4. Letter indicating Local Health Department furnished
a copy of the Permit

-

5. Photo of Wellhead
.

9. Injectivity Testing

Testing must include pressure / time relationships to
determine permeability, transmissivity and reservoir
limits if any. Pressure recordings can be by bottem
hole bomb. or quart: guage in the case of wells which
operate on a vacuum. Testing can be pressure build-
up or pressure fall off type.

,
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12-4-77.

HEVIEW UF ARTIFICIAL PENETRATIWW

Imprope rly plugged or cc'mpleted wc ils which penetra te the injection.:onc pose a serious conntraint to
mination of what cons 9itutes an

injection operatienc. The detur-
improperly completed nr plugnedwell ts a difficult problem.

Among the many variables are 90010m .ccmpletion methods, plugg ing methods, expected ecscrvoir conditionn,etc.

There arc several schools of thought
tag,ttien for artificial penetrations. concerning the radius of ;ees-

This Agency has used anrule o f thumb, a 2h-milo radius.
This is not an

a
absolute requ;re-ment.

The distance can be adjusted as the circumstances require .For example, after making Reservoir pressure calculations, it maybe determined th,it a 3-mile
review is required because vf a largeprensure increase at 2h miles. Cn the other hand, icw volumes 1.thick rescrvoir may reuul t in an insignificanta

!!cwe ve r , later requests ior volume increases can reault in a se cu'spressure at i mi!c.
record scarch. In order to maintain a uniform approachof revicw, a:1 to the rad.usapplicants chould submit data for 25-miles witP theapplication.

evaluation is made. Additional data can be submitted if accded af terin

Gene rally Opcaking, dry holes on the Texas Gulf Ceant
without long string casing icit in the hole. were aban.icnud

the base of fresh water anc noSurface casing yasgenerally set and cemented atstring was set. A plug is normally set at L c n c'

casing and at the top. the baac cf tne surface
usually filled with drilling muda.The holc and the casing uctueen p ugn

-

is

Due to the uncensolidatea na n . 2of
the Gulf Coast Sedimenta and the plastic nature of mostshalen, abandoned well bores probably do not tc r t.n ri

remain cpen for .0n0periods of time.

In the west and north central part of the State, ingecticn t e n e .. .confining beds and most of the overburdened strataindurated rocks. Well bores remain open for indefinite pcriada of
are comyctu.t.

time, and frequently drilling fluids and cc= cat
well bora because of lost circulatien zones.

may not be in the

A we'.1 which has been properly abandoned is one where
transfer of fluids dccs not occur or will net interfc{mattoro'injection.

Although our primary concern is protection of cround-eccur as a resu.t n:
water

resources, oil or gas formations, or other mincral cuaringtonce may be affccted, i,c., magnesium is produced from the 1*aten.Formation and other commerctal brines pecbably exist in the State.

Prcbably the greatest dancer frcm arttficial penetrations cccursthe Wes't Texas area. Moa. reports of ficwing abandencd wcil: in

arcund-water contamination frem cil ficid brines or
is fr:m thic area.here are several pcssiole causes for this, but .t is Primaril? the

i'
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r<. m ! t of well bo rcs , wh.ch do not collapse arouncclone after casing casing or en not
is removed, or the fact that lest circulattanzones arc common and the hole may be unintentionally abandonedor ccmpleted without adequate mud or cement.

to all areas of the State Another problem coucon
with casing in the hole and then forgotten.is some wells are temporarily abandoned

Of ten the information submitted with an applica tionincomplete or in error. is inadequate,
the well is a producing well,For example, many tabulations indicato tha thowever,
in many years and is temporarily abandoned.the well may not have produced
status, the Railroad Ccmmission records must In order to check thebe reviewed. Form W-10,semi-annual well status reports and Rule 140(2)
tions are two methods of cutablishing well status.(plugging) excep-

Additionally,tne "Well Schedulo" is a computer print-out of all active wells andis updated motnhly.
and are filed by district.There are separato schedules for oil and gas

Additionally, all of the penetration in the arca may not be tabu-lated or listed by the applicant. The General Land Of fice main tain',up-to-date records on oil and gas well locations as dccsCc= mission. the Railroad
have generally been updated withinThe RRC also maintains reproducabic field maps which

the past year.

After all the data has been assimilated,if a hatard exists. a determination must he made
conclusions can be made.Using all the data available, sccc ccaflictin ;

There are no unique solutions to the pr0blemand a value judgement may be required.

There are several rules of thumb which can be applied. Sene are
absoluto and the reviewer unculd use individual knowledge and exper;- .

ence to supplement these ideas.
(1) In the Texas Gulf Coast

remain open for a long pcried of time.the bcre hoics normally do not
area,

The weight of the
drilling fluid (if the hole remains open) or the collapsedsediments should prevent
if reservoir pressures are notany upward migration af native fluida

significantly increased. Arule of thumb has been a pressure increase of 15 psi /1,000 feetoi depth. This is based on the pressure differential of a 9.5lb. mud, ncrmal Gulf Coast
erable safetf factor. reservoir pressurcs, and a consid-

(2)
In West Texas area, uncemented well bores can result in verticaiavenues of escapc. Generally, wells which penetrate
tion tono should have cement across the injection interval tothe in:cc-
prevent corrosion, casing failure and escape of fluids orcentaminacion of produced fluids.

(3) :: is not
uncommon to find wells which have been abandoned withlong string casing still in the hole and the well has not71ugged. Therefore, ~ cen

ce found, we should proceed astf no information concerning enc well can
tf it is not plugged and has1Cng string Casing tn the hole. This

dangerous situat1Cns whiCh Can exist.is prChably\cne Cf the3 Cst

1215~075
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In summary, a r t i f ic ia l pene t rat u'na , which are th ec a:;h the can;
bed , is one: or .;e most s. . ious p: colems in any in:cction ope:at:

..

4..ch anpi t eation for a wel'. :nus t be thoroughly evaluated
'

.

.n terna'

of .2:ervoir pressure incruase ane artificial penetration in thearea.

In order to review the surrounding penceration and to de t. ;rmi ne ifa hazard exists, ,an accurate picture of the well and well status irnGCcGLary. .

The attached review sheet has been compiled to facilitate this review.

.
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INJECTION WELL APPLICATION
REVIEW CHECKLIST

Application #
_

Apolicant

County *

Reviewed by.

Date

I. Justification

1. Treatibility studies
2. Current method of disposal
3. Manufacturing processes
4. Products

II. Well Location

1. Plant location map
2. Well location in relation to plant and survey lines
3. Surface &- ownership maps
4. USGS Topo map
5. Does applicant own surface and subsurface rights

III. Geology

.

A. Region
1. Surface map
2. Cross-sections
3. Structural contour

B. Local
1. Cross-sections
2. Structural contour
3. Isopach
4. Description of faulting and fracturing
5. Aerial photo
6. Depositional, structural and tectonic history of the area

IV. Grcund Water
5 077

1. Map of area water wells
1 131:1
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2. Depth, owner and chemical analysis from wells
3. Piezometric surface map
4. Base of usable water

V. Other Penetrations In The Area
1. Map of penetrations within 2 1/2 mile radius
2. Tabulations of penetrations
3. Casing, cementing and P&A records

VI. Characteristics of Disposal Zone

1. Lithology
2. Areal development
3. Porosity
4. Permeability
5. Expected temperature
G. Natural reservoir pressure and static fluid level7. Fluid saturation
8. Chemical characteristics
9. Fracture gradient

VII. Proposed Well Completion

1. Total Depth
2. Injecticn interval
3. Surface casing: size, type, weight, setting depth,

guide / float equipment, centralizers, scratchers, etc.4.
Surface casing cement data and service company recommendations5. Intermediate string and cenenting data6. Protection or long string: size, type, weight, setting
depth, guide / float equipment, CV Tool, centrali:ers,
scratchers, etc.

7. Protection string cement data and service company
recommendations, cement compatibility data8. Packer: type and setting depth

9.
Description of annulus monitoring system, including typefluid and proposed pressure

10. Type completion

a. Open hole
b. Perforated long string: where and how many

Screen and blank liner: size, setting depth, typec.

d. Underream and/or gravel pack
e. Other

}}}} QJ811. Diagramatic sketch of well
12. Diagramatic skatch of well head and complete description
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VIII. Reservoir Stimulation and Testing
1. Description of proposed injectivity tests
2. Well stimulation: acidizing, etc.
3. Description of logging program
4. Description of coring program and laboratory testing

IX. Waste Characteristics

A. Nature of the waste
1. Description of physical and chemical characteristics
2. Analysis of final waste stream
3. Analysis of individual waste streams
4. Toxicity of final waste stream
5. Degradability rate of final waste stream
6. Compatibility of waste and native formation fluid
7. Corrosion characteristics of waste

*

3. Volume of the waste
1. Percentage of each stream to total effluent
2. Average and maximum injection rates
3. Monthly or yearly volume,

4. Anticipated life of the project
X. Waste Pretreatment Facilities

1. Existing facilities
2. Proposed facilities
3. Flow diagram with waste streams identified
4. Plat of plants showing all waste flew times
5. Plans for emergency storage or treatment in case of

well failure
6. Pond or lagoons proposed or in use
7. Filters types and location
8. Injection pumps and location

____ 9. Disposal of sludges or solids
XI. Injection Well operation

1. Expected =aximum and average injection pressure2. Formation pressure increase calculations
3. Minimum fluid front calculations

XII. Remarks:
'
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WELL DATA REPORT FOR INDUSTRIAL AND MUNICIPAL

INJECTION WELLS

Operating Company Name and Address:

Telephone No. _

Individual Responsible for Well

I. General Identification Data
1. '

_ Permit No. WDW-
2. Plant Well No.
3. Latitude and Longitude
4. Well Location (Legal Description )

.

-

5. County

6. Location to Nearest Tcwn

II. General Data on Well Site
1.

Generalized Cescription of Waste Stream Injected

(attach complete chemical analysis 20 this form).2. Ca e Well Permitted __, (Day) (Mench) (Year)

14311
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3. Date Well Put Into Service (Day) (Montn) (Year)
4. Maximum Injection Rate 7pm gallons / month

5. Average Injection Rate gpm gallons / month

6. Maximum Injection pressure
psig

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

.-

8. Total Depth of Well

9. Name and Depth of Injection Zone

III. Geologic Information

1. Lithology and Stratigraphy
A. Geologic Description of Rock Units Penetrated by Well

(a) (b) (c) (d) (e)
Name Age Death Thickness Ditholccy

12\5 DS\
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B. Description of Injection Unit

Injection Zone

(1) Name(s)

(2) Depth (drill)

(3) Thickness

(4) Formation Fluid Pressure
(5) Lithostatic Pressure
(5) Hydro Fracture Pressure

__

(7) Age of Unit

(3) Porosity (avg.)

(9) Permeability (Millidarcies)

(10) Bottom Hole Temperature

(11) Lithology

(12) BHP (original)

(13) BHP (present)

C. Chemical Characteristics of Formation Fluid -

(attach complete chemical analysis)
D. Description of .4ydrology of Fresh Water and other Potentially

Beneficial Aquifers.

(1) Depth to Base of Usable Quality Water '3000 mg/1)
feet

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

(3) Geologic Description of Aquifer Units
(a) (b) (c) (d) (e) (f)Name Age Depth Thickness Lithoiccy TDS (avg)

_

1?1 U R7
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(3) Geologic Description (continued)
(a) (b) (c) (d) (e) (f}

Name Age Death Thickness Lithology TDS(avc.)

--

-

(4) Number of Wells within 2h mile radius that penetrate the
injection interval

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

_

6) Number of item (4 ) wells above that are still producing

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

(8) Attach complete chemical analysis.
IV. Waste Characteristics

1. R mber of Waste Streams to Form Composite Injection Stream,

2. Plant Products Manufactured and process or operation which result

in waste being injected
.

3. Physical / Chemical Description (taken frem complete chemical analy.
sis attachment)
A. TDS

3. Specific Gravity

C. pH

D. Temperature

E. Degradability Level and Rate

4. Texicity

s

\

\
'
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5. Corrosion Reactivity

A. Surface Facilities

3. Injection Well Tubing

.

C. Long String Casing

6. Degradability Level and Rate

7. Bioicgical Level at Injection

8. Pre-injection Waste Treatment Description

.

V. Well Desien and Construction

1. Casing Size, Weicht, Grade Decti: Set

A. Surface Casing

_

M

i215 084



.

-6-
V. Well Design and Construction (Cont'd)

1. Casing Si:e,weicht.crade Death Set

3. Intermediate Casing

C. Long String Casing

D. Injection Tubing
-

2. Cement Data

Type / class Additives Amount Circulated
A. Surface Casing.

3. Intermediate

s

C. Long Strinc

__

D. DV Tool (stage cementing)

Setting depth (if applicable)

3. Packer

A. Type

3. Name & Model

C. Setting Depth

1215 085
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.3. Packer (cont'd) "

D. Type Annular Fluid Used

4. Centralizers: nurser and approximate depths

_

d

5. Sottcm Hole Completion

6. Well Stimulation Programs
.

.

'/ . Description of Surface Ecuipment
1. Holding Tanks and Flow Lines

.
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2. Filters

A. Type

B. Name & Model

C. Capacity

3. Injecticn pumps

A. Type

B. Name & Model

C. Capacity

VII. Monitorine Systems

1. Injection Pressure J;auges (Non-Recording)
(a) (b)

Location Name & Model

.

.

2. Injection Pressure Gauges (Continuous Recording)
(a) (b) (c) (d)

Lccaticn Name & Model Mechanical Eleccrical

_

-

3. Casing-Tubing Annulus Pressure Gauges (Non-Recording)
(a) (b)

Lccacicn Name & Mcdel

!
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4. Casing-Tubing Annulus Pressure Gauges (Continuous Recording)
(a) (b) (c) (d)

Location Name & Model Mechanical Electrical

5. Injection Rate Meters (Non Recording)
(a) (b)

Location Name & Model

6. Injection Rate Meters (Continuous Recording)
(a) (b) (c) (d)

Location Name & Model Mechanical Electrical

--

.

7. pH Recording Devices
(a) (b) (c) (d)

NoncentinuousLocation Name & Model Continuous Recrd. Recording

3. Temperature
(a) (b) (c) (d)

NoncentinuousLocation Name & Mcdel Continuous Recrd. Recording

_

.
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9. Sampling Frecuency and Water Quality Parameter Measures

.

10. Frequency of Measuring:

Water Levels
,

Sottom Hole Pressure
11. Contingency Plan for Well Failure Curing Operation

.

7:: . Legging Program

Surface TD Long string TD
1

1

2. 2.
3. 3.
4. 4.

1215 089
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IX. Chronological listing of all wor'i trs and well malfunctions
and brief description of reascns fo

ill failure.

.
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X. Diagramatic sketch of injection well showing casing, cement,

tubing, packer, etc. with proper setting depths. Sketch should
include well head and gauges. Geologic units penetrated by the

well should be indicated as well as electric leg of the well.
als x 11 paper is preferred. An example of the type sketch desired
is attached.

.
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