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Application for Subdivision of Land
VANESSA JAMES

Jack County, Texas N % /MQO%

. DEPUTY
. Name of Applicant: PASTURE HOLDINGS, LLC

. Name of Subdivision: PASTURE HOLDINGS SUBDIVISON

LOTS 1-15 BLOCK 1

. Designated Contact Person for Applicant:
a. Name: BRAD LITTEKEN, RPLS 6838, PROVEN SURVEYING

b. Address: 2406 KELL BOULEVARD
c. City/Zip: WICHITA FALLS, TEXAS 76309
d. Phone Number:; 940-322-6450
orders@provensuveying.com (PREFERRED)
. Name of all Title Owner(s) of Property to be sub-divided:
a. Name PASTURE HOLDINGS, LLC, JOSH BEESINGER, PRESIDENT
b. Address: 921 PRAIRIE TIMBER ROAD
c. City/Zip: BURLESON, TEXAS 76028
d. Phone Number: 817-991-4633

. Jack County Appraisal District Tract or Parcel Identification
Number for land to be developed: 1015 & 51711

. County Commissioner Precinct in which land to be developed is
located: 2 |

. Location of Land to be Develo.ped:

a. Legal or Mailing Address:

b. 911 Address:

c. Coordinates:

d. Topo or other suitable map depicting entire area to be
subdivided.
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A 5/8 INCH RO ROD FOND. WTH AN ALUNIU CAP "DOUGLE T°, AT THE NORTHEAST OWNER/DEVEL OPEF:
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ASTURE HOLDINGS LLC. Tt
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CORNER OF SAD DAVIS TRACT AND IN THE EAST UNE OF A TRACT OF LAKD DCEDED TO
AROHE W8 KELLY 0. KRES RECOROCD I\ WULE 628 PAE 632 PG FOR AN BLL BURLESON, TEXAS 76028 Texas Licanted Burvey Fma 05000
2408 KELL BOULEVARD
¥ THENGE NORTH 03S9'I0" EAST 1527.19 FEET ALONG THE EAST LNE OF SAD JOnES TRACT (817) 991-4633 e B D
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3 e B T ot TS e ToacT 2o ™ OCTOBER 2025
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g INTERIGR ‘CORNER O Ti2S DESCRIFTION, "
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BATIERLIT RECORDED , WLIKE 620 PACE 203 GPALS TOR TE VESTERLY NORTRREST B s e A A 3 L AT Ty s 43
e B T N A e SyATTA e ] TS i AT ey e cons Te S e T et A
CORNER OF THiS DESCRIPTIORG sl SRS 1 = . CENSIDERATIONS THEREN EXPRESSED AND D4 THE CAPACITY. THEREN STATED.
THONCE SOUTH 70°47°30" EAST 1562.20 FEET ALONO THE SOUTH LIE OF SAD SES FAMILY CONVEYED T0 11 BY DEED OATED D ek ot wt
TRACT T0 A 1/2 INCH RON RED FOND, CAPPED “0WEN — RPLS 8580°, AT THE SOUDIERLY ST T FEOHD AGK CONTY,
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DESCRP THE PASIURE HOLDTGS, SUBDSION, M ASGORDANGE. —_—
. BEFEON SUBECT TO ARY AVD ALL EASIMENTS
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INTIRIOR CORNER OF SAD SCS PAULY TRACT AND (N THE NORTH LINC OF SAD AGSTRACT HEREON THE USE OF TME STREETS AND EASEMENTS SHOWN HEREON.
233 FOR THE NORTHERLY NORTHAEST CORNER OF THS DESCRIPTION; o PR ST o TS
THONCE SOUTH 793310° EAST 67241 FEET ALOKG THE NORTH LIE OF SAD ASSTRACT 233 N WDESS WERECF THE SAD PASIVRE OGS U WAS
AXD THE SOUTH UNE OF TAMLY TRACT TO A 5/B INCH RON ROD (OUND, WITH AN CAUSED THESE PRESENT TO 0 DECUTED OY (TS ERESIDENT.
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TRACT AND IN WHE SQUTHACST RGGHT-OF-WAY UNE OF STATE WIGHWAY 199 FOR THL
NORTHERLY NORTHEAST CORNOR OF THS DESCRITION:

THENCE SOUTH 81'42'30* EAST 2208.21 FEET ALONG THE SOUTHWEST RIGHT-OF=WAY LME OF
OF LAND DEEDED TD ROBNSON FAULY PRESDENT; JOSH BEESNGER

THENCE SOUTH 10I1'13" WEST £29.52 FEET ALONG THE WEST LINE OF SAID 08.42 ACRE
FAMLY TRACT T0 A STONE.

ROGINSON ToA FOUND FOR AN ANGLE POINT OF SID S.42 AGRE o .
ROBINSGN FAMLY TRACT FOR AN ANGLE POINT OF TH'S DESCRIPTION: CERTIFICATE OF ROAD MAINTENANCE:
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0 A 1/2 NCH RO R00 FOUND, CAPPED "OWEN — RAS 3300, AT THE NORTHWEST RESPONSINLITY OF THE OWNER, SUBOIVIDER/DEVELOPER AND/OR
SAID CHURCH TRAGT FOR AN INTERIOR CORNER OF THIS DESCRIPTION: SUBSEQUENT OWIERS OF THE SUGDIVISION AND WL NOT BE THE

RESPONSIBLITY OF JACK COVNTY.

LINE OF SAD. ABSTRACT 233 AND IN THE N WINESS WHEREDF THE SAO EASIURE MOLOWGS, LLC HAS
I0R CORNER OF THS GESCRIPTION; CAUSED THESE PRESONT TO BE DXECUTED BY ITS CRESIOENT,

THE SCUTH LDIE OF SAD CHURGH TRAGT, TERUNTO DULY AUTHORIZED, THIS ., DAY OF

PRESDENT: JOSH BEESINGER

S0UTH 1901 THE WEST IS OF SAD 140.52 ACRE
ROBINSON FAMRY TRACT 7D A 3/2 INCH (RGN ROO FOUND AT AN ANGEL POINT OF SAID
K OLE PODIT OF THa5 DESCRETION: CERDAICATE OF COUNTY TAXES PAR
THENCE SOUTH 10T2'39" WEST 1708.18 FEET ALONG THE WEST LIE OF SAD 140,52 ACRE TS 15 To CERTIFY. THAT ALL TAXES DUE AND COLLECTED BY JAGK.
ROBINSON FAMRLY TRACT TO THE PLACE OF BECINKING AND CONTANING 33361 ACRES OF
R s o WWE POMMAmmMmmmwwmv:mbm
JACK COUNTY MAKES NO THAT
ADEQUATE WATER SUITABLE FOR HUMAN WTH THE FOLLOWNG EXCEPTIONS:
= o Tov CONSUMPTION WILL BE AVAILABLE YSTHIN THIS
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- — ADEQUATE SEWERAGE FACILITIES WILL BE
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Vo ) T e war
] i) o APPROVAL OF A PLAT BY THE COMMISSIONERS B pepuT: N
W ] Ford COURT SHALL NOT BE DEEMED TO SUGGEST oare:
7 ¢ mar] ] ) T3 THAT JACK COUNTY WILL EVENTUALLY ACCEPT
Y ) w Jur SUBDIVISION STREETS FOR PUBLIC MAINTENANCE.
r tfou ] O ¢ [wiaaw STREET MAINTENANCE SHALL BE THE
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1o L n sous7 OWNER/SUBDIVIDER /DEVELOPER OR A HOME
] s140 1 i 3T € eaor OWNERS ASSOCIATION.
) nET ) o [wor o7 oy e o]
) Er ) % [woror v e [smat)
oy i - ) | mor
v pres ) ] FerT)
us Baow ur ] 00135 XNOW ALL MEN BY THESE PRESENT, THAT |, THE UNDERSICNED, A REGSTERED PROFESSIONAL LAND
[ ury ] [y 2230 SURVEYOR ™ THE STATE OF TEXAS, DO HERERY CERTWY THAT THIS PLAT COMPUES SURVEY
o g = o s RELAT OF TEXAS LAW AND GF THE JAGK OOUNTY /O REGULATIONS ARD |
o FURTHER CERTFY THAT THIS PLAT IS TRUE AND CORRECTLY MADE AND IS PREFARED FROM AN ACTUAL
. a0 Cl CETE SURVEY OF THE PROPERTY MADE UNDER WY SUPERVISON ON THE GROUND AND THAT THE CORNER
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BRAD UTTEKDN, REGSTERED PROFESSIONAL LAND SURVEYOR NO. 8838
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Appendix C (2)

CERTIFICATE OF DEDICATION BY OWNER/SUBDIVIDER/developer
(When owner/subdivider/developer is a Corporation)

THE STATE OF TEXAS §
§
COUNTY OF JACK §

KNOW ALL MEN BY THESE PRESENT, that Bocrore He ldogs £EC
corporation organized and existing under the laws of the S%lte of Texas, with its home address at
12 ¢ Cavce T ‘b R ;) Burles.n il 160 and owner/subdivider/ or
developer of 333, 7% acres of Jand out of theJ. Govdnes aadM,€.Pand AR.R. Survey, in
Jack County, Texas, as conveyed to it by deed dated 4w Gust | §. 235" and recorded in
Volume , Page , Real Property Records of Jack County, DOES HEREBY
SUBDIVIDE 3337y acres of land out of said Survey,

(Note: if the subdivision lies in more than one survey, determine the acreage in each
survey and repeat for each original survey within the subdivision)

to be known as the Mo\rc \v\\g Subdivision, in accordance with the plat
shown hereon, subject to any and al] easements or restrictions heretofore granted and does hereby
dedicate to the public (or “owner/subdivider/developer of the property shown hereon” for private
streets) the use of the streets and easements shown hereon.

IN WITNESS WHEREOF the said [ <dyre Koldings [L.C  has caused these

present to be executed by jts , thereunto duly authorized, this
the B8 day of  Crkalras R DY20 900
/ i /4  ~Maumaging memé(r ATTEST: M\/&.&h /p/

/«ame, Titléy~ o (Name, Tf}le) J\XQ

THE STATE OF TEXAS §

§
COUNTY OF JACK §
BEFORE ME, the undersigned authority, on this day personally appeared
known to me to be the person whose name is subscribed to the
foregoing instrument as an officer of and acknowledged to me that the

foregoing was executed in such capacity as the act of said corporation for the purposes and
considerations therein stated.

GIVEN UNDER MY HAND AND SEAL OF OFFICE this the day of
,A.D., 20

Notary Public in and for the State of Texas



Appendix I

CERTIFICATE OF ROAD MAINTENANCE
(When roads are to be maintained as Private Roads)

“In approving this plat by the Commissioners Court of Jack County, Texas, it is understood
that all roads shown hereon are private roads and shall remain the property of the
Owner/subdivider/developer and/or subsequent owners of the property. The construction, repair,
and maintenance of these roads and any associated drainage improvements will be the
responsibility of the Owner/subdivider/developer and/or subsequent owners of the subdivision and
will not be the responsibility of Jack County.”

lo-22-2¢—

O}ﬁsubdivide developer or Representative Date
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Appendix K

CERTIFICATE OF COUNTY TAXES PAID

THE STATE OF TEXAS §

§

COUNTY OF JACK §
I, T,:a\s'. Oale , County Tax Assessor/Collector, of Jack County, Texas, do

hereby certify that on the QQH\ day of d )Qﬂ! bgc ,A.D,2p0 3% , that no taxes owed
to Jack County are currently due and owing on the following tracts of land:

Identify all tracts or parcels within proposed subdivision:

ITNESS MY HAND AND SEAL OF OFFICE this the ZCl day of
-~ ,AD.200> |

— COUNTY CLERK
JACK COUNTY, TEXAS

UNTY JUDGE
S

K Ul

COUNTY, TE

64



Jack County Tax Office
Trasi Ogle, PCC, CTOP
100 N. Main Street, Ste 209
Jacksboro, TX 76458

(940)567-2352
Duplicate Receipt
This is a receipt. Do not pay.

PASTURE HOLDINGS LLC
&n  DBAPASTURE FUND
o 921PRAIRIE TIMBER ROAD
P BURLESON TX 76028
o

‘Property owner as of paymént: Current Statement #: 6235 Posting ID: 910092025124840

R979028 - PASTURE HOLDINGS LLC
Owner Interest: 1.000000 Agent.

Property Information

Parcel ID/Sequence: 1015/1  Legal: AB 233 J G GARDNER
Account: 20233-00034-00200-000000
Category Code: D1/E Situs: 6550 S ST HWY 199

Acres: 240.2800

MH Label Number:
MH Serial Number:

Location Code: 158 Jurs - 00 01 32 61 63 65

Payment
Year Jurisdiction Tax Rate Tax Value Type Base Tax Dis/Pen/Other Total Amount
2025 JACK COUNTY 0.35812300 $29 800 : Full Payment $106. 72 -$3.20 $103 52
{ 2025 'iPERRlN—WHITT C.LS z‘:éM&O 2.0, 6,6920,0020 ’ e AN _d o
2025 PERRIN WHI'IT C.LS. D I&S 0.15000000 $29 800 $44 70

o

130223400

[72025°

“$2.00

0.00722000

2025
0.08392000. - 7'$29,800" » 924:20; L
2025 Year Totals: $468.07 '$461.36
. Parcel 1015 Totals: $468.07 $6.71 $461.36
Property owner as of payment: Current Statement #: 6235 Posting ID: 910092025124840
R979028 - PASTURE HOLDINGS LLC :
Owner Interest: 1.000000 Agent:
Property Information
.| Parcel ID/Sequence: 51711/1 _ ' 1 Legal AB 431 MEP & PRR
Account: 20431-00034-00201-000000
Category Code: D1 : Situs: GROVELAND RD
Acres: 98.0000
MH Label Number:
MH Serial Number:
Location Code: 158 Jurs - 00 01 32 61 63 65
. Payment
Year Jurisdiction Tax Rate Tax Value Type Base Tax Dis/Pen/Other Total Amount
2025 JACK COUNTY 0.35812300 $8,260 Full Payment $29.58 -$0.89 $28.69
2025 PERR (M&O TR 166920000 8.260; i $552877 P ey 5
2025 PERRIN WHIT]' Cl. S D. I&S 0.15000000
{’%25 JKC HD*ST’“I'TKC'DIST 3
0 00722000
2025 Year Totals $129 74 -$1.87 $127.87
Parcel 51711 Totals: $129.74 -$1.87 $127.87

00812025 : Page 10 2



DPI Year/Month: 202510 Payment Ref Totals: $597.81 -$8.58 $589.23
Clerk: jaccthau Payment Type: Check Payment Ref No: 1083
. Effective Payment Date: 10/09/2025 Deposit Date: 10/09/2025 Drawer User/Number: Tammy -17 -2105

10/09/2025 Page 2 of 2



Appendix S
Development Fees and Receipt
The following are a list of development fees for Jack County. These fees are subject to change.
Plat without a designated floodplain: $2000.00 + $10.00 per lot
Plat in a designated floodplain: $2500.00 + $10.00 per lot

Final Plat: $250.00

]
Total Development Fees due with Application: $ Z% _“pr (“‘J-"_
I jonE Seetiona-R

8.4 $ (S0 "  dets
Total Fees due: $ 250 T EBEJd vl
¥ 2,450 <

Receipt of Development and Inspection Fees:

.

On this date, the sum of $ Z,4°° was received and receipt given by the Treasurer of

Jack County.

Jack County Treasurer 6 Mg Treadwe
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MURRAY MILES MADDOX Tima
PH. 940-229-4446
1309 N MAIN ST.
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m First State Bank

Where People Come First.
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CERTIFICATION OF GROUNDWATER AVAILABILITY FOR
PLATTING FORM ‘

Use of this form: This form was developed by TCEQ consistent with 30 Texas
Administrative Code, Chapter 230. The purpose of the form is to certify that adequate
groundwater is available beneath a subdivision if that groundwater will be used to
supply water to the subdivision.

The form must be submitted by plat applicants and certified by a Texas licensed
professional engineer or Texas licensed professional geoscientist as part of an
application to a platting authority. The platting authority could be a municipal
authority pursuant to Texas Local Government Code (TLGC) Section 212.0101 or a
county authority pursuant to TLGC 232.0032.

The form and 30 TAC Chapter 230 do hot replace state or federal requirements *
applicable to public drinking water systems nor the authority of counties or
groundwater conservation districts under the Texas Water Code.

For any questions regarding this‘form, contact the TCEQ Water Availability Division,
Groundwater Planning and Assessment Team at GPAT@tceg.texas.gov or by phone at
(512) 239-4600.

TCEQ-20982 (1/23/2025) Page 1 of 8



TCEQ Certification Form: Groundwater Availability for Platting

Certification of Groundwater Availability for Platting Form

Administrative Information, 30 TAC 230.4

1.

Name of Proposed Subdivision:

Pasture Holdings Subdivision Lots 1-15, Block 1

Any Previous Names that Identify the Tract of Land:

Property Owner(s) Information:

Name: Pasture Holdings, LL.C

Address: 921 Prairie Timber Rd, Burleson, Tx 76028
Phone: 817-991-4633 Fax:
Fmail: joshbeesinger@gmail.com

Plat Applicant Information:

Name: Josh Beesinger

Address: 921 Prairie Timber Rd, Burleson, TX 76028
Phone: 817-991-4633 Fax:
Email: joshbeesinger@gmail.com

Licensed Professional Engineer or Geoscientist Information:
Name: Bryan Erwin

Address: 6991 Fm 4, Jacksboro, TX 76458

Phone: 940-567-5708 Fax:

Email: bryan@erwindrilling.com

Certificate / License Number: TX PE 109851

Location and Property Description of Proposed Subdivision:

Located 1 miles South of the US 281, 199 Y.

A Plat of 333.75 acres out of the J. Gardner Survey A-233 & the MEP &
P.R.R. Co. Survey Abstract 431

TCEQ-20982 (1/23/2025) Page 2 of 8



TCEQ Certification Form: Groundwater Availability for Platting

7.  Tax Assessor Parcel Number(s).
Book:

Map:

Parcel: 20431-00034-00201-000000, 20233-00034-00200-000000

8. Groundwater Conservation District Information:
Name: None

Address:

Phone: ) Fax:

Fmail:

Proposed Subdivision Information, 30 TAC 230.5

9. Purpose of Proposed Subdivision (single family/multi-family residential, non-
residential, commercial, other):
Single family

If “Other,” explain:

10. Size of Proposed Subdivision (in acres): 333.75

11. Number of Proposed Lots: 15

12. Average Size of Proposed Lots (in acres): 22.5

13. Anticipated Method of Water Distribution (check all that apply). If any options
related to PWS are checked below, number 14 must be answered YES.
[ Expansion of Existing Public Water System (PWS)
[ New (Proposed) PWS System
Individual Water Wells to Serve Individual Lots
[ Combination of Methods (Describe below)
Description, if needed:

14. If PWS is anticipated, a written application for service for existing water providers

within a one-half mile radius must be attached to this form (30 TAC 230.5(f)). Is
this application for service for existing water providers attached to this form?

OYes [¥IN/A

TCEQ-20982 (1/23/2025) Page 3 of 8



TCEQ Certification Form: Groundwater Availability for Platting

15.  Additional Information, if required by the municipal or county authority:

Projected Water Demand Estimate, 30 TAC 230.6

16. Residential Water Demand estimate at Full Build Out (includes both single family
- and multi-family residential): . .

a. Number of Proposed Housing Units (single and multi-family): 15
b.  Average Number of Persons Per Housing Unit: 2.87

¢.  Volume of Water Required Per Person Per Day (gallons): 101.89
d

e

Water Demand Per Housing Unit Per Year (acre-feet): 0.328
Total Expected Residential Water Demand Per Year (acre-feet):4.913
17. Non-Residential Water Demand Estimate at Full Build-Out (acre-feet/year): 5
a. - Type(s) of Non-Residential Water Use(s):. .
Livestock watering, domestic irrigation

b. Water Demand Per Type Per Year (acre-feet):

Livestock watering - 1 acre-ft
‘|Domestic watering - 4 acre-ft

18. Total Water Demand Estimate at Full Build-Out (acre-feet/year): 10
19. Sources of Information Used for Demand Estimates:
US Census, TWDB

TCEQ-20982 (1/23/2025) Page 4 of 8



TCEQ Certification Form: Groundwater Availability for Platting

General Groundwater Resource Information, 30 TAC 230.7

20. Identify and describe the aquifer(s) that underlie(s) the proposed subdivision,
using Texas Water Development Board (TWDB) names:

Cross Timbers minor aquifer. Most likely the Canyon Group (ref TWDB
R308 for Jack County)

Note: Users may refer to the most recent State Water Plan, Groundwater
Management Area Desired Future Condition adoption, and Groundwater
Availability Model to obtain general information pertaining to the state's aquifers.
The State Water Plan is available on TWDB'’s webpage at:
https://www.twdb.texas.gov/waterplanning/swp/index.as

Obtaining Site-Specific Groundwater Data, 30 TAC 230.8

Answer by chetking YES or NO for éach of the following questions. For any "NO"
response, please provide an explanation in question number 45.

21. YES [JNO Have all known existing, abandoned, and inoperative wells within
the proposed subdivision been located, identified, and shown on
the plat as required under 30 TAC 230.8(b)?

22. YES [JNO Were the geologic and groundwater resource factors identified
under 30 TAC 230.7(b) considered in planning and designing the
aquifer test required under 30 TAC 230.8(c)?

23. YES [1NO Have test and observation wells been located, drilled, logged,
completed, developed, and shown on the plat as required by 30
TAC 230.8(c)(1) through (4)?

24, YES [1NO Have all reasonable precautions been taken to ensure that
contaminants do not reach the subsurface environment and that
undesirable groundwater has been confined to the zone(s) of
origin (30 TAC 230.8(c)(5))?

25. YES [JNO Has an aquifer test been conducted which meets the
requirements of 30 TAC 230.8(c)(1) and (6)?

26. YES [JNO Were existing wells or previous aquifer test data used?

27. YES [JNO If YES to number 26, did they meet the requirements of 30 TAC
230.8(c)(7)?

If NO to number 26, check [JN/A.
28. [ YES [?INO Were additional observation wells or aquifer testing utilized?

TCEQ-20982 (1/23/2025) Page 5 of 8



TCEQ Certification Form: Groundwater Availability for Platting

Note: If the anticipated method of water distribution for the proposed
subdivision is expansion of an existing public water system (PWS) or a new PWS,
site-specific groundwater data shall be developed under the requirements of 30
TAC, Chapter 290, Subchapter D, Rules and Regulations for Public Water Systems,
and the applicable information and correspondence developed in meeting those
requirements shall be attached to this form pursuant to 30 TAC 230.8(a). Per
230.8(c) the aquifer test must provide sufficient information to allow evaluation
of each aquifer that is being considered as a source of residential and non-
residential water supply for the proposed subdivision.

Determination of Groundwater Quality, 30 TAC 230.9

. Answer by checking YES or NO for each of the following questions. For any "NO"
response, please provide an explanation in question number 45.

29. YES [[JNO Have water quality samples been collected as required by 30 TAC
230.9?

30. YES [INO Has a water quality analysis been performed which meets the
requirements of 30 TAC 230.9?

Determination of Groundwater Availability, 30 TAC 230.10

Complete the following by filling in the blanks or answering YES, NO, or N/A il
as applicable. For any NO or N/A, please provide explanation on number 45.

31. YES [INO Have the aquifer parameters required by 30 TAC 230.10(c) been
determined?

32. If YES, provide the aquifer parameters as determined, including units as
applicable (check here if a. through h. below are N/A: []):

Rate of yield and drawdown: 16.83 gpm w 60 ft drawdown
Specific capacity:0.28 gpm/ft .

Efficiency of the pumped well: 23%

Transmissivity: 319.25 ft2/day

Coefficient of storage:.000272

Hydraulic conductivity: 3.04 ft/d

Were any recharge or barrier boundaries detected? [JYES [V]NO
If YES, please describe:

@ o opn T

h.  Thickness of aquifer(s): 105 ft

TCEQ-20982 (1/23/2025) Page 6 of 8




TCEQ Certification Form: Groundwater Availability for Platting

33. YES [JNO Have time-drawdown determinations been calculated as required
.under 30 TAC 230.10(d)(1)?

34. YES [JNO Have distance-drawdown determinations been calculated as
required under 30 TAC 230.10(d)(2)?

35. YES [ONO Have well interference determinations been made as required
under 30 TAC 230.10(d)(3)?

36. YES [INO Has the anticipated method of water delivery, the annual
groundwater demand estimates at full build out, and geologic
and groundwater information been taken into account in making
these determinations?

37. YES [[JNO Has the water quality analysis required under 30 TAC 230.9 been
compared to primary and secondary public drinking water
standards as required under 30 TAC 230.10(e)?

38. YES [IJNO Does the concentration of any analyzed constituent exceed the
standards?

If YES, list the constituent(s) and concentration measure(s) that exceed standards:
- |Sample coliform tested present. Can be chlorinated and retested.

Groundwater Availability and Usabi]jtv Statements, 30 TAC 230.11(@) and (b)

Complete the following by filling in the blanks or answering YES/NO as applicable. For
any "NO" response, please provide an explanation in question number 45:

39. Drawdown of the aquifer at the pumped well(s) is estimated to be
0.246 feet over a ten-year period and 0.256 feet over a 30-year period.

40. Drawdown of the aquifer at the property boundary is estimated to be
0.148 feet over a ten-year period and 0.0607  feet over a 30-year period.

41. The distance from the pumped well(s) to the outer edges of the cone(s)-of-
depression is estimated to be 580 feet over a ten-year period and
1005 feet over a 30-year period.

42. The recommended minimum spacing limit between wells is 300 feet with a
recommended well yield of 18 gallons per minute per well.

43. Available groundwater is of sufficient quality to meet the intended use of the
platted subdivision. YES CNO

44, The groundwater availability determination does not consider the following
conditions (identify any assumptions or uncertainties that are inherent in the
groundwater availability determination):

Aquifer thickness and production is known to vary greatly in this area. It
is likely varies throughout the property, (continued below)

TCEQ-20982 (1/23/2025) Page 7 of 8




TCEQ Certification Form: Groundwater Availability for Platting

45. Provide explanation for any NO or N/A answered in any section above, and

include the associated question number:

From 44 above :

and cannot be thoroughly described by this test. However records indicate
water is available around the property in varying quantities.

TCEQ-20982 (1/23/2025) Page 8 of 8



TCEQ Certification Form: Groundwater Availability for Platting

Certification of Groundwater Availability (30 TAC 230.11(c))

Must be signed by a Texas Licensed Professional Engineer or a Texas Licensed

Professional Geoscientist.

46. I, Bryan Erwin

ya

Texas Licensed Professional Engineer,
[OJTexas Licensed Professional Geoscientist,
license number 109851

, based on best professional judgment, current

groundwater conditions, and the information developed and presented in this
form, certify that adequate groundwater is available from the underlying
aquifer(s) tc ~=="1- *hn ~mtinimnsnd -~ ~F the proposed subdivision.

> 7 -
Signature ﬁ/o/ﬁ/n 2 L~

TCEQ-20982 (1/23/2025)

(affix seal)
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FINAL PLAT

PASTURE HOLDINGS SUBDIVISION
LOTS 1-15, BLOCK 1

(A PLAT OF 33175 ACRES QUT OF THE
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MEP.&P.RR, CO. SURVEY ABSIRACT 43!
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NUMBER 20250002374, OP.RJC.
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2023 AT U003 W T
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CATED Tieg oar or n

or:
COXNTY CLERRIADK CONTY, TEXAS

PRESOENT; JOSH BLESNGIR

COUNTY NOTES D NG
JACK COUNTY MAKES NO REPRESENTATION THAT
ADEQUATE WATER SUITABLE FOR HUMAN
CONSUMPTION WILL BE AVAILABLE WITHIN THIS
SUBDIVISION
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ADEQUATE SEWERAGE FACILITES WL BE
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OWNER/SUBDIVIDER/DEVELOPER OR A HOME
ERS ASSOCIATION.
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fioal survey document, Brad Litteken, RPLS 8838 10/02/2028
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FORT ‘V()R’]‘H® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Thursday, September 18, 2025

Bryan Erwin

Erwin Water Well
6991 FM 4
Jacksboro, TX 76458

RE: Final Analytical Report:  ErwinWitrWell BE 091125 RUSH (136019)

Enclosed are the analytical results for sample(s) received by the laboratory 09/11/2025. Results reported
herein conform to the 2016 TNI Standards, where applicable, unless otherwise narrated in the body of the
report. All results being reported under this Report Identification Number apply only to the samples analyzed
and properly identified with a Sample ID number.

The validity and integrity of this report will remain intact as long as it is accompanied by this letter and
reproduced in full, unless written approval is granted by The City of Fort Worth Water Department Centralized
Water and Wastewater Laboratory. A PDF version of this report will be maintained electronically for 5§ years in
our archives after which time it will be destroyed without further notice, unless otherwise arranged with you.
The sample(s) received, and described as recorded in this report will be stored up to 30 days, and after that
time they will be properly disposed without further notice, unless otherwise arranged with you. We reserve the
right to return to you any unused samples, extracts or solutions related to them if we consider so necessary
(e.g., samples identified as hazardous waste, sample size exceeding analytical standard practices, controlled
substances under regulated protocols, etc).

We thank you for selecting The City of Fort Worth Water Department Centralized Water and Wastewater
Laboratory to serve your analytical needs. If you have any questions concerning this report, please feel free to
contact the Laboratory at (817) 392-5900 any time.

Report Authorization;

/%//

Maria Isabel Carrillo
Laboratory Manager

Report ID:  20250918101641 Page 1 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT WORTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

Sample Summary

Lab ID ' Sample ID ' Date Collected . Date Received Sampler Mafrix
13601901 Beesinger Maddox 09/11/2025 13:00 09/11/2025 14:50 B Erwin Drinking Water
Report ID: 20250918101641 Page 2 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORTWORTH., ~ Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis.

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

e s w),_.“.‘ y " RS ; S —— g

nerg U ¥ T T o

Workorder Summary IR T T

D e i | i £ e R A e S o

Analysns Results Comments

- S o ey O

313601901 (Beesinger Maddox) - Hardness as CaC03 .. lw oo .
SQ4|Sample received and analyzed without chemical preservatlon ) '
13601901 (Beesinger Maddox) - pH. - - e IR T e

HT3|Sample received past hold time.

ReportID:  20250918101641 Page 3 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



. FORT WORTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

Analytical Results. - -~

Parameter Resuilts. Units DF Cert Analyzed By Qual
LabID: 13601901 Date Collected: ~ 09/11/2025 13:00 Matrix:  Drinking Water
Sample ID:  Beesinger Maddox Date Received:  09/11/2025 14:50
Hardness as CaC03 1 ™ 09/17/2025 12:30 JK *

N

Specific Conductance at 25 °C 929 umhos/cm 1 TX 09/16/2025 15:20 SMR

'GENCHEM (SM 4500H

Temperature 209 °C 1 © 09M2020251620  FR
pHat209°C - -, LT T g fnits 1 - . 0912020251620 . . FR GG ol

1 TX  09M2/202517:00 LB

Chioride mgll 1 TX  09/11/202515:33  EJC
Fluoride . g/l 1 TX - 00/11/202516:33 - EJC
Nitrate as N mgiL 1 TX  09/1/20251533  EJC
_ Sulfate L 1 TX - 0911172025 15:33. - EIC
fron mgiL 1 09/15/2025 12:28
“Manganese : ST e0TT mgh 1. TX ' 00/15/2025 12:28

Total Coliform ' Presence T TX  09/1/20251525 LD
ECoi © . ...7 7 Absence 1, TX 08/11/202515:25 LD

Analysis Results Comments
SQ4|Sample received and analyzed without chemical preservation.

HT3|Sample réceivedrpast hoid time.

Reporl ID:  20250918101641

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.

Page 4 of 13



FoRT WORTH. Centralized Water and Wastewater Laboratory

-2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

Fort Worth Watér Certification Legend: + -

TX - Methods accredited in Texas through the National Environmental Laboratory Accreditation Program (NELAP)

TX APP - Methods approved for drinking water through the Texas Commission on Environmental Quality (TCEQ)

No TX or TX APP - Methods neither accredited nor drinking water approved

Report ID: 202’_50918101641 Page 5 of 13

These analytical results relate only to the items tested. Thi§ report shall not be reproduced, excépt in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT WORTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)
QC Results -~

QC Batch: INOR/107520 Analysis Method: SM 4500H+B pH
Preparation Method: SM 4500H+B pH

Associated Lab IDs: 13601901

Sample Duplicate (564979) -, Origina (13691901

S

Parameter Orig Result uplicate  Units RPD RPD Limit
Temperature 20.9 208 °C 0
pH = - SRS A - 78 Unts - 1 I

- QC.Result Commients. -
" Sample Duplicate - 564979 - pH : .
HT3|Sample received past hold time.

ReportID: 20250918101641

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.
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F()RT W()RTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQLab Approilal ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019

o i L S R A i SR ey ST ey ey et o i bt A e e S A s o e i g 3 Ak e

|QC Results

QC Batch: INOR/107531 Analysis Method: SM 2540C TDS .
Preparation Method: SM 2540C TDS
Associated Lab IDs: 13601901

| Method Blank(565036) , e ]
Parameter Results Units RDL- . MDL Qual
Total Dissolved Solids - <20.0 mg/L 200 6.00
Lab Fortified Blank (565037) S ST ” i

' ) Spiked

Parameter Units Amount Spike Result  Spike Rec % Contro! Limits Qual
Total Dissolved Solids mg/L. 1000 1000 - 100 80-120

{ Sample Duplicate (565038) . Original (13590201) . *- - Rk oo A S
Parameter ~ . ~ Orig Resulit - Duplicate Units ~ RPD RPD Limit ~ Qual
Total Dissolved Solids 465 461 mg/L 1 10

Report ID:  20250818101641 ) Page 7 of 13

These analytical resdlts relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT W()RTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5300 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWirWell BE 091125 RUSH (136019)
QC Results : o

QC Batch: INOR/107584 Analysis Method: SM 2510B Conductivity
Preparation Method: SM 2510B Conductivity

Associated Lab IDs: 13601901

Parameter Results Units RDL MDL Qual
Specific Conductance at 25 °C <0.78 umhos/cm 0.78
Lal ; ;’ﬁfi'e”d:fﬂ.‘Bi‘.i:aJn("‘r" 5 : : (
Spiked

Parameter Units Amount Spike Resuit  Spike Rec % Control Limits Qual
Specific Conductance at 25 °C umhosle 447 458 102 90-110

Orig Result Duplicate Units RPD RPD Limit Qual
Specific Conductance at 25 °C 929 933 umhos/cm 0 20

Report ID:  20250918101641 Page 8 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT W()RTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

' QC Results -

QC Batch: INOR/107598 Analysis Method: SM 2340C Hardness

Preparation Method: SM 2340C Hardness
Associated LabIDs: 13601901

| Method Blank(565448) . R D
Parameter Results Units RDL MDL Qual

Hardness as CaCO3 <2 mg/lL 2
| Lab Fortified Blank (565450) : '

Spiked

Parameter Units Amount Spike Result Spike Rec % Control Limits Qual
Hardness as CaCO3 mg/L 50 50 100 80-120

i Fortified Sample (565452); Fortified Sample Dup (565453) Original (13601901) ' v

~ ~ Orig Spiked Spike Spike Control Dup Dup -~ RPD
Parameter Result Units Amount Result Rec% Limits Result Rec% RPD Limit Qual
Hardness as CaCO3 115 mg/L 50 163 95 80-120 163 96 1 20 *

| QC Result Comments R o P - i x
Fortified Sample - 565452 - Hardness as CaCO3 - ] - i - ’ i
SQ4|Sample received and analyzed without chemical preservation.
[ Fortified Sample Dup - 565453 - Hardness as CaCO3

SQ4[Sample received an“d analyzed without chemical preservation.

Report ID:  20250918101641 Page 8 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT W()RTH® Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

QCResillts

QC Batch: MET/10766 Analysis Method: EPA 200.8, ICP-MS Metals
Preparation Method: EPA 200.8 - ICP-MS Metals Prep
Associated Lab IDs: 13601901

Parameter Results  Units
fron <0.016 mg/L
‘Manganesg: . R © <0,0003" mg/L

Spiked .
Parameter Units Amount Spike Result  Spike Rec % Control Limits Qual
Iron mg/L 5 5.09 102 85-115
PR _ mgILi" AL )

85-1157;

Orig Control Dup Dup RPD
Parameter Result Units Amount Result Rec% Limits Result Rec% RPD Limit Qual

Iron 5 102 5.3 20
/ 0 103’ 1622711 20

Manganese"

Orig Spiked Spike Spike Control Dup Dup RPD
Parameter Resuit Units Amount Result Rec% Limits Result Rec% RPD Limit Qual
Iron 0.049 mg/L 5 5.16 102 70-130 5.23 104 2 20
Manganese - . 0.0073"  mgl .04 . 1002 102 70-130- 1166 .- 109 - 7. 20 -
Report ID: 202509183101641 Page 10 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



Centralized Water and Wastewater Laboratory

FORT WORTH.

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

.QC Results ' /
QC Batch: MIC/28535 Analysis Method: SM 9223B Coliforms
Preparation Method: SM 9223B Coliforms
ASsoqiated LabIDs: 13601901
| QC Blank(564910) .~ : R T
Parameter Results Units RDL NMDL Qual
Total Coliform Absence 1
g E. Coli ] Absence - 1- B 3 o 3 ) _}
| QC Positive(564911) |
Parameter Results Units RDL MDL Qual
Total Coliform Presence 1
| E. Coli ' ) " Presence ]
Report ID: 2025091810_1641 Page 11 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT W()RTH . Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

Workorder: ErwinWirWell BE 091125 RUSH (136019)
QC Results

QC Batch: ORG/19739 Analysis Method: EPA 300.0 PartA Anions
Preparation Method: EPA 300.0 PartA Anions
Associated Lab IDs: 13601901 ’

Spiked

Parameter Units Amount Spike Result  Spike Rec % Control Limits Qual
Fluoride mg/L. 1 1.04 104 90- 110

Chioride - , ' mglL 60 613 . . 102 90- 110

Nitrate as N - mglL 2 2.06 103 90-110

Sulfate ) Co mgll 60 CUB1T L 103 go-110 . -~ - "
_Method Blark Filtered(seages) ;= "=~ . Tl T vty s ey AT DR TS
Parameter ~ Results Units RDL MDL . Qual
Fluoride <0.04 mg/L 0.04 0.00

_Chloride - o <081 mglL 0.1 0.01

Nitrate as N <0.06 mg/L 0.06 0.00

Sulfate ' . <0.76 mgiL 078 oot :

Foriiied Sample (564869); Fortified Sample Dup (S64870) . . _ Original (13600801)_ *' '~ ~ ~'% 1 T i

Orig Spiked Spike Spike Control Dup Dup RPD

Parameter Result Units Amount Result Rec% Limits Result Rec% RPD Limit Qual
Fluoride 0.43 mg/L 1 1.47 104 80-120 1.48 105 1 20

Chloride o .. 906 mg/L 60. .. 149 . 98 30-120 © 149 98 0 20

Nitrate as N ‘ 0.19 mg/L 2 24 111 80-120 242 111 0 20

Sulfate o134 mg/L 60 196 103 | 80-120 195 102 - 1 " 20

Fortified Sample (564869); Fortiied Sample Dup (564870) -~ Original(1380096%) " | "~ . . . ...

Orig Spiked Spike Spike Control Dup Dup RPD

Parameter Result Units Amount Result Rec% Limits Result Rec% RPD Limit Qual
Fluoride 0.43 mg/L 1 1.47 104 80-120 1.48 105 1 20

Chloride 90.6 - mg/L 60 149 98 80-120 149 98 o 20

Nitrate as N 0.19 mg/L 2 24 111 80-120 242 111 0 20

Sulfate 134  mglL 60 196 103, 80-120 195 102 1 20

Report ID: 20250918101541 Page 12 of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



FORT WORTH.

Centralized Water and Wastewater Laboratory

2600 SE Loop 820 Fort Worth, Texas 76140 Tel: 817-392-5900 Fax: 817-392-5920

Workorder: ErwinWtr\Well BE 091125 RUSH (136019)

. QC Cross Reference

Certificate of Analysis

TCEQ Lab Approval ID: T104704200

LabID Sample ID Prep Batch Prep Method Analytical Batch  Analytical Method

: INOR/107520 - SM 4500H+B pH » . J
13601901 Beesinger Maddox INOR/107520 SM 4500H+B pH

| INOR/107531 - SM 2540C TDS T D ]
13601901 Beesinger Maddox INOR/107531 SM 2540C TDS

| INOR/107584 - SM 25108 Conductiviy . T |
13601901 Beesinger Maddox INOR/107584 SM 2510B Conductivity

?7&6&/_1‘07598 - SM 2340C Hardn—e_s—s—“w T ) —_: ) B T - Mwu]
13601901 Beesinger Maddox INOR/107598 SM 2340C Hardness

{ MET/10766 - EPA 200.5, ICP-MS Metals . L . -
13601901  Beesinger Maddox MET/10763 EE': 2008 - ICP-MS Metals  yey/40766 EPA 200.8, ICP-MS Metals

. MIC/28535 - SM 92238 Coliforms o - |
13601901 Beesinger Maddox MIC/28535 SM 9223B Coliforms

| ORG/19739 - EPA 300.0 PartA Anions T ]
13601901 Beesinger Maddox ORG/19739 EPA 300.0 PartA Anions

Report ID:  20250918101641

Page 13 0of 13

These analytical results relate only to the items tested. This report shall not be reproduced, except in full,
without the written approval of the Fort Worth Water Department Centralized Water and Wastewater Laboratory.



STATE OF TEXAS WELL REPORT for Tracking #706524

Owner: Pasture Holdings, LLC Owner Well #:  No Data
Address: 921 Prairie Timber Rd Grid #: 20-64-2
Burleson, TX 76028
. Latitude: 33° 07" 22.37" N
Well Location:© TBD US HWY 281 S
Jacksboro, TX 76458 Longitude: 098° 04' 28.81" W
Well County: Jack Elevation: 1261 ft. above sea level
Type of Work: New Well ' Proposed Use:  Domestic
Drilling Start Date: 9/5/2025 Drilling End Date: 9/5/2025
: Diameter (in) } " Top Depth () ] Bottom Depth (f)
Borehole: 7.875 ! 0 ‘ 260 |
Drilling Method: Air Rotary
Borehole Completion:  Filter Packed
| TopDepin(t) | BottmDepth(t) | FiterMatenal | size
Filter Pack Intervals: 110 § 260 E Gravel ) 3/8
: Top Depth (ft.) | Bottom Depth('ft)"z - ! D.escription (numb;; bf sacks & material) o
Annular Seal Data: ‘ 0 5 f Cement 1 Bags/Sacks
' 5 10 Bentonite 2 Bags/Sacks
100 110 ' Bentonite 3 Bags/Sacks -

Seal Method: Poured Distance to Property Line (ft.): 75+

Sealed By: Driller Distance to Septic Field or other

Variance Number: N/A concentrated contamination (ft.): None

Distance to Septic Tank (ft.): None
Method of Verification: Tape

Surface Completion:  Surface Sleeve Installed Surface Completion by Driller
Water Level: No Data
Packers: No Data
Type of Pump: Submersible
Well Tests: Estimated Yield: 60 GPM
10/4/2025 3:45:02 PM Well Report Tracking Number 706524 Page 10f3

Submitted on: 9/29/2025



Water Quality:

Strata Depth (ft.)

Water Type

150 - 255

No Data

Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which

contained injurious constituents?:  No

Certification Data:

The driller certified that the driller drilled this well (or the well was drilled under the
driller's direct supervision) and that each and all of the statements herein are true and
correct. The driller understood that failure to complete the required items will result in
the report(s) being returned for completion and resubmittal.

Company Information:

Erwin Drilling

6991 FM 4
Jacksboro, TX 76458

Driller Name: Brandon Erwin License Number: 59667
Comments: No Data
- Lithology: - - Casing -
DESCRIPTION & COLOR OF FORMATION MATERIA BLANK PIPE & WELL SCREEN DATA
Top (it) | Bottom (ft) Description gr’j') Type Material | Sch./Gage| Top () B"(ff’tj’"
Clay and Sand Rock and Top :
0 7 " New Plastic
Soil 4 |Blank (PVC) 40 0 220
7 8 Lime ;
4 |Screen 3,‘*\‘,"8"35“" oboo | 220 | 260
8 24 Yellow Clay :
24 27 Lime
27 39 Sand Rock
39 48 Lime
48 106 Gray Shale
106 112 Sand and Sand Rock
112 139 Gray Shale
139 255 Sand Rock and Sand
255 260 Gray Shale and Sand
10/4/2025 3:45:02 PM Well Report Tracking Number 706524 Page 2 of 3

Submitted on: 9/29/2025




IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the well was
drilled) to keep information in Well Reports confidential. The Department shall hold the contents of the well log
confidential and not a matter of public record if it receives, by certified mail, a written request to do so from the owner.

Please include the report's Tracking Number on your written request.

Texas Department of Licensing and Regulation
P.O. Box 12157
Austin, TX 78711
(512) 334-5540

10/4/2025 3:45.02 PM Well Report Tracking Number 706524 Page 3 0f 3
Submitted on: 9/29/2025



STATE OF TEXAS WELL REPORT for Tracking #379043

Owner: H.W. Ballard Owner Well #: No Data
Address: Rt. 2 Box 64 Grid #: 20-64-2

Bridgeport, TX 76426 :

. ) Latitude: 33° 07' 23" N

Well Location: Highway 281 N

Perrin, TX 76486 Longitude: 098° 04' 25" W
Well County:  Jack Elevation: No Data
Type of Work: New Well , . Proposed Use: - Domestic

Drilling Start Date: 9/26/2014 Drilling End Date: 9/26/2014

Borehole:

Drilling Method:

Borehole Corppletion:

Diameter (in.) _ Top Depth (ft.) Bottom Depth (ft.)
7.875 . 0 240
Air Rotary

Filter Packed

Top Depth (ft.) Bottom Depth (ft.) Filter Material Size
Filter Pack Intervals: 100 240 Gravel 25
Top Depth (ft.) Bottom Depth (ft.) Description (humber of sacks & material)
Annular Seal Data: 0 10 2 Portland
90 100 3 Holeplug
Seal Method: Grout Distance to Property Line (ft.): No Data

Sealed By: Lyons Distance to. Septic Field or other

Surface Completion:

concentrated contamination (ft.): No Data
Distance to Septic Tank (ft.): No Data
Method of Verification: No Data

Surface Sleeve Installed

Water Level:

Packers:
Type of Pump:

Well Tests:

10/4/2025 3:44:23 PM

No Data

No Data

Submersible Pump Depth (ft.): 200
Estimated Yield: 15 GPM after 1 hours, no drawdown specified

Well Report Tracking Number 379043 Page 1of2

Submitted on: 10/24/2014



Water Quality:

. Strata Dépth (ft.) ’ 7Water Type
NoData ! No Data

Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which
contained injurious constituents?: No

Certification Data:

The driller certified that the driller drilled this well (or the well was drilled under the
driller's direct supervision) and that each and all of the statements herein are true and
correct. The driller understood that failure to complete the required items will result in

the report(s) being returned for completion and resubmittal.

Company Information: - Erwin Water Well Drilling

6991 FM 4
Jacksboro, TX 76458
Driller Name: Burke Lyons ‘ License Number: 55001
Comments: No Data
- Lithology: . . Casing: .
DESCRIPTION & COLOR OF FORMATION MATERIAL BLANK PIPE & WELL SCREEN DATA
Top () Bottom (ft.) Description Mm% iDia. (in.) New/Used Type  Setting From/To (ft.) T
0 6 Topsoil , | |4 N'SCH 40 PVC 0-120
6 ‘9 |Sandstone | |4 N SLOTTED 120-140 .020
9 63  |Brown clay | 14 N SCH 40 PVC 140-220
63 114 Sandy clay | |4 N SLOTTED 220-240 .020
114 121 |Sand -
121 174 Gray shale
174 212 Sand |
212 240 Gray shale

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the well was
drilled) to keep information in Well Reports confidential. The Department shall hold the contents of the well log
confidential and not a matter of public record if it receives, by certified mail, a written request to do so from the owner.

10/4/2025 3:44:23 PM

Please include the report's Tracking Number on your written request.

Texas Department of Licensing and Regulation
P.O. Box 12157
Austin, TX 78711
(512) 334-5540

Well Report Tracking Number 379043
Submitted on: 10/24/2014

Page 2 of 2
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PASTURE HOLDINGS

Data Set: O:\1 Water Well\0O4 Projects\2025\250825 maddox-beesinger gac\Pasture.aqt

Date: 10/06/25

Time: 01:36:47

Company: EEC
Location: Hwy 281 s

PROJECT INFORMATION

Test Well: 1
Test Date: 9/11
. WELL DATA
Pumping Wells _ Observation Wells _
Well Name X (ft) Y (ft) Well Name X (ft) Y (ft)
Pumping 0 0 o Pumping ) 0 0
o Observation 280 0
SOLUTION

Aquifer Model: Confined

T =0.2217 #2/min
Kz/Kr=1.

Solution Method: Theis
S =0.0002723

b = 105. ft




Avg GPM (Q)

Max Drawdown ft. (Pumping Well)

Max Drawdown ft. (Observation Well)

Aquifer Thickness ft. (b)

Specific Capacity (gpm/ft)

Well development was acheived by bailing
then pumping both wells.until clear.

Well separation ft.

280
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; PASTURE HOLDINGS
Data Set: OM Water Well\04 Projects\2 025250825 maddox-beesinger gac\Pasture.aqgt
Date: 10/06/25 Time: 00:58:27

-PROJECT INFORMATION

Company: EEC
Location: Hwy 281 s
Test Weli: 1

Test Date: 9/11

WELL DATA
Pumping Wells Observation Wells
Well Mame v X {f) Y (/) Well Name X (R Y (ft)
Pumping 1] ' 0 o Pumping 0 0
o Observation 280 0
SOLUTION
Aquifer Model: Confined Solution Method: Theis
T =0.2217 #2min S  =0.0002723
KzKr=1. b =105 ft

‘



Well Depth (ft) [ 260

Static Water Level (ft below ground surface) | 116.85

Aquifer Thickness b (ft) | 105
Transmisivity (ft%/day) | 319,248
Storativity [ 0.000272

Hydraulic Conductivity K (ft/d) | . 3.04




Proposed Subdivision Name

Subdlwsmn Size (in acres)

Pasture Holdlngs -
- '333. 75‘

Number of Lots

e Average Lot Slze (exlcudmg roads)

- ‘Pe'rs‘ons per HOus'ehold' in 00u‘hty

287

o Publlc useage per Caplta (GPD)

- GPD/Lot . . .0292.4943 1 .
GPY/Lot . . 106/34.8695 ..}

Ac-FtIYr

Total Res'ldentlal Iemand Ac-Ft/Yr




Well Efficiency = Expected Drawdown / Observed Drawdown

Observed Drawdown (ft.)

Discharge (Q)
Transmissivity ft*/d
Storativity

Time d (@Max Drawdown)
Well Radius (ft.)

Expected Drawdown (ft.)

59.55

16.83
319.248

0.000272

1

0.328125

13.74

Well Efficiency

23.07%|

OSE Inverse Theis Calculator

This appiication allows one to input 5 of the following 6 parameters to predict t
pumping; pumping rate (select units of gpm or acre-feet/yr); Distance (select u
values, there is not a unique solution for Transmissivity. )

Please select the parameter to be determined and enter the the other parameter ~

Transmissivity

|319.25

| Ogpd/ft ®fi%/d

O Storage Coefficient |.0002723

O Pumping Rate
O Time
O Distance

® Drawdown (feet)

Calculate

|16.83

| ®gpm Oacre-ftiyr

|1

| Oyears ®days

|.328125

| ®@feet Omiles

|1

The drawdown is 13.74 feet



‘he 6th (with the exce
1its of feet or miles) :

values:



Drawdown ft. (10 years) 0.246
Discharge (Ac-ft/yr) 0.327557287
Transmissivity (ft*/d) 319.248
Storativity 0.0002723
Time (years) 10
distance (ft.) 0.328

OSE Inverse Theis Calculator

This application allows one to input 5 of the following 6 parameters to predict the 6th (with
pumping; pumping rate (select units of gpm or acre-feet/yr); Distance (select units of feet o
values, there is not a unique solution for Transmissivity.

Please select the parameter to be determined and enter the the other parameter values:

Transmissivity
O Storage Coefficient

O Pumping Rate

O Time
O Distance

® Drawdown (feet)

[319.25

| Ogpdift ®ft%/d

[.o002723

| 327557287

| Ogpm ®acre-ft/yr

{10

| @years Odays

|.328125

| @feet Omiles

[1

Calculate| The drawdown is 0.246 feet

Drawdown ft. (30 years) 0.256'
Discharge (Ac-ft/yr) 0.327557287
Transmissivity (ft*/d) 319.248
Storativity 0.0002723
Time (years) 30
distance (ft.) 0.167

OSE inverse Theis Calculator

This application allows one to input 5 of the following 6 parameters to predict the 6th (wit
pumping; pumping rate (select units of gpm or acre-feet/yr); Distance (select units of feet

values, there is not a unique solution for Transmissivity.

Please select the parameter to be determined and enter the the other parameter values:



Transmissivity 1319.25

| Ogpd/t ®fi/d

O Storage Coefficient |.0002723

|

| Ogpm ®acre-ft/yr

| @years Odays

O Pumping Rate (327857287
O Time |30
O Distance (.328125

® Drawdown (feet) |.1

Calculate

| ®feet Omiles

The drawdown is 0.256 feet



10 Year Cone of Depression {ft.) | 580.00

30 Year Cone of Depression (ft.) [~ 1005

*outer edges are calculated at 0.1 ft. of drawdown
OSE Inverse Theis Calculator

This application allows one to input 5 of the following 6 parameters to predict the 6th (with the exceptios
pumping; pumping rate (select units of gpm or acre-feet/yr); Distance (select units of feet or miles) from
values, there is not a unique solution for Transmissivity. :

Please select the parameter to be determined and enter the the other parameter values:

Transmissivity Ogpd/ft ®fi%/d
O Storage Coefficient

¢ Pumping Rate [327857287 | Ogpm @acre-fifyr
QO Time @years Odays

@ Distance ®feet Omiles

O Drawdown (feet) [1___ ]

‘Calculate| The distance from the pumping well is 580.20 feet

OSE Inverse Theis Calculator

This application allows one to input 5 of the following 6 parameters to predict the 6th (with the exc
pumping; pumping rate (select units of gpin or acre-feet/yr); Distance (select units of feet or miles]}
values, there is not a unique solution for Transmissivity.

Please select the parameter to be determined and enter the the other parameter values:

Transmissivity B Ogpd/ft ®ft/d
O Storage Coefficient [0002723 |
O Pumping Rate Ogpm @acre-ft/yr
O Time @years Odays

@® Distance @®@feet Omiles
O Drawdown (feet) [1___ ]

ate| The distance from the pumping well is 1004.93 feet
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-ABSTRACT

JackCountyisunderlain by Pennsy!vanzan rockSz
ofthe Canyon arid Cisco Groups which cropout over-
‘miich of the cotinty, bt are overlam by Cretaceoiis.

deposits--along the- eastern comer of the, county
Limited amounts. -of fresh to saline ground water
occur erratically ‘in -discontinuous Pennsylvaman

-sandstone units. Canyon Group unitsform part ofthe

Perrin delta 'system consisting of limestorie :se-

‘quences: seéparated by shale, mudstori, afid'sand-.

slane: Cisco Group units were derived fioma flivial:
deltaic ‘system consisting primarily of sandstone
-Uinits with beds-of limestone, shale, miidstone,.and

fil

-conglomerate: Due tothe discontinuous nature ofthe .

sandstone unit§ and thewide range. laterally andver-
ttcally ifvwater quallty. maps delineating water levels

and base of usable-quality water were deemed to be
bothimpracticable and misleading. Maps dehneatlng '

waler-beanngumis. net—sandstonelhucknesses and

" water quahty arg- presented in this report ini an at-
tempt to provide data 1o be used ‘as a guide in
recommmending pretectlon of ground water" from
Contamination and-as .an aid 6 Jack- County land

nining -approximate water. well

depths-and water quality,
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OCCURRENCE AND QUALITY OF GROUND WATER.

IN JACK COUNTY, TEXAS

INTRODUCTION

Purpose and Scope

The-general purpose of the study was to deter-
mine the occurrerice and quahty of the ground-water
resources of Jack County; to. determme the sources
ofand depth towater suitable fordomeshc, livestock,
public supply, and irrigation uses;-andto recorimend

How to protect-the water from-gontamination. The-

general scope of the study was. the collection, com-
pilation, and analysis of data pertdining to the distri-
bution and quality- of ground water in Jack County.

Field work on this study was carried out during
the period of June 1982 through January 1984. The

results of the’ investigation are presented in this’

report Wthh includes an analytical diseussion of the
eccurrence. and quahty of the groungd-water supplies

Figure 1.-Location of Jack.County'

‘together’ with a tabulation of basic data obtained

during the investigation.

Location and Extent

Jack County, having an areal extent of 945

square miles, is located in north-central Texas (Fig-

ure 1). The éounty is bourided on the:east by Wise
and Montague Counties, on the north by Clay
County, on the west by Archer and Young Counties,
and on the south by Palo Pinto and Parker Counties.
Jacksboro, the county seat, is céntrally located inthe
County.

. Topograptiy and Drainage

Jack County is located in-the Osage Section of’

the Céntral Lowland Provirice {Carr, 1967, p. 3).

Topographically; the cou nty consists of: rolhng plains
heavily dissected by Trinity and Brazos River drain-
age. The altitude of the land surface ranges from 825,
to 1,485 feet above mean sea level.

Jack County lies within two'major drainage sys-
tems; the Trinity River basin, which covers the north-
eastern two-thirds of the: coufity, and the Brazos:
River basih, which coverfs the. Southwesterh third.
The riortheinthifd of the county:is dissected from the.
rest by the West Fork of the Trinity River, which
enters the county in the northwest corner and exists
atthe center of the eastern boundary. Major tributar-
ies in-the county are ‘Cameron, Crooked, Lodge;
North, and Snake Creeks in the Trinity River basin,

.and East and West Fork Keechi.and Rock Creeks in

the Brazos River basin.



Climate

The climate of Jack County is warm subhumid.
The average annual mean fres-air temperature for
the priod 1951-80is about 84°F. The mean maximum
temperature for July is about 97°F and the mean
minimum temperature for January is about 32°F.
Figure 2 shows the average maximum-minimum

100

monthly temperature al Jacksboro (1941-81). Aver-
age freeze dates according to the Dallas Morning
News (1979} is November 5 as the first and April 1 as
the last, providing a growing season of about 218
days.

Precipitation is fairly evenly distributed through-
out the year with heaviest amounts occurring in late
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Figure 2.-Average Monthly Precipitation, and Average Maximum-Minimum Monthly
Temperature at Jacksboro (From Records of U.S. Weather Service)
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spring and a secondary peak-occurring in the Sep-
tember-October period (Figure 2). During the period
1941 through1981, the average.annual precipitation
at-Jacksboro was 30.1 inches:(Figure 3). During the
same timé interval, the faximurm annual precipita-
tion, was. 54.2 inchies recordéd in 1957; and the
‘minifium was 17,6 inchés:in 1956.

Data collected for the penod 1940-65 and com-
piled by Kane (1967) reflect {hatthe average: annual
gross- lakessurface evaporation is approximately- 71
inches® However, the average annual net lakessur:
face evaporation is only 45 inichés: Monthly gross
lake-surface evapdoration ranges from 2.1 inches in
January toi11.1 mches in August.

Population.and Economy

Jack County is named for thé brothers P. C. and
W. H. Jack, local leaders in Texas" struggle. for
lndependence The county was created i in 1856 from
‘Cooke County, and orgamzed a year later The
populatlon estimate ‘in 1980 was 7,408, with
Jacksboro, the county seat, contnbutmg 4 ,000. of the
~total. Other towns of appreciable size include, Ante-
lope, Bryson, Jerimyn, Perrin, Vmeyard -and Wizard
Wells:

The major.part of the‘economy in Jack Gounty is
centéered around the. productlon of petroleum and
natural gas. Agricultural income is denved primarily
'from.beet cattle production, with some sheep and
goat ranching and crops of wheat, oats, and barley.
Recreational hunting leases ;also-cantribute to the
income-of thie county:

Previous lnvestigations

Numerdus reports containing information.on the
geéalogy and depositional systems of riorth-céntral
Texas:are: avallable however, no-detailed ground-
water mvestlgatlon of the entire: county has been
made prior to this, study. Selected -references are
listed at the end-of this report.

Arepoit ontheground-water conditions in'the vi-
cinity of Jacksboro (Preston, 1977) was publlshed
but covers only a small pait of the study area.
‘Retonnaissance, mvestrgatlons were made of
groundwater resources of the: Brazos River basin
(Crenin.and others, 1963), and the Tnmty Riverbasin
(Peckhanvand others, 1963), each of these including

part of Jack: County, but information pertamlng tothe
study area was of a generalized nature.

Methods of Investigation

An inventory was made of all munlmpal indus-
trial, and irrigation wells, as wellas some. springs.and
selected domestic and livestock wells. A'total of 465
wells; sprlngs, and test holes were inventoried and
lncluded in thls study Selected wells in adjacent
shows the- locatlons of the wells spnngs and test
holes mventorled lnformatlon was gathered when

logs dnller date dnlled water—beanng zones 'and

water: levels. Surface elevatlons ofall wells invento-

ried ‘were determined from topographlc maps, and
éléctric logwell récords. A total of 380 water samples;
were collected-for.chemical analysis: from 314 se-
lected wells, spiings, or test holes. Surtace arid sub-
surface geologic data were collected and coripiled,
placmg speclal emphasis: on thenr relatlonshlp 10
ground watér. Test holes weré drilled in reas where
lntormatton on possxble water—beanng strata was
es_s_ary Jllustratlonshprepared for co_herent_ pres.ent_a-
tion in-a report:

Well-Numbering System

TheTexas Water Development Board statewide

well—numbenng system is used in thrs report As

indicated on Figure4; theg system is based on longl-
tude; and latitude, . with each well or. spring being
assngned a seven: :digit number.. In -addition;.a‘two-
letter-county’ desrgnatlon prefix is:used.

Each 1=de'g‘ree‘quadrang|e'-ir'i orioverlappifig ifto
the: Staté is given a two-digit number frem 01 to 89.
Theésé are the first two'digits-0f a well fiuriber. Edch
1-degree quadrangle is further divided into sixty-four
74/2:minuté quadrangles which. are each.assigneda

two- drglt number from 01 to 64. These two digits.

constitutethe third-and fourth digitsiof a well number.

Each 7 1/2-minute.quadrangle issubdivided. into nine:

21/2-minute: quadrangles whichare. numbered1 10.9.

This is the fifth digit of a well number: Finally, each

well or spring within thé 2 1/2-minute quadrarigle is
assignéd a two-digit number: beginning with 01.

These two. digits canstitute the sixth and seventh
digits of a well Aumber.

d



Each seven-digit number-has a two- l'e’tter'p‘refi'x
to identify the county in which the well or spring is
located. The prefixes for Jack andthe adjoiningcoun-
ties.are as follows:

-Jack County lies in that part of Texas covered by

one-degree quadrangle numbers. 19 and 20. These.

lie-within the latitude of 33 degrees north, and be-
tween 97 and 98 degrees west longitude.

County Prefix “The 7 1/2-minute quadrangles are numbered on
Archer AlJ the well- !ocanon map, Figure 31.0On this map; the 2
Clay BL 1/2-minute quadrangles are not numbeéred; because:
.Jack PL of space limitations. However; the notation occurs as,
Montague TR the first digit of the three-digit number beside each
Palo Pinto UK well or spring location,
Parker UpP . ,
Wise ZR Well PL-20-55-701 indicates that it is within Jack
Young ZU. Gounty; within 1-degree quadranglé 20; within 7 1/2-
g e 02 a7 g1e
(7] 102 o3 D4 :
] JEE O G S
: T ' Location -of Wells -20:55:701 ant:0a
\..\_ 20 - degres: quudrnr:wgle
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Figure 4.—Well-Numbering System
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minute quadrangle 55; within 2 1/2-minute quad-
rangle 7; and is the first (01) well to be numbered in
that quadrangle.

Oiltests usedinthe geologic cross sections were
not assigned statewide well numbers. These data
control points were assigned a temporary well num-
ber, using a letter in place of the two-digit number
within the 2 1/2-minute quadrangles. For example,
well PL-20-55-9A indicates that it is within Jack
County; within 1-degree quadrangle 20; within 7 1/2-
minute quadrangle 55; within 2 1/2-minute quad-
rangle 7; and is the first data control point {A) to be
numbered in that quadrangle.

Acknowledgements

The author wishes to thank the property owners
withinthe study area fortheir cooperationin providing
information concerning their wells and allowing ac-
cess to their properties. Special thanks to Pete
Armstrong, Billy Craft, and Bill Dennis for providing
additional information on ground-water conditions in
Jack County.

Special thanks are given to the State Depart-
ment of Highways and Public Transportation for
allowing test holes to be drilled on highway right-of-
way. Cooperation by Leroy Fitzgerald and James
Logan of District 2 in Jacksboro was greatly appreci-
ated.

Since a considerable amount of information con-
cerning the groundwater conditions within the State
is based on data provided on drillers’ report forims, a
special thanks is given to the numerous drillers who
completed wells in the study area and provided said
data to the Board.,

Definitions of Terms

Forconvenience and clarification, certain techni-
cal terms used in this report are defined as follows:

Aquifer-A geologic formation, group of forma-
tions, or part of a formation that is water bearing.

Aquitard-A semipermeable, semiconfining geo-
logic formation adjacent to or between aquifers and
partially restricts the movement of ground water.

Argillaceous—Applied to all rocks or substances
composed of clay, slate, or shale. They are readily
distinguished by the peculiar odor they emit when
breathed on, known in mineralogy as the “argil-
faceous odor”.

Artesian aquifer, confined aquifer-Artesian
(confined) water occurs where an aquifer is overlain
by rock of lower permeability (such as clay) that con-
fines the water under pressure greater than atmos-
pheric. The water level in an artesian well will rise
above the top of the aquifer even without pumping.

Clastic-Rock composed of fragmental material
derived from preexisting rocks or from the dispersed
consolidation products of magmas or ldavas. The
most common clastics are sandstones and shales.

Coefficient of storage-The volume of water an
aquifer releases from or takes into storage per unit of
surface area of the aquifer per unit change in the
component of head normal to that surface.

Confining bed-One which, because of its posi-
tion and its impermeability or low permeability rela-
tive to that of the aquifer, keeps the water in the
aquifer under artesian pressure. v

Contact-The place or surface where two differ-
ent kinds of rock or geologic units come together,
shown on both maps and cross sections.

Dip of rocks or attitude of beds-The angle or
amount of slope at which a bed is inclined from the
horizontal; direction is also expressed (for example,
one degree west or 90 feet per mile west).

Discharge-Refers to water withdrawn, either
naturally or arificially, from the zone of saturation
(see definition of ground water).

Dissolved solids-A measure of the total concen-
tration of dissolved material in water. Widely used in
evaluating water quality and comparing waters with
one another.

Drawdown-The lowering of the water table or
potentiometric surface caused by pumping (or arte-
sian flow). In most instances, it is the difference, in
feet, between the static level and the pumping level.

Effective recharge-The amount of water that
enters an aquifer and is available for development.



Electric-log-A graph log shiowing the relation of
the elactrical properties of the.tocks and their fluid
contents penetrated in a well, The eléctrical proper-
ties are natural potentrals and. resrstrvrtres to induced
electrical currents some of whrch aremodified by the
presence ¢ of the dfilling mud.

Facies=The “aspect” belonging ta a.geological
unitof sedimentation, including mineral composition,
type of bedding, ‘fossil content; ete. (such .ds sand
’facres) Géneral appearance or Tatire.of orie part of
are k{body as-contrasted withi other. parts. A strati-
graphic body as dlstrngurshed from Gther bodies of
different appearance or composition.

Formation-A -body of rock that is sufficiently
homdgénesus oF distirictive 1o be- regarded as a
mappable uriit, -usually named from a localrty Vithere
the’ tormatlon is typical:

Grourid water-Refersto water inthatarea below
land surface in Wthh all pore spaces and ‘voids are
filled with water (called the.zone of saturatlon) and
from which-wells, springs; and seeps are supplied.

He&d, or hydrostatic pressure—The pressure’ex-
erted by ‘the: water at any-given’point’ina body of

witerattest réported injpolinds per squaré inch-orin

feét of watér. That of | ground watéris jenérally dueto
the weightof water’ athigh Ievels inthessamezore of
saturatron

Hydraulic Conductivity-The volame of waterthat
will flow.in one.day through a cross sectional area of
one~square toot under unrt hydraulrc gradlent (one

measutedin feet ormeters per day Also called the:

coefficient of permeabrllty which is ‘measured in
gallons per day per-square foot:

‘‘‘‘‘

or potentrometrlc surtace usually grven infeet per~

mlle

Hydrograph—A graph or llne plot showing the
fluctuation of thie:water lével if a well over a period of
time.: .

Impermeab/e—lmpervrous or havrng a texture
thatdoes not permlt watertomovethrough it percep-
tlbly under the head differences: ‘ordinarily found in
subsurface water.

Leaky aquifer system—A heterogéneous assem-
blage of interrelated permieable, poorly perméable,
and relatively impermeable formations that function

|
|

regionally-as an aquifef: The systém ¢onsists'of two
or more aquifers separated laterally by discontiniious,
aquitards and/or aquicludes: Differential changes of
the hydrostatic pressure (head) in the-systemdue to
pumpage causes: ground-water rovement through

the-aquitards and from the interstices. of the clays:.

Lrthology—The d escrrptron of rocks; usually from
observation of hand specimen,.of outerop:.

Milliequivalents per liter (ié/l}=An expressmn of
the oncéntration of chemical sUbstancés interms of
thej' "actlng values of electrically charged partrcles,
or ions, in solufion. One. mrllrequrvalent per.liter;of a,
posmvely charged i jon (such as; Na*) will react with,1.
mlllrequrvalent per- liter-of a negatively charged ion
(such-as Gl).

Minigrams per liter (mg//)—Metnc units commoiily
usedin ¢hgmical analyses of water toindicate a ratio
af dissolved substances, by weight, ina unit: vel"‘me
of water. To illustrate in ‘more; common terms,
0. 000035 ot an ounce of-a. dlssolved substance ina
quart of water is equrvalent to one mrllrgram ot'
dissolved 'substance in one liter: of water. For water
containing less than ane 7,000’ mg/l dissolved: solids,
one milligram.per. liter s equrvalent to one part per
inillion:

@bservatlon well, currenit-A wéll'from which the‘
Texas Water levelopment Board is: presently col-
lecting:: and malntalnlng records eitheron water-level
or water-quality data or- both.

la.@y'tc;rop—Tha_tnart'of;a.rqck layer-which-appears,
at thg:land surface.

Perched ground water-Ground water separated
trom an underlymg bddy ot ground water by unsatu—-

Percolatron—The movement, under hydrostatic
pressure, of walerthrough the‘interstices of a rack or-
sail;- exoept the movement through large: openings’
such as caves.

PermeableLPervrous or having a-texturé that
permrts water to meve through it perceptrbly under’

‘the head differences ordinarily found in ‘substiface

water, Apermeable rock hds commumcatnng intersti-
ces of capillary or supercapillary size,

Porosity—The ratio of the aggregate volume of
interstices. (openings) in a rock or soil to its total
volume; usually statéd as a percentage.



Recharge of ground water-The process by
which water is absorbed and is added to the zone of
saturation. Also used to designate the quantity of
water that is added to the zohe of saturation, usually
given in acre-feet per year or in million gallons per
day.

Recoverable storage-That portion of under-
ground reservoir capacity estimated as capable of
being economically and physically withdrawn from an
aquifer.

Resistivity (electrical log}-The resistance of the
rocks and their fiid contents penetrated in a well to
induced electncal currents. Permeable rocks con-
taining fresh water have high resistivities.

Sedimentary rocks-Rocks formed by the accu-
mulation of sediments in water or from air. The
sediment may consist of rock fragments or particles
of various sizes; of the rémains or products of ani-
mals or planits; of the product of chiemical action or
evaporation; or'of mixtures of these materials.

Specific capactity~The discharge of a well ex-
pressed as the rate of yield per unit of drawdown,
generally in gallons per minute perfoot of drawdown.
If the yleld is 250 gallons per minute and the

drawdown is 10 feet, the specific capacity is.25

gallons per mihute per foot.

Specific conductance-A measure of the ablllty ot
a solution 1o conduct electrically, expressed in mi-
cromhos at 25°C. It is approximately proportional to
the content of dissolved solids. The values of spegcific
conductance and specific conductivity are equiva:
lent; however, the units for specific. conductivity are
expressed in micromhos per centimeter at 25°C.

Specificyield-The quanmy of waterthat an aqui-
fer will yield by gravity if it is first saturated and then
allowedto drain; the ratio expressedin percentage of
the volume of water drainedto volume of the aquifer
that is drained.

Strike-The course orbearing ofthe outcropofan
inclined bed, joint, or fault, on a level surface. Itis per-
pendicular to the direction of the dip.

Structural feature, geologio~The result of the de-
formation or dislocation (such as faulting) of the rocks
in the earth’s crust. In a structural basin, the rock
layers dip toward the center or axis of the basxn . The
structural basin may or may not coincide with a fopo-
graphic basin.

Water level-Depth to water, in feet below the
land surface, where the water occurs under water
table conditions (or depth to the top of the zone of
saturation). Under artesian conditions, the water
level is a measure of the pressure in the aquifer, and
the water level may be at, below, or above the land
surface,

Water-level, pump/ng—The water level during
pumping, measured in feet below the land surface.

Water level, statio-The water level in an un-
pumped or nonflowing well, measured in feet above
or below the land surface or sea level datum.

Watertable-The upper surface of a zone of satu-
ration except where the surface is formed by an
impermeable body of rock.

Water-table aquifer (unconfined aquifer)~An
aquifer in which the water is unconfined; the upper
surface of the zone of saturation is under atmos+
phericpressure only andthe waterisfreetotise orfall
in response to the changes in the volume of water in
storage. A well penetrating an aquifer under water-
table conditions becomes filled with waterto the level
of the water table.

Yiéld of a well-The rate of discharge, commonly
expressed as gallons per minute, gallons perday, or
gallons per hour.

Metric Conversions

Forthose readers interested inusing the interna-
tional System (S1) of units, the metric equwalents of
English units of measurements are.given in paren-
theses in the text. The English units used in this
report may be converted to metric units by the

following conversion factors:
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From English Multiply, T6 Obtain
Units by Metric Units

acres 0.4047 square hectometers (him?)
acre-fest (acre-ft) .0.001233, ‘cubic hectometers (hm?)

feet (ft) 0.3048: | meters.(m)

feét per rhilé (ft/mi) 0:189 meters per kilometer (nvkm)
gallons (gal) 3.785 liters ()

gallons per minute (gal/min) - 0.06309 liters per-second (I/s)
wgallons per minute;per foot 0.207 ’Ilters per. second per- meter
[(gal/mm)/ft] ‘[(l/s)/m]

-gallons per day per foot 12.418 liters per-day per méter
[(galrd)ft] [(hd)ym]

-gallens per day per squaté foot 40.74- liters per day-per‘square meter
(gal/dy/it] dym?]

“inches (in), 2:54; ccentimeters (em)

‘ -fnilés (mi) ‘ 1':6(;9' ’kilométe;"s; (k) y

"square miles (mi?) 2:590 :square kilometers: (ki)

To convert degrees Fahrenheit fo degrees Celsius usé the followirig formula;

°C ={°F-32) (0.556)

GEOLOGY AS RELATED TO THE
OCCURRENCE OF GROUND WATER

Geologic History

The geologic setting in and around Jack County.

was: greatly influenced by the tectonic development

of the Fort- Worth: Basin, Red River Uplift (Electra

Arch) Eastern Shelf {Concho Platform), Ouachita

fold beit, and Wichita:Arbuckle Mountains (Figure5).

Tectonicactivities such asthese. provided thie major-
ity of geologic. material compnsmg tHe varied forma-
tiohs ‘to bé discussed in regdrds t6 their water-
bearing charactenstlcs (Table 1).

During Late Mississippian and Early Pennsylva-
nian tlmes orogenlc activity in the Quachita geosyn-

cline*produced a thrust-faulted fold belt. Resultant
mountains provided a sediment source'duringtthe re-
mainder of the Paleozoic Era {Kierand others; 1979).
Coincidental to this event, the Fort Woith Basin
-subsided, forming a foreland basin between the:
westerny’ margnn of the Ouachita foldbelt-and Edstern
Shelf. Thick, terrigénous, clastic- deposits of
mudstone and sandstone: of thie 'Atoka and Strawn
Groups essentlally filled the Fort Worth Basin by the
beginning of Mlssounan (Canyon) time. (Erxleben
1975). Wedges of clastic matenal mtemngered‘
westward with basinal shales of the westerr Forit
‘Worth-Basiri and eastern Coricho Platform. These
.deposits both intérfered with: ‘and coexisted with

calcareous depositional systefms. As Middle Penn-
sylvaman time- approached several events occurred
that greatly-influenced deposmon Uphft of tHe gast-
-érn portion of the Fort Worth Basin provided clasuc
sediments ‘to fuel Strawn deitas. Also carbonate
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Figure 5.-Regional Geologic Setting and Location of Study Area

reefs and banks developed as subsidence of the
Midland Basin increased. The stable area separating
these two tectonic features is referred to as the Bend
Arch,

During Missourian (Canyon) and early Virgilian
(Cisco) time, the Ouachita foldbelt and Wichita-
Arbuckle Mountains were the prominent upland
sources of terrigenous, clastic sediments in the area.
Thick arkosic wedges extended south and southwest

into north-central Texas as fluvial and fandelta de-
posits, sometimes interiering with calcareous bank
deposition (Brown and others, 1973). The resulting
influx of clastics derived from the Arbuckle Uplift are
apparent in the Ganyon Group, for chert conglomer-
ates locally replaced some of its limestone members
in Jack and Young Counties, and a very notable in-
crease of shale and sandstone thicknesses devel-
oped in Jack and Wise Counties (Cheney, 1929, p.
19). As Canyon deposition came 1o a close, rejuve-
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Table 1.—Geologic:Units.and Their Water-Bearing Properties

. . - = s . .- - . - IAPP‘ROXIMATE. . . - - P - . - B
ERA ‘SYSTEM |-SERIES | GROUP FORMATION. STRATIGRAPHIC'UNITS MAXIMUM CHARACTER OF ROCKS: WATER-BEARING'PROPERTIES-
THICKNESS {FT) ¢
. . Recant Allivium; . ‘Surt{cial tloodplain and tefrace Alluvium blong the 1 views: »amal - quummes ot Hrash, w0 modarataly.
Cenozoic Q Y — — - 60, streams wr\smlnq of grave), sand, slit'and cloy, salmewmnr.
. -Plaistocone. 'Fluvigtile torraco depasite
Paluny ) Aid “aan y 1007 By Yields. small quaniitias of frash-fo slighily saling
e L e . . — N ,‘séparated basalsund,wndmdmnd water. v )
" Masdzole Ciatacooi§: Comanchs, Trinliy, . Glon Rosd 200; limestone and gray.clay;
“Twin Mountsing
(Cithip Colofado'timastofia Yninigigsiona’ Beds, sled by shals:uiits; | Notknown 15 yield water.in Jnek
Pormisn Weltiamp 4?&;55!9. ss:m Cre:a:a!:ﬂ: ‘5S‘h:::; 100} *E:K::ta. sandgtono;! rcoal beds, ‘aro valso
Camp Creek Shale:
) . ) Saddto Cradk Umeswne éntic dstane and 3 | Notknown toyiefd water inJack County,
? 2 — Harpersvilla, _~ "Waldrip Shats.: 200! shata, sihstonazand thi R g -
Crystal Follg Urnastuna
Cisco Brackbrridge Limostone utiione “deposits, thin | Yields.small.quantities’ot frésh-10 alightly safine
" (shale} , ine; with sema.thin watar. - T
'ﬁ,lriﬁy Elur.h Aanch leusmnn ) 300
Virgil '
R Avszaudsmna
Waytend Shale* s~ lantlculsr - doposnls 2thin Ylolds:sma!l quummes of! fresh fo clightly satine
Gunsight Umesmnn o 0s,'shdle,and . with sine. thin water.
Nmsslw Shalg : A
Graham. Bunns-t lenslancv 600
.Gonales’ Cuak Member:
! Finis Shala, -
- Homo C@!Umoﬁ}ol;ﬂ ¢ " ' epauleu !hy uniits of “lanticular leds small qunnmlas of lmsh to slights salmu
Caddo Craok. *Colany Creek Shala 300. jg_ahale, - siltstone; L
P U | ‘canglom . -.uvshaln.and
. s “Ranger Limestona- et shalg,”” v
Brad: -Placid Shaja 400, :
Palgozoic.. o -
:Canyon
" Graford: 800
. Wolt Muunmm Shnls‘ !
Pennsylvanian
M]s‘s_bufi Wiles Umanonu
) - Oran Sondstono e
. Palo Pinta 'Poadaon Shale 300
Wynn umuslnne
. lesi ity $hale:
Turkav Croak Sandsfone units: '
/Salasville'Shale ‘
Minerat Wella Dog Bond leeslona 1,100~
Lok PmmSandsmnuv
‘Hug Mbuntain Saddstong
- Strawn Brazos Rivat- dstono,-imeston .and shalé | Notknown to.yiald water in Jick County:}
’ :with somic coaf beds: .- - - . P
. DesMoirnas "Mingus - - s - . o - .
1,400, N
. Grindstone Craek - .7
. ! . . UniyBend _ _ . . L T e i




nation in the foldbelt and eastern Fort Worth Basin
increased the supply of clastics available for deposi-
tion both then and extending into Cisco time. Uplifted
clastic rocks of the Atoka and Strawn Groups along
the eastern flank of the Fort Worth Basin contributed
considerable amounts of reworked sedimentstoLate
Pennsylvanian delta environments.

The Eastern Shelf was a tectonically stable plain
sloping gently to west and northwest during both
Canyon and Cisco times. It was extensively inun-
dated by shallow seas with cyclic progradation of
fluvial and delta systems westward across a carbon-
ate shelf environment. Clastic and limestone deposi-
tion were equally balanced and intertwined, remain-
ing so into Early Permian time. During deposition of
the upper Cisco Group (Permian), the supply of
clastic sediments from east and north diminished,
and shelf limestone deposition became prominent
(Kier and others, 1979).

During the Triassic and Jurassic periods of the
early Mesozoic era, withdrawal of the seas from the
north-central Texas area along with subsidence in
the Gulf Coast embayment led to a reversal of drain-
age direclion. This resulted in an extensive irunca-
tion of Pennsylvanian strata in the Fart Worth Basin
and surrounding area. By the close of Jurassic time,
Paleozoic rocks had been reduced to a peneplain
upon which marine sediments were deposited along
an oscillating shoreline during the Crelaceous pe-
riod. The Pennsylvanian-Cretaceous unconformity
shows a tremendous period of émergence and ero-
sion. One of the two major invasions of the sea during
the Cretaceous period is represented by the Coman-
che Series.

General Stratigraphy

Stratigraphic units supplying fresh to slightly
saline water to wells in the study area range in age
from Pennsylvanian Canyon Group to Recent allu-
vium. Of these, the most important water-bearing
units are of Pennsylvanian age, with minor contribu-
tions of ground water by units, where present, of the
Trinity Group and alluvium.

Underlying the county are stratigraphic units
composed largely of limestone, shale, mudstone,
and sandstone with smaller amounts of sand, con-
glomerate, clay, and coal. The relationship, approxi-
mate maximum thickness, brief description of lithol-
ogy, and summary of water-bearing properties of the
units are shown in Table 1.

Both the Canyon and Cisco Groups of Pennsyl-
vanian age consist predominantly of shale, sand-
stone, mudstone, and limestene. }t is the sandstone
bodies within these Groups that provide what little
ground water is available for development to domes-
tic and livestock wells.

Canyon Group sandstones constitute an impor-
tant facies in the framework of the Perrin delta
system, for it is in these sandstone bodies that
ground water is stored. As components of the deltaic
system, the progradational sandstone facies include
delta-front, distributary channel-fill, and confined
valley-fill fluvial deposits. Generally, delta-front de-
posits consist of thin-bedded sheet sandstone and
siltstone. Distributary channel-fill sandstones are
massive and coarser grained than delta-front depos-
its, and consist of fine- to medium-grained sand.
Confined valley-fill fluvial deposits consist of gravel
and coarse sand at the base, with gravel content
decreasing upward. Conglomerate and coarse-
grained sandstone are characteristic of basal valley-
fill. Slumping and growth faulting is a common feature
within Pennsylvanian deltas.

The Cisco Group is composed of mixed clastic
and carbonate depositional systems. Water-bearing
sandstones can be attributed to the Cisco fluvial-
deltaic system, where fluvial systems eroded and
were superimposed upon deltaic deposits. Elements
of the delta system include: (1) distributary channel-
fill of fine-to medium-grained sandstone; (2) distribu-
tary mouth-bar, siltstone to fine-grained sandstone;
(3) deltairont, sheetlike siltstone and fine-grained
sandstone with growth faulting; (4) massive bar-fin-
ger sandstone, fine- to coarse-grained with some
conglomerate;.and (5) prodelta and interdistributary
embayment mudstone and sheet sandstone (Gal-
loway and Brown, 1972; Brown and Others, 1973).
Fluvial facies include: (1) tabular to sheetlike com-
plexes of intertwined fine-grained sandstone; (2)
meander belts of fine-grained sand bodies; (3) valley-
fill and braided deposits of coarse gravel 1o medium-
grained sand, fining upward; (4) crevasse splay
siltstone and fine-grained sandstone; and (5) over-
bank sand and mudstone. Fluvial facies diminish
basinward (northwest).

The Trinity Group is divided into the Paluxy, Glen
Rose, Twin Mountains, and Antlers Formations. The
Paluxy consists of sand and shale and provides a
very small quantity of ground water in the southeast
corner of Jack County. The Glen Rose consists of
clay and limestone and does not provide water in the
study area. The Twin Mountains is composed of
sand, clay, and basal gravel and yields small
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amou nts of water to wetts |n southeast Jack County.

' fation applred noith of the
Glen Rose prnch-out where the- Paluxy and Twin
Mountarns coalesce 1o form one unit. Quicrops of
,Antters \0CCUr along ‘the . northeast corner of the
county; and dueto Irmtted thrckness. do-not preduce.
,suffrment amounts-of water to welis in‘that area. It.
does; “however; ‘act as -a recharge source to: the'
‘underlymg Pennsylvaman sandstone as does the-

sand thtcknesses of the Pennsylvantan formatxons

‘are shown on Frgures 7 and 1 0 through 12 Geologic
ht )

Structure:

Geologlc structures: atfectmg ground water in
Jack County:areithe, regional west-northwest dip;-
developiment .of the Fort Worih Basin, Red River
Uplrft Ouaehita. fold: belt; and Wrchrta-Arbuck!e
untaing: Thése regional stiuctures are-shown in
tF!SJ..‘{’ e:5.

by eastward’drpplng Cretaceous: sedrments

Pennsylvanian tocks; in Jack: County dip ina
northwesterlydrrectlon at appro mately 50. tos :
per-mile; with:a, regional strikeof about N6O°E. oth
the: Gisco ‘and’ anyon Groups exhibit: deposntronal
sequences with amaximum thicknessofaboiit1,100
feet: The dip andoveralithickriess:of both Groups aré
fairly: constant ‘4s sHowi in the dip cross-sections
(Figures 32, 33, ’nd34) howeverw_,_htcknesses ofihe
individuial members of each Groupvary considerably
overihe stidy-area.

STRATIGRAPHY.OF THE
WATER-BEARING UNITS-

Strawn Group

‘Sevéral wells. are khown to. yield potable water

Arom the Strawn Group in- northeast Palo; Pirite”

County, however, no water wells were found produé-
ing frorm this: group in Jack. County Atestiwell. dilled
by the Board near Joplin, Jack County, pro

usable quahty water trom the Turke

=|s the Turkey Creek: : d fror
:Canyon Group:units: by'the Keechr Creek Shale arid
‘ovérlies thé: Salesville Shale “as-dapicted: on the

.geologic séctions:and Table 1.

Fanly inthes subsurface

, pe

seen in. geologlc sectron A-
‘average dtp ofABteet pert mrl‘
TurKi tor

thtckness of 88 fe ;'Sandstone beds are mterrupted»
by stnngers of dark-gray latinated mudstorie:cor-
tairiing finely divided plant material afid thif lehses of
siltstone-and very-fine-sandstotie:

Upper Strawn: uniits- were: deposited .as high-
construgtive, lobate delta sequences representing:
progradatronal tacres withiin the Perrin Delta System.
Flgure 7. (modmed from Cleaves; 1983). shows net.
sandstone thicknesses ranging from-less thian.-50.

feét {0 ovér 140-18et. “Theinfetred sediment. inputt

directionindicatés:an east-to-westprog radatiofifremn
a probable sourcé area in the ,r‘thernmost part of
the ‘Quachita Fotd Belt of Texds. The multilateral
pattern of sandstone fac:es inthe Pernn deita sys-

-15 -




tem, as-illustrated in Figure 7, is inferred fo have
resulted from deposmon on. the structurally stable
Congcho 'Platform (Cleaves-and Erxleben, 1983, p.
55)..

Canyon Group

A series of cdrbonate arid terrigendus -clastic
cks of the: Upper Pennsylvanian (Missouri:Series)
he basis of the: Canyon Group Canyon Group
arn composed of-a sequence;of 4 thlck lime:
stones with mterstratrfled shdles and" sandstones
The}group genegrally: stnkes nofthieast to southwest:
and dipstowardthe northwest at approxrmately 5010
55iteet periile..OF primary importarice to this: study
is the high-constructive Perrindelta system whrch rs
composed-of the terngenous clastrc facres
Wolf Mountam Plac

westward throug,:, eastern Jack and western Wrse_
Gounties. Deltaic abandonment and destruction
were; caused by marine transgressions and deposi-
tior'of shalf carboriates (Brown and Others, 1973).

:unconformabiy overlarn by eastward drpprng Oreta-

ceous ‘sediments. In the: northwestern half. of Jack:
‘County, units are overlain by: rocks -of the: Cisco
Group

Stratxgraphy of the water-bearmg u_n its’ can;best

.,delta constru ‘trona! facres components whrch con—
4ain-most of the: potable ground water.

‘Palo Pinté Formation

Stratrg raphrc unitsincludedinthe Palo PintoFor-
mation, listed in order from oldest to youngest, are
‘the: Wynn erestone, Qran Sandstone. and Wiles
Limestone. Also-found in this interval are shales and
silty shales detived from a prodelta-shelf environ-
ment (Posideon Shale), and diséontinuous sandy
shales and sandstoriés. Thé Palo Pinto Formation
fornis the base of the: Ganyon Group andis overlarn
by units of the' Graford Formation (Figure 8):

and. severa! mi es‘downdrp ofthe formairon

Geologic:section A-A’, Figure 32, reveals adipto
the northwest of; approxrmately 50 feet per rile-and
atotal thickness: of about:230 feet. Othet than an
outcrop of Oran. Sandstone along the courity line
south ‘of Petrin (Frgure 9), the ‘formation’ occurs
mostly in the: subsurface, being cverlain- by reta-
¢eous -déeposits. in ‘the. southeast corner’ of Jack
Coufity. '

Ofprimary fimportance tothis study is.the water-
beari ng sandstones compnsmg the: Oran: Sandston"e’
and. the drscontrnuous sandstone and: sandy shale
bodres overlarn by Cretaceous sedrments.‘The @ran'

rnterdeltarc ongm overlam hy 25 feet of ﬂne-grarned )
hrghly cioss- -stratitied - sahdstong contarnmg plant.
debris and claypebbles:

Graford Formation-

Two- stratigraphic: unifs are included in the.
e Wolf Mountain Shiale.dnd the:
Wnnchell leesto e The Graford is séparated. bythe(.

y andby the Brad Fortia-

Graford Formano

CGommonly,the dipis less than 50 feet per mile;
-andthe strike gengrally parallels the nGribieasttiand:
ing.outcrops of all.Canyon Grsupormations through
‘solithézdst Jack: County. Figure -
(1975), shows' the areal extent.of ttie. sandstone:

oliterop of the Wolf MolintairiShale along witkits net:
sal dstonethrckness, which ranges fromless than50
Jeet toover200feet. The: maximum thrckness oceurs

5 fo 10 ‘miles downdip from: the: auterep: ‘south of-

Jacksboro.in one of the Perrindelta system lobes.

Stratlgraphy ‘ot the: Wolf Mouritain Shale uriits
depends-on that portion of the-delta séquernce éx-

,posed or penetrated. Typical slratlgraphy of the
various delta facies js descnbed in Table 2, The

sandstone fagies. containing potable water are of
pamcular rnterest 1o-this study .and are generally
depicted as: ‘oceurring in areas delineated by Figuré
10.
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Table. 2.—Characteristics of Perrin Deltai¢ Constructional Facies,
(Modified from Cleaves and Erxlebén; 1982)

DELTA.

CONSTRUCTIONAL

COMPOSlTlON

BEDDING, THICKNESS
A

LATERAL EXTENT

CONTACTS WITH
ASSQC!ATED FACIES.

COMMON.
SEDIMENTARY

YSTRUCTURES

FLUVIAL.

{COARSE:GRAINED,
‘MEANDERBELT TO. BRAIDED)

MASSIVETO HEAVI LY CROSS EEDDED

‘SEVER L  AUNDRED: FEET-.ACROSS
INDIVIDUAL BODIES;

‘CONTACTS SHART (EROSIONAL)

OUT LATE RALLY

ABOVI ‘CHANNEL LIKE - UNITS PINCH .

ABUNDANT MEDIUM TO LARGE SCALE
TROUGHS CONGLOMERATESAPPEAR'
LOCALL\’ HOMOGENEOUS

DELTA PLAIN

COMMONLY LAMINATED T'"”THlN‘

ABHUPT 10, GRADATIONAL BELOW:
rGEPJEﬂALLY GRADATIONAL.
P|NCHES  OUT OR: GRADES - ERALLY
'INTO EMBAVMENT FACIES

BOVE; ']

»LAMINATED 70 ROOT MDTI’LED T
MAY APPEAH HOMO-

S; COALS- POORLY iN-
'DURATED AND' "DIRTY¥, MANY OF
DETRITALORGIN

DISTRIBUTARY

CHANNEL

'CONGLOMERATES

ABUNDANT TROUGH GROSS. HEDS;
MAY, 'APPEAR HOMOGENEOU LOCAL
'CONTEMPOHANEOUS FAULTS; £OCAL
‘ABANDONED *CHAMNEL CUTOUTS
WITH COALYx MUDSTONE FILL:

LOCALLY BURROWED

DELTA FRONT

DISTRIBUTARY
MOUTH BAR

AND.CLASTS °

“FINE:GRAINED QUAmz SANDSTONE 0 Mg
WELL SORTED,: LOGAL: CLAY FLECKS.

fSEVERAL TEN :
-HUNDBED FEET, ACROSS-

FACIES

DELTA 'AND INTERDISTRIBUTARY‘

LARGE: LOW_ ANGLE TROUGH CRDSS
BE NDSTONE. LENSES -GROWTH
FAULTS LoAL: FEATUHES' MAY BE
HIGHLY CONTORTED COMMONLY
BURROWED NEAR TOF

PROXIMAL
D.F.

JCLAY.FLECKS

FINE, TO VERY, FINE. GRAINED. ou».mzf :
SANDSTONE, WELL; 'SORTED, LOCAL .

ACHOSS(STRKE)

N-TQ;THICK BEDDED WITH: LOCAL

EET TRICK; AFEW.

FEW.FEET Q"
“TQ ACFEW. MILES

JGRADATIONAL TO, ABRUPT ABOVE

AND lNTERDlSTRlBUTARY FACIES

LOW 'ANGLE TROUGH CROSS, BEDS;
PARALLEL LAMINAE; CURRENT AND
OSCILLATION RIPPLES ON.TOP; LOAD
FEATURES AND_ CONTORTEDBEDS;
GROWTH FAULTS; LOCAL BURROWS

DISTAL.
D.F.

X VERY FINE GRA|NED SANDSTONE AND

“THINLY /BEDDED SANDSTGNE IN
.LAMINATED SHALE ‘A FEW FEET TO

&

GRADATIONAL TO RELATIVELY
T BOVE GRADATIONAL

PRODELTA ,'NDSHELF MUDSTONE

SANDSTON ES COM MONLY GRADED

PRODELTA

’GRAY TO!BLACK SIETY TO “SANDY:

MUDSTGNE WITH ABUNDANT "RED

* FEBRUCINOUS CI.AYSTONE NODULES

THIN (SANDSTDNE, AND SILTSTONE‘
BEDS‘gS )

ASTRIKEY:

SWELL LAMINATED*TQ" PLATY- WITH:

. TOB00:FT, THICK: &, FEW:
YARDS+TO -A FEW WILES ‘ACROSS.

SGRADATIONAL:ABOVE; GRADATIONAL y
PT, BELQW INTERFINGERS'

HOHIZONTAL LAMINAE ,LOCAL
HOR!ZONTAL SURROWS LOCALLY
CONTORTED AND SWOHLED “




Brad Formation

The Brad Formation consists of twe major units,
the Placid Shale and the Ranger Limestone. The
Brad is overlain by the Caddo Creek Formation and
rests on the Graférd Formation, both of the Canyon
Group (Table 1). Potable ground water occurs in
sandstone units within the Placid Shale interval.

Brad Formation units dip to the northwest at
about 52 feet per mile through Jack County. Figure
11 depicts the areal extent of sandstone outcrops
within the Pldcid Shale interval along with the net-
sandstone thickness in the subsurface. The inferred
sediment input direction is from the southeast with
the thickest accumulation of sandstone in the north-
east part of the county. Net-sandstone thickness
ranges from less than 50 feet to-over 150 feet.

Units of the Placid Shale containing potable
water consist primarily of fine-grained sandstones of
reworked shallow-water delta-front and bar finger
origin; fine- to medium-grained, cross bedded sand-
stone of distributary channel and delta-front origin;
and coarse-grained sandstone and chert-pebble
conglomerate of fluvial channel origin.

Caddo Creek Formation

Major units of the Caddo Creek Formation con-

sist of the Colony Creek Shale and the Home Creek

Limestone. The Home Creek Limestone marks the
top of the Canyon Group and is overlain by the
Graham Formation of the Cisco Group. Brad Forma-
tion units occur immediately below the Caddo Creek

SOUTHWEST NORTHEAST
_ - 1300
CISCO GROUP
9.7 M '3 IZQ(-)‘
- 1100
B2 HOME CREEK
’— LIMESTONE <=ZE¥ s LSED L 1000
e
‘ RANGER L.5. — = = 990
T T L 860
£ == PLACID SHALE _-._PERR'IN DELTA .
- 'SANDSTONES l
R P R PRI L 700 W
DEVIL z
w "[_:'_60_0 z
ol @
g & [
=3 500
13
S
S 400
300
200
100
A A A A A
M.S. DAM GRAFORD PERRIN JACKSBORO BRIDGEPORT

Figure 8.-Schematic Facies Section Along Outcrop, Canyon Group,
Northern Palo Pinto, Southeastern Jack, and Western Wise Counties, Texas
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(Table 1).-Potable ground waler is obtained primarily
from ‘sandstone units Within'the Colony Creek Shale
mterva!

Caddo Creek Formation units dip.to the north-
westatabout55 feet per mile throughnorhwest Jack
County. Figure 12 shows ‘the-areal:extent of thie
sandstoneand conglo,merate outerap; the net-sand-
Stone hickness; ‘dnd the' infefréd ‘sediment ‘input
diréction for’ the Colony Creek Shate mterval Net-

-emphasxs will be placed on the water-beanng sand-
stonesfacies.

Cises Group

The Ciscé Group. i§ compose_d of both ter-

through the nonhwestern half of dack County The
reglonal dip istoward the nofthwest:at: approxtmately
50 feet’ per-mile: Emphasns will be placed on the
sandstone facies ofthe. Graham and Thrifty Forma-
tions; which-are:he predeminant source of potable
ground water fromthe Cisco Group indack County.

Graham Formation.

Units: ‘making up: the Graham Formatton, listedin
order from dldest.to youngest, are the Finis Shale,
Gonzalés Creek. Member. Bungér Limestone, Né-
cessity Shale; Gunsight: Ltmestone. and Wayland
Shale. Water-beanng sandstone utits within the
Gonzales Creek: Memberconstttu ethe majorsource
ot potable ground water in {he: Grahiam Formation.
Numerous.otherunnamedsandstone beds eccurring
between major limestone sequences also provide a
‘source of ground: water to dernestic and livestock
wells.

‘Glen Rose Patuxy, and Artlers Atong the northeast

0 gue,:
ties, outtlers of Antlers Formation occur The ntters

The: Graham Formation forms: the basg:of the
Cisco Group andis verlain by the Thnfty Formatnon
(Table 1), Thickhesses-of sandstone units vary con-
siderably, due. to the dtscontmuous nature of ‘the
beds. Test: hole PL-20-45-910. has anet-sandstorig
thickness-of about 50 feet.

Sandstone: originsare fromiwo depositicnal sys-
tems; flivial and deltaic. Fiuvial System units consist
otbratded tacxes ot medtum to coarse graxn"

ﬂuvnal of upward hnlng beds from coarse gravel to
mediu m-grainied: sandstone with trough-crossibeds.
Typtcal deltaic system. facies inthe Cisco.Group.are.
S|m|tar to those descnbed |n Canyon Group se—

prodetta and lnterdnstnbutary ongtnwv

Thifty Formation

‘Thrifty Eotration unifs-Jisted in ‘Srdér ,from
oldest to youngest are’ the Avis: 8 andsto ¥

of the: unnamed & ”“"dstone unttsfprowde smatt quan-
tmes of potable ground water to wetts m northwest
" i) t’-»

Tririity Group

Tnnlty Group! formations,ot Cretaceous agecrop:
out in southeast-Jack County; with-small outliers:
décurring :along’ the sastern boundary of theé-coufity:
(thure 6). Formations includé the Twin Mountains,

Formatlon is the (ateral equnvatent of the TwinMoun:
tams and Patuxy Formations, egeurring north of the:
Updlp limitof the Glen Rose Fotmation. Smiall quan-.
fities of potable ground-watér dre-available primatily
fromithe TwinMountains Fofmationinthe southeast--
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m cornér of Jack Gounty. Sands of the Twin Moun-
tains and Antlers Formations’ provide a vehrcle tothe
recharge of underlying Pennsylvanian sandstones.

In contrast to-the Pennsylvanian units, Creta-
Geous lormatrons dip-to. the southeast at about 20
feet iper mile. Total thickness variés from -a thin
VEnéérto approxrmately 200 feet: According to drill-
ers’ logs ofwells éompleted through the. Cretaceous
the maximum thickness of the Twin Mountains: For-
‘mation js about 120 feet.

‘Rocksofthe Trinity Groupin Jack Counity consist
‘otbasal conglomerate and gravel overlain by péorly
‘consolidated, massive; crossbedded, fine- to
-coarse-grained; whité to light-gray ‘sand. Letiticulaf
beédsof multicolored clay occur withiri the sand: In the
‘southeast cornef of Jack County, sands: dre- sepa—
.rated by the Glen Rose Limestone, which’ consists
p ,_marrly of limestone with, thin beds of shale ;and
marl,

Alluvium

- Alluvial deposits coinposed of fine sand, silt,

clay, and gravel ‘oceUr in thie’ floodplains. 6f -and
Bordering many-of the streambeds within the-colnty.
These -stream deposits dre- probably derived: from
older Pleistocene. sediments and from Permlan and
Pennsylvanran rocks. The: thrckness of the alluvrum
is believed to be'no greater than 60 feet.

‘The. geologrc map.(Figure 6) -outlines the princi-
pal alluviiim deposits. Alliviuri is also present along
fumerous tributaries, bt is riofshown on the’ ‘geo-

logrc map in all Gases. A few wells with stnall yields ‘

produce water from the alluvrum

GENERAL GROUND-WATER
HYDROLOGY

Hydrologic Cycle

Water used by-humans whether it be fromrain,
spring drscharge ‘or water from wells, is captured in
‘transit, and afterits use.and reuse, is returnedito the
hydrologrc ¢ycle. The diffefent courses water may
take to complete the: hydrologic cycle are shown in
Figure 13.

¢

Source and Occurence:

The original source of ground. water in Jack
County isthe infiltration of precipitation either directly
in. the: outerop .or mdrrectly through seepage. from

sstreams and lakes That small portion of-the:total

precipitation which .seeps. down ‘through thé: soil
mantle and reaches:the water table is:calléd ground

‘water.

Ground water is sard to occur under erther

t‘,,

.the outcrop of many formatrons is unconflned and
.under water-table. condrtrons Water ‘under these

conditions is under atmospherrc pressure and will

rise of fall'in resporise to changes in the volume: of

water stored. Inmost places; tHe contrguratlon ofthe

watet table approximates the topography of-the land

surface. In a well penetrating an uncorifined agifer,
water will rise 10 thie level of tHe water table.,

Downdip from the outcrop; ground water in the

aqurfer may occur.beneath a relatively tmpermeable

bed. The water is under artesian or cenfined condi-
tions:and-the impenetrable: bed corfines the. water
undera Jpressurégreaterthan atmosphenc Inawell
penetrating an artésiari aquiiter, watéer will rise above
the confrmng bed and; if the pressure head rs large

the And surf ce the ‘well will llow Flowrng wells~
commonly are.found in areas of low-altitudes.

‘Water occurs and is: stored in pores or voids be-
tweenthe rock particles. The two:ftindamental rock
characteristics which areimportarit inttie occufrence
of .ground walter- are porosrty. or the. ratio of the»
Voltime of void’ space to'the: total rock volume ex-
pressed asa percentage and er_meabrllty, which is.
the: ability ofa porous materialtotransmit water, The
porosity of arock is.dependent: upont the shape, size,
sorting, and the amount of cementation of thie.grains.-
Clays, silts, and soils which are fine- -grained sedi-
ments, commonly have high'porosity, héweéver, they

.do:not.readily transmit Water becausé of the small
‘srze ‘of the vords and low permeabrlltres Because of

percent the: lrne-grarned sedrments are capable of
storing large quantities of water.

In-aquifers-containing sands and gravels which
arerelatively unconsolidated, ground wateroceursin
the spaces betweenthe individual particles. In.aqui-
fers.such as limastones, dolomites, and dther fhore
compact and well-cemented rocks, ground water
oceurs mairily in fractures and cracks caused by
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force of earth movement or in spaces dissolved by
the action of water.

Recharge, Movement, and Discharge

Water-bearing units receive recharge in the
outcrop from precipitation, streamflow, and lakes.
Part of the time much of this recharge is rejected
because water-bearing units are full and the water
flows into the stream valleys crossing the outcrops
where it is discharged by springs, evapotranspira-
tion, and seepage. The Trinity and Brazos River
drainage systems have a profound effect upon the
ground water of the county, recharging some aqui-
fers and receiving water from others. Some of the
recharge moves downdip along water-bearing units
for many miles and along the way slowly seeps
upward through confining beds and fault planes
eventually being discharged at the surface through
seeps and springs.

Pumping from a well changes the flow pattern so
that water moves into the well from all directions.

Ground water under artesian conditions generally
moves in the direction of the dip of the water-bearing
unit, whereas under water-table conditions, the
ground-water movement generally follows the slope
of the land surface. The rate of movement is directly
related tothe porosity and permeability of the aquifer.
In sand formations, the limiting factor is the potenti-
ometric surface, caused by water moving from the
recharge area to the well. However, in cavernous
limestone this is not a factor because the transmissi-
bility is usually very high, and any water which enters
a sinkhole or crevice will be readily transmitted
through the aquifer.

Water that is pumped from wells must be bal-
anced by a reduction in natural discharge, a reduc-
tion in the amount of recharge being rejected, with-
drawalof water from storage, and movement of water
downdip. Thus, to have a perennial supply which
does not continue to withdraw water from storage
and eventually deplete the aquifer, the pumpage
must be balanced by an equal amount of recharge
being diverted to the wells. The two major quantita-
tive factors which limit the abount of ground water
that can be obtained on a perennial basis, therefore,
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Figure 13.-Diagram of the Hydrologic Cycle
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arethe recharge available for interception by pump-
ing and the raté at which-water ¢an flow from the re-
charge area to the.wells.

Discharge is the process which femoves water
from the:aquifer eithér by natural-orartificial means.
Natural dlscharge of water from an-aquiferoccursin
the-form of spring flow, efﬂuent seepage,transpira-
tion by vegetation; -evaporation- through thie -soil
wherethewatertable is close tothe surfacs, and loss
through intérformational Ieakage: Artificial discharge
is Usually‘from flowing or pumped water wells.

Hydraulic Characteristics

Water-producing capabilities of :an -aguifer de-
pend- upon its ability to’ store and:transmit water.
Formulas have been developedto showthe relation-
‘shlp ofthe. yleld of'a well and shapeé:and éxtent of the
.coné"of dépression to. the properties of the ‘aquifer
including specmc yield and coefficients .of- -storage,
fransmiissibility;:and permeablhty These formuilas in-
dlcate that, wrthln limits, the dlscharge from a well
varies. dlrectly with the drawdown; that is; doublmg
the- drawdown W|Il nearly double the amount of dis-
charge: The: dlscharge per unit. ot drawdown -or
‘specific.capacity. is;of:value in estlmatmg ‘the prob-
able yield-of a well and the requrred pump. Setting.
However, the type of wellconstruction.and. tharough-
ness of well dévelopment also: effect the -spécific

In an artesian.aquifer, as ground water is: with-
drawn the: hydrostatlc pressure is iowered and the
.werght ‘of: the. overlying: sedlments -compress the
;aqurter causing the water to be: released ‘from stor-
age. The:coefficients of storage in: artesian aquifers
‘are small compared tothose ifi water-table aqurfers
Therefore, as an-artesian well i§ Ppumpéd, a céne of
Tdepresswn is developéd over-a wide.area in a $hort
fime.

Inawater-lable-aquifer, the coefficient of storage
is much larger:since it reflects the removal of water
from storage by gravity dralnage Under these condi-
tions; the coefficient of storage is essentially-equal to
the. speific. yleld

The coéfficients of storageandfransriissibility of
anaquiferare. determlned from pumping tests, which
mvolve pumping-a well at a constant ratéfora period
of time-and making periodic measurements of water
Ievels in the pumping well and, if possible, in one or

more obsérvation wells. The Jecovery.. of the water
fevels is-also mieasured after: pumplng stops.. From
the data obtaingd, the coefficients of transmlSSlblhty
and storage can be calculated, and usedin. computing
the effects that pumprng will have onwater levels'in:
an aquifer at various times and distances fiomi a
pumped well. In addition to, providing a means of
computmg the-quantity of waterthat will flow through’
a-given section of the aquifer, the coefficierits ‘can

.also'be used in-estimating the- avatlabrllty of ground

Water in strorage:

Fluctuations of Water Levels

There are-several causes that'change the water

Tevels in wells. Some of these causes .are regional.

while others are focal. The ma;or factors; that;  gener-

ally: control the changes: in water levels are /the
-amount of recharge 16 and discharge fro- the aqui-

fer. y

Daily fluctuations, especidlly those: wells '

:pleted in artesran aqurfers are generally in response
1o barometric pressure;tidaleffects, earthquakes; or
,changes in therevapotransplratlon rate. The magm-

tude. of these fluctuations is very small, Seasonai
flictuations occuras the resultof changes in the

:ameunt &f rainfall ‘and : ‘evapotranspiration -on‘.an
aqurter s outcrop ared which in turn affécts recharge
DBuring periods of a-drought when recharge i

re-
duced, someof the: waterdlscharged fromthe. aqurfer

‘must bewithdrawn from storageand watér lévelsde-
:clrne However, when’ adequate rainfall resumes, the

volume of water: drained from-storage: may be re-
placed and water-levels.will rise. .

~ When awater wellis pumiped, water levels ifithe
\'/lClnlty' aré.drawn dowr inthe shape of an inverted
¢oné with its apex at the pumped well. The develop-
ment of ¢ones of depressron depends on the
aqurfer s coefficients of transmtssrblllty and- storage
and.on the rate of pumping. As pumping continues,
these cones. will expand until they: mtercept are-
charge source which will satisfy the pumping de-
mand. If the-cone of one well overlaps the cone of
another, inteference; and an“additional lowering:of
wateérlevels willéceur asthe wells compete for water
by expanding their coneés of depressmns The-
amount or extént ef interference between the'cones
depends on the rate of pumping from each well, the
spacing, and the hydraulic, characterlstlcs of the
aquifer in which the wells are’completed.
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Forwater-table aquifers, changes in water levels
are generally less pronouncedthan in artesian aqui-
fersbecause changes in waterlevelsreflectchanges
in the ground-water storage.

CHEMICAL QUALITY OF
‘GROUND WATER

General Chemical Quality
or Standards

The types and concentrations of dissolved min-
erals carried in'ground water are derived mainly from
the soil and rocks through which the water perco-
lates. As the water moves through its environment,
the solvent action ‘of water dissolves some of the
minerals from the surrounding rocks. The concentra-

tion of the various dissolved-mifieral constituents

depends upon the source of the ground water, the
solubility of the minerals in'the formation, the length
of timé the water is in ¢ontact with the rock; and the
concentration of carbon dioxide present within the
‘water. Therefore, the chemicalcharacter of the water
mirrors the: general mineral composition of the earth
through which it has passed. Additionally, dissolved-
mineral concentratlons increase with depth arid tem-
perature, and in zones of restricted circulation. The
'source, significance, and concentrahon of dlssolved-
mineral constituents and properties of water in Jack
County are-givén in Table 3.

A total.of 389 chemical analyses of water from
wells, springs, and test holés in Jack and adjacent

Counties were used in this study The sampled wells

are indicated on Flgure 31 by a bar over the well
number. Concentrations of sulfates, chlorides, and
dissolved sohds from samples taken from selected
wells and springs in Jack County are shownon Figure
14.

The degree and type of mineralization of ground
water determines its suitability for municipal, indus-
trial, irrigation; and other uses. Several criteria for
water-quality requirements have been déeveloped
through the years which serve as gmdelmes indeter-
mining the suitability of water for various uses. Sub-
jects covered by the guidelines are bacterial content;
physical characteristics, including color, taste, odor,
turbidity, and temperature; and chemical constitu-

ents. Water-quality problems associated with the
first two subjects can usually be alleviated économi-
cally. However, the neutralization or removal of most
of the unwanted chemical constituents is usually
difficult and often very costly.

The dissolved-solids co.n'tem is'usually the main
factor which limits or determines the use of ground
water. Winslow and Kister{1956) used an applicable,
general classification of waters based on the dis-
solved-solids concentration in parts per- million
{(ppm). The classification is as follows:

Dissolved-solids content

Description (ppm)
Fresh Less than 1,000
Slightly saline 1,000 to 3,000
Moderately saline 3,000 to 10,000
Very saline 10,000 to 35,000
Brine More than 35,000

In recent years, most laboratories have begun
reporting analyses in mllhgrams per liter (mg/l) in-
stead of parts per million. Thesé units, for practical
purposes, are identical until the dissolved-solids
éoncentration of water reaches or exceeds 7,000
units (ppm or mg/l). Most of the chemical concentra-
tions ‘in the- study area are below 7,000 mg/l and,
therefore, the units are mlerchangeable For the
moré highly mineralized watérs, a density correction
should be made using the following formula:’

parts per million = millig;ar’hs per liter

specific-gravity of the water

The property of water known as hardness is
associated primarily wnh reactions of waterto soap.
Ashardnessincreases, sodoes the soap-consuming
ability of water. Since most of these effects result
fromthe presence of calcium and magnesium, hard-
ness is defined quantitatively as the summation of
mllhequwalents per liter 6f calcium, magnesium, bar-
ium, and strontium times 50.05 (Skougstad and
others; 1979, p. 281). Inmanycases the contribution
of barium and strontium are msugnmcant comparedto.
those of calciurn and magnesiunyand ¢an be safely
ignored. Hardness is reported as an equnvalem con-
centration of calcium carbonate (CaCQ,) in mg/l.
Durfor and Becker (1964, p. 27) of the U, S Geologi-
cal Survey use the following classification:
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Table 3. - Source; Significance, and-Concentration of Di$sdlved;nil_ﬁeml .Constituents:and Properties: of Water in Jack County
(Adapted from -Doll arid Gthiers; 1963, p: 38-43;: Duifor and: Becker, 1964; p. 16:35; and Hem, 1970y

‘Analyses are.in milligrams:per liter except percent sodium, SAR,. RSC, specific conductance,-and pH. In-the:concentration by-aquifer chart, the figure

-above the: line refers te the mean; figures below. the line reféer to minimam:maximum range:

-68-

MEAN AND. RANGE IN' CONCENTRATIONS BY AQUIFER
Constitusnt - . ) R Cotony. | ) “Woll: iPala
of propesty, Source:or cause Signiticance; « Concentration in.natural water Thritty | Graham. Crask® Placid | Mountain -Pinto
Ranges generally:from.1 «30.mgfl, lhough cone
:ﬁ:&;mﬂﬁzm ::m”m;g;:; In présaiice of calcium and magnasium, 1drms scale ih plpes, bollers] oen’lrarlons up.fo 100 gl ara not uncomman I i n ) )
Siica’i0y). | dilica in ) wate rosuls from cherr -and steam tubings that retards hedfand js ditficiitt 1o remove, Inhibils | 3ome areas-Modian value kxground wialaris about 12- 3 3 | < hld 13
2 ieal b";”w‘ ‘m“ ot ilicate: "[lnm,s “during the. | . detorioration of zeolite-type water safteners: Can b added to sotwaler | f7-mgh. " Highr, valugs; are. generaly found In | <1720 1-29 . 41-23 <124 9-23 9523
weathéting: 9 _twinhibit,corrosion of.iron pipes. ground water and:am: m!md 10 rock. |ypa and . ’ :
procesa.: : | tomperaturo.
3 -10:mgh-of iron
Mainly: iganous “rocks , and. .sandstane 1ocks. | - in ground waler.is common. Ground witer.with pH’
on (Fey {oxides, carbonam, and’ sulfdas of -if velay- 'brown betweeneand amayoonmlnasmuchasSOmgli 3., asg | 18 ng K'Y 03
w (Fe), -minerals} Mayalsa baderived from well casings, femous iron; Very low pH's can result inextremely 022 6 02-403 or-11 H.-m T 02-04
piges, pumps, storage tanks, and other obijects’o!” Tigh'concemrations. Rechargs through stratacon- N e : " o g
eastiron and stest: || taining’ ‘oxidized iron minerals and organic debris’
drlnkmg waier slandards ‘state Ihal Imn shuuld nol'Bxceed .03 mgﬂ provides; lavorablu from soume.‘
o Galciom'and magnsslum combine with bicarbonate, carbonate; aulfate 60; 73 43 86 48 24
Caléium (Ce) ; v ; g% i mast instances: th vation | == = — :
it6:cal Jomile;.cia als. nstances; the: magnesnum concentration: | 7 5. - P P
siagonte; ot Y i ng (86t isurg:nch {ower than thtof caléium. Foundlnlavgo . 2-340 B-37- 1161 8310 6113 1.-84
[ fcenlmllons desuublo in alsmoplalmg. mnmng,'dyemg and intextile | qudntitiesin soma briries” Magnssium in séd waler [ P . . "
Magnesium (Mg) Amphitioles,: “l“”"“'l avr ctiring, High concentration' of magnasium has alaxative éffect; | can excebd™1,000 migit. 13 2 L3 1 R 0
magnesite, clay.mingrals. aspeclally o0 nigw usars.of lha supply. 27152 1104 563 1104 2-29 4-48
) F , clay mirierals, itas, and As much dg 1,000 ppm in'some westem streams; | 445 412 464 687 188 315
Sodium(Na) | ces Y AAREREE | - > = - -
N R e o mimast | o o n ssen oo 500000 | 7. qpfp | B2 | Wooam, | Samm | e | &m0
Moio'than 50 mg/t'sodism'and polass| T = s - g
- . [ . P " matter cancause !namlng In steam bollers: Ahxgh sadmm cantent may Gatierally lessthan m Thigfti as much as 100Tng/1 25 85 407 58° , 25
otassium (i) | Feldsparsysome micas, clay mineralés “limit the-uise of watér for irrigatlon: il ket sprlngs. as much 8525000 ppm Inbrices. | 180" ’ 10 44 10-70 10-15 20-30
; e e Usually present sition pH ds 83, Commonly. < 8. 8 3 -4 5
Carbonalo (CO,) e - Blearb and prod 168 than'10° mgft'in. ground water, 0-'20° "0.270 07-169' 0-26. a-29 0=22"
Limestane and dolamile and magnas:um decompose in steam bcul - - . -
‘Bicaroonale o5 d tele <424 439. 468" 428 417 494
‘with'c and naslum cause carbanala hamnas& — — | == — - — 1 —
{HCD3), thcalctumand mag ! 110 724 | 48s700; | 154-74 | 2581 | 193835 | 248-789
Cammonly less thian 1,000 mgi, Low sullate'con-
+Sultaié in'water contalning,calclum forms hard Scale in seam.bollprs; celr;trah;)ns can msrull froni bacterial mduzhon of
Water containing abiout 500 ng/t*sufate fastes bittér; waler containing | sulfételn anasroblc sediments.or ground-water 120, 243’ 246 152 8 95
Suifate (S0, Oxidetlon:of sulfide/ores;:gypsum. enhydrits, i) gboiy 1,000 mgit may be cathariic: Texas Daptsof Heallh (1980) drink.-| -aquifers; Magngsium and sodium sulfates are: 555 7-1378 | “13-1691 | 21-588 153 Tt 457
HERRA | dustrial wastos: *Ing walér standards recammiend that tho sulfate content not excesd 300-| highty soluble, dnd watsr contalning thesd com- | R " :
g, panents can attain sulla!a cancentrations in emes‘
| ettocooomg:
- o o “Chlorld n exess 61100 mg1 [mpartsa salty taste; intarge quantifivs, .. ] . ]
Chiel: source’ is Y rocks { . aen. e . . iyt
(Cliforfde.(Cl)  |:presentin’ ‘séwags.arid found In Iaxga amounts in |} ; mqmm Iax:s:rhan 250mgit ?;mam Heelth (m;g)d:ﬂm ;i’iﬁ m;‘m mggr‘:]r;:eu walpriand s much;a3 50? 413‘4_2'219,‘; <8 412?33, ” 8:;03. 221.7'255; 20 181‘ P
ollfel biings, sea-water, and industcial wastes.: ~gtandards:recommand-a chlorida: contant: Rotito.excead 300.mgN... T s S ' B
-Fluoride congenitiation betwéen 08 anid:1.7 mgH {n drinking water hss
.2 benelicial eﬂecion'hn ruciie and " ) lodecayo hitdren L . -
Floiido’ Amphiboles; apatile, mica; fluorts, Added to many. | «1geth. However, it may cause:mttiing of 126t depanding on.tha con-- c«:ncentratlnns generally do not exceed 10 mg!t 12 AL k! N N < 6 ‘12
uotide’'(F) |, s walers by Muoridation of public.supplies! ceniration, 7980 of child; amount.of water consumed, and susceptibility:, ba'as much 2- 15”0 mgii: iu‘brines.* 37238 a-42° | w15 | 3. 51 a-13 21807
¢olthe indlvidual (Maler, 1950, p.1120-1132). Texeis Dpn;of Health (1980) : ’ C S D oo :
I RE dunkmg Watar:standards, recomment. hmlls a8 showis Fi § .
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Table 3. - Source, Significance, and Concentration of Dissolved-Mineral Constituents and Properties of Water in Jack County — Continued

MEAN AND RANGE (N CONCENTRATIONS, BY AQUIFER

Conslituent n Colony Woll Palo
or property ‘Source ar cause Signlificance Conqnmmtiun'ln natural water Thrifty Graham Creek Plactd Mountain Pinto
‘Conceniration.much-greater than the locat Bverage.may.suggast.pol-
fution. Taias Dept. of Healih (1880) drinking wator. standards-guggest
alimitof 10mg/t as N (44.3 mg/t'as NO,). Watar of high nitrate content | 1ygyigly small whén fof influenced by sawag or
Nitrate {NO,) Decaying organic matier, sewage, fertilizers, and | have been reparted to ba tha'cause of melhemoglobinamia (an often ranchingarming activitles. Some aress of high a5 a8 57 300 23 40
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of 1g3s than 100:mg!t'Is considered: desirable lordomeslu: s, (man hardriess - meft alkalinity) x 5005
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Residual sodlum . RSC.=- meII(COS + H003) 40 33 50 32 a2 86
carbonate (RSC) Sodium, carbonate, and bicarbonate-in watet relativa proportion of sedium In tha watar is Increased (Ealon, 1950, p. meft (Ca + Mp) 013 o113 0-118 0. 138 0141 0116
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‘Hardness range Hardness
{mg/l of CaCO,) description
0-60 Soft
61-120 Moderately hard
121180 Hard
Mare.than 180 Very hard

For general domestic use; hardness of water is ot
pamcularly objectxonable unnl it- attains abott 100
mg/l (Hem, 1970, p..225).

_ Specific:conductance is a measure of the abmty
of water to transmnt a.small e!ectncal current, and is

reported-in this study as micromihos.at 25¢C. Values _
of specific conductance can be used as a qmck'
datermination of the amount-of dissolved solids-irn

water. The charged ions in‘'solution makes itcoriduc-
tive;’ and as the ionic coricéntiation |ncreases ‘the
specmc conductance of the solution i ihcréases (Hem.

1970, p. 96). Normally, dissolved solids is dpproxi--

fately:65 percent of the specific conductande, This

the samples, The resulting well-defined rel

relationship s not constant from well towell; and may
even change within the same well with-a change in
chémical composition.. Generally, for highly-mineral-
ized water, the dissolved isolidsis more than. 65

-percentofthe conduchv:ty.for watercentammg Iarge'

amounts of acid, caustic-soda, or sodium chloride;
the dissolved solids. is less than 65 percent: (Durfor
and Becker, 1964, p. 29).

Figure 15 is:a plot of the. dissolved solids: bon-

tained in samplesof water frofh wells completed m,

the Cisco Group:against the specific conductance of

indicated for this plot shows that. for any-givel

ductance value, a c{lssolved solids value - can“ be,

estimated. Mosi: d|ssolved sohd values- of the 141
samples fall in the range:of 471060 percent of the

¢onductivity; with hlghervalues gerierally associated
‘with- waters high in sulfate’ (SO ) ‘concentration, An
overall average of 53 percent of the conductwnty
seemstobe the averdge romm water derived from the
‘Pennsylvanian férmations in Jack Gourity.

10,600
5000
005 -

000 —

5000

4000~

‘Smézc :afm_hi:}&kii\in witroRhos P e

3000~

2000

1000 ~

sg0D 4000 sooor §oog

Drsoives sesins; ixmg/i

Figure 15.-Dissolved Solids and Specific Conductance of Water
From Wells Completed in the Cisco Group, Jack County
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Public Supply

As the first step in selting national standards for
drinking water quality under the provisions of the
Safe Drinking Water Act of 1974, the U.S. Environ-
mental Protection Agency (EPA) issued drinking
water regulations on December 10, 1975. These
standards apply, selectively, lo all types of public
waltersystems of Texas and became effective July 1,
1977. The responsibility for enforcement of these
standards was assumed by the Texas Depariment of
Health. Minor revisions of the standards have oc-
curred, the last one became effective on November
29, 1980.

As defined by the Texas Department of Health,
municipal systems are classified as follows:

1. A*“public water system" is any system for the
provision to the public of piped water for human
consumption, if such a systemhas at least 15 service
connections or regularly serves an averageof at least
25 individuals daily at least 60 days out of the year.

2. A“community water system" is a public water
system which serves at least 15 service connections
used by year-round residents or regularly serves at
least 25 year-round residents.

3. A“non-community water system"”is any public
water system which is not a community water sys-
tem.,

Standards which relate to municipal supplies are
oftwotypes: (1) primary and (2) secondary. Primary
standards are devoted to constituents and regula-
tions affecting the health of consumers and secon-
dary Standards are those which deal with the aes-
thetic qualities of drinking water. Contaminants for
which secondary maximum contaminant levels are
set in these standards do not have a direct impact on
the health of the consumers, but their presence in
excessive quantities may discourage the use of the
water.

Primary Standards

Primary standards for dissolved minerals apply
o community water systems and are as follows:

Maximum
concentration

Contaminant (mg/l)

Arsenic (As) 0.05
Barium (Ba) 1.0
Cadmium (Cd) .01
Chromium (Cr) 05
Lead (Pb) .05
Mercury' {Hg) .002
Nitrate (as N) 10.0
Selenium (Se) .01
Silver (Ag) .05

Except for nitrate content, none of the above
contaminant levels for toxic minerals applies to non-
community water systems. The maximum of 10
mg/l nitrate as nitrogen (about 44.3 mg/l nitrate as
NO,) applies to community and non-community sys-
tems alike. Water having an excess concentration of
nitrate poses a potential health hazard. A high con-
centration of nitrate is anindication of organic decom-
position, usually within the source well. Steps should
beétaken to identify and rectify the source of contami-
nation.

Maximum fluoride concentrations are applicable
fo community water systems and vary with the
annual average of the maximum daily air tempera-

~ture at the location of the system. These are given in

the follewing tabulation:

Maximum
Temperature  Temperature concentration
(°F) (°F) (mg/)
63.91070.6 17.71021.4 1.8
70.71079.2 21.51026.2 1.6
79.31090.5 26.31032.5 14

Figure 16 shows the maximum fluoride limits in
Texas based on the annual average daily maximum
air temperature.
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Flgure 16.—Maximum Fluonde Limits:in Texas
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community and non-community water systems alike.
The limits specified are basically the same as in the
1962 U.S. Public Health Service Standards which
have been widely adopted in most states.

Inaddition to the previously stated requirements;
there are also stringent rules regarding general
sampling and the frequency of sampling which apply
to all public water systems. Additionally, community
water systems are subject to rigid radiological sam-
pling and analytical requirements.

Secondary Standards

Recommended secondary standards applicable
to all public-water systems are given in the following
table:

Maximum
Constituent level
Chloride (Gi) 300 mg/l
Color 15 color units.
Copper (Cuy 1:0 mg/l
Corrosivity non-corrasive
Dissolved solids 1,000 mg/i
Feaming agents .5 mg/t
Hydroden sulfide (H,S) .05 mg/!
Iron (Fe) 3 mg/l
Mangariese (Mn) .05 mg/t
Odor - 8 Threshold Odor Number
| pH >7.0
Sulfate (SO,) 300 mg/I
Zing (Zn) 5.0 mg/l

The above secondary standards are recom-
mended limits, except for water systems which were
notin existence as of the effective date ofthese stan-
dards. Forwater systéms which are constructed after
the effective date, noseurce of supply whichdoes not
meet the recommended secondary standards may
be used without written approval by the Texas De-
partment of Health. The determining factor will be
whether or not there i$ an alternate source of supply

of acceptable chemical qualily availabletothe areato
be served.

After July 1, 1977, for all instances in which
drinking water does not meet the recommended
limits and is accepted for use by the Texas Depan-
ment of Health, such acceptance is valid only until
such time as water of acceptable chemical quality

can be made available at reasonable costto the area

in question from an alternate source. At such time,
either the water which was previously accepted
would have to be treated to lower the constituents to
acceptable levels, or water would have to be secured
from the alternate source.

Domestic and Livestock

Ideally, waters used for domestic pumoses
should be as free of contaminants as those used for
mufiicipal purposes; however, this is not economi-
cally possible. At present there areno controls placed
on private domestic or livestock wells. Ingeneral, the
chemical constituents of waters used for. domestic
purposes should not exceed the concentrations
shown in the following table, except in-those areas
where more suitable supplies-are not dvailable (the
primary stdndard for nitrate- should still be adhered

to):
Concentration

Constituent (mg/l)
Chloride (Cl) 300
Fluoridé {Fy 1.6*
Iron (Fe) 3
Manganese (Mn) 05
Nitrate (as N) 10
Nitrate (as NO3) 443
Sulfate (SO4) 300
Dissolved solids 1,000

* Maximum fluoride limit for Jack County based on
annual average ofmaximum daily air temperature
range of 70.7-79.2°F.

Supplies which do not meet these standards
have been used for long periods of time without any
apparent’ill effécts to the user. It is not generally
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recommended that water used for drinking purposes

-contain more than 2,000.mg/l dissolved.solids; how-
ever, watercontaining somewhat highermineralcon-
cenirations has béen used where water of better
quality was not available.

Generally, water used for livestock purposes is
'subject to similar quality limitations as those relating
todrinking water for humans; however, the tolerance
limits of the various chemical constituents as well as
the dissolved-solids concentration may be consid-
-erably higher for livestock than that which is eonsid-
ered satisfactory for human consumption. Thetype
of animal, the kind of soluble salts, ard the respective
amount of solubles salts determine the tolerance
- limits (Heller, 1933, p.'22). In the western United
States, cattle may tolerate drinking water containing
nearly 10,000 mg/l dissolved solids providing these
waters contain mostly sodium and chloride (Hem,
1970, p. 324). Waters containing high concentrations
of sulfate are usually considered undesirable for
livestock use. Many investigators recommendan
upper limit of dissolved solids near 5,000 mg/l.
Obviously, concentrations considerably below the
upper limit are necessary for maximum growth and
reproduction. Hem (1970, p. 324) cited a publication
of the Department of Agricylture of the state of
Western Australia as recommending the following
upper limits for dissolved-solids cohcentration in
livestock water.

Conceéntration

Animal (mg/l)
Poultry 2,860
Pigs 4,290
Horses 64835
Cattls (dairy) 7,150
Cattle (beef) 10,100
Sheep (aduit) 12,900

Irrigation

The suitability of water forirrigation is determined
in part by its chemical quality, but also in part by the
climate, soils, management practices, crops grown,
drainage, and the quantity of water applied.

The most important charactefistics in determin-
ing the qualily of ground water for irrigation, accord-
ing to the U.S. Salinity Laboratory stalf (1954, p. 69)

are: (1) total concentration of soluble salts; (2) rela-
tive proportionof sodiumto other éations; (3)concen-
tration of boron or other elements that may be toxic:
and (4) under some conditions, the carbonate and
bicarbonate concentration as related to the concen-
tration 6f calcium and magnesium. These have been
termed the salinity, sodium, boron, and bicarbonate
jon hazards, respectively.

High concentrations of dissolved salts in irriga-
tion water may cause a buildup of salts in.the soil
solution. Increased salinity of the soil may drastically
reduce crop yiélds by decreasing the ability of the
plants 1o take up water and essential plant nutrients
from soil solution. Thetendency of irrigation waterto
cause a high buildup of salts in‘the soil is called the
salinity hazard of the water. The specitic: conduc-
tance of the water is used as an index of the salinity
hazard. The conductivity is measured in micromhos
per centimeter at 25°C. In general, water having a
specific conductance below 750 micromhos at 25°C
is satisfactory for irrigation; however salt-sensitive
crops, such as strawberries and green beans, may
be adversely affected by irrigation water having a
specific conductance in the range of 250 to 750
micromhos at 25°C. Water in the range of 750 to

2,250 micromhos at 25°C is'widely used, and satis-

factory crop growth is obtained under good mariage-
ment (U.S. Salinity Laboratory Staff, 1954).

High concentrations of sodium relative to the
concentrations of-calcium and rhagnesium in irriga-
fion water may adversely affect:soil structure. Cati-

ons in the soil solution'become fixed on the surface

of the soil particles; calcium and magnesium tend to
flocculate the particles, whereas sodium tends to.de-
flocculate the colloidal soil particles. Consequently,

- soils may become plastic, movement of -water

through the soil can be restricted, drainage problems
¢andevelop, and cultivation can be rendered difficult.
This adverse effect on soil structure caused by high
sodium concentrations in an irrigation water is called
the sodium hazard. An index used for predicling the
sodium hazard is the sodium-adsorption ratio (SAR)

which is defined by the equation given in Table 3. A
‘high SAR inirrigation water affects the soil by forming

a hard impermeable crust that results in cultivation
and drainage problems. Under most conditions, irri-
gation waters having a sodium percentage of less
than 60, and a low bicarbonate.content are probably
satisfactory. The sodium hazard becomes progres-
sively greater as the sodium percentage increases
above 60.

The U.S. Salinity Laboratory Staff (1854, p. 69-
82) has prepared a classification-diagram for irriga-
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tion waters in terms of salinity and sodium hazards.
This diagram, reproduced in modified form in Figure
17, uses SAR and specific conductancein classifying
irrigation waters. With respect to both the salinity and
sodium hazards, waters are divided into four classes:
low, medium, high, and very high. The classification
range encompasses thosewaters whichcanbeused
for irrigation of most crops on most soils as well as
those generally unsuitable for irrigation.

Low-sodiumwater (S1) can be used for irrigation
on almost all soils with little danger of the develop-
ment of harmful levels of exchangeable sodium.
Medium-sodium water (S2) will present an appre-
ciable sodium hazard in certain fine-textured or or-
ganic soils having good permeability. High sodium
water (S3) may produce harmful levels of eéxchange-
able sodium’in most soils and will require special soil
management such as good drainage and leaching
and additional organic matter. Very high sodium
water (S4) is generally unsatisfactory for irrigation
unless special action is taken, such as addition of
gypsum to the soil.

Low-salinity water (C1) can be used for irrigation
of most crops-on most soils with litile likelihood that
. soil salinity will develop. Medium-salinity-water (C2)
canbeused ifa moderate amount of leachingoccurs.
Crops of moderate salt tolerance, such as potatoes,
corn, wheat, oats, and alfalfa, canbe irrigated with C2
water without special practices. High-salinity water
(C3) cannot be used on soils.of restricted drainage.
Very high-salinity water (C4) is not suitable for irriga-
tion under ordinary conditions. It can be used only on
very sall-tolerant crops and then only if special prac-
tices are followed, including a high degree of leach-
ing. Relative tolerance of various crop plants, as
determined by the United States Salinity Laboratory,
are given in Table 4.

Another classification of irrigation waters, which
is notas widely used as the classification depicted by
Figure 17, is based on percent sodium versus spe-
cific conductance (Figure 18). It also includes soil
texture and drainage in the interpretation.

Boron is necessary for good plant growth; how-
ever, excessive boron content will render water
unsuitable for irrigation. Wilcox (1955, p. 11) stated
that concentration of boron as high as 1.0 mg/ are
permissible for irrigation of boron-sensitive crops; as
high as 2.0 mg/l on semi-tolerant crops, and as much
as 3.0 mg/l for tolerant crops. Examples of sensitive
crops are deciduous fruit and nut trees and navy
beans; semi-tolerant crops include most grains, cot-

ton, potatoes, and some other vegetables; and toler-
ant crops are alfalfa and most root vegetables.

A concentration of bicarbonate in irrigation water
often causes calcium and magnesium carbonate to
precipitate from solution upon drying which results in
an increase in the proportion of sodium in solution.
The effect of higher proportions of sodium has been
previously discussed. Waters containing 1.25t0 2.5
me/l (milliequivalents per liter) of residual sodium car-
bonate (RSC) are considered marginal and those
containing' greater than 2.5 me/l probably are not
suited for irrigation use (Wilcox, 1955). The equation
for calculating RSC is given in Table 3.

Industrial

Thetypeofindustry determines the water-quality
standards for an industrial water supply. The main
concernto many industries in thatthe waterselected
for their supply does net contain corrosive or scale-
forming constituents. Both magnesium and calcium

g

3 4 S5 &7T8 1000 2 3 4
[ I R L L

:

30
N 28

|
54

26

nigh
3

vl o4

RN

Upper limit of SAR.ond
conductivity of water that
moy be safe for supplemental
rrigotion (Wilcox, 1955, p. 18)

xil__k
I

e 3 [T S (N 1 |

S Y TN T OO YR N NN TN SO N NN N N

=

&

Sadm  (alkoli) hozoed

™~

meatsm
s2
Sodwm — gaserplion roho (SAR)
\{./C)(vlll?(mflll‘llx T T
I / /

@

low
Si
o0

Ll

o (=] 250 750 2250

’°4‘,,. Carducivily ~ micromnor/em (ECLIO®) ot 25°C
cl c2 C3 Cc4
Iow medwm Righ very high

Soknity hezare

Figure 17.-Diagram for the Classification of
Irrigation Waters

- 48 -



Table 4. — Relative: Tolerance of Crop Plants to Salt.

High Salt Tolerance ‘Medium Salt Tolsfdnce Medium Salt Tolerance, _

Fruit Crops

Dateipalm

Vegetable Crops

{Continyed)

‘Vegetable -Crops (Gontinuad)

[Gardén'beéts
‘Kale
Asparagus
ASplnach

Forage Crops:

Potatoes (White,Rose)

.Carrot:

Onién
Péas

a.Squash

(Cucumber

?Oragef éropsj

{Continued)’

Fleld CI’Ops (COnnnuad]

‘Gorn (fteld)
Flax
‘Sunflower
‘Castor beans
Low Sajt Tolerance

Fruit Crops

.Alkah ‘sacaton
Saltgrass.

Niittall dlkali-grass
-Betmuda grass
‘Réscue grass
‘Canada \;vi‘iaryé
"zWestern ‘wheatgrass
«\Barley (hay) ]
‘Birdsfoot trefoii

Figld Crops

‘Barley (gram)
Sugar beet
Rape

,Cotton

Mﬁeﬁfsﬁﬁ Salt Toleraricé

Frisit Crops

EF‘ome:grani/.\te

Vegeétable Ciops,

Dallls grass
;Sudan grass

cemmion)
Tall feséiis -

,Rye'(hay)

Blue' grama
-Meadow fescue

Blg trefonl
Shooth.broine

_ Tall wigadow patgrass

Clcer mllkvetch
-Sourclover
Slckie mllkvetch

Field Crops:

“Pear”
Apple-
Ord nge
‘Grapefrmt
Prune
%Plum
Almand
Apricot
Peagh’
‘Strawberry
Lénion®
Avicade:

Vegetible Crops:
Radish
Celgiy
Greén beais

_Forage Crops:

Tamato
Broccoli
Cabbage
Bell Pepper-
Caulifiower:
Lettuce
Sweet'corn

Rye (grain)
Wheat (grain)
Oats (grain)
Rice
Sorghum {grain)
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Whlte Dutch clover

Als:ke clover
Red clover
Ladirip cjover
Burnét,

Field Crops-
Figld beans
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Interpretation of the Thorne and Thorne diagram (1951) is as follows:

Class
1

2

Group

E

Rating
Water can be used safely on all soils,

It con be expected to cause salt-problems where dreinage is poor
and leaching of residual solts from previous irrigation is not
consistently practiced.

Water.can be used on medium to high salt tolerance crops, on soils of
good permeability, and with irrigation practices which provide some
leaching.

It can only be used in successful forming with crops of high salt

tolerance, on permeable ond well-drained soils, and with carefully
devised and conducted irrigation and soil manogement practices.

Waters are generally unsuitable and should be vsed for irrigation
only under speciol situations.

Rating
There should be no difficulty from sodium accumulation in soils.
Where soils are of fine texture and do not contain gypsum or lime,
whare drainage is poor, and where small quantities of water are

applied with each irrigation, there may be some evidence of sodium
accumulation but usually not enough 1o injure seriously soils or crops.

‘Serious sodium accumulation may occur.in waters high in carbonates

or bicarbonates.

Serious alkali formation should not occur on permeable soils (sands to
silt loams), unless poor drainage, residual carbonates in waters, or
limited water use are problems. Fine-texfured soils must be managed
with care.

Some-alkali formation should be expected in ali soils irrigated with
group-D woters. Sandy.or permeable soils high in-gypsum might be
irrigated with such waters without highly injurious sodium
accumulations: Loams or finer textured soils irrigated for some time
with 3D or 4D waters and then irrigated with waters of low salt
content would probably puddle and require gypsum for
reclamation.

Generally unsatisfactory for irrigation.

Note.—1C, 1D, ond 1E waters often can be improved in quality by treating with
gypsum fo reduce the sodium percentage.

Diagram by Thorne and Thorne for Classification of Irrigation Waters




affect the hardness and are of major concern in any
water to be considered for boiler use. Excessive
amounts of silicaandironcause scale deposntswhlch
reduce the efficiency of many industrial processes.
The waterquamy mustbe ngtdiy controlled wherethé
water is used in the processing of food, paper, or
some chemicals. Mineral lmpurxtles affect color,
taste, odor, and turb:dlty,therefore waterwnthahtgh
content of dissolved solids is usually avoided. The
effects thal most of the minerals have orvindustrial
use-are shown.in Table 3.

Differences in Field
and Laboratory Analyses

Fiéld and laboratory analyses of pH and alkalinity
frorgroundwatersamples were cornpared to deter-
mine if differences in :analysés made from water
collected at the well site and water analyzed later at
thie Texds Deparinient of Hedlth were great enough
to cause misinterpretations of quality in a regional
study. Large amounts of groundwater quality. data
areavailable for regxonal interpretations, but a limited
amountt of this data is determiined at the time-of col-
lection. Alkahmty and pH were determined for 44
water samples al the well site, and then the'samples
were transported to the Department of Health for
completeanalysis. Acomparisonofvalues was tabu-
lated and presénted in Table: 5. An averagé time
intefval of 32 days elapsed between the colléction
and laboratory-analysis.

Field alkalinity of samples was determined by po-
tentiometric titration of the water sample to pH_ 45

using 0.020N sulfuric acid. Total alkahmty as CaCo,

was determined by:the following’ equation:
1,000 X (ML,

mk,

10 PH 4.5)

where: s
’ a

volume of sample
voelume of acid

[}

Phenolphthalein alkalinity was also-determined
for those samples with a pH in.éxcess of 8.3 units to
determine thé concentration of carbonate ions in
solution. Approximately 36 percent of the ground
water from wells sampled in Jack County had a pH
greater than 8.3. Field pH of. samples was measured
with a portable battery-operated meter (Onon Re:
search model 231). The meter was standardized
using buffer solutions with a pH of 7.0-and 9.18 binits.
Since ground-water samples generally have pH's

greater than 7. 0, the ground waterin Jack Countyis

‘considered to be alkaling.

ratory and field analyses ‘of pH In 80 percent of the
samples compared in Table. 5, laboratory pH was
greater than field pH by an average of 0.6 pH units.
Six percent of the samples had identical values and
in 14 percent, the field determination was greater. No
significant difference was found between laboratory

and field analyses of alkalinity. Results of these

comparisons indicate thie field pH is a more critical
determination than field alkalinity,

Laboratory measurements-of pH and alkaliriity
may be satisfactory for making certain regional wa-
ter-quality interpretations, but significant errors could
resultin geochemlcal interpretations of ground water
as it exists in it natural state.. Also, differences be-
tween laboratoty and field analyses may:well bie less
than regional differences ifvan-aquifer system (Bach-
man, 1984). ApH measurementtaken atthe moment
of samplmg may represent thé original equmbnum
condmons in the aquiter satisfactorily, but if the wa-
teris putinto a sample containerand the pH is not de-
termined until the sample is taken out for analysis
some days or weeks later, the:measured pH may
have no relationto.original conditions (Hem, 1970, p.
95).

Differences between field and laboratory analy-
ses may be due to the following:

1) Differeqces in accuracy between field and
laboratory analysis and equipment.

2) Oxygen-nd CO, gas trapped inthe botlle may
cause reactions-during transnt which can ¢harige the
constituent valugs (Bachman, 1984),

3) Precipitation during transit may occur in water
supersaturated with certain ions,

4) Because water in the.aquifer is in contact with
a particular lithology, under a given pressure, and
has a given temperature, both temperature and
pressure changes during pumping of the well and
transit of the sample will affect the concentrahon of
dissolved gases, which in turn may affect other
dissolved species (Claassen, 1982).

5) Basically, the farther the water flows or travels
from the aquifer, the greater its potential for change.

According to Claassen (1982), ground-water
hydrologists are faced with adilemma: (1) laboratory
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Table 5.—Comparison of Laboratory and Field Determinations of pH and Alkalinity in Water
Samples Collected in Jack and Surrounding Counties.

pH Alkalinity as CaCOs ,_H.o:“n_ U_M“mu_ﬂoa

Waell Lab Field Lab Field {days) {mg/I)
39-20-37-303 7.8 6.9 365 356 — 500
39-205 7.7 7.0 222 226 59 584

39-301 8.2 7.9 383 388 45 1,357

40-201 8.0 68 306 316 44 617

40-302 8.6 8.6 316 318 45 643

40-303 8.4 8.6 283 272 45 564
119-19-33-501 8.1 7.6 323 314 — 727
33-702 8.3 7.9 257 270 27 4,924

41-801 . 8.4 8.2 409 418 23 ) 1,163

57-104 8.7 8.7 688 594 35 1.453
wo-wm-mod 8.5 84 424 410 19 816
45-804 8.2 6.9 321 316 20 723

45-910 8.6 8.6 488 494 23 1,374

46-809 10:6 11.5 517 528 20 1,803

46-810 8.3 7.8 543 528 26 2,590

48-503 8.1 74 307 308 26 457

53-904 7.6 6.8 292 295 — 669

54-201 8.1 7.7 327 322 22 660

54-405 7.9 7.2 299 300 18 950

54-604 7.7 7.6 408 386 21 701

54-803 8.3 7.8 368 368 23 2,099

55-111 84 7.8 N 482 520 - 22 > 3,968

55-224 8.5 8.5 530 516 42 213

55-317 7.9 7.5 290 276 16 7,390

55-319 8.1 8.2 438 462 15 3,518

55-404 8.3 8.0 360 396 30 3,965

55-802 8.2 7.8 561 526 14 3,369

56-204 8.0 7.6 344 330 17 3,639

62-303 7.9 7.1 405 410 23 1,186

63-801 8.4 8.1 534 520 35 1,830
169-19-33-404 7.3 7.0 360 350 — 950
182-31-06-201 8.5 8.6 443 452 37 752
06-301 . 8.0 6.7 . 453 454 | 37 . 1,154

07-302 83 8.0 838 830 — 1,756

07-305 8.5 8.7 632 524 42 1,683
184-32-01-202 8.3 7.3 313 312 38 546
20-64-811 7.5 6.8 357 338 — 639
249-19-33-901 8.1 6.8 256 270 58 388
33-903 8.1 8.0 243 237 58 294

- 41-304 8.0 7.0 213 236 58 287
41-902 8.1 7.3 565 644 37 1,304

57-302 7.7 6.8 233 306 38 1,195

57-601 8.0 7.5 330 354 38 494
252-20-61-806 7.6 6.7 3156 302 — 4256
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analysis generally is moré precise than onsite analy-
sis, but n6 adequate ‘préservation techniqué. may
exist to guarantee that the analysis is’ representative
of truly dissolved species under natural conditions;
and (2) onsite analysis generally is more diffictilt and
less precise, but resultsmay be more represéritative
of the actualwater quality.

Sampling Procedures

‘Sincé the.chemical constituents and properties
in'ground waterbecore iiristable-upon release from
the aquifer, specral collection procedures and field
analyses arerequired to insure that geochemical re-

latlonshrps -aré more accurately evaluated. Some’ of

the more imporant samplrng techiniques aré as fol-
lows:

1, Potentjal- contamlnatron. ‘solute precipitation,
and loss of dissollied gases ¢an be mrnumrzed by
,collectlng the samples as close'to the well head as
possible (Wood 1976).

2. Wells completed inmore than one ‘aguifer, or
not’ fully perigtrating a single aquiter, presentspecial
situations where water chemlstry may not eqateto
aqifer representatlon To recognize these situ-
'atrons. a corplete; descnptron ofithe geohydrologrc
Zories penetrated by: the well and complete:drilling
history néed to be kriown. (Glaassen 1982),

3. Thequalrtyofwaterbarled fromanunusedwell
‘or-punped-a shorttime from a'standby, obseérvation,
new, or little- used well; generally dogs not acclirately
rellect the quallty ot water rn the aqurfer Samples
an: adequate penod ot trme to lnsure that the water
collected is dlrectly from the formation and Aot the
borehole There isno speclfrc volume: of ‘water:that
constttutes aminimum pumpmg jtime. Technlcally, to
obtam a representatrve sample! from:an aquifer at a
given location, a well must be pumped until'the pH,
temperature, and specific conduétanceare constant.
Thig last parameterto obtairia representative reading
is-usually pH (Waod, 1976).

4: ComplételyTillthe samplé container to prevent
entrapment .of 0, and CO,, which could effect the
accuracy ‘of the results Samples should be stored
under constanttemperature and processed inthélab
as quickly as possible.

‘from: the- sandstone wnits located. between

5. To understand the geochemical and. ‘hydro-
loglc relatlonshxps in.an aquifer; certain parameters;
requireimmediate: analy5|s inthe field. These -are pH,
specific_conductarce, alkalmrty, temperature; arid
either Eh or dissolved éxygen (oxrdatlon-reductlon.
poténtial). Theseparameters: may bealtered consid-
erably from thetime the samplé’is caught to thé time.
of [aboratory -analysis.

6. Itis extremely important to note in the remarks
section .of the chemical water: analysis- report any
conditions dunng sampling that might causeanerro-
neous rnterpretatron of representative aquifer. condi-
tions.

OCCURRENCE AND QUALITY OF
GROUND WATER o

Canyon Group

Extent of Aquifer

As shown on:the geologtc map (FlgurezG) -the
areal extent of the.Canyon Group in Jack:County
occuples the southeastern half of the county: except
in those-areas: overlain by Cretaceous sediments-of
the Tnnrty Group -Ground wateris; primarily obtamed

llmeslone sequences. Major-sandstone unils are
found withinthe Palo Pinto Formation, WolfMountam
Shale Placrd Shale, and Colony Creek Shale;, The
exfentof the sandstone: outcrop for the Palo Pinto
Formation is shown on Figure 9. The sandstone out-
crops of the Wolf Mountain, Placid, and: Colony
Créek Shales are'shown-on: Frgure 19.

S‘dur'ce; Occufrénce; and Movement .

_ Primary sources of ground'water in the. Canyon
Group are rainfall which falls en the outcrops.and
infiltration of surface water from unlined earthen
ponds, lakes, and streams. on-or’ crossing its out-
crops. Recharge from the Cretaceous sedxments in
those areas wheré they ovelié the Canyon Group is.
aiso another significant source.
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Ground water occurs primarily within the sand-
stone units of the Canyon Group. It exists under
water-table conditions along the outerop and under
artesian conditions downdip, where confining beds of
limestone and shale overlie the water-bearing units.

Movement of ground water is primarily down
gradient, from high to low elevations, and at right
angles to the contours which denote the configura-
tion of the water table. MovEment is also to the north-
west-and, locally, away from ground-watér highs and
toward the surface drainiage system.

Chemical Quality

Ground-water chemiistry of the major sandstone
units comprising the Canyon Group is similar enough
so that an overall discussion of watér quality. can be
made without regards to stratigraphic formation ter-
minology. If a difference had to be discerned, it would
be in the Palo Pinto sandstones, as opposed to the
Placid, Colony Creek, and Wolf Mountain Shales,
duetotheinfluence ofthe overlying Cretaceous sedi-
ments. Thesé sandstones tend to provide water
having a slightly higherpH, hardress, and carbonate/
bicarbonate concentration. However, a relévent dis-
cussion of water quality can be made by lumping the
sandstone units.of the Canyon Group together

A total of 169 water samples were collected for
chemical analysis from 134 wells yielding ground
water from Canyon Group sandstones, and their lo-
cations aré shown on Figtiré 31. The source, signifi-
cance, and range in ¢oncentration of dissolved-
mineral constitutents and properties of ground water
aregiven, by aquifer, in Table 3. This breakdown pro-
vides the miean and range according to stratigraphic
units within the Canyon Group, whereasthe remain-
ing discussion of waterquality will concentrate solely
on a composite of-Canyen Group sandstones.

Thechemical quality oftypicalground water from
wells completed in the' sandstones of theé Canyon
Group is graphically portrayed on Figure 20 by the
use of circular diagrams. The center of the diagram
is positioned at the location of the sampled well. The
uppeérhalfofthe diagramrepresentsthe percentages
of major cation me/l (calcium, magnesium, - sodium,
and potassium) while the lower half represents the
percentages of major anion me/l (carbonate, bicar-
bonate, sulfate; and chlonde) Since the dissolved
solids at each siteis given, aquick picture ofthe water
quality in that area can be asceriained.

Trilinear diagrams of ground-water quality pro-
vide a summary of ground-water evolution for’ Can-
yon Group water—beanng sandstones. Using. Back's
(1966) terminology in the interpretation of trilinear
diagrams, Canyen Group water-ranges in composi-
tionfrom a calciumto sodium water (Figure 20). Inthe
aniontriangle, thetendency is towards a bicarbonate
water, with some chloride. Samples in the diamond
figure were plotted in all fields of the diagram, with in-
creased density in the sodium, bicarbonate, chloride
area. When waters of Ganyon Group sandstones
were grouped into shallow ground waters (less than
120 feet) and deeper ground water (greater than 220
feet), the resulting trilinear diagrams showed a pro-
nounced shift in the location of data point densities
(Figure 21). For shallow waters the samples are pre-
domiinantly a sedium, calcium, chloride, bicarbonate
type, which is indicative of younger recharge waters.
Deeper waters show a composition shift to a sodium,
bicarbonate, chloride type which is a predictable
trend as ground water flows from the recharge zone
to deeper sections of the aquifer.

Figure 22 consists of a series of radial-paitern
diagrams which illustrate the relative concentrations
of dissolved mineral$ in typical ground water from the
~four major sandstone units within the Canyon Group.

The percent of each major chemiical constituent [the
cations calcium (Ca), magnésium (Mg), soditim (Na),

potassium (K), and the anions bicarbonate. (HCO ),

sulfate (SO ), and chloride (CI)] is plotted on radlal
coordmates :and the plots copnected. The shape of
the patterns thusillustrates the similarities and differ-
ences betweenthe chemical analyses. As discussed
previously, the percentage of sodium is usually
greater than that of the. remaining cations, while bi-
carbonate and chioride are the prevalent anions. In
apparently contaminated | groundwater (wells 20-55-
317 and 20-61-202), sodium and chloride.
predominate and forms a.distinctive shape, as com-
pared to the shape of better quahty ground water
exhibited by the other samples. Animporiant point to
note is that in some areas of Jack County ground
water is naturatly high in dissolved solids; especually
salt. Bill Dennis, a Jack County historian, mentioned
that several areas within Jack County were settled
late or not at all due to poer quality of natural ground
waler.

Even though the content of calcium and magne-
sium in ground water is usually not a deterent to use
for domestic and livestock purposes, sufficient quan-
tities of one or both make water hard enough to
impose minor problems. Hard water consumeés ex-
cessive amounts of soap, deposits soap curd on
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bathtubs, and forfs scale in’ water heaters and

_pipés. Calciumi content averaged 31 mg/l-and mag-

nesiu averaged 17 mg/linwater collected from 134
wells completed in the Canyon Group Using:a'hard-
ness value ot less than 100 as the amount desrrable

tsamples exceeded 100. mg/l hardness as CaCO

‘with-an average hardness of- 211 mg/l. Generally,

ground water from -Canyon Group ‘sandstones i§

"hard, with.a ratio- of calciur to imagnesiurm (in mg/l)

of2:1.

Iron in’ comparatively small amounts is defived
mainly lrom thesources listed il in Table 3. Upon.expo-

sure to air, wafer: that contains.iron’ may. leavea red-

dish: stain. Forthis reason, ground waters oontalnmg

‘excessive amountsof iron (greaterthan 0.3 mg/l) are
'object:onable fordoriestic use. The-iforcontentwas

deteiminedin40 sarriples collécted from the:Ganyon

‘Group and ranged from 0:0216 129 mgil. A. total of
4 samples or 10 pércent, exceeded the récom-

mended fimit;

Total and phenolphthalern alkalrmty were, deter-

mined for all samples arid the. carbonaté/bicarbenate
‘content calculatled from the results A'pH valug wds

. Those samiples

with & pH in excess 6f8.35 hay carbonate. i ions in
;SOlUthl’l Phenolphthaleln alkaltnlty, from Which, CO

is calculated’ 'ro when the pH is: Iess than 8 35

presence of carbonale ions ll’l solutron The average
pH for ground water in the. Canyon Group-is 8.2,

which indicates :an:alkaline: Gondition exists. Total

=alka|m|ty ranged from 1 26to 758 mg/l as CaCO W|th

’mean bicarbonate: (HCO ) content of 471 mg/l

‘When_either:suifate or:chloride concentrations:
‘exceed the recommended upper limit.of.300 mg/l,
ground waters can have a tasté-which is at:times
unpleasant Sulfate concentratrohs ol Canyon Group

amount ot 190 mg/l About 19 percent of the samples
collected contamed ‘more- than the. recommended
lim Chloride, concentrations ranged from 12 to
5,200 mg/l with a mean of 490.mg/l. About 37 percent

of the: samples exceeded. the upper recommended.

limit..Figure 14 shows:the sulfate and. chloride.con-
centration of selected wells completedin the Canyon
Group.

Fluoride content'of ground water from the Can-
yon Group rangéd from less. than 0.1 fo 7.5 mg/l.

1,373 mg/l. About 43 percént

Based onithe annuataver‘ager_n‘aximum*darly alrtem-
16 the maxrmum recommended upper ltmrt of lluo—
ride Would be 1.6 mg/l A'total of 37 of 124 wells
sampled (30 percent) contained more than therec-

.ommended.upper limit. “Therange in nitrate was 0-to.
564 ‘mg/lin 128 samples with an-average content of
13:2. -mg/l. OnlySpercent ofthesamples containedin:
‘eéxcess of the upper -recommended limit of

44.3 mg/l.

The dissolved-solids coiitent in the Canyon
Grotip rangedfrom 245t08,7 g/l with a mean.of
f'the samples ex:

-ceeded the upper recommended limit: of 1,000 mgli
for-domestic, purposes.. Thisis:a: good tndlcatron that
the overall quality.of ground. water for. domestic use
is-fairly poor.. Figure 14:8hows the:dissolved-solids
:content, aléng'with sulfaté and éhloride, of selected
wells in, Jack/ County Drssotved sohds content ot

ous ranges ol drssolved soluds Wrth the use of this

map,-areas of poor qualify can be quickly discerned,

as-well 45 areas where data.is:lirmited..

Eveén though in-a strict sénse: fo. rrngalton wells
were found completed in the Caryon Group,"grou nd
ater from numercus wélls is used to wa_ r"lawns’
and gardens throughout the county 'So in this.re:
spect the -following dlscussmn on the. surtabtllty of
ground water for’ trngatlon is penrnent Awidelyused
systemfor determining the: quahty ofirrigation waters.
is shown:on Figure 17 and-is based on the salmlty
hazard as measured by the. specrlrc -conductance
and the sodium (alkali) hazard-as measured. by the
SAR (U :S.-Salinity Laboratory Staff; 1954, p, 69+ 82) :
‘esentative Canjion Group walers dre
shown on Flgure 24. Allbut 5 of 48 fall within: sodlum-
hazard classes Sl andS4and’ all ut?7. ot 48 fallwithir
salmnty-hazard classes C3and C4. The lmportance.
of these classes was.discussed prevrously Gerier=:
ally, ‘according to these criterig; ground water'frém
the: Canyon Groupisnot surtable for éxténsive irriga-
tion practices:

An average of 440 mg/| s6diom was detérmined.
from 121 analyses Of these samples an average
percent:sodium of over 75 was calculated. Gener-
ally, when the percentage of sodiumto oftiercations
is greater than 60, thé sodium hazard becories
progressively‘gredter. The sodium- -adSerption ratio.
(SAR) ranged frdm 0:5t0 68.0 with a mean ratio of
23.8, ‘which would be considered as a. high to very
high sodrum hazard.
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Asdiscussedpreviously ifrthe:section’on cliemi:
cal quality of ground water; anothér method of evalu-
ating the suitability of water for irrigation is by calcu-
lating the residual sodium carbonate (RSC). Waters

containing 1.25 to 2.5 mg/l'of RSC are consndered,

margmal and those containing. greater than 2;5- mg/l
aré not suxted forirrigation. The eguation for calculat-

ing RSC is containedin Table 3. RSC values of water-

.samples from the Canyon Group ranged frem 0 to
14.8:mg/l with a mean value 6f4.8. About 30 percent
of the'samples contained less than 1.25 mg/l'and 62
‘percént contained morethan:2:5 mgil. Again; the in-
dicationis that ground water from the Canyon Group
is'generally riot suitable for itrigation.

Cisco Group.

Extent.of Aquifer

Figure 6, the geologic miap;-shows the aredl éx-
téritofthe Cisco Group as occupying the northiwst-
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Figure 24 —Dlagram for the ‘Classification
of lrrigation Waters, Showmg Quahty of
Water From Selected Wells Completed
in the Canyon Group

efn: half of Jack County. Ground water is primarily
obtained fiom saridstone units as opposed to lime:
sfone sequences.and shale beds. Where possible,

-sandstone units were divided into thosé occurring

within the Graham and Thrifty’ Formations, with
emphasis on the ‘Gonzales Creek Member and Avis

ISandstone These two units so emphasized dre

shown on Figure 25 and were selected not only.
because of their water-bearing properties, but bé-
cause thiey also-form the basal units of the Graham

-And Thrifty Formations; respect:vely Ground water
is rict confified to these units, but is also obtained

from riumerous othersandstonetnits not identified in

this report by name that are contributors to domestic
and livestock wells in'the area.

Source, Occurrence, and Movement

Primary sources -of ground water in the Gisco
Group-dre rainfall which falls .on the. olitcrops- and
lnflltranon of -surface watér from. unlined. earthen

,ponds lakes; and streams on of- crossing its: out-

crops. Ground. water oceurs, prlmarlly within the
sandstone units of the Cisco Group It exists under
water-table conditions along the outcrop and.under
anesianconditions downdip, where confining beds of
limestone and shale:overlie the: ‘water-beating uriits.

Movernent of ground water is primarily down

gradlent from hlgh to low elevations, and at fight

angles to the-contours which denote the confrgura—
tion of the water table. Movements is. also to the
nonhwest and, locally, ‘away frem ground-water:
hlghs and toward the.surface drainage system.

Chemical Quality-

‘Ground-water quality of the Wét“e'r‘-b'earing sand-
stone. units compriging the. Cisco: Group is similar
enoughiso that an ‘overall duscuss:on of water quality
¢an be madé without regards to which Formationthe
well was completed in.A comparison of mean and
range of ground water from the Thrifty and Graham
Formations on Table 3 verify this similarity.

/A fotal of 144 water samples were colleétéd for

chemical andlysis from 112 wells completedin Cisco

‘Group $andstones; ‘with their locations .shown on

Figure 31. The source; significance,. and rarige in

,concentratlon of dlssolved mineral constituents and

properties of ground water are glven by-aquifer; in
Table 3.

- 67 -



Thechernrl:aloualrly oltyplcEalgroundwaterfrom
wells completed in the Cisco: Group Sandstones is
graphically portrayed on Figure 26 by the use of
circular diagrams.. An explanation of the use-and
interpretation of map symbols was discussed previ-
ously with Figure 20. Generally, high percentages of
calcium and fmagnésium occur along the northern
boundary and southwestem corner of Jack County
sodrum to other catrons Blcarbonate is the predomr-
nant anion over most of the area, with chloride
percentages sllghtly less.

Trilinear diagrams of ground-water- quahty pro-
vide & summary-of-ground-waterevolution for. Crsco
Group water-beanng sandstongs. - Using Back's
(1966) terminology in the mterpretatlon of trilinear
dlagrams Cisto Group water.is very similar in ¢orn-
position to Canyon Groupwater. A comparisonc 1of the
dramond figureinthe dragrams on Flgures 20'and 26
reveals a lendency for Cisco Group water to have.a
hlgher density of points in the- caleium-magnesium-
bicarbonate- chloride area. This isalso reflected on
Table 3, where meanvalues of calcium, magnesium,
and hardnéss afé greater ifi the Cisco than in the
Garyon Group: The resulls of trilinear dragrams of
waters of the Cisco' Group, when grouped into:shal-
low'and deep ground water, were similar othat of
Canyon Group waters (Figure 21).

Figure 27 consists of a series of radial- -paltern
diagrams:which: illusirate the relative concentrations
of dissolved mineralsin typical ground water from the
Gonzales Creek Member, Graham Formatron Avis

Sandstong, and Thrity Formition of the Cisco

Group. The ‘shape- of the patterns illustrates the
similarities and differences bstween the chemlcal
analyses. In comparmg Frgure 27 with” Flgure 22,
Cisco. Group waters :again show a slightly hxgher
caleium:and magnesiurm. percentage thanthe Can-
yon Group watersas reflectedinthe’ resulting pattern
shapes.

Galcium.éontent averaged 72:mg/l and: ‘magrie-
siurfi averaged 21 mg/l inv water: collected lrom 111
well§ coimpleted in the Cisco Group Again, using a
hardness- value .of less than -1 00 as thé amount
desirable for domestic. use, about- 61 percent of the
samples. exceeded this criteria, with a mean hard-
ness as CaCo,, of 266 mgfl.

_ Ironcontent seeried to pose abigger problem in
Cisco Group watérs than that of the Canyon Group.
The'iron’ coriténtwas determingd in.24 'samples and
rariged from 0.01 to 40.3 mg/l. A totalof 16 samples,

or 67 percent, exceeded the recommended limit of
0.3 mg/l.

Total and phenolphthalein alkalinity were deter-
mined for all samples and the carbonate/bicarbonate
content calculateéd from the results. ApH value was
also determined for each sample. Those samples
with a pH.in excess of 8.35:have carbonate ions in
solutron Phenolphlhalem alkallnrty, from which CO,
is calculated, is zero when the pH is less than'8 35
units. Atotal of 34 of the 112 wells sampled (30 per-
cenl) exceeded a pH of 8: 35 ufiits, resulttng in the
presenceof carbonate ions in solution. The meanpli
for waters from the Cisco Group is 8.1, which indi-
cates an alkaling condition exists: Total alkallmly
ranged from 40't6.625 mg/l as CaCO:,. withra mean
of 351 mg/l. With-an average:pHof 8.1, an: average
1otal alkalinity 351 mg/l would'equate to a mgan bi-
carbonate coritent of 428 mg/l

Sulfate concentrations of Cisco Group water
ranged from7-0.1,378 mg/l with a mean amount of
185 mg/l. About 17 percent.of the samples collected
contained more:than the recormmended limit of-300
mg/l Chiloride :concentrations ranged from 13 -to
4424 mg/lwithameanof 488 mg/l. About 31 percent
of the samples exceeded the:tipper recommended
fimit-of 300 mgf. Fxgure 14 shows the suifate and
ohlonde ‘concentrations of selécted wells completed
in the Cisco Group,

_ Fluoncle content of ground water from the: Cisco

Group ranged froni lessthan0:110-4.2 mgl.-A total
of 29 of 110 wells ‘sampled (26 percent) coritained
more than the fecommended upper limit of 1.6 mg/l.
The range in nittate-content was less than0. 04 1662
mg/l in 105 samples with an.average content of 4.5
mg/l. Only 2 percent of the samplés contarned in
excess of the.upper recommended limit of 44.3
mg/l.

The dissolved-solids content in the Cisco Group
ranged-frém 10810 7,558 mg/l; withameanof 1,431
mg/l. About 44 percent of the. samples exceeded the:
upper recommended limit.of 1, OOO mg/l for domestic
purposes. Figure 14 shows ihe dissolved-solids
content of selected wells in Jack- County Dlssolved-

:solids content of walter from the Cisco Groupiin Jack

and adjacent: Counties is'shown on Figure 28 by the
use of colored dots, the dlllerent colors representing
various ranges of dissolved solids. Areas of poor
quality-ground-water can be quickly identified; such
as'the poor-quality areaalong Lodge Creek innoith-
west-Jack County.
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The following discussion on the suitability of
ground water for irrigation is geared for those wells
used to water lawnsand gardens. Using the method
previously described andillustrated by Figure 1 7, val-
ues of specific conductance and SAR of water from

the.Cisco Group were plotted on Figure 29. Alibut 7

of 53 fall within sodium-hazard ¢lasses C3 and C4.
Thé-impottance of thesé classes was.discussed pre-
viously., Accordmg to this critéria, water from the
Cis¢o Group is generally not suitable for eXtensive
.wrrgatron practices.

;Ameanof434 mg/I'sodium was determined from

analyses of water from 110-wells sampled from the.,

Cisco Group. An average percerit sodium of over-66
was.calculated. Generally, when the pércéntage of

. sodlumto othercationsisgreaterthan 60; the. sodium-

hazard becomes: progressnvely gréater, Theé .SAR
ranged from 0.3 to-206 with a mean ratio of about 23,
which would be considered as a.high to very high
sodium hazard.,

Another method of evaluating. the- suitability of
water for.irrigation is by calculating the RSC. Water
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Figure 29.—Diagram for the Classification of
Ifrigation Waters, Showingd Quality of Water
From Wells Completed in the Cisco Group.

¢

‘6rops.
and sandstone- units of the Twin Mountams and

‘containing 1.25 me/l of RSC aré ¢onsidered marginal
and those contdining greater than 2.5 me/l-are not
su1table for irfigation. RSC:valugs of samples from
the Cisco Group ranged from 0 to 12.1 me/l.with-a
mean value of 3.7. About 50 percerit of the: 143
samples contained less than 1.25 me/l and 46 ‘per-
cent'exceeded 2.5 me/l..

Trinity Group

Extent.of Aqunfer

Figures 6 and 9 show the; areal exteiit of the
Cretaceous outcrop in Jack and’ adjacent Countles
‘Ground water is obtained pnmanly from the: Twin
Mountains Formation of the Trinity Group in the

:southédstern part of Jack County. Minor quaritities of

ground watér are.obtained from the:Aritlers Forma-

tion along the northeastern boundary of Jack County
:and extending into Montague and Wise Countiés:

Source; Occurrence, and Mavement,

Primary Sources-of ground-water- il the Trlmty

group are rainfall which falls 6hthe outcrops and

infiltration of surface water from Unlinéd earthien
ponds lakes, -and streamns on or crossing it§ 6ut-
Ground water occurs. prrmanly within sand

Antlers Formatlons It exists under watertable con-

ditions along the outcrop and under-artesian condi-
- tions downdlp, where. confiriing beds of limestone,
shale, and’ clay overlie the water-bearirg units,

Movemeérit of ground water is primarily -down

gradient; from high to low elevations, and at right
angles to the coritours which denéte the conflgura-

tion of the water table. Movement is also to the east

-and,. locally, away from ground-water hrghs and

towards the surface drainage system.

Chémical Quality

Elght sairn'ple"s from 6 wells (3 in Jack‘ Co"unly)‘

of thls -study, Al wells were completed in the Twrn
Mountains Formation.
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Due to the lack of samples available in the study
area, only general statements can be made concern-
ing the overall quality of Cretaceous ground water.
Sulfate content averaged 142 mg/l with 1 of the 8
samples exceeding 300 mg/l. Chloride content aver-
aged 172 mg/l with 2 of the 8 samples greater than
300 mg/l. Fluoride and nitrate content was low.
Hardness seems to be the main problem, with an
average hardness as CaCO, 0528 mg/l. Allsamples
would be classed as very hard (greater than 180 mg/
). Dissolved-solids content averaged 883 mgil.
Figure 14 shows sulfate, chloride, and dissolved-
solids content for Trinity Group wells in southeast
Jack County.

Generally, ground water from the Trinity Group
aquifer is suitable for irrigation purposes. SAR and
RSC values are low, with an average percent sodium
of 35. However, when specific conductance wasplot-
ted against SAR on the diagram for classification of
irrigation waters, the low sodium hazard plots were
offset by salinity hazard plots inthe C3 and C4 range.
Proper irfigation management praclices such as
those described prevously for C3 and C4 waters
should be adhered to.

The mean value of pH was 8.0, showing the

" water to be slightly alkaline. Figure 30 shows radial-

pattern diagrams of chemical analyses of typical
ground-water which contains 2 patterns of analyses
from wells completed in the Twin Mountains Ferma-
tion. The shapes are indicative of hard water with low
percent sodium and high bicarbonate content.

Other Aquifers
Strawn Group

Strawn Group units do not crop out in Jack
County; however. usable-quality ground water can
be obtained in the southeastern part of the county.
Even though no water wells were located that were
completed in the Strawn Group, a test well drilled
southeast of Joplin, state well 19-57-104, did obtain
water of usable qualily. The 770 foot deep test well
was completed in the Turkey Creek Sandstone and
the resulting analysis of the sample from this unit
tesled at 1,453 mg/l dissolved solids. Areas of pos-
sible development can be inferred from Figure 7,

which shows net-sandstone thicknesses in the Tur-
key Creek Sandstone. As a result of the data ob-
tained from this test hole, the Turkey Creek will
continue to be protected by recommendations made
by the Surface Casing, Protection Services Unit of
the Texas Water Commiscion.,

Radial-pattern diagrams of three analyses from
wells completed inthe Strawn Group are depicted on
Figure 30. All are of usable-quality ground water but
are of two different chemical types. One shape re-
flects a calcium-sodium-bicarbonate water while the
other two pattemns show a sodium-bicarbonate-chlo-
ride type water.

Alluvium

The Recent alluvium of Quaternary age is a
minor source of ground water used primarily in Jack
County for livestock purposes. Alluvial deposits are
found in the floodplains of the major tributaries of
streams which make up the surface drainage system
in the county. Figure 6, the geologic map of Jack
County, shows the extent of the major deposits of
alluvium.

Ground water in the alluvium is generally a
calcium bicarbonate water, very hard, normally of
neutral pH, and of greatly varying dissclved-solids
content. Due to the combination of naturally occur-
ring poor quality water in many areas and the con-
tamination by various activities occurring in the oil
and gas industry, the overall quality of ground water
obtained from alluvial deposits is poor f6r domestic
purposes.

Figure 30 shows two radial-diagram patterns for
the alluvium wells inventoried for this study. The
analysis for well UK-31-07-102 shows a typical cal-
cium carbonate water used for domestic purposes in
Palo Pinto County. An analysis of an apparently con-
taminated well, PL-20-46-803, shows a pattern re-
flecting the high sodium chloride content.

WATER-QUALITY PROTECTION
RECOMMENDATIONS

The Texas Water Commission provides recom-
mendations to oil and gas operators and the Railroad
Commission of Texas concerning the depth to which
usable-quality ground water should be protected

-'80 -



during the exploration for and production of oil, gas,
and other minerals. The authority for participation by

the Commission in this programis derived from rules:

promulgated by the Railroad Commission under
authority given that agency by statutes dealing with
the régulation of drilling and production activities of
the petroleum industry.

Statewide Rules 13 and 14. of the Railroad
Commission of Texas require that operators obtaina
letter from the Texas Water Commission recom-
mendirig the depth to which usable-quality water

strata should be protected during drilling; pluggmg. or.

productlon activities related to oil, gas, and other
mlnera!s

In carrying out its duties, the Texas WaterCom-

mission maintains technical data files upon which to
base ground-water protection recommendations in
all'areas of the State and for preparing these recom-
mendations for operators: contemplatlng dnlllng oil,

gas, or other exploratory tests. The recommended

depthto which ground water of usable quality should

be protected is based on all pertinent information
available to the program staff at the time the recom-
mendation is given. Recommended depths in any
orie area may, therefore, be revised fromtimetotime

-as additional subsurface information becornes avail-

able:

Known depths of wells producing usable water,
or-depths of wells which formerly produced water of
usable-quality, such as domestic, municipal, indus-
trial, livestock, or irrigation weélls, -are of-: ;primary
importance in determining the depthof usable water.
Geophysical logs run on oil and gas tests in.many
areas to determine the depth to.which usable-quality
grou’nd water should be'protected. Surface elevation
is: glven speCIal consideration when a recommenda-
tion is given in an area that has mioderate to high
surface relief, as is common to portions of Jack
County.

- 83 -



SELECTED REFERENCES

Armstrong, J.M., 1937, Geologic map of Jack
County, Texas: Univ. Texas, Bur. Econ. Geol-
ogy, scale 1:48,000.

Bachman, L.J., 1984, Field and laboratory analyses
of water from the Columbia aquifer in eastern
Maryland: Ground Water, v. 22, no. 4, p. 460-
467.

Back, William, 1966, Hydrochemical facies and
ground-water flow patterns in northern part of
Atlantic Coastal Plain: U.S. Geol. Survey Prof.
Paper 498-A, p. A13-A15.

Bayha, D.C., 1967, Occurrence and quality of ground
waterin Montague County, Texas: Texas Water
Devel. Board Rept. 58, 102 p.

Bowen, J.P., and Gibbs, J.F., 1931, Bryson oil field,
Jack County, Texas: Am. Assoc.. Petroleum
Geol. Bull., v. 16, no. 2, p. 179-188.

Brown, L.F., Jr., 1959, Problems of stratigraphic no-
mengclature and classification, Upper Pennsylva-
nian, north-central Texas: Am. Assoc. Petro-
leum Geol. Bull., v. 43, p. 2866-2871.

1962, A stratigraphic datum, Cisco Group
(Upper Pennsylvanian), Brazos and Trinity Val-
leys, norih-central Texas: Univ. Texas, Bur.
Econ. Geology Rept. of Inv. 46, 42 p.

1969 a, Geometry and distribution of fluvial
and deltaic sandstone (Pennsylvanian and Per-
mian), north-central Texas: Trans, Gulf Coast
Assoc. Geol. Socs., vol. 19, p. 23-47. Reprinted
as Univ. Texas, Bur. Econ. Geology Circ. no. 69-
4,

1969b, Virgilarid Lower Wolfcamp repetitive
environments and the depositional model, north-
central Texas, in Sympesium on cyclic sedimen-
tation in the Permian Basin: West Texas Geol.
Soc. Pub. 69-56, p. 115-134. Reprinted as Univ.
Texas, Bur. Econ. Geology Circ. no. 69-3.

Brown, L.F., Jr., Cleaves, AW., and Erxieben, AW.,
1973, Pennsylvanian depositional systems in
north-central Texas - A guide for interpreting ter-
rigenous clastic facies in a cratonic basin: Univ.
Texas, Bur. Econ. Geology Guidebook 14, p. 6-
9, 31-56, 74-84.

Bureau of Economic Geology, 1967, Geologic atlas
of Texas, Sherman sheet: Univ: Texas, Bur.
Econ. Geology map.

1972, Bureau of Economic Geology, 1972,
Geologic Atlas of Texas, Abilene Sheet: Univ.
Texas at Austin, Bur. Econ. Geology Map.

Carr,J.T.,Jr., 1967, The climate and physiography of
Texas: Texas Water Devel. Board Rept. 53, 27

P.

Cheney, M.G., 1929, Stratigraphic and structural
studiesin north-central Texas: Univ. Texas Pub.
2913, 27 p.

1940, Geology of north-central Texas: Am,
Assoc. Pétroleum Geol. Bull., v. 24, no. 1, p. 65-
118.

Claassen, H.C., 1982, Guidelines and techniques for
obtaining water samples that accurately repre-
sent the water chemistry of an aquifer: U.S.
Geol. Survey Open-File Rept. 82-1024, 49 p. .

Cleaves, A.W., 1983, Strawn and Canyon deposi-
tional systems, sedimentary history, and explo-
ration models for the Concho Platform-Eastern
Shelf of north-central Texas, in Strawn and
Canyon sands: depositional systems, explora-
tion models and completiontechniques: Abilene
Christian Univ. Geology Dept. Seminar Pub., p.
1-16.

Cleaves, AW., and Erxleben, AW., 1982, Upper
Strawn and Canyon (Pennsylvanian) deposi-
tional systems, surface and subsurface, north-
central Texas in Cromwell, D. (ed), Middle and
Upper Pennsylvanian System of northcentral
and west Texas (outcrop lo subsurface)}—Sym-
posium and field conference guidebook: Per-
mian Basin Section-S.E.P.M. Publication 82-21,
p. 49-85.

1983, Late Desmoinesian (Strawn) and Mis-
sourian (Canyon) depositional systems of the
Eastern Shelf, north-central Texas, in Strawn
and Canyon sands: depositional systems, ex-
ploration models and completion techniques:
Abilene Christian Univ. Geology Dept. Seminar
Pub., p. 17-86.

- 84 -



Core Laboratories, Inc., 1972, A survey-of the sub-
surface saline waterotTexas v,1: Texas Water
Devel. Board Rept. 157; 113p

Cronin, J.G., Follett, €.R., Shafer, G.H., and
Retiman, P.L., 1963, Reconnarssance investi-
gation of the. ground-water. resources of the
Brazos River basin: Texas Water Comm. Bull.
6310, 152p.

Crosby, EJ., and Mapel, W.J., 1975, Central and
West Texas in Paleotectonrc mvestrgatrons of
the Pennsylvanian System in the United States;
Partd; U.S. Geol. Survey Prof. Paper 853:K, p:
197-232.

Dallas Morning N’ew‘_s; 1979, Texas' alm'ana‘r;, and
‘state industrial guide, 1980-81:A.H. Belo Corp,,
. 704 p.

Doll, W.L., Meyer, Gerald, and Archer, R.J., 1963,
Water resources of West Vrrglma West Vlrglnra
Dept. Nat. Resources, Div. Water Resources, p-
39-43.

Drever, J.1.,, 1982, The geochemistry of natural wa-
ters: N.J., Prentice-Hall, Inc:; 388 p.

Durfor. C.N., and Becker, Edith, 1964; Public.water
supphes of the 100 largest cities in the United
States, 1962; U.S. Geol. Survey Water-Supply
Paper1812 p.-16-35.

Eatorn; FM 1950, Srgnmcance of carbonates in
ungatron waters:-Soil S¢i., v. 59, p.123-133.

Erxleben, ‘AW, 1975, Deposmonal ‘systems in
Canyon Group (Pennsylvanlan System), north-
centralTexas Univ. Texas, Bur. Econ..Geology
Rept. of Inv. 82 76 p.

Galloway, W.E., and Brown, L.F.;. Jr.; 1972, Deposi-
tional systems and shelf-slope relationships in
Upper Pennsylvanian rocks, north-central
Texas: Univ. Texas, Bur. Econ. Géology Rept.
of Inv.. 75, 62p.

Gardon, C.H., 1913, Geology and underground
waters of the Wichita region, north-central
Texas: U.S. Geol. Survey Water-Supply Paper
317, 88 p.

Hem, J.D., 1970, Study and interpretation of the
chemical characteristics of natural water: .U.S.
Geol. Survey Water-Supply Raper 1473 (2d ed.),
363 p.

Hendricks,. Leo, 1957, ‘Geology-of Parker County,
‘Texas: -Unjv. Texas Pub. 5724, 67 p.

Kane, J.W., 1967, Monthly reservoir -evaporation
-rates for Texas; 1940 through 1965: Texas.
Water Devel, Board Rept 64,111 p.

Kier, R.S., Brown, L.F. Jr and McBride, E: F 1979
‘The Mtssrssrppran and Pennsylvanran (Carbon-
iferous) Systems in the United States-Texas:
U.S. Geol. Survey Prof. Paper 1110-S, 45 p.

Laury, R.L., 1962, Geology of thetype area,Canyon
. Group, nonh central Texas: Jour; Graduate Re-
.search Center, v. 30, no. 3, p. 107-180-

Lee. .Wallace. Nickell, C.Q,, erhams J:S,, and
Henbgst, L.G., 1938; Stratlgraphrc and: paleon~
tologlc studles of the Pennsylvanian and-Pef-
:mian rocks in north-central Texas; - Univ, Texas
‘Pub. 3801 247 p:

‘Maier, F.J., 1950, ‘Fluoridation of public watersup-

plies: Am Water Works Assoc:Jour.; v. 42,pt. 1,
- p-1120-1182:

Maxey, K.F., 1950, Report on the relation of nitrate
concentratron in well waters tothe occu rrence of
methemoglobrnemla Natl Research Councrl
Bull. Sanitary Engr. and Envir., p. 265, app. D.

Morris, D: E 1964, Occurrenceandquahtyotground
water jin Young County, Téxas: Texas Water
Comm Bull. 6415, 106 p.

Morris, M.D., Berk, J.A., Kiulik, J.W., and Eckstein,

Yoram 1982 Acomputerpregram toratnlrnear
dragram plot.and analysis-of water mrxmg sys-
tems: Ground Water; v, 21, no: 1, p. 67-78.

Muller; D.A,, and Price; B.D., 1979, Grourid-water
avarlabrllty in Texas- estrmates and projections
through 2030: Texas Dept. Water Resources
Rept. 238, 77 p.

Nordstrom P.L., 1982, Occurrence avar!abrlrty, and
chemical quahty of ground water.in the Creta—
ceous aquifers of north-central Texas:. Texas
Dept. Water Resources Rept. 269, v. 1, 109 p;,
‘and v. 2, 387 p. )

North Texas Geological Sociéty, 1958, Aguidetothe.
‘Strawn and Canyon Seriés 6fthe Pennsylvanian
System in Palo Pinto County, Texas: North
Texas Geol. Soc. Occassional Pub., 58 p.

-85 -



Ohlen, Henry, 1956, Some Paleozoic sedimentary
features in the subsurface of Jack, Palo Pinto,
Parker, and Wise Counties, Texas, in Sympo-
sium of the Fort Worth basin area and field study
of the Hill Creek beds of the Fort Worth basin
area and field study of the Hill Creek beds of the
Lower Strawn, southwestern Parker County,
Texas: Soc. Econ. Paleontologist and Mineralo-
gists Perrian Basin Section Spring Meeting and
Field Symposium, May 11 and 12, 1956, p. 51-
57.

Peckham, R.C., Souders, V.L., Dillard, JW., and
Baker, B.B., 1963, Reconnaissance investiga-
tion of the ground-water resources of the Trinity
River basin, Texas: Texas Water Comm. Bull.
6309, 110 p.

Piper, A.M., 1953, A graphic procedure in the geo-
chemical interpretation of water analyses: U.S.
Geol. Survey, Water Resources Div. Ground-
Water Notes, Geochemistry, no. 12, 14p.

Plummer, F.B., and Hornberger, Joseph, Ji., 1935,
Geology of Palo Pinto County, Texas: Univ.
Texas Bull. 3534, 240 p.

Plummer, F.B., and Moore; R.C., 1921, Stratlgraphy
ofthe Pennsylvaman fomlatlons of riorth-central
Texas: Univ. Texas Bull. 2132, 237 p.

Plummer, L.N., Jones, B.F., and Truesdell, AH.,
1976, WATEOF- a fortran IVversion of WATEQ
a computer program for calculating chemical
equilibrium of natural waters: U.S. Geol. Survey
Water-Resources Inv. 76-13, 63 p.

Preston, R.D;, 1977, Ground-water conditions in the
vicinity of Jacksboro, Jack County, Texas:
Texas Dept. Water Resources LP4, 64 p.

Roberson, C.E., Feth, J.H,, Seaber, P.R., and An-
derson, Peter, 1963, Differences between field
and laboratory determmahons of pH, alkahmty.
and specific conductance of natural water, in
Short papers in geology and hydrology: U.S.
Geol. Survey Prof. Paper475-C, p. C212-C217.

Scott, Gayle, and Armstrong, J.M., 1932, The geol-
ogy of Wise County, Texas: Univ. Texas Bull.
3224, 73 p.

Sellards, E.H., Adkins, W.S., and Plummer, F.B.,
1933, The geology of Texas v. 1, Stratigraphy:
Univ. Texas Bull. 3232, 1007 p.

Skougstad, M.W., Fishman, M.J., Friedman, L.C.,
Erdmann, D.E., and Duncan, S.S., editors, 1979,
Methods for determination of inorganic sub-
stances in water and fluvial sediments: Tech-
niques of water-resources investigations of the
U.S. Geol. Survey, Book 5, Chapter Al, 626 p.

Stramel, G.J., 1951, Ground-water resources of
Parker County, Texas: Texas Board Water
Engineers Bull. 5103, 58 p.

Sundstrom, R.W., Broadhurst, W.L,, and Dwyer,
B.C., 1949, Public water supplies in central and
north-central Texas: U.S. Geol. Survey Water-
Supply Paper 1069, 128 P-

Texas Department of Health, 1980, Drinking water
standards governing drinking water quality and
reporting requirements for public water supply
systemis: (Adopted by the Texas Board of Health
Nov. 29, 1980). 20 p.

Thomne, J.P., and Thorne, D.W., 1951, Irrigation
waters of Utah, their quality and use: Utah Agr.
Expt. Sta. Bull. 346, 64 p.

U.S. Salinity Laboratory Staff, 1954, Diagnosis and
improvement of saline and alkali soils: U.S.
Dept. Agr. Handbook 60, 160 p.

Weaver, 0.D., Jr., 1956, An introduction to the Fort
Worth basin, in Symposium of the Fort Worth
basin area and field study of the Hill Creek beds
of the Lower Strawn, southwestern Parker
County, Texas: Soc. Econ Paleontologists and
Mineralogists Permian Basin Section Spring
Meetmg and Field Symposium, May 11 and 12,
1956, p. 10-18.

Wermund, E.G., 1975, Upper Pennsylvanian lime-
stone banks, north-central Texas: Univ. Texas,
Bur. Econ. Geology Circ. 75-3, 34 p.

Wermund, E.G., and Jenkins, W.A., Jr., 1969, Late
Pennsylvanian Series in north-central Texas, in
A guide book to the Late Pennsylvanian shelf
sediments, north-central Texas: Dallas (Tex.)
Geol. Sec., p. 1-11,

Wilcox, L.V., 1955, Classification and use of irrigation
waters: U.S. Dept. Agriculture Circ. 969, 19 p.

Winslow, A.G., and Kister; L.R., Jr., 1956, Saline-
water resources of Texas: U S. Geol. Survey
Water-Supply Paper 1365, 105 p.

- 86 -



Wood, W.W., 1976, Guidélines for callection and Zaporozec, Alexander, 1972, Graphical interpreta-

field analysis of groundwater samples for se-
lected unstable constituents: Techniques of
water resources investigations.of the.U.S. Geol.
Survey, Book 1, Chapter D2, 24.p.

- 87 -

tion of water-quality data: Ground Water, v. 10,
no. 2, p. 32:43.



AQTESOLYV for Windows - Pasture Holdings
Data Set: O:\1 Water Well\O4 Projects\2025\250825 maddox-beesinger gac\Pasture.aqt
Title: Pasture Holdings

Date: 10/06/25

Time: 01:37:59

PROJECT INFORMATION

Com?_any: EEC

Location: Hwy 281 s

Test Date: 9/11

Test Well: 1

AQUIFER DATA

Saturated Thickness: 105. ft
Anisotropy Ratio (Kz/Kr): 1.

PUMPING WELL DATA

No. of pumping wells: 1

Pumping Well No. 1: Pumping

X Location: 0. ft
Y Location: 0. ft

Casing Radius: 0.1667 ft
Well Radius: 0.3281 ft

Fully Penetrating Well . . .

No. of pumping periods: 2547
Pumping Period Data

Time (min) Rate (cu. f/min Time g‘min) ‘ Rate (cu. ft/min)
. ( 0. ) . ‘(I6.67

0. 0. 777. 16.
19. 19. 778. 17.33
19. 19. 778. 16.67
20. 19. 779. 17.33
20. 19. 779. 16.67
21. 19. 780. 16.67
- 21. 19. 781. 16.67
22. 19. 781. 16.
23. 19. 782. 17.33
24, 19. 782. 16.67
24. 19. 783. 16.67
25. 19. 784. 16.67
26. 19. 784. 16.
26. 19. 785. 17.33
27. 19. 785. 16.67
27. 19. 786. 16.67
28. 19. 787. 16.67
28. 19. 787. 16.
29. 19. 788. 17.33
29. 19. 788. 16.67
30. 19. 789. 16.67
31. 19. 790. 16.67
31. 19. 790. 16.
32. 19. 791. 17.33
32. 19. 791. 16.67
33. 19. 792. 16.67
33. 18.13 793. 16.67
34. 18.67 793. 16.
34. 18. . 794. 16.67
35. 18. 794. 16.
35. 18.67 795. 17.33

10/06/25 1 01:37:59
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Pasture Holdings

Rate (cu. ft/min)

AQTESOLYV for Windows
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Rate (cu. ft/min)

AQTESOLYV for Windows
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AQTESOLY for Windows Pasture Holdings

Rate (cu. ft/min) Rate (cu. ft/min)
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Pasture Holdings

Rate %cu. ft/min)

AQTESOLYV for Windows
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AQTESOLYV for Windows Pasture Holdings

Time gmin) Rate (cu. ft/min Time gmin) Rate (cu. ft/min)
. ‘(IS.67 ) 16.67

268. 18. 1040. 16.67
268. 16.67 1040. 186.
269. 17.33 1041. 16.6
270. 17.33 1041. 16.
270. 16.67 1042. 16.67
271. 17.33 1043. 16.
271. 16.67 1044. 16.67
272. 18. 1044. 16.
272. 17.33 1045. 16.67
273. 18. 1046. 16.67
274. 16.67 1046. 16.
274. 17.33 1047. 16.
275. 16.67 1048. 17.33
275. 17.33 1048. 16.67
276. 18. 1049. 16.67
276. 17.33 1050. 16.67
277. 17.33 1050. 16.
278. 17.33 1051. 17.33
278. 16.67 1051. 16.67
279. 17.33 1052. 16.67
279. 16.67 1053. 16.67
280. 18. 1053. 16.
280. 17.33 1053. 15.8
281. 17.33 1054. 17.33
282. 18. 1054. 16.67
282. 17.33 10585. 16.67
283. 16.67 1056. . 16.67
283. . 17.33 1056. 16.
284. 17.33 1057. 17.33
285. 17.33 1057. 16.67
285. 16.67 1058. 17.33
286. 17.33 1059. 16.67
286. 16.67 1059. 16.
287. 17.33 1060. 17.33
287. 16.67 1060. 16.67
288. 17.33 1061. 16.67
289. 17.33 1062. 17.33
289. 16.67 1062. 16.67
290. 16.67 1063. 16.67
290. 17.33 1063. 16.
291. 17.33 1064. 16.67
292. 17.33 1065. 16.67
293. 17.33 1065. 16.
293. 16.67 1066. 16.67
294, 16.67 1066. 16.
294. 17.33 1067. 16.67
295. 16.67 1068. 16.67
295. 17.33 1068. 16.
296. 17.33 1069. 16.67
297. 17.33 1069. 16.
297. 16.67 1070. 16.67
208. 17.33 1071. 16.67
298. 16.67 1071. 16.
299. 18. 1072. 16.67
299. 17.33 1072. 16.
300. 17.33 1073. 16.67
301. 17.33 1074. 16.
301. 16.67 1075. 16.67
302. 16.67 1075. 15.33
302. 17.33 1076. 16.67
303. 18. 1077. 16.67
303. 17.33 1077. 16.
304. 17.33 1078. 16.67
305. 17.33 1078. 16.
305. 16.67 1079. 16.67
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AQTESOLYV for Windows
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Pasture Holdings
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AQTESOLYV for Windows

Pasture Holdings

Time gmin) Rate (cu. ft/min) Time §min) Rate (cu. ft/min
. 16.67 . ‘(IG.67 )
544, 16. 1325. 16.67
545. 17.33 1325. 16.
545. 16.67 1326. 16.67
546. 17.33 1326. 16.
546. 16.67 1327. 16.67
547. 16.67 1328. 16.67
548. 17.33 1328. 16.
548, 16.67 1329. 16.67
549. 18. 1329. 16.
549. 17.33 1331. 16.67
550. 17.33 1331. 16.
551. 16.67 - 1332. 16.67
551. 16. 1332. 16.
552. 17.33 1333. 16.67
'552. - 16.67 1334. 17.33
553. 17.33 1334. 16.67
553. 16.67 1335. 16.67
554, 16.67 1335. 16.
555. 17.33 1336. 16.67
555. 16.67 1337. 16.67
556. 17.33 1337. 16.
558. 17.33 1338. 16.67
558. 16.67 1338. 16.
559. 17.33 1339. 16.67
559. 16.67 1340. 16.67
560. 17.33 1340. 16.
560. 16.67 1341. 16.67
561. 16.67 1342. 16.67
562. 17.33 1343. 16.67
562. 16.67 1343. 16.
563. 17.33 1344. 16.67
563. 16.67 1344. 16.
564. 16.67 1345. 17.33
565. 17.33 1346. 16.67
565. 16.67 1346. 186.
566. 17.33 1347. 16.67
566. 16.67 1347. 16.
567. 16.67 1348. 16.67
568. 16.67 1349. 16.67
568. 16. 1349. 16.
569. 17.33 1350. 16.67
569. 16.67 1350. 16.
570. 17.33 1351. 16.67
570. 16.67 1352. 16.67
571. 16.67 1352. 16.
572. 18. 1353. 16.67
572. 17.33 1353. 16.
573. 17.33 1354. 16.67
573. 16.67 1355. 16.67
573. 16.47 1356. 16.67
574. 16.67 1356. 16.
575. 16.67 1357. 16.67
575. 16. 1358. 16.67
576. 16.67 1358. 16.
577. 17.33 1359. 16.67
577. 16. 1359. 186.
578. 16.67 1360. 16.67
579. 17.33 1361. 16.67
579. 16.67 1361. 16.
580. 17.33 1362. 16.67
580. 16.67 1362. 16.
581. 16.67 1363. 16.67
582. 17.33 1364. 16.67
582. 16.67 1364. 16.
583. 17.33 1365. 16.
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Time gmin} Rate (cu. ft/min Time gmin) Rate (cu. ft/min
. ‘(IG.67 ) . ’(IG.67 )

584. 16.67 1367. 16.67
585. 16.67 1367. 16.
585. 16. 1368. 16.67
586. 17.33 1368. 16.
586. 16.67 1369. 16.67
587. 17.33 1370. 16.67
587. 16.67 1370. 16.
588. 16.67 1371. 16.67
589. 17.33 1371. 16.
589. 16.67 1372. 16.67
590. 17.33 1373. 16.67
590. 16.67 1373. 16.
591. 17.33 1374. 16.67
592. 16.67 1374. 16.
592. 16. 1375. 16.67
593. 16.67 1376. 16.67
594. 17.33 1376. 16.
994. 16.67 1377. 16.
595. 16.67 1378. 16.67
596. 17.33 1378. 16.
596. 16.67 1379. 16.67
597. 17.33 1379. 16.
597. 16.67 1380. 16.67
598. 16.67 1381. 16.67
599. 17.33 1381 16.
599. 16.67 1382. 16.67
600. 17.33 1382. 16.
600. 16.67 1383. 16.
601. 16.67 1384. 16.67
602. 16.67 1384. 16.
602. 18. 1385. 16.67
603. 17.33 1385. 16.
603. 16.67 1386. 16.
604. 17.33 1387. 16.
604. 16.67 1388. 16.67
605. 16.67 1388. 16.
606. 17.33 1389. 16.
606. 16.67 1390. 16.67
607. 17.33 1390. 16.
607. 16.67 1391. 16.67
608. 17.33 1391. 16.
609. 16. 1392. 16.67
610. 17.33 1393. 16.67
610. 16.67 1393. 16.
611. 16.67 1394. 16.67
612. 16.67 1394. 16.
612. 16. 1395. 16.67
613 17.33 1396. 16.67
613 16.67 1396. 16.
614. 17.33 1397. 16.67
614. 16.67 1397. 16.
615. 16.67 1398. 16.67
616. 17.33 1399. 16.67
616. 16.67 1399. 16,
617. 17.33 1400. 16.67
617. 16.67 1400. 16.
618. 16.67 1401. 16.67
619. 16.67 1402. 17.33
619. 16. 1402. 16.67
620. 16.67 1403. 16.67
621. 17.33 1403. 16.
621. 16.67 1404. 16.67
622. 16.67 1405. 16.67
623. 17.33 1405. 186.
623. 16.67 1406. 16.67
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AQTESOLY for Windows Pasture Holdings

Time gmin} Rate (cu. ft/min Time fmin} Rate (cu. ft/min)
. ‘(IS.67 ) . 16.67

664. 17.33 1447. 16.
664. 16.67 1448. 16.67
665. 16.67 1449. 16.67
666. 16.67 1449. 16.
666. 16. 1450. 16.67
667. 16.67 1450. 16.
668. 17.33 1451. 16.67
668. 16.67 1452. 16.67
669. 16.67 1452. 16.
670. 17.33 1453. 16.
670. 16.67 1454. 16.67
671. 18. 1455. 16.67
671. 17.33 1455. 16.
672. 16.67 1456. 16.67
673. 16.67 1456. 16.
673. 16. 1457. 16.67
674. 17.33 1458. 16.
674. 16.67 1459. 16.67
675. 16.67 1459. 16.
676. 16. 1460. 16.67
677. 17.33 1461. 16.67
677. 16.67 1461. 16.
678. 17.33 1462. 16.
678. 16.67 1463. 16.67
679. 16.67 1463. 16.
680. 17.33 1464. 16.67
680. 16.67 1464. 16.
681. 17.33 1465. 16.
681. 16.67 1466. 16.67
682. 17.33 1466. 16.
683. 16. 1467. 16.67
684. 17.33 1467. 16.
684. 16.67 1469. 16.67
686. 16.67 1469. 16.
686. 16. 1470. 16.67
687. 17.33 1470. 16.
687. 16.67 1471. 16.
688. 16.67 1472. 16.67
689. 16.67 1472. 16.
689. 16. 1473. 17.33
690. 17.33 1473. 16.67
690. 16.67 1474. 16.
691. 17.33 1475. 16.67
692. 16.67 1475. 16.
693. 16.67 1476. 16.67
693. 16.07 1476. 16.
693. 15.4 1477. 16.67
694, 17.33 1478. 16.67
694. 16.67 1478. 16.
695. 16.67 1479. 16.67
696. 16.67 1479. 16.
696. 16. 1480. 16.67
697. 17.33 1481. 16.67
697. 16.67 1481. 16.
698. 17.33 1482. 16.67
699. 16. 1482. 16.
700. 18. 1483. 17.33
700. 16.67 1484. 16.
701, 16.67 1485. 16.
702. 16.67 1486. 16.67
702. 16. 1486. 16.
703. 17.33 1487. 16.67
703. 16.67 1487. 16.
704. 17.33 1488. 16.
704. 16.67 1489. 16.
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AQTESOLYV for Windows
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AQTESOLYV for Windows Pasture Holdings
Time (min Rate (cu. ft/min Time (min Rate (cu. ft/min)
*721"5,—) { ) ﬁ5§1_2 ‘(I

16.6 . 6.67
749, 16. 1531. 16.
746. 18. 1532. 17.
746. 17.33 1532. 16.67
747. 16.67 1533. 16.67
748. 16.67 1533. 16.33
748. 16. 1534. 16.
749. 17.33 1535. 16.67
749. 16.67 1535. 18.
750. 16.67 1536. 16.67
751. 16.67 1536. 16.
751. 16. 1637. 16.
752. 17.33 1538. 16.67
752, 16.67 1538. 16.
753. 17.33 1539. 16.67
753. 16.67 1539. 16.
754. 16.67 1540. 18.
755. 16.67 1541. 16.67
755. 16. 1541. 16.
756. 17.33 1542. 16.67
756. 16.67 1542. 16.
757. 16.67 1543. 16.
758. 16.67 1544. 16.67
758. 16. 1545. 16.67
759. 17.33 1545. 16.
759. 16.67 1546. 16.
760. 16.67 1547. 16.33
761. 16.67 1547. 15.67
761. . 16. 1548. 16._ .
762. 17.33 1549. 16.67
762. 16.67 1550. 16.67
763. 16.67 1550. 16.
764. 16.67 1551. 16.67
764. 16. 1551. 16.
765. 17.33 1552. 16.67
765. 16.67 1553. 16.67
766. 17.33 1563. 16.
766. 16.67 1554. 16.
767. 16.67 1555. 16.67
768. 16.67 15585. 16.
768. 16. 1556. 16.67
769. 17.33 1556. 16. -
769. 16.67 1557. 16.
770. 16.67 1558. 16.67
7. 16.67 1558. 16.
71. 16. 1559. 16.67
772. 17.33 1559. 16.
772. 16.67 1560. 16.
773. 16.67 1561. 16.67
774. 16.67 1561. 16.
774. 16. 1562. 16.67
775. 17.33 1563. 16.67
775, 16.67 1652. 0.
776. 16.67

OBSERVATION WELL DATA

No. of observation wells: 2
Observation Well No. 1: Pumping

X Location: 0. ft
Y Location: 0. ft

Radial distance from Pumping: 0. ft
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AQTESOLYV for Windows Pasture Holdings
Fully Penetrating Well
No. of Observations: 2969

Time (min) Displ Otb(?t?”a“” Pate (rmin) Displ t (ft)
ime (min Isplacemen Ime (min Isplacemen
10.13 P [./72

21.63 241 2991.8 7.766
23.63 27.58 2993.8 7.743
25.63 29.5 2995.8 7.726
27.63 30.3 2997.8 7.744
29.63 31.46 2999.8 7.745
31.63 32.03 3001.8 7.718.
33.63 32.71 3003.8 7.717
35.63 33.25 3005.8 7.692
37.63 33.72 3007.8 7.724
39.63 34.24 3009.8 7.692
41.63 34.47 3011.8 7.703
43.63 34.83 3013.8 7.714
45.63 35.2 3015.8 7.68
47.63 35.48 3017.8 7.675
49.63 35.94 3019.8 7.677
51.63 36.23 3021.8 7.655
53.63 36.48 3023.8 7.655
55.63 36.62 3025.8 7.661
57.63 36.9 3027.8 7.67
59.63 37.13 3029.8 7.626
61.63 37.51 3031.8 7.67
63.63 37.54 3033.8 7.662
65.63 . 38. . 3035.8 . 7.619.
67.63 38.17 3037.8 7.608
69.63 38.23 3039.8 7.628
71.63 38.54 3041.8 7.612
73.63 38.53 3043.8 7.593
75.63 38.9 3045.8 7.621
77.63 39.07 3047.8 7.592
79.63 39.19 3049.8 7.583
81.63 39.38 3051.8 7.574
83.63 39.43 3053.8 7.577
85.63 : 39.75 3055.8 71.574
87.63 39.83 3057.8 7.542
89.63 39.94 3059.8 7.558
91.63 : 40.22 - 3061.8 - 7.547 -
93.63 40.36 3063.8 7.548
95.63 40.4 3065.8 7.542
97.63 40.63 3067.8 7.525
99.63 40.8 3069.8 7.5635
101.6 40.89 3071.8 7.525
103.6 40.9 3073.8 7.501
105.6 41.12 3075.8 7.507
107.6 41.14 3077.8 7.519
109.6 41.32 3079.8 7.503
111.6 41.35 3081.8 7.494
113.6 41.48 3083.8 7.504
115.6 41.66 3085.8 7.524
117.6 41.94 3087.8 7.465
119.6 41.94 3089.8 7.462
121.6 42.13 3091.8 7.44
123.6 42.07 3093.8 7.451
125.6 42.31 3095.8 7.463
127.6 42.32 3097.8 7.468
129.6 42.48 3099.8 7.461
131.6 42.58 3101.8 7.427
133.6 42.55 3103.8 7.44
135.6 42.85 : 3105.8 : 7.424
137.6 42.72 3107.8 7.42
139.6 42.85 3109.8 7.435
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Time ?min} Displacement (ft Time (min) Displacement (ft)
. P 43.01 (f) . 7.411

N
N
w
[e)]
E N
w
-
w
w
'S
N
w
oo
~
S
o
(4]

145.6 43.33 3115.8 7.382
147.6 43:39 3117.8 7.398
149.6 43.38 3119.8 7417
151.6 43.52 3121.8 7.362
163.6 43.64 3123.8 7.384
155.6 43.7 3125.8 7.366
157.6 43.65 3127.8 7.384
159.6 43.87 3129.8 7.365
161.6 43.91 3131.8 7.387
163.6 43.99 3133.8 7.356
165.6 43.98 3135.8 7.361
167.6 44.12 3137.8 7.324
169.6 44.15 3139.8 7.337
171.6 44.2 3141.8 7.336
173.6 44 37 3143.8 7.35
175.6 44.51 3145.8 7.336
177.6 44 .41 3147.8 7.305
179.6 44.62 3149.8 7.317
181.6 44.65 3151.8 7.313
183.6 44.65 3163.8 7.314
185.6 44.84 3155.8 7.303
187.6 44.87 3157.8 7.283
189.6 44.8 3159.8 7.29
191.6 44.91 3161.8 7.272
193.6 45.01 3163.8 7.276
195.6 45.16 3165.8 1.267
.197.6 45.23 3167.8 7.292
199.6 45.22 3169.8 7.301
201.6 45.44 3171.8 7.264
203.6 45.44 3173.8 7.278
205.6 45.43 3175.8 7.274
207.6 45.41 3177.8 7.259
209.6 45.61 3179.8 7.264
211.6 45.66 3181.8 7.235
213.6 457 3183.8 7.248
215.6 45.66 3185.8 7.227
217.6 45.77 3187.8 7.235
219.6 45.94 3189.8 7.239
221.6 45.98 3191.8 7.224
223.6 - 45.98 3193.8 7.203
225.6 46.07 3195.8 7.211
227.6 46.05 3197.8 7.205
229.6 46.12 3199.8 7.211
231.6 46.13 3201.8 7.202
233.6 46.26 3203.8 7.202
235.6 46.41 3205.8 7.189
237.6 46.46 3207.8 7.203
239.6 46.5 3209.8 7.164
241.6 46.55 3211.8 7.155
243.6 46.55 3213.8 7.18
245.6 46.5 3215.8 7.155
247.6 46.78 3217.8 7.166
249.6 46.72 3219.8 7.149
251.6 46.86 3221.8 7.157
253.6 46.78 3223.8 7.149
255.6 46.96 3225.8 7.143
257.6 46.91 3227.8 7.159
259.6 46.99 3229.8 7.128
261.6 47.08 3231.8 7.137
263.6 47.19 3233.8 7.124
265.6 47.03 3235.8 7.112
267.6 47.21 3237.8 7.108
269.6 47.17 3239.8 7.112
271.6 47.21 3241.8 7.098
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AQTESOLYV for Windows Pasture Holdings

Time §min} Displacement (ft) Time gmin) Displacement (ft)
47.36 : 7.119

275.6 47.36 3245.8 7.094
277.6 47.34 3247.8 7.108
279.6 47.42 3249.8 : 7.084
281.6 47.52 3251.8 7.077
283.6 47.68 3253.8 7.088
285.6 ' 47.61 3255.8 7.075
287.6 47.63 3257.8 7.086
289.6 47.61 3259.8 7.068
291.6 47.89 3261.8 7.085
293.6 , 47.83 3263.8 7.057
295.6 47.95 3265.8 7.054
297.6 47.97 3267.8 7.054
299.6 47.91 3269.8 7.039
301.6 48.08 3271.8 7.013
303.6 ' 47.91 ' 3273.8 7.06
305.6 47.98 3275.8 7.014
307.6 48.01 3277.8 7.016
309.6 48.22 3279.8 7.024
311.6 48.14 3281.8 7.04
313.6 48.16 3283.8 7.004
315.6 48.33 3285.8 7.047
317.6 48.3 3287.8 6.999
319.6 48.3 3289.8 7.003
321.6 48.46 3291.8 7.013
323.6 48.52 3293.8 6.993
325.6 48.42 3295.8 7.004
327.6 : 48.45 3297.8 6.988
. 329.6 . 48.59 . 3299.8 . 6.988
331.6 48.54 3301.8 7.
333.6 48.58 3303.8 : 6.969
335.6 | 48.8 3305.8 6.979
337.6 48.8 3307.8 6.959
339.6 48.76 3309.8 6.957
341.6 48.74 3311.8 6.965
343.6 48.74 3313.8 6.961
345.6 A 48.81 3315.8 6.953
347.6 48.94 3317.8 6.972
349.6 48.89 3319.8 6.929
351.6 48.92 3321.8 6.937
353.6 48.99 3323.8 6.926
- 355.6 - 4915 - 3325.8 ' 6.931
357.6 49.11 3327.8 6.924
359.6 49.24 3329.8 6.94
361.6 49.3 3331.8 6.942
363.6 49.11 3333.8 6.929
365.6 49.25 3335.8 6.897
367.6 49.35 3337.8 6.92
369.6 49.24 3339.8 6.89
371.6 49.39 3341.8 6.906
373.6 49.49 3343.8 6.906
375.6 49.32 3345.8 6.884
377.6 49.39 3347.8 6.874
379.6 49.45 3349.8 6.861
381.6 49.38 3351.8 6.853
383.6 49.48 3353.8 6.836
385.6 49.57 3355.8 6.832
387.6 49.71 3357.8 6.867
389.6 49.78 3359.8 6.834
391.6 49.67 3361.8 6.834
393.6 49.73 3363.8 6.858
395.6 4981 . 3365.8 6.835
397.6 49.75 3367.8 6.847
399.6 - 49.8. 3369.8 6.818
401.6 49.82 3371.8 6.814
403.6 49.85 3373.8 6.835
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Pasture Holdings

Time gmin)

Displacement (ft)

Time Smin)

Displacement (ft)

. 20.05 . 6.822
407.6 49.99 3377.8 6.816
409.6 50.11 3379.8 6.787
411.6 50.16 3381.8 6.801
413.6 50.1 3383.8 6.777
415.6 50.05 3385.8 6.783
417.6 50.07 3387.8 6.77
419.6 50.27 3389.8 6.803
421.6 50.3 3391.8 6.794
423.6 50.23 3393.8 6.777
425.6 50.27 3395.8 6.774
427.6 50.38 3397.8 6.759
429.6 50.27 3399.8 6.772
431.6 50.31 3401.8 6.755
433.6 50.45 3403.8 6.755
435.6 50.41 3405.8 - 6.747
437.6 50.58 3407.8 6.744
439.6 50.51 3409.8 6.757
441.6 50.54 3411.8 6.727
443.6 50.71 3413.8 6.726
445.6 50.71 3415.8 6.715
447.6 - 50.58 3417.8 6.713
449.6 50.68 3419.8 6.715
451.6 50.57 3421.8 6.697
453.6 50.82 3423.8 6.687
455.6 50.82 3425.8 6.696
457.6 50.69 3427.8 6.698
459.6 50.83 3429.8 6.687
461.6 50.89 . 3431.8 6.689
463.6 50.92 3433.8 6.685
465.6 51. 3435.8 6.662
467.6 50.97 3437.8 6.659
469.6 50.92 3439.8 6.666
471.6 51.03 3441.8 6.677
473.6 51.12 3443.8 6.648
4756 50.96 3445.8 6.668
477.6 51.03 3447.8 6.663
479.6 51.05 3449.8 6.67
481.6 51.24 3451.8 6.655
483.6 51.26 3453.8 6.619
485.6 51.17 3455.8 6.652
487.6 51.14 3457.8 6.615
489.6 51.21 3459.8 6.644
491.6 51.24 3461.8 6.634
493.6 51.23 3463.8 6.603
495.6 51.23 3465.8 6.614
497.6 51.39 3467.8 6.606
499.6 51.42 3469.8 6.619
501.6 51.39 3471.8 6.6
503.6 91.36 3473.8 6.633
505.6 51.56 3475.8 6.612
507.6 91.57 3477.8 6.611
509.6 51.63 3479.8 6.597
511.6 51.64 3481.8 6.608
513.6 51.48 3483.8 6.604
515.6 51.7 3485.8 6.598
517.6 51.62 3487.8 6.582
519.6 51.67 3489.8 6.58
521.6 51.59 3491.8 6.58
523.6 51.64 3493.8 6.56
525.6 51.66 3495.8 6.555
527.6 51.77 3497.8 6.556
529.6 51.88 3499.8 6.538
531.6 51.71 3501.8 6.568
533.6 51.77 3503.8 6.556
535.6 51.83 3505.8 6.511
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AQTESOLYV for Windows

Pasture Holdings

Time smin)

Displacement (ft)
81.77

Time Smin)

Displascement (f))

. . 518
539.6 52. 3509.8 6.544
541.6 51.98 3511.8 6.529
543.6 52.05 3513.8 6.541
545.6 52.06 3515.8 6.518
547.6 52.08 3517.8 6.491
549.6 51.91 3519.8 6.492
551.6 52.09 3521.8 6.498
553.6 51.95 3523.8 6.496
555.6 52.08 35625.8 6.479
557.6 52.04 3527.8 6.49
559.6 52.22 3529.8 6.478
561.6 52.21 3531.8 6.469
563.6 52.28 3533.8 6.49
565.6 52.25 35635.8 6.491
567.6 52.38 135637.8 6.468
569.6 52.16 3539.8 6.468
571.6 52.28 3541.8 6.47
573.6 52.19 3543.8 6.473
575.6 52.22 3545.8 6.442
577.6 52.33 3547.8 6.439
579.6 52.31 3549.8 6.462
581.6 52.5 3651.8 6.424
583.6 52.39 35653.8 6.435
585.6 52.35 3555.8 6.421
587.6 52.56 3557.8 6.413
589.6 52.58 3559.8 6.406
591.6 52.56 3561.8 6.394
593.6 52.43. 3563.8 6.394 -
595.6 52.57 3565.8 6.411
597.6 52.47 3567.8 6.406
599.6 52.61 3569.8 6.387
601.6 52.58 3571.8 6.405
603.6 52.68 3573.8 6.405
605.6 52.64 3575.8 6.374
607.6 52.64 3577.8 6.405
609.6 52.69 3579.8 6.391
611.6 52.68 3581.8 6.385
613.6 52.65 3583.8 6.344
615.6 52.84 3585.8 6.352
617.6 52.91 3587.8 6.349
619.6 52.74 - 3589.8 6.344
621.6 52.78 3591.8 6.338
623.6 52.96 3593.8 6.338
625.6 52.9 3595.8 6.338
627.6 52.99 3597.8 6.348
629.6 53.01 3599.8 6.361
631.6 52.93 3601.8 6.338
633.6 52.98 3603.8 6.328
635.6 53.14 3605.8 6.307
637.6 53.1 3607.8 6.309
639.6 52.98 3609.8 6.306
641.6 53.01 3611.8 6.309
643.6 53.23 3613.8 6.306
645.6 53. 3615.8 6.329
647.6 53.156 3617.8 6.286
649.6 53.1 3619.8 6.3
651.6 53.14 3621.8 6.266
653.6 53.25 3623.8 6.263
6955.6 53.18 3625.8 6.295
657.6 53.3 3627.8 6.284
659.6 53.21 3629.8 6.26
661.6 53.22 3631.8 6.258
663.6 53.38 3633.8 6.284
665.6 53.43 3635.8 6.232
667.6 53.24 3637.8 6.258
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Time smin} Displacement (it) Time §min) Displacement (ft)

. P 53.28 . 6.251
671.6 53.51 3641.8 6.242
673.6 53.31 3643.8 6.239
675.6 53.33 3645.8 6.243
677.6 53.56 3647.8 6.235
679.6 53.47 3649.8 6.204
681.6 53.59 3651.8 6.201
683.6 53.45 3653.8 6.231
685.6 53.56 3655.8 6.227
687.6 53.58. 3657.8 6.221
689.6 53.62 3659.8 6.203
691.6 53.68 . 3661.8 6.22
693.6 53.52 3663.8 6.216
695.6 53.73 3665.8 6.217
697.6 53.68 3667.8 6.209
699.6 53.78 3669.8 6.187 -
701.6 53.77 3671.8 6.221
703.6 53.64 3673.8 - 6.176
705.6 53.78 3675.8 6.168
707.6 53.81 3677.8 6.18
709.6 53.63 3679.8 6.161
711.6 53.91 3681.8 6.187
713.6 53.8 3683.8 6.157
715.6 53.72 3685.8 6.18
717.6 53.81 3687.8 6.164
719.6 53.89 3689.8 6.164
721.6 53.86 3691.8 6.158
723.6 53.85 3693.8 6.142
725.6 53.82 3695.8 6.144
727.6 53.93 3697.8 6.146
729.6 53.85 3699.8 6.145
731.6 54.02 3701.8 6.156
733.6 54. 3703.8 6.136
735.6 53.98 3705.8 6.123
737.6 53.88 3707.8 6.129
739.6 53.98 3709.8 6.129
741.6 54.1 3711.8 6.12
743.6 54.17 3713.8 6.134
745.6 54.11 3715.8 6.124
747.6 54.11 3717.8 6.141
749.6 54.23 3719.8 6.117
751.6 54.18 3721.8 6.115
753.6 54.27 3723.8 6.092
755.6 54.31 3725.8 6.1
757.6 54.28 3727.8 6.084
759.6 54.13 3729.8 6.069
761.6 54.26 3731.8 6.051
763.6 54.22 3733.8 6.078
765.6 54.23 3735.8 6.069
767.6 54.21 3737.8 6.062
769.6 54.25 3739.8 6.097
771.6 54.26 3741.8 6.072
773.6 54.44 3743.8 6.072
775.6 54.38 3745.8 - 6.055
777.6 54.38 3747.8 6.072
779.6 544 3749.8 6.055
781.6 54.36 3751.8 6.048
783.6 54.33 3753.8 6.049
785.6 54.41 3755.8 6.048
787.6 54.48 3757.8 6.046
789.6 54.45 3759.8 6.049
791.6 544 3761.8 6.061
793.6 54 .45 3763.8 6.028
795.6 54.47 3765.8 6.035
797.6 54.61 3767.8 6.044
799.6 54.61 3769.8 6.029
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Time .fmin) Displacement (ft Time gmin) Displacement (ft)
2 54.72 () .

803.6 54.55 3773.8 6.014
805.6 54.59 3775.8 6.014
807.6 54.61 3777.8 6.017
809.6 54.62 3779.8 6.021
811.6 54.68 3781.8 6.002
813.6 54.81 3783.8 ‘ 5.976
815.6 54.64 3785.8 6.002
817.6 54.72 3787.8 5.999
819.6 54.79 3789.8 5.979
821.6 54.81 3791.8 5.991
823.6 54.76 3793.8 5.983
825.6 54.92 3795.8 6.003
827.6 54.94 3797.8 5.962
829.6 54.84 3799.8 5.952
831.6 ‘ 54.81 3801.8 - 5.967
833.6 54.82 3803.8 5.978
835.6 54.84 3805.8 5.98
837.6 - 55.06 3807.8 5.98
839.6 54.91 : 3809.8 5.972
841.6 55. 3811.8 5.956
843.6 55.08 3813.8 5.946
845.6 55.03 3815.8 5.95
847.6 55.03 3817.8 : 5.937
849.6 54.96 3819.8 5.951
851.6 55, 3821.8 5.929
853.6 55.07 3823.8 5.925
855.6 55.01 3825.8 5.942
857.6 . 55.19 . 3827.8 . 5.917 .
859.6 55.2 3829.8 5.934
861.6 55.23 3831.8 5.902
863.6 55.05 3833.8 5.907
865.6 55.18 3835.8 5.912
867.6 55.14 3837.8 5.897
869.6 55.09 3839.8 5.946
871.6 55.29 3841.8 5.89
873.6 55.25 3843.8 5.898
875.6 55.19 3845.8 5.892
877.6 55.28 3847.8 5.894
879.6 55.28 3849.8 5.888
881.6 55.21 3851.8 5.894
883.6 ‘ 55.4 ' 3853.8 : 5.883
885.6 55.44 3855.8 5.886
887.6 55.32 3857.8 5.864
889.6 55.27 3859.8 5.856
891.6 55.52 3861.8 5.863
893.6 55.52 3863.8 5.871
895.6 55.44 3865.8 5.846
897.6 55.53 3867.8 5.858
899.6 55.44 3869.8 5.875
901.6 55.44 3871.8 5.843
903.6 55.37 3873.8 5.844
905.6 55.41 3875.8 5.846
907.6 55.46 3877.8 5.857
909.6 55.43 3879.8 . 5.831
911.6 55.48 3881.8 5.857
913.6 55.66 3883.8 5.843
915.6 55.52 3885.8 5.834
917.6 55.61 3887.8 5.853
919.6 55.73 3889.8 5.836
921.6 55.53 3891.8 5.836
923.6 55.66 3893.8 5.857
925.6 55.76 3895.8 5.861
927.6 55.77 3897.8 - 5.82
929.6 55.81 3899.8 5.829
931.6 55.66 3901.8 5.84
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Time §mi'n} Displacement (ft Time gmin) Displacement (ft)
. P 00.64 )

935.6 55.81 3905.8 5.829
937.6 55.72 3907.8 5.8

939.6 55.68 3909.8 5.815
941.6 55.76 3911.8 5.803
943.6 55.76 3913.8 : 5.786
945.6 55.91 3915.8 5.801
947.6 55.98 3917.8 5.801
949.6 55.97 3919.8 5.815
951.6 55.79 3921.8 5.794
953.6 55.84 3923.8 5.804
955.6 55.8 3925.8 5.784
957.6 55.89 3927.8 5.797
959.6 55.97 3929.8 5.79
961.6 55.93 3931.8 5.761
963.6 - 55.95 3933.8 ' 5.776
965.6 . 56.06 3935.8 5.777
967.6 56. 3937.8 5.793
969.6 56.07 3939.8 5.766
971.6 55.92 3941.8 5.759
973.6 56.05 3943.8 5.779
975.6 56.01 3945.8 5.751
977.6 56.11 3947.8 5.743
979.6 96.03 3949.8 5.758
981.6 56.26 3951.8 5.759
983.6 : 56.16 3953.8 - 5.753
985.6 56.08 3955.8 5.746
987.6 56.32 3957.8 5.74
989.6 56.09 3959.8 .0.746
991.6 56.26 3961.8 5.744
993.6 56.3 3963.8 5.744
995.6 56.3 3965.8 5.714
997.6 56.23 3967.8 5.734
999.6 56.36 3969.8 5.711
1001.6 56.16 3971.8 5.73
1003.6 56.21 3973.8 5.715
1005.6 56.26 3975.8 5.674
1007.6 56.22 3977.8 5.674
1009.6 56.22 3979.8 5.68
1011.6 56.3 3981.8 5.683
1013.6 56.28 3983.8 5.677
1015.6 56.34 3985.8 5.701
1017.6 56.31 3987.8 5.698
1019.6 56.37 3989.8 5.694
1021.6 56.35 3991.8 5.694
1023.6 56.33 3993.8 5.689
1025.6 56.36 3995.8 5.694
1027.6 56.57 3997.8 5.675
1029.6 56.52 3999.8 5.692
1031.6 56.48 , 4001.8 5.672
1033.6 56.4 4003.8 5.675
1035.6 56.59 4005.8 5.654
1037.6 56.65 4007.8 5.647
1039.6 56.46 4009.8 5.654
1041.6 56.47 4011.8 5.655
1043.6 56.69 4013.8 5.643
1045.6 56.51 4015.8 5.652
1047.6 56.71 4017.8 5.649
1049.6 56.51 4019.8 5.647
1051.6 56.75 4021.8 5.643
1053.6 56.6 4023.8 5.634
1055.6 56.6 4025.8 5.638
1057.6 56.63 4027.8 5.644
1059.6 56.73 40298 5.614
1061.6 56.61 4031.8 5.602
1063.6 56.61 4033.8 5.625
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Time Smin) Displacement (ft) Time g‘min) Displacement (ft)

57.68 . 5.404
1199.6 57.72 4169.8 5.404
1201.6 57.57 4171.8 - 9.377
1203.6 57.57 4173.8 5.402
1205.6 57.7 4175.8 5.383
1207.6 57.62 4177.8 5.404
1209.6 57.66 4179.8 5.401
1211.6 57.8 4181.8 5.37
1213.6 57.61 4183.8 5.364
1215.6 57.69 4185.8 5.398
1217.6 57.63 4187.8 5.395
1219.6 57.84 4189.8 5.376
1221.6 57.77 4191.8 5.37
1223.6 57.84 4193.8 5.392
1225.6 57.85 4195.8 5.374
1227.6 57.87 4197.8 5.338
1229.6 S57.77 4199.8 . 5.357
1231.6 57.88 4201.8 5.362
1233.6 57.68 4203.8 5.33
1235.6 57.73 4205.8 5.358
1237.6 57.91 4207.8 5.335
1239.6 57.72 4209.8 5.352
1241.6 57.8 4211.8 5.343
1243.6 57.76 4213.8 5.321
1245.6 57.94 4215.8 5.337
1247.6 57.96 4217.8 5.325
1249.6 57.78 4219.8 5.329
1251.6 57.98 4221.8 9.335
1253.6 58.03 . 42238 . 5.327
1255.6 57.93 4225.8 5.331
1257.6 57.87 4227.8 5.291
1259.6 57.99 4229.8 5.31
1261.6 57.9 4231.8 5.294
1263.6 57.98 4233.8 5.314
1265.6 57.98 4235.8 5.282
1267.6 57.91 4237.8 5.337
1269.6 57.99 4239.8 5.303
1271.6 58.09 4241.8 5.314
1273.6 58.11 4243.8 5.31
1275.6 58.12 4245.8 5.291
1277.6 58.18 4247.8 5.298
1279.6 58.07 : 4249.8 : 5.266
1281.6 58.07 4251.8 5.299
1283.6 57.99 4253.8 5.262
1285.6 58.06 4255.8 5.266
1287.6 58.18 4257.8 5.262
1289.6 58.14 4259.8 5.262
1291.6 58.19 4261.8 5.25
1293.6 58.2 4263.8 5.248
1295.6 58.07 4265.8 5.249
1297.6 58.17 4267.8 5.257
1299.6 58.07 4269.8 5.238
1301.6 58.18 4271.8 5.253
1303.6 58.32 4273.8 5.259
1305.6 58.11 4275.8 5.246
1307.6 58.35 4277.8 5.222
1309.6 58.18 4279.8 5.253
1311.6 58.36 4281.8 5.242
1313.6 58.27 4283.8 5.224
1315.6 58.32 4285.8 5.246
1317.6 58.18 4287.8 5.242
1319.6 58.4 4289.8 5.224
1321.6 58.28 4291.8 5.219
1323.6 - 58.19 4293.8 5.219
1325.6 58.19 . 4295.8 5.225
1327.6 58.24 4297.8 5.203
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Time (min Displacement (ft Time (min) Displacement (ft)
. P 59.14 (®) . 2.013
1463.6 59.11 4433.8 5.043
1465.6 58.95 4435.8 5.023
1467.6 58.98 4437.8 5.023
1469.6 59.03 4439.8 5.029
1471.6 58.98 4441.8 5.011
1473.6 59.1 4443.8 5.03
1475.6 59.16 4445.8 5.014
1477.6 59.02 4447 8 5.
1479.6 59.18 4449.8 5.022
1481.6 59.22 4451.8 5.026
1483.6 59.26 4453.8 5.026
1485.6 59.26 4455.8 5.
1487.6 59.22 4457.8 4,989
1489.6 59.17 4459.8 4.956
1491.6 59.04 4461.8 4.995
1493.6 59.07 4463.8 5.006
1495.6 59.17 4465.8 4.995
1497.6 59.25 4467.8 4.996
1499.6 59.2 4469.8 5.005
1501.6 59.26 4471.8 4.993
1503.6 59.2 4473.8 4.967
1505.6 59.11 4475.8 4.979
1507.6 59.32 4477.8 4,983
1509.6 59.22 4479.8 4.986
-1511.6 59.32 4481.8 4.998
1513.6 59.39 4483.8 4.966
1515.6 59.21 4485.8 4.956
1517.6 59.26 . 4487.8 4.982
1519.6 59.22 4489.8 4.952
1521.6 59.37 4491.8 4.989
1523.6 59.42 4493.8 4.979
1525.6 59.43 4495.8 4,965
1527.6 59.46 4497 .8 4.945
1529.6 59.44 4499 .8 4,952
1531.6 59.43 4501.8 4.947
1533.6 59.25 4503.8 4.947
1535.6 59.32- 4505.8 4.951
1637.6 59.43 4507.8 4916
1539.6 59.44 4509.8 4.928
1541.6 59.47 4511.8 4916
1543.6 59.36 4513.8 4.914
1545.6 59.54 4515.8 4.909
1547.6 59.35 4517.8 4.909
1549.6 59.54 4519.8 4.939
1551.6 59.53 4521.8 4.916
1553.6 59.53 4523.8 4.909
1555.6 59.49 4525.8 4.897
1557.6 59.46 4527.8 4.914
1559.6 59.47 4529.8 4.893
1561.6 59.46 4531.8 4.903
1563.6 59.55 4533.8 4913
1565.6 41.62 4535.8 4.903
1567.6 36.41 4537.8 4.878
1569.6 34.04 4539.8 4.878
1571.6 32.59 4541.8 4.882
1573.6 31.61 4543.8 4.883
1575.6 30.87 4545.8 49
1577.6 30.22 4547.8 4.884
1579.8 29.58 4549.8 4.891
1581.8 29.16 4551.8 4.877
1583.8 28.69 4553.8 4.877
1585.8 28.34 4555.8 4.881
1587.8 27.95 4557.8 4.852
1589.8 27.6 4559.8 4857
1591.8 27.28 4561.8 4878
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Time gmin) Displacement (ft Time Smin) Displacement (ft)
; P 27. (M) ]

1595.8 26.72 4565.8 4.873
1597.8 26.46 4567.8° 4.911
1599.8 26.2 , 4569.8 4.873
1601.8 25.93 4571.8 4.859
1603.8 25.71 4573.8 4.88
1605.8 2549 4575.8 4.861
1607.8 25.26 4577.8 4.849
1609.8 25.04 4579.8 4.854
1611.8 24.86 4581.8 4.866
1613.8 24.68 4583.8 4.832
1615.8 24.46 , 4585.8 4.828
1617.8 24.3 4587.8. 4.84
1619.8 2411 4589.8 4.845
1621.8 23.93 4591.8 : 4.845
1623.8 23.79 ’ 4593.8 ' 4.841
1625.8: 23.6 4595.8 4.819
1627.8 23.44 4597.8 4.795
1629.8 23.29 4599.8 4817
1631.8 23.16 4601.8 4.817
1633.8 23. 4603.8 4.839
1635.8 22.88 4605.8 4.847
1637.8 22.76 4607.8 4.82
1639.8 22.61 4609.8 4.81
1641.8 22.44 4611.8 4.836
1643.8 22.33 4613.8 4.81
1645.8 22.18 4615.8 4.811
1647.8 22.05 4617.8 4.799
1649.8 . 21.97 . 4619.8 . 4.819
1651.8 21.82 4621.8 4.816
1653.8 21.72 4623.8 4.815
1655.8 21.61 4625.8 4.785
1657.8 21.48 4627.8 4.765
1659.8 21.38 4629.8 4.81
1661.8 21.26 4631.8 4.776
1663.8 21.15 4633.8 4.789
1665.8 21.07 4635.8 4.81
1667.8 20.97 : 4637.8 . 4.798
1669.8 20.86 4639.8 - 4.792
1671.8 20.75 4641.8 4.776
1673.8 20.66 4643.8 4.814
1675.8 -20.56 - 4645.8 - 4,786
1677.8 20.45 4647.8 4.78
1679.8 20.43 4649.8 4.796
1681.8 20.3 4651.8 4.799
1683.8 20.21 4653.8 4.765
1685.8 20.1 4655.8 4.78
1687.8 20.03 4657.8 4.772
1689.8 19.96 4659.8 4777
1691.8 19.86 4661.8 4.788
1693.8 19.78 4663.8 4.777
1695.8 19.7 4665.8 4.765
1697.8 19.64 4667.8 4.777
1699.8 19.63 4669.8 4.735
1701.8 19.48 4671.8 4.769
1703.8 19.4 4673.8 4.771
1705.8 19.31 4675.8 4732
1707.8 19.25 4677.8 4.764
1709.8 19.18 4679.8 4.742
1711.8 19.1 4681.8 4.742
1713.8 19.05 4683.8 4.768
1715.8 18.96 4685.8 4.759
1717.8 18.88 4687.8 4.731
1719.8 - 18.82 4689.8 4.703
1721.8 18.73 4691.8 4.731
1723.8 18.67 4693.8 4,762
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Time Smin) Displacement (ft Time gmin) Displacement (ft)
. P 16.6 (@) 4,741

1727.8 18.63 4697.8 4.756
1729.8 18.46 4699.8 4.756
1731.8 18.42 4701.8 ' 4.7
1733.8 18.39 4703.8 4.734
1735.8 18.28 4705.8 4.707
1737.8 18.24 4707.8 4.711
1739.8 18.16 4709.8 4.707
1741.8 18.1 4711.8 4.707
1743.8 18.08 4713.8 4.728
1745.8 18. 4715.8 4.722
1747.8 17.91 4717.8 4,713
1749.8 17.88 4719.8 4.69
1751.8 17.83 4721.8 4.699
1753.8 17.77 4723.8 4.707
1755.8 17.7 4725.8 4,735
1757.8 17.64 4727.8 4.703
1759.8 17.62 4729.8 4.716
1761.8 17.54 4731.8 4.689
1763.8 17.48 4733.8 4.68
1765.8 17.45 4735.8 - 4728
1767.8 17.39 4737.8 - 4.686
1769.8 17.33 4739.8 4.673
1771.8 17.28 4741.8 4,722
1773.8 17.23 4743.8 4.68
1775.8 17.17 4745.8 4.672
1777.8 17.12 4747.8 4.705
1779.8 17.07 4749.8 4.679
1781.8 17.03 4751.8. 4.672
1783.8 16.98 4753.8 4.682
1785.8 16.95 4755.8 4.68
1787.8 16.9 4757.8 4.669
1789.8 16.83 4759.8 4.654
1791.8 16.79 4761.8 4.65
1793.8 16.76 4763.8 4.657
1795.8 16.69 4765.8 4.65
1797.8 16.65 4767.8 4.693
1799.8 16.63 4769.8 4.686
1801.8 16.56 4771.8 4.66
1803.8 16.52 4773.8 4.689
1805.8 16.46 4775.8 4.641
1807.8 16.42 4777.8 4.647
1809.8 16.37 4779.8 4.667
1811.8 16.34 4781.8 4.643
1813.8 16.31 4783.8 4.631
1815.8 16.26 4785.8 4.643
1817.8 16.24 4787.8 4.639
1819.8 16.19 4789.8 4.657
1821.8 16.17 4791.8 4.65
1823.8 16.1 4793.8 4.642
1825.8 16.08 4795.8 4.647
1827.8 16.02 4797.8 4.643
1829.8 15.97 4799.8 4.619
1831.8 15.95 4801.8 4.646
1833.8 15.91 4803.8 4.635
1835.8 15.86 4805.8 4.617
1837.8 15.82 4807.8 4.613
1839.8 15.82 4809.8 4.613
1841.8 15.76 4811.8 4.627
1843.8 15.73 4813.8 4.642
1845.8 15.66 4815.8 4.635
1847.8 15.63 4817.8 4.613
1849.8 15.61 4819.8 4.608
1851.8 15.59 4821.8 4.608
1853.8 15.54 4823.8 4.628
1855.8 15.5 4825.8 4.597
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Time g‘min) Displacement (ft Time Smin) | Displacement (ft
. . 15.44 (M) P 4619 (f)

1859.8 15.4 4829.8 4.619
1861.8 15.41 4831.8 4.602
1863.8 15.34 4833.8 4.588
1865.8 15.33 4835.8 4.587
1867.8 15.3 4837.8 4.585
1869.8 15.26 4839.8 4.567
1871.8 15.22 4841.8 4.578
1873.8 15.16 4843.8 4.566
1875.8 15.15 4845.8 4.587
1877.8 15.12 4847.8 4.563
1879.8 15.09 4849.8 4.586
1881.8 15.08 4851.8 4.582
1883.8 15.01 4853.8 4.586
1885.8 14.99 4855.8 4.598
1887.8 14.98 4857.8 - 4.557
1889.8 14.94 4859.8 4.587
1891.8 14.88 4861.8 4.558
1893.8 14.86 4863.8 4.587
1895.8 14.83 4865.8 4.545
1897.8 14.77 4867.8 4.569
1899.8 14.77 4869.8 4.565
1901.8 14.75 4871.8 4.565
1903.8 14.69 4873.8 4.576
1905.8 14.69 4875.8 4.552
1907.8 14.63 4877.8 4.542
1909.8 14.63 4879.8 4.569
1911.8 14.59 4881.8 4.532
19138 . 14.56 . 4883.8 4.541 .
1915.8 14.53 4885.8 4.579
1917.8 14.48 4887.8 4.567
1919.8 14.47 4889.8 4.547
1921.8 14.44 4891.8 - 4.522
1923.8 14.42 4893.8 4.535
1925.8 14.39 4895.8 . 4.548
1927.8 14.36 4897.8 4.534
1929.8 14.33 4899.8 4.509
1931.8 14.28 4901.8 4.54
1933.8 14.27 4903.8 4.512
1935.8 14.26 4905.8 4.54
1937.8 14.19 4907.8 4.536
1939.8 14.18 4909.8- 4.525
1941.8 14.14 4911.8 4.518
1943.8 14.16 4913.8 4.53
1945.8 14.12 4915.8 4.505
1947.8 14.06 4917.8 4.496
1949.8 14.07 4919.8 4.493
1951.8 14.02 4921.8 4.527
1953.8 13.99 4923.8 4.505
1955.8 13.98 4925.8 4.508
1957.8 13.94 4927.8 4.508
1959.8 13.94 4929.8 4.493
1961.8 13.9 4931.8 4.467
1963.8 13.84 4933.8 4.469
1965.8 13.82 4935.8 4.486
1967.8 13.81 4937.8 4.512
1969.8 13.78 4939.8 4.466
1971.8 13.76 4941.8 4.495
1973.8 13.73 4943.8 4.474
1975.8 13.71 4945.8 4.521
1977.8 13.69 4947.8 4.466
1979.8 13.64 4949.8 4.477
1981.8 13.62 4951.8 4.459
1983.8 13.64 4953.8 4.477
1985.8 13.6 4955.8 4.46
1987.8 13.56 4957.8 4.466
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Time §min) Displacement (ft) Time émin) Displacement (ft)
. P 13.54 ( . 4. 466
1991.8 13.54 4961.8 4.47
1993.8 13.51 4963.8 4.463
1995.8 13.46 4965.8 4.482
1997.8 13.48 4967.8 4.463
1999.8 13.43 - 4969.8 4432
2001.8 13.42 4971.8 4.442
2003.8 13.39 4973.8 4443
2005.8 13.34 4975.8 4.466
2007.8 13.33 4977.8 4.448
2009.8 13.32 4979.8 4428
2011.8 13.29 4981.8 4.461
2013.8 13.29 4983.8 4.448
2015.8 13.24 4985.8 4.439
2017.8 13.23 4987.8 4.416
2019.8 13.2 4989.8 4.448
2021.8 13.18 4991.8 4.427
2023.8 13.12 4993.8 4438
2025.8 13.15 4995.8 4.453
2027.8 13.1 4997.8 4.427
2029.8 13.09 4999.8 4.448
2031.8 13.06 5001.8 4418
2033.8 13.05 5003.8 4.409
2035.8 13.01 5005.8 4418
2037.8 12.96 5007.8 4.409 .
2039.8 12.97 5009.8 4.403
2041.8 12.94 5011.8 4414
2043.8 "12.92 5013.8 4.375
. 2045.8 12.91 5015.8 4.411
2047.8 12.92 5017.8 4.402
- 2049.8 12.88 5019.8 4.365
2051.8 12.83 5021.8 4.409
2053.8 12.84 5023.8 4.39
2055.8 12.8 5025.8 4.402
2057.8 12.79 5027.8 4.375
2059.8 12.73 5029.8 4.37
2061.8 12.72 5031.8 4.381
2063.8 12.71 5033.8 4.361
2065.8 12.7 5035.8 4.385
2067.8 12.69 5037.8 4.367
2069.8 12.65 5039.8 4.362
-2071.8 12.61 5041.8 4.355
2073.8 12.63 5043.8 4.381
2075.8 12.63 5045.8 4.357
2077.8 12.59 5047.8 4.359
2079.8 12.57 5049.8 4.355
2081.8 12.53 5051.8 4.366
2083.8 12.54 5053.8 4.366
2085.8 12.5 5055.8 4.35
2087.8 12.5 5057.8 4.336
2089.8 12.46 5059.8 4.366
2091.8 12.45 5061.8 4.366
2093.8 12.43 5063.8 4.346
2095.8 12.4 5065.8 4.332
2097.8 12.39 5067.8 4.351
2099.8 12.36 5069.8 4,385
2101.8 12.36 5071.8 4.35
2103.8 12.33 5073.8 4.355
2105.8 12.33 5075.8 4.346
2107.8 12.27 5077.8 4314
2109.8 12.27 5079.8 4,348
2111.8 12.27 5081.8 4,346
2113.8 12.25 5083.8 4.324
2115.8 12.23 5085.8 4.331
2117.8 12.22 5087.8 4.331
2119.8 12.2 5089.8 4.304
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Time (min) Displacement (ft) Time (min) Displa:%r‘{l‘lent (ft)

. 12.15
2123.8 12.16 5093.8 4.325
2125.8 12.15 5095.8 4.324
2127.8 12.12 5097.8 4.301
2129.8 12.08 5099.8 4.304
2131.8 12.08 5101.8 4.318
2133.8 12.06 5103.8 4.309
2135.8 12.06 5105.8 4.325
2137.8 12.02 5107.8 4.307
2139.8 12.03 5109.8 4.315
2141.8 11.99 5111.8 4.293
2143.8 11.94 5113.8 4.31
2145.8 11.94 5115.8 4.299
2147.8 11.95 5117.8 4.292
2149.8 11.91 5119.8 4.264
2151.8 11.92 5121.8 4.298
2153.8 11.89 5123.8 4.286
2155.8 11.88 5125.8 4.285
2157.8 11.83 5127.8 4.291
2159.8 11.83 5129.8 4.262
2161.8 11.84 5131.8 4.285
2163.8 11.82 5133.8 4.263
2165.8 11.78 5135.8 4.291
2167.8 11.74 5137.8 4.264
2169.8 11.72 5139.8 4.293
2171.8 11.72 5141.8 4.223
2173.8 11.7 5143.8 4.268
2175.8 11.69 5145.8 4.285
2177.8 . 11.69 5147.8 4.261
2179.8 11.68 - 5149.8 4.257
2181.8 11.66 9151.8 4.223
2183.8 11.62 5153.8 4.221
2185.8 11.62 5155.8 4.225
2187.8 11.89 5157.8 4.265
2189.8 11.57 5159.8 4.265
2191.8 11.56 5161.8 4247
2193.8 11.83 5163.8 4.216
2195.8 11.53 5165.8 4.249
2197.8 11.51 5167.8 4.242
2199.8 11.48 5169.8 4.244
2201.8 11.49 5171.8 4.216
- 2203. 11.48 5173.8 4.252
2205.8 11.45 5175.8 4.247
2207.8 11.45 5177.8 4.242
2209.8 11.45 5179.8 4.22
2211.8 11.41 5181.8 4.212
2213.8 11.38 5183.8 4.221
2215.8 11.36 5185.8 4231
2217.8 11.37 5187.8 4.208
2219.8 11.33 5189.8 4.231
2221.8 11.35 5191.8 4.233
2223.8 11.34 5193.8 4.224
2225.8 11.31 5195.8 4.229
2227.8 11.28 5197.8 4.186
2229.8 11.27 5199.8 4.19
2231.8 11.27 5201.8 4.208
2233.8 11.26 5203.8 4.23
22358 11.24 5205.8 4.201
2237.8 11.25 5207.8 4199
2239.8 11.21 5209.8 4.182
2241.8 11.17 5211.8 4.186
2243.8 11.19 5213.8 4.201
2245.8 11.16 5215.8 4.212
2247.8 11.16 5217.8 4.165
2249.8 11.11 5219.8 4.186
2251.8 11.11 5221.8 4197
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Time gmin) Displacement (it Timegmin} Displacement (ft)
P 09 () P 4173

. 11. . .
2255.8 11.09 5225.8 4.188
2257.8 11.08 5227.8 4.194
2259.8 11.04 5229.8 4,192
2261.8 11.04 5231.8 4.184
2263.8 11.01 5233.8 4.194
2265.8 11.01 5235.8 4.197
2267.8 11. 5237.8 4.182
2269.8 11. 5239.8 4.148
2271.8 10.97 5241.8 4.1563
2273.8 10.97 5243.8 4.147
2275.8 10.96 5245.8 4.144
2277.8 10.93 5247.8 4.178
2279.8 10.95 5249.8 4.133
2281.8 10.92 5251.8 4.154
2283.8 "10.9 5253.8 4157
2285.8 10.89 5255.8 4.167
2287.8 10.86 5257.8 4.152
2289.8 10.85 5259.8 4.153
2291.8 10.85 5261.8 4.133
2293.8 10.82 5263.8 4.166
2295.8 10.82 5265.8 4.152
2297.8 10.82 5267.8 4.166
2299.8 10.82 5269.8 4.132
2301.8 10.81 5271.8 4123
2303.8 10.77 5273.8 4.13
2305.8 10.74 5275.8 4.122
2307.8 10.74 5277.8 4.143
2309.8. 10.73 5279.8 4.14
2311.8 10.72 5281.8 4.114
2313.8 10.7 5283.8 4.143
2315.8 10.7 5285.8 4.128
2317.8 10.68 5287.8 4.132
2319.8 10.65 5289.8 4.124
2321.8 10.67 5291.8 4.143
2323.8 10.65 5293.8 4.14
2325.8 10.64 5295.8 4.129
2327.8 10.62 5297.8 4.104
2329.8 10.61 5299.8 4.103
2331.8 10.6 5301.8 4.123
2333.8 10.56 5303.8 4.074
2335.8 - 10.55 5305.8 4.071
2337.8 10.55 5307.8 4.126
2339.8 10.52 5309.8 4.1
2341.8 10.55 5311.8 4.103
2343.8 10.54 5313.8 4.098
2345.8 10.5 5315.8 4.098
2347.8 10.49 5317.8 4.096
2349.8 10.48 5319.8 4.098

- 2351.8 10.46 5321.8 4.088
2353.8 10.46 5323.8 4.1
2355.8 10.45 5325.8 4.101
2357.8 10.43 5327.8 4.094
2359.8 10.45 5329.8 4.076
2361.8 10.41 5331.8 4.098
2363.8 10.4 9333.8 4.094
2365.8 10.4 5335.8 4.088
2367.8 10.39 5337.8 4.07
2369.8 10.39 5339.8 4.069
2371.8 10.35 5341.8 4.062
2373.8 10.37 5343.8 4.078
2375.8 10.33 5345.8 4.069
2377.8 10.35 5347.8 4.057
2379.8 10.35 5349.8 4.039
2381.8 10.29 5351.8 4.085
2383.8 10.28 5353.8 4.057
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Time Smin)

Displacement (ft)

Time Smin}

Displacement (ft)

. 10.27 . 4.081
2387.8 10.26 5357.8 4.042
2389.8 10.26 5359.8 4.071
2391.8 10.23 5361.8 4,053
2393.8 10.26 5363.8 4.05
2395.8 10.22 - 5365.8 4.075
2397.8 10.22 5367.8 4.057
2399.8 10.19 5369.8 4.075
2401.8 10.19 5371.8 4.054
2403.8 10.18 5373.8 4.062
2405.8 10.16 5375.8 4.075
2407.8 10.17 5377.8 4.056
2409.8 10.15 5379.8 4.055
2411.8 10.14 5381.8 4.055
2413.8 10.13 5383.8 4.047
2415.8 “10.13 5385.8 4.015
2417.8 10.11 5387.8 4.056
2419.8 10.1 5389.8 4.056
2421.8 10.08 5391.8 4.051
2423.8 10.08 5393.8 4.019
2425.8 10.08 5395.8 4.008
2427.8 10.08 5397.8 4.011
2429.8 10.04 5399.8 4.029
2431.8 10.02 5401.8 4.011
2433.8 10.04 5403.8 4.024
2435.8 10.03 5405.8 4.012
2437.8 9.997 5407.8 4.039
2439.8 10. 5409.8 4.039
2441.8 9.981 5411.8 4.003 .
2443.8 9.982 5413.8 3.994
2445.8 9.975 5415.8 4.019
2447.8 9.962 5417.8 4.019
2449.8 9.948 5419.8 4.012
'2451.8 9.939 5421.8 3.98
2453.8 9.91 5423.8 3.997
2455.8 9.916 5425.8 3.98
2457.8 9.918 5427.8 4.039
2459.8 9.899 5429.8 4.002
2461.8 9.911 5431.8 3.991
2463.8 9.891 5433.8 4.003
2465.8 9.864 5435.8 3.976
2467.8- 9.833 5437.8 4.018
2469.8 9.829 5439.8 4.007
2471.8 9.837 5441.8 3.997
2473.8 9.817 5443.8 4.018
2475.8 9.818 5445.8 4.003
2477.8 9.795 5447.8 3.99
2479.8 9.808 5449.8 4.003
2481.8 9.79 5451.8 4,
2483.8 9.776 5453.8 3.98
2485.8 9.801 5455.8 3.979 .
2487.8 9.755 5457.8 3.978
2489.8 9.756 5459.8 3.999
2491.8 9.736 5461.8 3.97
2493.8 9.727 5463.8 4.001
2495.8 9.736 5465.8 3.962
2497.8 9.708 5467.8 3.996
2499.8 9.685 5469.8 3.959
2501.8 9.68 5471.8 3.963
2503.8 9.641 5473.8 3.961
2505.8 9.664 5475.8 3.977
2507.8 9.665 5477.8 3.969
2509.8 9.651 5479.8 3.937
2511.8 9.638 5481.8 3.966
2513.8 9.643 5483.8 3.965
2515.8 9.655 5485.8 3.974
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Time %min) Displacement (ft Time %min) Displacement (ft)
P Y.611 (1) .

2519.8 9.595 5489.8 3.966
2521.8 9.592 5491.8 3.961
2523.8 9.589 5493.8 3.957
2525.8 9.589 5495.8 3.936
2527.8 9.562 5497.8 3.937
2529.8 9.537 5499.8 3.952
2531.8 9.548 5501.8 3.952
2533.8 9.548 5503.8 3.941
2535.8 9.525 5505.8 3.957
2537.8 9.622 5507.8 3.91

2539.8 9.489 5509.8 3.942
2541.8 9.525 5511.8 3.922
2543.8 9.467 5913.8 3.922
2545.8 9.466 5515.8 3.933
25478 9478 5517.8 3.94

2549.8 9.443 5519.8 3.944
2551.8 9.464 5521.8 3.921
2553.8 9.473 5523.8 3.929
2555.8 9.485 5525.8 3.91

2557.8 9.434 5927.8 3.906
2559.8 9.421 5529.8 : 3.894
2561.8 9.419 5531.8 3.933
2563.8 9.419 5533.8 3.934
2565.8 9.401 5535.8 3.925
2567.8 9.388 5537.8 3.915
2569.8 9.369 5539.8 3.921
2571.8 9.364 5541.8 3.926
2573.8 . 9.35 . 5543.8 . 3.906
2575.8 9.342 5545.8 3.906
2577.8 9.339 5547.8 3.89

2579.8 9.33 5549.8 3.897
2581.8 9.344 5551.8 3.918
2583.8 9.274 5553.8 3.88

2585.8 9.312 5555.8 3.901
2587.8 9.311 5557.8 - 3.906
2589.8 9.285 5559.8 3.905
2591.8 0.278 5561.8 3.889
2593.8 9.269 5563.8 3.902
2595.8 9.283 5565.8 3.878
2597.8 9.223 5567.8 3.878
2599.8 - 9.246 - 5569.8 ~ 3.922
2601.8 9.243 5571.8 3.901
2603.8 9.24 5573.8 3.878
2605.8 9.218 5575.8 3.893
2607.8 9.2 5577.8 3.875
2609.8 9.214 5579.8 3.88

2611.8 9.174 5581.8 3.883
2613.8 9.191 5583.8 3.873
2615.8 9.157 5585.8 3.896
2617.8 9.192 5587.8 3.86

2619.8 9.156 5589.8 3.882
2621.8 9.144 5991.8 3.856
2623.8 9.155 5593.8 3.863
2625.8 9.155 5595.8 3.878
2627.8 9.145 5597.8 3.878
2629.8 9.106 5599.8 3.839
2631.8 9.093 5601.8 3.888
2633.8 . 9.095 5603.8 3.856
2635.8 9.113 5605.8 3.863
2637.8 9.073 5607.8 3.887
2639.8 9.07 5609.8 3.878
2641.8 9.069 5611.8 3.86

2643.8 9.067 5613.8 3.856
2645.8 9.044 5615.8 3.887
2647.8 9.038 5617.8 3.823
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Time §min)
2651.8
2653.8
2655.8
2657.8
2659.8
2661.8
2663.8
2665.8
2667.8
2669.8
2671.8
2673.8
2675.8
2677.8
2679.8
2681.8
2683.8
2685.8
2687.8
2689.8
2691.8
2693.8
2695.8
2697.8
2699.8
2701.8
2703.8
2705.8
2707.8
2709.8
2711.8
2713.8
2715.8
2717.8
2719.8
2721.8
2723.8
2725.8
2727.8
2729.8
2731.8
2733.8
2735.8
2737.8
2739.8
2741.8
2743.8
2745.8
2747 .8
2749.8
2751.8
2753.8
2755.8
2757.8
2759.8
2761.8
2763.8
2765.8
2767.8
2769.8
2771.8
2773.8
2775.8
2777.8
2779.8

Displacement (ft)

9.058

858

Time §min)

5621.8
5623.8
5625.8
5627.8
5629.8
5631.8
5633.8
5635.8
5637.8
5639.8
5641.8
5643.8
5645.8
5647.8
5649.8
5651.8
5653.8
5655.8
5657.8
5659.8
5661.8
5663.8
5665.8
5667.8
5669.8
5671.8
5673.8

. 5675.8

5677.8
5679.8
5681.8
5683.8
5685.8
5687.8
5689.8
5691.8
5693.8
5695.8
5697.8
5699.8

-5701.8

5703.8
5705.8
5707.8
5709.8
5711.8
5713.8
5715.8

5717.8

5719.8
5721.8
5723.8
5725.8
5727.8
5729.8
5731.8
5733.8
5735.8
5737.8
5739.8
5741.8
5743.8

5745.8

5747.8

57498

Displacement (it)
3.854
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Time gminz Displacement (ft Timegmin) Displacement (ft)
s 8.491 (f) .

2783.8 8.487 5753.8 3.726
2785.8 8.499 5755.8 3.765
2787.8 8.449 5757.8 3.718
2789.8 8.441 5759.8 3.768
2791.8 8.448 5761.8 3.731
2793.8 8.443 5763.8 3.721
2795.8 8.469 5765.8 3.763
2797.8 8.428 5767.8 3.73

2799.8 8.447 5769.8 3.716
2801.8 8.415 5771.8 3.713
2803.8 8.394 5773.8 3.713
2805.8 8.395 5775.8 3.718
2807.8 8.394 5777.8 3.742
2809.8 8.387 5779.8 3.718
2811.8 © 8.376 5781.8 3.718
2813.8 8.361 5783.8 3.753
2815.8 8.362 5785.8 3.739
2817.8 8.35 5787.8 3.727
2819.8 8.358 5789.8 3.721
2821.8 8.339 - 5791.8 3.717
2823.8 8.34 5793.8 3.695
2825.8 8.325 5795.8 3.695
2827.8 8.33 5797.8 3.695
2829.8 8.299 5799.8 3.68

2831.8 8.306 - 5801.8 3.695
2833.8 8.31 5803.8 3.688
2835.8 8.295 5805.8 3.693
2837.8 8.289 5807.8 . 3.712
2839.8 8.268 5809.8 3.691
2841.8 8.254 5811.8 3.688
2843.8 8.258 5813.8 3.695
2845.8 8.254 5815.8" 3.671
2847.8 8.241 5817.8 3.666
2849.8 8.239 5819.8 3.674
2851.8 8.226 5821.8 3.709
2853.8 8.227 5823.8 3.685
2855.8 8.2 5825.8 3.677
2857.8 8.235 5827.8 3.676
2859.8 8.192 5829.8 : 3.709
2861.8 8.224 5831.8 3.673
2863.8 8.2 5833.8 - 3.697
2865.8 8.182 58356.8 3.664
2867.8 8.204 5837.8 3.69

2869.8 8.177 5839.8 3.709
2871.8 8.153 5841.8 3.702
2873.8 8.184 5843.8 3.644
2875.8 8.144 5845.8 3.671
2877.8 8.151 5847.8 3.705
2879.8 8.116 5849.8 3.637
2881.8 8.124 5851.8 3.647
2883.8 8.112 5853.8 3.645
2885.8 8.119 5855.8 3.641
2887.8 8.072 5857.8 3.644
2889.8 8.079 5859.8 3.671
2891.8 8.088 5861.8 3.651
2893.8 8.105 5863.8 3.641
2895.8 8.08 5865.8 : 3.641
2897.8 8.047 5867.8 3.653
2899.8 8.039 5869.8 3.646
2901.8 8.063 5871.8 3.662
2903.8 8.008 5873.8 3.641
2905.8 8.015 5875.8 3.662
2907.8 8.016 5877.8 3.636
2909.8 8.036 5879.8 3.625
2911.8 8.025 5881.8 3.648
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Time gmin) Displacement (ft)
8.015

Time gmin)

Displacement (ft)

2915.8 8.024 5885.8 3.622
2917.8 8.015 5887.8 3.662
2919.8 8.009 5889.8 3.605
2921.8 ~ 8.006 5891.8 3.602
2923.8 7.997 5893.8 3.621
2925.8 7.966 5895.8 3.621
2927.8 7.945 5897.8 3.61
2929.8 7.935 5899.8 3.602
2931.8 7.955 5901.8 3.612
2933.8 7.91 5903.8 3.625
2935.8 7.949 5905.8 3.621
2937.8 7.954 5907.8 3.617
2939.8 7.935 5909.8 3.612
2941.8 7.942 5911.8 3.618
2943.8 7.908 5913.8 3.618
2945.8 7.898 5915.8 3.607
2947.8 7.902 5917.8 3.597
2949.8 7.904 5919.8 3.625
2951.8 7.877 5921.8 3.623
2953.8 7.868 5923.8 3.583
2955.8 7.855 5925.8 3.621
2957.8 7.878 5927.8 3.611
2959.8 7.847 5929.8 3.591
2961.8 7.859 5931.8 3.583
2963.8 : 7.852 5933.8 3.627
2965.8 7.836 5935.8 3.583
2967.8 7.829 5937.8 3.579
29698 . 783 . 5939.8. 3.599
2971.8 7.84 5941.8 3.592
2973.8 - 7.793 5943.8 3.576
2975.8 7.825 5945.8 3.58
2977.8 7.788 5947.8 3.549
2979.8 7.799 5949.8 3.581
2981.8 7.766 5951.8 3.556
2983.8 7.776 5953.8 3.608
2985.8 7.779 5955.8 3.572
2987.8 7.761

Observation Well No. 2. Observation

- X Location: 280. ft -

Y Location: 0. ft

Radial distance from Pumping: 280. ft

Fully Penetrating Well

No. of Observations: 2969

Observation Data )
Time gmin) Displac%ment [{id) Time (min Dlsplage%ent (ft)

17.36 0. 2987.6 5.78
19.36 0. 2989.6 5.78
21.36 0. 2991.6 5.77
23.36 0.02 2993.6 5.77
25.36 0.03 2995.6 5.77
27.36 0.06 2997.6 5.76
29.36 0.1 2999.6 5.76
31.36 0.17 3001.6 5.76
33.36 0.24 3003.6 5.76
35.36 0.33 3005.6 5.74
37.36 0.43 3007.6 5.74
39.36 0.54 3009.6 5.73
41.36 0.66 3011.6 5.73
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Time Smin) Displacement (ft) Time Smin} Displacement (ft)
. 6.79 . 5.38
177.4 6.84 3147.6 5.37
179.4 6.9 3149.6 5.37
181.4 6.95 3151.6 5.36
183.4 7.01 3153.6 5.39
185.4 7.06 3155.6 5.37
187.4 7.1 3157.6 5.37
189.4 7.17 3159.6 5.34
191.4 7.23 3161.6 5.36
193.4 7.28 3163.6 5.33
195.4 7.31 3165.6 5.35
197.4 7.37 3167.6 5.35
199.4 7.41 3169.6 5.33
201.4 7.47 3171.6 5.31
203.4 7.51 3173.6 5.35
205.4 7.57 3175.6 5.33
207.4 7.62 3177.6 5.32
209.4 7.65 3179.6 5.31
2114 7.7 3181.6 5.31
213.4 7.75 3183.6 5.29
2154 7.8 3185.6 5.29
217.4 7.84 3187.6 5.28
219.4 7.88 3189.6 5.29
221.4 7.92 3191.6 5.28
223.4 7.98 3193.6 5.28
225.4 8.01 3195.6 5.25
227.4 8.04 3197.6 5.26
229.4 8.1 3199.6 5.27
. 2314 8.14 3201.6 5.26
233.4 8.18 3203.6 5.27
2354 8.21 3205.6 5.24
237.4 8.26 3207.6 5.24
239.4 8.29 3209.6 5.26
241.4 8.33 3211.6 5.23
243.4 8.39 3213.6 5.22
245.4 8.43 3215.6 5.22
247.4 8.46 3217.6 5.21
2494 8.5 3219.6 5.23
251.4 8.55 3221.6 5.2
253.4 8.59 3223.6 5.19
255.4 8.61 3225.6 5.19
257.4 8.66 3227.6 5.21
259.4 8.7 3229.6 5.2
261.4 8.75 3231.6 5.18
263.4 8.78 3233.6 5.17
265.4 8.82 3235.6 5.17
267.4 8.86 3237.6 5.18
269.4 8.89 3239.6 5.16
271.4 8.93 3241.6 5.15
273.4 8.96 3243.6 5.16
275.4 9.01 32456 5.14
277.4 9.04 3247.6 5.13
279.4 9.07 3249.6 5.13
281.4 9.11 3251.6 513
283.4 9.13 3253.6 5.14
285.4 9.18 3255.6 5.13
287.4 9.21 3257.6 512
289.4 9.23 3259.6 5.12
2914 9.27 3261.6 512
293.4 9.32 3263.6 5.1
295.4 9.35 3265.6 5.09
297.4 9.37 3267.6 5.1
299.4 9.41 3269.6 5.09
301.4 9.43 3271.6 5.09
303.4 9.46 3273.6 5.09
305.4 9.5 3275.6 5.09
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Time smin') Displacement (ft Time gmin) Displacement (ft)
P 9.55 (®) 5.07

309.4 9.58 3279.6 5.06
311.4 9.62 3281.6 5.06
313.4 9.64 3283.6 5.05
315.4 9.68 3285.6 5.06
317.4 9.72 3287.6 5.05
319.4 9.75 3289.6 5.06
321.4 9.78 3291.6 5.05
323.4 9.8 3293.6 5.04
325.4 9.83 3295.6 5.03
327.4 9.88 3297.6 5.04
329.4 9.89 3299.6 5.03
331.4 9.93 3301.6 5.03
333.4 9.96 3303.6 5.04
3354 9.98 3305.6 5.02
337.4 10.01 '3307.6 ' 5.

339.4 10.05 3309.6 5.

341.4 10.09 3311.6 ‘ 5.01
343.4 10.1 3313.6 5.

345.4 10.12 3315.6 4.98
347.4 10.17 3317.6 4.99
349.4 10.19 3319.6 4.99
351.4 10.24 3321.6 4.98
353.4 10.26 . 3323.6 4.98
355.4 10.29 3325.6 4.98
357.4 10.31 3327.6 4.97
359.4 10.34 3329.6 4.98
361.4 10.38 3331.6 4.96
363.4 10.39. 3333.6 © 498
365.4 10.43 3335.6 4.94
367.4 10.45 3337.6 4.95
369.4 10.48 3339.6 4.95
371.4 10.51 3341.6 4.95
373.4 10.53 3343.6 4.95
375.4 10.56 3345.6 4.96
377.4 10.59 3347.6 4.95
379.4 10.61 3349.6 4.93
381.4 10.65 3351.6 4.94
383.4 10.66 3353.6 4.93
385.4 10.68 3355.6 4.93
387.4 10.73 3357.6 4.91
389.4 10.75 3359.6 4.91
391.4 10.76 3361.6 4.92
393.4 10.79 3363.6 4.9
395.4 10.81 3365.6 4.89
397.4 10.85 3367.6 4.92
399.4 10.88 3369.6 4.9
401.4 10.91 3371.6 4.9
403.4 10.95 3373.6 4.9
405.4 10.96 3375.6 4.89
407.4 10.99 3377.6 4.89
409.4 11.01 3379.6 4.88
411.4 11.04 3381.6 4.88
413.4 11.07 3383.6 4.88
415.4 11.08 3385.6 4.88
417.4 11.11 3387.6 4.86
4194 11.14 3389.6 4.86
421.4 11.17 3391.6 4.87
423.4 11.2 3393.6 4.86
425.4 11.21 3395.6 4.85
427.4 11.24 3397.6 4.84
429.4 11.26 3399.6 4.83
431.4 11.28 3401.6 4.84
433.4 11.31 3403.6 4.85
435.4 11.32 3405.6 4.84
437.4 11.33 3407.6 4.84
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Time gmin} Displacement (ft) Time §min) Displacement (ft)
11.36 484

441.4 11.38 3411.6 4.83
4434 11.43 3413.6 4.83
4454 11.45 3415.6 4.82
447 4 11.48 3417.6 4.8
4494 11.49 3419.6 4.82
451.4 11.51 3421.6 4.81
453.4 11.54 3423.6 4.8
455.4 11.58 3425.6 4.83
457.4 11.89 3427.6 4.81
459.4 11.62 3429.6 4.8
461.4 11.63 3431.6 4.8
463.4 11.65 3433.6 4.78
465.4 11.67 3435.6 4.79
467.4 11.7 3437.6 4.79
469.4 11.73 © 3439.6 479
471.4 11.74 3441.6 4.76
473.4 11.77 3443.6 476
475.4 11.79 3445.6 4.77
477.4 11.81 3447.6 4.76
4794 11.82 3449.6 4.77
481.4 11.85 3451.6 477
483.4 11.89 3453.6 475
485.4 11.9 3455.6 4.74
487.4 11.92 3457.6 4.73
489.4 11.94 3459.6 4.75
4914 11.97 3461.6 4.74
493.4 11.99 3463.6 4.72
4954 . 12.02 3465.6 474
4974 12.03 3467.6 4.73
499.4 12.08 3469.6 472
501.4 12.07 3471.6 4.71
503.4 12.11 3473.6 4.73
505.4 12.11 3475.6 4.72
507.4 12.15 3477.6 4.71
509.4 12.16 3479.6 4.7
511.4 12.17 3481.6 4.72
5134 12.21 3483.6 4.7
5154 12.23 3485.6 4.7
517.4 12.25 3487.6 4.71
5194 12.26 3489.6 4.7
521.4 12.28 3491.6 4.69
523.4 12.31 3493.6 4.68
525.4 12.33 3495.6 4.68
527.4 12.36 3497.6 4.68
529.4 12.37 3499.6 4.67
531.4 12.39 3501.6 4.67
533.4 12.41 3503.6 4.67
535.4 12.43 3505.6 4.67
537.4 12.45 3507.6 4.67
539.4 12.48 3509.6 4.66
541.4 12.49 3511.6 467
543.4 12.52 3513.6 4.67
545.4 12.54 3515.6 4.64
547.4 12.55 3517.6 4.64
549.4 12.57 3519.6 4.65
551.4 12.59 3521.6 4.64
553.4 12.62 3523.6 4.64
555.4 12.64 3525.6 4.63
557.4 12.67 3527.6 4.63
559.4 12.69 3529.6 4.63
561.4 12.7 3531.6 4.63
563.4 12.72 3533.6 4.64
565.4 12.74 35635.6 4.62
567.4 12.76 3537.6 4.62
569.4 12.78 35639.6 4.62

10/06/25 47 01:38:01



AQTESOLYV for Windows Pasture Holdings

Time§min) Displacement (ft Time (min) Displacement (ft)
: 12.79 (®) 462

573.4 12.81 3543.6 4.61
575.4 12.84 3545.6 4.61
577.4 12.84 3547.6 4.61
579.4 12.87 3549.6 4.61
581.4 12.9 3551.6 4.6
583.4 12.91 3553.6 4.59
585.4 12.95 3555.6 4.59
587.4 12.96 35657.6 4.6
589.4 12.98 3559.6 4.58
991.4 12.99 3561.6 4.57
593.4 13.02 3563.6 4.58
595.4 13.03 3565.6 4.58
5974 13.04 3567.6 4.58
599.4 13.07 3569.6 4.56
601.4 13.09 3571.6 - 4.56
603.4 13.11 3573.6 4.57
605.4 13.14 3575.6 4.55
607.4 13.15 3577.6 4.56
609.4 13.17 3579.6 4.55
611.4 13.18 3581.6 4.55
613.4 13.2 3583.6 4.55
615.4 13.23 3585.6 4.55
617.4 13.24 3587.6 4.54
619.4 13.25 3589.6 4.53
621.4 13.27 3591.6 4.55
623.4 13.3 3593.6 4.53
625.4 13.31 3595.6 4.53
627.4 13.33 3597.6 4.53
629.4 13.35 3599.6 4.53
631.4 13.35 3601.6 4.53
633.4 13.37 3603.6 4.52
635.4 13.41 3605.6 4.53
637.4 13.43 3607.6 4.52
639.4 13.44 3609.6 4.5
641.4 13.45 3611.6 4.52
643.4 13.47 3613.6 4.5
645.4 13.49 3615.6 4.5
647.4 13.5 3617.6 4.5
649.4 13.52 3619.6 4.51
651.4 13.54 3621.6 4.51
653.4 13.56 3623.6 4.49
655.4 13.57 3625.6 4.49
657.4 13.59 3627.6 4.48
659.4 13.61 3629.6 4.48
661.4 13.61 3631.6 4.47
663.4 13.64 3633.6 4.47
665.4 13.65 3635.6 4.47
667.4 13.69 3637.6 4.48
669.4 13.7 3639.6 4.46
671.4 13.7 3641.6 4.46
673.4 13.71 3643.6 4.46
675.4 13.75 3645.6 4.46
677.4 13.77 3647.6 4.46
679.4 13.79 3649.6 4.45
681.4 13.79 3651.6 4.45
683.4 13.81 3653.6 4.44
685.4 13.83 3655.6 4.44
687.4 13.85 3657.6 4.46
689.4 13.86 3659.6 4.44
691.4 13.89 3661.6 4.43
693.4 13.9 3663.6 4.43
695.4 13.93 3665.6 4.44
697.4 13.93 3667.6 4.43
699.4 13.94 3669.6 4.42
701.4 13.95 3671.6 4.42
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Time §min) Displacement (ft) Time gmin) Displacement (ft)
. . . 442
705.4 13.99 3675.6 4.41
707.4 14.02 3677.6 4.41
709.4 14.03 3679.6 4.42
7114 14.05 3681.6 4.41
713.4 14.07 3683.6 4.4
715.4 14.09 3685.6 4.4
717.4 14.1 3687.6 4.39
719.4 14.11 3689.6 4.39
721.4 14.14 3691.6 4.38
723.4 14.17 3693.6 4.38
725.4 14.16 3695.6 4.39
727.4 14.18 3697.6 4.38
729.4 14.2 3699.6 4.37
7314 14.23 3701.6 4.38
733.4 14.24 3703.6 436
735.4 14.25 3705.6 4.37
737.4 14.28 3707.6 4.37
739.4 14.29 3709.6 4.36
741.4 14.3 3711.6 4.36
743.4 14.32 3713.6 4.37
745.4 14.34 3715.6 4.36
747.4 14.35 3717.6 4.36
749.4 14.36 3719.6 4.34
7514 14.39 3721.6 435
753.4 14.41 3723.6 4.33
755.4 14.42 3725.6 4.35
757.4 14.43 3727.6 4.34
. 759.4 14.46 3729.6 4.32 -
761.4 14.47 3731.6 4.33
763.4 14.5 3733.6 4.33
765.4 14.52 3735.6 432
767.4 14.53 3737.6 4.31
769.4 14.54 3739.6 4.32
7714 14.55 3741.6 4.29
773.4 14.59 3743.6 4.32
775.4 14.58 3745.6 4.3
777.4 14.6 3747.6 4.3
779.4 14.62 3749.6 428
781.4 14.64 3751.6 4.29
783.4 14.66 3753.6 4.28
7854 14.67 3755.6 4.3
787.4 14.68 3757.6 4.29
789.4 14.7 3759.6 4.27
791.4 14.71 3761.6 4.27
793.4 14.74 3763.6 427
795.4 14.76 3765.6 427
797.4 14.76 3767.6 4.28
799.4 14.78 3769.6 4.27
801.4 14.8 3771.6 4.26
803.4 14.81 3773.6 4.26
805.4 14.83 3775.6 4.26
807.4 14.85 3777.6 4.26
809.4 14.87 3779.6 4.25
811.4 14.88 3781.6 4.25
813.4 14.9 3783.6 425
815.4 14.91 3785.6 424
817.4 14.92 3787.6 4.24
819.4 14.94 3789.6 4.23
821.4 14.95 3791.6 4.24
823.4 14.98 3793.6 4.24
825.4 14.99 3795.6 4.22
827.4 15. 3797.6 422
829.4 15.01 -3799.6 422
831.4 15.02 3801.6 421
833.4 15.03 3803.6 4.23
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Time gmin) Displacement (ft Time gmin) Displacement (ft)
. P 5.87 () 4.21

1 . .
837.4 15.09 3807.6 4.22
839.4 15.09 3809.6 4.21
841.4 15.13 3811.6 4.21
843.4 15.12 3813.6 4.21
845.4 16.13 3815.6 4.2
847.4 15.15 3817.6 4.19
849.4 15.16 3819.6 4.2
851.4 15.18 3821.6 4.19
853.4 15.2 3823.6 4.18
855.4 15.21 3825.6 4.19
857.4 15.23 3827.6 4.18
859.4 15.24 3829.6 4.17
861.4 15.28 3831.6 4.17
863.4 15.29 3833.6 4.18
- 865.4 15.3 3835.6 4.18
867.4 15.31 3837.6 4.18
869.4 15.32 3839.6 417
871.4 15.34 3841.6 4.16
873.4 15.35 3843.6 417
875.4 15.36 3845.6 415
877.4 15.39 3847.6 4.16
879.4 15.39 3849.6 4.15
881.4 15.4 3851.6 4.15
883.4 15.42 3853.6 4.15
885.4. 15.44 3855.6 4.14
887.4 15.45 - 3857.6 4.15
889.4 15.46 3859.6 4.14
891.4 15.48 3861.6 . 413
893.4 15.5 3863.6 4.12
895.4 16.5 3865.6 413
897.4 15.52 3867.6 412
899.4 15.54 3869.6 412
901.4 15.55 3871.6 4.14
903.4 15.57 3873.6 4.14
905.4 15.57 3875.6 4.12
907.4 15.59 3877.6 412
909.4 15.6 3879.6 4.12
911.4 15.61 3881.6 4.11
913.4 15.63 3883.6 4.11
9154 15.65 3885.6 4.1
917.4 15.66 3887.6 - 4.1
9194 15.67 3889.6 4.1
921.4 15.69 3891.6 4.11
923.4 15.69 3893.6 4.09
9254 15.72 3895.6 4.1
927.4 15.72 - 3897.6 4.09
929.4 15.75 3899.6 4.09
931.4 15.76 3901.6 4.09
933.4 15.78 3903.6 4.08
935.4 15.79 3905.6 4.07
937.4 15.8 3907.6 4.08
939.4 15.81 3909.6 4.09
941.4 15.81 3911.6 4.07
943.4 15.84 3913.6 4.06
945.4 15.85 3915.6 4.06
947.4 15.88 3917.6 4.06
949.4 15.88 3919.6 4.06
951.4 15.89 3921.6 4.05
953.4 15.91 3923.6 4.06
955.4 15.93 3925.6 4.05
957.4 15.94 3927.6 4.04
959.4 15.95 3929.6 4.05
961.4 15.96 3931.6 4.03
963.4 15.97 3933.6 4.03
965.4 15.99 3935.6 4.03
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Time (min) Displacement (ft) Time (min) Displacz:eégent (ft)

1893.6 10.94 4863.6 2.99
1895.6 10.9 4865.6 3.
1897.6 10.9 4867.6 2.99
1899.6 10.87 4869.6 3.
1901.6 10.86 4871.6 2.97
1903.6 10.83 4873.6 2.98
1905.6 10.82 4875.6 2.98
1907.6 10.8 4877.6 2.98
1909.6 10.76 4879.6 2.98
1911.6 10.74 4881.6 2.99
1913.6 10.73 4883.6 2.98
1915.6 10.69 4885.6 2.98
1917.6 10.67 4887.6 2.97
1919.6 10.65 4889.6 2.97
1921.6 10.63 4891.6 2.97
1923.6 10.62 4893.6 2.95
1925.6 10.59 4895.6 2.97
1927.6 10.57 4897.6 2.97
1929.6 10.55 4899.6 2.95
1931.6 10.53 4901.6 2.95
1933.6 10.52 4903.6 2.95
1935.6 10.5 4905.6 2.95
1937.6 10.48 4907.6 2.94
1939.6 10.46 4909.6 2.96
1941.6 10.44 4911.6 2.95
1943.6 10.43 4913.6 2.94
1945.6 10.39 4915.6 2.95
. 19476 10.38 4917.6 . 2.96
1949.6 10.35 4919.6 2.96
1951.6 10.33 4921.6 2.94
1953.6 10.33 4923.6 2.94
1955.6 10.31 4925.6 2.94
1957.6 10.27 4927.6 2.94
1959.6 10.27 4929.6 2.94
1961.6 10.26 4931.6 2.94
1963.6 10.22 4933.6 2.95
1965.6 10.22 4935.6 2.95
1967.6 10.21 49376 - 2.93
1969.6 10.16 4939.6 2.93
1971.6 10.15 4941.6 2.92
1973.6 10.15 4943.6 : 2.93
1975.6 10.14 4945.6 2.92
1977.6 10.1 4947.6 2.92
1979.6 10.08 4949.6 2.94
1981.6 10.07 4951.6 2.91
1983.6 10.06 4953.6 2.92
1985.6 10.04 4955.6 2.94
1987.6 10.02 4957.6 2.92
- 1989.6 ° 10. 4959.6 ‘ 2.92
1991.6 10. 4961.6 2.92
1993.6 9.98 4963.6 2.92
1995.6 9.95 4965.6 2.93
1997.6 9.93 4967.6 2.93
1999.6 9.92 4969.6 2.92
2001.6 9.9 4971.6 2.91
2003.6 9.89 4973.6 2.92
2005.6 9.88 4975.6 2.9
2007.6 9.84 4977.6 2.92
2009.6 9.84 4979.6 2.92
2011.6 9.83 4981.6 2.9
2013.6 9.8 4983.6 2.91
2015.6 9.79 4985.6 2.89
2017.6 9.77 4987.6 2.91
2019.6 9.76 4989.6 2.9
2021.6 9.74 4991.6 2.9

10/06/25 58 01:38:01



AQTESOLY for Windows ~ Pasture Holdings

Time (min Displacement (ft Time (min Displacement (ft
§) p972 (ft) §) ng (ft)

2025.6 9.69 4995.6 2.9
2027.6 9.68 4997.6 2.89
2029.6 9.66 4999.6 2.89
2031.6 9.65 5001.6 2.9
2033.6 9.65 5003.6 2.89
20356 9.63 5005.6 2.88
2037.6 9.61 5007.6 2.88
2039.6 9.59 5009.6 2.87
2041.6 9.58 5011.6 2.89
2043.6 9.57 5013.6 2.89
2045.6 9.54 5015.6 2.88
2047.6 9.52 5017.6 2.89
2049.6 9.5 5019.6 2.89
2051.6 9.52 5021.6 2.89
2053.6 9.49 5023.6 2.88
2055.6 9.46 5025.6 2.87
2057.6 9.46 5027.6 2.89
2059.6 9.44 5029.6 2.89
2061.6 9.43 5031.6 2.88
2063.6 9.41 5033.6 2.88
2065.6 94 5035.6 2.88
2067.6 9.39 5037.6 2.87
2069.6 9.38 5039.6 2.89
2071.6 9.36 5041.6 2.87
2073.6 9.33 5043.6 2.86
2075.6 9.33 5045.6 2.87
2077.6 9.32 5047.6 . 2.87
2079.6 9.3 . 5049.6 . 2.86
2081.6 9.28 5051.6 2.86
2083.6 9.27 5053.6 2.86
2085.6 9.27 5055.6 2.86
2087.6 9.25 5057.6 2.86
2089.6 9.23 5059.6 2.85
2091.6 9.22 5061.6 2.86
2093.6 9.2 5063.6 2.85
2095.6 9.18 5065.6 2.86
2097.6 9.17 5067.6 2.85
2099.6 9.15 5069.6 2.85
2101.6 9.15 5071.6 2.85
2103.6 9.14 5073.6 2.86
2105.6 9.13 5075.6 2.84
2107.6 9.11 5077.6 2.85
2109.6 9.1 5079.6 2.86
2111.6 9.08 5081.6 2.85
2113.6 9.06 5083.6 2.85
2115.6 9.05 5085.6 2.85
2117.6 9.04 5087.6 2.84
2119.6 9.04 5089.6 2.85
21216 9.03 5091.6 2.84
2123.6 9. 5093.6 2.83
2125.6 8.99 5095.6 2.84
2127.6 8.98 5097.6 2.83
2129.6 8.97 5099.6 2.84
2131.6 8.95 5101.6 2.82
2133.6 8.95 5103.6 2.84
2135.6 8.93 5105.6 2.83
2137.6 8.92 5107.6 2.82
2139.6 8.91 5109.6 2.83
2141.6 8.89 5111.6 2.82
2143.6 8.88 5113.6 2.83
2145.6 8.87 51156.6 2.83
2147.6 8.85 5117.6 2.81
2149.6 8.84 5119.6 - 2.81
2151.6 8.84 5121.6 2.81
2153.6 8.82 5123.6 2.81
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P 8.81 (®) .

. . . 2.81
2157.6 8.8 5127.6 2.82
2159.6 8.79 5129.6 2.8
2161.6 8.78 5131. 2.82
2163.6 8.75 5133.6 2.82
2165.6 8.74 5135.6 2.81
2167.6 8.74 5137.6 2.81
2169.6 8.72 5139.6 2.8
2171.6 8.71 5141.6 2.8
2173.6 8.7 5143.6 2.81
2175.6 8.68 5145.6 2.81
2177.6 8.68 5147.6 2.8
2179.6 8.67 5149.6 2.8
2181.6 8.67 5151.6 2.81
2183.6 8.66 5153.6 2.8
2185.6 - 8.64 5155.6 2.8
2187.6 8.61 5157.6 2.78
2189.6 8.62 5159.6 2.79
2191.6 8.61 5161.6 2.8
2193.6 8.59 5163.6 2,79
2195.6 8.59 5165.6 2.8
2197.6 8.57 5167.6 2.8
2199.6 8.57 5169.6 2.79
2201.6 8.55 5171.6 2.8
2203.6 8.54 5173.6 2.79
2205.6 8.53 5175.6 2.79
2207.6 8.52 5177.6 2.79
2209.6 8.51 5179.6 2.78
2211.6 8.52 5181.6 2.78
2213.6 8.49 5183.6 2.78
2215.6 8.47 5185.6 2.79
2217.6 8.47 5187.6 2.78
2219.6 8.46 5189.6 2.78
2221.6 8.45 5191.6 2.77
2223.6 8.44 5193.6 2.77
2225.6 8.44 5195.6 - 2.78
2227.6 8.41 5197.6 2.77
2229.6 8.42 5199.6 2.78
2231.6 8.41 5201.6 2.78
2233.6 8.39 5203.6 2.78
2235.6 8.39 5205.6 2.77
2237.6 8.37 5207.6 2.78
2239.6 8.36 5209.6 2.77
2241.6 8.34 5211.6 2.77
2243.6 8.33 5213.6 2.76
2245.6 8.32 5215.6 2.76
2247.6 8.32 5217.6 2.76
2249.6 8.31 5219.6 2.77
2251.6 8.31 5221.6 2.77
2253.6 8.28 5223.6 2.77
2255.6 8.29 5225.6 2.76
2257.6 8.27 5227.6 2.76
2259.6 8.26 5229.6 2.76
2261.6 8.24 5231.6 2.76
2263.6 8.22 5233.6 2.75
2265.6 8.24 5235.6 2.75
2267.6 8.22 5237.6 2.76
2269.6 8.21 5239.6 2.75
2271.6 8.2 5241.6 2.75
2273.6 8.18 5243.6 2.75
2275.6 8.18 5245.6 2.74
2277.6 8.16 5247.6 2.74
2279.6 8.17 5249.6 2.74
2281.6 8.15 5251.6 2.74
2283.6 8.14 5253.6 2.75
2285.6 8.14 5255.6 2.75
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Time gmin) Displacement (ft) Time %min) Displacement (ft
8.14 P 2.74 (")

2289.6 8.12 5259.6 2.74
2291.6 8.11 5261.6 : 2.74
2293.6 8.08 5263.6 2.72
2295.6 8.08 5265.6 2.72
2297.6 .8.07 5267.6 2.73
2299.6 8.07 5269.6 2.74
2301.6 8.05 5271.6 2.72
2303.6 8.03 5273.6 2.73
2305.6 8.05 5275.6 2.71
2307.6 8.02 9277.6 ' 2.72
2309.6 8.03 5279.6 2.72
2311.6 8.01 5281.6 2.72
2313.6 8.01 5283.6 2.72
2315.6 7.99 5285.6 2.71
2317.6 7.96 5287.6 2.71
2319.6 7.97 5289.6 2.7
2321.6 7.95 5291.6 2.7
2323.6 7.94 5293.6 2.72
2325.6 7.94 5295.6 2.71
2327.6 7.94 5297.6 2.7
2329.6 7.93 5299.6 2.71
2331.6 7.92 5301.6 2.71
2333.6 7.9 5303.6 2.7
2335.6 7.89 5305.6 2.71
2337.6 7.89 5307.6 2.68
2339.6 7.87 5309.6 2.7
2341.6 7.87 5311.6 2.7
2343.6 7.87 5313.6 .2.69
2345.6 7.85 5315.6 2.69
2347.6 7.84 5317.6 2.69
2349.6 7.85 5319.6 2.68
2351.6 7.83 5321.6 2.7
2353.6 7.81 5323.6 2.69
2355.6 7.8 5325.6 2.7
2357.6 7.8 5327.6 2.68
2359.6 7.79 5329.6 2.7
2361.6 7.78 5331.6 2.68
2363.6 7.77 5333.6 2.7
2365.6 7.75 5335.6 2.71
2367.6 7.76 5337.6 2.69
2369.6 7.74 5339.6 2.68
2371.6 7.73 5341.6 2.7
2373.6 7.72 5343.6 2.66
2375.6 7.71 5345.6 2.68
2377.6 7.7 5347.6 2.68
2379.6 1.7 5349.6 2.67
2381.6 7.69 5351.6 2.68
2383.6 7.69 5353.6 2.68
2385.6 7.67 5355.6 2.68
2387.6 7.67 5357.6 2.68
2389.6 7.66 5359.6 2.67
2391.6 7.65 5361.6 2.68
2393.6 7.64 5363.6 2.66
2395.6 7.63 5365.6 2.67
2397.6 7.62 5367.6 2.66
2399.6 7.62 5369.6 2.69
2401.6 7.6 5371.6 2.67
2403.6 7.6 5373.6 2.66
2405.6 7.58 5375.6 2.67
2407.6 7.59 5377.6 2.66
2409.6 7.58 5379.6 2.65
2411.6 7.56 5381.6 2.65
2413.6 7.56 5383.6 2.65
2415.6 7.55 5385.6 2.67
2417.6 7.56 5387.6 2.64
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Time gmin} Displacement (ft Time gmin) Displacement (ft)
P 7.953 (f) P 2.65

2421.6 7.52 5391.6 2.67
2423.6 7.52 5393.6 2.65
2425.6 7.5 5395.6 2.65
2427.6 7.51 5397.6 2.65
24290.6 7.5 5399.6 2.65
2431.6 7.5 5401.6 2.64
2433.6 7.47 5403.6 2.64
2435.6 7.46 5405.6 2.64
2437.6 7.46 5407.6 2.64
2439.6 747 5409.6 2.64
24416 7.44 5411.6 2.64
2443.6 7.43 5413.6 2.63
2445.6 7.43 5415.6 2.63
2447.6 7.43 5417.6 2.63
2449.6 7.42 9419.6 2.63
2451.6 7.41 5421.6 2.63
2453.6 7.39 5423.6 2.62
2455.6 7.39 5425.6 2.63
2457.6 7.38 5427.6 2.62
2459.6 7.38 5429.6 2.61

2461.6 7.36 '5431.6 2.63
2463.6 7.37 5433.6 2.63
2465.6 7.35 5435.6 2.63
2467.6 7.36 5437.6 2.63
2469.6 7.33 5439.6 2.63
2471.6 7.33 5441.6 2.63
2473.6 7.32 5443.6 2.63
2475.6 7.31 5445.6 . 2.62
2477.6 7.31 5447.6 2.62
2479.6 7.3 5449.6 2.61

2481.6 7.29 5451.6 2,62
2483.6 7.28 5453.6 2.6

2485.6 7.27 5455.6 2.6

2487.6 7.28 5457.6 2.61

2489.6 7.26 5459.6 2.61

2491.6 7.25 5461.6 2.62
2493.6 7.24 5463.6 2.61

2495.6 7.24 5465.6 2.63
2497.6 7.23 5467.6 2.61

2499.6 7.21 5469.6 2.6

2501.6 7.22 5471.6 2.61

2503.6 7.21 5473.6 2.6

2505.6 7.2 5475.6 2.6

2507.6 7.19 5477.6 2.59
2509.6 7.2 5479.6 2.59
2511.6 7.18 5481.6 2.61

2513.6 717 5483.6 2.6

2515.6 7.18 5485.6 2.59
2517.6 7.16 5487.6 2.6

2519.6 715 5489.6 2.61

2521.6 7.16 54916 . 2.6

2523.6 7.13 5493.6 2.6

2525.6 7.14 5495.6 2.59
2527.6 7.13 5497.6 2.61

2529.6 7.13 9499.6 2.59
2531.6 7.1 5501.6 2.59
2533.6 7.11 5503.6 2.59
2535.6 7.1 5505.6 2.59
2537.6 7.09 5507.6 2.59
2539.6 7.08 5509.6 2.59
2541.6 7.09 5511.6 2.57
2543.6 7.06 5513.6 2.58
2545.6 7.05 5515.6 2.58
2547.6 7.06 9517.6 2.57
2549.6 7.05 5519.6 2.57
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Time gmin) Displacement (ft) Time gmin) Displacement (ft)
7.03 ’ 2.58

2553.6 7.03 5523.6 2.59
2555.6 7.04 5525.6 2.58
2557.6 7.01 5527.6 2.57
2559.6. 7.02 5529.6 2.59
2561.6 7. 5531.6 2.57
2563.6 6.99 5533.6 2.56
2565.6 6.99 5535.6 2.57
2567.6 6.98 5537.6 2.56
2569.6 6.97 5539.6 2.57
2571.6 6.96 5541.6 2.58
2573.6 6.97 5543.6 2.57
2575.6 6.96 5545.6 - 2.57
2577.6 6.95 5547.6 2.58
2579.6 6.96 5549.6 2.56
2581.6 6.94 5551.6 2.57
2583.6 6.95 5553.6 2.58
2585.6 6.93 5955.6 2.57
2587.6 6.92 5557.6 2.57
2589.6 6.92 5559.6 2.58
2591.6 6.91 5561.6 2.57
2593.6 6.9 5563.6 2.56
2595.6 6.89 5565.6 2.57
2597.6 6.89 5567.6 2.55
2599.6 6.89 5569.6 2.58
2601.6 6.89 5571.6 2.57
2603.6 6.87 9573.6 2.55
2605.6 6.86 5575.6 ' 2.56
. 2607.6 . 6.85 5577.6 . 256 -
2609.6 6.84 5579.6 2.57
2611.6 6.85 5581.6 2.95
2613.6 6.83 5583.6. 2.96
2615.6 6.83 5585.6 2.56
2617.6 6.82 5587.6 2.57
2619.6 6.81 5589.6 2.55
2621.6 6.8 5591.6 2.57
2623.6 6.8 5593.6 2.55
2625.6 6.8 5595.6 2.54
2627.6 6.79 5597.6 2.55
2629.6 6.78 5599.6 2.55
2631.6 6.78 5601.6 2.54
- 2633.6 6.77 5603.6 ' 2.55
2635.6 6.76 5605.6 2.55
2637.6 6.76 5607.6 2.55
2639.6 6.76 5609.6 2.55
2641.6 6.75 5611.6 2.54
2643.6 6.74 5613.6 2.54
2645.6 6.73 5615.6 2.56
2647.6 6.72 5617.6 2.54
2649.6 6.71" 5619.6 2.55
2651.6 6.7 5621.6 2.56
2653.6 6.7 5623.6 2.54
2655.6 6.7 5625.6 2.55
2657.6 6.69 5627.6 2.54
2659.6 6.68 5629.6 2.54
2661.6 6.68 5631.6 2.53
2663.6 6.69 5633.6 2.53
2665.6 6.67 5635.6 2.53
2667.6 6.66 5637.6 2.54
2669.6 6.66 5639.6 2.55
2671.6 6.65 5641.6 2.54
2673.6 6.65 5643.6 2.54
2675.6 6.64 5645.6 2.54
2677.6 6.64 5647.6 2.54
2679.6 6.62 5649.6 2.53
2681.6. 6.61 5651.6 2.54
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Timegmin) Displacement (ft Timegmin) Displacement (ft)
S 6.61 (®) P 2.52

2685.6 6.61 5655.6 2.53
2687.6 6.61 5657.6 2.53
2689.6 6.6 5659.6 2.53
2691.6 6.58 5661.6 2.53
2693.6 6.57 5663.6 - 2.52
2695.6 6.58 5665.6 2.52
2697.6 6.57 5667.6 2.52
2699.6 6.57 5669.6 2.53
2701.6 6.55 5671.6 2.53
2703.6 6.56 5673.6 2.52
2705.6 6.55 5675.6 2.52
2707.6 6.55 5677.6 2.52
2709.6 6.54 5679.6 2.51
2711.6 6.53 5681.6 2.52
© 2713.6 6.52 5683.6 ' 2.52
27156 6.51 5685.6 2.53
2717.6 6.52 5687.6 2.52
2719.6 6.5 5689.6 2.52
2721.6 6.5 5691.6 2.51
2723.6 6.49 5693.6 2.52
2725.6 6.49 5695.6 2.52
2727.6 6.48 5697.6 2.51
2729.6 6.48 5699.6 2.52
2731.6 6.48 5701.6 2.52
2733.6 6.48 5703.6 2.52
2735.6 6.47 5705.6 2.5
2737.6 6.46 5707.6 2.51
2739.6 6.46 .5709.6 2.51
2741.6 6.45 5711.6 2.51
2743.6 6.44 5713.6 2.51
2745.6 6.43 5715.6 2.51
2747.6 6.42 5717.6 2.51
2749.6 6.42 5719.6 2.5
2751.6 6.4 5721.6 2.51
2753.6 6.4 5723.6 2.5
2755.6 6.41 5725.6 2.5
2757.6 6.39 5727.6 2.5
2759.6 6.39 5729.6 2.51
2761.6 6.39 5731.6 2.51
2763.6 6.37 5733.6 2.5
2765.6 6.38 57356 2.5
2767.6 6.38 5737.6 2.5
2769.6 6.37 5739.6 2.48
2771.6 6.37 5741.6 2.49
2773.6 6.36 5743.6 2.5
2775.6 6.34 5745.6 2.48
2777.6 6.34 5747.6 2.48
2779.6 6.34 5749.6 2.48
2781.6 6.34 9751.6 2.48
2783.6 6.32 5753.6 2.49
27856 6.33 5755.6 2.47
2787.6 6.31 5757.6 - 2.48
2789.6 6.32 5759.6 2.47
2791.6 6.31 5761.6 2.47
2793.6 6.29 5763.6 2.48
2795.6 6.29 5765.6 2.47
2797.6 6.29 5767.6 2.47
2799.6 6.27 5769.6 2.48
2801.6 6.27 5771.6 2.46
2803.6 6.27 5773.6 2.48
2805.6 6.27 5775.6 2.46
2807.6 6.26 5777.6 2.46
2809.6 6.25 5779.6 2.46
2811.6 6.26 5781.6 2.47
2813.6 6.24 5783.6 2.47
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Time g.min) Displacement (ft Time gminr) Displacement (ft
2 0.24 () R 2.45 ()

2817.6 6.23 5787.6 2.46
2819.6 6.22 5789.6 2.46
2821.6 6.23 5791.6 2.46
2823.6 6.22 5793.6 2.45
2825.6 6.21 5795.6 2.46
2827.6 6.2 5797.6 244
2829.6 6.22 5799.6 2.45
2831.6 6.2 5801.6 247
2833.6 6.19 5803.6 2.46
2835.6 6.19 5805.6 ' 2.46
2837.6 6.19 5807.6 244
2839.6 6.17 5809.6 2.45
2841.6 6.18 5811.6 2.46
2843.6 6.17 5813.6 2.45
2845.6 - 6.17 5815.6 ' 2.45
2847.6 6.16 5817.6 2.45
2849.6 6.15 5819.6 2.46
2851.6 6.14 5821.6 2.45
2853.6 6.14 5823.6 2.46
2855.6 6.13 5825.6 2.45
2857.6 6.12 5827.6 2.44
2859.6 6.12 5829.6 2.44
2861.6 6.12 5831.6 244
2863.6 6.1 5833.6 2.44
2865.6 6.1 5835.6 2.46
2867.6 6.1 5837.6 2.43
2869.6 6.08 5839.6 244
2871.6 6.09 5841.6 2.44
2873.6 6.07 5843.6 243
2875.6 6.07 5845.6 2.44
2877.6 6.06 5847.6 2.43
2879.6 6.05 5849.6 2.43
2881.6 6.06 5851.6 ‘ 2.44
2883.6 6.05 5853.6 2.44
2885.6 6.04 5855.6 2.43
2887.6 6.04 5857.6 243
2889.6 6.04 5859.6 244
2891.6 6.03 5861.6 2.44
2893.6 6.03 5863.6 2.44
2895.6 6.02 5865.6 243 .
2897.6 6.01 5867.6 2.43
2899.6 6.02 5869.6 243
2901.6 6.01 5871.6 2.43
2903.6 6.01 5873.6. 2.43
2905.6 6. 5875.6 2.42
2907.6 6. 5877.6 2.42
2909.6 5.98 5879.6 2.43
2911.6 5.98 5881.6 : 2.42
2913.6 5.98 5883.6 2.42
2915.6 5.97 5885.6 2.42
2917.6 5.95 5887.6 24
2919.6 5.97 5889.6 2.41
2921.6 5.95 5891.6 242
2923.6 5.95 5893.6 2.39
2925.6 5.94 5895.6 2.39
2927.6 5.96 5897.6 24
2929.6 5.94 5899.6 24
2931.6 5.93 5901.6 24
2933.6 5.93 5903.6 2.41
2935.6 5.92 5905.6 2.4
2937.6 5.92 5907. 2.39
2939.6 5.91 5909.6 2.39
2941.6 5.89 5911.6 2.39
2943.6 5.89 5913.6 24
2945.6 5.9 5915.6 24

10/06/25 65 01:38:02



AQTESOLYV for Windows Pasture Holdings

Time %min) Displacement (ft Time %min) Displacement (ft)
. P 5.88 (f) 2.38

2949.6 5.88 5919.6 2.38
2951.6 5.87 5921.6 24
2953.6 5.87 5923.6 24
2955.6 5.87 9925.6 2.38
2957.6 5.85 5927.6 2.38
2959.6 5.85 5929.6 2.39
2961.6 5.85 5931.6 2.39
2963.6 5.84 5933.6 2.37
2965.6 5.84 5935.6 2.36
2967.6 5.83 5937.6 2.37
2969.6 5.83 5939.6 2.37
2971.6 5.83 5941.6 2.37
2973.6 5.82 5943.6 2.37
2975.6 5.82 5945.6 2.38
2977.6 5.8 5947.6 2.37
2979.6 5.8 5949.6 2.36
2981.6 5.79 5951.6 2.36
2983.6 5.8
SOLUTION

Pumping Test

Aquiter Model: Confined ...
Solution Method: Theis

VISUAL ESTIMATION RESULTS

. Estimated Parameters

Parameter Estimate
| ; #2/min
S 0.0002723
Kz/Kr 1.
b 105. ft

K=T/b =0.002112 ft/min (0.001073 cm/sec)
Ss = S/b = 2.593E-6 1/ft
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