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Appendix A1
Application for Subdivision of Land in

Jack County, Texas

HOY -3

Vanessa james, county cterti
.-ilAeKCOUNTYyJEXAS

DEPUTYBY

1. Name of Applicant: PASTURE HOLDINGS, LLC

2. Name of Subdivision: PASTURE HOLDINGS SUBDIVISON

LOTS 1-15 BLOCK 1

3. 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)

4. 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

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

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

7. Location of Land to be Developed:

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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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

corporation organized and existing under the laws of the S^te of Texas, with its home address at
t Av’, 'XX and owner/subdivider/ or

developer of 3?3. 7<f acres of land out of the^.
Jack County, Texas, as conveyed to it by deed dated and recorded in

,Page

SUBDIVIDE acres of land out of said Survey,

Survey, in

Volume , Real Property Records of Jack County, DOES HEREBY

(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)

theto be known as Subdivision, in accordance with the plat
shown hereon, subject to any and all 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 HoUc^vgyii-C has caused these

203^V ■

X ATTEST:

present to be executed by its

the day of ^ A-IT
, thereunto duly authorized, this

(Name,Ti'|le)ame. Tit

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

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.

foregoing instrument as an officer of

GIVEN UNDER MY HAND AND SEAL OF OFFICE this the

, A.D., 20 .

day of

Notary Public in and for the State of Texas
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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.”

/o-

OwD^subdivideiraeveloper or Representative Date
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Appendix K

CERTIFICATE OF COUNTY TAXES PAID

THE STATE OF TEXAS §

§
COUNTY OF JACK §

I, Tr^i , County Tax Assessor/Collector, of Jack County, Texas, do

hereby certify that on tSe day of ()d4X)b-er- , A.D., 2035", 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:

2^i WITNESS MY HAND>ND SEAL OF OFFICE this the
, A.D., 20 ■

day of

COUNTY CLERK

JACK C^NTyTtEXAS

. U»Y*^>€pUNTY JUDGE
jack county, TE^S
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Jack County Tax Office
Trasi Ogle, PCC, CTOP
100 N. Main Street, Ste209
Jacksboro, TX 76458

(940)567-2352

Duplicate Receipt

This is a receipt. Do not pay.

PASTURE HOLDINGS LLC

DBA PASTURE FUND

921 PRAIRIE TIMBER ROAD

BURLESON TX 76028

>-
m

Q

<
OL

Property owner as of payment:
R979028 - PASTURE HOLDINGS LLC

Owner Interest: 1.000000

Current Statement #: 6235 Posting ID: 910092025124840

Agent:

Property Information

Parcel ID/Sequence: 1015/1
Account: 20233-00034-00200-000000

Category Code: DI/E
Acres: 240.2800

Legal: AB 233 J G GARDNER

Situs: 6550 S ST HWY 199

MH Label Number:

MH Serial Number:

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

Payment
Type

Full Payment

Year Jurisdiction

2025 JACK COUNTY

i'' 2025 PERRjN-WHiTT~C7r.S:D. M&O
202rPERRiN-WHnTC.T.S7Dri^

2025“JACK CO' HOSPTfATblST^

2025 JACK'COWCID#1~ ‘

F '2025; jack county S'PECIAL '

Tax Rate

0.35812300

”'0.66920000''■

0.15000000“

■'0.30223400' "

0.00722000“

07083'926o6 ■' $297805

Tax Value

$29,800

$29,800

Base Tax

$106.72

■ ,$i99742

wTto”"”

FulTP^'menf $90.07'

Dis/Pen/Other

-$3.20

' $0.00

$0.00

^$2770

:$ci;o6

'-so.'ts' “

Total Amount

$103.52

$199".42Tull Payment

FuFPayment
L.

$29,800

$29'806

$44.70

$87.37 "
L

$29,800 Full Payment $2.15

^25701

$2.09

, Full Payment $24:26

$"46l':362025 Year Totals: $468.07 -$6.71

$468.07Parcel 1015 Totals: -$6.71 $461.36

Property owner as of payment:
R979028 - PASTURE HOLDINGS LLC

Owner Interest: 1.000000

Current Statement #: 6235 Posting ID: 910092025124840

Agent:

Property Information

Legal: AB 431 MEP & PRRParcel ID/Sequence: 51711/1
Account: 20431 -00034-00201-000000

Category Code: D1
Acres: 98.0000

Situs: GROVELANDRD

MH Label Number:

MH Serial Number:

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

Payment

Type
Full Payment

Year Jurisdiction

2025 JACK COUNTY

Tax Rate

0.35812300

r'2025~PERRIN-WHlTT''C;i.S7D.M'8rO~ 0 66920000 S8r260 FullPayment"

■” 0.15060600

'"■0.302'23460~

' 6!6o722000

Tax Value

$8,260

Base Tax

$29.58

" $55:2g7'"7
■ $1Z39

$24:96”'

Dis/Pen/Other

-$0.89

""~~''”$6.60 ■

“'$6.'66

-'$6.02

^—$-0:21
-$1.87

Total Amount

$28.69

$55 28” "71

"sizsg

"■$a58

$6.r2-^"'-]
$127.87

.—j

2025 PERRIN-WHITTC.I.S.D. I&S

j : 2025 ' JACK'C'O H'O'SPITAL DIST
2025'JACK CO'WCFd #1

[”^“25''JACK COUNTY'SPECIAL ' ” ~

$8,260

$87266

":'0;083'9'20'00'' $8,266 Full'PaymSnf ’ “$6793

Full Payment

Full,Payment’'’

Full Payment
J

$0.60

$129.742025 Year Totals:

$129.74Parcel 51711 Totals: -$1.87 $127.87

Page 1 of 210/09/2025



DPI Year/Month: 202510

Clerk: jaccthau

Effective Payment Date: 10/09/2025

Payment Ref Totals: $597.81

Payment Ref No: 1083

Drawer User/Number: Tammy -17 -2105

-$8.58 $589.23

Payment Type: Check

Deposit Date: 10/09/2025

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:
Jn».p<»Ptir>nJFpp<^ piircnar.^ /]

Total Fees due:

$ / ro
$ rII' ?(J--m*

Receipt of Development and Inspection Fees:

On this date, the sum of $ was received and receipt given by the Treasurer of
Jack County.

Jack County Treasurer A-ii)
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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 hcensed
professional engineer or Texas licensed professional geoscientist as part of an
apphcation to a platting authority. The platting authority could be a municipal
authority pursuant to Texas Locai 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 '
apphcable 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@tcea.texas.gov or by phone at
(512) 239-4600.

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



TCEQ. Certification Form: Groundwater Availability for Platting

Certification of Groundwater Availability for Platting Form

Administrative Ttiformation. 30 TAG 230.4

Name of Proposed Subdivision:1.

Pasture Holdings Subdivision Lots 1-15, Block 1

2. Any Previous Names that Identify the Tract of Land:

3. Property Owner(s) Information:

Name: Pasture Holdings. LLC

Address: 921 Prairie Timber Rd, Burleson. Tx 76028

Phone: 817-991-4633

Email: j oshbeesinger@gmail.com

Plat Apphcant Information:

Name: Josh Beesinger

Address: 921 Prairie Timber Rd, Burleson, TX 76028

Phone:817-991-4633

Email: .1oshbeesinger@gmall.com

Licensed Professional Engineer or Geoscientist Information:

Name: Bryan Erwin

Address: 6991 Fm 4, Jacksboro, TX 76458

Phone: 940-567-5708

Email: bryan@erwmdrilllng.com

Certificate / License Number: TX PE 109851

Fax:

4.

Fax:

5.

Fax:

6. 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 M.E.P &

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 Nuniber(s).

Book:

Map:

Parcel: 20431-00034-0Q201-000000, 20233-00034-00200-000000

Groundwater Conservation District Information:

Name: None

8.

Address:

Phone:

Email:

Fax:

Proposed Subdivision Information. 30 TAG 230.5

Purpose of Proposed Subdivision (single family/multi-family residential, non-

residential, commercial, other):

Single family

If “Other,” explain:

9.

Size of Proposed Subdivision (in acres): 333.75

Number of Proposed Lots:_15

Average Size of Proposed Lots (in acres): 22.5 ^

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

0 Individual Water Wells to Serve Individual Lots

□ Combination of Methods (Describe below)

Description, if needed:

10.

11.

12.

13.

If PWS is anticipated, a written apphcation 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 apphcation for service for existing water providers attached to this form?

□yes 0N/A

14.

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



TCEQ Certification Form: Groundwater Availability for Platting

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

Projected Water Demand Rstimate. 30 TAG 230.6

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

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

d. Water Demand Per Housing Unit Per Year (acre-feet): 0.328

e. Total Expected Residential Water Demand Per Year (acre-feet): 4.913

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

16.

17.

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

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

Total Water Demand Estimate at Full Build-Out (acre-feet/year): 10

Sources of Information Used for Demand Estimates:

18.

19.

US Census, TWDB

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



TCEQ, Certification Form: Groundwater Availability for Platting

General Groundwater Resource TTiformation. 30 TAG 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

Availabihty Model to obtain general information pertaining to the state's aquifers.

The State Water Plan is available on TWDB’s webpage at:

httDs://www.twdb.texas.gov/waternIanning/swp/index.asn

Obtaining Site-Specific Groundwater Data. 30 TAG 230.8

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

21. 0 YES □ NO Have all known existing, abandoned, and inoperative wells within

the proposed subdivision been located, identified, and shown on

the plat as required under 30 TAG 230.8(b)?

22. 0 YES □ NO Were the geologic and groundwater resource factors identified

under 30 TAG 230.7(b) considered in planning and designing the

aquifer test required under 30 TAG 230.8(c)?

23. 0 YES □ NO Have test and observation wells been located, drilled, logged,

completed, developed, and shown on the plat as required by 30

TAG 230.8(c)(1) through (4)?

24. 0 YES □ NO 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 TAG 230.8(c)(5))?

25. 0 YES □ NO Has an aquifer test been conducted which meets the

requirements of 30 TAG 230.8(c)(1) and (6)?

26. 0 YES □ NO Were existing wells or previous aquifer test data used?

27. 0 YES □ NO If YES to number 26, did they meet the requirements of 30 TAG

230.8(c)(7)?

If NO to number 26, check DN/A.

28. □ YES 0 NO Were additional observation wells or aquifer testing utilized?

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



TCEQ Certification Form: Groundwater Availability for Platting

Note; If the anticipated method of water distribution for the proposed
subdivision is expansion of an existing pubhc water system (PWS) or a new PWS,
site-specific groundwater data shall be developed under the requirements of 30
TAG, Chapter 290, Subchapter D, Rules and Regulations for Public Water Systems,
and the apphcable information and correspondence developed in meeting those
requirements shall be attached to this form pursuant to 30 TAG 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-

residenticd water supply for the proposed subdivision.

DeTermination of Groundwater Quality. 30 TAG 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.

El YES □ NO Have water quahty samples been collected as required by 30 TAG
230.9?

30. El YES □ NO Has a water quahty analysis been performed which meets the

requirements of 30 TAG 230.9?

29.

DetermiTiation of Groundwater Availability. 30 TAG 230.10

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

E] YES □ NO Have the aquifer parameters required by 30 TAG 230.10(c) been
determined?

32. If YES, provide the aquifer parameters as determined, including units

apphcable (check here if a. through h. below are N/A; □);

a. Rate of yield and drawdown; 16.83 gpm w 60 ft drawdown

Specific capacity; 0.28 gpm/ft

c. Efficiency of the pumped weh; 23%

d. Transmissivity; 319.25 ft2/dav

e. Coefficient of storage; .0002 72

f. Hydraulic conductivity; 3.04 ft/d

g. Were any recharge or barrier boundaries detected? DYES El NO

If YES, please describe;

31.

as

b.

h. Thickness of aquifer(s); 105 ft

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



TCEQ Certification Form; Groundwater Availability for Platting

EIyes □ NO Have itme-drawdown determinations been calculated as required

. under 30 TAG 230.10(d)(1)?

El YES □ NO Have distance-drawdown determinations been calculated as

required under 30 TAG 230.10(d)(2)?

0 YES □ NO Have well interference determinations been made as required

under 30 TAG 230.10(d)(3)?

EIyes □ NO 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?

El YES □ NO Has the water quahty analysis required under 30 TAG 230.9 been

compared to primary and secondary pubhc drinking water

standards as required under 30 TAG 230.10(e)?

El yes □ NO Does the concentration of any analyzed constituent exceed the

standards?

If YES, hst the constituent(s) and concentration measure(s) that exceed standards:

33.

34.

35.

36.

37.

38.

Sample coliform' tested present. Can be chlorinated and retested.

Groundwater Availabilitv cind Usability Statements. 30 TAG 230.11(a) and (b)

Gomplete the following by filling in the blanks or answering YES/NO as apphcable. 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-

feet over a ten-year period anddepression is estimated to be 580

feet over a 30-year period.1005

42. The recommended minunum spacing limit between wells is 300

recommended well yield of 18

43. Available groundwater is of sufficient quahty to meet the intended use of the

□no

44. The groundwater availabUity determination does not consider the following

conditions (identify any assumptions or uncertainties that are inherent in the

groundwater availabihty determination):

feet with a

gallons per minute per well.

EIyesplatted subdivision.

Aquifer thickness and production is known to vary greatly in this area. It

is likely varies throughout the property, (continued below)

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



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 TAG 230.life))

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

Professional Geoscientist.

46. I, Bryan Erwin ,a

0Texas Licensed Professional Engineer,

□Texas 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
4-1

the proposed subdivision.

Signature.

n.tP 10/6/2025 (affix seal)

If*:'

{ BRYAN H, ERWIN J

I

\

TCEQ-20982 (1/23/2025) Page 9 of 8





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 Anaiysis
TCEQ Lab Approval ID: T104704200

Thursday, September 18, 2025

Bryan Erwin
Erwin Water Weii

6991 FM 4

Jacksboro, TX 76458

RE: Finai Analytical Report: ErwinWtrWell 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

Page 1 of 13Report 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.



ORT 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 Matrix

13601901 Beesinger Maddox 09/11/2025 13:00 09/11/2025 14:50 B Erwin Drinking Water

Report ID; 2025Q918101641
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.



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)

Workorder Summary ■ 'J<:

i Analysis Results Comments

^ 13601901 (Beesinger Maddox) - Hardness as CaC03
SQ4|Sample received and analyzed \«ithout chemical preservation.

j 13601901 (Beesinger Maddox) - pH

HT3|Sample received past hold time.

Page 3 of 13Report 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.



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 Results Units DF Cert Analyzed By Qual

Lab ID: 13601901

Sample ID: Beesinger Maddox
Date Collected: 09/11/2025 13:00

Date Received: 09/11/2025 14:50
Matrix; Drinking Water

(BENCHEM (SM mpC Hardness) '

Hardness as CaC03

GENCHEM (SM 2S10B Conductivity)

Specific Conductance at 25 °C

IS-

'..5

115 mg/L 1 TX 09/17/202512:30 JK

-iV.

929 umhos/cm 1 TX 09/16/202515:20 SMR

I GENCHm (SM 4500H*B pt^

Temperature

pH;^20.9“C

y^ .t'

20.9 “C

,7.7 jjnits

1 09/12/2025 16:20

09/12/202516:20 ; '.FR

FR

1 •*,

GRAV(SM2540CTDS)

Total Dissolved Solids 550 mg/L 1 TX 09/12/2025 17:00 LB

1C (EPA 300.0 PartA Anions)

Chloride

Fluoridei

Nitrate as N

Sulfate

105 mg/L

0'33 mg/L

<0.10 mg/L

: 30.7 mg/L

1 TX 09/11/2025 15:33 EJC

TX 09/11/202515:33 EJC

TX 09/11/202515:33 EJC

TX .09/11/2025 15:33. .EJC

1

1

1

■ ■

Iron 0.286 mg/L

,0.0177 mg/L

1 09/15/2025 12:28

TX 09/15/202512:28

MG

Manganese

Total Conform

E. Coli

1 MG

iv

Presence 1 TX 09/11/202515:25

TX 09/11/202515:25

LD

Absence 1 LD

Analysis Results Comments

:i)ardiiess ad^^03 JV:''
SQ4|Sample received and analyzed without chemical preservation.

HTOJSample received past hold time.

Report ID: 20250918101641
Page 4 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 Anaiysis
TCEQ Lab Approval ID; T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

Fort Worth Water Certification Legend:

TX - Methods accredited in Texas through the Nationai 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: 20250918101641 Page 5 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)

QC Results

QC Batch: INOR/107520

Preparation Method: SM 4500H+B pH
Associated Lab IDs: 13601901

Original,(13601901)

Analysis Method: SM 4500H+B pH

Parameter Orig Result Duplicate Units RPD RPD Limit Qual

Temperature

pH

20.9 20.8 "C

7.8 Units

0

7.7 1 ' *

QC Result Comments

: Sa/bp/e Dup/zcate - 5M979 - pH

HT3|Sample received past hold time.

Report ID; 20250918101641
Page 6 of 13

These analytical results relate only to the items tested. This report shali 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)

: QC Results/

QC Batch: INOR/107531

Preparation Method: SM 2540C TDS
Associated Lab IDs: 13601901

Analysis Method: SM 2540C TDS

r

I Method Blanl((565036)

Parameter Results Units RDL MDL Qual

Total Dissolved Solids <20.0 mg/L 20.0, 6.00

f^T

Lab Fortified Blank (565037)

Spiked
AmountParameter Units Spike Result Spike Rec % Control Limits Qual

Total DissolvedSolids mg/L 1000 1000 100 80-120

Sample Duplicate (565038) . Original (13590201)

Parameter Orig Result Duplicate Units RPD RPD Limit ' Qual

Total Dissolved Solids 465 461 mg/L 1 10

Report ID: 20250918101641 Page 7 of 13

These analytical results relate only to the items tested. This report shail not be reproduced, except in fuil,
without the written approvai of the Fort Worth Water Department Centraiized 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)

QC Results

QC Batch: INOR/107584

Preparation Method: SM 251 OB Conductivity
Associated Lab iDs: 13601901

Anaiysis Method: SM 251 OB Conductivity

Quai

‘.;>v
<•

1 J-LLl. J.

Parameter Results Units RDL MDL

Specific Conductance at 25 ®C <0.78 umhos/cm 0.78

X
-f- •' :'y s' t.'V

Spiked
AmountParameter Units Spike Resuit Spike Rec % Control Limits Qua!

umhos/c
Specific Conductance at 25 “C

/, Sampl^ j!'Piiginal^^eOldOlf :-,

447 458 102 90-110
m

.fiV,' ■f'..
'i-1

Orig ResultParameter RPD RP'D LimitDuplicate Units 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 Vlfeter 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 Anaiysis
TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

; QC Results

QC Batch: INOR/107598

Preparation Method: SM 2340C Hardness
Associated Lab IDs: 13601901

Analysis Method: SM 2340C Hardness

Method Blank(565448)

Parameter Results Units RDL MDL Quai

Hardness as CaC03 <2 mg/L 2

Lab Fortified Blank (565450)

Spiked
AmountParameter Units Spike Result Spike Rec % Controi Limits Quai

80-120Hardness as CaC03 mg/L 50 50 100

f

i Fortified Sample (565452); Fortified Sampie Dup (565453) Original (13601901)

' Orig
Resuit Units

Spiked Spike
Amount Resuit

Spike Controi
Rec % Limits

Dup Dup
Result Rec % RPD Limit Quai

RPD

Parameter

Hardness as CaC03 mg/L 95 80-120 163 96 1 20115 50 163

QC Result Comments!

i Fortified Sample - 565452 - Hardness as CaC03

SQ4|Sample received and analyzed without chemical preservation.

I Fortified Sarriple Dup - 565453 - Hardness as CaC03

SQ4|Sample received and analyzed without chemical preservation.

Page 9 of 13Report 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.



FortWorth Centralized Water and Wastewater Laboratory

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

Certificate of Anaiysis
TCEQ Lab Approval ID: T104704200

Workorder: ErwinWtrWell BE 091125 RUSH (136019)

QG Results

QC Batch: MET/10766

Preparation Method: EPA 200.8 - ICP-MS Metals Prep
Associated Lab IDs: 13601901

Analysis Method: EPA 200.8, ICP-MS Metals

Lab Reagent Blank(565079) S' _

.■S’'"

Parameter Results Units RDL MDL Qua!

Iron <0.016 mg/L

<0.0003 ; mg/L

0.018

Manganese ‘ ;

Lab Fortified Blank (565080)

0.0003 0.0000

Spiked
AmountParameter Units Spike Resuit Spike Rec % Controi Limits Qual

Iron mg/L 5 5.09 102 85-115

85-115'Manganese-'-

Fortified Sample (565p82);^Fortiired Sample Pup (565083)-

. mg/L, 0.1 . .1059 ;,v. 106 -

Original'(13587702)

Orig Spiked Spike Spike Control
Amount Result Rec % Limits

Dup Dup RPD
Parameter Result Units Result Rec % RPD Limit Qual
Iron 0.157 mg/L 5

0.0551 mg/L : 0.1 . . .1577 103

5.28 102 70-130 5.3

70 -130 '. ■■ ;1622

103 1 20

Manganese

FoitsedSample (565084)1 F^
107- 4,. . 20

.r;
■ Original (13507701) ■M

OrIg Spiked Spike Spike Controi
Result Units Amount Result Rec % Limits

Dup Dup RPD
Parameter

Resuit Rec % RPD Limit Qual
Iron 0.049 mg/L 5

0,0073 ‘ mg/L 0.1

5.16 102 70-130 5.23 104

70-130 . .1166 . - 109

2 20

Manganese .1092 102 7 20

Report ID: 20250918101641
Page 10 of 13

These analytical results relate only to the items tested. This report shail not be reproduced, except in fuil,
without the written approvai 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: MIC/28535

Preparation Method: SM 9223B Conforms
Associated Lab IDs: 13601901

Analysis Method: SM 9223B Conforms

j QC Blank(564910y

Results Units RDL MDL QualParameter

Total Conform

rE.Coii

Absence 1

Absence 1 --

I QC Positive(564911)

RDL MDL QualParameter Results Units

Total Conform

Ecoi'r

Presence

Presence

1

1
-j

Page 11 of 13Report ID: 20250918101641

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



Fort Worth Centralized Water and Wastewater Laboratory
I

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: ORG/19739

Preparation Method: EPA 300.0 PartA Anions
Associated Lab IDs: 13601901

Lab Foi^fiefBlahkrlFiite^^^^ , .: •

Analysis Method: EPA 300.0 PartA Anions

i.- .1.'

Spiked
AmountParameter Units Spike Result Spike Rec % Control Limits Qual

Fluoride

Chloride •

Nitrate as N

Sulfate

Me^od Blank FUtered(5i^68)

mg/L 1 1.04 104 90-110

90-110

90-110

90-110 ,

mg/L 60 61.3 102

mg/L 2 2.06 103

rng/L 60 . 617 ■ 103

Parameter Results Units RDL MDL Qual -

Fluoride

Chloride .

Nitrate as N

Sulfate

<0.04 mg/L

<0.81 mg/L

<0.06 mg/L

<0.76 mg/L

Fortified Sample (5^69); ForUfled Sample Pup (5648tp) , ' Origihal (136009,01)

0.04 0.00

0.81 0.01

0.06 0.00

0.76 0.01

Orig Spiked Spike Spike Control Dup
Result Units Amount Result Rec % Limits

Dup RPD
Parameter

Result Rec % RPD Limit Qual
Fluoride

Chloride

Nitrate as N

Sulfate

0.43 mg/L 1

mg/L 60 . 149 , 98

mg/L 2

mg/L 60

1.47 104 80-120 1.48

80-120 149

80-120 2.42

80-120 195

105 1 20

90.6 98 , 0 20

0.19 2.4 111 111 0 20

134

Fortified Sample (5^69); FdrpFi^ Sample Dup fS64870; Original (13600901)

196 103 102 1 20

Orig Spiked Spike Spike Control
Result Units Amount Result Rec % Limits

Dup Dup
Result Rec % RPD Limit Qual

RPD
Parameter

Fluoride

Chloride

Nitrate as N

Sulfate

0.43 mg/L 1 1.47 104 80-120

80-120

80-120

80 -120

1.48 105 1 20

90.6 mg/L 60 149 98 149 98 0 20

0.19 mg/L 2 2.4 111 2.42 111 0 20

134 mg/L 60 196 103, 195 102 1 20

Report ID: 2025091810 !&41 Page 12 of 13
These analytical results relate only to the items tested. This report shall not be reproduced, except in full

without the wntten 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 Cross Reference

Lab ID Sample ID Prep Batch Prep Method Analytical Batch Analytical Method

; INOR/107520 - SM 4500H+B pH

13601901 Beesinger Maddox

^ In6r/1075^- SMisioC TDS

INOR/107520 SM 4500H+B pH

t

13601901 Beesinger Maddox INOR/107531 SM 2540C TDS

; INOR/107584 - SM 2S10B Conductivity

13601901 Beesinger Maddox INOR/107584 SM 251 OB Conductivity

i

INOR/107598 ■ SM 2340C Hardness

13601901 Beesinger Maddox INOR/107598 SM 23400 Hardness

} MET/10766 - EPA 200.8, ICP-MS Metals

13601901 Beesinger Maddox
EPA 200.8-ICP-MS Metals

MET/10766 EPA 200.8, ICP-MS MetalsMET/10763
Prep

. MIC/2853S ■ SM 9223B Conforms

MIC/28535 SM 9223B Conforms13601901 Beesinger Maddox

'■'1! ORG/19739-EPA 300.0 PartA Anions

ORG/19739 EPA 300.0 PartA Anions13601901 Beesinger Maddox

Page 13 of 13Report 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.



STATE OF TEXAS WELL REPORT for Tracking #706524

Owner: Pasture Holdings, LLC

921 Prairie Timber Rd

Burleson, TX 76028

TBD US HWY 281 S

Jacksboro, TX 76458

Owner Well #: No Data

Address: Grid #: 20-64-2

Latitude: 33» 07' 22.37" N
Well Location:

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 (ft.) Bottom Depth (ft.)i

Borehole: 7.875 0 260

Drilling Method: Air Rotary

Borehole Completion: Filter Packed

I Top Depth (ft.) Bottom Depth (ft.) Fitter Material Size

Filter Pack Intervals: 1110 260 Gravel 3/8
1.

Top Depth (ft.) Bottom Depth (ft.) Description (number of sacks & material)I

I

Annular Seal Data: 0 5 Cement 1 Bags/Sacks

5 10 Bentonite 2 Bags/Sacks

Bentonite 3 Bags/Sacks

Distance to Property Line (ft.): 75+

Distance to Septic Field or other
concentrated contamination (ft.): None

Distance to Septic Tank (ft.): None

Method of Verification: Tape

100 110

Seal Method: Poured

Sealed By:

Variance Number:

Driller

N/A

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

Submitted on: 9/29/2025
Page 1 of 3



strata Depth (ft.) Water Type

Water Quality; 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:
DESCRIPTION & COLOR OF FORMATION MATERIAL

Casing:
BLANK PIPE & WELL SCREEN DATA

BottomDIaTop (ft.) Bottom (ft.) Description Top (ft.)Type Material Sch./Gage
(ft.)(in.)

Clay and Sand Rock and Top New Plastic

(PVC)

0 7
2204 Blank 40 0Soil

1

7 8 Lime New Plastic

(PVC)

40
Screen 220 2604

0.020
8 24 Yellow Clay

24 27 Lime

Sand Rock27 39

Lime39 48

Gray Shale48 106

106 112 Sand and Sand Rock

Gray Shale112 139

Sand Rock and Sand139 255

Gray Shale and Sand255 260

Page 2 of 310/4/2025 3:45:02 PM Well Report Tracking Number 706524
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
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

was

10/4/2025 3:45:02 PM
Well Report Tracking Number 706524

Submitted on: 9/29/2025
Page 3 of 3



STATE OF TEXAS WELL REPORT for Tracking #379043

Owner: Owner Well #: No DataH.W. Ballard

Address: Rt. 2 Box 64

Bridgeport, TX 76426

Well Location: Highway 281 N
Perrin, TX 76486

Grid #: 20-64-2

Latitude: 33“ 07' 23" N

Longitude: 098“ 04' 25" W

Well County: Jack Elevation: No Data

Type of Work: New Weii Proposed Use: Domestic

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

Diameter (in.) Top Depth (ft.) Bottom Depth (ft.)

Borehole: 7.875 0 240

Air RotaryDrilling Method:

Filter PackedBorehole Completion:

SizeTop Depth (ft.) Bottom Depth (ft.) Filter Material

Filter Pack Intervals: Gravel100 240 .25

Description (number of sacks & material)Top Depth (ft.) Bottom Depth (ft.)

Annular Seal Data: 0 10 2 Portland

3 Holeplug90 100

Seal Method: Grout

Sealed By: Lyons

Distance to Property Line (ft.): No Data

Distance to Septic Field or other
concentrated contamination (ft.): No Data

Distance to Septic Tank (ft.): No Data

Method of Verification: No Data

Surface Completion: Surface Sleeve Installed

Water Level: No Data

Packers: No Data

Pump Depth (ft.): 200SubmersibleType of Pump:

Yield: 15 GPM after 1 hours, no drawdown specifiedWell Tests: Estimated

Page 1 of 210/4/2025 3:44:23 PM Well Report Tracking Number 379043
Submitted on: 10/24/2014



strata Depth (ft.)

No Data

Water Type

No DataWater Quality:

Chemical Analysis Made: No

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

Certification Data: The driiler certified that the driiler driiled 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:
DESCRIPTION & COLOR OF FORMATION MATERIAL

Casing:
BLANK PIPE & WELL SCREEN DATA

Top (ft.) Bottom (ft.) Description Dia. (in.) NewAJsed Type Setting FromfTo (ft.)

4 N SCH 40 PVC 0-1200 6 Topsoil

|4 N SLOTTED 120-140 .0206 9 Sandstone

!4 N SCH 40 PVC 140-2209 63 Brown clay
-1

4 N SLOTTED 220-240 .02063 114 Sandy clay

114 121 Sand

121 174 Gray shale

174 212 Sand
J.

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.

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 3:44:23 PM
Well Report Tracking Number 379043

Submitted on: 10/24/2014
Page 2 of 2
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PASTURE HOLDINGS

DataSet: 0:\1 Water Well\04 Proiects\2025\250825 maddox-beesinge r gac\Pasture.aqt
Time: 01:36:47Date: 10/06/25

PROJECT INFORMATION

Company: EEC
Location: Hwy 281 s

Test Well: 1
Test Date: 9/11

WELL DATA

Pumping Wells Observation Wells

IM Well Name X(ft) Y(ft)Well Name XM
0 0 ° Pumping 0 0Pumping

0° Observation 280

SOLUTION

Aquifer Model: Confined

T = 0.2217 ft^/min
Kz/Kr = 1.

Solution Method: Theis

S = 0.0002723

= 105. ftb



Well development was acheived by bailing

then pumping both wells until clear.AvgGPM (Q) 16.83

-59:55 280Max Drawdown ft. (Pumping Well) Well separation ft.

19v30.Max Drawdown ft. (Observation Welt)

Aquifer Thickness ft. (b) -r":;,li05

Specific Capacity (gpm/ft) = ,.■0.28



Pump Test
• GPM {Pumping Well} Pumping Well Drawdown OhservallonWell Drawdown

O.CC,.
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PASTURE HOLDINGS

Data Set; 0:\1 Water Well\04 Projects^025\250825 maddox-beesinae r oacPasture aot

Date: 10/06/25 Time; 00:58:27

PROJECT INFORMATION

Company: EEC
Location; Hw 231 s
Test Well: 1

Test Date; 5^11

WELL DATA

Pumping Wells Observation Wells
Well Name Xfft) Yfft) Well Name xiM Yim
Pumping 0 0 ° Pumping 0 0

° Observation 280 0

SOLUTION

Aquifer Model; Confined

T = 0.2217 ft^/min
KzKr = T

Solution Method; Theis

S =0,0002723

b =105. ft



Well Depth (ft) 260

Static Water Level (ft belowground 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 Pasture Holdings

Subdivision Size (jn acres) 333.75 .

Number Of IMS

Average Lot Size (exicudjn^ roads)

Persons per Household in County . 2.87

Public useage per Gapiti(QPD) : 101,89.' . ^

GPP/Lot ,;2^‘42^3:

GPY/Lpt . 106734.8695 I--

Ac-Ft/Yf, . 0,327557287 • .

Total Residential Demiand Ac-Ft/Yr ,4,^13359364:,



Well Efficiency = Expected Drawdown / Observed Drawdown

Observed Drawdown (ft.) 59.55

Discharge (Q)

Transmissivity ft^/d
Storativity

Time d (@Max Drawdown)

Well Radius (ft.)

Expected Drawdown (ft.)

16.83

319.248

0.000272

1

0.328125

13.74

Well Efficiency , 23.07%

OSE Inverse Theis Calculator

This application 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 ui
values, there is not a unique solution for Transmissivity.

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

Ogpd/ft ®ft^/dTransmissivity 319.25

O Storage Coefficient .0002723

® gpm O acre-ft/yr

O years ®days

O Pumping Rate 16.83

O Time 1

O Distance ®feet O miles.328125

® Drawdown (feet) .1

Calculate The drawdown is 13.74 feet



:he 6th (with the exc<
lits 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 ln¥erse 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:

] Ogpd/ft1319.25Transmissivity

O Storage Coefficient 1-0002723

] Ogpm ®acre-fit/yr

] ©years Odays

O Pumping Rate 1.327557287

O Time Qo

O Distance 1.328125 ] ©feet Omiles

© Drawdown (feet)

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 i

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 1-0002723

Ogpd/ft ®ft^/d319.25

O Pumping Rate O gpm ® acre-ft/yr.327557287

O Time ® years Odays30

O Distance I ®feet O miles.328125

® Drawdown (feet) .1

Calculate The drawdowTi is 0.256 feet



10 Year Cone of Depression (ft.) 580.00

r

30 Year Cone of Depression (ft.) 1005I .I

*outer edges are calculated at 0.1 ft. of drawdown

OSE Inverse Theis Calculator OSE Inverse Theis Calculator

Tills application allows one to input 5 of the following 6 parameters to predict the 6th (with the exceptioi
pumping; pumping rate (select units of gpm or acre-feetfyr); 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:

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

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

] Ogpd/ft ®ft2/d1319.25Transmissivity

O Storage Coefficient |.Q002723

Transmissivity

O Storage Coefficient [^002723"

O Pumping Rate

O Time

Ogpd/ft ®ft^/d(319.25

] Ogpm ®acre-ft/yrO Pumping Rate 1.327557237' (.327557287 ] Ogpm ©acre-ft/yr

] ©years Odays

] ©feet Omiles

[W ] ©years Odays

] ©feet Omiles

O Time
Hi

® Distance (m: n;© Distance

O Drawdown (feet) (T O Drawdown (feet) (JT

Calculate The distance from the pumping well is 580.20 feet
Calculate The distance from the pumping well is 1004.93 feet



Equipment Brand Model

^t^teyi^ MetierC y ij c ^ L:eyelTroU:M6
'y;

Flow Meter Assured Automation r Turbine
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ABSTRACT

GGiiglomerafe; Rue to the disconlihuous nature of the.

. , sandstonBuhitsandthevyiderangelatefallyandver-
,rhuch of the county/bUt are dyerlain by Creteceous tfeaiiy lh watenqualiiy.hiaps del^
deposits along the ea^ern, comer of tfier cpiinty:

" ' '

Lirnitscl amounts of fresh to sajihe ground water

occur erratically in discontinuous Pennsylyanian
sandstone units. Canyon Group units form part of the
Perrin delta system eonslstihg of limestbne ise-
quertees; separated by shale, rniidstorte, and'sand-.
Stohe. GiSco Group units Were derived frpm a fluyiah
deltaic eysterh eorisisting pfimarily ;of sandstone
units with beds df limestone, shaie, mudstqhe,>and

both impracticabie and misleadinpr Maps delineating
water-bearing u nits, net-sandstone'thicknesses, and
water quality are presented iri this report in an at-;
tempt to provide data to be used as a guide in
fecOmiThending protection of ground water frorri
edhtaminatiph and' as an pid to daCK County land
owners in detemilhing aRprbxihtaie water well
depths and Watef quality,
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OCCURRENCE AND QUALITY CF GROUND WATER

IN JACK COUNTY, TEXAS

INTRODUCTION together with a tabulation of basic data obtained
during the investigation.

Purpose and Scope

Location aiid Extent
The general purpose of the study was to deter

mine the occurrerifce and quality of the ground-water
resoufGes of Jack County: to determine the sources
of and depth tP water suitable for domestic,,livestock,
public supply, and irrigation uses; and to recommend
how to protect the water from CpntaminatiOn. The
general scope of the study was the collection, com
pilation, and analysis of data pertaining to the distrir
bufion and quality of ground water in Jack County.

Jack County, having an areal extent of 945
square miles, is located in nOrth^entral Texas (Fig
ure 1). The county is bounded On (he. 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 centrally located in the

County.

Field wOrk on this study was carried out during
the period of June 1982 through Januaty 1984. the
results of the investigation are presented in this
report, which includes an analytical discussion of the

occurrence and quality of the grourid-water supplies

Topography and Rralnage

Jack county is located ih; the ©sage Section of

the Central Lowland Province (Carr, 19,67, p. 3)..
Topographically,- the county consist of orlling plains
heavily dissected by Trinity and Srazps River drain
age;the altitude of the landsurfaceranges from 825,
to 1,485 feet above mean sea level.

Jack County, lies within two,major drainage sys-
tem.s,;.the Trinity River basin, which covers the north
eastern two-thirds of the; cOuhty;, and the Brazos
River basin, which covers the, southwesterh third.
Theriorthernthirdofthe county is dissected from the.
rest by the West Fork of the Trinity River, which
enters the county in the northwest corner and exists
at the 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, RbCk Creeks in
the Brazos River basin.

Figure i.^Location of JackGounly



monthly temperature at 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.

Climate

The climate of Jack County is warm subhumid.
The average annual mean free-air temperature for
the priod 1951 -80 is about 64°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

Precipitation is (airly evenly distributed through
out the year with heaviest amounts occum’ng 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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part pf.Jaek .Opuntyi but information pertaining to the
study area was of a generalized nature.

spring and a secondary peak occurring in the Sep-
ternb'errOctober period (Figure 2). Dunng the period
1941 through 1981, theaverageannuaj precipitation
at Jacksboro was 30.1 inches (Fipure 3). During the
sanie time interval, the maximum arthUal precipita-
tipn was. 54.2 inches recorded in 1957i and the
minimum was 17.6 inches in 1956.

Data cGlIeeted for the period 1940-65 and epm-
piied by Kane (1967) reflect ihatihe. average annual
gross lake-surface evaporation is approximately 71
inehes; however, the average annual net lakeisur-
face evaporation is only 45 inches. Monthly gross

lake-surtace evaporation ranges from 2.1 inches in
Jartua^ tori 1.1 inches in August.

Methods of Investigation

An invertto^ was made of all rnuniciRai, indus
trial, and irrigation wells, as wellas some springs and
selected domestic and livestock welis.,A:tOtaj.Qf 465
wellSi; springs, and test holes were inventoried and
included in this study. Selected wells in adjacent
counties vVere, included for Continuity. Figure 31

sho.ws the locations' of the wellSi springs, and test
holeeinvehtoried. Information wasrgathered,, when
ayaiiablej oh weli, depths, well cohStmCfion.driliers’
logs,, drilier, date drilled, water-bearing zopes, and,

water levels. Surface eievations of aji.welis invento
ried were determined from tqpographiG maps; and
electric log well records. A totai,of.389 water samples
were collected for Chemical analysis: frorn 314 se
lected wellsv springs, or test holes. 3u rface arid sub

surface .geologic data were Collected and compiled,
placihg. epecial emphasis: oh their re|atiohship to
gfound vyater. Test hples .were drilled ip areas Where
info/matipn on possible water-bearihg Strata was
absent: Data were tabulated, analyzed, andthenec-
essaiy iilustralions prepared for,coherent presenia-
tion in a report;

Pg|3ulafipri and Eephoiny

Jack county is hamed fOr the brothers P. C. and
W. H. Jack, local leaders in Texas’ Struggle, for
independence. The county was cheated jh 1856 frOrri
Cooke Doupty,, and organized a year later. The
population estimate in 1986 wb? wUh
Jacksboro, thecounty seat,contributing 4,6'ob of the

' totaL Bther towns of appreciaBle size inc
lope, BrysOn, Jermyn,; Perrin, Vineyard, and Wizard
WellS;

The major part .ol the ecohOitjy ih Jack County |s
centered around the, production of petrOleium.and
naturai gas. Agricultural income jsderiyed primarily
from-beej cattle production, with some sheep arid
goat ranching and crops of wheat, pats, and barley.
Recreational hunting leases ;.also: contribute to the
income ofthe countyi

Well-NumberiiTg System

wellTnurribering system is used ih this report. Aa
indicated on Figure 4i the system is babed On iorigi-
tude .rand' latitudei with .eaph well or spring being
assigned a seven-digit number. ,in :addilion,ra1wP-
lettet county designation prefix is used.

Each 1 rdegree quadrangle in:6r overlapping into
the State is given a two-digit number from 01 to 89.
Those are the first two digits Of a well numhef. Each
1 -degfee quadrangle is further divided intd .sixty-four
'71/2-minute quadrarigles which are each.aSSigried a

tw.o-digit number from 01 to 64. These two digits,
constitute the thirdrand fourth digitaof a wellnu.mber.
Each 71/2-minutequadrangie is subdivided into nine

Previous Investigations

gOofegy and depositiOnai systems of north-cehtral
Texas are ayailab|e; however, no detailed ground
water investigation of the entjre .dourity has been
made prior to this, study. Seiected references are
listed at the end of this report.

A report on the ground-water conditions in the vi
cinity of Jacksbofo (Preston, 1977) was published,
but covers only a small part of the study area.
Reconnaissance investigations were made of
groundwater resources of the Brazos River basin
(Cronin and others, 1963), apdlhe frinity River basin
(Peckham and others, 1963), each of these including

This is the fifth digit Of a well number. Finally, each

well or spring within the 2 1/2-minute quadfanpib is
assigned a two-digit number'beginning with" 01.
These two digits cohstitute the sixth arid seventh
digits Of a well number.

- 3 -



Each seven-digit number has a Iwb-letter prefix
to identify the county in which the well dr spring is

Jack County lies in (hat 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 9.8 degrees west longitude.

The 71/2-rainute quadrangles are numbered on
the well-location map. Figure 31 . On this map, the 2

|/2-minufe quadrangles are not.riurnbered, because-
of space limitations. However, the notation occurs as.

the first digit of the three-digit number beside each,
well,or spring location.

Well PL-20-55-701 indicates that it is within Jack

Gbuhty:within1-.degreequadrangle20:within-71/2T

located. The prefixes for Jack andthe adjoining coun-
ties.are as follows:

County
Archer

Clay
Jack

Montague
Palo Pinto

Parker

Wise

Young

Prefix

AJ

.DL

PL

TR

UK

Up

ZR

ZU

9 •'ro6‘= 103* a?.*

Cl ' 02 03 0*1

07 CA CS;

Location of Wei Is-20-55^701

20 »-degree- quddrongle

55 71/2•• minute quodrongfe

7 21/2-fnmute quodrdngfe

6.I;A WoII numlwr 21^2-
fiumile- quQdrongIs

09 liO M 12 13

75 a- 23 22. 2»

33“

ZZ 27 28 29 30-

43 47 46 45 44 ■S3 42

WX 51 54 5655

74
70. 65-

1
75 15. 77

85-

sr- -

3€

I - degree ‘ Qucdrdngles

2 355'20 02 W. 04 01 c-s- 0/ aa-

0)

!+■ 15,09 10 If 12 II

24!? 20 21 22 230

4 1 5

27 25 30 2> 3225 26 26

33 35 36 37' i3' 35 4034

42 43 •SBAt 4^ 46

B a7

52. SI 54 36 55-49

57 St £2 63 C4i9 55 CC

•7t/2-mInuie Ouocrongles 21/2 mlmte Ouodrongles

Figure 4.-Well-Numberlng 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.

Oil tests used in the 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 71/2-
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.

Argillaceous-AppWed 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
laceous odor".

Artesian aquifer, confined aqu/fer-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 purnping.

C/asf/e-Rock composed of fragmental material
derived from preexisting rocks or from the dispersed
consolidation products of magmas or lavas. The
most common elastics are sandstones and shales.

Acknowledgements
Coefficient of siorage-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.

The author wishes to thank the property owners
within the study area forthejr cooperation in providing
information concerning their wells and allowing ac
cess to their properties. Special thanks to Pete
Armstrong, Billy Graft, 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.

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.

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-Jhe 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-Reters to water withdrawn, either
naturally or artificially, from the zone of saturation
(see definition of ground water).

Dissolvedsoiids-A measure of the total concen

tration of dissolved material in water. Widely used in

evaluating water quality and comparing waters with
one another.

Since a considerable amount of information con

cerning the groundwater conditions within the State
is based on data provided on drillers’ report forms, 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

For convenience 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.

Drawdowrh-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,

- 8 -



Electric bg-A graph.log showing the relation of
the eieetrical hroperlies Of the. rooks and their fluid
cohterlts penetrated in a Weil, The electrical pfoper-
ties are natural pdtehtiais and resistivities to induced
eiec^hcal currents, sorhe of whiehw
presence of the, drilling mud,

Fac/e^The "aspect" belonging to a . geological
uriitOfsedimeritation, includingminefalcOmpOsitibn,
type of bedding, fossil cdritehti etc. (suCh as sand
:faeies).,Geheral appearahce or hature.of one part of

a rpckbody .aS conlrasted with other: parts. A strati
graphic body as distirtguished froffiiGither bodies of

different appearance or composition.

EorrnatiofHA body of rock Jhat is sufficiently
hombgenadus .6f‘distihctive. to be regarded as a
mappable uhit, usually named frorh a locality where
thelorrhatipnls typical;

GrOuridWafer-Befers to water in that afea below
land surface, in which all porb spaces-and voids are
filled with water (called the.zone of saturatidh) and
from which wells-, springs; and seeps are: supplied.

or hydrostaticpriessure^lhe pressure ex-
erted by the: Water, at any giyen' point: in. a bddy of

watef at'rest reported in pounds per square inch dr in

feel Of water. That of ground water is.^enerally due to

t he weight of .Water at high Idvels in .the same z^
saturation-;

regionally as an aquifer; The systeni consists of two
or more aquifers separated laterally by disepntiriudus
aquitards and/or aquicludes: bifferentia|'changes of
thepydrostatic pressure (head) in the system due tp
pumpage Gauses ground-water rhdyemont through
the:aquitards .and from the interStiees of the clays;.

b/rnp/ogy-^The description of rOckSi.usualiy frdrh
.Observation ofhandspecimen.-Oroutcrop.. ' ,

the:'reacting,values of electricallycharged:pa'rti,cies,
or io.hs,Jns,olu.tlpn. Qrie.milliequiyaient per iiterdf a.

p.Ositive|y charged ion (sjueh as Na*) will react wifh;ri.
mllliequivalent,per liter of a negatiyely charged,ion
(such'dsQi).

used in CHeitiical analyses of Water to indicate a ratio

of dissolyedSUbstances,, by weight, in a unitJyOIume
of Water, t?. iilpstfate in more: eornmbn terms,
b.b'do^dbs of an ounce of a dissolved substance .in a

quart of water is equivalent to one .rriilligram of
di.ss.o1ye.d:sU,bstanGe 'in one liter of vyater. For .water

containing less than one 7,Q00'mg/] dissoiyed solids,
One,miliigrarrL:per.jiter:is equivalent todne:pa:rt;,p:er
rnilllon; '

■■©Mseiyatibn we//, currerif-A well'froffi which the

Texas yVafer tDeVelopmenl, Bbard; iS: presently coj-
lectihgand maintaining records.either.b.nw.ater-ley,el
or water-duality data or both.

WiH flow in oneday through a cross sectional .area of

one square foot .Under unit hydraulic gradient (one
fbot:'Qf Tail for each foot Of laterai. rtiovement), It is'

meaSUfediin feet, or metersi per day; Also called the
cOCfficienf of perrheabilify which'is measured in
gai|bhs per day persquare fbob

at th6;Iand surface.

ffOrn ah: underlying body of gfouhd-water by uhsatu-
rated rbck; Its water table .is a perched Water table.:

,EM(colathn-Jhe movement, under hydrostatic
pressure,of.water thrpugh.the interstices pf a rock.or
sdiiir,except the; movement through large openings
such as caves.

or potentiometric.surfacei usually given in feet per

MydrographtA graph or lirie?plot showing the
fluctuation of the Water level in a well over a period Of

tirrie. Rermeable-Pemous Or having; a texture that
permits Water to move th.rough it pefceptibly .under
the head diffefehces ordinarily found in ■subsurface
water. A permeeble rock has comrnuhicating intersti
ces of capillary or supercapillary size,

POfos/fy-The ratio of the aggregate volume of
interstices (openings) in a rock or sOil to its total
volumej usually stated as a percentage.

Irnpermeabie-^linpemous' or having a -texture

tibly under the head differenees^ordinarily found in
subsurface water.

assem

blage of interrelated perrtieable, poorly permeable,
ahd relatively impermeable formations that function
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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 zone of saturation, usually
given in acre-feet per year or in million gallons per

Structural feature, geologio-lhe 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 basin. The
structural basin may or may not coincide with a topo
graphic basin.

Water /eveZ-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.

Waterrievel, pumping-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-Jhe upper surface of a zone of satu
ration except where the surface is formed by an
impermeable body of rock.

Water-table aquifer (unconfined aqulfef)-Ar\
aquifer in which the water is uncpnfined; the upper
surface of the zone of saturation is under atmos^
pheric pressure only and the water is free to rise or fall

iri response to the changes in the volume of water in

storage. A well penetrating an aquifer under water-
table conditions becomes filled with water to the level
of the water table.

day.

Recoverable storage-Jhat 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 fluid conterifs penetrated in a well to

Induced electrical currents. Permeable rocks con
taining fresh water have high resistivities.

Sedimentary arc/cs-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 remains or products of ani
mals or plants; of the product of chemical action of
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 per foot of drawdown.
If the yield is 250 gallons per minute and the
drawdown is 10 feet, the specific capacity is . 25
gallons per minute per foot.

SpecificconductanCe-A measure of (he ability of
a solution to conduct electrically, expressed in mi
cromhos at 25“C. It is approxirnately proportional to

the conterit of dissolved solids, the values pf specific
conductance and specific conductivity are equiva
lent; however, the units for specific conductivity are

expressed in micromhos per centimeter at 25°C.

Specificyield-Jhe quantity of water that an aqui
fer will yield by gravity if it is first saturated and then

allowed to drain; the ratio expressed in percentage of

the volume of water drained to volume of the aquifer
that is drained.

Yield ofa well-Jhe rate of discharge, commonly
expressed as gallons per minute, gallons per day, or
gallons per hour.

Metric Conversions

For those readers interested in using the Interna
tional System (SI) of units, the metric equivalents 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:

Sfr/ke-The course or bearing of the outcrop of an
inclined bed, joint, or fault, on a level surface. It is per
pendicular to the direction of the dip.

- 10 -
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MultiplyFrom English
Units

To Obtain

Metric Unitsby

0.4047 square heptbiheteis (Hm®)

' cubic hectometers (hm^)

meters, (m)

acres

b.b0123aacre4eet (acre-ft)

feet (ft)

feet per mile (ft/mi)

gallons (gal)

gallons per minute (gal/rnin)

^gailons per mlnute.per foot

0.3048=

0.189 meters per kilometer (m/km),

liters (I)

liters per sqCp.neI (l/s)

liters persecond permefer
,[(l/sj/m]

liters per day per rhetef
[(l/d)/m]

ijiers per day per square meter

3;785i

0.06309

0.207

■ gal Ions per day ,per foot 12.418

gallons per day per Square foot
i(gal/d)/ft?i

inches (in).

40.74

■centimeters (cm)

kilometers (km)

Square kilometere (km®)

To convert degrees Fahrenheit to degreesidelsius use the fqllowing fprffiula;

“C = (^F-32) (0.556)

2.54.

miles (mi)

square miles (mi®)

i;609

2;590

GEOLOGY AS RELATED TO THE

OOCURRENOE OF GROUND WA^ER
clihe produced a thrgs,t-faulted fold belt: iResultant
mountains provided a sedimenteourceduring the re-

eoincidehtar to this event, the Fort Worth Basin
subsided, forming a foreland basin between the
western rtiargih of the Ouachitatoldbelt and Eastem
Shelf. Thick, terrigenous. Clastic deposits of
mudstone and sandstone of the Atoka and Strawh

Geo loglG History

The geologic Setting in and around Jack Gounty
was greatly influenced by the tectonic development
of the Fort Worth . Basin, Red River Uplift {Eiectra
Tirch), Eastern Shelf (Goncho Platform), Quachita
.fold belt, and Wichifa-Arbuckle Mountains (Figure5)i
Tectonic activities such as these provided the rnajor-
ity df'geolOgic.material comprising the varied forma
tions to be discussed in regards to their Water
bearing characferistics (Jable T).

During Late Mississippiah and Early Pennsylva
nian times, erogenic activity in the Ouachita geosyn-

bqgirining of Missourian (Cariyon) time. (Erxleben,
1975) • Wedges of clastic material interfingered
westward with basinal Shales of the western Fort
Worth Basin and eastern Concho Platform. These

deposits both interfered with and coexisted with
calcareous depositionai systems. As Middle Penn
sylvanian tjrhe approached, several.eyenfs occurred
that greatly influenced deposition. Uplift of the east
ern potiion of the .Fort Worth Basin provided clastic
sediments ot fuel Strawn deltas. 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.

into north-central Texas as fluvial and fandelta de

posits, sometimes interfering with calcareous bank
deposition (Brown and others. 1973). The resulting
influx of elastics 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 to a close, rejuve-

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
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Table >1.-^0eoiogickUnU5 and Their VVater-Bearing Properties

APRROXIMAtE

, MAXIMUM
THICKNESS (f=D

CHARAGTEROE ROCKSGROUPSYSTEM SERIES FORMATiON, stratigraphic UNITS WATER-BEARING PROPERTIES^ERA

^AUiiylumj Surf (ciai f iooidplaln and umice Alliinum along ths
streams consiningoUrsvel. un4'Bllt,-.and cloy.

I'arititiM ol-ffresti^td mc^eratafy.Recant Yields'; Binajlqu
saline.WBter;WQuaternaryCenoroic

Plaisiocbno- ilo lorrocb deposiia

Red (amd, -'gray toi’rsd-bnjvm‘'.ctey and,' shale
, scpdrdi^frbm basal sand.'sandrock and shale by
limDstane,and.gray.ctay,-

>alu^ liitwscf fra^i-.to slightly salineYields

wateh

CratacbeiisMomolc Comamho. GIdh Rosa 2m;Trinity,

Twin Mountains

.Carnp ColbradbUmestono
-Salt Creek Bond Shale

Stockwqilibr Limustone
' Camp Creek Shale:

Thin' Itmastbhe- b^, .Mparat^ bv/ehold units;
.'Siltstone; ssndstohbl^ahdV.cosI beds. are.-elsd
present

Not known to yield'water injaci("County.
Permian -piitibld.-Wolfcarnp 100;

Saddlo Cieok'Ulrh'efiibne

• WaldripShata,;
CrYstal.Fdll& Lim^ono

■ Numerous.lanticulof Mhdst'^andcbngtomerdto
depcaits; thin limestones, shale. sUtatbnei'and thin

‘‘djaibeds.

Not knwn to'yleld water in‘Jack County,
7 ? Horpersvilia;. 200:

Cisco
Brockpniidge Umesione

' ■ '(^ele)
Bloch Ranch Umestono

.(shale)
:lvah Limestone,
Avis Sandstone

Numerous-, lenticular-'sandstone‘'de'pb^a, thin
limestones,,shaie/and^siltsiohe; vnih somd.thih

Yields,smaM quantities'ot h^esh-to.'slighily uline
water.'

Thrifty 300
I

Virgil
CO

-Wdyfend Shalo-
Gunslght Um^bhd-
;'Ne«ssitv'Shaie

.BuriOBf limostbha'
,Gbhialei'Creek Member'

Finis Sh'ald.

Numerous'-lamleular aandston'o- deposits,.^thin
:'lima»ones>.^.shaie.7and «iItstpnei',with .6bime thin

.YrQlds.smair^iiamitles.of'freeh to itighily. eaffn'e
water. ' ' '' ' ’

coal beds.
600Graham

Homo Creek Umoaona

• iColon/Creek Shite
Limestones',se(»rated.'by units of Mohlicular
sandstone', cbicoreous^ bhalo'. siltstone^

I canglomaVateithiniimestpnebedSjSiltvshale,and
shale.'

-Yieidsisirnali qudhtities;0f frbsh.to sltghtliT.salihe
vwier.-"

Caddo Creek. 300

'Ranger Limestone-
•Placid Shale

'aVad 400:
1

Paleozoic.
Wirbcheil LimMidrie

. ' .IpovH’s Oeh) .
. Wdll Mountain Shale^

'Can^h
'Greford- 600

Missouri Wiles UmeMotia

Oran Sandstohb

iPosideonShelB.

Wynn lim'ostone'

300. Palo Pinto

Sm3li;auBhiltiw;df iliahtiy-W'imodorajtBiy'salinB
wdter’fro'm.thqTurkey.Crbl^S^ occurs'ih,
some area’sdl Jack Cd^uniy,'

^..KBerd'u'Creet’Shele
Turkey Croak Sahdawne

^SalesvIlle’ShBle

Dog Bend Llrhestona -
Lake Pinib Sandstone'

'Village Bend.Unostqne
Hiog .Mountain'Sahdstona

'LimesloneejW.sanistphebe^ separated by shale-,
units;'

Mineral Wells UOO'

Brazos Rivar- Sondstono.'llme5(oi}e;;conglomorate,: and shale'
.■With some coat beds: -- .

Not known to yield water m Jack County;;. Suown

OasMoinas •Mingiis

Grindstone Creek

LaryBend



nation in the foldbeit and eastern Fort Worth Basin

increased the supply of elastics available for deposi
tion both then arid 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 sediments to Late

Pennsylvanian delta environments.

Both the Canyon and Cisco Groups of Pennsyl
vanian age consist predominantly of shale, sand
stone, mudstone, and limestone. It 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-

posiis consist of thin-bedded sheet sandstone and
siltstone. Distributary chahnel-fill sandstones are
massive and coarser grained thari 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 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 direction. This resulted in an extensive trunca
tion of Pennsylvanian strata in the Fqrt 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 Cretaceous pe
riod. The Pennsylvanian-Cretaceous unconformity
shows a trernendous period of emergence and ero
sion. Oneofthetwo majorinvasions of the sea during
the Cretaceous period is represented by the Coman
che Series.

The Cisco Group is composed of mixed cjastic
and carbonate depositional systerhs. 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) deltafront, 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
embaymerit 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 to medium
grained sand, fining upward; (4) crevasse splay
siltstone and line-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 wafer 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

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.
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1

gmoynts of water to wells in MUtheas,t Jack County,
thejfiarne Antlers Foriinatipn is apfilied.nbilH of tThe

iSfeU BoPe;pinc.h-put-;whe^re |fie Paluxy and twin
Mppntalns cpafesce oti form one unit. Outerpps of
Antlers occur ;a^(png the northeast pprner of the
cpuntyi and due tojirnited thicl^ness, do not produce .
sufficienV amounts of water to wellS' inrthat area. It

does; .hoWeveri aPt as a recharge source to- the
underlying^ Pennsylvahiah sandstone, as does the
Twin Mountains pPrrnatipn.

STRATIGRAPHY OF THE

water-bearing tlNltS

Strawn Group

Several wells ate: known tp yield potable water
from the Strawn Group: in nprtheast Falp; P|rttb
County: however, no water wel1s3«ere found produc
ing Mm this grpupin Jack CountyiAtestiWell drilled
by the Board near Jpplin, JaCk Gounty, produced
usable quality watertram the.TUrkey Creek Sandr
stohe of the MinerarWells PprrfiaUpn, The Minerai

Guterpp areas: of yaridusrtpnnltions are illus
trated gn the gepipgieputGrpp map (Figure 6). Ifet
.sand .fhicknesses of the Pennsyiyapian formations,
areshown on Figures 7 and i Othrough Geologic
'sectiQns(Figures32,through35).shPwthestratgra-
phic relationship and stixictural attitude of each unit.

Three of the sectiphs (Figures 32^ 33. and 34)iafe
orientedjrt a do.vmdlF <3ifeetioh and one (Figure^
lies aipng: the sWke of the formations.

ianrt lies beneathrthe Palp Pihtp FpfmaUon of the
GanyontGroupiftable i). Within Jack CPunty, the
,on|y potential waterbearing unit In the Itrawn Group
IS the turkey .Greek Sandstone; If is: separated from.
Canyon Groupmnits by the l^eeGhi CreekiShale and
overlies the; Saiesviile Chale'jas' depicted; on the
geplpgic sectiorpand Table 1i

Strawn CrdUp uhifspCpur only in the subsuia^^^
pf Jack County. Fpimatidns,strike N 75?E thfpugh
Palp Pinfp Gbunfy.then veer northeast at .N iSQ^E
through jaclgnd into Wise Counties withra regipnai
dip of about.Sd feetper mile. A typical dip,section as.

seen io:geologic: section-.A-A', Figure 32, shows, an

averagedip ofliOJeetper mile. The typelP'cality'Pf the
Turkey Cfe'ek SandsfPh.e, northwest of Mineral

WellWe^Pdsps a’10 fpprthi.ck section dldark red-
d|||-brpWn, fnassive congipmerate' .consisting of
srnajlanguiar pebbles pf guarti and quartzita in p
.cparse sand matrix (Plummer and Mppre. 1921, p.
78). the turkey Creek has a,total thickness of 117
feetlnfeat hole PL-19-5:7-i:ol. with a net sandstone
thiekness of.88 feet. Sandstcne beds are interrupted
by .stringers of dark-gray laminated mudsfPneC'on-

Gti-ucture

Geologic structures .affecfing ground wafer in
Jack Courifyrare the reglonai wesPnorthwesk dipj -
{developmerit of the Fort Worth 'Basihj^ Red River
Uplift, Ouachita, fold belt; and Wichita-ArbUCkle
Mpuhfaihsi These regiPnai stfuctUfes afe shown in

Cfert)earing,ipcks in da^CiM pri-

Canypn Groups^the outcrop beltof theCiscp Group
extends frorn Young; northwesf Jack; spufh Cldy.
andJntP sputhwest Montague Gountyi the OUterop

paid Pinto,; southeastern Jack, and into Western
Wise County.where theyafe uneoriformabiyoyCciaih
by eastwafd-dippiilg Cfefacepus sedimenfsi

.Pennsyfyaoian rpcksth Jack Cpunty dip in a

tainirig finely divided plant matPnalahdlhinl.enses of

SlltstPherand veiyfineaandstphei

yppef iSffawh; units w^;deppsited .as h|gh^
cpnsUuGtiye, lobatlB delta sequences representing^
progradatlpnal facies wUhin fheterrin Delta Gysro
Figuro t (modified from CleaveS; 1983). shows net
safidstonP thieknesses tanging from Jess than . 50.
feet to over 140' feet, the inferred sddiment ihputf
direGtion;indicales:aheastJorwestprpgradation frorn

a pfPbableadUrce area in the northernmost part of
the OuacHita Fold Belt of Texas. The multiiatefa)
paftern of sandstpfle facies in the Perrin delta sys-

permjie, With a:rogipnalsfrike of abputy60'’E,Both
the .Cisco :and 'Cahyon iGroups exhibit depositional

fairty cdnstaht as shown in the dip cross-sections
(Figufes32,33,artd34):,hpweyer, ihicknesseso

ovef-the study area.
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teiT]'. as illustrated iii Figure 7, |s inferred; tp have

resulted from deiDosition on.the strueturally stable
'Gonchp Platform (Cleaves and Erxieben, 19a3, p.

Geplogio,section A-A‘, Figure 32. reveals a dip to.
the northwest of approximate jy, fO f eet per mile and
a total thickness, df about: 230 feet. Othef than ah
outcrop of Oran.;$andstone . along the cdunty, line
south of Pernh (Figure 9). the formatidh occurs

in the .subsurfaGe, being overlain by Creta-
Geous deposits iri the -Sdutheast comer .df Jack
Gduntyi

Of’pnmaiy importance to this study isthe.waterr

55)

Giariyon Gl'dtfp

A series of carbonate and terrigenous clastic

rocks of the Upper Pennsylva'hian .(MissourrSeries),
form the basis of the cahyon G'rddp. Canyon; Group
unlts arepomposed -qf-a seguenGe;of ‘4 thiek libe^
stones with interstratifted shales and sandstones.
The:group gen

and the discontinuous sandstdn.e :and;sandy'shaie

Sandstoneds finer to, mediumrgrained, tefrugindus,
locally Oross-bedded, and thimbedded at-thl ba'ee^
beedmihg more fhassive'towafds thetOp. It exhibits
a..tBickness df Up tp 50: feet. A measured. s'ection,,
shown as nurfiber 28 pn Figure 9, isidescribed by
Erxieben (1975, 73) as iollows; 37 feet of silty,
sandy..unfQssiliferQUSsha!eof'probablyprodeltad.p
ImerdelkieoriOin.ioy.e.rlajn by 25feet’of,fihe-grainedi,
highly Gross-Stratified sandstone Gontaining; plant,
debris and Glay.pebbles;

strikes northeast to southwest'

55 feet, per mile, ©f primal importance .to thiSIstUdy

Wolf Mountain,, .placid, and Gpldhy Cfeek'stratigra
phic units, bhe'Perrin delta system prpgraded north
westward through eastern Jack and western'Wise
Counties. Deltaie .abandonment and destruetion
wereJdaused by marine transgressions and deposh
tion Of shelf Garbonates (Brown and ©thers, 1973).

Stratigraphic; fdrmatipns. include^ in 'aseending
order,; the Paio PintOj Graford, Brad,- and Cedyb
Creek, The outcrop belt extendsthrough .nprthMst,
Palp Pinto, southeast Jack, andwestem WiseCQuri-
ties,.ln spUthepstdaokCpunty, the jCanypn §roup Is
■uncpnformably overlain by eastward-dipping Creta
ceous sediments. In the; northwestern half of Jack-
County, units are overiain by rocks of the Cisco

Graford Fprmatiqn

Two- stratigraphic' units are fncluded in -the
Graford. FormatiqhftheWqjfMountainShaleehd'the;
Wmcheil Lfmestq:he. The.,Grafd'rd'is separated,by the.
Palo Pinto Foiraatio'n beloW and by the Brad FOrifia^
'tjGh aboye,. both of the Cahyoh Group; Sandstphe
units withih|h'eWolf Mbuhtain Chaie are thepHrha^^
sqUteepfpotablegrouhdiWaterffqwatehwells afeng
and,several niiles downdrpiqfthe fqrm.ation.;

CommonlyjJhedip is less than 50 feetber mile,.
fStratigraphyiof the water-bearing units can.best

be.deseribed:by.examinihgthatpq,rtigndf^t^ deitaio.
depqsitipnal, system from which the rocks are der
riyei. Table 2bri.efiy describes the charabterls.tlGS of

. delta ,.cq.nstmdtiGna!,faeies;.cqmpon,entS‘which cqn^

lain most, offhe potable .ground wafer.
southeast Jack-County. Figure "TO, after Erxieben
■(1975), shows the areal extint.df the saridstone.
oLifdrbp of theWqlf MouhtaihC hale along with Its neb
sahdstqne'thickness.r which ranges frorn lessthan'Sb
feetfqqverCcib feet the maximum thickness pcGurs
•8 to IQ miles ddw.ndip from,; the .dutcrQp;.sptith of'

Jaeksborojn one of the Perrin delta system'lobes.

Stratigraphy Of the. Wolf Mpuhtain Shale ,units
depehdsron thaf portidh of the-della sequence ex
posed or penetrated. TyPldil .stratigraphy of fbe
various delta facies .is .described in Table :2. The
sandstone, facieS; containing poiable water are qf
particular interest .to this study and are generaliy
depicted as:,QeGurring in areas delineated by Figure

Palp Pinto Formatiph

m.atjdn, ;listed in order from qldest to ,young,est,;;are
the Wynn Limestone,, ©ran Sandstqnei- and Wiles
Limestone.,Also found in this intervaiare shales and

silty shales derived from a pfOdelta-shelf environ
ment (PoSideoh'Shale), and discontinuous sandy
shales and .sandstones! The Palo Pinto Formation
forms the base;qf the.Canyqh Group and is Oveflain
by Units of the’ Graford Formafibn (Figure 8)! 10.
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Tiabte 2.—Characteristics of Pernn Deltaic Con^riictidnal Pacies

(nUbdifled from Cleaves aiid Emleben^ 1982^

BEDDING. THICKNESS

^liiCTEliftLiEXTENT

COMMON

sedimentary

STRUCTURES

composition
AND

TEiCfORE

DELTA

CONSTRUCTioNAL
EACIK

CONTACTS WITH

ASSOCIATED FACIES

MEDIUM. TO COARSE .grained
QUARTZ iSANDSTONE-AND CHERf
pebble conglomerate

MASSIV.ETO HEAVILY CB’OSS BMDEDi
10 ETvTO 20 FT. THICK: A FEW FEETTO

.SEVERAL hundred: pEEt- ACROSS
INDIVIDUALBODIES,

■ Co'nTA CtS-.'SH A RT,( ER6.S I ON A L)
BELOW; SHARP'TO GRADATIONAL
Above? •chaNnel-uke units', pinch
outlateralLy

ABUNDANT MEDIUM TO LARGE SCALE
TROUGHS; conglomerates APPEAR'
LO CALLY HOMOGENEOUS

FLUVIAL

'(COARSEGRAINED,
'MEANdERBELtTGBRAiDED):

COMMONLY LAMINATEO;T0.1fHIN
BEDDED TOHOMOGENEOUSH’ft;,TO.
10:EriTHlCK;’LOCiU;‘AREAL EXTENT

ABHUFf -TO GRADATIONAL BELOW:
generally gradational. ABOVE;
;PINCHES;oUrbR GRADES LATERALLY
'INtOEMBAVMENT FACIES.

LAMINATED TO HOOT MOTTLED TO

BURHGWED.LMAY APPEAR HOMO-
GENEbUS; COALS POORLY IN
DURATED AND’ "DIRTY'L MANY OF
DETRITALOHGiN

SANDY. .siL'iY ' MUDsfoNE: Local
COALS AND COALY MUDSTONE—

NOTENOfCOMMON IN GUTCRbPPING
:CANYbNGR0UFDELTA PLAIN

■CONTACTS .SHARR;(ER'bSjoNALi TO
SUGHtLYGRADATIONAL above AND
BELOWl^UNlf.tUINSTO.b? lAtEBAttY

COMMONLY THICK BEDDED TO'
.MASSIVe- B-FT. TO 40 FT,\THiCK;
COMMONLY lOFT; TO 20 FT. THICK; A-

! FEW FEETTOA FEW HUNDEREDf EET
ACROSS

ABUNDANT OTOUGH GROSS ;bEOS:
MAY APPEAR HOMOGENEOUSfLOCAL
CONTEMPORANEOUS FAULTS; LOCAL
ABANDONED 'CHANNEL CUTOUTS

WITH COALY; MUDSTONE FILL;
LOCALLY,BURROWED

FINE TO;-1lilEblUM' GRAINED. 'QU/^RTZ'I
SANbSTONE:;LbCALLY"DiRTY“-WlfH.
clay FLECKS; LOCAL ClA^' CALL;
CONGLOMERATES

blStRIBliTTARY
CHANNEL

I

B3

LARGEvtdW'ANGie TROUGHCROSS
BED^^SANDCTONE LENSES. GROWTH
faults; LOAD; FE^TURESr May BE
HiGHLY CONTORTED; COMMONlV
BURROWED NEAR TOP

FINEiGRAlNED aUABT7 SANDSTONE,

WELL-SORTED,-LOCAL; CLAY FLECKS
'AND CLASTS

MEDIUM BEDDED TO MASSIVE AND

CONTORtED; 10 FT. TO 150 FT, THICK;
SEVERAL TENS OF'FEET. TO SEVERAL.

HUNDRED FEET. ACROSS

ABRUPT ABOVE; GRADATIONAL ip
BELATIVELY-ABnURTBELdW; grades’
LATERALLY INTO DELTA-FRONT. PRQ-
DELTA ^AND INTERDISTRIBUTARY

FACIES

distributary
MOUTH BAR

GRADATIONAL TO. ABRUPT ABOVE;
•GRADATIONAL TO RELATIVELY

ABRUPT BELOW/GRADES LAtER^^LllY
INTO DISTAL DELTA-FRONT. PRODELTA,

AND INTERDISTRIBUTARY FACIES

LOW':AN6LE TBdUGH CROSS. BEDS;
parallel LAmINAE; CURRENT AND
dSeiLLAtlON RIPPLES ON TOP; LOAD
Futures and :GdNTbRTEDYBEDS;
GROWTH FAULTS; LOCALBURROWS

FINE TO:VERY FINE GRAINED QUARTZ ,

. sAndSTONE/^ELL ;SdRTED,^LQGAL:■
;;CLAY.FLECKS'

-THIN TOcTHICk'BEDDED WITH’LOCAL
SANDSTONE LENSES;;AFEW.FE£T TO
-S^ERALTENS OFFEET THICK; A FEW
■•HUNDRED’ FECT'TO Ai'PEW- MILES
ACROSSfSTRlkE)

o
.ffi.

PROXIM^^L
D,F.<

Im

O
SANDSTONES COMMONLY GRADED

JO RIPPLED; LOAD AND FLUTC'CASTS;
HORIZONTAL BURRO WS; SANDi^ONES
COMMONLY S-mONGLY ROUEOIAND

CONTORTEDi

GRADATIONAL TO . RELATIVELY
ABRUPT ABOVE: GRADATIONAL

’BELOW; GRADES LATERALLY INTO
prodeLta:and shelf mudstone

THINLY /BEDDED SANDSTONE IN

.LAMINATED.SHALE; A FEW FEET,TO
iVI 00 FEETTHICK;AFEWHUNDREDFEET
ad^AF^ MILES ACROSSilSTRIKE)

■ veryfinegrained.sandstgnband
-:SILTSTONE beds' (N SILTY. SANDY-
SHMiE- ^Bi^AL

■p-F.

HORIZONTAL LAMINAE; ;1;0CAL
HORIZONTAL BURROWS',LOCALLY
CONTORTED'and SWOHlSbI' gray TO'. BLACK SILTY JO "SANDY.MUbstONE.’-WltH' IABONDANT "RED

FERRUCINOUSCLAYStONE NODULES'

WELL .LAMINATED -TO' PLATY'-WITH

THiN ".SANDSTONE ..and SILTSTON'E
'BEbs,i3;FT. TO.^BCio'jFT. THicK: A, FEW:
.YiLRbs.-fO A FEW MILES 'ACROSS,
.(S'TRIKE);-

■GRADATIONAL ABOVE; GRADATIONAL

TO ABRUPT BELOW; INTERFINGERS
LA-TERALLY with SHELFiMUDSfONE-
ANO.CARBONATE: ,

PRdDELTA



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.

Brad Formation

The Brad Formation consists of two major units,
the Placid Shale and the Ranger Limestone. The
Brad is overlain by the Caddo Creek Formation and
rests on the Grafdrd 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 Placid Shale interval along with the net-
sandstone thickness in the subsurface. The inferred

sedirheht 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 |eet.

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 Grpup and is overlain by the
Graham Formation of the Cisco Group. Brad Forma
tion units occur immediately below the Caddo Creek

SOUTHWEST NORTHEAST

I300

CISCO GROUP

1200

IIOO-£13
■ROME CREEK

LIMESTONE ■
5-1O00

COLONY CREEK
SHALE

- 900
RANGER L.S.

PLACID SHALE

^’-.'*.***

rTiE

WINCHELL LIMESTONE

WOLF MOUNTAIN SHALE

WILES LIMESTONE

A A A

M.S.DAM GRAFORD JACKSBOROPERRIN BRIDGEPORT

Figure 8.-Schematic Facies Section Aiong Outcrop, Canyon Group,
Northern Palo Pinto, Southeastern Jack, and Western Wise Counties, Texas
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The Graham Formation forms; the. base of-the
Giseo Group, arid is oyerlaih by the Thrifty Foririatipn
(Table: 1), Thicknesses of .sa.rjbstone unlts vai^^ eon-

sidefably, dUe .tp the' discpntinupus nature. Of the
beds. Test hple^P|b2p45-91Q has a;net-sandstOne
thickness of abputl50 feet.

(Table 1);. Potable.greuffd water is obtained primarily
fromjsah'dstone uhifs'with|ri‘the Gploiiy Gfeek’Shale
interval.

Gaddo Greek Fprrnation units, dip to the nprth-

•Gounty. Figure, 12>shovys the .iareal::e>(tent: of 'fhe

sandstone and congtomeratedutGropj the netrsand-
stone thickness,: and the inferred sediment itiput

direction forihe GSIony Greek Shale internal; Wet-

sysr

ternsfluvial and ,deItaib;- Fluvial.sj/lsterh units consist

of braided faeies of fhediumrtdGoafsevgrajned sand^
stones aiid GOhgfpfTierate wit.h Gross-beds',, chert
:peb|ies, arid; Ijttle mud; meand^r’beHs pf siltstppe
andllhe-grainedsandsjdnesydiSfributary-ehanneHiji
of fine-to mediurnrgrained.sandstpnfi: and valley#
fiuviai of upwarddining bedsrftpnri coarse gravel to:
mediurn-grainebsanaslpnewith tro.ygh cross-beds,
typical.deitaicsyStem faeies.lhthe.GiScoGroup are.
similar to those described in Gahyon Group se
quences. Bardingef sahdstOhesOorisisling of delta-
front; ehafiriel- molith-baf,,ahd dist;ributa,ty"Channel
fapies areponirnoh, interspersed WithTnudstones of
prodelta-and inferdiStfibutary.origin;;

over 150 feet.

Units of the Golony'Greek Shale containing: pp-
fable water';consist primarily pf f|nergrained :san,d-
stondof deita;desfructional,deifa frontj ahd.disfribu-
tai^ channel origin; arid eO'arse-grained sandstone
andCpnglbrfierateof fluvial Ghannel origin. The pre:-
dbmihant sequence cpuld be sufhmed up as fine
grained deltaic sandstone units overlying and flank-
jng.sandy prQdeifabh.dJnterde!taic mudsijohe,.facies,
(Erxleben, 1975);,. /^s with the p.r.ey|Qus fprnjafipns,
emphasiswiltbeipiaced on, the. water-bearing sand-
stonedacies.

Thrifty’Formation

Thrifty Forrhation units listed in order from.'
pidest -to 'yobngest aid the §indStone,; Ivan;
Lithestbn.e, Siacb'Naheh .Pmes^^ and Brecken-;
ridge tirne:stp,ne.,lntefspersed |;e.tw,een'’these .!ime-

Cfeed Gfdupt

The: Gisco Group is Gorfiposed: 6T both ter-
figendus .elastics and cafbohales depdSited in the
Gisco fluyial-delfaic: depp'sitidhal eySteifi. These
syst'eni.s crop dpt ih a northeast-southwest trerid
through the;.nprthwestern,haK .of JaGk,G,punty,. The.
regip;nal dip istoward the northwest at approximately
.50 %et' per’ rnOe. ;Erriph.asis wilt be: pjaG.ed on the

sandstohe facies,ofthe Gfaham and Thrifty Forma
tions-, Which-aresthe predomlna'ht sOurGe of potable:
gfbUhd wateTfrOm the Giseb GraUp in Jack'Gounfy.

and muddtO‘ne:unlis,;Th'eAvis Sandstoneiand’many

titles of potable gra'und water to wells in northwest
Jack 'GpGhTy-’G'hgifi aiid stratigraphy Of the sand-,
Ct.phe units are similar to that of the Graham Fpfhjir-
tioh

Trinity Group
Grah.arn Fprm.atipn

out in Southeast; ,Jack Ceunty,-. with . smalt Outliers-
occurring.ialongthe eastern boundafy ,of .the county
(Figure 6).- Formations include the Twin’ Mountains,
Glen Rose, Paluxy, arid Antlers. Alongth'enortheast
bpundaty,between Jacki Moritague,.arid Wise Goup-
■ties,,putliens..pf AnflerbForrbatipn.oeeur. The Antle
Formation is theipteral equivalent,of the Twin Mpun-
taihs and Pajuxy Formations, :ocGurrihg north of the:
updip limit of the .Glen Rose ■Fe'rmationlSmall.quan::.
fities :of potable ground-water 'are available primarily
froirrilheTWin M'ouritains Formation in the southeast-

order'from bldest.to .youngest,..are the Finis .Shale,
Gonzales Greek Member,' Buftger Liraeslohe,, Ne
cessity Shale,- Gunsigh't-Limesf6rie',,,arid Waylarid
ShdieT WaterrBe.aring sandstone units Withi.ri the

pf potable.;ground water In the Graham Formation.

between major limestone sequences also provide a
source of ground water to ;domestiG and .livestock
wells.

- 31



ern eorner pf'Jaek Gpunty. Sands of the Twin.Mounr
tains and Antlers Formations provide a vehicie to the
.rechargeof underlying Pennsylvanian sandstones.

In contrast to the Penrisyivanian units, Creta-
oeous formations dip to. the southeast at about 20
feet ;per'rfiile. total thickriess varies frorh a thin
veneer to approximately 200 feetrAcCofdihg td
ers’logs of wells Completed through the Cretaceous,
the maximurn thickness of the Tvyin hiouptaihs^ For-
rfiation js about 120 feet.

Source and OccurenGe

The original source of ground, water In Jack
Gouhtyisthe infiltration of preelpitation either directly
in the; outcrop Or indirectly through seepaige frorh
streams and lakes, that small portion of the:total
precipitation which .seeps down through the soil
mantle and reaches the water table is calied ground
water.

Ground water [s said to dccur under either

Water-table pr'artesjan conditipnsi Ground water in
the outcrop of many formations; iS Uneonfined and
.under water-table conditions.^ VVater under .these
conditions is under atmospheric pressure and wiji
rise ef fairin, response to changes in the volume of
waterstbred.f n most .placesvthd'configuratidn df.the

consdiidated, massive, crossbeddedi firte^ to
coarse-graihed, white to light^r’gray saiid. Lehticular

sdutheast corner of Jack County, sandS; are; sepa
rated by the Glen Rose Limestone, which ednsists
'prirhairily of limestone wifh thin beds of shale and
marl.

surface. In a well pehetrafing ah uncdhfihed aquifer,
water will irse cf the level of .the water table.,

Downdip from the outcrop, ground water in the
.aquifer may occurbeneath a relatively impermeable
bed. The vyater is under artesian or confined eondi-

tions;and the impenetrable; bed GOnfines the waterAlluvium

' Alluvial deposits, composed of fine sand, silt,,-
ciay,, and gravel occur in the: floodplains of and
bordering mahy of the streambeds withih the County.-
These strearn deposits are^ probably derived from
blder Pieistocene. sediments and frdm Pemii|n and
Pennsyj.yahian rocks. Therthickness of the alluvium
is beiieved ip b,e no; greater than 6.0 feet.

. The. geologic map.,( Figure 6) outlines the prihci-
pai alluviUmdeposits.Ailuviurh is also preseht alohg
numerous tributaries, but is liot shown on the geo-
Ipgiq rnap in ail caseS; A few wells with small yields
produce water frorh the alluvium.

pehetrating ah aiieslari aquifer, water will rise above
theCdhfiriirlg bed andi if the pressure head is iafge
endUgh to cause, the watei' in the weTtd rise above
the; land suhabe. The well will flow. FloWihg wells;
Cdmrrtdnly areTpund in areas of low altitudes,

Water occurs and iS stored in pores or voids be
tween the rock partieies, the twoTuhdamental rock
characteristic's which are imp'ortaht in the oCCuttenCe
of .;gfbuhd water are pbrdsityi: Or the ratid Of the
vdlU'me.of'voidfepaCe to'theTbtaJ rock vdlUme ex
pressed as a percentage, and permeability, which is
the;abilitydf a porpus material to.transmit wafer, the
porosity ofarock i'sdependentupon the shape, size,
sorting, and the amount of Gemehtatidn of the.grains'.

Glays. silts, and soils which are fine-grained sedi-
mehts, commonly have highporosity, however, they
do not .readily transmit water because Of the small
-size of the voids and low permeabilities. Because of

Ihbir high pdfosities, which fahge from 4,0 to 60
perCehti theTine-grained ■sedimdrtts-are capable of
stbring large quantities of water.

In aquifers containing sands and gravels which
are relativeJy unconsolidated, ground water occurs in

the spaces between the individual particles. Iri aqui
fers such as: limestones, dolofnites, and other more

corhpaet and Well-cemented rocks, ground water
occurs ntajhiy ih fractures and. cracks caused by

GENERAL G ROUND-WATER

HYDROLOGY

Hydrologic %cle

Water used by hurnans whether it be from rain,
spring discharge, or water from wells, is captured in

-transit, and after its use and reuse, is returned to the

hydrologic cycle, the different courses water may
take to Complete the-hydrdlo'gic cycle are shown ih
Figure 13.
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force of earth movement or in spaces dissolved by
the action of water.

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 to the porosity and permeability of the aquifer.
In sand formations, the limiting factor is the potenti-
ometric surface, caused by wafer 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
drawal of 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 abounf of ground water
that can be obtained on a perennial basis, therefore.

Recharge, Movement, and Discharge

Water-bearing units receive recharge in the
outcrop from precipitation, sfreamflow, and lakes.
Part of the time much of this recharge is rejected
because water-bearing units are full and the water
flows info 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 wafer 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 wafer moves into the well from all directions.

EVAPORATION

AND

transpiration
EVAPORATION

WATER

TABLE

OCEAN

PRE - PENNSYLVANIAN ROCKS [

PENNSYLVANIAN AND PERMIAN ROCKS.
IN north-centralTEXAS cretaceous and tertiary rocks.

TEXAS GULF COAST

SAND shale LIMESTONE SPRING DIRECTION OF WATER MOVEMENT

Figure 13.-Diagram of the Hydrologic Cycle
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more obseivaticin wells. The^reGOyery of thie water
levels is also measured after- p.umpjrig stpes, from
tKe-data obfained, the coefficients Of transmjsslbjlity
arid storage can be calculated and used in.computing
the effects that pumping wifi have on water leveis iri

an agUifer ,at various times arid distances from a
pumped well., In addition to, providing a means .of

charge area to the wells.

Discharge is the’process which removes water
from theaquifer either by natural or artificial means.

the term of spring flow, effluent seepage,■transpira
tion by vegefatidn, 'evaporation through the soil
where the wateriabie is close tothe surface, and loss
through interformational leakage. Artificial discharge
is Usually frbm.flowing or purriped water wells.

a given section of the aquifer, the doefficierits Cari
also be used in-estimating the availability of 'gtound
water in stroragei

Fluctuations of Water Levels

There areseyefal, cau Sesthatchariget hewater
'levels in weJls.,-§onrie:of these causes sre regibnali
whileothers are bcal- the major factors, that gener-
ally control the changes in water levels are-the
amount of recharge to arid discharge frotri theiaqui-

Hydrauiic Characteristics

Water-producing capabilities of an aquifer de^
pend URori its .ability, to store and-transmit vyater.
Eormuias have been developed to showthe-reiation-

, eoriemf depression to. the prdpefties Of the aquifer
including specific,yield arid cbefficierits of storage,
.t’rarisrriissibility,.arid perrheabtiity. These formulas im

di’eate that, withjn.tirnits, the’discharge from a;weil
varies,directly, with, the drawdown::that is. do.ubiihg
the dray/down wij'i nearly dp,u,ble the amount of dis-
.chaTge, The;..discharge; per unit pf d.ravydown or
■5pecific.;capacity is:of value in estimating-the prob^
able.yield of a well, and the required purrip setting.
However, the type of welicoristruelibriiarid thorough-

fer.

Daily flUctuatiOris, especially tHose-wellsiedm-

.pleted in artesjan aquifers, are generally in response
to barometric.press.ure,-tidal;effeG,ts, earthquakeSi or

changes in thereyaRdtranspiraiion rate;. The magni^
tude.of these, ifiuctuations is very smali, Seasdnai
fiuciuations occur as the result of changes .in the
emouht of rainfall and .evapotranspiratidri .onran

Durihg periods of d drought wheri recharge is-rirness of Well ideVelopmerit also, effect the speeific
Capacity; duced, some qfthewaterdiSchefged frqm.the. aquifer

.ciirie, However, when adequate rainfall resumeSj.the
yplUme of water^drained from stprage may be re-

!h an artesiah aqUlfer, as ground water i.d with-
drawn the-hydrostatic pressure is lowered and the
weight .of; the oyeriying.: sediments compress the
.aquifer eausirig th.e.water to b.eirete.aseddrom stor
age*. fhejco.efficierits of storage in; artesian aquifers
are sriiallcom'pared tothose iriwatef-table aquifers.
Therefore, as ail artesiah well is puriiped, a cOrie of

depression is;developed over a.wide.afea in.a short
time.'

piaced and water'levelswill rise.

When a water well is pumped,- water.leVels irithe
Viciriity are drawn down'irithe shape Of an iriverted

Cone with its apex at the pumped well. The develop-
rrient Of eories of depressiori deperids, .ori the
aqqffer’s cpefficierits of t.rarisfTtiSslbility arid .storage,

arih pn the.rale of pumping. As pumpirig continues,
these, cpnes will expand until they intercept a re
charge source which will satisfy the pumping de
mand. jfthe corie' of one well .overlaps the cone-of-
ariother,. interference: and an -addilidnal loweririg.;of
water'Ievels will.dccur asthe'wells compete forwater
by expandirig their cones of depressions. The
arriourit or exlerit of interference between the eoneC

depends on the rate of pumpirig from each well, the

spaelng, arid the hydraulic characteristics of the
aquifer in which the wells are compieted-.

In a water-ta,b!e aqu ifer, thecoefficient of storage
i.s much larger,since if reflects the removal,of vyater
from storage by gravity drainage. Under these condi-
.t.ipriSr the coefficient of storage is essentially eqUal to
the specifio. yield;

oftimeand making pefipdiG,m.easurementsofwater
levels in the pumping welt and, if possible, in one or
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For water-table aquifers, changes in water levels
are generally less pronounced than in artesian aqui
fers because changes in water levels reflect changes
in the ground-water storage.

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

The dissolved-solids content 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-sblids concentration in parts per million
(ppm). The classification is as follows:

Dissolved-solids content

(ppm)

CHEMICAL quality OF

GROUND WATER

General Chemical Quality
or Standards

Description

The types and concentrations of dissolved min
erals carried in grouhd 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 dissolyed-miheral constituents
depends upon the source the ground water, the
solubility of the minerals in the formation, the length
Of time the water is in Contact with the rock, and the

concentration of carbon dioxide present Within the
'water; Therefore, the chemical character of the water

Less than 1.000

1,000 to 3,000

3,000 to 10,000

10,000 to 35i000
More than 35,000

Fresh

Slightly saline
Moderately saline
Very saline
Brine

In recent years, most laboratories have begUn
reporting analyses in milligrams per liter (ttig/l) in

stead of parts per million. These units, etr practical
purposes, are identical until the dissolyed-solidS
conceritratipn of water reaches or exceeds 7,000
Units (ppm dr mg/f). Most of the chemicarconcentra-
tions in the study area are below 7,0p0 mg/I and,
therefore, the units are interchangeable. For the
more highly mineralized waters, a density: Correction
should be made using the following formula:

parts per million = milligrams per liter

specific gravity of the Water

The property of vyater known as hardness is

As hardness increases, so does the soap-cOnsumirig
ability of water. Since most, of these effects result

from the presence Of calcium and magnesium, hard
ness is defined quantitatively as the Summation of
milliequjvalents per liter of calcium, magnesium, bar
ium, and strontium tirries 50.05 (SkOUgstad and
others. 1979, p.. 28l ). Ih many cases, the Coritribution

through which it has passed. Additionaljy, disSpIved-

perature, and in zones of restricted cirCuiat|pn. The
source. Significance, and concentration of disSpIved-
mineral constituents and properties of waterin Jack
county are given in Table 3.

A total of 389 chemical analyses of water from
vyells, springs, and teSt holes in Jack and adjacent
Counties were used in this study. The sampled wells
are indicated on Figure 31 by a bar over the well
number. CpnGenfrations of sulfates, chlorides, and
dissolved solids from samples taken from selected

14.

water determines its suitability for municipal, indus
trial, irrigatiorij and other uses. Several criteria for

water^quality requirements have been developed
through the years which serve as guidelines in deter
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-

those of calcium and magnesium and eah be safely
ignored. Hardness is reported as an equivalent con

centration of calcium carbonate (CaCOj) in mg/I.
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 Cbhcehtratlon of Dissoived^Miheral Constituents and Propertied of Water in Jack COuiity

(Adapted from Doll arid others,■ ^1963; p. 39-43;; DUffori and Becker; 1964; p. 16^35; and Hem, i970y

Analyses are. in milligrams.per liter except percent sodium; SAB. BSG, specific conductance,rand pH. In the concentration by aquifer chart, the figure

above the line refers to the mean; figures below the line refer to minimum-maximum range;

• AND. RANGE-'IN eONCENTWTlbNS; BV AQUIFER

.Cdtony.
Creek'

;Woir,
-Mountain

Constituent

or property. ' Concentration In natural waterSignlficancei • Placid' PintoThrifty GrahamSource or cause

R^ges Qflnerailylhofii.i f 30,mg/l, though con-
derations .up.tb 100 m9h:,ai.e tvot uncommori In

areas.- Man y^.ue for ^uhd water Is ^ul
rr-mqli.'Higher.Vaiuei.are.'gVnerally'found Iri
ground WBlar and are-rafat^ lo rbck l^.and
temperature.;

Mainly from feidspa;^ (erro-magha^uni and clay!
.rhlnemli i^ca dtett Prob^ most
aircaobsemi^lnnatur^v^ertesutte'frdrncheiiv
ical br0^6wn;'()f!8il}c^'fhln$fal8'dufing Ihe-
■we^han'ng process.',

<lh presence of calcium and rriagnesium/fdrms scale In pipes, boiler^'
- and.searn lu^nes that retards Keu andjs difncuh to remove. Inhibits

, deterioration ofzebiite^ype water softeners^ Can be added to ecttwider

.to lnhibil;Cono5ion ofirbn plpea

12- .13 13 13. ,17 13
Silica'lSia).

1-29- 9 <23 9X23<<■1520 ■-<1-23 -«.1-24

' Even though cl8ar,.wtieh fir^ ‘dra^ from, a well; more^lhan U1 ‘ mg/1
• p>ecipllal0s ferric hydfOTide after exposure to,2dr, ,thus causing ^diah:
^brown coloretlon.' Cau^s liifbldlty.istains'piumblrigfMures.-laundiy,

• and cooking uten^s^'and [mp^ obledionaNe tastes and colors ot food

anddrinki May favprgrwth of Iron bacteria: More ihan'aamg/hls ob-

'lediohable for most Industrial purppses-Tei^ DfiR!- of Health (i9B0)-
'drinking v^e'f.j^ndardf'state.lhatlronsVuldnot’exceedO^ringn.;

!h m^%a3,!wcurre'fic8;of'ip‘ 10 mg^^ iron
In groundWaier.ls cdmmpn.'^'Ufid'\^f.wiih pH^
between'eand 8 mpy.cdnlajri^.niuch as 50.mg/1
ferrous iron. Very lowpH'e can result In extremely
high concentr^ons. Recharge through strata con-
talnlng'oxldit^ Iron rnine^s arid organic debris
pfoyides favorable Ira'n'spwce^!

Mainly 'lgenous 'rocks [ and sand^bhe r<^
{oxides, cartenatos; and sulfidss'df-ifon'^y-
-miheralsl. Mayalso be'derived from welicasiiigs,
pipes, pumps.'storege tanks, and other ob|ects'of'
cast iron arid steetl

.3. ag sa

X2.. .6 .02:403, ,01- i;i -.03 • .ta -11-.77 xa-w

.paldum’endmagrtesIumcombineiwHhtot:^^ carbonate; eulfater
^and ^lica to' form hdat-ret^Ingrpi^'c^gingMe in tibllets and'other^

'^heattexchang>equipment.‘SdapconsUmmg(s6e'hafdne»).LowMri-
-f ceritrailons desir8ble.in6lectfopl8tirig,' tanmng;'dyo|ng>ahd iri textile

' m^ufactujing. High concentralion'dl ma'gnesii^ has'a laxative eftecti

resfteclail'y on new UMrs.df the-supplyl

Arriphibblesi'-teldsparsi gypsum, -pyroxene,
aragonite,tcalciiei'dplorniteyclay-'minerais.

4373 48
Calcium{C8) IfT.most instances^ the magnesium concentration -

ismuch iower'than that of.calcium. Rpurid in large;
qu^t^ [risorne.brinei'Magne^ufh'inseai^^
can exceedi,000 Trip.

^2v340 '8'r'310- 6 -nia■.8.379. 1 -181 1..94

AmphibplBS.voiivinBi pyroxenesi dolomite,
rriagneslto/cleyniinerflls.'

19‘ 14 T922 18 10
Magnesium'lMgjI

.2X152 S’ 1-104' -2-29 .1 -.48
09
(O

As rnucti as 1,I>M ppm in someyrestem slreamst.
sbputTO/XiO ppm Ih.wa^^ about 25,000 ppm ■
In brines:.

■445 412 464 '587 316Feldspars, Clay mine.fals, evaporites,,and Industrie,
■'wastBi

t

'.L^'amounts. In Mknbte^ion \^hch!d.ri^;giveTsalty'te:^rTh6der^
, quantities have li^e etf^ phthe ,u^.lijlnE^ of forpurpi^&
,M6re!than M mg/Tsodium and',p(rt^iumil|i prerence o'f suspended,
‘matter (fencause foaming in steam boilers. Aftighsddlum'contont may

'ilimii IhB.use of^water'for irrigation:

.Sodium(Na)
34-1.148;•®-; 2^117^ 34:-;a2p9-14-T803 ;e3 r 452-;^-28&2

58'25‘ ^4:0-as 2.5Gsrie^iyless th^ to iti'g/1;asmuch as 100 mg/1
lh:h«'spring8;as much is 25.1^ ppm In briiias.'Fe[dspars,''some micas, clay minerals^Potassium^ (1^ 1.0 - 7.0 1.0-151.0 - 44^ 2.0-3i)'

3 8- '3 .4 6Usually present when pH exceeds 83. Commonly -
less than-10 mg/l’In.grouhd watei'■ Bfc^bon^^e and carbonate produce alk^n^, Biearbonates of c^cium

and magnesium decompose in steam bollers^d hiri water racillties to

5fomi‘^aand erleaW.cp'ffos^'^ca^ri^iw^ ga& Ificombinatlpn
‘.with ;caic(um:w&;m%n^ium,-caCeec^bqn^hafdrie^-

Carbdiiate (CO^ 0'-'20' '0'-T69'P.-270 0-26. ,0 - 29 0-22

Umestphe and dplomlie
Cdmrhohly less'lha[};500 rhgft; M^^exceed 1X00,

. mgjiln watsfhighfych^ed.with'carbdn dioxide
.(CO2); "■■" ' ' ' '■ "

424 439. v42a 417 . 494

''248;,-789

•Bicarbonate

[HCO3I; 110.724; ‘154,- 744 225.071'■/t9.-:;700- ■193"^;

Cdmmdnly lees than 1X00 mg/1. Low sulfate con
centrations can result frbrh bacterial reduction of

suiiate'in anaerobic sedlmenisxr ground-water
aquifers;'Magnesium and sodjym sulfates are;
hlghly sbluble,^an'd water containing these corn-
fxments can attaln'sulfate coridentrations In excess'
p!-106x<Mm^! '

fSulfate in water coritelningdalclum.fdrms'hard scale iri ^sambbllors*.
Water conialning'about 500 mg/l'sul^e etstes bitter; water containing
about I'XOO m^ may be cathartIc'.:Texas De'pl'of Health (1980) (Irink:

' ing water standards recommend that the sulfate content not exceed 300

, 120. 243 246 152 •78 95
Oxidallon-of sulfide.'orps; .gypsum, anhydrite', In?:
.dustrial-wastes. ’ '

T

Sulfate {SP4) 16 r 554 7.-1378; T3-1.69r ■21.588 31-*i53 11:451

>mg/1.

'Chloride inexcess'of-l00ing/1 ImpartsaG^iyia^et^inlargequanliti Bs;

« :increases the cbrrosivsnesspi watec Food preceding industries usually
''require less than250 mg/1;,Texas Oept. of Kbalth (1980) drinking water.-
'standards-recommond'a wlorido.content not-.to.exceed.SOO rng/t..

Chlehsourceissedimentary rocks .(evaporites);'
; present fn'smge arid found Imlarge amourits'in
o!l:fieldbrihes..&ea.watef,-and Industrie! w^es.:

T8!'■416: •844 175:505 452-Atwut.19,000 mg/1,Iri Sea w^r'and as miich as
TSOXOO'tng/lTh-brlnes.;ChIorlde.(Cl) 20X4;424‘ 22 - 355' ;20M,168’;13‘-3.192 18-2X37' 15-5,008;

•Ruoride cpncehlraiion between 03 an'dl.y nr^l In drinking water hw

'3 beneficial e’lfect on the structure and resides to decay of childrens
jteeth^ Howoyer, it may cause mdtUing oi etelli’de^ndlng bn ihe'coiv

.cenirationi age of child/’amounl of waterconsumed. and susceptibllit^-
/ol.the indlvidui tHaler.'19»: p. .1126.l132y.T6a^
.dririking w^8r^.dard5,recdmm'enil.|imlts;as;sh6wn’pn;Fjg^^

Concentrations generelly dp not exceed 10 rrig/l

ing^un'd wtde'f or.1.0 m^^lnsip^.waier:
l:tefes;mueii as:1,66o. mg/l.in'.br/nes::

■1:213t.2: 14
-

•.6*
Amphibples, apatite, mica; nuorite. Added ot many.

• waters by.'ftuoridatibn of public.suppliesVRuorid0'(F) ; ;r-'4.2' HT'- -73 •. ./S’ 5T' :2'-'4X''3_X3fl -3/13

I
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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 IN CONCENTRATIONS. BY AQUIFER

Wolf

Mountain

PaloColony
Creek

Conslituon!

or property pintoConcentration In natural water Thrifty Graham PlacidSource dr cause Significance

Concentration^much greater than the local Bveraga may-Buggast^po i-

lution. Texas Dept, of Health (19B0) drinking water etandarda euggeei

a limit of to nig/1 as N (44 J m^t asNO^). Water of high nitrate content
have bean reported to be the cause of rnelhemogloblnemia (an often
fata) disease In Infants)andthereforeshouldnot be used'Ih infant feeding
(Maxey, 1950, p. 271). Nllrataehown to be helpfulIn reducing inter*
crystalline cracking of boiler ^eel. It encourages grawth'oi'algae and
other organisms which produce undesirable tastes and odors.

Usually small when liot Influenced by sewage or
ranehlng-farmlng activities. Soma areas of high
nIlr^as:do occur naturally.

22 4D5.7 301)Decaying organic matlet, sewage, fertilizers, and
nitrates In so9.

4.5

Nitrate (NO3) •4-j04*49.4-ei)4-49.6 *4 .04 - 79.8 564.0 < .04- 12.5< .04 - 62J0

Texas OepL of Health (1980) drinking water standards recommend that

waters containing more thari.t.QOO.mg/1 dissolved solids not be used

If other less mineralized supplies are available. For many purposes the
.dissolved*8oild$ content Is a major limitation on water use.

(^und water commonly contains less than 5,000
ppm; soma brinescontain as much'as 300,000

1,576 1,448 1,852 709 906
Di330lved:6otld3 Minora! constitusnis dissolved in water.

433-3050253 • 4,924 365 - 6,700 480-1.163316-7,556 108 • 6310

Water low In hardness causes corrosion of metallic surfaces. Hard water

eonsumes.excessive amounts of fi03p..Oeposit8 soap curd on balhtuba

Hard water forms scale in boilers, water healers, and pipes. Hardness
-equivalent to the HCC^ and CO3 is called carbonate hardness.Anyhard
ness in OT8SS of this Is called norvcaftxmate hardness: A l^ness value
of less than 100:mgrtiscon8idei^ desirable fordome^ie use.

Hardness as CBCO3-
nWl(CB+Mgt-Ba+Sr} x 6005
25(m9/1 Ca) f 4.1(mg/1 Mg), since Be and Sr

content Is usually small or not measured.

Non-carbonate hardness (mg/1 CaCOs"
(me/t hardness - me/1 aikelinlty) x 50.05.

Caused prindpatly by calcium and magnesium
Ions, but other alkaline esnhs (barium and
strontium) and free acid and heavy-metal ions,
contribute to hardness.

or

Hardness as

C0CO3
310 172 252 198 72222

8-549 18 -1.160 23 - 3996 -1.476 2-1382

Used to approBdmala the dtssolved-soiide content;
though not constat, dissolved solids is about 65
percent of Iheapedfic conductance.

Specific.conduc-
fance (micromhos

ai25«C)

3000 3374 1,683Indicates degree of rNnemlizatlon; Is a measure of Itis elertrical.coh-
ductivlty of water and varies vrilh the amount of dissolved solids.

2.738 2.603
Mineral corilent of water

610 • 16200. I8O-I3IQP 670- 17300 670-17300 870-3160 630 - 5320

A pH of 7.0 indicates neuualrtY of a arlulion, Values higher than 7.0
denote increasing alicat1nitY:.values lower than 7.0 Indicate IrKreasing

vacidity. pH is. a' measure of the activity of the-hydrogen , ions.;

Corrpsiven^ .of water-generally Increases-with dewasirrg pH.
Howev^, eicessivety alkaline waters rhay also attach metals.

Acids, acid-generating salts, and free carbon
dioxide lower the pH. Carbonates, bicarbonates,
hydrondes, phosphates, silicates, and borates
raise the pH.

I 62 61 61 61 6461Hydrogen Ion con
centration (pH)

, pH of ground wafer commonly ranges from 60 to 60
73-93 7.2-65 73-64 7.7-697.2-63 7.2-105

O

A ratio Of the sodium Ions to ottal cai(on& A sodium percentage exceeding
60 percent is a wamirig of a sodium hazard. Continued Irrigation with
this type of wafer will Impair the titih and permeability of the soil.

78 70 59 55mert Na x 100 71
Percent sodium

(WNa)
mi-.Sodium In water.

24-98 42-97 17-9913-99 10-99 14-99mQ/f(Na f K i Mg 4 Cd)

m Na;.. A ratio for soil extracts and irrigetion water* used to expresstho relative
activity of.sodlum lons in exchange reactions .with soil {U.S: Salinity
Uboratdry^ff.T9S4, p. 72,15^.

SAR-
65 26824.7 22.4 24.0 193Sodium-adsorption

raiion |SAR)
Sodium in water: meh(Ca Mg)

N- .4 - 77.7 23 • 413 3-62.15-765 3 • 2060
2

As calicum and magrtesium precipitaies as oarbonatra In the soil, the

relative proportion of sodium In the.water Is Increased (Eaton, 1950, p.
123-133).'-

50 32 32 66Residual sodium

carbonate. (RSC)
RSC- me/1[C03 4- HCO3) '

mart (Ca 4- Mg)
4j0 33

Sodium, carbonate, end blearbonaie-ln watac
O-1330 -12.1 0-113 0-113 0 • 14.1 0 • 11.6



relationship is not constaht from well to well, and may
even cHarige within .the; same well with a ehange in
chemlcai GompGsitio'n. Generally,.for highly mineral
ized water, the dissolved aolids Is more than 65

percent of the conductivityiforwatercontaininglarge
amo,unts of aG{d,;caMstic soda, or sodium chtpridej
the dissolved solids,, is less than 65 percent (Durfof
and Becker, 1964, p. 29).

Figure 15 is ,a plot of the dissolved solidstcbn-
taihed in samplesdfwater from wells cdrnpietkjj in,

Hardness range

(mg/! of CaCpj)

Hardness

description

Soft0-60

61 -1 SO

121-180

.More than 180

Moderately hard
Hard

Very hard

For general domestic use; hardness of water is hot
particularly objectionable until it-attains about 100
mg/l (Hem, 1970, p, 225).

Specific conductance is a measure of the ability
of water to transmit a.small eleCtricaJ current,, and Is

reported In this study as microrrihos-at gS'?,©.’Values
of'Specific conductance can be used as a gulck
detprmihati.on of the aniount of dissoived solids in
water. The charged,ions in solution makes, it cohduc-
tive, and as thO- ionic corieentration inereaSGs> the

. V ,. ''.' ^
1970, Pi 96). Normally,, dissOiyed'sOlids is apprOxi-^

the samples, the;resulting weil-defined relatiphship,
indicated for this plot shows that for-any giyeh ,con?
duelance value, a dissolved^^solids. value can be
estimated. MoshdissolvediSGiiS vaiues .of the I4l
samples fail in the range:of‘47to 60 perceht;of the
conducliviiy; .with higher values generaily associated
with waters high irt sulfate (SC|10onCentralion. An
overall average of 53 percent of the conductivity
.seems to be the ayeragefrom water derived from the
ROhnsylvaniari forrhatiohs, in jaOk Gounty,

'.‘I

soco-

^300-7

%

$ .6000---^
■E

1
I-

5000;-

'I 4000--
.,y'

3000-

20^'^

1000-

0 T rr
iOCQ0- 3000 4000 seed'200Q §ODQ

Figure 15.-PissdJved Solids and Specific ConduetanGe of Water

From Weils eompleted in the Cisco Group, Jack County
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Public Supply Maximum

concentration

(mg/I)As the first step in setting nationai standards for
drinking water quality under the provisions of the
Safe Drinking Water Act of 1974, the U.S. Environ-
mentai Protection Agency (EPA) issued drinking
water reguiations on December 10, 1975. These
standards appiy, seiectiveiy, to ali types of pubiic
water systems of Texas and became effective Juiy 1,
1977. The responsibiiity for enforcement of these
standards was assu med by the Texas Department of
Health. Minor revisions of the standards have oc

curred, the last one became effective on November
29,1980.

Contaminant

Arsenic (As) 0.05

Barium (Ba) 1.0

Cadmium (Cd) .01

Chromium (Cr) .05

Lead(Pb) .05

Mercury (Hg) .002

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 pubiic of piped water for human
consumption, if such a system has at least 15 service
conriections or regularly serves an average of 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.

Nitrate (as N)

Selenium (Se)

10.0

.01

Silver (Ag) .05

Except for nitrate content, none of the above
contaminant leveis for toxic minerals applies to non-
community water systems. The maximum of 10
mg/I nitrate as nitrogen (about 44.3 mg/I nitrate as

- NO3) 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 an indication of organic decom
position, usually within the source well. Steps should
be taken to identify and rectify the source of contami
nation.

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
of two types: (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 wafer. 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.

Maximum fluoride concentrations are applicable
to community water systems and vary with the
annual average of the maximum daily air tempera
ture at the location of the system. These are giveri in

the following tabulation:

Maximum

concentration

(mg/I)

Temperature Temperature
(OF) (-F)

63.9 to 70.6 17.7 to 21.4 1.8

Primary Standards

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

70.7 to 79.2 21.5 to 26.2 1.6

79.3 to 90.5 26.3 to 32.5 1.4

Figure 16 shows the maximum fluoride limits in

Texas based on the annual average daily maximum
air temperature.
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folaximum ;cpntarTiinant Jimits-fq/'organic ehemieals
apply to community water systems aha are specified
as follows:

Maximum

concent ration
C6nstltuent

Tpxaphene;(G,oH,pG>lgrtschhii3al
chlorinated cafnpnene,.67-691
pefeentchldrihe).

‘Shiorophenoxys;
::2;4-D (2v4-Dich 10 ropti.e noxyacetic
iacid)1.
l2i4,^P Si!vfe>(v^,4i5^.
Trichldrdphehoxyp’ropiohi&aGiel).

rQO'5Maximum
cpncentration

(mg/i).Cgnstltuent

1. Chlorinated h|cirbcarbpns;
Endrin(iv2,3;^.10,ip-
hexaGhloro:r|,7-epoxy-1,4,'4a,5;,'
6.7,,8,8a-OGtal1ydro-1,4-endo,
endo-S.S-dimethano

Hapthalene):
Lindane (tt2i3i4,5,6-hpxachldlb-
'CyGldhexane; pafniria Ipomefj.
Methoxychlor |'1 vl 1 l',-frichioro:-
,2,2-lS|s tp-meth,oxyphenyI] ethanf

.1

,0^

:.004

Maximum'.feyels for eolifoffn bactefia, asispeci--
fiecl by the; Texas peplrtmerit bf .Health,, apply tp
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Gommunity 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 beeri widely adopted in most states.

of acceptable chemical quality available to the area to

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 Depart-
rnerit of Health, such acceptance is valid only until
such time as water of acceptable chemical quality
can be made available at reasonable cost to 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.

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 arid analytical requirements.

Secondary Standards

Domestic and Livestockto all public water systems are given in the following
table:

Ideally, waiters used for domestic purposes
shpuld be as free Of contarninants as those used for

municipal purposes; however, this is not economi
cally possible. At present there are no controls placed
on private domestic or livestock wells. In general, the

chemical constituents of waters used for domestic

purposes should not exceed the concentrations
shown in the following table, except In those areas
where rriore suitable supplies are' not available (the
primary standard for nitrate should still be adhered

Maximum

levelConstituent

300 mg/IChloride (Gl)

Color

Copper {Cu)‘

Corrosivity

Dissolved solids

15 color units

i.O rng/l

non-GorrosiVe
to):

1,000 mg/l
Concentration

(mg/l).5 mg/l

.05 mg.'l

.3 mg/l

.05 mg/i

- 3 Threshold Odor Nurnber

Foaming agents

Hydrogen Sulfide (HjS)

Iron (Fe)

Manganese (Mn)

Odor

Constituent

Chloride(Cl)

FIuoride.{F)

Iron (Fe)

Manganese (Mn)

Nitrate (as N)

Nitrate (as N03)

Sulfate (804)

Dissolved solids

300

1.6*

•3

.05

pH >7.0
10

Sulfate (SOJ

Zinc (Zn)

300 mg/l

5.0 mg/l

44.3

300

1,000
The above secondary standards are recom

mended limits, except for vyater systems which were
notin existence as of the effective date of these stan
dards. For water systems which are constructed after
the effectivedate.nosourceof supply which does not
meet the recommended secondary standards may
be used without written approval by the Texas De
partment Of Health. The determining factor w/ill be
whether or not there is an alternate source of supply

* Maximum fluoride limit for Jack County based on
annual average ofmaximum daily air temperature
range of 76.7-T9.2‘?F.

Supplies which do not meet these standards
have been used for long periods of time without any
apparent ill effects to the user. It is not generally
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recommended that water used for drinking pu rposes
contain more than 2,000 mg/I dissolved solids; how
ever, watercontaining somewhat highermineral con
centrations has been used where water of better

quality was not available.

Generally, wafer used for livestock purposes is
subject to similar quality limitations as those relating
to drinking water for humans; however, the tolerance
limits Of the vatious chemical constituents as well as

the dissolved-sdiids concentration may be consid
erably higher for livestock than that which is consid
ered satisfactory for human consumption. The type
of animal, the kind of soluble salts, and the respective
amount of solubles salts determine the tolerance

limits (Heller, 1933, p. 22). in the western pniled
States, cattle may tolerate drinking water containing
nearly 10,000 mg/I 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 recomrnend an
upper limit of dissolved solids near 5,000 mg/I.
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 Agriculture of the state of
Western Australia as recommending the following
upper limits for dissolved-solids concentration in
livestock water.

are: (1) total concentration of soluble salts; (2) rela-

tiveproportion of sodium to othercations; (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 of calcium and magnesium. These have been

termed the salinity, sodium,, boron, and bicarbonate
ion 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 yields by decreasing the ability of the
plants to lake up water and essential plant nutrients
from soil solution. The tendency of irrigation water to

cause a high buildup of salts in the soil is called the

salinity hazard of the water. The specific, conduc
tance of the water is used as an index of the saiinity
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 vyidely used, and satis
factory crop growth is obtained under good manage
ment (U.S. Salinity Laboratory Staff, 1954).

High concentrations of sodium relative to the
concentrations of calcium and magnesium in irriga
tion 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
candevelop,andcuItivalioncanberendereddiffieult.
This adverse effect on soil structure caused by high
sodium concentrations in an irrigation water is called
the sodium hazard. An index used for predicting the
sodium hazard is.lhe sodium-adsorption ratio (SAR)
which is defined by the equation given in Table 3. A
high SAR in irrigation 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.

Concentration

(mg/I)Animal

Poultry 2,860

Pigs 4,290

.Horses ,6,435

7,150

10,100

Cattle (dairy)

Cattle (beef)

Sheep (adult) 12,900

Irrigation

the suitability of water forirfigation 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 characteristics in determin
ing the quality of ground water for irrigation, accord-
ing to the U.S. Salinity Laboratory staff (1954, p. 69)

The U.S. Salinity Laboratory Staff (1954, p. 69-
82) has prepared a classification diagram forirriga-
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tion waters in terms of salinity and sodium hazards.
This diagram, reproduced in modified form in Rgure
17, uses SAR and specificconductance in 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 those waters which can be used
for irrigation of most crops on most soils as well as

those generally unsuitable for irrigation.

Low-sodium water (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 exchange
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.

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 1.25 to 2.5
me/I (milliequivalents per liter) of residual sodium car

bonate (RSG) are considered marginal and those
containing' greater than 2.5 me/I probably are not
suited for irrigation use (Wilcox, 1955). The equation
for calculating RSC is given in Table 3.

Industrial

The type of industry determines the water-quality
standards for an industrial water supply. The main
concern to many industries in that the water selected
for their supply does not contain corrosive or scale
forming constituents. Both magnesium and calcium

Low-salinity water (C1) can be used for irrigation
of most crops on most soils with little likelihood that

, soil salinity will develop.,Medium-salinity water (C2)
can be used if a thoderate amount of leaching occurs.
Crops of moderate salt tolerance, such as potatoes,
corn, wheat, oats, and alfalfa, can be irrigated with C2

water without special practices. High-salinity water
(C3) cannot be used on soils.of restricted drainage.
Very high-salinity water (04) is not suitable for irriga
tion under ordinary conditions. It can be used only on
very salt-folerant 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 not as 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 grow/th; 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/i are
permissible for irrigation of boron-sensitive crops; as

high as 2.0 mg/I on semi-tolerant crops, and as much
as 3.0 mg/I for tolerant crops. Examples of sensilive
crops are deciduous fruit and nut trees and navy
beans; semi-tolerant crops include most grains, col-

100 3 4 5 6 781000 3 4 5000

250 750 2250

C^rcuciivny — micromno!.7cm lECilO®) of 25®C
Cl C2 a C4

lew ineOiurn very hiqhhiqh

Solitiiiy hozorc

Figure 17.-Diagram for the Classification of
Irrigation Wafers
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table 4. — Reiative;Toierance ef Crop Plants to ^alt

High Salt Tdlerance' MeBiiini Salt Tbl^rartce
.(Gontinuo'd)

Medium Salt Tolerance

(Continued)'

Fruit Crops

Vegetable Crops (Cbiiitingad) Fieia Crops (cohtimi^)^Pateipalnn

Potatoes (vyh ite, Rose)
Carrot

Otiioh

Peas'

Squasb
Cucurnber

Corn: (field)

Vegetable Crops Flak

Sunflower

GasfdV beans
Garden beets

Kale

Asparagus

Spinach LqwjSajt Tolerance

FruitCropsForage CropsForage Crops
'White sweetclover
Yellowsweet’clpver'

Perehhial ryegrass'
Wldiihfaih brom'e'

■Strawberry cio'yer'
Pailis grass
Sudan grass
Hubanfi clover

Alfalfa {Califpnhia

common)
Tall fescue

.Rye (hay)
Wheat (Kay)

Cats;(hay)
Crchardgrass

Biue-grama
Meadow fesclfe

Reed canary;
Bigtrefoir
Smooth brotifie

TajI ttieadow. oatgrass^
Cicer milkyetch
Sourcloyer

Sickle milkyetch

Pear

Apple

Orarige.
■Grapefruit
Briirie’

#UITV
Almond

Apricot
Peach

Stravvberry
Lemohr

Avocado

Alkaii'sacatpn
:$altgrass7
;!NOttall;alkaihgrass

iBermiJda grass

Rescue grass

6ariada,wiidrye
Western yyheatgrass
-|iarley (hay)'
;BirclsfOot trefoil

Field Crops

Barley (grain)
Siigarbeet
Pape
Cotton

yegetable Crops

Celery;

Green,beansMedium ^alt to|erahce

Pbragg: Crops;Fruit Crops;

.White putch.clover
Meadoyy foxtaii
Alsil<:e;clpver
Red eioyer
Ladiho cjpyer

Burnet

■Pomegranate:

Fig
■Qi-iye
Grape

Ggntaipup

.Field Cropsi
Vegetable Crops;

Field Crops'Rye (grain)
Wheat (grain)
Gats (grain)
Rice'

Sorghum (graih)

Torhato

Broccoli

Cabbage

Bejl Pepper
Gag'lifjovyer
Lettuce

SweetCo rh

Fieldbeans
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Inrerprefolion of the Thorne and Thorne diagram (1951) is as follows;

Rating

Water can be used safely on all soils.

It can be expected to cause salt problems where drainage is poor

and leaching of residual salts 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 farming with crops of high salt

tolerance, on permeable end well-drained soils, and with carefully

devised and conducted Irrigation and soil manogement practices.

Waters ore generally unsuitoble and should be used for irrigotion

only under special situations.

Closs

1

90 2

3
80

4

70

5

60

E Group Rating

There should be no difficulty from sodium accumulation in soils.A■D

O
U1

Where soils are of fine texture and do not contain gypsum ar lime,
where 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 to 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 probiems. Fine-textured soils must be managed
with care.

Some alkali formation should be expected in all soils irrigated with

group D waters. Sondy or permeable soils high in gypsum might be
irrigoted with such waters without highly injurious sodium

accumuiationSi Loams or finer textured soiis 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, ID, and 1E waters often can be Improved in quality by freoting with

gypsum to reduce the sodium percentage.

B50

ID
O

or

O.

tJl 40
o

c

30

D

20

10

E

0
60001000 3000

Specific conductance, in nnicromhos at 25°C

2000 4000 50000

Figure 18

Diagram by Thorne and Thorne for Classification of Irrigation Waters



greater than 7.0, the ground water in Jack County is
considered to be alkaline;

affect the hardness and are of major concern in any
water to be considered for boiler use. Excessive

amounts of silica and iron cause scale deposits which
reduce the efficiency of many industrial processes.
The water quality mustbe irgidly controlled where the

water is used in the processing of food, paper, qr
some chemicals. Mineral impurities affect color,
taste, odor, and turbidity: therefore, water with a high
content of dissolved solids is usually avoided. The
effects that most of the minerals have on: industrial
use are shown in Table 3.

A significant difference was found between labo-
ratbry 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 w/as greater. No

significant difference was found between laboratory
and field analyses of alkalinity. Results, of these
cbmparisons indicate the field pH is a more critical
determination than field alkalinity,

Laboratory rneasurements of pH and aikaliriity
may be satisfactory for making certein regional wa
ter-quality interpretations, but significant errors could
result in geochemical interpretations of ground water
as it exists in its naturai state.. Also, differences be-

Differences in Field

and Laboratory Analyses

Fieidand iaboratoryanaiysesofpHandalkaiinity
from groundwater samples were compared todeter-
mine if differences in ^analyses made from water
collected at the well site arid water analyzed later at

the Texas Department of Health were great enough
to: cause misiriteipretatiohs of quality iri a regional
study. Large amounts of groundwater quality data
are available for regional interpretations. buta limited
amount of jhis data is determined at the lime of col-
lectibn. Alkalinity and plH were determined for 44
water samples atthe well site, and then the samples
were transported to the. Department of Health for
complete analysis. A eomparison of values was tabu
lated and presented in Table 5. An average time
interval of 32 days elapsed between the colledfibn
and laboratory analysis.

Field alkalinity of samples was determined by po-
terifibmetric titration of the water sample to, pH 4.5

using 0.b20N sulfuric acid. Totat alkalinity as GaCQg
was determined by the following equatibn:

1,000 X (mL,„,to pH 4.5)

than regional differences in an aquifer system' (Bach-

of sampling may represent the briglnal equilibrium
conditions in the aquifer satisfactorily,but if the wa-

termined until iHe sample is taken out for analysis
some days or wee.ks later, the measured pH may
have no relation to origina! conditions (Hem, 1970, p.

95).

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

1) Differences in accuracy between field and
laboratory analysts and equipment.

2) Oxygen arid GOj gas trajDped in the bottle may
Cause reactions during transit which cap change the
Gonstituent values (Bachman, 1984);.

mL,=
supersaturated with certain Jons,

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 purilping of the well arid
transit of the sample will affect the concentration Of

dissolved gases, which in turn may affect other
dissolved species (Claassen, 1982).

5) Basically, fhe farther fhewater flows or travels
from the aquifer, the greater its potential for change;

According to Claassen (1982), ground-water
hydrologists are faced with a diiemma: (1) laboratory

•(6)

where: s = volume of sample
a = volume of acid

PhenOlphthalein alkalinity was also determined
for those samples with a pH in. excess of 8.3 units to

determine the 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 (Orion Re
search model 231).- The meter was standardized
using buffer solutions with a pH of 7.0 and 9.18 units.
Since ground-water samples generally have pH's
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analysis generally is more precise .than onsite analy
sis, but no adequate preseryation technique may
exist to guarantee that the analysis is representative
of truly dissolved species under natural conditions;
and (2) onsite anaiysis,,generally is more difficult and
less precise, but results may be more representative
of the actual water qualify.

5. To understand,the geochemical and hydro-
logic relationships in pn aquifepi eertairt pararh'eters;
require immediate analysis in the field; Theseare pH^
specific, conductance, alkalinity, temperature; and
either. Eh or dissolved oxygen {Oxidatipn-reductidn
potential) . These paramefers may be altered conSid^
erably from the time the sample js caughtto the time.
Of laboratory analysis.

Sampling Procedures

Since the chemical constituents and properties
Ih ground water become U nstable upon release from
the equifer, special collection procedures and field
anajlyses are required to insurethat geoGhemical re-
jatidhships are more'accurately evaluated. Some'Of
theymore important sarnpling techniques are as fol
lows:

section of the chemical water apalysis report any
conditions during sampling Ihatmight cause an erro-

tions.

OeGURftElSICE AND QUALITY OF

GROUNDWATER

1. ROteniial contamination, S,o,lute preeipltation,
and ioss Of dissolved gases can be minimized by
coilecting the sahiples as Olosp to the weli head as
possible (VVood, 1976).

2, Wells eompfeted in more than one aquifer, or
nof fully perietratihg a.single aquifer, present speOial
situations where water chemisfry rriay tiof eqdate to

aquifer representation, to recOgnize these situ-
atiohi, a cOmpietO descripiipn Otthe .geqhydipipgic
zones pehetrated by the well and Oomplete drilling
histOo' need to be Known (Glaassen, 1982),

Qanybn Group

Extent of Aquifer

As .shqvyn,.pn, th.e, geologic map (Figure;,6), the
areal extent of the danyon droup in Jack COuniy

in those areas overiain.by CretaGeous sedirnenlsbf
the Trinity GroupyGround water is primariiy Obtained
frOfhi the sandstone Units located between majOr
lirhestpne sequences. Major saridstohe units are
fobnd wHhlnthe Palo Pinto Formation, WpjfM
Shaie. Pjadid Shale, and Golphy Creek Shajei.the
exfent'pt the s,andstone outcrop for the Palo Fihtp
Formation is shown on Figure 9. The sandstone put-

crops pf .the WPif Mpunfain, Placid, and Colony
Creek Shales.areshown on,Figure 19.

3.

or puthped a short tlriielfom a Staridby,,observation,
new, or iittie-Used well, generally does not accurately
reflect the .quality of water in the aquifer.. Safriples
should be. taken; after the well .hasibeen puriiped fdr

arii; adequate period of time to insure that the water
cp|iected is directly from the formation and not the
borehole.There is no specificvpiume of watenlhat
ephstifutes a rriinimurn pumping time; TecHnically, to

obtain a representative .sampleTroni an aquifer at a

given location, a weil must be pumped until the pH,
temperature, and specific conductance are Cdristant.
Thelast parameter to obtain a fepresetitativereadi ng
is usually pH (Wpod, 1976).

Source, Occurrencei and Mpyement

Primary sources of ground water in the.Canyon
Group, are rainfall which falls pn the outcrops .’and
infiitralipn. of surface water from unlined eartheri
ponds, lakes, and streams, on or crossing its put-
crops. Recharge from the Cretaceous sedinjerits iri
those areas where theybverlie the Canyon Group is.
also anothef, significaht source;

ehtrdpmerit .df and GOg, which could effect the
accyracy of the results. Samples should be.stored

as quickly as possible.
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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 outcrop and under
artesian conditions downdip, where confining beds of
limestone and shale overlie the water-bearihg 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. MOyemehtis also to the north

west and, locally, away from ground-water highs and
toward the surface drainage system.

Trilinear diagrams of ground-water quality pro
vide a summary of ground-wafer evolution for Can
yon Group water-bearing sandstones. Using Back’s
(1966) terminology in the interpretation of trilinear
diagrams, Canyon Group water ranges in composi
tion from acalcium to sodium water (Rgure 20). In the
anion triangle, 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 Canyon 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
(Rgure 21). For shallow waters the samples are pre
dominantly a sodium, calcium, chioride, bicarbonate
type, which is indicative ofyounger recharge waters.
Deeper waters show a composition shift to a Sodiurri,
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-pattern
diagrams which illustrate the relative concentrations
Of dissolved minerals in typical ground water from the

'four major sandstone units within the Canyon Group.
The percent of each major chemical constituent [the
cations calcium (Ca), magnesium (Mg), sodium (Na),
potassium (K), and the anions bicarbonate (HCO3),
sulfate (SO^), and chloride (Cl)] is plotted on radial
coordinatesand the piots connected. The shape of
the patterns thus illustrates the similarities and differ

ences between the chemical analyses. As discussed
previously, the percentage of sOdiiim is usually
greater thah that of the, remaining cations, while bi

carbonate and chloride are the prevalent anions. In
apparently contaminated groundwater (wells 20-557
317 and 20-61^202), sodium and chloride
predominate and forms a distinctive shape, as com
pared to the shape of better quality ground water
exhibited by the other samples. An important point to

note is that in some areas of Jack County ground
water is naturally high in dissolved solids; especially
salt. Bill Dennis, a Jack County historian, mentioned
that several areas within Jack County were settled
late or not at all due to poor quality of natural ground
water.

Chemical Quality

Ground-water chemistry of the major sandstone
units comprising the Canyon Group is similar enough
so that an overall discussion of water 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,
duetothe influence of the overlying Cretaceous sedi
ments. These sandstones tend to provide water
having a slightly higher pH, hardness, and carbonate/
bicarbonate concentration. However, a relevent djs-
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 GahyOn Group sandstones, and their lo
cations are shown On Figure 31. The source, signifi
cance, and range in concentration Of dissolved-

mirieralconstitutentS and properties Of ground water
aregfeen, by aquifer, tnTable 3. this breakdown pro
vides the mean and range according to stratigraphic
units withinthe CanyonGroup,whereasthe remain
ing discussion of water quality will concentrate solely
on a composite of Canyon Group sandstones.

The chemical quality of typical ground Water from
wells completed in the sandstones of the 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
upper half ofthediagram represents the percentages
of major cation me/I (calcium, magnesium, sodium,
and potassium) while the lower half represents the
percentages of major anion me/I (carbonate, bicar
bonate, sulfatej and chloride). Since the dissolved
solids at each siteis given, a quick picture of the water
quality in that area can be ascertained.

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 consumes ex
cessive amounts of soap, deposits soap curd on
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Bathtubs, and forms scale in; water heaters and

pipes. Calciunh content averaged 31 mg/I and rriag-
nesiufti averaged ! 7 mg/l iri water collected from 134

wells completed in the Qanydn^^G^^^ Using a hard-
tjess value of less than 100 as the amount desirable
for domestic; use, approximately 57 percent of, the
samples expeeded 100 mg/j hardness, as,CadOj,
with an average hardness of :211 mg/I. Generallyj
ground water frOm GanyOn Group sandstoties is
hard, with a ratio of calcium to magnesium (in mg/l)
of'2:1.

perafure within the county, as.delineated on Figure
16, the';maximum' recommended tipper limit-Of fluo
ride Would be 1,6 mg/i. A total of 37 of 124 wells
sa.mpied, (30 percent) contaihed more fhanfherec-
.ornmended upperlimit- the range in nitrate was 0 to
,5.64 mg(l in:i 28; samples witii an average content; of

excess: Of the upper recommended^ jimit of
44.3 mg/I.

The dissolved-soltds content in the. Ganyon
Git|ip ranged fr6rH245t08;7ti:mg/l,with a.rneapOf
i,,S73' mg/l. About 43 percent .p|- the^samples ex-
,ceed.e.d the-upper r,ecommerid,e,d;limit‘Of 1,600 ■mg/j
fordiomesticpurpses. This;is;a:gopd.indicaitic)nthat
the Qverall.quality of.ground water fo.r;domestfe use
iSfairly poor.. Figure 14. shows fhe;diss0lv6d-soiids
content, along with sulfate.and Chloride, Of seieCted
wellS:'in Jacic' Gouhty. DissOIved-sOlids: Content Of

Vvater^ro.mfhe Garty^^^^ Group Ip 'JaOk and aidjaCeht
Gounties is poftrayed On Figure 23; by fhe use; of
c0io'red:,d0ts, .the different colors reRresenting vari

ous ranges oJdlSSGjv.ed solids,. With fhe use of this
map,-areas of poor qualify can bp quiekiy discerned,
as Well as areas where data is ■ limited-

Even though ih a strict sense; no. lrrigation wells
werefound completedfn the GairiyOn Group, grou nd
water from 'numerous weils is used to' water lawns'
and gardens thro.Ughout: the county. So in'.this.re-
spect, the fOilowJng discussiO.n on the.suitabiiity of

gropndwater for irrigation is pertinent. A widely used

1

irOh in cqrnparatiyely small ampunts is derived
mainly frornithesoufces listed ihtableS. URoh;expo^
surefoalGwater that eG.ntalnsIron may leave;%red.^
dish stain. FOr.this reason, ground waters Mntajning
excessive amountsOf iron .(greeterthan.0.3 mg/l) arb
objectionable fordomesticusei Theifoncontehtwas
determined in 40 samples collected from the Ganyon
Group and ranged from 0;p2'tq i2;9 mg/l. A.tptaj of
4 satnplas, or 16, percent, .exceeded the recOm
rriended iirniti

Total and phenOlphthaiein a.ikaIinily were,deter^

content Calculated from the results. ApH valu’ewas
, also determined ■fpr-.each 'sample^ Those samples

with a pH in excess of ,6.35 have carbonate ions in
.solution. i?hehblph|hafein alkai(nity, frOrh which,GO3
is .calculated, .is zefo when.fhe pH is less than ,8;35
units. A ipfai olsy of the 126,samples measured for
pH (44 percent) exGeeded,8,35 units,.resulting in the
presence of carbonate ions in solution. The average

p(f fpr ground water in the Canyon Group is 8.2,
Which iridicatesVahralkaiine condition exists. Total

alkalinity ranged from 126to 758 rng/l Ss GaCGg,
a mean of 386 mg/l. With a.ri ayereige pH of 8.2, an
everage totai alkaliriity of 686 mg/l would equate
mean bicarbonafeiliicOgj content of 471 mg/l.

When, either suifate or .chloride concentrations'
exceed .the recommended upper Iimitof.360 mg/l,
ground waters can have a taste-Which is at times,
unp:lCasant..Sulfate cohcentratiohs of Gariyon Group
water rariged frorn 11 to 1,691 rhg/| with a mean
amount pf .190 mg(bAbPut 19 perCentbf the samples
.cpllecte'd contaihed ’more than the recommended
jimit.. Ghlpride cqnGentratipns ranged from 12 to
5(266 mg/i with a m.ean of 466.mg/l. ;^bput STpereent
of the,samples exceeded the upper recommended
limit. ,Rgurb 14 shows .the sulfate and chloride con
centration of selected wells completed in the Ganyon

is shown; on Figure; 17 and ;is based pri the saiinity
hazard PS measured |y. the. Specific cohduCtariCe
and the sodium (alkali) ha'zarPas measured;by the

SAR|UjS,'Salinity Laboratpry Staff, 19.54,'py69^^^
PiotS of lepresentatiyo GahypnjGfoup wafers are
shown on,Figu re 24; Alibut 5of .4;8f aji withinpod ium-

with

to a

salinity-hazard eiasses; G3,and'(G4. the iipppctance
of these classes was ’discussed previously. .Gener-’
ally, according to these'Crlteria, ground water from
thCGan^on Group is; not suitablefbr.extensive i'rriga-
tioh practices:

An average of440 mg/l sodium was determined.
froiTi, l23 analyses, Of these samples,..an .average
percent spdjum of over 75 was calculated, Gener
ally. when the percentage of sodium to other cations
is greater than 60, the sodium hazard becomes
progressively greater. The sodium-adsorption ratio
(SAR) ranged from! 0:5 to 68.0 with a rfiean,ratio .Pf

23i8, vyhich would be considered aC a high fp very
high sodium hazard.

Fluoride Cohtehlpf ground water from the Gart-
ypn Group ranged from less than 6.1 to 7.5 rrig/l.
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ern half of Jacl< County. Ground wafer is primarily
detained frbrn sandstone units as opposed toiime-^
sforie sequences, arid shale beds. Where possible,
sandstone units were divided into those occurring
within the Graharri and Thrifty Formations, with
emphasis on the Gonzales. Cijeek Member and Avis
■Sandstone., These two units so. emphasized fare
shown on Figure 25 and were sfelected not dnly
because of their water-bearing properties, but be
cause they also form the basal units of the Graharn
and Thrifty Formations j respectively. Ground water
-is not confined to these units, but is also obtained

cal quality of ground wafer, another method of evalur
ating the suitability of water for.irrigation is by calcu

lating the residual sodium carbonate (RSC). Waters
containing, i .25 to 2.5, mg/l df RSC are considered,
marginal and those eontaining,great.erthan 2’,5,-mg/l
are not suited for irrigation.The equatibn for caiculat-
ihg RSC is contained in TableC. RSC values of water
.samples from the Ganypn Group ranged from 0 to
14.8. mg/l with a .mean value of 4.8. AboutSO percent
offth'e samples contained less than 1.25 mg/l 'and' 62

percent contained,more than 2:5 mg/'L.Againi the im
diCalibn is that ground waterfrom the Canyon Group in

is g.enerally nbt suitable for irrigation. this report by name that are contributors tb domestic
arid liyestbck wells in the area.

Cisco Group
Source, Occurrence, and Movement

Primary sources of ground water'in the Cisco
Group-are rainfall wi-hich falls on the outcrops and
infiltration of surf ace water from, ufnlined. eait.h'en,
ponds, lakes, and .streams on or crossing its out-
erope. Ground water occurs, primarily within the
sandstone units of the Cisco Group, it. exists under
water-table conditions algng the outcrop and .under
artesian conditions downdip. Where confining bedsof
limestone and shaleJoyeflie thewater-b'earing units..

Movement 'of ground water is primarily down
gradient, from hicjfi to low elevations, and at flghf
angle.sfto the coritou.rs. which denote the configura
tion of the water tabie.. Movements is. also to the
northwest and, locally, away from ground-water
highs'and foward the.surface drainage system.

Extentof Aquifer

Figu re 6, the geologic map, shbws the areal ex-^.
f ehf'Ofthe Cisco Group as occupying the north'west-

z.- 3' -4.5000*3: 4 '6 6 r:B I'ooo■100 z

■s

Chemical Quality

Ground-wateY quality of the v/atef'-bearing sdnd-
stbrie units comprising the, Cisco Group is similar
enoug.h-so that an bverall .discusbioh of water quality
can be made without regards to which Formation the
well was Go.rnpleted in.,A comparison of mean and
range.of ground water from the Thrifty and Graham
Formations on table,3 verify this similarity.

A total of 144 waiter sampies' were Collected for

100 •750.

Cb'nd^cfiy'ity— mlcromhos/cm tECxfO^) of 25”C-'
250 2250

-Cl C? .03

hrghlow medium very-high.

'SoJiniiy hoiord

Group sandstones- with their locations-showri On
Figure 31. The source, signiticance,, and rgrige in
cohcenfration of dissolyed-minera! constituents and
properties of ground water are given, by aquifer, in
Tabled.

Figufe 24.-Piagram for thp Classificatiofi
of Irrigation Waters, Showing Quality of
Vi/ater From Seipcted Wells Gompiefed

in the Canyon Group
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or 67 percent, exceedetl the r^^mmended limit of
0.3 mg/I.

Total and phenolphthaleiri alkalinity were deter
mined for all samples and the cafbonate/bicafbonate
content calculated from the results. A pH value was
also determined for each sarhple. Those samples
with a pH in excess of 8.35;haife carbonate ions in

sdiution. Phenolphthalein alkajihity, from which Cdj
is calculated, is zero when the pH is less than 8.35
units. A total of 34 of the 112 wells sampled (30 per-
centjl exceeded a.pH of 8:35 units, resulting ih the
presence of carbonate ions in solutibn. The rneari pH
for waters from the Cisco GroUp is 8.1, which indi
cates an alkaline condition exists; Total alkalinity
ranged from 40 to 625 mg/l as GaCOj, with a mean
of 351 mg/l. With.an averagejpH of 8.1, an average
total alkaliriity of:351 mg/I would equate to a mean bi-

Cafbpnafe content of 428 mg/!;

wells completed in the Cisco Group sandstones is
graphically portrayed on Figure 26 by the use of
cireuiar diagrams. An explanation of the use and
interpretation of rnap symbols was discussecf previ
ously with Figure 20. Generally, high percentages of
calcium and magnesium occur along the northern
boundary and southwestern eorrtei' of Jack County.
The femaining area shows ayeiyhigh percehtkge of
sodium to other Cations. Bicarbonate is the predomi-
naht anion oyer most of the area, with chloride
percentages slightly less.

Trilinear diagrams of ground-water quality pro-
vide a summary of ground-water evolution for Cisco
Group water-bearing sandstones. Using Back's

^966) terminology in the interpretation of frjlinear
diagrams, Cisco Group water is yety similar iri .eom-
pbsition to Ganyon Group water.;/\Comparison of the
diarhond figure in the diagrams on Figures 20 and 26
reyeais a tenderiey for Cisco Group water to have a
higher density of points in the calcium-magnesiUm-
bicaitpnate-ehloride area. This is also reflected on
Table 3, where mean values of ealciumi magnesium,
and hardness are greater in the Cisco than in the
Canyon Group: The results offrilinear diagrams of
wafers Of the GisCp Group, when grouped fhto shal
low and deep grOUnd Wafer, were, similar fojhat of
Ganyon Group wafers (Figure 2f j.

Figure 27 consists of a series of radial-pattern
diagrams:.which fliustrate the relative concentrations
of dissolvedminerals in typicalgrOund water'from the
Gonzales creek Member; Graham Formation, Avis
Sandstone, and Thrifty ForrhatiOn of the CiseO:
Group. The shape of the patterns illustrates the
similarities andi differences between the ;c|iemical
ahaiyses. In cpniparing Figure.^t with Figure 22,
Cisco Group waters again show a slightly higher
ca!cium;and magnesium percenfage than the Can
yon Groupwatersasreflectedintheresultingpattern
shapes.

CalciUm eohteht averaged 72^mg/l and.'maghe-
sium averaged 21, mg/l in water cpiledted frOni 111
wells completed in the Cisco, Grpup.. Again, using a

hardness value,Of less than ipO as the amount
desirable for dornestie use, about 61 peroent of the
samples exceeded: this criteria,: with a mean hard

ness as CaCOg.qf 266.mg/l.

Sulfate conGenlrations of Cisco Group water
ranged from 7 to 1,378 mg/l with a mean ampunt of
185 mg/l. About t7 percent of the samples .collecfed
contained more, than the .recommended limit of 360
mg/l. Chloride COncehtratiGrts ranged from l3 to
4,424 mg/l with a mean of488,mg/l. About 31 percent
Of the samples exceeded therUpper reCominended
limit of 3,00 mg/i; Figure 14,shows the sulfate and
chloride:c0ncentr,ationbof selected Weils completed
ih the Cisco Group.

, Fluoride content of ground water from thelCiseo
Group arnged from lesS;than,n:1,to 4.2 arg/l.^ tptai
of 29 of 110 .weils sampled (26 percent) Contained
more than the recommended.upper limit of 1.6 mg/l.
The’range in nitrate content w# less than 0.04 to 62
m^l ih 105 sartiples with an.aVerag.e content ;0f 4.5
mg/i. Qnly'2 percent Of the samples cpntained in
excess of the upper recommended limit of 44;3
mg/i:

The dissolved-solids content in the Cisco Group
ranged from 108 to 7,558 mg/f, With a mean of ,1,431
mg4. About 44, percent of the. sarriples exceeded the.
upper recommended limit,of 1 ilpO mg/l for dOmestiG
pulses. Figure 14 shows the dissOlved-sOlids
content of selected wells in Jack County. Dissolved-
solids content of water from the Cisco Group in Jack
and adjacenkCounties is shown on Figure 28 by the
use of colored dots, the different colors representing
various ranges of dissolved solids. Areas of poor
quality ground-water can be quickly identified, such
as the poor-quality area albhg Lodge Creek in hortm
west Jack County.

Cisco Group waters than that of the Canyon Group,
the irOh coritent .was determined in.24 samples and
ranged from 6.01 to 40.3 mg/l. Atotal of 16 samples,
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The following discussion on the suitability of
ground water for irrigation is.'ge.ared for thosO wells
used to water lawns and garderis. Using the method

coritainirig i .25 me/I of RSC are considered marginal
and those containing greater than 2.5 me/I are not
suitable for .irrigation. RSC. values of samples from
the Cisco Group ranged from 0 io 12..1 rne/l with a
mean value of 3J. About 50 percent of the 143

samples contained less than 1.25 me/I and 46;per-
cent-exceeded 2;5 me/I..

ues of specific conductance and SAR of water from
the Clsco Group were plotted on Figure 29. All but 7

of 53 fall within-sodium-hazard classes C3 and C4.

The importance of these classes was discussed prer
viously.. According to this criteria, water from the
Cisco fSroup is generally not suitable-for extensive

. irrigation practices. Trinity Group

analyses of water from 110. wells sampled from the,
Cisco Group. Ah average'percent sodium Of over 66
was Calculated. Generally, when the percentage of

Extent of Aquifer

Figures 6 and 9' shpw the; areal extent of the
Cretaceous putctop in Jack and'adjacent Counties:
Ground water is obtained primarily frpmdhe tvyin
Mountains Formation of the trinity. Group in the
southeastern part of Jack C.Ounty. Minor quantities of

ground water are obtained from the-Antlers Forma
tion along the riortheasterh boundary of Jack County
.and extending into Montague and Wise Cpunties;

sodium to other cations is greaferthan 60; the.sodium
hazard' becomes; progressively' greater. The
ranged from, 0.3 tp 206 with a mean ratio of about23,
which would be considered as a.,high .to very high
sodium ha,zard..,

.Another method of evaluating, the suitability of
water for irrigatipn js by calculating the RSC. Water

ibo' -Z- 3 -I S 6 '7:8 lobw, . 2 3' ..4:5000

Source; Occurrence, and Movement

Primary sourees 'bf ground water in the; Trinity
group are rainfall which falls on the dutcfpps’and
infiltration-of surface water from unlined eafthert

ponds,, lakes, and streams oh Or crossing its out
crops. Ground water occurs primarily vyithih sand
and sandstone units of the Twin Mountains and
Antlprs Formations. It exists under waterdable con
ditions along the outcrop and under artesian condi
tions downdip. where confining beds of limestone,
;sheiei and.clay overlie, the waterrbearing units,

s

Movement of ground water is primarily down
gradient,-'from high to low elevations, and at right
.angles to the coritours which denote the configufa-
tipn of the watertable. Movement is also to the east
and,, locally, away from ground-water highs and
towards the surface drainage system.

I 250,- 750 . 2250

Conducliv ly.—micrbmhos/cm (ECxIO®) .of 25®C',
fOO

Chemical Quality

Eight samples from 6 wells (3 in Jack' County)
completed in the Trinity Group were collected as part
of this study. All we|ls were completed in the Twin
Mountains Formation.

C3 C4C!

very jilgl)rnedium 'high'

■Soijfiily hotord

Figure 29.—Diagram for the Glassification of
Irrigation Waters, Showing Quality of Water
From Wells Completed in the Cisco Group
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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/I with 1 of the 8
samples exceeding 300 mg/I. Chloride content aver
aged 172 mg/I with 2 of the 8 samples greater than
300 mg/I. Fluoride and nitrate content was low.
Hardness seems to be the main problem, with an

average hardness as CaCOgOf 528 mg/I. All samples
wou Id be classed.as very hard (greater than 180 mg/
I). Dissolved-solids content averaged 883 mg/I.
Figure 14 shows sulfate, chloride, and dissolved-
solids content for Trinity Group wells in southeast
Jack County.

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 Commission.

Radial-pattern diagrams of three analyses from
wells completed in the Strawn Group are depicted on
Figure 30. All are of usable-quality ground vyater but

are of two different chemical types. One shape re
flects a calcium-sodium-bicarbonate water while the

other two patterns show a sodium-bicarbonate-chlo
ride type water.

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, vyhen specific conductance was plot
ted against SAR on the diagram for classification of
irrigation waters, the low sodium hazard plots were
offset by salinity hazard plots in the C3 and C4 range.
Proper irrigation management practices such as
those described prevously for C3 and C4 waters
should be adhered to.

Alluvium

The Recent alluyium 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.The mean value of pH was 8.0, shovying the

water to be slightly alkaline. Figure 30 shoyvs radial-
pattern diagrams of chemical analyses of typical
ground-water which contains 2 patterns of analyses
from wells completed in the Twin Mountains Forma
tion. The shapes are indicative of hard water with low

percent sodium and high bicarbonate content.

Ground water in the alluvium is generally a
calcium bicarbonate water, very hard, normally of
neutral pH, and of greatly varying dissolved-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 for 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.

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 qualify. The 770 foot deep test well
was completed in the Turkey Creek Sandstone and
the resulting analysis of the sample from this unit
tested at 1,453 mg/I dissolved solids. Areas of pos
sible development can be inferred from Rgure 7,

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
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during the exploration for and production of oil, gas,
and other minerals. The authority for participation by
the CorinmissiOn in this program is derived from,rules
promulgated by the Railroad Commission under
authority given that agency by statutes dealing with
the regulatiori of drilling and production actiyities of

the petroleum industry.

Statewide Rules 13 and l4 of the Railroad
Commission of Texas require that operators obtain a
letter from the Texas Water Gorrimission recom

mending the depth lb which usable-quality water
strata should be protected during drillingi plugging, or.

production activities related to oil, gas, and other
minerals.

In carrying out its duties, the Texas Water Comr
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 contenriplating drilling oil.

gas, or other exploratory tests. The recommended
depth to which ground waterof 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
brie area may, therefore, be revised from timetptime
as additional subsurface information becomes avail
able;

Known depths of wells producing usable water,
or depths of wells which formerly produced waterof
usable quality, such as domestic, municipal, indus
trial, livestock, or irrigation wells, are of prirnary
inipbrtance in determining the depthdf usable water.
Geophysical logs mn on oil and gas tests in many
areas

ground water should be protected. Surface elevation
is giyen special consideration when a recommenda
tion Is given in an area that has nrioderate to high
surface relief, as is common to portions of Jack
County.
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AQTESOLVfor Windows Pasture Holdings

Data Set: 0:\1 Water Well\04 Projects\2025\250825 maddox-beesing er gac\Pasture.aqt
Title: Pasture Holdings
Date: 10/06/25
Time: 01:37:59

PROJECT INFORMATION

Company
Location: Hwy 281 s
Test Date: 9/11
Test Well: 1

: EEC

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
Radius: 0.3281 ft

Fully Penetrating Well

Well

No. of pumping periods: 2547

Pumping Period Data
Time (min) Rate (cu. ft/mih) rnrre (min) Rate (cu. ft/min)

k.67d: d: TT.T
16.0. 0. 777.

19. 19. 778. 17.33
16.67
17.33
16.67
16.67
16.67

19. 19. 778.
20. 19. 779.
20. 19. 779.
21. 19. 780.
21. 19. 781.

19. 781. 16.22.
782. 17.33

16.67
16.67
16.67

23. 19.
24. 19. 782.
24. 19. 783.
25. 19. 784.
26. 19. 784. 16.
26. 19. 785. 17.33

16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67

27. 19. 785.
27. 19. 786.
28. 19. 787.
28. 19. 787.

788.29. 19.
29. 19. 788.

19. 789.30.
19. 790.31.

16.31. 19. 790.
32. 19. 791. 17.33

16.67
16.67
16.67

32. 19. 791.
792.33. 19.

18.13
18.67

793.33.
793. 16.34.
794. 16.6734. 18.
794. 16.35. 18.

35. 18.67 795. 17.33

1 01:37:5910/06/25



AQTESOLV for Windows Pasture Holdings

Time (min) Rate (cu ft/min) Time (min) Rate (cu. ft/min)

16.67
16.67
16.

17.33
16.67
16.67
16.67

36: 795:
37. 18. 796.
37. 18.67 797.
38. 18. 797.
38. 18.67 798.
39. 18. 798.
39. 18.67

18.67
18.67

799.
40. 800.
41. 800. 16.
41. 18. 801. 17.33

16.67
16.67
16.67

42. 18. 801.
43. 18. 802.
44. 18. 803.
44. 17.33

18.67
803. 16.

45. 804. 17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67

45. 18. 804.
46. 18. 805.
47. 18.67

17.33
18.

17.33

805.
47. 806.
48. 807.
49. 807.
49. 18. 808.
50. 18. 808.
50. 17.33

18.
18.67

809.
51. 810.
52. 810.
52. 18. 811.
53. 18. 811.
53. 18.67 . 812.,
54. 18. 813.
55. 18. 813. 16.
55. 18.67

18.
17.33
18.

18.67
18.

18.67
18.

17.33

813. 15.93
17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67

56. 814.
56. 814.
57. 815.
57. 816.
58. 816.
58. 817.
59. 817.
60. 818.
60. 18. 819. 16.
61. 18. 820. 16.67

16.
17.33
16.67
16.67
16.67
17.33
16.67
16.67
16.67

18.67
18.

17.33
18.67
18.

18.67

61. 820.
62. 821.
62. 821.
63. 822.
63. 823.
64. 824.
64. 18. 824.
65. 18. 825.
66. 18.67 826.
66. 18. 826. 16.
67. 18. 827. 17.33

16.67
16.67
16.67

67. 17.33 827.
68. 18. 828.
68. 17.33

18.67
829.

69. 829. 16.
69. 18. 830. 17.33

16.67
16.67
16.67

70. 18. 830.
71. 17.33 831.
71. 18. 832.
72. 17.33 832. 16.
72. 18. 833. 17.33

16.6773. 18. 833.
73. 17.33 834. 18.
74. 18. 834. 17.33

10/06/25 2 01:37:59
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AQTESOLV for Windows Pasture Holdings

Time (min)
~ 112.

Rate cu. ft/min)
ro3—
17.33
18.

17.33
17.33

Time Rate (cu. ft/min)
87 7:33

113. 878. 16.67
16.67
16.67

113. 879.
114. 880.
115. 880. 16.
115. 18. 881. 16.67
116. 18. 881. 16.
116. 17.33 882. 16.67

16.67117. 18. 883.
117. 17.33

17.33
18.

17.33
17.33

883. 16.
118. 884. 16.
119. 885. 16.67

16.67119. 886.
120. 886. 16.
120. 18. 887. 16.67

16.
17.33
16.67
16.67
16.67

121. 18. 887.
121. 17.33 888.
122. 18. 888.
122. 17.33 889.
124. 18. 890.
124. 17.33

17.33
890. 16.

125. 891. 17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67

125. 18. 891.
126. 18. 892.
126. 17.33

17.33
18.

17.33
18.

17.33
18.

17.33

893.
127. 893.
127. 894.
128. 894.
129. 895.
129. 896.
130. 896. 16.
130. 897. 17.33

16.67
16.67
17.33
16.67
17.33
16.67
16.67
16.67

131. 18. 897.
131. 17.33

17.33
898.

132. 899.
133. 18. 899.
133. 17.33

18.
17.33
17.33

900.
134. 900.
134. 901.
135. 902.
135. 18. 902. 16.
136. 18. 903. 16.67
136. 17.33

17.33
903. 16.

137. 904. 16.67
16.67138. 18. 905.

138. 18.67
18.

17.33
17.33
18.

17.33
16.67
17.33

905. 16.
139. 906. 16.67

16.
17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67

139. 906.
140. 907.
140. 907.
142. 908.
142. 909.
143. 909.
143. 18. 910.
144. 18. 910.
144. 17.33

17.33
17.33
16.67
18.

17.33
17.33

911.
145. 912.
146. 912.
146. 913.
147. 913.
147. 914.
148. 915.
148. 18. 915.
149. 18. 916.
149. 17.33

17.33
916.

150. 917.

10/06/25 4 01:37:59
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Time Rate (cu. ft/min) Time Rate (cu. ft/min)
TO67T5 FT

152. 18. 918. 16.
152. 17.33 919. 17.33

16.67
16.67
16.67

153. 18. 919.
153. 17.33

17.33
16.67
17.33

920.
154. 921.
155. 921. 16.
155. 922. 16.67
156. 18. 922. 16.
156. 18.67

17.33
923. 16.67

157. 924. 16.
157. 18. 925. 16.67
158. 17.33

17.33
16.67

925. 16.
159. 926. 16.67

16.67159. 927.
160. 18. 927. 16.
160. 17.33 928. 16.67
161. 18. 928. 16.
161. 17.33

17.33
929. 17.33

16.67
16.67
16.67

162. 929.
162. 18. 930.
163. 17.33

16.67
17.33
17.33

931.
164. 931. 16.
164. 932. 17.33

16.67
16.67
16.07
16.67

. 16.
17.33
16.67
16.67
16.67

165. 932.
165. 18. 933.
166. 18. 933.
166. 18.67

17.33
17.33
16.67
17.33

934.
167. .934.
168. 935.
168. 935.
169. 936.
169. 18. 937.
170. 18. 937. 16.
171. 17.33

16.67
17.33

938. 17.33
17.33
16.67

172. 939.
172. 940.
173. 18. 940. 16.
174. 18. 941. 17.33

16.67
16.67
16.67

174. 17.33 941.
175. 18. 942.
175. 17.33

17.33
17.33
16.67
17.33

943.
176. 943. 16.
177. 944. 16.67
177. 944. 16.
178. 16.67

16.67
945.

178. 18. 946.
179. 17.33 946. 16.
179. 18. 947. 16.67
180. 17.33

16.67
17.33

947. 16.
181. 948. 16.67

16.67181. 949.
182. 18. 949. 16.
182. 17.33

18.
17.33
17.33
17.33
16.67
17.33

950. 16.67
183. 950. 16.
183. 951. 17.33

16.67
16.67
16.67

184. 951.
185. 952.
185. 953.
186. 953. 16.
186. 18. 954. 17.33

16.67
16.67
16.67
17.33
16.67

187. 17.33 954.
187. 18. 955.
188. 17.33

16.67
17.33

956.
189. 957.
189. 957.

10/06/25 5 01:38:00
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AQTESOLV for Windows Pasture Holdings

Time Rate (cu. ft/min) Time Rate cu. ft/min)
■6:^7
16.67

22 Ts:
229. 17.33

17.33
16.67
17.33
16.67

1000.
1000.
1001.

230. 16.
230. 18.
231. 1001.

1002.
1003.
1003.
1004.
1004.
1005.
1006.
1006.
1007.
1007.
1008.
1009.
1009.
1010.
1010.
1011.
1012.
1012.
1013.
1013.
1014.
1015.
1016.
1016.
1017.
1018.
1018.
1019.
1019.
1020.
1020.
1021.
1022.
1022.
1023.
1023.
1024.
1025.
1025.
1026.
1026.
1027.
1028.
1028.
1029.
1029.
1030.
1031.
1031.
1032.
1032.
1033.
1034.
1034.
1035.
1035.
1036.
1037.
1037.
1038.
1038.

17.33
16.67
16.67

231.
232. 18.
232. 17.33

17.33
17.33

16.
233. 17.33

16.67
16.67
16.67

234.
234. 18.
235. 17.33

16.67235. 16.
236. 18. 17.33

16.67
16.67
16.67

236. 17.33
18.

17.33
16.67
17.33
16.67

237.
238.

16.238.
239. 16.67

16.239.
240. 18. 16.67

16.67240. 17.33
17.33
16.67
17.33
17.33
16.67
17.33

16.241.
242. 16.67
242. 16.

16.67243.
16.243.

244. 16.67
16. .

16.67
16.67

244. 18.
17.33
17.33
16.67
17.33
16.67

245.
246.

16.246.
247. 16.67

16.247.
17.33
16.67
16.67
16.67

248. 18.
248. 17.33

17.33
17.33
16.67
16.67
17.33
17.33

249.
250.

16.250.
251. 17.33

16.67
16.67
16.67

251.
252.
252. 18.

16.253. 17.33
17.33
16.67
17.33
16.67

17.33
16.67
16.67
16.67

254.
254.
255.
255.

18. 16.256.
17.33
16.67
17.33
16.67

256. 17.33
17.33
16.67
17.33
16.67
17.33

257.
258.
259.

16.259.
17.33
16.67
16.67
16.67

260.
260. 18.
261. 17.33

16.67
17.33
16.67
17.33

262.
16.262.

16.67263.
16.263.

16.67
16.67

264. 18.
264. 17.33

17.33
17.33
16.67

16.265.
16.67266.
16.266.
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AQTESOLV for Windows Pasture Holdings

Time (min) Rate (cu. ft/min) Time Rate (cu. ft/min)

16.67
16.

16.67
16.

16.67

267: TO
268. 18. 1040.

1040.268. 16.67
17.33
17.33
16.67
17.33
16.67

269. 1041.
270. 1041.
270. 1042.
271. 1043. 16.
271. 1044. 16.67
272. 18. 1044. 16.
272. 17.33 1045. 16.67

16.67273. 18. 1046.
274. 16.67

17.33
16.67
17.33
18.

17.33
17.33
17.33
16.67
17.33
16.67
18.

17.33
17.33
18.

17.33
16.67
17.33
17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
16.67
16.67
17.33
17.33
17.33
17.33
16.67
16.67
17.33
16.67
17.33
17.33
17.33
16.67
17.33
16.67
18.

17.33
17.33
17.33
16.67
16.67
17.33

1046. 16.
274. 1047. 16.
275. 1048. 17.33

16.67
16.67
16.67

275. 1048.
276. 1049.
276. 1050.
277. 1050. 16.
278. 1051.

1051.
1052.
1053.

17.33
16.67
16.67
16.67

278.
279.
279.
280. 1053. 16.
280. 1053. 15.8
281. 1054. 17.33

16.67
16.67
16.67

282. 1054.
1055.
1056.
1056.
1057.
1057.
1058.
1059.
1059.

282.
283.
283. 16.
284. 17.33

16.67
17.33
16.67

285.
285.
286.
286. 16.
287. 1060. 17.33

16.67
16.67
17.33
16.67
16.67

287. 1060.
1061.
1062.
1062.
1063.
1063.
1064.
1065.
1065.
1066.
1066.
1067.
1068.
1068.
1069.
1069.
1070.
1071.
1071.
1072.
1072.
1073.
1074.
1075.
1075.
1076.
1077.
1077.
1078.

288.
289.
289.
290.
290. 16.
291. 16.67

16.67
16.

16.67
16.

16.67
16.67

292.
293.
293.
294.
294.
295.
295. 16.
296. 16.67
297. 16.
297. 16.67

16.67298.
298. 16.
299. 16.67
299. 16.
300. 16.67

16.
16.67
15.33
16.67
16.67
16.

16.67
16.

16.67

301.
301.
302.
302.
303. 18.
303. 17.33

17.33
17.33
16.67

304.
305. 1078.
305. 1079.
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AQTESOLV for Windows Pasture Holdings

Rate cu. ft/min)
17.33
16.67
17.33
16.67
17.33
17.33
16.67
16.67
17.33
17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33

Time (min)
1080.
1080.
1081.
1081.
1082.
1082.
1083.
1084.
1084.
1085.
1085.
1086.
1087.
1087.
1088.
1088.
1089.
1090.
1090.
1091.
1091.
1092.
1093.
1093.
1094.
1094.
1095.
1096.
1096.
1097.
1097.
1098.
1099.
1099.
1100.
1101.
1102.
1102.
1103.
1103.
1104.
1105.
1105.
1106.
1106.
1108.
1108.
1109.
1109.
1110.
1111.
1111.
1112.
1112.
1113.
1114.
1115.
1115.
1116.
1117.
1117.
1118.
1118.
1119.
1120.
1120.

Rate (cu. ft/min)
—

3
306. 16.
307. 16.67
308. 16.
308. 17.33

16.67
16.67
16.67

309.
309.
310.
310. 16.
311. 17.33

16.67
16.67
16.67

312.
312.
313.
313. 16.
314. 17.33

16.67
17.33
16.67

314.
316.
316. 16.
317. 16.67

17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33

, 18.
17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
18.

17.33
16.67
17.33
16.67
16.67

16.
317. 17.33

16.67
16.67
16.67

318.
318.
319.
320. 16.
320. 17.33

16.67
16.67
16.67

321.
321.
322.

,322. 16.
323. 16.67

16.324.
324. 16.67

16.67325.
325. 16.
326. 16.67

16.67
16.67

327.
327.
328. 16.
328. 16.67
329. 16.
329. 16.67

16.67
16.

16.67

330.
331.
331.
332. 16.
332. 16.67

16.333.
333. 16.4 16.67
333. 17.33

17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
17.33
16.67
17.33
16.67

16.
16.67
16.67
16.

16.67

334.
335.
335.
336.

16.336.
337. 16.67
337. 16.
338. 16.67

16.339.
339. 16.67

16.67
16.

16.67
16.

16.67
16.67

340.
340.
341.
342.
342.
343.
343. 16.
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AQTESOLV for Windows Pasture Holdings

Time (min) Rate (cu. ft/min) Time Rate (cu. ft/min)
7733 TT

344. 6.67 1121.
1122.

16.
346. 7.33 17.33

16.67346. 6.67 1123.
347. 6.67 1123. 16.
347. 7.33 1124. 16.67

16.
17.33
16.67
16.67
16.67

348. 7.33 1124.
1125.
1125.
1126.
1127.
1127.
1128.
1128.
1129.
1130.

348. 16.67
349. 7.33
350. 17.33

16.67
17.33

350.
351. 16.
351. 6.67 17.33

16.67
17.33
16.67

352. 16.67
17.33
17.33
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
17.33
16.67

353.
354.
354. 1130. 16.
355. 1131. 16.67

16.67
16.67

355. 1132.
356. 1133.
357. 1133. 16.
357. 1134.

1134.
1135.
1136.
1136.
1137.
1137.

1138.,
1139.
1139.
1140.
1140.
1141.
1142.
1142.
1143.
1143.
1144.
1145.
1145.
1146.
1146.
1147.
1148.
1148.
1149.
1149.
1150.
1151.
1151.
1152.
1152.
1153.
1154.
1154.
1155.
1155.
1156.
1157.
1157.
1158.
1158.
1159.
1160.
1160.

17.33
16.67
16.67
16.67

358.
358.
359.
359. 16.
360. 18. 17.33

16.67
16.67
16.67
16.

16.67
16.

16.67
16.67
16.

16.67

361. 16.67

17.33 ,
16.

17.33
16.67
17.33
17.33
16.67
16.67
17.33
17.33
17.33
16.67
17.33
16.67
17.33
17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33

362.
362.
363.
363.
364.
365.
365.
366.
366.
367. 16.
368. 16.67

16.67368.
369. 16.
369. 17.33

16.67
16.67
16.67
16.

16.67

370.
371.
372.
372.
373.
373. 16.
374. 16.67

16.67374.
375. 16.
376. 18. 16.67

16.
16.67
16.67
16.

16.67
16.

16.67
16.67
16.

16.67
16.

16.67
16.67

376. 17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
17.33
16.67
17.33
16.67

377.
377.
378.
379.
379.
380.
381.
381.
382.
383.
383.
384.
384. 16.

10/06/25 10 01:38:00



AQTESOLV for Windows Pasture Holdings

Time (min)
385.
385.

Rate (cu. ft/min) Time Rate cu. ft/min)
TBiBT
16.

16.67
16.67
16.

16.67

7733 n
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
16.67
17.33
16.67

1161.
1162.
1163.
1163.
1164.
1164.
1165.
1166.
1166.
1167.
1167.
1168.
1169.
1169.
1170.
1170.
1171.
1172.
1172.
1173.
1173.
1173.
1174.
1175.
1175.
1176.
1176.
1177.
1177.
1178.
1179.
1179.
1180.
1180.
1181.
1182.
1182.
1183.
1183.
1184.
1185.
1185.
1186.
1186.
1187.
1188.
1188.
1189.
1190.
1191.
1191.
1192.
1192.
1193.
1194.
1194.
1195.
1195.
1196.
1197.
1198.
1198.
1199.
1200.
1200.

386.
387.
387.
388.
388. 16.
389. 16.67

16.67390.
390. 16.
391. 16.67
391. 16.
392. 16.67

16.67392.
393. 16.
394. 16.67
394. 16.
395. 16.67

16.67395.
396. 16.
397. 16.67

16.27397.
16.398. 7.33

398. 16.67
17.33
16.67
16.67

16.67
16.67399.
16.399.

400. 16.67
401. 6.67 16.

17.33
16.67
16.67
16.67

402. 17.33 ,
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
16.67
17.33
16.67

402.
403.
403.

16.404.
17.33
16.67
16.67
16.67

405.
405.
406.
406.
407. 16.
408. 17.33

16.67
16.67
16.67

408.
409.
409.

16.410.
17.33
16.67
16.67
16.67

410.
411.
412.
412.
413. 16.

16.67
16.67
16.67

413.
414.
415.

16.415.
416. 18. 16.67

16.416. 17.33
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67

417. 16.67
16.67417.
16.418.

16.67419.
16.419.

16.67
16.67
16.67

420.
420.
421.

16.422.
16.67
16.67

422.
423.

16.423.
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AQTESOLV for Windows Pasture Holdings

Time Rate (cu. ft/min) Time (min)
“ iMl.

1201.
1202.
1203.
1203.
1204.
1204.
1205.
1206.
1207.
1207.
1208.
1209.
1209.
1210.
1210.
1211.
1212.
1212.
1213.
1213.
1214.
1215.
1215.
1216.
1216.
1217.
1218.
1218.
1219.
1219.
1220.
1221.
1221.
1222.
1222.
1223.
1224.
1224.
1225.
1225.
1226.
1227.
1227.
1228.
1228.
1229.
1230.
1230.
1231.
1231.
1232.
1233.
1233.
1234.
1234.
1235.
1236.
1236.
1237.
1237.
1238.
1239.
1239.
1240.
1240.

Rate (cu. ft/min)
lf%742 7:33

424. 6.67 16.
425. 6.67 16.67

16.67426. 7.33
426. 6.67 16.
427. 7.33 17.33

16.67
16.67
16.67
16.67
16.

16.67
16.67

427. 6.67
428. 6.67
429. 17.33

16.67429.
430. 7.33
430. 16.67

17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67

431.
431. 16.
432. 16.67
433. 16.
433. 16.67

16.67434.
434. 16.
435. 16.67
435. 16.
436. 16.67

16.67
16.

16.67

437.
437.
438.
439. 16.
440. 16.67

16.67440.
. 441. 16.

441. 16.67
442. 16.
442. 16.67

16.67
16.

16.67
16.

16.67
16.67
16.

16.67
16.

16.67
16.67
16.

16.67

443.
444.
444.
445.
445.
446.
447.
447.
448.
448.
449.
449.
450.
451. 16.
451. 16.67

16.67452.
452. 16.
453. 16.67
454. 16.
454. 16.67

16.67455.
455. 16.
456. 16.67

16.
16.67
16.67

456.
457.
458.
458. 16.
459. 16.67
459. 16.
460. 16.67

16.67461.
461. 16.
462. 16.67
462. 16.
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AQTESOLV for Windows Pasture Holdings

Time (min)
463.

Rate cu. ft/min)
rr33—

Time Rate cu. ft/min)
mBT
16.67
16.

16.67
16.

16.67
16.67

T2
463. 6.67 1242.

1242.
1243.
1243.
1244.
1245.
1245.
1246.
1247.
1248.
1248.
1249.
1250.
1251.
1251.
1252.
1253.
1254.
1254.
1255.
1255.
1256.
1257.
1257.
1258.
1258.
1259.
1260.
1260.
1261.
1261.
1262.
1263.
1263.
1264.
1264.
1265.
1266.
1266.
1267.
1267.
1268.
1269.
1270.
1270.
1271.
1272.
1272.
1273.
1273.
1274.
1275.
1275.
1276.
1276.
1277.
1278.
1278.
1279.
1279.
1280.
1281.
1281.
1282.
1282.

464. 6.67
465. 7.33
465. 6.67
466. 7.33
466. 6.67
467. 6.67 16.
468. 7.33 16.67

16.67
16.67

468. 6.67
469. 7.33
469. 6.67 16.
470. 7.33 16.67

16.67
16.67

470. 6.67
471. 6.67
472. 7.33 16.
472. 6.67 16.67

16.67
16.67
16.

16.67

473. 7.33
473. 6.67
474. 6.67
475. 7.33
475. 6.67 16.
476. 7.33 16.67

16.67476. 6.67
477. 7.33 16.
477. 6.67 16.67
478. 6.67 16.
479. 7.33 16.67

16.67
16.

16.67
16.

16.67
16.67
16.

16.67

479. 6.67
480. 7.33
480. 6.67
481. 6.67
482. 7.33
482. 6.67
483. 7.33
483. 6.67
484. 7.33 16.

16.67
16.67

484. 6.67
485. 6.67
486. 7.33 16.
486. 6.67 16.67

7.33 16.487.
487. 6.67 16.67

16.67
16.67

488. 6.67
489. 7.33

16.489. 6.67
16.67
16.67

490. 7.33
490. 6.67
491. 6.67 16.

16.67492. 6.67
16.493. 7.33

493. 6.67 16.67
16.67494. 7.33
16.496. 7.33

16.67496. 6.67
497. 7.33 16.

16.67
16.67

497. 6.67
498. 7.33
498. 6.67 16.
499. 6.67 16.67
500. 7.33 16.

6.67 16.67
16.67

500.
501. 7.33

16.501. 6.67
502. 16.67

17.33
16.67

503. 16.

01:38:0010/06/25 13



AQTESOLV for Windows Pasture Holdings

Time (min)
503^ ^

Rate cu. ft/min)
mFT—

Time Rate (cu. ft/min)
TOB7
16.67

T2
504. 7.33 1284.

1284.
1285.
1286.

504. 16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67
16.67

16.
505. 16.
506. 16.67

16.67506. 1287.
1287.
1288.
1288.

507. 16.
507. 16.67
508. 16.
508. 1289. 16.67

16.67509. 1290.
1290.
1291.
1291.
1292.
1292.
1293.
1293.

510. 18. 16.
510. 17.33

17.33
16.67
16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
16.67
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67

16.67
511. 16.
511. 17.07

16.67
16.67

512.
513.
513. 16.
514. 1294. 16.67

16.
16.67
16.67

514. 1294.
515. 1295.
515. 1296.
516. 1296.

1297.
1297.
1298.
1299.
1299.
1300.
1300.
1301.
1302.
1303.
1304.
1304.
1305.
1305.
1306.
1307.
1307.
1308.
1308.
1309.
1310.
1310.
1311.
1311.
1312.
1313.
1313.
1314.
1314.
1315.
1316.
1316.
1317.
1317.
1318.
1319.
1320.
1320.
1321.
1322.
1322.
1323.
1323.

16.
517. 16.67

16.
16.67
16.67
16.

1.7.33
16.67
16.67

517.
518.
518.
519.

520. ,
520.
521.
521. 16.
522. 16.
522. 16.67

16.
16.67

523.
524.
524. 16.
525. 16.
525. 16.27
526. 15.6
527. 16.67
527. 16.
528. 16.
529. 16.67
529. 16.
530. 16.67
531. 16.
531. 16.
532. 16.67
532. 16.
533. 16.67
534. 16.
535. 16.
536. 16.67
536. 16.
537. 17.33

16.67
16.67
16.

16.67
16.

16.67
16.67
16.

16.67

538.
538.
539.
539.
540.
541.
541.
542.
542.
543. 16.
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Rate (cu. ft/min) Time Rate (cu. ft/min)
T5B7
16.67
16.

16.67
16.

16.67
16.67

5 T3
544. 16. 1325.

1325.
1326.
1326.
1327.
1328.
1328.
1329.
1329.
1331.
1331.
1332.
1332.
1333.
1334.
1334.
1335.
1335.
1336.
1337.
1337.
1338.
1338.
1339.
1340.
1340.
1341.
1342.
1343.
1343.
1344.
1344.
1345.
1346.
1346.
1347.
1347.
1348.
1349.
1349.
1350.
1350.
1351.
1352.
1352.
1353.
1353.
1354.
1355.
1356.
1356.
1357.
1358.
1358.
1359.
1359.
1360.
1361.
1361.
1362.
1362.
1363.
1364.
1364.
1365.

545. 17.33
16.67
17.33
16.67
16.67
17.33
16.67

545.
546.
546.
547.
548. 16.
548. 16.67
549. 18. 16.
549. 17.33

17.33
16.67

16.67
550. 16.
551. 16.67
551. 16. 16.
552. 17.33

16.67
17.33
16.67
16.67
17.33
16.67
17.33
17.33
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
16.67

16.67
17.33
16.67
16.67

552.
553.
553.
554. 16.
555. 16.67

16.67555.
556. 16.
558. 16.67

16.558.
16.67
16.67

559.
559.

16.560.
16.67
.16.67
16.67

560.
561..
562.

16.562.
563. 16.67

16.563.
564. 17.33

16.67565.
16.565.

16.67566.
16.566.

16.67
16.67

567.
568.

16.568. 16.
16.67569. 17.33

16.67
17.33
16.67
16.67

16.569.
16.67
16.67

570.
570.

16.571.
18. 16.67572.

17.33
17.33
16.67
16.47
16.67
16.67

16.572.
16.67
16.67
16.67

573.
573.
573.

16.574.
16.67
16.67

575.
575. 16.

16.576. 16.67
17.33 16.67

16.
16.67
16.67
16.

16.67

577.
577. 16.
578. 16.67

17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33

579.
579.
580.

16.580.
16.67
16.67

581.
582.

16.582.
16.583.
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Time (min)
5531

Rate (cu. ft/min)
—

16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33
16.67

Time (min)
^366.

1367.
1367.
1368.
1368.
1369.
1370.
1370.
1371.

Rate (cu. ft/min)

16.67
16.

16.67
16.

16.67
16.67

584.
585.
585.
586.
586.
587.
587. 16.
588. 16.67
589. 1371. 16.
589. 1372.

1373.
1373.
1374.
1374.
1375.
1376.

16.67
16.67590.

590. 16.
591. 16.67
592. 16.
592. 16. 16.67

16.67593. 16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33

594. 1376. 16.
594. 1377. 16.
595. 1378.

1378.
1379.
1379.
1380.
1381.
1381.
1382.

16.67
596. 16.
596. 16.67
597. 16.
597. 16.67

16.67
16.

16.67

598.
599.
599.
600. 1382. 16.
600. 1383. 16.
601. 1384. 16.67
602. 1384.

1385.
1385.
1386.

16.
602. 16.67
603. 16.
603. 16.
604. 1387. 16.
604. 1388. 16.67
605. 1388.

1389.
1390.
1390.
1391.
1391.
1392.
1393.
1393.
1394.
1394.
1395.
1396.
1396.
1397.

16.
606. 16.
606. 16.67
607. 16.
607. 16.67

16.
16.67
16.67

608.
609. 16.
610. 17.33

16.67
16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
16.67
16.67
16.

16.67
17.33
16.67
16.67
17.33
16.67

610. 16.
611. 16.67
612. 16.
612. 16.67

16.67613.
613. 16.
614. 16.67
614. 1397. 16.
615. 1398. 16.67

16.67616. 1399.
1399.
1400.

616. 16.
617. 16.67
617. 1400. 16.
618. 1401. 16.67

17.33
16.67
16.67

619. 1402.
1402.
1403.
1403.
1404.
1405.
1405.
1406.

619.
620.
621. 16.
621. 16.67

16.67
16.

16.67

622.
623.
623.
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Tirne (min)
663.

Rate (cu. ft/min)
T6?B7
17.33
16.67
16.67
16.67

Time Rate (cu. ft/min)
lf?B7

664. 1447.
1448.
1449.
1449.
1450.
1450.
1451.
1452.
1452.
1453.
1454.
1455.
1455.
1456.
1456.
1457.
1458.
1459.
1459.
1460.
1461.
1461.
1462.
1463.
1463.
1464.
1464.

. 1465.
1466.
1466.
1467.
1467.
1469.
1469.
1470.
1470.
1471.
1472.
1472.
1473.
1473.
1474.
1475.
1475.
1476.
1476.
1477.
1478.
1478.
1479.
1479.
1480.
1481.
1481.
1482.
1482.
1483.
1484.
1485.
1486.
1486.
1487.
1487.
1488.
1489.

16.
664. 16.67

16.67665.
666. 16.
666. 16. 16.67
667. 16.67

17.33
16.67
16.67
17.33
16.67
18.

17.33
16.67
16.67
16.

17.33
16.67
16.67

16.
668. 16.67

16.67668.
669. 16.
670. 16.
670. 16.67

16.67
16.

16.67

671.
671.
672.
673. 16.
673. 16.67
674. 16.
674. 16.67
675. 16.
676. 16. 16.67

16.67677. 17.33
16.67
17.33
16.67
16.67
17.33
16.67
17.33
16.67
17.33

677. 16.
678. 16.
678. 16.67
679. 16.
680. 16.67
680. 16.
681. 16.
681. 16.67
682. 16.
683. 16. 16.67

16.
16.67
16.

16.67

684. 17.33
16.67
16.67
16.

17.33
16.67
16.67
16.67

684.
686.
686.
687. 16.
687. 16.
688. 16.67
689. 16.
689. 16. 17.33

16.67690. 17.33
16.67
17.33
16.67
16.67
16.07

690. 16.
691. 16.67
692. 16.
693. 16.67
693. 16.
693. 15.4 16.67

16.67
16.

16.67

694. 17.33
16.67
16.67
16.67

694.
695.
696. 16.
696. 16. 16.67

16.67697. 17.33
16.67
17.33

697. 16.
698. 16.67

16.
17.33

699. 16.
700. 18.
700. 16.67

16.67
16.67
16.

17.33
16.67
17.33
16.67

16.
701. 16.
702. 16.67
702. 16.
703. 16.67
703. 16.
704. 16.
704. 16.
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Time (min) Rate (cu. ft/min)
16767
17.33
16.67
17.33
16.67
16.67
16.67

Time Rate (cu. ft/min)
T6i67
15.33
16.

16.67
16.

16.67

7057
706. 1490.

1491.
1492.
1492.
1493.
1493.
1494.
1495.
1495.
1496.
1496.
1497.
1498.
1498.
1499.
1499.
1500.
1501.
1501.
1502.
1502.
1503.
1504.
1504.
1505.
1505.
1506.

. 1507.
1507.
1508.
1508.
1509.
1510.
1510.
1511.
1512.
1513.
1513.
1514.
1515.
1515.
1516.
1516.
1517.
1518.
1518.
1519.
1519.
1520.
1521.
1521.
1522.
1522.
1523.
1524.
1525.
1525.
1526.
1527.
1527.
1528.
1528.
1529.
1530.
1530.

706.
707.
707.
708.
709. 16.
709. 16. 16.
710. 17.33

16.67
16.67
16.67

16.67
710. 16.
711. 16.67
712. 16.
712. 16. 16.
713. 17.33

16.67
16.67

713. 16.
714. 18. 17.33

16.67
16.67
16.67

714. 17.33
16.67
17.33
16.67
17.33
16.67
16.67
16.67

715.
716.
716. 16.
717. 16.67
717. 16.
718. 16.67

17.33
16.67
16.67

719.
719. 16.
720. 17.33

16.67
16.67
J6.67
16.

17.33
16.67
16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67

720. 16.
721. 16.67

16.677.22.
722. 16.
723. 16.67
723. 16.
724. 16.67

16.67725.
725. 16.
726. 16.
726. 16.
727. 16.67
727. 16.
728. 16.
729. 16.67

16.
16.67

729.
730.
730. 16.
732. 16.
732. 16. 16.67
733. 17.33

16.67
16.67
16.67

16.
733. 16.67
734. 16.
735. 16.
735. 16. 16.67

16.
16.67

736. 17.33
16.67
16.67
16.67

736.
737. 16.
738. 16.
738. 16. 16.67

16.67739. 17.33
16.67
17.33
16.67
16.67
16.67

739. 16.
740. 16.67

17.33
16.67
16.67

740.
741.
742.
742. 16. 16.
743. 17.33

16.67
16.67

16.67
16.67743.

744. 16.
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Time (min) Rate (cu. ft/min) Time Rate (cu. ft/min)
TOT745: T5

745. 16. 1531.
1532.
1532.
1533.
1533.
1534.
1535.
1535.
1536.
1536.
1537.
1538.
1538.
1539.
1539.
1540.
1541.
1541.
1542.
1542.
1543.
1544.
1545.
1545.
1546.
1547.
1547.

1548. ,
1549.
1550.
1550.
1551.
1551.
1552.
1553.
1553.
1554.
1555.
1555.
1556.
1556.
1557.
1558.
1558.
1559.
1559.
1560.
1561.
1561.
1562.
1563.
1652.

16.
746. 18. 17.
746. 17.33

16.67
16.67
16.

17.33
16.67
16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
16.67

16.67
16.67
16.33

747.
748.
748. 16.
749. 16.67
749. 16.
750. 16.67
751. 16.
751. 16.
752. 16.67
752. 16.
753. 16.67
753. 16.
754. 16.
755. 16.67
755. 16. 16.
756. 17.33

16.67
16.67
16.67

16.67
756. 16.
757. 16.
758. 16.67

16.67758. 16.
759. 17.33

16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67
16.

17.33
16.67
17.33
16.67
16.67
16.67

16.
759. 16.
760. 16.33

15.67
16. .

16.67
16.67
16.

16.67

761.
761.
762.
762.
763.
764.
764. 16.
765. 16.67

16.67765.
766. 16.
766. 16.
767. 16.67

16.
16.67
16.

768.
768. 16.
769. 17.33

16.67
16.67
16.67
16.

17.33
16.67
16.67
16.67
16.

17.33
16.67
16.67

769. 16.
770. 16.67
771. 16.
771. 16.67
772. 16.
772. 16.
773. 16.67

16.
16.67
16.67

774.
774.
775.
775. 0.
776.

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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Fully Penetrating Well

No. of Observations: 2969

Observation Data

Displacement (ft)
— 10.13—

Time (min)
2989.^
2991.8
2993.8
2995.8
2997.8
2999.8
3001.8
3003.8
3005.8
3007.8
3009.8
3011.8
3013.8
3015.8
3017.8
3019.8
3021.8
3023.8
3025.8
3027.8
3029.8
3031.8
3033.8
3035.8 .
3037.8
3039.8
3041.8
3043.8
3045.8
3047.8
3049.8
3051.8
3053.8
3055.8
3057.8
3059.8
3061.8
3063.8
3065.8
3067.8
3069.8
3071.8
3073.8
3075.8
3077.8
3079.8
3081.8
3083.8
3085.8
3087.8
3089.8
3091.8
3093.8
3095.8
3097.8
3099.8
3101.8
3103.8
3105.8
3107.8
3109.8

Displacement (ft)Time
to: 77772“

7.766
7.743
7.726
7.744
7.745
7.718
7.717
7.692
7.724
7.692
7.703
7.714

21.63
23.63
25.63
27.63
29.63
31.63
33.63
35.63
37.63
39.63
41.63
43.63
45.63
47.63
49.63
51.63
53.63
55.63
57.63
59.63
61.63
63.63
65.63
67.63
69.63
71.63
73.63
75.63
77.63
79.63
81.63
83.63
85.63
87.63
89.63
91.63
93.63
95.63
97.63
99.63
101.6
103.6
105.6
107.6
109.6
111.6
113.6
115.6
117.6
119.6
121.6
123.6
125.6
127.6
129.6
131.6
133.6
135.6
137.6
139.6

24.1
27.58
29.5
30.3
31.46
32.03
32.71
33.25
33.72
34.24
34.47
34.83

7.6835.2
7.675
7.677
7.655
7.655
7.661

35.48
35.94
36.23
36.48
36.62

7.6736.9
7.62637.13

37.51
37.54

7.67
7.662
7.619.
7.608
7.628
7.612
7.593
7.621
7.592
7.583
7.574
7.577
7.574
7.542
7.558
7.547
7.548
7.542
7.525
7.535
7.525
7.501
7.507
7.519
7.503
7.494
7.504
7.524
7.465
7.462

38.
38.17
38.23
38.54
38.53
38.9
39.07
39.19
39.38
39.43
39.75
39.83
39.94
40.22
40.36
40.4
40.63
40.8
40.89
40.9
41.12
41.14
41.32
41.35
41.48
41.66
41.94
41.94
42.13
42.07
42.31
42.32
42.48
42.58
42.55
42.85
42.72
42.85

7.44
7.451
7.463
7.468
7.461
7.427
7.44
7.424
7.42
7.435
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Time (min)
—tIi 6

143.6
145.6
147.6
149.6
151.6
153.6
155.6
157.6
159.6
161.6
163.6
165.6
167.6
169.6
171.6
173.6
175.6
177.6
179.6
181.6
183.6
185.6
187.6
189.6
191.6
193.6
195.6

.197.6
199.6
201.6
203.6
205.6
207.6
209.6
211.6
213.6
215.6
217.6
219.6
221.6
223.6
225.6
227.6
229.6
231.6
233.6
235.6
237.6
239.6
241.6
243.6
245.6
247.6
249.6
251.6
253.6
255.6
257.6
259.6
261.6
263.6
265.6
267.6
269.6
271.6

Displacement (ft)
— 43.01—

43.13
43.33
43;39
43.38
43.52
43.64

Time (mir
311T8
3113.8
3115.8
3117.8
3119.8
3121.8
3123.8
3125.8
3127.8
3129.8
3131.8
3133.8
3135.8
3137.8
3139.8
3141.8
3143.8
3145.8
3147.8
3149.8
3151.8
3153.8
3155.8
3157.8
3159.8
3161.8
3163.8
3165.8
3167.8
3169.8
3171.8
3173.8
3175.8
3177.8
3179.8
3181.8
3183.8
3185.8
3187.8
3189.8
3191.8
3193.8
3195.8
3197.8
3199.8
3201.8
3203.8
3205.8
3207.8
3209.8
3211.8
3213.8
3215.8
3217.8
3219.8
3221.8
3223.8
3225.8
3227.8
3229.8
3231.8
3233.8
3235.8
3237.8
3239.8
3241.8

Displacement (ft)
7m
7.405
7.382
7.398
7.417
7.362
7.384
7.366
7.384
7.365
7.387
7.356

43.7
43.65
43.87
43.91
43.99
43.98
44.12
44.15

7.361
7.324
7.337
7.33644.2

44.37
44.51
44.41
44.62
44.65
44.65
44.84
44.87

7.35
7.336
7.305
7.317
7.313
7.314
7.303
7.283

44.8 7.29
44.91
45.01
45.16

. 45.23
45.22
45.44
45.44
45.43
45.41
45.61
45.66

7.272
7.276
7.267
,7.292
7.301
7.264
7.278
7.274
7.259
7.264
7.235
7.248
7.227
7.235
7.239
7.224
7.203
7.211
7.205
7.211
7.202
7.202
7.189
7.203
7.164
7.155

45.7
45.66
45.77
45.94
45.98
45.98
46.07
46.05
46.12
46.13
46.26
46.41
46.46
46.5
46.55
46.55 7.18
46.5 7.155

7.166
7.149
7.157
7.149
7.143
7.159
7.128
7.137
7.124
7.112
7.108
7.112
7.098

46.78
46.72
46.86
46.78
46.96
46.91
46.99
47.08
47.19
47.03
47.21
47.17
47.21
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Displacement (ft)
— 47.36

47.36
47.34
47.42
47.52
47.68
47.61
47.63
47.61
47.89
47.83
47.95
47.97
47.91
48.08
47.91
47.98
48.01
48.22
48.14
48.16
48.33

Time (min)
3243.8
3245.8
3247.8
3249.8
3251.8
3253.8
3255.8
3257.8
3259.8
3261.8
3263.8
3265.8
3267.8
3269.8
3271.8
3273.8
3275.8
3277.8
3279.8
3281.8
3283.8
3285.8
3287.8
3289.8
3291.8
3293.8
3295.8
3297.8
3299.8
3301.8
3303.8
3305.8
3307.8
3309.8
3311.8
3313.8
3315.8
3317.8
3319.8
3321.8
3323.8
3325.8
3327.8
3329.8
3331.8
3333.8
3335.8
3337.8
3339.8
3341.8
3343.8
3345.8
3347.8
3349.8
3351.8
3353.8
3355.8
3357.8
3359.8
3361.8
3363.8
3365.8
3367.8
3369.8
3371.8
3373.8

Displacement (ft)
/.119—
7.094
7.108
7.084
7.077
7.088
7.075
7.086
7.068
7.065
7.057
7.054
7.054
7.039
7.013

275.6
277.6
279.6
281.6
283.6
285.6
287.6
289.6
291.6
293.6
295.6
297.6
299.6
301.6
303.6
305.6
307.6
309.6
311.6
313.6
315.6
317.6
319.6
321.6
323.6
325.6
327.6

, 329.6
331.6
333.6
335.6
337.6
339.6
341.6
343.6
345.6
347.6
349.6
351.6
353.6
355.6
357.6
359.6
361.6
363.6
365.6
367.6
369.6
371.6
373.6
375.6
377.6
379.6
381.6
383.6
385.6
387.6
389.6
391.6
393.6
395.6
397.6
399.6
401.6
403.6

7.06
7.014
7.016
7.024
7.04
7.004
7.047
6.999
7.003
7.013
6.993
7.004
6.988
6.988

48.3
48.3
48.46
48.52
48.42
48.45
48.59
48.54
48.58

7.
6.969
6.979
6.959
6.957
6.965
6.961
6.953
6.972
6.929
6.937
6.926
6.931
6.924

48.8
48.8
48.76
48.74
48.74

48.81
48.94
48.89
48.92
48.99
49.15
49.11
49.24 6.94
49.3 6.942

6.929
6.897

49.11
49.25
49.35
49.24
49.39
49.49
49.32
49.39
49.45
49.38
49.48
49.57
49.71
49.78
49.67
49.73
49.81
49.75

6.92
6.89
6.906
6.906
6.884
6.874
6.861
6.853
6.836
6.832
6.867
6.834
6.834
6.858
6.835
6.847
6.818
6.814
6.835

49.8
49.82
49.85
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Time (min)
405 6
407.6
409.6
411.6
413.6
415.6
417.6
419.6
421.6
423.6
425.6
427.6
429.6
431.6
433.6
435.6
437.6
439.6
441.6
443.6
445.6
447.6
449.6
451.6
453.6
455.6
457.6
459.6
461.6 .
463.6
465.6
467.6
469.6
471.6
473.6
475.6
477.6
479.6
481.6
483.6
485.6
487.6
489.6
491.6
493.6
495.6
497.6
499.6
501.6
503.6
505.6
507.6
509.6
511.6
513.6
515.6
517.6
519.6
521.6
523.6
525.6
527.6
529.6
531.6
533.6
535.6

Displacement (ft)
— 50.05—

49.99
50.11
50.16

Time (min)
33/6.8
3377.8
3379.8
3381.8
3383.8
3385.8
3387.8
3389.8
3391.8
3393.8
3395.8
3397.8
3399.8
3401.8
3403.8
3405.8
3407.8
3409.8
3411.8
3413.8
3415.8
3417.8
3419.8
3421.8
3423.8
3425.8
3427.8
3429.8

3431.8
3433.8
3435.8
3437.8
3439.8
3441.8
3443.8
3445.8
3447.8
3449.8
3451.8
3453.8
3455.8
3457.8
3459.8
3461.8
3463.8
3465.8
3467.8
3469.8
3471.8
3473.8
3475.8
3477.8
3479.8
3481.8
3483.8
3485.8
3487.8
3489.8
3491.8
3493.8
3495.8
3497.8
3499.8
3501.8
3503.8
3505.8

Displacement (ft)
6.822
6.816
6.787
6.801
6.777
6.783

50.1
50.05
50.07
50.27

6.77
6.803
6.794
6.777
6.774
6.759
6.772
6.755
6.755
6.747
6.744
6.757
6.727
6.726
6.715
6.713
6.715
6.697
6.687
6.696
6.698
6.687
6.6,89
6.685
6.662
6.659
6.666
6.677
6.648
6.668
6.663

50.3
50.23
50.27
50.38
50.27
50.31
50.45
50.41
50.58
50.51
50.54
50.71
50.71
50.58
50.68
50.57
50.82
50.82
50.69
50.83

50.89 ,
50.92
51.

50.97
50.92
51.03
51.12
50.96
51.03
51.05
51.24
51.26
51.17
51.14
51.21
51.24
51.23
51.23
51.39
51.42
51.39
51.36
51.56
51.57
51.63
51.64
51.48

6.67
6.655
6.619
6.652
6.615
6.644
6.634
6.603
6.614
6.606
6.619
6.6

6.633
6.612
6.611
6.597
6.608
6.604
6.598
6.582

51.7
51.62
51.67
51.59
51.64
51.66
51.77
51.88
51.71
51.77
51.83

6.58
6.58
6.56
6.555
6.556
6.538
6.568
6.556
6.511
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Time Displacement (ft)
— #177—

Time (min Displacement (ft)
6.b18
6.544
6.529
6.541
6.518
6.491
6.492
6.498
6.496
6.479

53
539.6
541.6
543.6
545.6
547.6
549.6
551.6
553.6
555.6
557.6
559.6
561.6
563.6
565.6
567.6
569.6
571.6
573.6
575.6
577.6
579.6
581.6
583.6
585.6
587.6
589.6
591.6
593.6 .
595.6
597.6
599.6
601.6
603.6
605.6
607.6
609.6
611.6
613.6
615.6
617.6
619.6
621.6
623.6
625.6
627.6
629.6
631.6
633.6
635.6
637.6
639.6
641.6
643.6
645.6
647.6
649.6
651.6
653.6
655.6
657.6
659.6
661.6
663.6
665.6
667.6

52. 3509.8
3511.8
3513.8
3515.8
3517.8
3519.8
3521.8
3523.8
3525.8
3527.8
3529.8
3531.8
3533.8
3535.8
3537.8
3539.8
3541.8
3543.8
3545.8
3547.8
3549.8
3551.8
3553.8
3555.8
3557.8
3559.8
3561.8
3563.8
3565.8
3567.8
3569.8
3571.8
3573.8
3575.8
3577.8
3579.8
3581.8
3583.8
3585.8
3587.8
3589.8
3591.8
3593.8
3595.8
3597.8
3599.8
3601.8
3603.8
3605.8
3607.8
3609.8
3611.8
3613.8
3615.8
3617.8
3619.8
3621.8
3623.8
3625.8
3627.8
3629.8
3631.8
3633.8
3635.8
3637.8

51.98
52.05
52.06
52.08
51.91
52.09
51.95
52.08
52.04
52.22
52.21
52.28
52.25
52.38
52.16
52.28
52.19
52.22
52.33
52.31

6.49
6.478
6.469
6.49
6.491
6.468
6.468
6.47
6.473
6.442
6.439
6.462
6.424
6.435
6.421
6.413
6.406
6.394
6.394
6.411
6.406
6.387
6.405
6.405
6.374
6.405
6.391
6.385
6.344
6.352
6.349
6.344
6.338
6.338
6.338
6.348
6.361
6.338
6.328
6.307
6.309
6.306
6.309
6.306
6.329
6.286

52.5
52.39
52.35
52.56
52.58
52.56

52.43.
52.57
52.47
52.61
52.58
52.68
52.64
52.64
52.69
52.68
52.65
52.84
52.91
52.74
52.78
52.96
52.9
52.99
53.01
52.93
52.98
53.14
53.1
52.98
53.01
53.23
53.

53.15
6.353.1

6.266
6.263
6.295
6.284

53.14
53.25
53.18
53.3
53.21
53.22
53.38
53.43
53.24

6.26
6.258
6.284
6.232
6.258
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Time (min)
“669.6

671.6
673.6
675.6
677.6
679.6
681.6
683.6
685.6
687.6
689.6
691.6
693.6
695.6
697.6
699.6
701.6
703.6
705.6
707.6
709.6
711.6
713.6
715.6
717.6
719.6
721.6
723.6
725.6
727.6
729.6
731.6
733.6
735.6
737.6
739.6
741.6
743.6
745.6
747.6
749.6
751.6
753.6
755.6
757.6
759.6
761.6
763.6
765.6
767.6
769.6
771.6
773.6
775.6
777.6
779.6
781.6
783.6
785.6
787.6
789.6
791.6
793.6
795.6
797.6
799.6

Displacement (ft)
— bii28

53.51
53.31
53.33
53.56
53.47
53.59
53.45
53.56
53.58-
53.62
53.68
53.52
53.73
53.68
53.78
53.77
53.64
53.78
53.81
53.63

Time (min)
^36^
3641.8
3643.8
3645.8
3647.8
3649.8
3651.8
3653.8
3655.8
3657.8
3659.8
3661.8
3663.8
3665.8
3667.8
3669.8
3671.8
3673.8
3675.8
3677.8
3679.8
3681.8
3683.8
3685.8
3687.8
3689.8
3691.8
3693.8
3695.8
3697.8
3699.8
3701.8
3703.8
3705.8
3707.8
3709.8
3711.8
3713.8
3715.8
3717.8
3719.8
3721.8
3723.8
3725.8
3727.8
3729.8
3731.8
3733.8
3735.8
3737.8
3739.8
3741.8
3743.8
3745.8
3747.8
3749.8
3751.8
3753.8
3755.8
3757.8
3759.8
3761.8
3763.8
3765.8
3767.8
3769.8

Displacement (ft)
— 6.251—

6.242
6.239
6.243
6.235
6.204
6.201
6.231
6.227
6.221
6.203
6.22
6.216
6.217
6.209
6.187
6.221
6.176
6.168
6.18
6.161
6.187
6.157

53.91
53.8
53.72
53.81
53.89
53.86
53.85
53.82
53.93
53.85
54.02

6.18
6.164
6.164
6.158
6.142
6.144
6.146
6.145
6.156
6.136
6.123
6.129
6.129

54.
53.98
53.88
53.98
54.1 6.12
54.17
54.11
54.11
54.23
54.18
54.27
54.31
54.28
54.13
54.26
54.22
54.23
54.21
54.25
54.26
54.44
54.38
54.38

6.134
6.124
6.141
6.117
6.115
6.092
6.1

6.084
6.069
6.051
6.078
6.069
6.062
6.097
6.072
6.072
6.055
6.072
6.055
6.048
6.049
6.048
6.046
6.049
6.061
6.028
6.035
6.044
6.029

54.4
54.36
54.33
54.41
54.48
54.45
54.4
54.45
54.47
54.61
54.61
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Time (min)
801.6
803.6
805.6
807.6
809.6
811.6
813.6
815.6
817.6
819.6
821.6
823.6
825.6
827.6
829.6
831.6
833.6
835.6
837.6
839.6
841.6
843.6
845.6
847.6
849.6
851.6
853.6
855.6
857.6
859.6
861.6
863.6
865.6
867.6
869.6
871.6
873.6
875.6
877.6
879.6
881.6
883.6
885.6
887.6
889.6
891.6
893.6
895.6
897.6
899.6
901.6
903.6
905.6
907.6
909.6
911.6
913.6
915.6
917.6
919.6
921.6
923.6
925.6
927.6
929.6
931.6

Displacement (ft)
— 54.72—

54.55
54.59
54.61
54.62
54.68
54.81
54.64
54.72
54.79
54.81
54.76
54.92
54.94
54.84
54.81
54.82
54.84
55.06
54.91

Time (min’ Displacement (ft)
—^028—

6.014
6.014
6.017
6.021
6.002
5.976
6.002
5.999
5.979
5.991
5.983
6.003
5.962
5.952
5.967
5.978

3773.8
3775.8
3777.8
3779.8
3781.8
3783.8
3785.8
3787.8
3789.8
3791.8
3793.8
3795.8
3797.8
3799.8
3801.8
3803.8
3805.8
3807.8
3809.8
3811.8
3813.8
3815.8
3817.8
3819.8
3821.8
3823.8
3825.8
3827.8
3829.8
3831.8
3833.8
3835.8
3837.8
3839.8
3841.8
3843.8
3845.8
3847.8
3849.8
3851.8
3853.8
3855.8
3857.8
3859.8
3861.8
3863.8
3865.8
3867.8
3869.8
3871.8
3873.8
3875.8
3877.8
3879.8
3881.8
3883.8
3885.8
3887.8
3889.8
3891.8
3893.8
3895.8
3897.8
3899.8
3901.8

5.98
5.98
5.972
5.956
5.946

55.
55.08
55.03
55.03
54.96

5.95
5.937
5.951
5.929
5.925
5.942
5.917
5.934
5.902
5.907
5.912
5.897
5.946

55.
55.07
55.01
55.19
55.2
55.23
55.05
55.18
55.14
55.09
55.29
55.25
55.19
55.28
55.28
55.21

5.89
5.898
5.892
5.894
5.888
5.894
5.883
5.886
5.864
5.856
5.863
5.871
5.846
5.858
5.875
5.843
5.844
5.846
5.857
5.831
5.857
5.843
5.834
5.853
5.836
5.836
5.857
5.861

55.4
55.44
55.32
55.27
55.52
55.52
55.44
55.53
55.44
55.44
55.37
55.41
55.46
55.43
55.48
55.66
55.52
55.61
55.73
55.53
55.66
55.76
55.77
55.81
55.66

5.82
5.829
5.84
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Time (min)
“933:6

935.6
937.6
939.6
941.6
943.6
945.6
947.6
949.6
951.6
953.6
955.6
957.6
959.6
961.6
963.6
965.6
967.6
969.6
971.6
973.6
975.6
977.6
979.6
981.6
983.6
985.6
987.6
989.6
991.6
993.6
995.6
997.6
999.6
1001.6
1003.6
1005.6
1007.6
1009.6
1011.6
1013.6
1015.6
1017.6
1019.6
1021.6
1023.6
1025.6
1027.6
1029.6
1031.6
1033.6
1035.6
1037.6
1039.6
1041.6
1043.6
1045.6
1047.6
1049.6
1051.6
1053.6
1055.6
1057.6
1059.6
1061.6
1063.6

Displacement (ft)
55.64
55.81
55.72
55.68
55.76
55.76
55.91
55.98
55.97
55.79
55.84

Time (min)
390l8
3905.8
3907.8
3909.8
3911.8
3913.8
3915.8
3917.8
3919.8
3921.8
3923.8
3925.8
3927.8
3929.8
3931.8
3933.8
3935.8
3937.8
3939.8
3941.8
3943.8
3945.8
3947.8
3949.8
3951.8
3953.8
3955.8
3957.8
3959.8
3961.8
3963.8
3965.8
3967.8
3969.8
3971.8
3973.8
3975.8
3977.8
3979.8
3981.8
3983.8
3985.8
3987.8
3989.8
3991.8
3993.8
3995.8
3997.8
3999.8
4001.8
4003.8
4005.8
4007.8
4009.8
4011.8
4013.8
4015.8
4017.8
4019.8
4021.8
4023.8
4025.8
4027.8
4029.8
4031.8
4033.8

Displacement (ft)
— 5.829—

5.829
5.8

5.815
5.803
5.786
5.801
5.801
5.815
5.794
5.804
5.784
5.797

55.8
55.89
55.97
55.93
55.95
56.06

5.79
5.761
5.776
5.777
5.793
5.766
5.759
5.779

56.
56.07
55.92
56.05
56.01
56.11
56.03
56.26
56.16
56.08
56.32

56.09
56.26

5.751
5.743
5.758
5.759
5.753
5.746
5.74

.5.746
5.744
5.744
5.714
5.734

56.3
56.3
56.23
56.36
56.16
56.21
56.26
56.22
56.22

5.711
5.73
5.715
5.674
5.674
5.68

56.3 5.683
5.677
5.701
5.698
5.694
5.694
5.689
5.694
5.675
5.692
5.672
5.675
5.654
5.647
5.654
5.655
5.643
5.652
5.649
5.647
5.643
5.634
5.638
5.644
5.614
5.602
5.625

56.28
56.34
56.31
56.37
56.35
56.33
56.36
56.57
56.52
56.48
56.4
56.59
56.65
56.46
56.47
56.69
56.51
56.71
56.51
56.75
56.6
56.6
56.63
56.73
56.61
56.61
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Time (min
1065.6
1067.6
1069.6
1071.6
1073.6
1075.6
1077.6
1079.6
1081.6
1083.6
1085.6
1087.6
1089.6
1091.6
1093.6
1095.6
1097.6
1099.6
1101.6
1103.6
1105.6
1107.6
1109.6
1111.6
1113.6
1115.6
1117.6
1119.6
1121.6
1123.6
1125.6
1127.6
1129.6
1131.6
1133.6
1135.6
1137.6
1139.6
1141.6
1143.6
1145.6
1147;6
1149.6
1151.6
1153.6
1155.6
1157.6
1159.6
1161.6
1163.6
1165.6
1167.6
1169.6
1171.6
1173.6
1175.6
1177.6
1179.6
1181.6
1183.6
1185.6
1187.6
1189.6
1191.6
1193.6
1195.6

Displacement (ft)
56.84—
56.67
56.65
56.82
56.88
56.76
56.72

Time (min)
~4D35.8
4037.8
4039.8
4041.8
4043.8
4045.8
4047.8
4049.8
4051.8
4053.8
4055.8
4057.8
4059.8
4061.8
4063.8
4065.8
4067.8
4069.8
4071.8
4073.8
4075.8
4077.8
4079.8
4081.8
4083.8
4085.8
4087.8
4089.8
4091.8
4093.8
4095.8
4097.8
4099.8
4101.8
4103.8
4105.8
4107.8
4109.8
4111.8
4113.8
4115.8
4117.8
4119.8
4121.8
4123.8
4125.8
4127.8
4129.8
4131.8
4133.8
4135.8
4137.8
4139.8
4141.8
4143.8
4145.8
4147.8
4149.8
4151.8
4153.8
4155.8
4157.8
4159.8
4161.8
4163.8
4165.8

Displacement (ft)
5.605
5.609
5.617
5.622
5.609
5.592
5.617
5.597
5.598
5.604
5.582
5.557
5.587
5.589
5.595
5.529
5.545
5.529
5.572
5.555
5.549
5.546
5.545
5.529
5.546
5.552
5.516
5.538

. 5.509
5.511
5.515
5.502
5.511
5.511
5.513
5.493
5.519
5.507
5.489

56.7
56.8
56.76
56.74
56.91
56.99
56.99
57.01
56.99
56.86
56.94
57.07
57.09
57.09
57.05
57.02
57.16
57.05
56.99
57.05
57.04
57.02
57.21
57.14
57.15
57.13
57.08
57.2
57.31
57.25
57.29
57.33
57.23
57.19
57.35
57.22
57.41
57.31
57.41
57.25
57.46
57.46
57.48
57.49
57.31
57.35
57.41
57.56
57.54

5.48
5.507
5.473
5.506
5.47
5.473
5.462
5.459
5.508
5.504
5.47
5.468
5.446
5.443
5.45
5.432
5.439
5.412
5.434
5.439
5.415
5.404
5.411
5.422
5.429
5.423
5.398

57.6
57.46
57.41
57.58
57.57
57.41
57.67
57.55
57.49
57.58
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Time (min)
~f197.6
1199.6
1201.6
1203.6
1205.6
1207.6
1209.6
1211.6
1213.6
1215.6
1217.6
1219.6
1221.6
1223.6
1225.6
1227.6
1229.6
1231.6
1233.6
1235.6
1237.6
1239.6
1241.6
1243.6
1245.6
1247.6
1249.6
1251.6
1253.6
1255.6
1257.6
1259.6
1261.6
1263.6
1265.6
1267.6
1269.6
1271.6
1273.6
1275.6
1277.6
1279.6
1281.6
1283.6
1285.6
1287.6
1289.6
1291.6
1293.6
1295.6
1297.6
1299.6
1301.6
1303.6
1305.6
1307.6
1309.6
1311.6
1313.6
1315.6
1317.6
1319.6
1321.6
1323.6
1325.6
1327.6

Displacement (ft)
— b/.68—

57.72
57.57
57.57

Time (min)
416/.8
4169.8
4171.8
4173.8
4175.8
4177.8
4179.8
4181.8
4183.8
4185.8
4187.8
4189.8
4191.8
4193.8
4195.8
4197.8
4199.8
4201.8
4203.8
4205.8
4207.8
4209.8
4211.8
4213.8
4215.8
4217.8
4219.8
4221.8
4223.8
4225.8
4227.8
4229.8
4231.8
4233.8
4235.8
4237.8
4239.8
4241.8
4243.8
4245.8
4247.8
4249.8
4251.8
4253.8
4255.8
4257.8
4259.8
4261.8
4263.8
4265.8
4267.8
4269.8
4271.8
4273.8
4275.8
4277.8
4279.8
4281.8
4283.8
4285.8
4287.8
4289.8
4291.8
4293.8
4295.8
4297.8

Displacement (ft)
— 5.404

5.404
5.377
5.402
5.383
5.404
5.401

57.7
57.62
57.66
57.8 5.37
57.61 5.364

5.398
5.395
5.376

57.69
57.63
57.84
57.77
57.84
57.85
57.87
57.77
57.88
57.68
57.73
57.91
57.72

5.37
5.392
5.374
5.338
5.357
5.362
5.33
5.358
5.335
5.352
5.343
5.321
5.337
5.325
5.329
5.335

5.327 .
5.331
5.291

57.8
57.76
57.94
57.96
57.78
57.98
58.03
57.93
57.87
57.99 5.31
57.9 5.294

5.314
5.282
5.337
5.303
5.314

57.98
57.98
57.91
57.99
58.09
58.11 5.31
58.12
58.18
58.07
58.07
57.99
58.06
58.18
58.14
58.19

5.291
5.298
5.266
5.299
5.262
5.266
5.262
5.262
5.25

58.2 5.248
5.249
5.257
5.238
5.253
5.259
5.246
5.222
5.253
5.242
5.224
5.246
5.242
5.224
5.219
5.219
5.225
5.203

58.07
58.17
58.07
58.18
58.32
58.11
58.35
58.18
58.36
58.27
58.32
58.18
58.4
58.28
58.19
58.19
58.24
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Time (min)
1329.6
1331.6
1333.6
1335.6
1337.6
1339.6
1341.6
1343.6
1345.6
1347.6
1349.6
1351.6
1353.6
1355.6
1357.6
1359.6
1361.6
1363.6
1365.6
1367.6
1369.6
1371.6
1373.6
1375.6
1377.6
1379.6
1381.6
1383.6
1385.6
1387.6
1389.6
1391.6
1393.6
1395.6
1397.6
1399.6
1401.6
1403.6
1405.6
1407.6
1409.6
1411.6
1413.6
1415.6
1417.6
1419.6
1421.6
1423.6
1425.6
1427.6
1429.6
1431.6
1433.6
1435.6
1437.6
1439.6
1441.6
1443.6
1445.6
1447.6
1449.6
1451.6
1453.6
1455.6
1457.6
1459.6

Displacement (ft)
58T4
58.33
58.44
58.49

Time Displacement (ft)
5.228
5.212
5.216
5.208
5.219

429
4301.8
4303.8
4305.8
4307.8
4309.8
4311.8
4313.8
4315.8
4317.8
4319.8
4321.8
4323.8
4325.8
4327.8
4329.8
4331.8
4333.8
4335.8
4337.8
4339.8
4341.8
4343.8
4345.8
4347.8
4349.8
4351.8
4353.8
4355.8
4357.8
4359.8
4361.8
4363.8
4365.8
4367.8
4369.8
4371.8
4373.8
4375.8
4377.8
4379.8
4381.8
4383.8
4385.8
4387.8
4389.8
4391.8
4393.8
4395.8
4397.8
4399.8
4401.8
4403.8
4405.8
4407.8
4409.8
4411.8
4413.8
4415.8
4417.8
4419.8
4421.8
4423.8
4425.8
4427.8
4429.8

58.5

58.3 5.22
58.32
58.32
58.41
58.48
58.58
58.53
58.36
58.56
58.42
58.54

5.221
5.182
5.208
5.182
5.182
5.187
5.178
5.18
5.181
5.159

58.6 5.17
58.46
58.61
58.68
58.67
58.68
58.61
58.56
58.72
58.72
58.71
58.54
58.62
58.76
58.66
58.65

5.172
5.168
5.166
5.166
5.166
5.164
5.125
5.16
5.128
5.143
5.143
5.13 .
5.132
5.13
5.167
5.123
5.133
5.126
5.121
5.101
5.116
5.087
5.121
5.101
5.096
5.094
5.064
5.097
5.128
5.082
5.077
5.093
5.075
5.083
5.075
5.083
5.073
5.055
5.062
5.044
5.053
5.053
5.068
5.012
5.043
5.013
5.064
5.038
5.034

58.8
58.61
58.8
58.79
58.79
58.87
58.8
58.73
58.87
58.81
58.79
58.92
58.9
58.94
58.9
58.89
58.86
58.76
59.
58.8
58.92
58.8
59.03
59.

58.97
58.81
58.94
58.84
58.87
59.1
58.89
58.98
59.13
59.12
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Time (min)
T461.6
1463.6
1465.6
1467.6
1469.6
1471.6
1473.6
1475.6
1477.6
1479.6
1481.6
1483.6
1485.6
1487.6
1489.6
1491.6
1493.6
1495.6
1497.6
1499.6
1501.6
1503.6
1505.6
1507.6
1509.6
1511.6
1513.6
1515.6
1517.6
1519.6
1521.6
1523.6
1525.6
1527.6
1529.6
1531.6
1533.6
1535.6
1537.6
1539.6
1541.6
1543.6
1545.6
1547.6
1549.6
1551.6
1553.6
1555.6
1557.6
1559.6
1561.6
1563.6
1565.6
1567.6
1569.6
1571.6
1573.6
1575.6
1577.6
1579.8
1581.8
1583.8
1585.8
1587.8
1589.8
1591.8

Displacement (ft)
— 59.14

59.11
58.95
58.98
59.03
58.98

Time Displacement (ft)
— 5.013—

5.043
5.023
5.023
5.029
5.011

443
4433.8
4435.8
4437.8
4439.8
4441.8
4443.8
4445.8
4447.8
4449.8
4451.8
4453.8
4455.8
4457.8
4459.8
4461.8
4463.8
4465.8
4467.8
4469.8
4471.8
4473.8
4475.8
4477.8
4479.8
4481.8
4483.8
4485.8

, 4487.8
4489.8
4491.8
4493.8
4495.8
4497.8
4499.8
4501.8
4503.8
4505.8
4507.8
4509.8
4511.8
4513.8
4515.8
4517.8
4519.8
4521.8
4523.8
4525.8
4527.8
4529.8
4531.8
4533.8
4535.8
4537.8
4539.8
4541.8
4543.8
4545.8
4547.8
4549.8
4551.8
4553.8
4555.8
4557.8
4559.8
4561.8

59.1 5.03
59.16
59.02
59.18
59.22
59.26
59.26
59.22
59.17
59.04
59.07
59.17
59.25

5.014
5.

5.022
5.026
5.026

5.
4.989
4.956
4.995
5.006
4.995
4.996
5.005
4.993
4.967
4.979
4.983
4.986
4.998
4.966
4.956
4.982
4.952
4.989
4.979
4.965
4.945
4.952
4.947
4.947
4.951
4.916
4.928
4.916
4.914
4.909
4.909
4.939
4.916
4.909
4.897
4.914
4.893
4.903
4.913
4.903
4.878
4.878
4.882
4.883

59.2
59.26
59.2
59.11
59.32
59.22
59.32
59.39
59.21

.59.26
59.22
59.37
59.42
59.43
59.46
59.44
59.43
59.25
59.32
59.43
59.44
59.47
59.36
59.54
59.35
59.54
59.53
59.53
59.49
59.46
59.47
59.46
59.55
41.62
36.41
34.04
32.59
31.61
30.87
30.22
29.58
29.16
28.69
28.34
27.95

4.9
4.884
4.891
4.877
4.877
4.881
4.852
4.857
4.878

27.6
27.28
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Time (min)
1593.8
1595.8
1597.8
1599.8
1601.8
1603.8
1605.8
1607.8
1609.8
1611.8
1613.8
1615.8
1617.8
1619.8
1621.8
1623.8
1625.8
1627.8
1629.8
1631.8
1633.8
1635.8
1637.8
1639.8
1641.8
1643.8
1645.8
1647.8
1649.8
1651.8
1653.8
1655.8
1657.8
1659.8
1661.8
1663.8
1665.8
1667.8
1669.8
1671.8
1673.8
1675.8
1677.8
1679.8
1681.8
1683.8
1685.8
1687.8
1689.8
1691.8
1693.8
1695.8
1697.8
1699.8
1701.8
1703.8
1705.8
1707.8
1709.8
1711.8
1713.8
1715.8
1717.8
1719.8
1721.8
1723.8

Displacement (ft) Time (min)
456^8
4565.8
4567.8
4569.8
4571.8
4573.8
4575.8
4577.8
4579.8
4581.8
4583.8
4585.8
4587.8
4589.8
4591.8
4593.8
4595.8
4597.8
4599.8
4601.8
4603.8
4605.8
4607.8
4609.8
4611.8
4613.8
4615.8
4617.8

. 4619.8
4621.8
4623.8
4625.8
4627.8
4629.8
4631.8
4633.8
4635.8
4637.8
4639.8
4641.8
4643.8
4645.8
4647.8
4649.8
4651.8
4653.8
4655.8
4657.8
4659.8
4661.8
4663.8
4665.8
4667.8
4669.8
4671.8
4673.8
4675.8
4677.8
4679.8
4681.8
4683.8
4685.8
4687.8
4689.8
4691.8
4693.8

Displacement (ft)
4.883
4.873
4.911
4.873
4.859

27:
26.72
26.46
26.2
25.93
25.71
25.49
25.26
25.04
24.86
24.68
24.46

4.88
4.861
4.849
4.854
4.866
4.832
4.828

24.3 4.84
24.11
23.93
23.79

4.845
4.845
4.841
4.819
4.795
4.817
4.817
4.839
4.847

23.6
23.44
23.29
23.16
23.

22.88
22.76
22.61
22.44
22.33
22.18
22.05

. 21.97
21.82
21.72
21.61
21.48
21.38
21.26
21.15
21.07
20.97
20.86
20.75
20.66
20.56
20.45
20.43

4.82
4.81
4.836
4.81
4.811
4.799
4.819
4.816
4.815
4.785
4.765
4.81
4.776
4.789
4.81
4.798
4.792
4.776
4.814
4.786
4.78
4.796
4.799
4.765

20.3
20.21
20.1 4.78
20.03
19.96
19.86
19.78

4.772
4.777
4.788
4.777
4.765
4.777
4.735
4.769
4.771
4.732
4.764
4.742
4.742
4.768
4.759
4.731
4.703
4.731
4.762

19.7
19.64
19.53
19.48
19.4
19.31
19.25
19.18
19.1
19.05
18.96
18.88
18.82
18.73
18.67
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Time Displacement (ft) Time (min)

4697.8
4699.8
4701.8
4703.8
4705.8
4707.8
4709.8
4711.8
4713.8
4715.8
4717.8
4719.8
4721.8
4723.8
4725.8
4727.8
4729.8
4731.8
4733.8
4735.8
4737.8
4739.8
4741.8
4743.8
4745.8
4747.8
4749.8

4751.8,
4753.8
4755.8
4757.8
4759.8
4761.8
4763.8
4765.8
4767.8
4769.8
4771.8
4773.8
4775.8
4777.8
4779.8
4781.8
4783.8
4785.8
4787.8
4789.8
4791.8
4793.8
4795.8
4797.8
4799.8
4801.8
4803.8
4805.8
4807.8
4809.8
4811.8
4813.8
4815.8
4817.8
4819.8
4821.8
4823.8
4825.8

Displacement (ft)

4756
4.756

T72 TK6
1727.8
1729.8
1731.8
1733.8
1735.8
1737.8
1739.8
1741.8
1743.8
1745.8
1747.8
1749.8
1751.8
1753.8
1755.8
1757.8
1759.8
1761.8
1763.8
1765.8
1767.8
1769.8
1771.8
1773.8
1775.8
1777.8
1779.8
1781.8
1783.8
1785.8
1787.8
1789.8
1791.8
1793.8
1795.8
1797.8
1799.8
1801.8
1803.8
1805.8
1807.8
1809.8
1811.8
1813.8
1815.8
1817.8
1819.8
1821.8
1823.8
1825.8
1827.8
1829.8
1831.8
1833.8
1835.8
1837.8
1839.8
1841.8
1843.8
1845.8
1847.8
1849.8
1851.8
1853.8
1855.8

18.53
18.46
18.42
18.39
18.28
18.24
18.16

4.7
4.734
4.707
4.711
4.707
4.707
4.728
4.722
4.713

18.1
18.08
18.

17.91
17.88
17.83
17.77

4.69
4.699
4.707
4.735
4.703
4.716
4.689

17:7
17.64
17.62
17.54
17.48
17.45
17.39
17.33
17.28
17.23
17.17
17.12
17.07

17.03 ,
16.98
16.95

4.68
4.728
4.686
4.673
4.722
4.68
4.672
4.705
4.679

4.672
4.682
4.68

16.9 4.669
4.65416.83

16.79
16.76
16.69
16.65
16.63
16.56
16.52
16.46
16.42
16.37
16.34
16.31
16.26
16.24
16.19
16.17

4.65
4.657
4.65
4.693
4.686
4.66
4.689
4.641
4.647
4.667
4.643
4.631
4.643
4.639
4.657
4.65

16.1 4.642
4.647
4.643
4.619
4.646
4.635
4.617
4.613
4.613
4.627
4.642
4.635
4.613
4.608
4.608
4.628
4.597

16.08
16.02
15.97
15.95
15.91
15.86
15.82
15.82
15.76
15.73
15.66
15.63
15.61
15.59
15.54
15.5
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Time (min)
“r857.8
1859.8
1861.8
1863.8
1865.8
1867.8
1869.8
1871.8
1873.8
1875.8
1877.8
1879.8
1881.8
1883.8
1885.8
1887.8
1889.8
1891.8
1893.8
1895.8
1897.8
1899.8
1901.8
1903.8
1905.8
1907.8
1909.8
1911.8
1913.8
1915.8
1917.8
1919.8
1921.8
1923.8
1925.8
1927.8
1929.8
1931.8
1933.8
1935.8
1937.8
1939.8
1941.8
1943.8
1945.8
1947.8
1949.8
1951.8
1953.8
1955.8
1957.8
1959.8
1961.8
1963.8
1965.8
1967.8
1969.8
1971.8
1973.8
1975.8
1977.8
1979.8
1981.8
1983.8
1985.8
1987.8

Displacement (ft)
— 15.44

Time (min)
”452778
4829.8
4831.8
4833.8
4835.8
4837.8
4839.8
4841.8
4843.8
4845.8
4847.8
4849.8
4851.8
4853.8
4855.8
4857.8
4859.8
4861.8
4863.8
4865.8
4867.8
4869.8
4871.8
4873.8
4875.8
4877.8
4879.8
4881.8

4883.8
4885.8
4887.8
4889.8
4891.8
4893.8
4895.8
4897.8
4899.8
4901.8
4903.8
4905.8
4907.8
4909.8
4911.8
4913.8
4915.8
4917.8
4919.8
4921.8
4923.8
4925.8
4927.8
4929.8
4931.8
4933.8
4935.8
4937.8
4939.8
4941.8
4943.8
4945.8
4947.8
4949.8
4951.8
4953.8
4955.8
4957.8

Displacement (ft)
— 4 619—

4.619
4.602
4.588
4.587
4.585
4.567
4.578
4.566
4.587
4.563
4.586
4.582
4.586
4.598
4.557
4.587
4.558
4.587
4.545
4.569
4.565
4.565
4.576
4.552
4.542
4.569
4.532
4.54.1
4.579
4.567
4.547
4.522
4.535
4.548
4.534
4.509

15.4
15.41
15.34
15.33
15.3
15.26
15.22
15.16
15.15
15.12
15.09
15.08
15.01
14.99
14.98
14.94
14.88
14.86
14.83
14.77
14.77
14.75
14.69
14.69
14.63
14.63
14.59

14.56 ,
14.53
14.48
14.47
14.44
14.42
14.39
14.36
14.33
14.28
14.27
14.26
14.19
14.18
14.14
14.16
14.12
14.06
14.07
14.02
13.99
13.98
13.94
13.94

4.54
4.512
4.54
4.536
4.525
4.518
4.53
4.505
4.496
4.493
4.527
4.505
4.508
4.508
4.493
4.467
4.469
4.486
4.512
4.466
4.495
4.474
4.521
4.466
4.477
4.459
4.477

13.9
13.84
13.82
13.81
13.78
13.76
13.73
13.71
13.69
13.64
13.62
13.64
13.6 4.46

4.46613.56
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Time (mir
“1989.8
1991.8
1993.8
1995.8
1997.8
1999.8
2001.8
2003.8
2005.8
2007.8
2009.8
2011.8
2013.8
2015.8
2017.8
2019.8
2021.8
2023.8
2025.8
2027.8
2029.8
2031.8
2033.8
2035.8
2037.8
2039.8
2041.8
2043.8

. 2045.8
2047.8
2049.8
2051.8
2053.8
2055.8
2057.8
2059.8
2061.8
2063.8
2065.8
2067.8
2069.8
2071.8
2073.8
2075.8
2077.8
2079.8
2081.8
2083.8
2085.8
2087.8
2089.8
2091.8
2093.8
2095.8
2097.8
2099.8
2101.8
2103.8
2105.8
2107.8
2109.8
2111.8
2113.8
2115.8
2117.8
2119.8

Displacement (ft)
— 13.54

13.54
13.51
13.46
13.48
13.43
13.42
13.39
13.34
13.33
13.32
13.29
13.29
13.24
13.23

Time (mir
“4959.8
4961.8
4963.8
4965.8
4967.8
4969.8
4971.8
4973.8
4975.8
4977.8
4979.8
4981.8
4983.8
4985.8
4987.8
4989.8
4991.8
4993.8
4995.8
4997.8
4999.8
5001.8
5003.8
5005.8
5007.8
5009;8
5011.8
5013.8
5015.8
5017.8
5019.8
5021.8
5023.8
5025.8
5027.8
5029.8
5031.8
5033.8
5035.8
5037.8
5039.8
5041.8
5043.8
5045.8
5047.8
5049.8
5051.8
5053.8
5055.8
5057.8
5059.8
5061.8
5063.8
5065.8
5067.8
5069.8
5071.8
5073.8
5075.8
5077.8
5079.8
5081.8
5083.8
5085.8
5087.8
5089.8

Displacement (ft)
— 4.466—

4.47
4.463
4.482
4.463
4.432
4.442
4.443
4.466
4.448
4.428
4.461
4.448
4.439
4.416
4.448
4.427
4.438
4.453
4.427
4.448
4.418
4.409
4.418
4.409 .
4.403
4.414
4.375
4.411
4.402
4.365
4.409

13.2
13.18
13.12
13.15
13.1
13.09
13.06
13.05
13.01
12.96
12.97
12.94
12.92
12.91
12.92
12.88
12.83
12.84 4.39
12.8 4.402

4.37512.79
12.73
12.72
12.71

4.37
4.381
4.361
4.385
4.367
4.362
4.355
4.381
4.357
4.359
4.355
4.366
4.366

12.7
12.69
12.65
12.61
12.63
12.63
12.59
12.57
12.53
12.54
12.5 4.35
12.5 4.336

4.366
4.366
4.346
4.332
4.351
4.385

12.46
12.45
12.43
12.4
12.39
12.36
12.36
12.33
12.33
12.27
12.27
12.27
12.25
12.23
12.22

4.35
4.355
4.346
4.314
4.348
4.346
4.324
4.331
4.331
4.30412.2
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Time (mil Displacement (ft)
— T2.T5

12.16
12.15
12.12
12.08
12.08
12.06
12.06
12.02
12.03
11.99
11.94
11.94
11.95
11.91
11.92
11.89
11.88
11.83
11.83
11.84
11.82
11.78
11.74
11.72
11.72

Time Displacement (ft)
— 4.311—

4.325
4.324
4.301
4.304
4.318
4.309
4.325
4.307
4.315
4.293

509
2123.8
2125.8
2127.8
2129.8
2131.8
2133.8
2135.8
2137.8
2139.8
2141.8
2143.8
2145.8
2147.8
2149.8
2151.8
2153.8
2155.8
2157.8
2159.8
2161.8
2163.8
2165.8
2167.8
2169.8
2171.8
2173.8
2175.8

. 2177.8
2179.8
2181.8
2183.8
2185.8
2187.8
2189.8
2191.8
2193.8
2195.8
2197.8
2199.8
2201.8
2203.8
2205.8
2207.8
2209.8
2211.8
2213.8
2215.8
2217.8
2219:8
2221.8
2223.8
2225.8
2227.8
2229.8
2231.8
2233.8
2235.8
2237.8
2239.8
2241.8
2243.8
2245.8
2247.8
2249.8
2251.8

5093.8
5095.8
5097.8
5099.8
5101.8
5103.8
5105.8
5107.8
5109.8
5111.8
5113.8
5115.8
5117.8
5119.8
5121.8
5123.8
5125.8
5127.8
5129.8
5131.8
5133.8
5135.8
5137.8
5139.8
5141.8
5143.8
5145.8
5147.8
5149.8
5151.8
5153.8
5155.8
5157.8
5159.8
5161.8
5163.8
5165.8
5167.8
5169.8
5171.8
5173.8
5175.8
5177.8
5179.8
5181.8
5183.8
5185.8
5187.8
5189.8
5191.8
5193.8
5195.8
5197.8
5199.8
5201.8
5203.8
5205.8
5207.8
5209.8
5211.8
5213.8
5215.8
5217.8
5219.8
5221.8

4.31
4.299
4.292
4.264
4.298
4.286
4.285
4.291
4.262
4.285
4.263
4.291
4.264
4.293
4.223
4.268
4.285
4.261
4.257
4.223
4.221
4.225
4.265
4.265
4.247
4.216
4.249
4.242
4.244
4.216
4.252
4.247
4.242

11.7
11.69
11.69
11.68
11.66
11.62
11.62
11.59
11.57
11.56
11.53
11.53
11.51
11.48
11.49
11.48
11.45
11.45
11.45
11.41
11.38
11.36
11.37
11.33
11.35
11.34
11.31
11.28
11.27
11.27
11.26
11.24
11.25
11.21
11.17
11.19
11.16
11.16
11.11
11.11

4.22
4.212
4.221
4.231
4.208
4.231
4.233
4.224
4.229
4.186
4.19
4.208
4.23
4.201
4.199
4.182
4.186
4.201
4.212
4.165
4.186
4.197
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Time (min'
22b3.8
2255.8
2257.8
2259.8
2261.8
2263.8
2265.8
2267.8
2269.8
2271.8
2273.8
2275.8
2277.8
2279.8
2281.8
2283.8
2285.8
2287.8
2289.8
2291.8
2293.8
2295.8
2297.8
2299.8
2301.8
2303.8
2305.8
2307.8

2309.8.
2311.8
2313.8
2315.8
2317.8
2319.8
2321.8
2323.8
2325.8
2327.8
2329.8
2331.8
2333.8
2335.8
2337.8
2339.8
2341.8
2343.8
2345.8
2347.8
2349.8
2351.8
2353.8
2355.8
2357.8
2359.8
2361.8
2363.8
2365.8
2367.8
2369.8
2371.8
2373.8
2375.8
2377.8
2379.8
2381.8
2383.8

Displacement (ft)
— 11.09

11.09
11.08
11.04
11.04

Time (min)
5223.8
5225.8
5227.8
5229.8
5231.8
5233.8
5235.8
5237.8
5239.8
5241.8
5243.8
5245.8
5247.8
5249.8
5251.8
5253.8
5255.8
5257.8
5259.8
5261.8
5263.8
5265.8
5267.8
5269.8
5271.8
5273.8
5275.8
5277.8

5279.8
5281.8
5283.8
5285.8
5287.8
5289.8
5291.8
5293.8
5295.8
5297.8
5299.8
5301.8
5303.8
5305.8
5307.8
5309.8
5311.8
5313.8
5315.8
5317.8
5319.8
5321.8
5323.8
5325.8
5327.8
5329.8
5331.8
5333.8
5335.8
5337.8
5339.8
5341.8
5343.8
5345.8
5347.8
5349.8
5351.8
5353.8

Displacement (ft)
— 4.173

4.188
4.194
4.192
4.184
4.194
4.197
4.182
4.148
4.153
4.147
4.144
4.178
4.133
4.154
4.157
4.167
4.152
4.153
4.133
4.166
4.152
4.166
4.132
4.123

11.01
11.01
11.
11.

10.97
10.97
10.96
10.93
10.95
10.92
10.9
10.89
10.86
10.85
10.85
10.82
10.82
10.82
10.82
10.81
10.77
10.74
10.74
10.73
10.72

4.13
4.122
4.143

4.14
4.114
4.143
4.128
4.132
4.124
4.143

10.7
10.7
10.68
10.65
10.67
10.65
10.64
10.62
10.61

4.14
4.129
4.104
4.103
4.123
4.074
4.071
4.126

10.6
10.56
10.55
10.55
10.52
10.55
10.54

4.1
4.103
4.098
4.098
4.096
4.098
4.088

10.5
10.49
10.48
10.46
10.46
10.45
10.43
10.45
10.41

4.1
4.101
4.094
4.076
4.098
4.094
4.088

10.4
10.4
10.39
10.39
10.35
10.37
10.33
10.35
10.35
10.29
10.28

4.07
4.069
4.062
4.078
4.069
4.057
4.039
4.085
4.057
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Time (min)
2385.8
2387.8
2389.8
2391.8
2393.8
2395.8
2397.8
2399.8
2401.8
2403.8
2405.8
2407.8
2409.8
2411.8
2413.8
2415.8
2417.8
2419.8
2421.8
2423.8
2425.8
2427.8
2429.8
2431.8
2433.8
2435.8
2437.8
2439.8

2441.8
2443.8
2445.8
2447.8
2449.8
2451.8
2453.8
2455.8
2457.8
2459.8
2461.8
2463.8
2465.8
2467.8
2469.8
2471.8
2473.8
2475.8
2477.8
2479.8
2481.8
2483.8
2485.8
2487.8
2489.8
2491.8
2493.8
2495.8
2497.8
2499.8
2501.8
2503.8
2505.8
2507.8
2509.8
2511.8
2513.8
2515.8

Displacement (ft)
— ia27

10.26
10.26
10.23
10.26
10.22
10.22
10.19
10.19
10.18
10.16
10.17
10.15
10.14
10.13
10.13
10.11

Time (min)
5355.8
5357.8
5359.8
5361.8
5363.8
5365.8
5367.8
5369.8
5371.8
5373.8
5375.8
5377.8
5379.8
5381.8
5383.8
5385.8
5387.8
5389.8
5391.8
5393.8
5395.8
5397.8
5399.8
5401.8
5403.8
5405.8
5407.8
5409.8
5411.8
5413.8
5415.8
5417.8
5419.8
5421.8
5423.8
5425.8
5427.8
5429.8
5431.8
5433.8
5435.8
5437.8
5439.8
5441.8
5443.8
5445.8
5447.8
5449.8
5451.8
5453.8
5455.8
5457.8
5459.8
5461.8
5463.8
5465.8
5467.8
5469.8
5471.8
5473.8
5475.8
5477.8
5479.8
5481.8
5483.8
5485.8

Displacement (ft)
— 4.081—

4.042
4.071
4.053
4.05
4.075
4.057
4.075
4.054
4.062
4.075
4.056
4.055
4.055
4.047
4.015
4.056
4.056
4.051
4.019
4.008
4.011
4.029
4.011
4.024
4.012
4.039
4.039
4.003
3.994
4.019
4.019
4.012

10.1
10.08
10.08
10.08
10.08
10.04
10.02
10.04
10.03
9.997
10.

9.981
9.982
9.975
9.962
9.948
9.939 3.98
9.91 3.997
9.916
9.918
9.899
9.911

3.98
4.039
4.002
3.991
4.003
3.976
4:018
4.007
3.997
4.018
4.003

9.891
9.864
9.833
9.829
9.837
9.817
9.818
9.795
9.808

3.99
4.003

9.79 4.
9.776
9.801
9.755
9.756
9.736
9.727
9.736
9.708
9.685

3.98
3.979
3.978
3.999
3.97
4.001
3.962
3.996
3.959
3.963
3.961
3.977
3.969
3.937
3.966
3.965
3.974

9.68
9.641
9.664
9.665
9.651
9.638
9.643
9.655
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Time (min)
2b1/.8
2519.8
2521.8
2523.8
2525.8
2527.8
2529.8
2531.8
2533.8
2535.8
2537.8
2539.8
2541.8
2543.8
2545.8
2547.8
2549.8
2551.8
2553.8
2555.8
2557.8
2559.8
2561.8
2563.8
2565.8
2567.8
2569.8
2571.8
2573.8
2575.8
2577.8
2579.8
2581.8
2583.8
2585.8
2587.8
2589.8
2591.8
2593.8
2595.8
2597.8
2599.8
2601.8
2603.8
2605.8
2607.8
2609.8
2611.8
2613.8
2615.8
2617.8
2619.8
2621.8
2623.8
2625.8
2627.8
2629.8
2631.8
2633.8
2635.8
2637.8
2639.8
2641.8
2643.8
2645.8
2647.8

Displacement (ft)
— 9.611—

9.595
9.592
9.589
9.589
9.562
9.537
9.548
9.548
9.525
9.522
9.489
9.525
9.467
9.466
9.478
9.443
9.464
9.473
9.485
9.434
9.421
9.419
9.419
9.401
9.388
9.369
9.364

Time (min'
548/.8 '
5489.8
5491.8
5493.8
5495.8
5497.8
5499.8
5501.8
5503.8
5505.8
5507.8
5509.8
5511.8
5513.8
5515.8
5517.8
5519.8
5521.8
5523.8
5525.8
5527.8
5529.8
5531.8
5533.8
5535.8
5537.8
5539.8
5541.8
5543.8
5545.8
5547.8
5549.8
5551.8
5553.8
5555.8
5557.8
5559.8
5561.8
5563.8
5565.8
5567.8
5569.8
5571.8
5573.8
5575.8
5577.8
5579.8
5581.8
5583.8
5585.8
5587.8
5589.8
5591.8
5593.8
5595.8
5597.8
5599.8
5601.8
5603.8
5605.8
5607.8
5609.8
5611.8
5613.8
5615.8
5617.8

Displacement (ft)
— 3.969—

3.966
3.961
3.957
3.936
3.937
3.952
3.952
3.941
3.957
3.91
3.942
3.922
3.922
3.933
3.94
3.944
3.921
3.929
3.91
3.906
3.894
3.933
3.934
3.925
3.915
3.921
3.926
3.906
3.906

9.35
9.342
9.339 3.89
9.33 3.897

3.9189.344
9.274
9.312
9.311
9.285
9.278
9.269
9.283
9.223
9.246
9.243

3.88
3.901
3.906
3.905
3.889
3.902
3.878
3.878
3.922
3.901
3.878
3.893
3.875

9.24
9.218
9.2

9.214
9.174
9.191
9.157
9.192
9.156
9.144
9.155
9.155
9.145
9.106
9.093
9.095
9.113
9.073

3.88
3.883
3.873
3.896
3.86
3.882
3.856
3.863
3.878
3.878
3.839
3.888
3.856
3.863
3.887
3.8789.07

9.069
9.067
9.044
9.038

3.86
3.856
3.887
3.823
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Time (min'
2649.8 '
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
9.054
9.015
8.993
9.015
9.021
8.949
8.988
8.954
8.953
8.923

Time Displacement (ft)
— 3.854—

3.858
3.864
3.844
3.846
3.846

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
5749.8,

3.86
3.826
3.86
3.817
3.823
3.832
3.865
3.862
3.858
3.827
3.823
3.817

8.94
8.916
8.939
8.912
8.914
8.906
8.881
8.858
8.892
8.856
8.849
8.845
8.863
8.826
8.799
8.802
8.813
,8.818
8.792
8.777
8.765
8.755
8.769
8.749
8.735
8.728
8.709
8.722
8.687
8.683
8.674
8.663

3.83
3.83
3.821
3.801
3.815
3.803
3.823
3.823
3.83
3.789
3.836
3.803
3.833
3.795
3.78
3.761
3.795
3.809
3.792
3.801
3.753
3.791
3.753
3.812
3.753
3.795
3.774
3.798
3.798
3.775
3.775
3.779
3.754
3.775
3.783
3.776
3.775
3.784
3.763
3.783
3.763
3.726
3.779
3.774
3.765

8.67
8.674
8.657
8.661
8.637
8.623
8.635
8.651
8.608
8.618
8.569
8.588
8.595
8.596
8.571
8.57
8.527
8.532
8.527
8.502
8.527
8.502
8.488

3.78
3.749
3.74
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Time (mir
2781.8
2783.8
2785.8
2787.8
2789.8
2791.8
2793.8
2795.8
2797.8
2799.8
2801.8
2803.8
2805.8
2807.8
2809.8
2811.8
2813.8
2815.8
2817.8
2819.8
2821.8
2823.8
2825.8
2827.8
2829.8
2831.8
2833.8
2835.8
283,7.8
2839.8
2841.8
2843.8
2845.8
2847.8
2849.8
2851.8
2853.8
2855.8
2857.8
2859.8
2861.8
2863.8
2865.8
2867.8
2869.8
2871.8
2873.8
2875.8
2877.8
2879.8
2881.8
2883.8
2885.8
2887.8
2889.8
2891.8
2893.8
2895.8
2897.8
2899.8
2901.8
2903.8
2905.8
2907.8
2909.8
2911.8

Displacement (ft)
— 8.491—

8.487
8.499
8.449
8.441
8.448
8.443
8.469
8.428
8.447
8.415
8.394
8.395
8.394
8.387
8.376
8.361
8.362

Time Displacement (ft)
3.766
3.726
3.765
3.718
3.768
3.731
3.721
3.763

575
5753.8
5755.8
5757.8
5759.8
5761.8
5763.8
5765.8
5767.8
5769.8
5771.8
5773.8
5775.8
5777.8
5779.8
5781.8
5783.8
5785.8
5787.8
5789.8
5791.8
5793.8
5795.8
5797.8
5799.8
5801.8
5803.8
5805.8

5807.8
5809.8
5811.8
5813.8
5815.8
5817.8
5819.8
5821.8
5823.8
5825.8
5827.8
5829.8
5831.8
5833.8
5835.8
5837.8
5839.8
5841.8
5843.8
5845.8
5847.8
5849.8
5851.8
5853.8
5855.8
5857.8
5859.8
5861.8
5863.8
5865.8
5867.8
5869.8
5871.8
5873.8
5875.8
5877.8
5879.8
5881.8

3.73
3.716
3.713
3.713
3.718
3.742
3.718
3.718
3.753
3.739
3.7278.35

8.358
8.339

3.721
3.717
3.695
3.695
3.695

8.34
8.325
8.33
8.299
8.306

3.68
3.695
3.688
3.693

, 3.712
3.691
3.688
3.695
3.671
3.666
3.674
3.709
3.685
3.677
3.676
3.709
3.673
3.697
3.664

8.31
8.295

8,289
8.268
8.254
8.258
8.254
8.241
8.239
8.226
8.227
8.2

8.235
8.192
8.224
8.2

8.182
8.204
8.177
8.153
8.184
8.144

3.69
3.709
3.702
3.644
3.671
3.705
3.637
3.647
3.645
3.641
3.644
3.671
3.651
3.641

8.151
8.116
8.124
8.112
8.119
8.072
8.079
8.088
8.105
8.08 3.641
8.047
8.039
8.063
8.008
8.015
8.016
8.036
8.025

3.653
3.646
3.662
3.641
3.662
3.636
3.625
3.648
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Displacement (ft)
— 3.639

3.622
3.662
3.605
3.602
3.621

Time (min' Displacement (ft)
— —

8.024
8.015
8.009
8.006
7.997
7.966
7.945
7.935
7.955

Time (min)
5883.8
5885.8
5887.8
5889.8
5891.8
5893.8
5895.8
5897.8
5899.8
5901.8
5903.8
5905.8
5907.8
5909.8
5911.8
5913.8
5915.8
5917.8
5919.8
5921.8
5923.8
5925.8
5927.8
5929.8
5931.8
5933.8
5935.8
5937.8
5939.8,
5941.8
5943.8
5945.8
5947.8
5949.8
5951.8
5953.8
5955.8

2915.8
2917.8
2919.8
2921.8
2923.8
2925.8
2927.8
2929.8
2931.8
2933.8
2935.8
2937.8
2939.8
2941.8
2943.8
2945.8
2947.8
2949.8
2951.8
2953.8
2955.8
2957.8
2959.8
2961.8
2963.8
2965.8
2967.8
2969.8
2971.8
2973.8
2975.8
2977.8
2979.8
2981.8
2983.8
2985.8
2987.8

3.621
3.61
3.602
3.612
3.625
3.621
3.617
3.612
3.618
3.618
3.607
3.597
3.625
3.623
3.583
3.621
3.611
3.591
3.583
3.627
3.583
3.579

3.599
3.592
3.576

7.91
7.949
7.954
7.935
7.942
7.908
7.898
7.902
7.904
7.877
7.868
7.855
7.878
7.847
7.859
7.852
7.836
7.829
7.83
7.84
7.793
7.825
7.788
7.799
7.766
7.776
7.779
7.761

3.58
3.549
3.581
3.556
3.608
3.572

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

Displacement (ft)
5.79

Displacement (ft) rrme (mi
2985.6
2987.6
2989.6
2991.6
2993.6
2995.6
2997.6
2999.6
3001.6
3003.6
3005.6
3007.6
3009.6
3011.6

T o:
17.36
19.36
21.36
23.36
25.36
27.36
29.36
31.36
33.36
35.36
37.36
39.36
41.36

0. 5.78
0. 5.78
0. 5.77

0.02 5.77
0.03 5.77

5.760.06
0.1 5.76

0.17 5.76
5.760.24
5.740.33

0.43 5.74
5.730.54
5.730.66
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Time (min)
4^36
45.36
47.36
49.36
51.36
53.36
55.36
57.36
59.36
61.36
63.36
65.36
67.36
69.36
71.36
73.36
75.36
77.36
79.36
81.36
83.36
85.36
87.36
89.36
91.36
93.36
95.36
97.36
99.36
101.4
103.4
105.4
107.4
109.4
111.4
113.4
115.4
117.4
119.4
121.4
123.4
125.4
127.4
129.4
131.4
133.4
135.4
137.4
139.4
141.4
143.4
145.4
147.4
149.4
151.4
153.4
155.4
157.4
159.4
161.4
163.4
165.4
167.4
169.4
171.4
173.4

Displacement (ft) Time (min)
3013.6
3015.6
3017.6
3019.6
3021.6
3023.6
3025.6
3027.6
3029.6
3031.6
3033.6
3035.6
3037.6
3039.6
3041.6
3043.6
3045.6
3047.6
3049.6
3051.6
3053.6
3055.6
3057.6
3059.6
3061.6
3063.6
3065.6
3067.6
3069.6
3071.6
3073.6
3075.6
3077.6
3079.6
3081.6
3083.6
3085.6
3087.6
3089.6
3091.6
3093.6
3095.6
3097.6
3099.6
3101.6
3103.6
3105.6
3107.6
3109.6
3111.6
3113.6
3115.6
3117.6
3119.6
3121.6
3123.6
3125.6
3127.6
3129.6
3131.6
3133.6
3135.6
3137.6
3139.6
3141.6
3143.6

Displacement (ft)
5T2

0.89 5.72
1.03 5.71
1.15 5.71
1.29 5.71
1.42 5.68
1.55 5.69
1.67 5.69
1.81 5.68
1.94 5.68
2.07 5.66
2.19 5.66
2.31 5.66
2.44 5.65
2.56 5.65
2.68 5.65
2.79 5.63
2.93 5.64
3.02 5.65
3.14 5.63
3.24 5.62
3.35 5.62
3.47 5.6
3.57 5.61
3.66 5.61
3.76 5.6
3.86 5.59
3.96 5.59
4.07 5.58 .
4.15 5.57
4.24 5.57
4.33 5.56
4.42 5.56
4.5 5.57
4.59 5.55
4.67 5.54
4.74 5.54
4.84 5.54
4.93 5.54
5. 5.53

5.08 5.52
5.15 5.53
5.24 5.52
5.32 5.52
5.39 5.5
5.45 5.49
5.53 5.5
5.59 5.49
5.68 5.49
5.74 5.47
5.81 5.46
5.88 5.45
5.94 5.47
6. 5.47

6.06 5.46
6.13 5.46
6.21 5.44
6.26 5.44
6.32 5.43
6.38 5.44
6.44 5.41
6.49 5.4
6.57 5.42
6.63 5.41
6.69 5.39
6.75 5.39
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Time (min)
l7b.4
177.4
179.4
181.4
183.4
185.4
187.4
189.4
191.4
193.4
195.4
197.4
199.4
201.4
203.4
205.4
207.4
209.4
211.4
213.4
215.4
217.4
219.4
221.4
223.4
225.4
227.4
229.4

. 231.4
233.4
235.4
237.4
239.4
241.4
243.4
245.4
247.4
249.4
251.4
253.4
255.4
257.4
259.4
261.4
263.4
265.4
267.4
269.4
271.4
273.4
275.4
277.4
279.4
281.4
283.4
285.4
287.4
289.4
291.4
293.4
295.4
297.4
299.4
301.4
303.4
305.4

Displacement (ft) Time (min)
3145.6
3147.6
3149.6
3151.6
3153.6
3155.6
3157.6
3159.6
3161.6
3163.6
3165.6
3167.6
3169.6
3171.6
3173.6
3175.6
3177.6
3179.6
3181.6
3183.6
3185.6
3187.6
3189.6
3191.6
3193.6
3195.6
3197.6
3199.6
3201.6
3203.6
3205.6
3207.6
3209.6
3211.6
3213.6
3215.6
3217.6
3219.6
3221.6
3223.6
3225.6
3227.6
3229.6
3231.6
3233.6
3235.6
3237.6
3239.6
3241.6
3243.6
3245.6
3247.6
3249.6
3251.6
3253.6
3255.6
3257.6
3259.6
3261.6
3263.6
3265.6
3267.6
3269.6
3271.6
3273.6
3275.6

Displacement (ft)
— 5:38—6779

6.84 5.37
6.9 5.37
6.95 5.36
7.01 5.39
7.06 5.37
7.11 5.37
7.17 5.34
7.23 5.36
7.28 5.33
7.31 5.35
7.37 5.35
7.41 5.33
7.47 5.31
7.51 5.35
7.57 5.33
7.62 5.32
7.65 5.31
7.7 5.31
7.75 5.29
7.8 5.29
7.84 5.28
7.88 5.29
7.92 5.28
7.98 5.28
8.01 5.25
8.04 5.26
8.1 5.27
8.14 5.26
8.18 5.27
8.21 5.24
8.26 5.24
8.29 5.26
8.33 5.23
8.39 5.22
8.43 5.22
8.46 5.21
8.5 5.23
8.55 5.2
8.59 5.19
8.61 5.19
8.66 5.21
8.7 5.2

5.188.75
8.78 5.17
8.82 5.17
8.86 5.18
8.89 5.16
8.93 5.15
8.96 5.16
9.01 5.14
9.04 5.13
9.07 5.13
9.11 5.13
9.13 5.14
9.18 5.13
9.21 5.12
9.23 5.12
9.27 5.12
9.32 5.1
9.35 5.09
9.37 5.1
9.41 5.09
9.43 5.09
9.46 5.09
9.5 5.09
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Time Displacement (ft)
— Q.bb—

Time (min)
32//.6
3279.6
3281.6
3283.6
3285.6
3287.6
3289.6
3291.6
3293.6
3295.6
3297.6
3299.6
3301.6
3303.6
3305.6
3307.6
3309.6
3311.6
3313.6
3315.6
3317.6
3319.6
3321.6
3323.6
3325.6
3327.6
3329.6
3331.6

3333.6
3335.6
3337.6
3339.6
3341.6
3343.6
3345.6
3347.6
3349.6
3351.6
3353.6
3355.6
3357.6
3359.6
3361.6
3363.6
3365.6
3367.6
3369.6
3371.6
3373.6
3375.6
3377.6
3379.6
3381.6
3383.6
3385.6
3387.6
3389.6
3391.6
3393.6
3395.6
3397.6
3399.6
3401.6
3403.6
3405.6
3407.6

Displacement (ft)
5TJ73U

309.4
311.4
313.4
315.4
317.4
319.4
321.4
323.4
325.4
327.4
329.4
331.4
333.4
335.4
337.4
339.4
341.4
343.4
345.4
347.4
349.4
351.4
353.4
355.4
357.4
359.4
361.4
363.4 ,
365.4
367.4
369.4
371.4
373.4
375.4
377.4
379.4
381.4
383.4
385.4
387.4
389.4
391.4
393.4
395.4
397.4
399.4
401.4
403.4
405.4
407.4
409.4
411.4
413.4
415.4
417.4
419.4
421.4
423.4
425.4
427.4
429.4
431.4
433.4
435.4
437.4

9.58 5.06
9.62 5.06
9.64 5.05
9.68 5.06
9.72 5.05
9.75 5.06
9.78 5.05
9.8 5.04
9.83 5.03
9.88 5.04
9.89 5.03
9.93 5.03
9.96 5.04
9.98 5.02
10.01 5.
10.05
10.09

5.
5.01

10.1 5.
10.12
10.17
10.19
10.24

10.26 .
10.29
10.31
10.34
10.38

10.39.
10.43
10.45
10.48

4.98
4.99
4.99
4.98
4.98
4.98
4.97
4.98
4.96
4.98
4.94
4.95
4.95

10.51 4.95
10.53
10.56
10.59
10.61
10.65
10.66
10.68
10.73
10.75
10.76
10.79
10.81
10.85
10.88
10.91
10.95
10.96
10.99

4.95
4.96
4.95
4.93
4.94
4.93
4.93
4.91
4.91
4.92
4.9
4.89
4.92
4.9
4.9
4.9
4.89
4.89

11.01 4.88
11.04
11.07
11.08

4.88
4.88
4.88

11.11 4.86
11.14
11.17

4.86
4.87

11.2 4.86
11.21 4.85
11.24
11.26
11.28

4.84
4.83
4.84

11.31 4.85
11.32
11.33

4.84
4.84
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Time (min)
439.4
441.4
443.4
445.4
447.4
449.4
451.4
453.4
455.4
457.4
459.4
461.4
463.4
465.4
467.4
469.4
471.4
473.4
475.4
477.4
479.4
481.4
483.4
485.4
487.4
489.4
491.4
493.4
495.4 .
497.4
499.4
501.4
503.4
505.4
507.4
509.4
511.4
513.4
515.4
517.4
519.4
521.4
523.4
525.4
527.4
529.4
531.4
533.4
535.4
537.4
539.4
541.4
543.4
545.4
547.4
549.4
551.4
553.4
555.4
557.4
559.4
561.4
563.4
565.4
567.4
569.4

Displacement (ft)
— —

11.38
11.43
11.45
11.48
11.49
11.51
11.54
11.58
11.59
11.62
11.63
11.65
11.67

Time Displacement (ft)
340 4:84
3411.6
3413.6
3415.6
3417.6
3419.6
3421.6
3423.6
3425.6
3427.6
3429.6
3431.6
3433.6
3435.6
3437.6
3439.6
3441.6
3443.6
3445.6
3447.6
3449.6
3451.6
3453.6
3455.6
3457.6
3459.6
3461.6
3463.6
3465.6
3467.6
3469.6
3471.6
3473.6
3475.6
3477.6
3479.6
3481.6
3483.6
3485.6
3487.6
3489.6
3491.6
3493.6
3495.6
3497.6
3499.6
3501.6
3503.6
3505.6
3507.6
3509.6
3511.6
3513.6
3515.6
3517.6
3519.6
3521.6
3523.6
3525.6
3527.6
3529.6
3531.6
3533.6
3535.6
3537.6
3539.6

4.83
4.83
4.82
4.8
4.82
4.81
4.8
4.83
4.81
4.8
4.8
4.78
4.79

11.7 4.79
11.73
11.74
11.77
11.79
11.81
11.82
11.85
11.89

4.79
4.76
4.76
4.77
4.76
4.77
4.77
4.75

11.9 4.74
11.92
11.94
11.97
11.99
12.02
12.03
12.08
12.07
12.11
12.11
12.15
12.16
12.17
12.21
12.23
12.25
12.26
12.28
12.31
12.33
12.36
12.37
12.39
12.41
12.43
12.45
12.48
12.49
12.52
12.54
12.55
12.57
12.59
12.62
12.64
12.67
12.69

4.73
4.75
4.74
4.72
4.74
4.73
4.72
4.71
4.73
4.72
4.71
4.7
4.72
4.7
4.7
4.71
4.7
4.69
4.68
4.68
4.68
4.67
4.67
4.67
4.67
4.67
4.66
4.67
4.67
4.64
4.64
4.65
4.64
4.64
4.63
4.63
4.63

12.7 4.63
12.72
12.74
12.76
12.78

4.64
4.62
4.62
4.62
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Time (min)
“571 4

573.4
575.4
577.4
579.4
581.4
583.4
585.4
587.4
589.4
591.4
593.4
595.4
597.4
599.4
601.4
603.4
605.4
607.4
609.4
611.4
613.4
615.4
617.4
619.4
621.4
623.4
625.4
627.4
629.4
631.4
633.4
635.4
637.4
639.4
641.4
643.4
645.4
647.4
649.4
651.4
653.4
655.4
657.4
659.4
661.4
663.4
665.4
667.4
669.4
671.4
673.4
675.4
677.4
679.4
681.4
683.4
685.4
687.4
689.4
691.4
693.4
695.4
697.4
699.4
701.4

Displacement (ft)
— 12./9—

12.81
12.84
12.84
12.87

Time Displacement (ft)
354
3543.6
3545.6
3547.6
3549.6
3551.6
3553.6
3555.6
3557.6
3559.6
3561.6
3563.6
3565.6
3567.6
3569.6
3571.6
3573.6
3575.6
3577.6
3579.6
3581.6
3583.6
3585.6
3587.6
3589.6
3591.6
3593.6
3595.6
3597.6
3599.6
3601.6
3603.6
3605.6
3607.6
3609.6
3611.6
3613.6
3615.6
3617.6
3619.6
3621.6
3623.6
3625.6
3627.6
3629.6
3631.6
3633.6
3635.6
3637.6
3639.6
3641.6
3643.6
3645.6
3647.6
3649.6
3651.6
3653.6
3655.6
3657.6
3659.6
3661.6
3663.6
3665.6
3667.6
3669.6
3671.6

4.61
4.61
4.61
4.61

12.9 4.6
12.91
12.95
12.96
12.98
12.99
13.02
13.03
13.04
13.07
13.09

4.59
4.59
4.6
4.58
4.57
4.58
4.58
4.58
4.56
4.56

13.11 4.57
13.14
13.15
13.17
13.18

4.55
4.56
4.55
4.55

13.2 4.55
13.23
13.24
13.25
13.27

4.55
4.54
4.53
4.55

13.3 4.53
13.31
13.33
13.35
13.35
13.37
13.41
13.43
13.44
13.45
13.47
13.49

4.53
4.53
4.53
4.53
4.52
4.53
4.52
4.5
4.52
4.5
4.5

13.5 4.5
13.52
13.54
13.56
13.57
13.59
13.61
13.61
13.64
13.65
13.69

4.51
4.51
4.49
4.49
4.48
4.48
4.47
4.47
4.47
4.48

13.7 4.46
13.7 4.46
13.71
13.75
13.77
13.79
13.79
13.81
13.83
13.85
13.86
13.89

4.46
4.46
4.46
4.45
4.45
4.44
4.44
4.46
4.44
4.43

13.9 4.43
13.93
13.93
13.94
13.95

4.44
4.43
4.42
4.42
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Displacement (ft)Time (min)
/U3.4
705.4
707.4
709.4
711.4
713.4
715.4
717.4
719.4
721.4
723.4
725.4
727.4
729.4
731.4
733.4
735.4
737.4
739.4
741.4
743.4
745.4
747.4
749.4
751.4
753.4
755.4
757.4
759.4
761.4
763.4
765.4
767.4
769.4
771.4
773.4
775.4
777.4
779.4
781.4
783.4
785.4
787.4
789.4
791.4
793.4
795.4
797.4
799.4
801.4
803.4
805.4
807.4
809.4
811.4
813.4
815.4
817.4
819.4
821.4
823.4
825.4
827.4
829.4
831.4
833.4

Displacement (ft)
— 13.98—

13.99
14.02
14.03
14.05
14.07
14.09

Time (min)
“367^6
3675.6
3677.6
3679.6
3681.6
3683.6
3685.6
3687.6
3689.6
3691.6
3693.6
3695.6
3697.6
3699.6
3701.6
3703.6
3705.6
3707.6
3709.6
3711.6
3713.6
3715.6
3717.6
3719.6
3721.6
3723.6
3725.6
3727.6
3729.6
3731.6
3733.6
3735.6
3737.6
3739.6
3741.6
3743.6
3745.6
3747.6
3749.6
3751.6
3753.6
3755.6
3757.6
3759.6
3761.6
3763.6
3765.6
3767.6
3769.6
3771.6
3773.6
3775.6
3777.6
3779.6
3781.6
3783.6
3785.6
3787.6
3789.6
3791.6
3793.6
3795.6
3797.6
3799.6
3801.6
3803.6

4:42
4.41
4.41
4.42
4.41
4.4
4.4
4.3914.1

14.11
14.14
14.17
14.16
14.18

4.39
4.38
4.38
4.39
4.38

14.2 4.37
14.23
14.24
14.25
14.28
14.29

4.38
4.36
4.37
4.37
4.36

14.3 4.36
14.32
14.34
14.35
14.36
14.39
14.41
14.42
14.43
14.46
14.47

4.37
4.36
4.36
4.34
4.35
4.33
4.35
4.34
4.32
4.33
4.3314.5
4.3214.52

14.53
14.54
14.55
14.59
14.58

4.31
4.32
4.29
4.32
4.3
4.314.6
4.2814.62

14.64
14.66
14.67
14.68

4.29
4.28
4.3
4.29

14.7 4.27
14.71
14.74
14.76
14.76
14.78

4.27
4.27
4.27
4.28
4.27
4.2614.8

14.81
14.83
14.85
14.87
14.88

4.26
4.26
4.26
4.25
4.25

14.9 4.25
14.91
14.92
14.94
14.95
14.98
14.99

4.24
4.24
4.23
4.24
4.24
4.22

15. 4.22
15.01
15.02
15.03

4.22
4.21
4.23
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Time (min)
" 835.4

837.4
839.4
841.4
843.4
845.4
847.4
849.4
851.4
853.4
855.4
857.4
859.4
861.4
863.4
865.4
867.4
869.4
871.4
873.4
875.4
877.4
879.4
881.4
883.4
885.4
887.4
889.4
891,4
893.4
895.4
897.4
899.4
901.4
903.4
905.4
907.4
909.4
911.4
913.4
915.4
917.4
919.4
921.4
923.4
925.4
927.4
929.4
931.4
933.4
935.4
937.4
939.4
941.4
943.4
945.4
947.4
949.4
951.4
953.4
955.4
957.4
959.4
961.4
963.4
965.4

Displacement (ft)
— “lf.07—

15.09
15.09
15.13
15.12
15.13
15.15
15.16
15.18

Time (mir
^380^
3807.6
3809.6
3811.6
3813.6
3815.6
3817.6
3819.6
3821.6
3823.6
3825.6
3827.6
3829.6
3831.6
3833.6
3835.6
3837.6
3839.6
3841.6
3843.6
3845.6
3847.6
3849.6
3851.6
3853.6
3855.6
3857.6
3859.6
3.861.6
3863.6
3865.6
3867.6
3869.6
3871.6
3873.6
3875.6
3877.6
3879.6
3881.6
3883.6
3885.6
3887.6
3889.6
3891.6
3893.6
3895.6
3897.6
3899.6
3901.6
3903.6
3905.6
3907.6
3909.6
3911.6
3913.6
3915.6
3917.6
3919.6
3921.6
3923.6
3925.6
3927.6
3929.6
3931.6
3933.6
3935.6

Displacement (ft)

4.22
4.21
4.21
4.21
4.2
4.19
4.2
4.19

15.2 4.18
15.21
15.23
15.24
15.28
15.29

4.19
4.18
4.17
4.17
4.18

15.3 4.18
15.31
15.32
15.34
15.35
15.36
15.39
15.39

4.18
4.17
4.16
4.17
4.15
4.15
4.15

15.4 4.15
15.42
15.44
15.45
15.46
15.48

4.15
4.14
4.15
4.14

, 4.13
15.5 4.12
15.5 4.13
15.52
15.54
15.55
15.57
15.57
15.59

4.12
4.12
4.14
4.14
4.12
4.12

15.6 4.12
15.61 4.11
15.63
15.65
15.66
15.67
15.69
15.69
15.72
15.72
15.75
15.76
15.78
15.79

4.11
4.1
4.1
4.1
4.11
4.09
4.1
4.09
4.09
4.09
4.08
4.07

15.8 4.08
15.81
15.81
15.84
15.85
15.88
15.88
15.89
15.91
15.93
15.94
15.95
15.96
15.97
15.99

4.09
4.07
4.06
4.06
4.06
4.06
4.05
4.06
4.05
4.04
4.05
4.03
4.03
4.03
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Pasture HoldingsAQTESOLV for Windows

Displacement (ft) Time (min)
393>.6
3939.6
3941.6
3943.6
3945.6
3947.6
3949.6
3951.6
3953.6
3955.6
3957.6
3959.6
3961.6
3963.6
3965.6
3967.6
3969.6
3971.6
3973.6
3975.6
3977.6
3979.6
3981.6
3983.6
3985.6
3987.6
3989.6
3991.6
3993.6
3995.6
3997.6
3999.6
4001.6
4003.6
4005.6
4007.6
4009.6
4011.6
4013.6
4015.6
4017.6
4019.6
4021.6
4023.6
4025.6
4027.6
4029.6
4031.6
4033.6
4035.6
4037.6
4039.6
4041.6
4043.6
4045.6
4047.6
4049.6
4051.6
4053.6
4055.6
4057.6
4059.6
4061.6
4063.6
4065.6
4067.6

Displacement (ft)
4X3

Time
tc:

16.01
16.03
16.04
16.05
16.07
16.08
16.09

4.02969.4
971.4
973.4
975.4
977.4
979.4
981.4
983.4
985.4
987.4
989.4
991.4
993.4
995.4
997.4
999.4
1001.4
1003.4
1005.4
1007.4
1009.4
1011.4
1013.4
1015.4
1017.4
1019.4
1021.4
1023.4
1025.4
1027.4
1029.4
1031.4
1033.4
1035.4
1037.4
1039.4
1041.4
1043.4
1045.4
1047.4
1049.4
1051.4
1053.4
1055.4
1057.4
1059.4
1061.4
1063.4
1065.4
1067.4
1069.4
1071.4
1073.4
1075.4
1077.4
1079.4
1081.4
1083.4
1085.4
1087.4
1089.4
1091.4
1093.4
1095.4
1097.4

4.04
4.02
4.02
4.02
4.01
4.02

16.1 4.01
4.0116.13

16.14
16.13
16.17
16.19
16.19
16.21
16.22
16.23
16.24
16.26
16.26
16.28
16.28

4.02
4.02
4.
4.
4.

3.99
3.98
3.99
3.99
3.99
3.99
3.98
3.99

16.3 3.98
16.33
16.34
16.34
16.36

16.37
16.39
16.41
16.41
16.42
16.44
16.45
16.46
16.47

3.981

3.98
3.97
3.97

, 3.97
3.97
3.97
3.97
3.97
3.95
3.96
3.96
3.96
3.9616.5
3.9516.5
3.9616.5

16.53
16.55
16.56
16.57
16.58

3.95
3.94
3.94
3.95
3.95

16.6 3.95
3.9416.63

16.61
16.63
16.65
16.66
16.67
16.67

3.94
3.94
3.94
3.95
3.94
3.93

16.7 3.93
16.71
16.72
16.72
16.74
16.77
16.75
16.79

3.91
3.93
3.92
3.91
3.93
3.91
3.92
3.9116.8
3.9116.81
3.9216.84

16.84
16.86

3.92
3.89
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Time (min)
1099.4
1101.4
1103.4
1105.4
1107.4
1109.4
1111.4
1113.4
1115.4
1117.4
1119.4
1121.4
1123.4
1125.4
1127.4
1129.4
1131.4
1133.4
1135.4
1137.4
1139.4
1141.4
1143.4
1145.4
1147.4
1149.4
1151.4
1153.4
1155.4
1157.4
1159.4
1161.4
1163.4
1165.4
1167.4
1169.4
1171.4
1173.4
1175.4
1177.4
1179.4
1181.4
1183.4
1185.4
1187.4
1189.4
1191.4
1193.4
1195.4
1197.4
1199.4
1201.4
1203.4
1205.4
1207.4
1209.4
1211.4
1213.4
1215.4
1217.4
1219.4
1221.4
1223.4
1225.4
1227.4
1229.4

Displacement (ft)
— 16.8/—

16.88

Time (min'
4069.6
4071.6
4073.6
4075.6
4077.6
4079.6
4081.6
4083.6
4085.6
4087.6
4089.6
4091.6
4093.6
4095.6
4097.6
4099.6
4101.6
4103.6
4105.6
4107.6
4109.6
4111.6
4113.6
4115.6
4117.6
4119.6
4121.6
4123.6
4125.6
4127.6
4129.6
4131.6
4133.6
4135.6
4137.6
4139.6
4141.6
4143.6
4145.6
4147.6
4149.6
4151.6
4153.6
4155.6
4157.6
4159.6
4161.6
4163.6
4165.6
4167.6
4169.6
4171.6
4173.6
4175.6
4177.6
4179.6
4181.6
4183.6
4185.6
4187.6
4189.6
4191.6
4193.6
4195.6
4197.6
4199.6

Displacement (ft)
379
3.91

16.9 3.9
16.89 3.89
16.9 3.9
16.92
16.94
16.94
16.94
16.96
16.99
16.99

3.89
3.9
3.89
3.88
3.89
3.89
3.88

17.01 3.89
17.02
17.03
17.05
17.05
17.06
17.09
17.09

3.89
3.89
3.88
3.89
3.89
3.89
3.88

17.1 3.86
17.11
17.12
17.14
17.14
17.17
17.17
17.19

3.86
3.86
3.85
3.87
3.86
3.86
3.85

17.2 3.85 ,
17.22
17.22
17.23
17.25
17.25
17.26
17.29
17.29
17.29
17.31
17.31
17.33
17.35
17.36
17.37
17.38
17.39
17.39
17.41
17.41
17.42
17.45
17.45
17.47
17.48

3.85
3.84
3.85
3.84
3.84
3.84
3.83
3.83
3.82
3.82
3.83
3.81
3.82
3.83
3.82
3.81
3.82
3.82
3.81
3.82
3.81
3.82
3.81
3.81
3.79

17.5 3.8
17.51 3.79
17.5 3.79
17.53
17.52
17.54
17.56
17.57
17.58
17.59
17.59

3.79
3.8
3.8
3.8
3.77
3.79
3.78
3.78

17.6 3.78
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Time Displacement (ft)
17.61
17.64
17.64
17.65
17.67
17.67
17.68
17.68

Time (min Displacement (ft)
3T77T23

1233.4
1235.4
1237.4
1239.4
1241.4
1243.4
1245.4
1247.4
1249.4
1251.4
1253.4
1255.4
1257.4
1259.4
1261.4
1263.4
1265.4
1267.4
1269.4
1271.4
1273.4
1275.4
1277.4
1279.4
1281.4
1283.4
1285.4
1287.4
1289.4
1291.4
1293.4
1295.4
1297.4
1299.4
1301.4
1303.4
1305.4
1307.4
1309.4
1311.4
1313.4
1315.4
1317.4
1319.4
1321.4
1323.4
1325.4
1327.4
1329.4
1331.4
1333.4
1335.4
1337.4
1339.4
1341.4
1343.4
1345.4
1347.4
1349.4
1351.4
1353.4
1355.4
1357.4
1359.4
1361.4

4203.6
4205.6
4207.6
4209.6
4211.6
4213.6
4215.6
4217.6
4219.6
4221.6
4223.6
4225.6
4227.6
4229.6
4231.6
4233.6
4235.6
4237.6
4239.6
4241.6
4243.6
4245.6
4247.6
4249.6
4251.6
4253.6
4255.6
4257.6 ,
4259.6
4261.6
4263.6
4265.6
4267.6
4269.6
4271.6
4273.6
4275.6
4277.6
4279.6
4281.6
4283.6
4285.6
4287.6
4289.6
4291.6
4293.6
4295.6
4297.6
4299.6
4301.6
4303.6
4305.6
4307.6
4309.6
4311.6
4313.6
4315.6
4317.6
4319.6
4321.6
4323.6
4325.6
4327.6
4329.6
4331.6

3.79
3.75
3.76
3.75
3.76
3.77
3.75

17.7 3.76
17.72
17J2
17.73
17.72
17.75
17.76
17.78
17.79

3.76
3.74
3.76
3.76
3.74
3.75
3.73
3.74

17.8 3.73
17.81
17.82
17.83
17.86
17.86
17.87
17.88
17.88

3.72
3.73
3.72
3.73
3.72
3.73
3.71
3.72

17.9 3.72
17.91
17.93
17.92
17.94
17.95
17.96
17.97
17.98
18.02

3.71
3.71 .
3.7
3.7
3.71
3.71
3.7
3.71
3.69

18. 3.69
18.01
18.03
18.04
18.05
18.07
18.07
18.07
18.09

3.7
3.68
3.69
3.7
3.69
3.69
3.67
3.68

18.1 3.68
18.11
18.12
18.13
18.14
18.15
18.16
18.16
18.19

3.67
3.67
3.67
3.67
3.67
3.66
3.65
3.66

18.2 3.66
18.2 3.65
18.22
18.22
18.23
18.24
18.25
18.26
18.28
18.29
18.28
18.31

3.64
3.65
3.64
3.65
3.63
3.62
3.62
3.61
3.62
3.62
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Time (min)
136^4
1365.4
1367.4
1369.4
1371.4
1373.4
1375.4
1377.4
1379.4
1381.4
1383.4
1385.4
1387.4
1389.4
1391.4
1393.4
1395.4
1397.4
1399.4
1401.4
1403.4
1405.4
1407.4
1409.4
1411.4
1413.4
1415.4
1417.4
1419.4
1421.4
1423.4
1425.4
1427.4
1429.4
1431.4
1433.4
1435.4
1437.4
1439.4
1441.4
1443.4
1445.4
1447.4
1449.4
1451.4
1453.4
1455.4
1457.4
1459.4
1461.4
1463.4
1465.4
1467.4
1469.4
1471.4
1473.4
1475.4
1477.4
1479.4
1481.4
1483.4
1485.4
1487.4
1489.4
1491.4
1493.4

Displacement (ft)

18:32
18.33
18.35
18.36
18.37
18.37
18.37

Time (min' Displacement (ft)
3:62

4335.6
4337.6
4339.6
4341.6
4343.6
4345.6
4347.6
4349.6
4351.6
4353.6
4355.6
4357.6
4359.6
4361.6
4363.6
4365.6
4367.6
4369.6
4371.6
4373.6
4375.6
4377.6
4379.6
4381.6
4383.6
4385.6
4387.6

. 4389.6
4391.6
4393.6
4395.6
4397.6
4399.6
4401.6
4403.6
4405.6
4407.6
4409.6
4411.6
4413.6
4415.6
4417.6
4419.6
4421.6
4423.6
4425.6
4427.6
4429.6
4431.6
4433.6
4435.6
4437.6
4439.6
4441.6
4443.6
4445.6
4447.6
4449.6
4451.6
4453.6
4455.6
4457.6
4459.6
4461.6
4463.6

3.6
3.62
3.61
3.61
3.61
3.6
3.59

18.4 3.59
18.4 3.6
18.42
18.43
18.43
18.46
18.45
18.47
18.47
18.48
18.49
18.51
18.51
18.54
18.54
18.55
18.56
18.57
18.57
18.58

. 18.59

3.59
3.58
3.6
3.6
3.58
3.58
3.58
3.57
3.57
3.56
3.57
3.56
3.56
3.57
3.57
3.56
3.57
3.56
3.55

18.6 3.55
18.62
18.63
18.65
18.65
18.65
18.66
18.66
18.67

3.56
3.53
3.55
3.54
3.53
3.56
3.54
3.54

18.7 3.54
18.71 3.54
18.7 3.54
18.74
18.74
18.74
18.75
18.77
18.78
18.78
18.79

3.53
3.52
3.51
3.51
3.49
3.53
3.51
3.52

18.8 3.51
18.81 3.5
18.8 3.51
18.82
18.83
18.85
18.86
18.88
18.88
18.88
18.88

3.51
3.48
3.49
3.48
3.49
3.48
3.47
3.47

18.9 3.48
18.92
18.92
18.93
18.94
18.95

3.48
3.48
3.47
3.47
3.48
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Pasture HoldingsAQTESOLV for Windows

Displacement (ft)
18.97
18.98
18.97

Time (min)
4465.6
4467.6
4469.6
4471.6
4473.6
4475.6
4477.6
4479.6
4481.6
4483.6
4485.6
4487.6
4489.6
4491.6
4493.6
4495.6
4497.6
4499.6
4501.6
4503.6
4505.6
4507.6
4509.6
4511.6
4513.6
4515.6
4517.6
4519.6
4521.6
4523.6
4525.6
4527.6
4529.6
4531.6
4533.6
4535.6
4537.6
4539.6
4541.6
4543.6
4545.6
4547.6
4549.6
4551.6
4553.6
4555.6
4557.6
4559.6
4561.6
4563.6
4565.6
4567.6
4569.6
4571.6
4573.6
4575.6
4577.6
4579.6
4581.6
4583.6
4585.6
4587.6
4589.6
4591.6
4593.6
4595.6

Displacement (ft)
3^47

Time
Vf9
1497.4
1499.4
1501.4
1503.4
1505.4
1507.4
1509.4
1511.4
1513.4
1515.4
1517.4
1519.4
1521.4
1523.4
1525.4
1527.4
1529.4
1531.4
1533.4
1535.4
1537.4
1539.4
1541.4
1543.4
1545.4
1547.4
1549.4
,1551.4
1553.4
1555.4
1557.4
1559.4
1561.4
1563.4
1565.4
1567.4
1569.4
1571.4
1573.4
1575.4
1577.4
1579.4
1581.4
1583.6
1585.6
1587.6
1589.6
1591.6
1593.6
1595.6
1597.6
1599.6
1601.6
1603.6
1605.6
1607.6
1609.6
1611.6
1613.6
1615.6
1617.6
1619.6
1621.6
1623.6
1625.6

3.48
3.45

19. 3.47
18.98
19.01
19.01
19.03
19.03
19.05
19.05
19.05
19.08
19.08
19.09

3.46
3.45
3.46
3.46
3.46
3.45
3.44
3.45
3.45
3.44
3.44

19.1 3.45
19.12
19.11
19.15
19.13
19.15
19.16
19.18
19.18
19.18
19.21

3.42
3.45
3.43
3.41
3.42
3.41
3.41
3.41
3.4
3.4

19.2 3.41
3.3919.21

, 19.22
19.23
19.24
19.25
19.26
19.27
19.28
19.28

3.41
3.41
3.39
3.4
3.38
3.38
3.39
3.38

19.3 3.38
19.29
19.29
19.27
19.23
19.18
19.12
19.06
18.92
18.87
18.77
18.66
18.56
18.46
18.34
18.26
18.13
18.01
17.91
17.79
17.68
17.57
17.48
17.38
17.27
17.17
17.07
16.98
16.87

3.37
3.39
3.38
3.38
3.36
3.36
3.35
3.36
3.35
3.36
3.34
3.35
3.34
3.33
3.35
3.34
3.34
3.32
3.34
3.35
3.33
3.32
3.31
3.34
3.31
3.31
3.31
3.33

16.8 3.33
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Time (min)
162/.6
1629.6
1631.6
1633.6
1635.6
1637.6
1639.6
1641.6
1643.6
1645.6
1647.6
1649.6
1651.6
1653.6
1655.6
1657.6
1659.6
1661.6
1663.6
1665.6
1667.6
1669.6
1671.6
1673.6
1675.6
1677.6
1679.6
1681.6
1683.6 ,
1685.6
1687.6
1689.6
1691.6
1693.6
1695.6
1697.6
1699.6
1701.6
1703.6
1705.6
1707.6
1709.6
1711.6
1713.6
1715.6
1717.6
1719.6
1721.6
1723.6
1725.6
1727.6
1729.6
1731.6
1733.6
1735.6
1737.6
1739.6
1741.6
1743.6
1745.6
1747.6
1749.6
1751.6
1753.6
1755.6
1757.6

Displacement (ft)
— 16.69

16.61

Time (min)
4b9/.6
4599.6
4601.6
4603.6
4605.6
4607.6
4609.6
4611.6
4613.6
4615.6
4617.6
4619.6
4621.6
4623.6
4625.6
4627.6
4629.6
4631.6
4633.6
4635.6
4637.6
4639.6
4641.6
4643.6
4645.6
4647.6
4649.6
4651.6

4653.6.
4655.6
4657.6
4659.6
4661.6
4663.6
4665.6
4667.6
4669.6
4671.6
4673.6
4675.6
4677.6
4679.6
4681.6
4683.6
4685.6
4687.6
4689.6
4691.6
4693.6
4695.6
4697.6
4699.6
4701.6
4703.6
4705.6
4707.6
4709.6
4711.6
4713.6
4715.6
4717.6
4719.6
4721.6
4723.6
4725.6
4727.6

Displacement (ft)
3:ti
3.3

16.51 3.3
16.43
16.33
16.25
16.15
16.09

3.28
3.3
3.3
3.28
3.29

16.01 3.28
15.94
15.84
15.78
15.69
15.61
15.55
15.48

3.27
3.29
3.27
3.26
3.26
3.28
3.26

15.4 3.25
15.35
15.28
15.21
15.14
15.07
14.99
14.95
14.88
14.81
14.76
14.69

14.64 ,
14.58
14.51
14.45

3.27
3.25
3.25
3.25
3.25
3.25
3.23
3.23
3.24
3.22
3.23

3.22
3.21
3.21
3.22

14.4 3.22
14.34
14.29
14.23
14.17
14.14
14.08
14.01
13.99
13.93
13.89
13.84
13.79
13.74
13.69
13.66

3.22
3.21
3.2
3.21
3.21
3.2
3.19
3.2
3.18
3.19
3.16
3.18
3.18
3.18
3.16

13.6 3.17
13.56
13.51
13.46
13.44
13.37
13.34
13.29
13.25

3.17
3.16
3.16
3.15
3.15
3.16
3.15
3.15

13.2 3.14
13.16
13.12
13.09
13.05
13.01
12.96
12.93
12.91

3.14
3.13
3.13
3.15
3.15
3.12
3.12
3.12

10/06/25 56 01:38:01



AQTESOLV for Windows Pasture Holdings

Time (min)
1/6y.6
1761.6
1763.6
1765.6
1767.6
1769.6
1771.6
1773.6
1775.6
1777.6
1779.6
1781.6
1783.6
1785.6
1787.6
1789.6
1791.6
1793.6
1795.6
1797.6
1799.6
1801.6
1803.6
1805.6
1807.6
1809.6
1811.6
1813.6
1815.6 .
1817.6
1819.6
1821.6
1823.6
1825.6
1827.6
1829.6
1831.6
1833.6
1835.6
1837.6
1839.6
1841.6
1843.6
1845.6
1847.6
1849.6
1851.6
1853.6
1855.6
1857.6
1859.6
1861.6
1863.6
1865.6
1867.6
1869.6
1871.6
1873.6
1875.6
1877.6
1879.6
1881.6
1883.6
1885.6
1887.6
1889.6

Displacement (ft)
— 12.8b

12.81
12.78
12.74
12.71
12.68
12.65
12.61
12.56
12.53
12.51
12.47
12.45
12.39
12.37
12.33
12.29
12.27
12.24
12.21
12.19
12.14
12.12
12.08
12.04
12.02
11.99
11.97
11.93 .
11.89
11.88
11.83
11.82

Time (mil
4/29.6
4731.6
4733.6
4735.6
4737.6
4739.6
4741.6
4743.6
4745.6
4747.6
4749.6
4751.6
4753.6
4755.6
4757.6
4759.6
4761.6
4763.6
4765.6
4767.6
4769.6
4771.6
4773.6
4775.6
4777.6
4779.6
4781.6
4783.6
4785.6
4787.6
4789.6
4791.6
4793.6
4795.6
4797.6
4799.6
4801.6
4803.6
4805.6
4807.6
4809.6
4811.6
4813.6
4815.6
4817.6
4819.6
4821.6
4823.6
4825.6
4827.6
4829.6
4831.6
4833.6
4835.6
4837.6
4839.6
4841.6
4843.6
4845.6
4847.6
4849.6
4851.6
4853.6
4855.6
4857.6
4859.6

Displacenient (ft)
3.11
3.11
3.12
3.1
3.11
3.1
3.11
3.1
3.1
3.12
3.1
3.1
3.09
3.1
3.09
3.09
3.09
3.09
3.09
3.09
3.09
3.08
3.07
3.06
3.06
3.06
3.07
3.06
3.07
3.05
3.06
3.06
3.06

11.8 3.06
11.75
11.73
11.72
11.69
11.65
11.63
11.61
11.57
11.55
11.52
11.49
11.48
11.44
11.42
11.39
11.37
11.35
11.32
11.28
11.27
11.24
11.22

3.05
3.04
3.05
3.05
3.03
3.05
3.06
3.04
3.05
3.04
3.04
3.03
3.03
3.04
3.03
3.02
3.02
3.02
3.01
3.01
3.02
3.01

11.2 3.02
11.17
11.14
11.13
11.11
11.09
11.06
11.03
11.02
10.99

3.
3.01
3.01
2.99
3.01
3.

3.01
3.
3.
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Time (min)
1891.6
1893.6
1895.6
1897.6
1899.6
1901.6
1903.6
1905.6
1907.6
1909.6
1911.6
1913.6
1915.6
1917.6
1919.6
1921.6
1923.6
1925.6
1927.6
1929.6
1931.6
1933.6
1935.6
1937.6
1939.6
1941.6
1943.6
1945.6

. 1947.6
1949.6
1951.6
1953.6
1955.6
1957.6
1959.6
1961.6
1963.6
1965.6
1967.6
1969.6
1971.6
1973.6
1975.6
1977.6
1979.6
1981.6
1983.6
1985.6
1987.6
1989.6
1991.6
1993.6
1995.6
1997.6
1999.6
2001.6
2003.6
2005.6
2007.6
2009.6
2011.6
2013.6
2015.6
2017.6
2019.6
2021.6

Displacement (ft)
—-^o:95

10.94
10.92

Displacement (ft)
— Z99

Time
486
4863.6
4865.6
4867.6
4869.6
4871.6
4873.6
4875.6
4877.6
4879.6
4881.6
4883.6
4885.6
4887.6
4889.6
4891.6
4893.6
4895.6
4897.6
4899.6
4901.6
4903.6
4905.6
4907.6
4909.6
4911.6
4913.6
4915.6
4917.6
4919.6
4921.6
4923.6
4925.6
4927.6
4929.6
4931.6
4933.6
4935.6
4937.6
4939.6
4941.6
4943.6
4945.6
4947.6
4949.6
4951.6
4953.6
4955.6
4957.6
4959.6
4961.6
4963.6
4965.6
4967.6
4969.6
4971.6
4973.6
4975.6
4977.6
4979.6
4981.6
4983.6
4985.6
4987.6
4989.6
4991.6

2.99
3.

10.9 2.99
10.87
10.86
10.83
10.82

3.
2.97
2.98
2.98

10.8 2.98
10.76
10.74
10.73
10.69
10.67
10.65
10.63
10.62
10.59
10.57
10.55
10.53
10.52

2.98
2.99
2.98
2.98
2.97
2.97
2.97
2.95
2.97
2.97
2.95
2.95
2.95

10.5 2.95
10.48
10.46
10.44
10.43
10.39
10.38
10.35
10.33
10.33
10.31
10.27
10.27
10.26
10.22
10.22
10.21
10.16
10.15
10.15
10.14

2.94
2.96
2.95
2.94
2.95
2.96
2.96
2.94
2.94
2.94
2.94
2.94
2.94
2.95
2.95
2.93
2.93
2.92
2.93
2.92

10.1 2.92
10.08
10.07
10.06
10.04
10.02

2.94
2.91
2.92
2.94
2.92

10. 2.92
10. 2.92
9.98 2.92
9.95 2.93
9.93 2.93
9.92 2.92
9.9 2.91
9.89 2.92
9.88 2.91
9.84 2.92
9.84 2.92
9.83 2.9
9.8 2.91
9.79 2.89
9.77 2.91
9.76 2.9
9.74 2.9
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Time (min)
2023.6
2025.6
2027.6
2029.6
2031.6
2033.6
2035.6
2037.6
2039.6
2041.6
2043.6
2045.6
2047.6
2049.6
2051.6
2053.6
2055.6
2057.6
2059.6
2061.6
2063.6
2065.6
2067.6
2069.6
2071.6
2073.6
2075.6
2077.6
2079.6
2081.6
2083.6
2085.6
2087.6
2089.6
2091.6
2093.6
2095.6
2097.6
2099.6
2101.6
2103.6
2105.6
2107.6
2109.6
2111.6
2113.6
2115.6
2117.6
2119.6
2121.6
2123.6
2125.6
2127.6
2129.6
2131.6
2133.6
2135.6
2137.6
2139.6
2141.6
2143.6
2145.6
2147.6
2149.6
2151.6
2153.6

Displacement (ft) Time (min
4993.6
4995.6
4997.6
4999.6
5001.6
5003.6
5005.6
5007.6
5009.6
5011.6
5013.6
5015.6
5017.6
5019.6
5021.6
5023.6
5025.6
5027.6
5029.6
5031.6
5033.6
5035.6
5037.6
5039.6
5041.6
5043.6
5045.6
5047.6
5049.6
5051.6
5053.6
5055.6
5057.6
5059.6
5061.6
5063.6
5065.6
5067.6
5069.6
5071.6
5073.6
5075.6
5077.6
5079.6
5081.6
5083.6
5085.6
5087.6
5089.6
5091.6
5093.6
5095.6
5097.6
5099.6
5101.6
5103.6
5105.6
5107.6
5109.6
5111.6
5113.6
5115.6
5117.6
5119.6
5121.6
5123.6

Displacement (ft)
9772 2:9
9.69 2.91
9.68 2.89

2.899.66
2.99.65

9.65 2.89
9.63 2.88
9.61 2.88
9.59 2.87

2.899.58
9.57 2.89
9.54 2.88

2.899.52
2.899.5

9.52 2.89
9.49 2.88
9.46 2.87
9.46 2.89
9.44 2.89

2.889.43
9.41 2.88

2.889.4
9.39 2.87

2.899.38
9.36 2.87
9.33 2.86
9.33 2.87

. 2.879.32
2.869.3
2.869.28
2.869.27

9.27 2.86
9.25 2.86
9.23 2.85
9.22 2.86
9.2 2.85
9.18 2.86
9.17 2.85
9.15 2.85

2.859.15
9.14 2.86
9.13 2.84

2.859.11
2.869.1

9.08 2.85
9.06 2.85

2.859.05
2.849.04

9.04 2.85
2.849.03

9. 2.83
8.99 2.84
8.98 2.83
8.97 2.84
8.95 2.82
8.95 2.84

2.838.93
2.828.92

8.91 2.83
8.89 2.82
8.88 2.83

2.838.87
2.818.85

8.84 2.81
8.84 2.81

2.818.82
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Time {min'
2156.6
2157.6
2159.6
2161.6
2163.6
2165.6
2167.6
2169.6
2171.6
2173.6
2175.6
2177.6
2179.6
2181.6
2183.6
2185.6
2187.6
2189.6
2191.6
2193.6
2195.6
2197.6
2199.6
2201.6
2203.6
2205.6
2207.6
2209.6

2211.6
2213.6
2215.6
2217.6
2219.6
2221.6
2223.6
2225.6
2227.6
2229.6
2231.6
2233.6
2235.6
2237.6
2239.6
2241.6
2243.6
2245.6
2247.6
2249.6
2251.6
2253.6
2255.6
2257.6
2259.6
2261.6
2263.6
2265.6
2267.6
2269.6
2271.6
2273.6
2275.6
2277.6
2279.6
2281.6
2283.6
2285.6

Displacement (ft) Time (min)
5125.6
5127.6
5129.6
5131.6
5133.6
5135.6
5137.6
5139.6
5141.6
5143.6
5145.6
5147.6
5149.6
5151.6
5153.6
5155.6
5157.6
5159.6
5161.6
5163.6
5165.6
5167.6
5169.6
5171.6
5173.6
5175.6
5177.6
5179.6
5181.6
5183.6
5185.6
5187.6
5189.6
5191.6
5193.6
5195.6
5197.6
5199.6
5201.6
5203.6
5205.6
5207.6
5209.6
5211.6
5213.6
5215.6
5217.6
5219.6
5221.6
5223.6
5225.6
5227.6
5229.6
5231.6
5233.6
5235.6
5237.6
5239.6
5241.6
5243.6
5245.6
5247.6
5249.6
5251.6
5253.6
5255.6

Displacement (ft)
8781
8.8 2.82
8.79 2.8
8.78 2.82
8.75 2.82
8.74 2.81
8.74 2.81
8.72 2.8
8.71 2.8
8.7 2.81
8.68 2.81
8.68 2.8
8.67 2.8
8.67 2.81
8.66 2.8
8.64 2.8
8.61 2.78
8.62 2.79
8.61 2.8
8.59 2.79
8.59 2.8
8.57 2.8
8.57 2.79
8.55 2.8
8.54 2.79
8.53 2.79
8.52 2.79
8.51 2.78
8.52 2.78
8.49 2.78
8.47 2.79
8.47 2.78
8.46 2.78
8.45 2.77
8.44 2.77
8.44 2.78
8.41 2.77
8.42 2.78
8.41 2.78
8.39 2.78
8.39 2.77
8.37 2.78
8.36 2.77
8.34 2.77
8.33 2.76
8.32 2.76
8.32 2.76
8.31 2.77
8.31 2.77
8.28 2.77
8.29 2.76
8.27 2.76
8.26 2.76
8.24 2.76
8.22 2.75
8.24 2.75
8.22 2.76
8.21 2.75
8.2 2.75
8.18 2.75
8.18 2.74
8.16 2.74
8.17 2.74
8.15 2.74
8.14 2.75
8.14 2.75
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Time (min)

2289.6
2291.6
2293.6
2295.6
2297.6
2299.6
2301.6
2303.6
2305.6
2307.6
2309.6
2311.6
2313.6
2315.6
2317.6
2319.6
2321.6
2323.6
2325.6
2327.6
2329.6
2331.6
2333.6
2335.6
2337.6
2339.6
2341.6
2343.6
2345.6
2347.6
2349.6
2351.6
2353.6
2355.6
2357.6
2359.6
2361.6
2363.6
2365.6
2367.6
2369.6
2371.6
2373.6
2375.6
2377.6
2379.6
2381.6
2383.6
2385.6
2387.6
2389.6
2391.6
2393.6
2395.6
2397.6
2399.6
2401.6
2403.6
2405.6
2407.6
2409.6
2411.6
2413.6
2415.6
2417.6

Displacement (ft)
87R

Time (min Displacement (ft)
Z74

8.12 5259.6
5261.6
5263.6
5265.6
5267.6
5269.6
5271.6
5273.6
5275.6
5277.6
5279.6
5281.6
5283.6
5285.6
5287.6
5289.6
5291.6
5293.6
5295.6
5297.6
5299.6
5301.6
5303.6
5305.6
5307.6
5309.6
5311.6
5313.6
5315.6
5317.6
5319.6
5321.6
5323.6
5325.6
5327.6
5329.6
5331.6
5333.6
5335.6
5337.6
5339.6
5341.6
5343.6
5345.6
5347.6
5349.6
5351.6
5353.6
5355.6
5357.6
5359.6
5361.6
5363.6
5365.6
5367.6
5369.6
5371.6
5373.6
5375.6
5377.6
5379.6
5381.6
5383.6
5385.6
5387.6

2.74
8.11 2.74
8.08 2.72
8.08 2.72
8.07 2.73
8.07 2.74
8.05 2.72
8.03 2.73
8.05 2.71
8.02 2.72
8.03 2.72
8.01 2.72
8.01 2.72
7.99 2.71
7.96 2.71
7.97 2.7
7.95 2.7
7.94 2.72
7.94 2.71
7.94 2.7
7.93 2.71
7.92 2.71
7.9 2.7
7.89 2.71
7.89 2.68
7.87 2.7
7.87 2.7
7.87 .2.69
7.85 2.69
7.84 2.69
7.85 2.68
7.83 2.7
7.81 2.69
7.8 2.7
7.8 2.68
7.79 2.7
7.78 2.68
7.77 2.7
7.75 2.71
7.76 2.69
7.74 2.68
7.73 2.7

2.667.72
7.71 2.68
7.71 2.68

2.677.7
7.69 2.68
7.69 2.68

2.687.67
2.687.67

7.66 2.67
7.65 2.68
7.64 2.66
7.63 2.67

2.667.62
2.697.62

7.6 2.67
7.6 2.66
7.58 2.67

2.667.59
2.657.58
2.657.56
2.657.56
2.677.55

7.56 2.64
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Time Displacement (ft) Time (min)
6389.6
5391.6
5393.6
5395.6
5397.6
5399.6
5401.6
5403.6
5405.6
5407.6
5409.6
5411.6
5413.6
5415.6
5417.6
5419.6
5421.6
5423.6
5425.6
5427.6
5429.6
5431.6
5433.6
5435.6
5437.6
5439.6
5441.6
5443.6
5445.6
5447.6
5449.6
5451.6
5453.6
5455.6
5457.6
5459.6
5461.6
5463.6
5465.6
5467.6
5469.6
5471.6
5473.6
5475.6
5477.6
5479.6
5481.6
5483.6
5485.6
5487.6
5489.6
5491.6
5493.6
5495.6
5497.6
5499.6
5501.6
5503.6
5505.6
5507.6
5509.6
5511.6
5513.6
5515.6
5517.6
5519.6

Displacement (ft)
241 733 235
2421.6
2423.6
2425.6
2427.6
2429.6
2431.6
2433.6
2435.6
2437.6
2439.6
2441.6
2443.6
2445.6
2447.6
2449.6
2451.6
2453.6
2455.6
2457.6
2459.6
2461.6
2463.6
2465.6
2467.6
2469.6
2471.6
2473.6
2475.6
2477.6
2479.6
2481.6
2483.6
2485.6
2487.6
2489.6
2491.6
2493.6
2495.6
2497.6
2499.6
2501.6
2503.6
2505.6
2507.6
2509.6
2511.6
2513.6
2515.6
2517.6
2519.6
2521.6
2523.6
2525.6
2527.6
2529.6
2531.6
2533.6
2535.6
2537.6
2539.6
2541.6
2543.6
2545.6
2547.6
2549.6

7.52 2.67
7.52 2.65
7.5 2.65
7.51 2.65
7.5 2.65
7.5 2.64
7.47 2.64
7.46 2.64
7.46 2.64
7.47 2.64
7.44 2.64
7.43 2.63
7.43 2.63
7.43 2.63
7.42 2.63
7.41 2.63
7.39 2.62
7.39 2.63
7.38 2.62
7.38 2.61
7.36 2.63
7.37 2.63
7.35 2.63
7.36 2.63
7.33 2.63
7.33 2.63
7.32 2.63
7.31 2.62
7.31 2.62
7.3 2.61
7.29 2.62
7.28 2.6
7.27 2.6
7.28 2.61
7.26 2.61
7.25 2.62
7.24 2.61
7.24 2.63
7.23 2.61
7.21 2.6
7.22 2.61
7.21 2.6
7.2 2.6
7.19 2.59
7.2 2.59
7.18 2.61
7.17 2.6
7.18 2.59
7.16 2.6
7.15 2.61
7.16 2.6
7.13 2.6
7.14 2.59
7.13 2.61
7.13 2.59
7.1 2.59
7.11 2.59
7.1 2.59
7.09 2.59
7.08 2.59
7.09 2.57
7.06 2.58
7.05 2.58
7.06 2.57
7.05 2.57
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Time (min Displacement (ft)
— /703—

Time Displacement (ft)
— ZbB552

2553.6
2555.6
2557.6
2559.6
2561.6
2563.6
2565.6
2567.6
2569.6
2571.6
2573.6
2575.6
2577.6
2579.6
2581.6
2583.6
2585.6
2587.6
2589.6
2591.6
2593.6
2595.6
2597.6
2599.6
2601.6
2603.6
2605.6

. 2607.6
2609.6
2611.6
2613.6
2615.6
2617.6
2619.6
2621.6
2623.6
2625.6
2627.6
2629.6
2631.6
2633.6
2635.6
2637.6
2639.6
2641.6
2643.6
2645.6
2647.6
2649.6
2651.6
2653.6
2655.6
2657.6
2659.6
2661.6
2663.6
2665.6
2667.6
2669.6
2671.6
2673.6
2675.6
2677.6
2679.6
2681.6

7.03 5523.6
5525.6
5527.6
5529.6
5531.6
5533.6
5535.6
5537.6
5539.6
5541.6
5543.6
5545.6
5547.6
5549.6
5551.6
5553.6
5555.6
5557.6
5559.6
5561.6
5563.6
5565.6
5567.6
5569.6
5571.6
5573.6
5575.6
5577.6
5579.6
5581.6
5583.6
5585.6
5587.6
5589.6
5591.6
5593.6
5595.6
5597.6
5599.6
5601.6
5603.6
5605.6
5607.6
5609.6
5611.6
5613.6
5615.6
5617.6
5619.6
5621.6
5623.6
5625.6
5627.6
5629.6
5631.6
5633.6
5635.6
5637.6
5639.6
5641.6
5643.6
5645.6
5647.6
5649.6
5651.6

2.59
7.04 2.58
7.01 2.57
7.02 2.59
7. 2.57

6.99 2.56
6.99 2.57
6.98 2.56
6.97 2.57
6.96 2.58
6.97 2.57
6.96 2.57
6.95 2.58
6.96 2.56
6.94 2.57
6.95 2.58
6.93 2.57
6.92 2.57
6.92 2.58
6.91 2.57
6.9 2.56
6.89 2.57
6.89 2.55
6.89 2.58
6.89 2.57
6.87 2.55
6.86 2.56
6.85 2.56
6.84 2.57
6.85 2.55
6.83 2.56
6.83 2.56
6.82 2.57
6.81 2.55
6.8 2.57
6.8 2.55
6.8 2.54
6.79 2.55
6.78 2.55
6.78 2.54
6.77 2.55
6.76 2.55
6.76 2.55
6.76 2.55
6.75 2.54
6.74 2.54
6.73 2.56
6.72 2.54
6.71 2.55
6.7 2.56
6.7 2.54
6.7 2.55
6.69 2.54
6.68 2.54
6.68 2.53
6.69 2.53
6.67 2.53
6.66 2.54
6.66 2.55
6.65 2.54
6.65 2.54
6.64 2.54
6.64 2.54
6.62 2.53
6.61 2.54
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Displacernent (ft) Time (min)
56b3.6
5655.6
5657.6
5659.6
5661.6
5663.6
5665.6
5667.6
5669.6
5671.6
5673.6
5675.6
5677.6
5679.6
5681.6
5683.6
5685.6
5687.6
5689.6
5691.6
5693.6
5695.6
5697.6
5699.6
5701.6
5703.6
5705.6
5707.6
.5709.6
5711.6
5713.6
5715.6
5717.6
5719.6
5721.6
5723.6
5725.6
5727.6
5729.6
5731.6
5733.6
5735.6
5737.6
5739.6
5741.6
5743.6
5745.6
5747.6
5749.6
5751.6
5753.6
5755.6
5757.6
5759.6
5761.6
5763.6
5765.6
5767.6
5769.6
5771.6
5773.6
5775.6
5777.6
5779.6
5781.6
5783.6

Displacement (ft)
2.52e:6n

2685.6
2687.6
2689.6
2691.6
2693.6
2695.6
2697.6
2699.6
2701.6
2703.6
2705.6
2707.6
2709.6
2711.6
2713.6
2715.6
2717.6
2719.6
2721.6
2723.6
2725.6
2727.6
2729.6
2731.6
2733.6
2735.6
2737.6
2739.6
2741.6
2743.6
2745.6
2747.6
2749.6
2751.6
2753.6
2755.6
2757.6
2759.6
2761.6
2763.6
2765.6
2767.6
2769.6
2771.6
2773.6
2775.6
2777.6
2779.6
2781.6
2783.6
2785.6
2787.6
2789.6
2791.6
2793.6
2795.6
2797.6
2799.6
2801.6
2803.6
2805.6
2807.6
2809.6
2811.6
2813.6

6.61 2.53
6.61 2.53
6.6 2.53
6.58 2.53
6.57 2.52
6.58 2.52
6.57 2.52
6.57 2.53
6.55 2.53
6.56 2.52
6.55 2.52
6.55 2.52
6.54 2.51
6.53 2.52
6.52 2.52
6.51 2.53
6.52 2.52
6.5 2.52
6.5 2.51
6.49 2.52
6.49 2.52
6.48 2.51
6.48 2.52
6.48 2.52
6.48 2.52
6.47 2.5
6.46 2.51
,6.46 , 2.51
6.45 2.51
6.44 2.51
6.43 2.51
6.42 2.51
6.42 2.5
6.4 2.51
6.4 2.5
6.41 2.5
6.39 2.5
6.39 2.51
6.39 2.51
6.37 2.5
6.38 2.5
6.38 2.5
6.37 2.48
6.37 2.49
6.36 2.5
6.34 2.48
6.34 2.48
6.34 2.48
6.34 2.48
6.32 2.49
6.33 2.47
6.31 2.48
6.32 2.47
6.31 2.47
6.29 2.48
6.29 2.47
6.29 2.47
6.27 2.48
6.27 2.46
6.27 2.48
6.27 2.46
6.26 2.46
6.25 2.46
6.26 2.47
6.24 2.47
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Time fmir
“2815.6
2817.6
2819.6
2821.6
2823.6
2825.6
2827.6
2829.6
2831.6
2833.6
2835.6
2837.6
2839.6
2841.6
2843.6
2845.6
2847.6
2849.6
2851.6
2853.6
2855.6
2857.6
2859.6
2861.6
2863.6
2865.6
2867.6
2869.6
2871.6
2873.6
2875.6
2877.6
2879.6
2881.6
2883.6
2885.6
2887.6
2889.6
2891.6
2893.6
2895.6
2897.6
2899.6
2901.6
2903.6
2905.6
2907.6
2909.6
2911.6
2913.6
2915.6
2917.6
2919.6
2921.6
2923.6
2925.6
2927.6
2929.6
2931.6
2933.6
2935.6
2937.6
2939.6
2941.6
2943.6
2945.6

Displacement (ft)
6:24

Time (min]
5/86.6
5787.6
5789.6
5791.6
5793.6
5795.6
5797.6
5799.6
5801.6
5803.6
5805.6
5807.6
5809.6
5811.6
5813.6
5815.6
5817.6
5819.6
5821.6
5823.6
5825.6
5827.6
5829.6
5831.6
5833.6
5835.6
5837.6
5839.6
5841.6
5843.6
5845.6
5847.6
5849.6
5851.6
5853.6
5855.6
5857.6
5859.6
5861.6
5863.6
5865.6
5867.6
5869.6
5871.6
5873.6
5875.6
5877.6
5879.6
5881.6
5883.6
5885.6
5887.6
5889.6
5891.6
5893.6
5895.6
5897.6
5899.6
5901.6
5903.6
5905.6
5907.6
5909.6
5911.6
5913.6
5915.6

Displacement (ft)
2:45

6.23 2.46
6.22 2.46
6.23 2.46
6.22 2.45
6.21 2.46
6.2 2.44
6.22 2.45
6.2 2.47
6.19 2.46
6.19 2.46
6.19 2.44
6.17 2.45
6.18 2.46
6.17 2.45
6.17 2.45
6.16 2.45
6.15 2.46
6.14 2.45
6.14 2.46

6.13 2.45
6.12 2.44
6.12 2.44
6.12 2.44
6.1 2.44
6.1 2.46
6.1 2.43
6.08 2.44
6.09 ^.44
6.07 2.43
6.07 2.44
6.06 2.43
6.05 2.43

2.446.06
2.446.05
2.436.04

6.04 2.43
6.04 2.44
6.03 2.44
6.03 2.44
6.02 2.43
6.01 2.43
6.02 2.43
6.01 2.43
6.01 2.43
6. 2.42
6. 2.42

5.98 2.43
5.98 2.42

5.98 2.42
5.97 2.42
5.95 2.4

5.97 2.41
2.425.95

5.95 2.39
5.94 2.39
5.96 2.4
5.94 2.4

2.45.93
2.415.93

5.92 2.4
5.92 2.39
5.91 2.39
5.89 2.39
5.89 2.4
5.9 2.4
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Time (min Displacement (ft)
5.88

Time (min)
“5917.6
5919.6
5921.6
5923.6
5925.6
5927.6
5929.6
5931.6
5933.6
5935.6
5937.6
5939.6
5941.6
5943.6
5945.6
5947.6
5949.6
5951.6

Displacement (ft)
2:35

2949.6
2951.6
2953.6
2955.6
2957.6
2959.6
2961.6
2963.6
2965.6
2967.6
2969.6
2971.6
2973.6
2975.6
2977.6
2979.6
2981.6
2983.6

5.88 2.38
5.87 2.4
5.87 2.4
5.87 2.38
5.85 2.38
5.85 2.39
5.85 2.39
5.84 2.37
5.84 2.36
5.83 2.37
5.83 2.37
5.83 2.37
5.82 2.37
5.82 2.38
5.8: 2.37
5.8' 2.36
5.79 2.36
5.8

SOLUTION

Pumping Test
Aquifer Model: Confined
Solution Method: Theis

VISUAL ESTIMATION RESULTS

, Estimated Parameters

Parameter Estimate „
0.221/ ft^/min

0.0002723
I
S

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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