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Subject: Gulf Coast Water Authority

ADJ 5171

CN600566152, RN106127988

Application No. 12-5171B to Amend Certificate of Adjudication
No. 12-5171

Texas Water Code §§ 11.122, 11.085, 11.042, Requiring Limited &
Full Basin Mailed and Published Notice

Brazos River, Brazos River Basin

Fort Bend County

The application and partial fees were received on October 26, 2018. Additional
information and fees were received on January 28, 2019. The application was declared
administratively complete and accepted for filing with the Office of the Chief Clerk on
March 1, 2019. Notice is required to be published and mailed to the water right holders
of record in the Brazos River Basin pursuant to Title 30 Texas Administrative Code
(TAC) § 295.153(b), and to be mailed to the downstream water right holders of record
in the San Jacinto-Brazos Coastal Basin pursuant to 30 TAC § 295.161(a).

All fees have been paid and the application is sufficient for filing.

AN

Bert Galvan, Work Leader
Water Rights Permitting Team
Water Rights Permitting and Availability Section

OCC Mailed Notice Required &Es CINO

Texas Commission on Environmental Quality



Jon Niermann, Chairman
Emily Lindley, Commissioner
Toby Baker, Executive Director

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Protecting Texas by Reducing and Preventing Pollution

March 1, 2019

Mr. Ivan Langford

Gulf Coast Water Authority
3630 FM 1765 .

Texas City, Texas 77591-4824

RE:  Gulf Coast Water Authority
ADJ 5171

CN600566152, RN106127988
Application No. 12-5171B to Amend Certificate of Adjudication No. 12-5171

Texas Water Code §§ 11.122, 11.085, 11.042, Requiring Limited & Full Basin
Mailed and Published Notice

Brazos River, Brazos River Basin

Fort Bend County

Dear Mr. Langford:

This acknowledges receipt, on January 28, 2019, of additional information and fees in
the amount of $889.54 (Receipt No. M913357, copy enclosed).

The application was declared administratively complete and filed with the Office of the
Chief Clerk on March 1, 2019. Staff will continue processing the application for
consideration by the Executive Director.

Please be advised that additional information may be requested during the technical
review phase of the application process.

If you have any questions concerning this matter please contact me via email at
humberto.galvan@tceq.texas.gov or by telephone at (512) 239-4013.

Sincerely,

A

Bert Galvan, Work Leader
Water Rights Permitting Team
Water Rights Permitting and Availability Section

Enclosure

P.O. Box 13087 * Austin, Texas 78711-0387 = 512-239-1000 tceq.texas.gov
How is our customer service?  tceq.texas.gov/customersurvey

printed on recycled paper
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TCEQ - A/R RECEIPT

28-JAN-19 03:46 PM

Fee Code

REPORT BY ACCOUNT NUMBER

Ref#1l Check Number ccC Type E
Account# Reff2 Card Auth. Tran Code Slip Key
Fee Description - Account Name Paid In By User Data Rec Code Document# Tran Date Iran Amount
NOTICE FEES-WUP-  prgy M913355 70775 BS00071231 28-JAN-19 -4884.84
WATER USE PERM PTGU ADJ125168C 012819 N D9802891
NOTICE FEES WUP WATER USE GULF COAST SPREDEAU CK
PERMITS WATER
AUTHORITY
PTGU M913356 70777 BS00071231  28-JAN-19 -$889.54
PTGU ADJ125322G 012819 N D9802891
NOTICE FEES WUP WATER USE GULF COAST  SPREDEAU CK
- PERMITS WATER
AUTHORITY
PTGU M913357 70776 BS00071231 28-JAN-19 -$889,54
PTGU ADJ125171B (12819 N D9802891
NOTICE FEES WUP WATER USE GULF COAST SPREDEAU CK
PERMITS WATER
AUTHORITY
Total (Fee Code): -$2,663.92
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Fee Description

NOTICE FEES-WUP-
WATER USE PERM

TCEQ - A/R RECEIPT

28-JAN-19 03:46 PM

Fee Code
Account#

Account Name

NOTICE FEES WUP WATER USE
PERMITS

PTGU
PTGU

NOTICE FEES WUP WATER USE
PERMITS

PTGU
PTGU

NOTICE FEES WUP WATER USE
PERMITS

REPORT BY ACCOUNT NUMBER

Refil Check Number CC Type :
Ref#2 Card Auth. Tran Code  Slip Key
Paid In By User Data Rec Code Document# Tran Date
M913355 70775 BS00071231. 28-JAN-19
ADJ125168C 012819 N D9802891
GULF COAST SPREDEAU CK
WATER
AUTHORITY
M913356 70777 BS00071231 28-JAN-19
ADJ125322G 012819 N D9802891
GULF COAST SPREDEAU CK
WATER
AUTHORITY
M913357 70776 BS00071231 28-JAN-19
ADJ125171B 012819 N D9802891
GULF COAST SPREDEAU CK
WATER
AUTHORITY
Total (Fee Code):

Tran Amount

-$884.84

-$889.54

-$889.54

-$2,663.92

Page 2 of 4




98 SAN JACINTO BLVD. AUSTIN LONDON

SUITE 1500 BEUING MOSCOW
BAKE R BO '] S LLP AUSTIN, TEXAS BRUSSELS NEW YORK
78701-4078 DAUAS PALO ALTO
DUBAI RIYADH
TEL +1 512.322.2500 HONG KONG  SAN FRANCISCO
FAX +1512.322.2501 HOUSTON WASHINGTON
BakerBolls.com
January 28,2019 Paulina Williams
TEL: 5123223543
VIA HAND DELIVERY FAX: 5123223643

Texas Commission on Environmental Quality
Water Rights Permitting Team, MC 160
Attn: Bert Galvan

12100 Park 35 Circle | JXE
Building F, 3" Floor JAN
Austin, Texas 78711-3087 .

) § 2019

; svrps e N aarefr g
2BV LA ULL

Re:  Gulf Coast Water Authority
December 27, 2018 Request for Information
Application No. 12-5171B to Amend Certificate of Adjudication No. 12-5171

CN600566152, RN106128028
Brazos River, Brazos River Basin

Dear Bert:

On behalf of Gulf Coast Water Authority (“GCWA?”), we submit the enclosed
response to the Texas Commission on Environmental Quality’s (“TCEQ”) request for additional
information regarding the Application No. 12-5171B to Amend Certificate of Adjudication No.
12-5171. Enclosed is GCWA’s response and supplemental information.

A check in the amount of $889.54 is being sent simultaneously under separate cover
to the TCEQ Financial Administration Division, Cashier’s Office. A copy of the check is included
with the enclosed response.

Please let me know if you have any questions.

Respectfully, WATER RIGHTS P ERMITTING
(Dttudinns Y
Paulina Williams

cc: Ivan Langford, GCWA

Philip Taucer, Freese and Nichols, Inc.

Active 39436733.1 1
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TO: Mr. Bert Galvan, Texas Commission an ICS S AALTY
; : ~Xe OF 74
Environmental Quality Sz RO AL AT
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FROM: Philip . Taucer, P.E.

SUBJECT: Gulf Coast Water Authority 5% 108912 ~&Z
D for Informati o, Sz
ecember 27, 2018 Request for Information 1.0 (’C‘EN$9 .@:

Application No. 12-5171B to Amend ‘Q $oe --...--- ‘\O

Certificate of Adjudication No. 12-5171 W \\,.“
CN600566152, RN106127988 . 1/24/2019
Brazos River, Brazos River Basin FREESE ND N?&HOLS INC
Fort Bend County TEXAS REGISTERED
ENGINEERING FIRM
F-2144

DATE: January 24, 2019

1. Introduction

This memorandum is in response to a request for additional information from the Texas Commission on
Environmental Quality (TCEQ) received by the Gulf Coast Water Authority (GCWA) dated December 27,
2018. The letter indicates that additional information and remission of certain administrative fees are
required to be submitted by January 28, 2019 before the application for CA 12-5171 can be declared

administratively complete. The following sections summarize each of TCEQ's comments and provide

responses with additional information and clarification.

[I. TCEQ Comment #1

Comment
Revise Page 3 of the Technical Information Report to reflect that this application is submitted under TWC

11.042(c). Staff notes that the water requested for conveyance in the bed and banks of Jones and Oyster

Creeks is run-of-the-river water, not stored or conserved water.

Response

A revised version of Page 3 of the Technical Information Report is included in Appendix 1 to this

memarandum. The revised sheet includes responses of “Y” to Items 3a and 3e to clarify that GCWA is
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requesting, as set forth in TWC §11.042(c), express incorporation of its bed and banks conveyance of its
run-of-river water authorized by CA 12-5168, CA 12-5171, and CA 12-5322 as well as stored or conserved
water diverted pursuant to contract. Information on source water rights and contract information may
be found in Appendix 2. In accordance with the guidance for Item 3e, this change necessitates submittal
of a Worksheet 2.0 which is included in Appendix 3. Because the requested bed and banks authorization
is associated with Jones and Oyster Creeks within the American Canal System and does not seek to use

the bed and banks of a reservoir, all questions on Worksheet 2.0 have been answered with “N/A” to

indicate their non-applicability to this request.

[T1I. TCEQ Comment #2

Comment
Confirm the locations of the 6 diversion points comprising the upstream and downstream limits of the
three diversion reaches. The coordinates indicated on the maps in Attachment 1 are not consistent with

the coordinates provided in Worksheets 3.0.

Response

The source of the noted reach limit coordinate inconsistency has been identified in the electronic version
of the amendment application and has been addressed. The revised Worksheet 3.0 forms for each reach
limit are included in Appendix 4. Coordinates in the revised worksheets are consistent with the maps in
the Supplement to Applications for Water Right Amendments for Diversion from the Brazos River

submitted as part of the original amendment application.

IV. TCEQ Comment #3

Comment
Provide the following information in support of the request to authorize the bed and banks of Jones Creek
and Oyster Creek to convey water, or, in the afternative, provide evidence showing that use of the bed and

banks of Jones Creek and Oyster Creek is already authorized.
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Response

Responses to TCEQ's comments regarding the bed and banks of Jones and Oyster Creeks are provided in
the following sections. The amendment application does not seek a new appropriation of water but rather
seeks to expressly incorporate into CA 12-5171 GCWA's current authorization to use the bed and banks of
Jones and Qyster Creeks, portions of which comprise part of GCWA's existing American Canal System. CA
12-5171, as amended, is already authorized to use the diversion point on the Brazos River associated with
the American Canal System. This conveyance, including portions of Jones Creek and Oyster Creek, is a
long-established feature developed primarily by the early 1940s that is originally associated with pre-
Certificate water rights and subsequently affirmed by TCEQ as a right that carried forward under CA 12-
5168. Included in Appendix 5 is a document from the Texas Commission on Environmental Quality (TCEQ)
confirming GCWA's authorization to use the bed and banks of Jones and Oyster Creeks. Also included in
the appendix are historical documents of the canal demonstrating acceptance of the canal surveys by the
Board of Water Engineers. To support the request for express incorporation of this bed and banks
authorization into CA 12-5171, which we believe is a mere clarification of the existing authorization
recognized under CA 12-5168 and applicable to all water under the control of GCWA, the applicant is

providing the requested supporting information.

V. TCEQ Comment #3a

Comment
Provide a completed Worksheet 3.0 for the diversion point at the end-point of the 42-mile conveyance

reach. Staff notes that the discharge point identified in Worksheet 4.1 is the beginning point of the reach.

Response
The requested Worksheet 3.0 for the specified point, identified in the worksheet as GCWA Point #1c, is

provided in Appendix 6. Supporting overview and diversion point maps are included in Appendix 7, with

property access documentation in Appendix 8.

As illustrated in Figure 2 of Appendix 7, GCWA Point #1c reflects the location where the American Canal
branches off from Oyster Creek and conveys flow previously introduced into Oyster Creek by GCWA

eastward through constructed canal infrastructure. This location is not a new diversion point, but rather
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is a long-established feature of the American Canal System which was primarily developed by predecessor

organizations to GCWA between 1905 and the early 1940s.
VI. TCEQ Comment #3b

Comment

Provide the study documenting the method used to calculate the 20% conveyance loss value for the

requested bed and banks reach, as described in Worksheet 4.0, item b.

Response

A study documenting analysis of conveyance loss in the GCWA system is included in Appendix 9. It should
be noted that canal loss rates within GCWA's canals vary with specific location, flow, and other conditions.
The 20 percent conveyance loss value indicated in Worksheet 4.0 is intended to reflect a conservative
estimate of potential loss for the overall American Canal system, of which Jones and Oyster Creeks

constitute a portion.

VII. TCEQ Comment #3c

Comment 3

Provide a completed Worksheet 5.0, section 2, including measures to avoid impingement and entrainment
of aquatic organisms, an assessment of the quantity and quality of flows remaining after the proposed
diversion to meet instream uses and bay and estuary freshwater inflow requirements, and water quality
information for the conveyed water. Water chemistry information should include, but not be limited to,

the following parameters: chlorides, sulfates, total dissolved solids, pH, and temperature.

Response

As with GCWA's three diversion locations on the Brazos River, the American Canal’s inclusion of portions
of Jones and Oyster Creek and the exit of Oyster Creek at GCWA Point #1c are existing and long-established
features; the conveyance for the proposed bed and banks authorization is a clarification to expressly
incorporate the authorization into CA 12-5171. Because the applicant and the application does not
propose constructing new stream intake facilities at this time, the measures taken to avoid impingement

and entrainment of aquatic organisms are the same as those on the existing structures.
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Flows exiting Oyster Creek at GCWA Point #1c are derived from water previously introduced by GCWA
into an existing conveyance through Jones and Oyster Creeks, including flows previously diverted from
the Brazos River under existing authorizations; GCWA is not seeking appropriation of new water from
Jones and Oyster Creeks. Instream flows in the Brazos River and flows remaining for bay and estuary
inflow are a function of the flow in the Brazos River at the time of river diversion and the authorizations

associated with the source water.

Based on experience with this bed and banks conveyance, the applicant anticipates changes in the quality

of water conveyed through Jones and Oyster Creek due to the proposed amendment to be de minimis.

VIII. TCEQ Comment #4

Comment

Explain the responses in Worksheet 4.0, items ci and cii. Based on Staff's understanding of the application,
the water to be conveyed under the requested bed and banks authorization is run-of-river water authorized
under Certiﬁcdte of Adjudr‘catibn Nos. 12-5168, 12-5 171, and 12-5322, as amended. The response to item
ci indicates the source of the water to be conveyed to be water originating from a surface water contract.
The response in item cii indicates that other alternate sources will be discharged for conveyance in the bed
and banks of Jones and Oyster Creeks. If the application requests water that is not authorized under
Certificate of Adjudication Nos. 12-5168, 12-5171 and 12-5322, provide detailed information on those

alternate sources and contracts.

Response

GCWA's use of water from the Brazos River includes diversion of flow authorized under Certificates of
Adjudication 12-5168, 12-5171, and 12-5322 as well as water from the BRA diverted pursuant to a number
of contracts. The applicant seeks clarification, through express incorporation of its bed and banks
authorization acknowledged by TCEQ as having carried forward from pre-adjudication rights under CA 12-

5168, to convey run-of-river water authorized under CA 12-5168, 12-5171, 12-5322 as well as alternate
sources including:
e Existing and future BRA contracts to GCWA or facilitated by GCWA;

e Contracts identified and procured in the future from other entities; and

e Other supplies identified and procured in the future.
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Information on the current BRA contracts is included in Appendix 2. Because Jones and Oyster Creek
function as an integrated stretch of the American Canal System, the conveyance of current and future
water supplies under the control of GCWA, regardless of source, is integral to the flexibility and goals

described in the application.

IX. TCEQ Comment #5

Comment

Remit fees in the amount of 5889.54 as described below. Please make check payable to the Texas

Commission on Environmental quality or the TCEQ.

Response
Fees in the amount of $889.54 will be remitted to TCEQ as specified in the December 27, 2018 letter.

X. Other Comments

Comment

Note that as of December 18, 2018, one or more of the Texas Water Development Board’s (TWDB) Water

Use Surveys have not been received and/or declared administratively complete by the TWDB.

Response
GCWA has completed and submitted the TWDB 2017 Water Use Survey, which is included in Appendix 10

to this memorandum.
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3. Bed and Banks. TWC § 11.042 (Instructions, Page 13)

a. Pursuant to contract, Applicant requests authorization to convey, stored or conserved water
to the place of use or diversion point of purchaser(s) using the bed and banks of a
watercourse? TWC § 11.042(a). Y/N Y

If yes, submit a signed copy of the Water Supply Contract pursuant to 30 TAC §§ 295.101 and
297.101. Further, if the underlying Permit or Authorization upon which the Contract is based
does not authorize Purchaser’s requested Quantity, Purpose or Place of Use, or Purchaser’s
diversion point(s), then either:

1. Purchaser must submit the worksheets required under Section 1 above with the Contract

Water identified as an alternate source; or
2. Seller must amend its underlying water right under Section 2.

b. Applicant requests to convey water imported into the state from a source located wholly
outside the state using the bed and banks of a watercourse? TWC § 11.042(a-1). Y /N N

If yes, submit: worksheets 1.0, 2.0, 3.0, 4.0, 5.0, 7.0, 8.0, Maps and fees from the list below.

c. Applicant requests to convey Applicant’s own return flows derived from privately owned
groundwater using the bed and banks of a watercourse? TWC § 11.042(b). Y /N N

If yes, submit: worksheets 1.0, 2.0, 3.0, 4.0, 5.0, 7.0, 8.0, Maps, and fees from the list below.

d. Applicant requests to convey Applicant’s own return flows derived from surface water using
the bed and banks of a watercourse? TWC § 11.042(c). Y /N N

If yes, submit: worksheets 1 .0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, Maps, and fees from the list below.

*Please note, if Applicant requests the reuse of return flows belonging to others, the
Applicant will need to submit the worksheets and documents under Section 1 above, as the
application will be treated as a new appropriation subject to termination upon direct or

indirect reuse by the return flow discharger/owner.

e. Applicant requests to convey water from any other source, other than (a)-(d) above, using the
bed and banks of a watercourse? TWC § 11.042(c). Y/N v

If yes, submit: worksheets 1.0, 2.0, 3.0, 4.0, 5.0, 7.0, 8.0, Maps, and fees from the list below.

Worksheets and information:

¢ Worksheet 1.0 - Quantity, Purpose, and Place of Use Information Worksheet

¢ Worksheet 2.0 - Impoundment/Dam Information Worksheet (submit one worksheet for
each impoundment or reservoir owned by the applicant through which water will be
conveyed or diverted)

¢ Worksheet 3.0 - Diversion Point Information Worksheet (submit one worksheet for the

downstream limit of each diversion reach for the proposed conveyances)

Worksheet 4.0 - Discharge Information Worksheet (for each discharge point)

Worksheet 5.0 - Environmental Information Worksheet

Worksheet 6.0 - Water Conservation Information Worksheet

Worksheet 7.0 - Accounting Plan Information Worksheet

Worksheet 8.0 - Calculation of Fees; and Fees calculated - see instructions Page. 34

Maps - See instructions Page. 15.

Additional Documents and Worksheets may be required (see within).

TCEQ-10214C (07/19/2017) Water Rights Permitting Availability Technical Information Sheet Page 3 of 23
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Appendix 2 Summary of Existing BRA Contracts Diverted by GCWA

I. Overview

GCWA'’s use of water from the Brazas River includes diversion of flow authorized under Certificates
of Adjudication (CA) 12-5168, 12-5171, and 12-5322 held by GCWA as well as water from the Brazos
River Authority (BRA) diverted pursuant to a number of contracts and authorized under Certificates

of Adjudication and water right permits held by BRA.

Il. Source Water Rights

Major authorizations held by BRA in the Brazos River Basin, including those which may be utilized to

meet downstream contractual water needs, are summarized in Table 1.

Table 1. BRA Authorizations

12-5155 Reservoir (Possum Kingdom)

12-5156 Reservoir (Granbury)

12-5157 Reservoir (Whitney)

12-5158 Reservoir (Aquilla)

12-5159 Reservoir (Proctor)

12-5160 Reservoir (Belton)

12-5161 Reservoir (Stillhouse Hollow)

12-5162 Reservoir (Georgetown)

12-5163 Reservoir {Granger)

12-5164 Reservoir (Somerville)

12-5165 Reservoir (Limestone)

12-5166 Run-of-River

12-5167 Reservoir System*

12-2925 Reservoir (Allens Creek)

12-5851 Reservoir System
*CA 12-5167 authoarizes transfer to the adjoining coastal

basin at the priority of the saurce reservoir autharization.

It does not increase total authorized diversion volume.

2-1



Summary of Existing BRA Contracts Diverted by GCWA Appendix 2

lll. Contracts

GCWA'’s diversion of water originating from BRA authorizations is associated with multiple supply

agreements and includes:

e Contracts from BRA to GCWA.

s Contracts from BRA to entities which subsequently assign their contract to GCWA or
designate GCWA as their agent and rely on GCWA diversion and conveyance infrastructure.

e Contracts from BRA to other entities which retain their contracts and rely on GCWA
diversion and conveyance infrastructure.

e Contracts from BRA to other entities which assign their contract or otherwise commit supply

to GCWA on a temporary basis.

These BRA supply contracts vary in individual terms and conditions and range from long term
contracts for firm stored water to short term interruptible supply agreements. As such, the specific
contracts and volumes may vary from year to year. A summary of current BRA water supply

agreements held or facilitated by GCWA as of January 2019 is included in Table 2.

Table 2. Current BRA Supply Contracts

7401-01 Gulf Coast Water Authority
3105-02 Gulf Coast Water Authority
3105-03 Gulf Coast Water Authority
3105-17 Gulf Coast Water Authority
3105-18 Gulf Coast Water Authority
3105-19 Gulf Coast Water Authority

3105-SUBd Pecan Grove MUD
3105-5UB 18 | NRG Texas, LLC
SUGAR LAND 10 | City of Sugar Land

3105-Sub 18.1 | City of Rosenberg

3105-20 Brad Bulanek
3105-21 D .J. & Ashley Bulanek Farms
3105-22 Bulanek Grain & Cattle Co., LLC

2-2



Appendix 2 Summary of Existing BRA Contracts Diverted by GCWA

3105-24 Nelson Bulanek

3105-25 Gulf Coast Farms

3105-26 CaK Farms Inc.

3105-27 Clayton Kreft

3105-28 Gage Hersey
" 3105-29 Noah Estrada

3105-30 Jacob Eversole

3105-31 Donald Joe, Ir & Sharon K. Bulanek

3105-32 Garrett Harvey Farms

3105-33 Casey & Jeri Smith

3105-34 Jacko & Nancy Garrett Farms

3105-35 Christian Services, LLC

3105-36 Scott Hairston

3105-37 Dean Halewyn
3105-38 Matt Frank
3105-39 Pat & Vanessa Bulanek

3105-40 Hlavinka Cattle Company, JV

3105-41 Travis Johnson

3105-42 Thomas H. Journeay, JR

3105-43 Mowery Farms

3105-44 Bonney Farms Inc.

3105-45 David & Barbara LeCompte

3105-46 Jerry & Arlene Miller, JV

3105-47 Mock Farms

3105-48 Wade & Stephanie Mock

3105-49 Ronald & Terri Duke

3105-50 Olsavsky Farms J.V.

3105-51 Vincent Peltier

3105-52 Tyler Powell
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3105-53 WRW Farms

3105-54 Max Wollam & Sons
3105-55 Matthew Robinson
3105-56 Zack Frank

3105-57 Dumesnil Farms JV
3105-58 Mark Tomlinson

3105-59 Matthew Hairston
3105-60 Loop T Loop Farms

3105-61 Seth Tomlinson
106612-01 Bieri & Son
106613-01 lerry & Arlene Miller, JV

2-4
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WORKSHEET 2.0
Impoundment/Dam Information

This worksheet is required for any impoundment, reservoir and/or dam. Submit an additional
Worksheet 2.0 for each impoundment or reservoir requested in this application.

If there is more than one structure, the numbering/naming of structures should be consistent
throughout the application and on any supplemental documents (e.g. maps).

1. Storage Information (Instructions, Page. 21)
a. Official USGS name of reservoir, if applicable: M2

b. Provide amount of water (in acre-feet) impounded by structure at normal maximum
operating level: M .

. The impoundment is on-channe] &+ or off-channel ¥ (mark one)

g]

1. Applicant has verified on-channel or off-channel determination by contacting
Surface Water Availability Team at (512) 239-4691? Y /N /A

2. If on-channel, will the structure have the ability to pass all State Water inflows
that Applicant does not have authorization to impound? Y /N n/A

=

Is the impoundment structure already constructed? Y /N N/A

i.  For already constructed on-channel structures:

1. Date of Construction: N/A

2. Was it constructed to be an exempt structure under TWC § 11.1427 Y /N N/A
a. If Yes, is Applicant requesting to proceed under TWC § 11.143? Y /N N/A
b. If No, has the structure been issued a notice of violation by TCEQ? Y /N N/A

3. Isita U.S. Natural Resources Conservation Service (NRCS) (formerly Soil
Conservation Service (SCS)) floodwater-retarding structure? Y /NN/A
a. If yes, provide the Site No. ¥ ____and watershed project name_"*
b. Authorization to close "ports” in the service spillway requested? Y /N NfA

ii. For any proposed new structures or modifications to structures:

1. Applicant must contact TCEQ Dam Safety Section at (512) 239-0326, prior to
submitting an Application. Applicant has contacted the TCEQ Dam Safety
Section regarding the submission requirements of 30 TAC, Ch. 2997 Y /N N/A
Provide the date and the name of the Staff Person»

2. As aresult of Applicant’s consultation with the TCEQ Dam Safety Section, TCEQ
has confirmed that:
a. No additional dam safety documents required with the Application. Y /N N/A
b. Plans (with engineer’s seal) for the structure required. Y / NjN/A
¢. Engineer's signed and sealed hazard classification required. Y /N N/A
d. Engineer's statement that structure complies with 30 TAC, Ch. 299 Rules
required. Y /N N/A

TCEQ-10214C (07/19/2017) Water Rights Permitting Availability Technical Information Sheet Page 11 of 23



3. Applicants shall give notice by certified mail to each member of the governing
body of each county and municipality in which the reservoir, or any part of the
reservoir to be constructed, will be located. (30 TAC § 295.42). Applicant must
submit a copy of all the notices and certified mailing cards with this
Application. Notices and cards are included? Y / N N/A

1ii. Additional information required for on-channel storage:

1. Surface area (in acres) of on-channel reservoir at normal maximum operating
level: N/A

2. Based on the Application information provided, Staff will calculate the drainage
area above the on-channel dam or reservoir. If Applicant wishes to also
calculate the drainage area they may do so at their option.

Applicant has calculated the drainage area. Y/N N/A

If yes, the drainage area is» sq. miles.

(If assistance is needed, call the Surface Water Availability Team prior to
submitting the application, (512) 239-4691).

2. Structure Location (Instructions, Page. 23)

a. On Watercourse (if on-channel) (USGS name): VA

b. Zip Code; »»

c. In the M Original Survey No. 4 , Abstract
No, , A County, Texas.
* A copy of the deed(s) with the recording information from the county records must be
submitted describing the tract(s) that include the structure and all lands to be
inundated.
**If the Applicant is not currently the sole owner of the land on which the structure is
or will be built and sole owner of all lands to be inundated, Applicant must submit
documentation evidencing consent or other documentation supporting Applicant’s
right to use the land described.

d A Point on the centerline of the dam (on-channel) or anywhere within the impoundment
(otf-channel) is:
Latitude ‘N, Longitude »» W.
*Provide Latitude and Longitude coordinates in decimal degrees to at least six decimal
places

di. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program):

dii. Map submitted which clearly identifies the Impoundment, dam (where applicable), and the

lands to be inundated. See instructions Page. 15. Y /N N/A
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Appendix 4

Revised Worksheet 3.0 Forms for Proposed Upstream
and Downstream Reach Limits



WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
on supplemental documents (e.g. maps).

1.

a.

®

Diversion Information (Instructions, Page. 24)
This Worksheet is to add new (select 1 of 3 below):

1. WA Diversion Point No.
2. ccwaroni#ia  pstream Limit of Diversion Reach No.
3. Na Downstream Limit of Diversion Reach No.

Maximum Rate of Diversion for this new point cfs (cubic feet per second)
Or 270000 gpm (gallons per minute)

Does this point share a diversion rate with other points? Y /NY
If yes, submit Maximum Combined Rate of Diversion for all
points/reachess cfs orzom gpm

For amendments, is Applicant seeking to increase combined diversion rate? Y /NN

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

Check (¥) the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one

X Directly from stream Existing

From an on-channel reservoir

From a stream to an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has calculated the drainage area. Y/NN
If yes, the drainage area is™ sq. miles.

(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)
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2. Diversion Location (Instructions, Page 25)

a. On watercourse (USGS name): sawsnse

b. Zip Code: 7

c. Location of point: In the Chuehil Fushear Grant Orjginal Survey No. 2 | Abstract
No._z , FertBend County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or other
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a recorded easement, a land lease, a contract, or a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Point is at:

Latitude 2os:cz2 ‘N, Longitude sssoz2i7s W.
Provide Latitude and Longitude coordinates in decimal degrees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program): es

£ glap submitted must clearly identify each diversion point and/or reach. See instructions
age. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.

N/A
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WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
on supplemental documents (e.g. maps).

1.

a.

®

Diversion Information (Instructions, Page. 24)
This Worksheet is to add new (select 1 of 3 below):

1. A Diversion Point No.
2. Na Upstream Limit of Diversion Reach No.
3. EoWA Panl Al Downstream Limit of Diversion Reach No.

Maximum Rate of Diversion for this new points® cfs (cubic feet per second)
OF 27000 gpm (gallons per minute)

Does this point share a diversion rate with other points? Y /NY
If yes, submit Maximum Combined Rate of Diversion for all
points/reachess® cfs orznow gpm

For amendments, is Applicant seeking to increase combined diversion rate? Y /NN

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

Check (¥) the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one

¥ Directly from stream Existing

From an on-channel reservoir

From a stream to an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has calculated the drainage area. Y/N N
If yes, the drainage area is"* sqg. miles.

(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)
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2. Diversion Location (Instructions, Page 25)

a. On watercourse (USGS name); fewnwer

b. Zip Code;
¢. Location of point: In the Chuehil Fushear Grant Original Survey No. v , Abstract
No.2 , FonBend County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or other
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a recorded easement, a land lease, a contract, ov a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Pointis at:
Latitude 2983058 ‘N, Longitude 25302208 W.
Provide Latitude and Longltude coordinates in decimal degrees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program): ss

f. Map sugmjtted must clearly identify each diversion point and/or reach. See instructions
Page. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.

N/A
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WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
on supplemental documents (e.g. maps).

1.

a.

C.

®

Diversion Information (Instructions, Page. 24)
This Worksheet is to add new (select 1 of 3 below):

1. NaA Diversion Point No.
2. Sowapen#a [Jpstream Limit of Diversion Reach No.
3. A Downstream Limit of Diversion Reach No.

Maximum Rate of Diversion for this new point:® cfs (cubic feet per second)
Or 2700 gpm (gallons per minute)

Does this point share a diversion rate with other points? Y /NY
If yes, submit Maximum Combined Rate of Diversion for all
points/reachess® cfs orzose gpm

For amendments, is Applicant seeking to increase combined diversion rate? Y /NN

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

Check (v) the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one

Directly from stream Existing

\/
N

From an on-channel reservoir

From a stream to an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has calculated the drainage area. Y /NN
If yes, the drainage area is sq. miles.

(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)
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2. Diversion Location (Instructions, Page 25)
a. On watercourse (USGS name): ssw i

b. Zip Code: n=

¢. Location of point: In the ThemasBamettGant Qriginal Survey No. ¥4 , Abstract
No._r , FeriBend County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or other
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a vecorded easement, a land lease, a contract, or a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Pointis at:

Latitude 2950412 -N. Longitude 05554569 W.
Provide Latitude and Longitude coordinates in decimal degrees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program): cs

£ %’Iap sg]samitted must clearly identify each diversion point and/or reach. See instructions
age. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.
N/A
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WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
on supplemental documents (e.g. maps).

1. Diversion Information (Instructions, Page. 24)
a. This Worksheet is to add new (select 1 of 3 below):
1. A Diversion Point No.

2. Na Upstream Limit of Diversion Reach No.
3. GCWA Poini 420 Downstream Limit of Diversion Reach No.

b. Maximum Rate of Diversion for this new point:® cfs (cubic feet per second)
Oor’ 270.000 gpm (gallons per minute)

¢. Does this point share a diversion rate with other points? Y /NY
If yes, submit Maximum Combined Rate of Diversion for all
points/reachess® cfs or 2o gpm

d. For amendments, is Applicant seeking to increase combined diversion rate? Y /NN

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

e. Check (V) the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one
X Directly from stream Existing

From an on-channel reservoir

From a stream to an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

f. Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has calculated the drainage area. Y /NN
If yes, the drainage area is» sq. miles.

(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)
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2. Diversion Location (Instructions, Page 25)
a. On watercourse (USGS name): s e

b. Zip Code: ==

c. Locatjon of point: In the ThemssBametiGanl (Qriginal Survey No. ¥ , Abstract

No._? , Fengend County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or otheyr
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a recorded easement, a land lease, a contract, or a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Pointis at:
Latitude 203502976 'N, Longitude 95552743 W.
Provide Latitude and Longitude coordinates in decimal degrees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program): es

f. %iap submitted must clearly identify each diversion point and/or reach. See instructions
age. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.

N/A
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WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
on supplemental documents (e.g. maps).

1. Diversion Information (Instructions, Page. 24)
a. This Worksheet is to add new (select 1 of 3 below):

1. naA Diversion Point No.
2. ccwaromiiza  [Jpstream Limit of Diversion Reach No.
3. Na Downstream Limit of Diversion Reach No.

b. Maximum Rate of Diversion for this new points» cfs (cubic feet per second)
Or; 20000 gpm (gallons per minute)

c. Does this point share a diversion rate with other points? Y /NY
If yes, submit Maximum Combined Rate of Diversion for all
points/reaches=® cfs orznom gpm

d. For amendments, is Applicant seeking to increase combined diversion rate? Y /NN

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

e. Check () the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one
X Directly from stream Existing

From an on-channel reservoir

From a stream to.an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

f. Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has calculated the drainage area. Y /NN

If yes, the drainage area is sq. miles.
(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)
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2. Diversion Location (Instructions, Page 25)

a. On watercourse (USGS name); e e

b. Zip Code: =
c. Location of point: In the “WiamPetusGant  (Qriginal Survey No. M , Abstract
No._ss , FonBond County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or other
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a recorded easement, a land lease, a contract, or a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Point is at:
Latitude 2ssss27e "N, Longitude sssses W.
Provide Latitude and Longitude coordinates in decimal degrees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program): es

f. Map sggmitted must clearly identify each diversion point and/or reach. See instructions
Page. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.

N/A
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WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
on supplemental documents (e.g. maps).

1. Diversion Information (Instructions, Page. 24)
a. This Worksheet is to add new (select 1 of 3 below):
1. NA Diversion Point No.
2. hm Upstream Limit of Diversion Reach No.
3. GCWA Point #3b Downstream Limit of Diversion Reach No.

b. Maximum Rate of Diversion for this new point:® cfs (cubic feet per second)
OF 270000 gpm (gallons per minute)

0o

Does this point share a diversion rate with other points? Y /NY
If yes, submit Maximum Combined Rate of Diversion for all
points/reaches cfs orzro gpm

d. For amendments, is Applicant seeking to increase combined diversion rate? Y /NN

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

®

Check (V) the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one

Directly from stream Existing

S
N

From an on-channel reservoir

From a stream to an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

f. Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has calculated the drainage area. Y /N N

If yes, the drainage area is»* sq. miles.
(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)
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2. Diversion Location (Instructions, Page 25)

a. On watercourse (USGS name): s

b. Zip Code: r==

¢. Location of point: In the WiamPetusGrant  Qriginal Survey No. va , Abstract
No._ss , FoBend County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or other
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a recorded easement, a land lease, a contract, or a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Point is at:
Latitude zo4ss0s5 "N, Longitude ssssico W.
Provide Latitude and Longitude coordinates in decimal degrees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program):es

f. Map submitted must clearly identify each diversion point and/or reach. See instructions
Page. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.

N/A
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Appendix 5-A

TCEQ Letter



Bryan W. Shaw, Ph.D., Chairman
Carlos Rubinstein, Commissioner
Toby Baker, Commissioner

Zak Covar, Executive Dircctor

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Protecting Texas by Reducing and Preventing Pollution

September 14, 2012

Ms. Molly Cagle, Partner

Baker Botts L.L.P.

98 San Jacinto Boulevard, Suite 1500
Austin, Texas 78701

Re:  Gulf Coast Water Authority; Certificate of Adjudication No. 12-5168
217z

Dear : e:

We have reviewed the request from Gulf Coast Water Authority (GCWA) concerning
Certificate of Adjudication No. 12-5168, which was issued after the adjudication of
Permit No. 1040, and the right to use the bed and banks of Jones and Oyster Creeks. As
stated in the Adjudication Engineer’s Report, Permit No. 1040, issued in 1927,
authorized the use of the “channel and banks” of Jones and Oyster Creeks for the

conveyance of water.

The Final Determination in the Brazos River Basin and Brazos-San Jacinto Coastal
Basin (Final Determination) dated June 26, 1985, includes section 5(c), which states, in
part, that all of the terms and conditions stated in permits or amended certified filings
shall continue in full force and effect, except for obsolete, irrelevant or immaterial terms
and conditions. The Final Judgment and Decree of the 26t Judicial District of
Williamson County (Final Decree) entered November 24, 1986, affirmed the Final
Determination. Therefore, I confirm that, based on the Final Determination and the
Final Decree, GCWA is authorized to use the bed and banks of Jones and Oyster Creeks.

If you have any questions, please don’t hesitate to call me at 512/239-0665.

Sincerely,

Caroline M-
Deputy Director
Office of Legal Services

P.0.Box 13087 -~ Auslin, Texas 78711-3087 ¢ 512-239-1000 °  tceq.texas.gov

How is our cuslomer service?  tceq.texas.gov/customersurvey
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Appendix 5-B

Historical Survey Documents
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Appendix 6

Worksheet 3.0 for GCWA Point #1c



WORKSHEET 3.0
DIVERSION POINT (OR DIVERSION REACH) INFORMATION

This worksheet is required for each diversion point or diversion reach. Submit one Worksheet
3.0 for each diversion point and two Worksheets for each diversion reach (one for the upstream
limit and one for the downstream limit of each diversion reach).

The numbering of any points or reach limits should be consistent throughout the application and
" on supplemental documents (e.g. maps).

1. Diversion Information (Instructions, Page. 24)
a. This Worksheet is to add new (select 1 of 3 below):

1. cowarenitc  Diversion Point No.
2. Upstream Limit of Diversion Reach No.
3. ________ Downstream Limit of Diversion Reach No.

b. Maximum Rate of Diversion for this new point:+ =< cfg (cubic feet per second)
or N gpm (gallons per minute)

c. Does this point share a diversion rate with other points? Y / NN/A
If yes, submit Maximum Combined Rate of Diversion for all
points/reaches™* cfs orm gpm

d. For amendments, is Applicant seeking to increase combined diversion rate? Y /N N/A

** An increase in diversion rate is considered a new appropriation and would require
completion of Section 1, New or Additional Appropriation of State Water.

e. Check (V) the appropriate box to indicate diversion location and indicate whether the
diversion location is existing or proposed):

Check Write: Existing or Proposed
one
X Directly from stream Existing

From an on-channel reservoir

From a stream to an on-channel reservoir

Other method (explain fully, use additional
sheets if necessary)

f. Based on the Application information provided, Staff will calculate the drainage area
above the diversion point (or reach limit). If Applicant wishes to also calculate the
drainage area, you may do so at their option.

Applicant has ca}culated the drainage area. Y /NN
If yes, the drainage area is* sq. miles.

(If assistance is needed, call the Surface Water Availability Team at (512) 239-4691, prior to
submitting application)

TCEQ-10214C (07/19/2017) Water Rights Permitting Availability Technical Information Sheet Page 13 of 23



2. Diversion Location (Instructions, Page 25)
a. On watercourse (USGS name); osmeeres

b. Zip Code:

c. Location of point: In the WiiamStilordGrant  (Qriginal Survey No. v , Abstract
No. e . Fort Bend County, Texas.

A copy of the deed(s) with the recording information from the county records
must be submitted describing tract(s) that include the diversion structure.

For diversion reaches, the Commission cannot grant an Applicant access to
property that the Applicant does not own or have consent or a legal right to
access, the Applicant will be required to provide deeds, or consent, or other
documents supporting a legal right to use the specific points when specific
diversion points within the reach are utilized. Other documents may include, but
are not limited to: a recovded easement, a land lease, a contract, or a citation to
the Applicant’s right to exercise eminent domain to acquire access.

d. Pointis at:

Latitude s 'N’ Long'itude 5.591858 ‘W.
Provide Latitude and Longitude coordinates in decimal degvees to at least six
decimal places

e. Indicate the method used to calculate the location (examples: Handheld GPS Device, GIS,
Mapping Program): ss

f. Map submitted must clearly identify each diversion point and/or reach. See instructions
Page. 38.

g. If the Plan of Diversion is complicated and not readily discernable from looking at the
map, attach additional sheets that fully explain the plan of diversion.

N/A

TCEQ-10214C (07/19/2017) Water Rights Permitting Availability Technical Information Sheet Page 14 of 23
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Maps for GCWA Point #1c
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Appendix 8

Access Documentation for GCWA Point #1c
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consideration therein expresssfl and that ahe A14 nat’wlah to retract it.
G1ven und=r my hané and seal of offics this 1% day of Fevrusry, 19i5.
L,8.) ' . Ioa T, Lowie, Notary Publie in and for,

Xing Oounty, Yashington.

ETATE OF ILLINOIS ) < i ’ ' ; . T

couwTr oF oot ) ) * - . . ﬁ P
- Bofora me, the undsraigood suthority, = Motary Publis in mnd for seid County apd . o

Stats, on this day psretnally appeared Ediwh O'Connell knsen %o me %o be the person whase :

nsne 18 subpcrided to the torrl'c.lns instrument and who soxnomledzed to mo that she had .;.uu-ud ’ - :

the sane Tor ths purposss .nd aonsideration tharsln expresseds u " E

Oiven under my hand and seal of arﬂ.u this 22 day of J-nuuy, 1945,
,9,) o . w w D, Preston Oriffin, Nuur; Publia in mnd for, :

Yook County, I1linois.
$0.55 1.8, ‘Stanp eandelled.
Tiled for reccrd Fab. 20, 195 at 9 o'olosk A, '
Reoorded Maroh 31, 19!;5 =t 5125 o 'cloax A.H.

’ 2 . €. D, Myers, Counzy Clerk e

: . : Fert Bong Gounty, Texnm : @ g
B@L@mnewtr . .
Suga.rll.;\d Intustries - ¥ 5 o . T ".:\,
To fu7s6s " "DEED P Dared < Dooember 14, 2943 ;
Anerican Canal Cospeny cﬁﬂl"m . ’ . '
INT BTATE OF TEMS ) ; A v

COUNTY OF F2. BRI ) ) .

_ENOW AL EEN BT THEIZ FRESENTEM “Tage Toe Bugariznd Industriss, n“lrl.z through and by
ita truatees, WM. Renpm. and P.W. Xeopner, regldent oltltens of Gulvaston County, Texas,
¥aizer ., Woodyl, a resident pitizen of Rarris County, -'l‘nzu, and 0, D, Uirich, n reaident
eitizen of Fort Bend County, Texas, vho aot horeln in thelr sald n;p-m!.uu Bs truatees, in
sonsildsration of The suz of §1267.00 to us in hana psld by Acorican Canal Cocpany, a eorpar= Y e E
ation having 1ts docicile in Heuston, Rarris County, Toxas, the recclpt wherrof im hereby
acknomleéged, have grantad, bargained, sold n'nﬂ..uehn_'-d, and by those prusents fa grant,

bargain, sell and convey, Sui,-uhjaor To the provisions hereof,” and only for thes purposss hore=
inafter stated, unto the said Amgrican Canal Cospany, ll_l‘ that ocertain troct of land situated
in Tort Bend County, Temo, boing & part of the Fallian Brarford Lesgue ana thop described!

Bsgiraing at & point in the West right of war Lline of a Publio Road knomn as "Lester
Lane®, snid point bolng 923.2 fuot Nooth and Nu BY dsg. 15' Y. L0, foot af the interspcticn of
the oenter Mines of said Loater Land and the Aysnue Road;

Thenoe K. 85 dog, 15" W. 1093.4 rnn to & point on the ngiht ‘bank of O:nur Cresk, . .
ase point teing at-the water's adge of lna. Oyeorar Croek; . !
Thence 3. 2k deg. 1' I, 250.5 feet to & point In matd right bank of Orster Creek, sats
point being &t tho water's edge of said Crater Crack; P '

Thenos B5. EE deg. :5' T. 1739 teet toa pune:" !mni- B, 2 aeg. 35-' ¥. 1773 feet to i
‘s Point An the ¥orsh bank of a- .'La.kq : - n 2R
Thenon 8. 76 dege 50" 2. 3567 fast ta n point n the 121d Forth banx of mu; .
Thenos M. & degs 57* %o 278 Teot to o pornt; '
" Thenos B. BB deg. 15' E. 976 feot to A point In the Yast right of way Lins of

Le -‘ or Lane}




L.

Thanoe Hs 5 dog. 38' ¥, 201.E fent along ths Yest right of way lihl.hf Lyster Lana
" %o the place of bBegLAnARg An4 oantalolng 16.80 scres of land, sors or lesa, cot of the M=,
Btartore l-ua\-u an Fort Dana County, Texas, but thore 1s sxcepied hersZroa and not ponveyed
hcm‘br, ths following dmsori bed parts thersof, toewitl ’ '
1.19 aores and 6,53 acres beratofors canveyed to the Brazos Yalley Irrigetion Cozpany
by &sed dated Janusry 12, 1937, Tecordsd in Val. 167 comnsnoing on pags 228 of ths Dasd Recoras

of Fort @end County, Texas, ant alss thl 1/2 mere Toroerly’ known ag Starfora Cnnnu-; an

tor 83 Adaop Cometery traos, whish traot is dasscribel as fnlluuul

Begin for nnnnnuon—l‘; A paint in thl;-.;s—ht or n.y 2ins or a Publia Raad
own aa Lostor Lane® » asid polnt balng 923.9 Teet “eﬂh ana N, 88 dog. 15' W. LO3 feaz
of $he Antarscotion of the aenter lines of sald Leater '-lﬂl ané the Avenus Road;
' Thencs H, 84 dege 15' W. 3093.4 feut to a point on the right bank of Oyster Creak,
' aans PAANT belng at the water's edge of sald U:r-tu- Crook; .
Tnonos B. 24 dog. &' K. 250.4 fast to a point in sald right bonk of Oysusr Creek,
stne point being &t the water's edge of said Oyscer Oreek; ’
Thanca B. 28 deg. 15' E. 1735.0 feet to & point; Thenos 8, 2 dag, 35'°H, :.77 ]
- faot %o & point in the North bank of & laXe. ; . .

T Thenos 5. 76 deg. 50' I, 100 feat to The place of Tepirning, sald b.;;mmg paint

being l.n the Horth benr gr a luo.
Thenoe omtinuing B, 76 dega 50' &, 147,584 feat to a point for sorner;
Thonce N, 13 deg. 10' E, JU7.58% rest 1o A point for sorner;
Toenoe H. 76 doge 50' W.-1U7.584 faet to a point for sarner; .
“\ Theoco B, 13 deg. 10' W, 147,584 feet to the place of boginning and contoining 1/2
ura of 1and gut of the ¥illian Spafford l-ugu- Fort Bend County, Texas, and Wming tha mace

. 1/2 sore dsstribsd in & deed rroz-Aul, Adans, st a1, toH.P. Drought, dated January 5, 1516,

rocordsd in Vole 71, cocsenclhg on page ‘26, and also deseribed in tho dasd Lroo 4, J Am,'

et a1, to Amarioan Canal Gozpany by desd dated April 20, 1943, sna recordsd in Val. 210 p-al
424 of the Dssd Reoords of Fort Bepa ﬂwn:y..hna. the esid 1/2 aore is the caza excepted from
" e sonveynnos by Chass Bosdcksr to.The Sugarland Industries, dated Fob, 1B, 1925 racorded

in Dgoa Records of Fort @and County, Tezos, in Book 116, coomshaing on page 375 and ia the

saae 1/2 sors conveyaed by -l.-’chhnl %0 J,T. Btaftord by desd recorded in pnid records in

P
Bopk I gommanolng on e &, To 81l gf whiah rafer, lea\ing conveysd beroby 8,54 acres of land,

but thers ia #28¢ptad froa dald 6.56 sorss of land al) the nipcrale  of avery olass, kind and :
dsscription, including ut not lioised to oll, ;a'- and aulphur, which may bs of, in and under

siid land, together with the right of egress and ingreos o and from aeld B.55 aeres of land

for the purposss of snloying and uurn;.llw 211 of sald Tights in and b5 mald excopted i
Rinesales " ’
This dpsd 1a made nu‘h}-;:': to the ‘terce of & certaln sepement rade by Alcorn Land-& I -
Izproveaeat Cozpany to Fort Band County Watsr ®ontrol and Ieprovesent Dlatrace No, Ons, whioh

easesant Ls ghown by the inatrunent dstad fwuhr 15, 1977 and recorded in ths Depd Rroards
of Farz Pand County, Texas, in Bapk 172, ocmaneing on page 2M, to whick rafer. -

The only purpossd Tor whieh this Grant 4 £Ads srs that grantes, bis helrs and
asalgna (uup: as otherciss therein stated) shall uss said m& vanveyed only for an irrigat-
lon canal or camals lnoluding, Wt not licitsd to, laterals, a aite LoF PUapAng Rlant and
Appurssiances thareto and upon which 1o srect and malntain Reoensary nﬂng quu-ur- for
e=ployes or e=ployess .n:n;-u in oporating the' pm:ang plant which =ay bo ervotad therson,
and To ﬂ-—!.l!;, the uee of aaid hM for any Dtb-l‘ purpose s5all at alsoilon of grantor, its
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* or ssaignn, the mun of 3?5.00 par acre.

succeszara or n-lgnn zmlmu m- sunn in which event the r.{;he hntn uonvu-t duu

"en to granters 1ts mcuaueu OF mesigns, upon payment by g-rlntur 1] p--ntu, its Icunusuﬂ

Orantas agrees that neither %, ite luuuuarl ncr assigne will gonvey th- ﬁshk
bareln grantsd To.any of waid land, in whu.h or in part, to l.l'l}'unn af African Aesoent, and that
any n:tcnp: to 40 go shall taminato this grant and. thersupan all r:ghh gonvayed ahall revert ,
Jteo g-mnur, 1ts muocessors or nnsgm. '

A part of the oenudemtlun for this dnd ia 'H'la Pronloo and agroezont on the part

of grantess, which agraemnt -mu run mith and following the tiftle.to thia hnd, to aonstrust I .

snd eaintain sufficient drainsge ditches on the Jonds horein doncritied -M. on H:q atsldes .
or Nerth and Scuth Boundary lines of the entire tract.sonveysd :ufﬂ.e!.:n: at all tines %0 toke
care of and take mm::!iu hatursl drainage of thé lands lup:‘lnlﬂx on each pide of the land
eonveyed and now btlungl.ns to 'grantors, n‘n'.I.J as %o taxe care of any wi‘nr which say be
placed in the-irrigation oanal or enruh now on the landa dueﬁ.‘hed h.rnln as -en an a1l of
those which Bay he’roaﬂ:‘r be pliced. th:rnon. :

T0 HAYE r\"D TO HOLD the sbove sonveyasd prmhu. _bul: subjegt to onid oantxunn

w,u‘t_h_n}i and slnguhx- the rights and upur.‘.mmnu thareto in anywise h::ongs.ng,
N o s,

—
except those sxoepted bersfron, unta the asld Aserican Cgnal Company, Lta gsucceseors and assigne
W— --___————--_..
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Water Audit and Water Use Projections
Gulf Coast Wuter Authority Executive Summary

The Gulf Coast Water Authority (GCWA) owns and operates a canal system which pumps water
‘from the Brazos River and Oyster Creek in Fort Bend County and delivers that water to
irrigators, industries and municipalities in Fort Bend, Brazoria and Galveston Counties. The
GCWA is permitted to pump an average of 200.77 million gallons per day (MGD) from the
Brazos River, and divert an average 10.71 MGD from Oyster Creek. The GCWA also holds
contracts to pump an additional 29.16 MGD (average) from the Brazos River, for a total average
rate of 240.64 MGD. The maximum permitted diversion rate is 1,345 cubic feet per second, or

869 MGD.

This study was commissioned to determine the capacity of the canal system, to develop estimates
of unaccounted water gains and losses in the raw water delivery system, and to make

recommendations for system improvements.

CANAL SYSTEM
The GCWA canal system is made up of:
¢ System A: Shannon Pump Station (4 pumps-250,000 gpm capacity)

Jones Creek (18.5 miles)

Oyster Creek (14.75 miles)

8 small lakes (8,925.48 acre-feet capacity)

Second Lift Pump Station (4 pumps - 156,000 gpm capacity)
American Canal (32.3 miles)

Lateral 10 (6.5 miles)

* System B: Briscoe Pump Station (3 pumps - 210,000 gpm capacity)
Briscoe Canal (35 miles)
Monsanto Canal (5.5 miles)
Ranch Canal (10.67 miles)

* GCWA System: Galveston Canal (17.4 miles)
Industrial Reservoir (7,308 acre-feet capacity)

Discharge Canal (4.5 miles)

An overall map of system features is included as Figure 1-1.
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WATER AUDIT

A water audit was conducted for 1996 and 1997 based upon available records. Estimated

pumped diversions were compared with customer deliveries to determine a gross balance. The
source and magnitude of individual gains or losses were then estimated to obtain an overall
balance. System gains include rainfall and collected runoff. System losses include evaporation,
seepage, dam overflows, and changes in reservoir storage. In both years, the calculated
diversions and gains exceeded the system deliveries and losses, indicating that one or more

estimated parameter is incorrect.

Pumped diversions were calculated using daily records of pump run times and inlet conditions.

GCWA pumping rates were verified using available pump curves and energy-use records.

Runoff collected in Jones Creek was calculated empirically using available data. A
precipitation-to-collected-runoff relationship could not be determined for Oyster Creek or the
isolated canal sections that receive runoff. Collected runoff for these segments was estimated

using rainfall records and assumed rates.

Regional evaporation, as calculated by the Texas Water Development Board, was 48.61 inches in

1996. Evaporation data was not available for 1997, so the historic average of 47.81 inches was

assumed.

Regional rainfall records were available from the Texas Water Development Board for 1996 and
from local collection stations for 1997. These amounts, 46.41 inches and 73.16 inches,

respectively, were combined with the evaporation rates to provide a net evaporation gain or loss.

Seepage was calculated from available data for Jones Creek and the Soils Surveys for Galveston,
Fort Bend and Brazoria Counties. Jones Creek loses an average 5.29 feet per year to seepage.
This rate was applied to Jones and Oyster Creeks (both natural channels). The soils under the
Reservoir allow up to 51.1 acre-feet per year to escape through groundwater seepage. This is

less than one inch per year in surface elevation, and was confirmed by observations made during
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a period of canal maintenance in July 1998. Similarly, the soils under the canals allow up to
9009.6 acre-feet per year to escape. System-wide losses of approximately 12,600 acre-feet of

water per year were estimated.

Change in reservoir storage was calculated using surface elevation records for the Industrial
Reservoir and the series of eight reservoirs along Oyster Creek. All canal water levels were

assumed to be equal at the start and end of each period.

Spills occur on Jones Creek, where water is dammed to allow gravity flow into Oyster Creek, -
and on Oyster Creek, where water is dammed to ensure a constant inlet depth for the Second Lift
Pump Station. The dam on Jones Creek is a fixed spillway, and spills were calculated using
daily depth records. The dam on Oyster Creek has automated gates that are controlled by a level

sensor. Available records are insufficient to estimate spills for this dam.

The audit for 1996 indicates 144,400 acre-feet of water was diverted from the Brazos River, and
120,400 acre-feet was delivered to customers; a difference of 24,000 acre-feet or 20 percent of
the total amount delivered. After estimating individual system gains and losses, including 3,400
acre-feet of runoff taken under permit 1467, a net loss of 14,500 acre-feet was estimated, or 12
percent of the total amount delivered. Likely sources of this discrepancy are (1) inaccurate
runoff and spill estimates, (2) high pumping estimates, and/or (3) inaccurate irrigation estimates.
Installation of flow meters at the pump stations will document the pumping rates and eliminate
this uncertainty. Additional data must be collected to accurately calculate runoff and spills

throughout the system.

The audit for 1997 indicates 117,600 acre-feet of water was diverted from the Brazos River, and
120,300 acre-feet was delivered to customers; a difference of 2700 acre-feet or 2 percent of the
total amount delivered. After estimating individual system gains and losses, including 9,800
acre-feet of runoff taken under permit 1467, a net loss of 1,800 acre-feet was estimated, or 1.5
percent of the total amount delivered. The same sources of the discrepancy discussed for 1996

are likely. The decrease in unaccounted losses between the two years corresponds to an increase
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in rainfall, indicating that the greatest error is in estimation of irrigation diversions, runoff, spills

and net evaporation.

SYSTEM CAPACITY
" The clean, unsilted capacity of the canal system was determined using mathematical models of
hydraulic conditions in the canal system for two conditions: 1) Flow to the top of the levee at the

greatest restriction, and 2) Flow to provide one foot of free board to the top of the levee at the

greatest restriction.

Available records show the pumps at the Shannon and Briscoe Pump Stations operate at or near
their rated capacities. The GCWA recently rebuilt several pumps and provides excellent
equipment maintenance. The pumps at the Second Lift Pump Station operate above their rated
capacity, but at reduced efficiency. This is due to the installation of a check dam on Oyster

Creek that maintains a constant inlet elevation, which is greater than the original inlet elevation.

With clean, unsilted channels, the system can deliver up to 490 cubic feet per second (cfs), or
317 MGD, from the Brazos River to the Industrial Reservoir. This is significantly above the
240.6 MGD the GCWA may divert under current permits and contracts, yet is significantly less
than the maximum permitted diversion rate of 869 MGD. The clean, unsilted capacity is
approximately three times the peak daily demand from the Reserveir. The hydraulic capacity is
generally limited by the size of in-line siphons and not by levee height. The greatest single
restriction is located on the Galveston Canal above the junction with the Briscoe Canal (Check
3), where an in-line siphon reduces flow through a single 48 inch gate valve. This restriction

reduces canal capacity from a potential 430 cfs to 195 cfs.
The system capacity was also estimated assuming one foot of silt in the entire canal system.

With silted channels, the system can still deliver 440 cfs, or 284 MGD. The limiting restriction

under this condition is still the in-line siphon at Check 3 on the GCWA Canal.
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RECOMMENDATIONS

It is recommended that the GCWA install flow meters or other measuring devices throughout the

system to improve record keeping and billing. Due to the amount of silt and debris carried by
the pumped water, Parshall flumes with automatic level meters are recommended for pump
station flow monitoring. Elsewhere in the system, fiow meters are recommended for installation
at key restrictions and branch canals. Ideally, flow to all customers should be metered, but this
may be impractical for the numerous irrigation take-offs. Metering flow at key junctions and
branch canals would facilitate more accurate irrigation billing and help identify segments with

unaccounted losses.

[t is also recommended that the siphon at Check 3 on the Galveston Canal be replaced with a 72
inch pipe. This will double the capacity of that section from 195 cfs to 390 cfs, and increase the
system capacity from the current 490 cfs (317 MGD) to 510 cfs (330 MGD).

To optimize energy efficiency within the system, it is recommended that the vertical pumps (3
and 4) be used at the Second Lift Pump Station. These pumps operate at a greater efficiency
under the current conditions than do the centrifugal pumps. It is further recommended that the
impellers of all of these pumps be trimmed and/or the speed changed to improve their efficiency.
Also, under current conditions, energy savings can be realized by adjusting water diversions
based upon Brazos River stage. The river stage varies more at the Briscoe Pump Station than at
Shannon, therefore the energy cost per gallon fluctuates over a greater range. A graph was
developed to show which System is more cost effective to use based on the stage of the Brazos

River.

It is recommended that the entire canal system be surveyed. All calculations included in this
study are based upon canal dimension and elevation records provided by the GCWA. To
accurately model the system, surveyed cross sections are required for every bridge, siphon and
curve, and at selected intermediate points. The GCWA canal system would require
approximately 2,000 cross sections, at an estimated total cost of $300,000. This survey data will

allow accurate assessment of any future changes, including new customers, increased customer
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demand, and system modifications, as well as identify the locations where siltation has most
affected the capacity. It would be possible to prioritize and sequence this work to incrementally
provide the most needed information first and minimize the effect on cash flow. In addition, the
Texas Water Development Board has a hydrographic survey program which could measure the

siltation effects in the Reservoir for as little as $10,000.

Finally, current seepage rates are based upon averaged soil conditions and the peak permeability.
To better estimate seepage, it is recommended that the GCWA record the canal level during
periods when segments are closed for maintenance. If data can be collected for an extended

period, the average seepage rate can be calculated.
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This study was performed by Freese & Nichols and Brown & Root for the Gulf Coast Water
Authority (GCWA) to audit the capacity and gains/losses in GCWA's canal system and project
future water usage. This section discusses the history of the GCWA canal system, and describes

the purpose and scope of work for the study.

1. BACKGROUND
The GCWA Canal System consists of two systems, A and B. The following paragraphs provide

a description and history of each.

l.1.1. System A

System A runs north of and parallel to Highway 6 from the Shannon Pump Station on the Brazos
River, 12 miles north of Rosenberg near Fulshear, to Texas City (Figure 1-1). The Shannon
Pump Station discharges into a .25 mile-long, man-made canal that empties into Jones Creek,
the normal flow from which is diverted into Oyster Creek at Skinner Road. A dam on Oyster
Creek near Lexington Drive in Missouri City maintains inlet depth for the Second Lift Pump
Station, which discharges into the American Canal system that flows to Texas City. Information

on the Shannon and Second Lift Pump Stations is provided in Table 1-1.

The American Canal is 32.3 miles in length. It serves two metered customers, has 22 check
dams and 25 irrigation take-offs. Water passes through 13 siphons or restrictions between the

Second Lift Pump Station and the end of the system.

History
The history of Canal System A dates back to the year 1908 with the establishment of the Cane

and Rice Belt Irrigation Company and the construction of a pump station on the Brazos River
south of Fulshear, Texas, and a relift station along Jones Creek. These provided water to sugar
cane and rice fields from the Brazos River to Sugarland, Texas, and to the north beyond what is

now Westheimer Road (Unit 1).



Water Audit and Water Use Projections
Gulf Coast Water Authority

Section 1.0

Introduction, continued

Table 1-1
System A Pump Station Equipment
Fum Motor/Pump Motor/Pump P C!:::liti]ty
P Type Manufacturer P (gpm)
Shannon Pump Station
#1 Electric/ Westinghouse/ 450 50,000
Centrifugal Davton-Dowd
#2 Electric/ Westinghouse/ 450 50,000
Centrifugal Davten-Dowd
#3 Electric/ Westinghouse/ 450 50,000
Centrifugal Worthington
#5 Natural Gas/ Worthington/ 1000 100,000
Vertical Johnson
Second Lift Pump Station
#1 Electric/ General Electric/ 500 42,000
Centrifugal Dayton-Dowd
#2 Electric/ Westinghouse/ 350 42,000
Centrifugal Daylon-Dowd
#3 Electric/ General Electric/ 350 40,000
Vertical Louisiana
#ed Gasoline/ Ingersoll Rand/ 275 32,000
Vertical Louisiana

The Canal System was expanded in 1931 when the relift station was moved from its original
location along Jones Creek and the headwaters of Oyster Creek to the Sugarland area. This
provided for the transportation of water to eastern Fort Bend County, on into Brazoria County
north of Highway 6, and south of Clear Creek eastward into the Alvin area (Unit 2). At that time
the River Plant and the relift station were converted from steam power to electric power. Of
note, Unit 2 and all subsequent canals are man-made while Unit 1 maintains operations within

the natural stream beds of Jones and Oyster Creeks.

Further development of the Canal System continued in the early 1940's with the "New
Extension" which linked the system to Galveston County. The Canal System has been known as
the Cane and Rice Belt Irrigation Company, the Brazos Valley Irrigation Company and the
American Canal Company, a division of the American Rice Growers Association. In 1958 the
American Canal Company was purchased by a partnership of six individuals who changed the

name to American Canal Company of Texas.
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As discussed in Section 1.1.3, the American Canal Company of Texas was purchased by the

Brazos River Authority in 1967.

1.1.2, System B
System B runs south of and parallel to Highway 6 from the Briscoe Pump Station on the Brazos

River six miles west of Arcola, Texas, to the Monsanto and Ranch Canals south of Alvin, Texas.
It then joins the Galveston Canal, which begins near the end of System A and terminates at the

Industrial Reservoir in Texas City (Figure 1-1). Information on the Briscoe Pump Station is

provided in Table 1-2.

The Briscoe Canal is 35 miles in length and has two branch canals adding 16.5 miles. It serves
four metered customers and has 11 check dams and 60 irrigation take-offs. Water passes through
I2 siphons or restrictions between the pump station and the Galveston System. Additionally,

there are seven siphons or restrictions in the Ranch Canal.

Table 1-2
System B Pump Station Equipment
d
Motor/Pump Motor/Pump CE;;iit ,
Pump Type Manufacturer Horsepower (EP“')’
Briscoe Pump Station
#l Electric/ Electric Machincry/ 1000 70,000
Centrifugal Dayton-Dowd
#2 Electric/ Electric Machinery/ 1000 70.000
Centrifugal Dayton-Dowd
#3 Electric/ Eleetric Machinery/ 1000 70.000
Centrifugal Dayton-Dowd

History
The Briscoe Irrigation System was built in 1940 and delivered its first water for rice irrigation in

1941. The original system ran from the Brazos River to Alvin and down to Galveston Bay.
Briscoe's growth came in the mid-1940's when it contracted with such industries as the Industrial
Water Company in Texas City and Monsanto Company, located on the banks of Chocolate
Bayou, to build canals directly to industrial sites. The American Canal Company of Texas also

obtained industrial contracts in the mid-1960's when the demand for water in Texas City
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exceeded the supply Briscoe Irrigation could provide. The American Canal Company of Texas
was contracted to supply an additional 22 million gallons of water per day, adding to the 50,625

million gallons of water per day that Briscoe supplied to the industries at that time.

1.1.3. Ownership
In March 1967 the Brazos River Authority (BRA) purchased all of the assets of the American

Canal Company of Texas and in the latter part of that same year purchased the Briscoe Iirigation
Company, creating the Canal Division. The canals then became known as System A
(American), running north of and parallel to State Highway 6, and System B (Briscoe), running

south of and parallel to Highway 6.

In 1971 the BRA purchased the Galveston System from the Industrial Water Company. The
Galveston System is that part of the canal that extends from the old Briscoe System to the
GCWA Reservoir, and that part which connects the old American System to the Galveston
System at a point known as Site 17 which was completed in the mid-1960's. This canal is 17.5
miles in length, has 6 check dams and 14 irrigation take-offs. Water passes through 19 siphons

or other restrictions between the American Canal and the Industrial Reservoir.

In 1975 a lateral connection was made from System A to System B, known as Lateral 10. This
provided a waterway to supply raw water to a new industrial customer, the Chocolate Bayou
Company. This lateral runs from north to south and is located just west of Manvel, Texas. It is

6.5 miles in length, has seven irrigation take-offs and contains seven siphons or restrictions.

In July 1988, Galveston County Water Authority purchased the Canal Division of the BRA,
thereby gaining perpetual water rights to the waters of the Brazos River and the ability to furnish
water to customers in a three county area (Fort Bend, Brazoria and Galveston). The Galveston
County Water Authority was renamed the Gulf Coast Water Authority in 1991 to reflect the

expanded service area.
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1.1.4. Water Rights

Table 1-3 summarizes the water rights held by the GCWA and the following paragraphs provide

a brief description of each.

Table 1-3
Summary of GCWA Water Rights
CA# Total Max Rate
Source Uses
(Permit #) (ac-ft/year) | (MGD) (cfs) (MGD)
5168 99,932 89.20 685.00 442,74 |Brazos River Municipal, Industrial and
(10401) Irrigation
5169 12,000 10.71 60.10 38.84 |Oyster Creek Municipal, Industrial and
(1467D) Irrigation
5171 125,000 11157 600.00 387.80 |Brazos River Irrigation (up to 50,000)
(1299D) Municipal. Industrial and
Mining
23.333 20.83 Brazos Reservoirs|Contracted for Municipal and
(137, BRA) Industrial
9.335 8.33 Brazos Rescrvoirs|Contracted for Municipal and
(137. BRA) Industrial
Total: 269,600 240.64 1,345.10 869.38

Note: CA = Certificate of Adjudication

The GCWA diverts "run of river" water from the Brazos River under Texas Water Commission
Permits 1040 and 1299. These permits allow diversions of up to 224,932 acre-feet per year, or
200.77 million gallons per day (MGD), from the Brazos at the Shannon and Briscoe Pump
Stations. Additionally, 12,000 acre-feet per year, or 10.71 MGD, may be diverted from Oyster
Creek under Permit 1467. During periods of peak demand, a maximum diversion rate of 830.54
MGD is allowed from the Brazos, and 38.84 MGD is allowed from Oyster Creek. This water is

used for a combination of municipal, industrial and irrigation customers.

The GCWA also holds contracts for water impounded by the BRA. This water is purchased
from the BRA under two separate contracts, one for 23,333 acre-feet per year (20.83 MGD) and
one for 9,335 acre-feet per year (8.33 MGD). The GCWA must request release of this water
from upstream reservoirs through the BRA. Once released, the GCWA diverts the water from
the Brazos. These reservoir releases are normally used only in times of reduced flow in the

Brazos.
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Finally, GCWA is authorized under Permit 1040 to impound 7,308 acre-feet of water in the
Industrial Reservoir located in Texas City. It is also allowed, under Permit 1467, to impound
8,925.48 acre-feet of water in a series of reservoirs (man-made lakes) located along Oyster

Creek.

1.2 PURPOSE AND SCOPE OF STUDY

The purpose of this study is to estimate the hydraulic capacity of the GCWA canal system, to

make recommendations for system improvements, and to develop estimates of unaccounted

water losses in the GCWA raw water delivery system.
This study includes the following:

a. Obtain flow data in GCWA canals, from the Brazos River to the Industrial Reservoir,

and from the reservoir to the Industrial Pump Station.
b. Obtain and review existing data on GCWA raw water conveyance facilities.
c¢. Obtain and review information on existing gains and /or losses in the system.
d. Obtain and review elevation and capacity data for the Industrial Reservoir.
e. Obtain copies of water rights and contracts for water supply.

f. Obtain information on projected water needs of existing and potential municipal and
industrial customers.

g. Accompany the GCWA staff on a tour of the pumping and raw water delivery
system.

h. Discuss historic operations with the GCWA staff.

i. Compare metered pumping at GCWA pump stations with previous estimates of
pumping.
j. Obtain data on soils, evaporation and rainfall and estimate losses from seepage and

evaporation, and gains from precipitation and runoff.



Water Audit and Water Use Projections Section 1
Gulif Coast Water Authority Introduction, continued

k. Based on available data, develop estimates of unaccounted water losses in the GCWA
raw water delivery system. Prepare a memorandum report describing the water
audit, listing possible sources of unaccounted water losses, and giving

recommendations for system improvements.

I Meet with GCWA staff to review the memorandum report. Incorporate comments, as

appropriate, and finalize the report.

1.3 CONTENTS OF REPORT

The following presents a brief overview of the remaining sections of this report.

Section 2, Water Balance, provides a summary of the process used and results of estimates of the

system gains and losses.

Section 3, System Capacity, provides a summary of the system pumping and water carrying

capacities.

Section 4, Recommendations, provides a discussion of potential modifications that could be

made to improve system operation.
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Water Audit and Water Use Projections Section 2.0
Gulf Coast Water Authority Water Balance

The GCWA pumps water from the Brazos River at two points and delivers that water in open
canals to industrial and irrigation customers within Fort Bend, Brazoria and Galveston Counties.
The canal system terminates at the Industrial Reservoir in Texas City. From there, the water is
transferred via another canal to the Water Treatment Plant or the Industrial Pump Station, and

delivered to customers by pipe. This water audit addresses the canal and reservoir system only.

The canal system is divided into three components (see Figure 1-1). System A consists of the
Shannon Pump Station on the Brazos River above Sugar Land, Jones Creek, Oyster Creek, the
Second Lift Pump Station in Missouri City and the American Canal. System B consists of the
Briscoe Pump Station on the Brazos River below Missouri City and the Briscoe Canal. The
Galveston System consists of the GCWA Canal connecting the American and Briscoe Canals to
the Industrial Reservoir, the reservoir itself, and the canal connecting the Reservoir to the Water

Treatment Plant and Pump Station.

This audit or water balance is based upon daily system operating records for 1996 and 1997,
canal and pump data provided by the GCWA, and other regional and historic data as available.
Empirical data was used to the greatest extent possible. Any assumptions used are addressed in
their respective sections. As evidenced by the rainfall at Shannon (30.2 inches) compared to the
annual average (47.8 inches), 1996 is considered a dry year, and 1997 is considered a wet year,

with the rainfall at Shannon (62.3 inches) greatly exceeding the annual average.

2.1  PUMPED DIVERSIONS

A total of seven pumps (four at Shannon and three at Briscoe) are available to divert water from
the Brazos River into the GCWA canal system, and four additional pumps are available at the
Second Lift to lift the water from Oyster Creek into the American Canal. The daily flows from
these pumps are calculated using a Parshall flume at the Shannon Plant and historical data at the
other pump stations. Flow meters are currently being installed at all pump stations. Because
pumps run at fixed speed, pumping rates could be estimated for typical operating conditions.

Pumped diversions were calculated using estimated pumping rates and recorded pump run times.

B
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The methods used to determine pumping rates are addressed in Section 3, Capacity. Daily

pumping hours and rates are tabulated in Appendix C.

In 1996, the Shannon Pump Station diverted 55,000 acre-feet of water from the Brazos River
into Jones Creek. The Briscoe Pump Station diverted 89,400 acre-feet from the Brazos, for a
total of 144,400. The Second Lift Pump Station transferred 54,000 acre-feet of water internally

from Oyster Creek to the American Canal.

In 1997, the Shannon Pump Station diverted 24,000 acre-feet of water from the Brazos River
into Jones Creek. The Briscoe Pump Station diverted 93,600 acre-feet from the Brazos, for a
total of 117,600. The Second Lift Pump Station transferred 31,300 acre-feet of water internally

from Oyster Creek to the American Canal.

22  DELIVERED WATER

Meter records and TNRCC reports from 1996 and 1997 were used to determine water deliveries
during those years. Customers were identified within each canal segment and total withdrawals
within each segment were accounted for. As expected, irrigation use varied widely between dry
(1996) and wet (1997) years, yet this did not reflect in the total use reported. Total deliveries for
1996 were approximately 120,400 acre-feet, and for 1997 were 120,300 acre-feet. (Table 2-1).

Tables detailing customer deliveries are provided in Appendix D.

Table 2-1
Summary of Customer Deliveries
Contract 1996 1997
Annual "Annual . Annual "
Use Average Annuazl Total Average Annual Total Average Annual Total

(MGD) (acre-feet/year) (MGD) (acre-feet/year) (MGD) (acre-fee/year)
Industry 28.7 32.143.9 14.0 15.725.5 234 26.265.2
{canal diversions)
Irrigation * 1.1 1,193.2 253 28.355.2 9.8 10,972.9
Water Plant 18.0 20.166.3 12.7 15.464.0 12.8 16,083.1
TexasCity Industry 62.4 69,9254 54.3 60.853.7 59.8 67.022.5
Totals: 110.2 125.428.7 145.7 120.398.4 139.1 120,343.7

* Irrigation includes golf courses and agricultural use. There arc only contracts for golf courses.

v
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23  ESTIMATED GAINS AND LOSSES

In 1996, the total estimated amount of water pumped from the Brazos River was 144,400 acre-

feet. Of that, 120,400 acre-feet was reported as delivered to customers, resulting in an overall
loss of 24,000 acre-feet (20 percent of the total amount delivered). Similarly, approximately
117,600 acre-feet of water was diverted from the Brazos in 1997, and 120,300 acre-feet was

reported as delivered, resulting in an overall gain of 2,700 acre-feet (2 percent of the total

Aramcimt A
alnivulie W

canals, Reservoir, and lakes, and from runoff collected in the various drainage basins. Water is
potentially lost to changes in storage in the Industrial Reservoir and lakes along the canal system,

evaporation, seepage, and overflows.

2.3.1. Rainfall/Runoff

Rainfall contributes flow to the canal system in two ways. First, rainfall on the canal itself
directly adds flow to the system. These inflows are accounted for in the net evaporation rate
(Section 2.3.3). Second, rainfall over adjoining drainage basins results in runoff into the system.
Because the canals and reservoir are elevated (contained by levees), runoff is primarily collected
in only Jones and Oyster Creeks. In addition, the upper two miles of the West Fork of Chocolate
Bayou contributes runoff to the Briscoe Canal above Lateral 10. Two other locations on the

American and Briscoe Canals receive runoff in lesser amounts.

Runoff contributions to Jones Creek were calculated empirically by reviewing records from 1997
and identifying days when there was rainfall, no pumping at the Shannon Pump Station, no spills
at Dam 1 and no flow into Oyster Creek. By plotting (Figure 2-1) the change in water level in
Jones Creek vs. the daily amount of rainfall recorded at the Shannon Pump Station, a relationship
of 7.9 inches of rise per inch of rain was determined. Note that the correlation coefficient (R
for this relationship is only 0.59 (a value of | indicates a perfect relationship). Therefore, and as
indicated on the graph, this relationship is only approximate. The annual volume of collected
runoff was then calculated as total rainfall recorded at Shannon Pump Station times 7.9 inches
times the surface area of Jones Creek. This method produced estimates of 2800 acre-feet of

collected runoff for 1996, and 5900 acre-feet for 1997.
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Figure 2-1

Runoff versus Rainfall in Jones Creek
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Data was not available to calculate runoff for Oyster Creek or Chocolate Bayou. For these

streams, the rational method was used. In this method, total rainfall is multiplied by a runoff

coefficient and the drainage area to obtain a runoff volume. All rainfall was assumed to produce

runoff and a 15 percent runoff factor was used (i.e., 15 percent of the rainfall results in runoff).

This method produced collected runoff estimates for Oyster Creek of 8,100 acre-feet in 1996 and

16,700 acre-feet in 1997. Although significantly larger than the figures for Jones Creek, these

estimates are coupled with correspondingly large dam overflow estimates (Section 2.3.5), which

offset any significant errors. For Chocolate Bayou, the estimated runoff collected was 900 acre-

feet in 1996, and 2,600 acre-feet in 1997.

2-4
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No data was available to calculate runoff collected in the two locations along the American and
Briscoe Canals. Using available maps, the drainage basins were estimated to be less than 250
acres each. This size fell within the possible error in calculating Chocolate Bayou inflows, and

was therefore ignored.

=

.3.2. Changes in Storage

use in the water balance. Canals were assumed to have no net storage (i.e., they start and end
each year at the same depth) for two reasons. First, there was no available data regarding the
change in elevation from year to year, and, second, the changes in canal level result in relatively

small changes in storage (only 940 acre-feet per foot of change in depth).

Reservoir storage was accounted for as the change in depth multiplied by the surface area. The
recorded depth at Dam 2 was used in conjunction with surface area to calculate changes in
storage in Oyster Creek Lake, Cleveland Lake, Hall Lake, Brooks Lake and Char Lake.
Similarly, the recorded depth at Dam 3 was used to calculate storage in Eldridge Lake, Alkire
Lake and Horseshoe Lake. Using this method, the estimated change in storage was an increase

of 740 acre-feet in 1996, and 340 acre-feet in 1997.

2.3.3. Evaporation
In 1996, the gross evaporation rate recorded by the Texas Water Development Board for the

region was 48.61 inches, and the precipitation for the year was 46.41 inches. The net
evaporation rate (evaporative losses minus rainfall gains) is therefore 2.2 inches, or 0.18 feet per
year. Evaporation and rainfall data for 1997 were not available, so the historic average
evaporation of 45.93 inches was assumed. Precipitation measured at local stations (Arcola,
Santa Fe, and Texas City) averaged 73.16 inches that year, for a net gain of 27.23 inches, or 2.27
feet per year. These approaches produced a net evaporative loss from the GCWA system of 400
acre-feet in 1996 and a net gain of 5,000 acre-feet in 1997.
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2.3.4. Seepage
A review of the soil surveys for Fort Bend, Brazoria and Galveston Counties indicates that soils

are fairly uniform throughout the canal system. Two major soil types are prevalent; alluvial
deposited silty-clays along the Brazos River and Beaumont-type loams and clays throughout the
balance of the region. A review of the geologic atlas also indicates similar substrates.

Documented permeability rates for these soils range from 0 to 2 inches per hour (See Appendix

B).

For the alluvial region along the Brazos River, the seepage rate was calculated by reviewing
daily records of water level in Jones Creek during a period with no pumping at the Shannon
Pump Station and no reported overflows. From January 15, 1996 to February 14, 1996, the
recorded water level in Jones Creek fell 7 inches. During that period, 0.4 inches of rain was
recorded, for a net loss of 7.4 inches (assuming there was no runoff since the rainfall amount,
which occurred on one day, did not éxceed 0.5 inches). The regional evaporation for January
1996 was 2.11 inches, leaving 5.29 inches of loss for the one-month period due to seepage. This
rate equals 0.0072 inch per hour, which is within the expected range. This value was used to
estimate seepage losses along Jones and Oyster Creeks. Accounting for the length, wetted -
perimeter and lake dimensions in these segments, the total seepage area is 680 acres, resulting in

an estimated annual loss of 3,600 acre-feet per year.

A similar method was initially used to calculate the seepage rate in the Industrial Reservoir.
During the period July 6 to August 6, 1998, the inlet canal was closed and the reservoir level fell
3.5 feet (an approximate loss of 3,150 acre-feet). Metered outflows accounted for 2,858 acre-
feet of this, and the remaining 292 acre-feet is equal to 3.9 inches of evaporation and seepage,

which is lower than the average July evaporation.

The seepage was then recalculated using data available in the Galveston County Soil Survey.
Assuming the average peak permeability of the soils under the reservoir (0.2 inches per hour),
the maximum seepage rate of 0.14 acre-feet per day was determined. This equals 51.1 acre-feet

per year, which is less than one inch of loss from a 900 acre reservoir, and is consistent with the
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observed data. Because these rates are so low, the seepage from under the Bypass and Discharge

Canals was assumed to equal zero.

Using the same method, the losses under the American, Briscoe and GCWA Canals were
estimated using the average peak permeability of 0.77 inches per hour, a soil thickness of 5.2 feet
and a total canal system length of 107 miles. This method produced a canal system loss of 24.7

acre-feet per day, or 9010 acre-feet per year.

2.3.5. Overflows

Two types of overflows can occur in the canal system, controlled and uncontrolled. Controlled
overflows occur only in System A, at the spillway dam on Jones Creek and at Dam 3 on Oyster
Creek. The spillway holds water for the transition from Jones to Oyster Creek. The transition
gates are adjusted daily to allow only the water pumped at the Shannon Pump Station to flow
into Oyster Creek. Excess flows due to runoff are allowed to spill over the dam and continue
down Jones Creek. Likewise, Dam 3 holds water in Oyster Creek to ensure that the suction bells
at the Second Lift Pump Station are submerged. The dam gates are adjusted daily to ensure a
constant inlet elevation of 70.3 feet in Oyster Creek. During periods of rain, excess runoff is

allowed to spill over the dam and continue downstream.

Controlled overflows were calculated using daily records of spill depths over dams. The Jones

Creek spillway was assumed to act as a sharp crested weir, which uses the equation:
Q =2/3 w (2g)* (0.604+0.8 1 H/W)(H+0.0034)"

where: Q = flow (cubic feet per second)
W = dam width (feet)
g = gravity (32.2 ft/sec?)
H = height of the water minus the height of the weir (feet)
W = the height of the weir (feet).
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Overflows at Dam 3 are not metered, and the responsiveness of the gate adjustments to level
fluctuations prevents calculating losses from historic data. Therefore, spills at this dam were
assumed to equal the net system loss at that point (i.e., pumping at Shannon plus rainfall inflows,

minus evaporation, seepage, customer withdrawals, storage, spills into Jones Creek and pumping

at Second Lift).

Uncontrolled overflows occur when water overtops the levee, flowing out at a point other than
into a natural channel. None were recorded during 1996 and 1997, so no estimate is included in
the balance. Potential overflow locations were identified using the HEC-RAS model (Section
3.2). Although flows into Lateral [0 are shown as losses for System A, they are shown as gains

for System B. Therefore, there is no net gain or loss from the overall system.

Overflows into Jones and Oyster Creeks were estimated at approximately 1,400 and 6,100 acre-

feet, respectively, in 1996, and approximately 8,100 and 4,600 acre-feet, respectively, in 1997.

24  COMBINED RESULTS

The following paragraphs summarize the water balance estimates for 1996 and 1997.

2.4.1. 1996 Results
The water balance for 1996 is shown in Table 2-2. A total of approximately 144,000 acre-feet of

water were pumped from the Brazos River, and 120,400 acre-feet were delivered to customers.
Water diverted under Permit 1467 is estimated at 3,400 acre-feet, as calculated by subtracting
~spills from runoff in Jones and Oyster Creeks. After accounting for gains and losses, inflows
exceeded system losses by an estimated 14,500 acre-feet, or 12 percent of the total amount

delivered. This may be due to one, all, or a combination of the following factors.

First, calculated pumping volumes may be incorrect. The diverted amount at the Shannon Pump
Station was calculated using daily flume readings, which are assumed to be fairly accurate. The
rates used at the Second Lift and Briscoe Pump Stations were the GCWA tabulated rates,

adjusted upwards to match available pump curves. A five percent error in pumping rate could
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affect results by over 7000 acre-feet per year. The pumping rates should be verified and
monitored with properly installed and calibrated flow meters, and the diversion rate tables

corrected, if necessary.

Table 2-2
1996 Water Balance
Scgment Inflow Runoff Net Scepage Delivery Spills Storage | Outflow Other
Evap. Losses

Jones Creek 54,982.4 2.826.8 5.8 759.6 0 1.421.2 0 55.602.4 0
Oyster Creek 55.602.4 8.067.1 94.4 2.818.3 717.0 6.116.2 -67.4 53,991.0
American 53.991.0 0 27.2 27113 3,123.7 589.4 0 46,773.0
Canal to Lat [0
Lateral 10 589.4 0 4.3 547.3 0 0 0 0 0
Briscoe Canal §9.393.0 911.5 60.2 42859 38.834.6 0 0 44,852.5 0
GCWA Canal 91.625.5 0 17.0 1.465.1 1,405.3 0 0 87.854.5 0
Bypass Canal 236.5 0 1.9 0 0 0 0 0 0
Reservoir 87.618.0 0] 1620 51.1 0 0 810 77.192.9 | 14.464.0
Discharge 77,192.9 0 7.0 0 76,317.7 0 0 0 0
Canal
Totals 144,375.1 11,8054 | 399.8 12,638.6 120,398.4 7,5374 742.6 0 | 14,464.0

* Tolal inflow reflects only pumping from the Brazos River. All other inflows are carried from previous segments.

** All units in acre-feet.

[n addition, reported deliveries may be incorrect. Deliveries are based on billing records for
metered customers and estimates for unmetered customers. According to GCWA, there is no
program to calibrate or check meters. Therefore, there could be errors in the meter readings.
Nearly 19,000 acre-feet of irrigation deliveries (16 percent of total deliveries) were unmetered in
1996 and based upon estimates. Also, irrigation deliveries in 1996 were significantly larger than
in 1997 (28,000 acre-feet vs. 11,000 acre-feet), yet the total annual deliveries for these years are

effectively equal.

Finally, the collected runoff and dam spill amounts are based on numerous assumptions, due to
the lack of available measurement records. Runoff collected in Jones Creek, which was
calculated empirically, is only two percent of the total amount delivered. It would take a very
large error in this estimate to produce a significant change in the overall balance. Due to the

practice of adjusting Dams 2 and 3 during rain events, empirical calculation of dam spills and
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collected runoff was not possible for Oyster Creek. Although estimated runoff into Oyster Creek
(8,100 acre-feet, or 7 percent of total deliveries) and overflows (6,100 acre-feet, or 5 percent of

total deliveries) appear to be significant, they tend to cancel each other.

Metering overflows would eliminate one of these unknowns, and allow runoff to be calculated as
the net gain to the system. Runoff gains elsewhere in the system also could not be determined
empirically. Because the locations of these inflows are known, they could be temporarily

metered to determine precipitation to runoff relationships, as was done for Jones Creek.

2.4.2. 1997 Results

The water balance for 1997 is shown in Table 2-3. A total of approximately 117,600 acre-feet of
water was diverted from the Brazos River, and 120,300 acre-feet was delivered to customers.
Water diverted under Permit 1467 is estimated at 9,800 acre-feet. After accounting for gains and
losses, inflows exceeded system losses by approximately 1,800 acre-feet, or 1.5 percent of total

deliveries. This error may again be due to errors in calculating pumping, deliveries and runoff,

Table 2-3
1997 Water Balance
Segment Inflow Runoff Net Seepage Delivery Spills Storage | OQOutflow Other
Evap. Losses

Jones Creck 24.034.6 5.890.8 -326.0 739.6 0 8.065.6 0] 21.100.2 0
Oyster Creck 21.100.2 16,664.6 | -1190.3 2.818.3 694.6 4.586.5 -96.4 | 31.278.00 0
American 31.278.0 0 -343.5 27113 1,465.7 5314 0| 26.146.7 0
Canal to Lat 10
Lateral 10 3314 0 -33.7 5473 0 0 0 0 0
Briscoe Canal 93.554.0 2.565.9 | -759.1 4.285.9 34.013.4 0 0| 579742 0
GCWA Canal 84.120.9 0 -214.1 1.465.1 1359 0 0| 81.8304 0
Bypass Canal 211.3 0 -23.3 0 0 0 0 0 0
Reservoir 81.619.0 0] -2043.0 51.1 0 0 441 84.794.4 L7717
Discharge 84,794.4 0 -87.9 0 84.014.1 0 0 0 0
Canal
Totals 117,588.6 | 25,1213 | -5040.9 12,638.6 | 120,343.7 | 12,652.1 3H6 0| L7717

* Total inflow reflects only pumping from the Brazos River. All other inflows are carried from previous segments.
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The need for accurate runoff and dam overflow information stands out in this case. Since 1996
was a dry year, runoff was small and, therefore, any associated error would be expected to be

small. Since 1997 was a wet year, errors in runoff estimates would be magnified.

Also, this reduced amount of unaccounted water corresponds to reduced irrigation sales in 1997.
The difference between the two years may be due to a difference between actual and estimated

irrigation deliveries.

2.43. Conclusions

The results of the water balance demonstrate the need for additional metering at the pump
stations and within the canal system. Metering at pump stations would provide more accurate
calculation of pumped diversion volumes. System losses, especially overflow losses, were
estimated from historic data. Flow or level meters at the Jones Creek Spillway and Dam 3 on
Oyster Creek would allow more accurate accounting of losses. Metering at canal junctions
would also facilitate better identification of gain and loss locations and amounts. Improved
delivery meter accuracy and metering of irrigation customers would improve the accuracy of
these estimates and may reduce usage. While the current losses do not hinder the delivery of
water to customers, loss reductions would allow a corresponding reduction in energy used for

pumping.

Net evaporation varies, but on average produces a gain of 0.2 feet per year (350 acre-feet per
year across the system). Seepage and evaporation are relatively constant conditions that will not
change significantly at higher pumping rates. However, they do reduce the effective ability of
the GCWA to deliver water to customers. Of the 269,600 acre-feet per year (240.64 MGD) the
authority may divert under permits and contracts from the Brazos River, Jones Creek and Oyster
Creek, only 257,300 acre-feet (229.66 MGD) is available for customers after adjusting for
seepage and evaporation. This loss rate is acceptable at less than five percent of the total

permitted diversions.

(]
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Two components were addressed in determining the capacity of the GCWA Canal System. First,
the water pumping capacity of the pump stations was evaluated. Second, the water carrying
capacity of each canal was modeled. The maximum capacity of each was determined
independently, then the results were combined to determine the effective capacity of the system.

Finally, pumping efficiency was addressed to optimize the use of this system.

3.1 PUMP CAPACITY

At all three stations, each pump runs at a fixed speed. Elevation data, power usage and pumping

records were used to estimate the capacity of each pump within the system. When possible,
pump curves were obtained from the manufacturer to confirm calculated lifts and efficiencies.
The pumps were generally found to be well maintained and operating at better than 70%
efficiency. This study confirmed the estimates of pumping rates currently being used by the

GCWA. However, as discussed in Section 2.4.3, better flow measurement will make these

estimates more accurate.

3.1.1 Shannon Pump Station

The Shannon Pump Station consists of four pumps, three centrifugal and one vertical turbine. A
Parshall flume is installed approximately one mile below the pump station, and is used to

determine daily flow from the station. According to GCWA, flow meters are scheduled for

installation in the near future.

Curves were obtained for only the Johnston pump (see Appendix E). By calculating the total

displacement head and energy used by each pump, the pumping rates shown in Table 3-1 were

determined.

The nameplates for the two Dayton pumps list 27.5 feet of total dynamic head (TDH). When the
river stage meets that condition, Pump #2 matches the rated pumping capacity, and Pump #1 is
within ten percent of the rated capacity. The Worthington pump did not have a listed TDH. It is
assumed that it is designed for a different TDH, due to the low efficiency calculated at a river

stage of 66.4 fect (the design elevation for the Dayton pumps).

(ilJ
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Gulf Coast Water Autliority System Capacity, continued
Table 3-1
Estimated Pumping Rates — Shannon Pump Station
" GCWA Estimated Calculated .
Pump Rated Capfclty Capacity (gpm) Capacity, 100% %‘;_:_‘"{'"t“'j
(gpm) efficient (zpm) ; telency
#1 Dayton 50,000 46,393 53.945 86%
#2 Dayton 50.000 50.000 58.160 86%
#3 Worthington 41.000 53,281 69.035 77%
#4 Johnston 90,000 60.000 91,500%* 80%

* All rates are for 66.4 foot inlet elevation.
** Pumping data not available, but curve shows 91,500 gpm and 80% efficiency for the installed conditions.

The GCWA estimates pumping at this station using daily Parshall flume measurements. By
isolating periods with only one pump in use, pump efficiency was calculated for each rate and
river elevation, assuming a constant horsepower. The data were plotted for Pump #2, producing
a calculated pump curve (see Appendix E). Insufficient data were available to plot curves for the
other pumps. The calculated efficiencies for Pump #2 are reasonable (87% maximum), given

that it was recently rebuilt.

Energy usage records indicate that the motors for Pumps #1 and #2 are apparently operating
between 370 and 400 hp, instead of the rated 450 hp. The motor for Pump #3 is rated at 400 hp,
but apparently using 510 hp of electricity. Data were not available for Pump #4. The apparent
discrepancy between rated and actual horsepower based on power usage may be due to the
limited accuracy in reading daily power usage. The meter measures power in increments of 1600

kWh, which equals almost five hours of motor use.

3.1.2 Second Lift Pump Station

The Second Lift Pump Station consists of four pumps, two centrifugal and two vertical turbine.
A flow meter has recently been installed in the discharge channel, but is not yet calibrated. The
GCWA estimates flows by using average rates from previously metered periods. Curves were
obtained for two of the pumpé (see Appendix E). By calculating the total dynamic head and

energy used by each pump, the pumping rates indicated in Table 3-2 were determined.

32
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Table 3-2
Estimated Pumping Rates — Second Lift Pump Station
Pump Rated Capacity GCWA Estimated Calculated Calculated
(spm) Capacity (gpm) Capacity, 100% Efficicncy
cfficient (gpm)
#1 Dayton 42.000 57.916 111.595 52%
#2 Dayton 42.000 64.297 109.974 59%
#3 Lo-Lill 42.000 42,993 64.507 67%
#4 Fairbanks 31,000 29.650 44,253 67%

The nameplates for the two Dayton pumps list 24 feet of total displacement head (TDH). The
installed pumps were estimated to have an actual displacement head of 11.5 feet, leading to the
increased capacity. These pumps were likely designed to meet seasonal low water levels, but are
running at decreased efficiency at the managed inlet depth. Pump curves were available for the
Lo-Lift and Fairbanks pumps. For these installations, the curves indicate rates of 49,800 gpm
and 33,000 gpm respectively. These values exceed the recorded rates by approximately 10
percent, which indicates that the estimated pumping rates are low. For the water audit,

calculated pumping from this station was increased by 10 percent to match the available pump

curves.

The energy usage records for the Second Lift indicate that the motors for Pumps #1 and #2 are
operating at approximately 320 hp, which is significantly low for the 500 hp rating on Pump #1,
but close to the 350 hp rating on Pump #2. The motor for Pump #3 is rated at 350 hp, but is only
using 200 hp of electricity. The motor for Pump #4 is using 135 hp of electricity, which is half
of the rated 350 hp. The differences between rated and actual energy usage are explained by the
accuracy of the power meter (measuring in 600 kWh increments) and by the recent installation of
automated gates in Dam #3, which maintain water level for the pump inlets. The pumps were
likely installed to overcome seasonal low water levels. The new gate system allows the GCWA
to maintain the inlet canal at a constant elevation of 70 feet msl; although the intake bells reach
ten feet below that level. The increased suction head reduces the energy required, but results in
the pumps operating out of their design head range. The available pump curves confirm the
reduced efficiency and energy for the current conditions. Trimming the pump impellers

(reangling the blades) can reclaim this efficiency by increasing pump capacities.
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3.1.3 Briscoe Pump Station

The Briscoe Pump Station consists of three centrifugal pumps. Curves were not available for
them. According to GCWA, flow meters are scheduled for installation in the near future. By
calculating the total displacement head and energy used by each pump, the pumping rates shown

in Table 3-3 were determined.

Table 3-3
Estimated Pumping Rates — Briscoe Pump Station
Pump Rated Capacity GCWA Estimated Calculated Calculated
(gpm) * Capacity (gpm) Capacity, 100% Efficiency
efficient (gpm)
#1 Dayton ** 70,000 70.000 96.099 73%
#2 Dayton ** 70,000 70,000 96.099 73%
#3 Dayton ** 70.000 70.000 96.099 73%

* All rates are for 27-foot inlet elevation.
** Individual energy use data were not available, so pumps were considered equal.

Nameplates and pump curves were not available for these pumps, but the calculated energy
usage by these pumps matches the motor rating, leading to the conclusion that the pumps are

matched to the installation.

The GCWA estimates pumping at this station using a table of previously metered pumping rates
at various river (inlet) stages. Pump efficiency was calculated for each rate and river elevation,
and the data was plotted, producing a pump curve (see Appendix E). Calculated efficiencies are
lower than expected (73% maximum instead of 85%), indicating that either the historic rates are
low or head losses within the pump and piping are greater than estimated. Because these rates
were tabulated at the same time as the Second Lift Pump Station rates, they, too, were increased
by 10 percent for the water audit. This adjustment raised the peak efficiency to 80%, which is

more reasonable.

3.2 CANAL CAPACITY
The capacity of each canal segment was determined by using the Hydrologic Engineering Center
River Analysis System (HEC-RAS) model, version 2.1. HEC-RAS is a package of hydraulic

analysis programs, capable of performing steady flow water surface profile calculations, among
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other functions. The system was modeled using canal lengths and cross-sections provided by the
GCWA. Average slopes were calculated using available elevation data for the canals. The
model requires four channel cross-sections at each restriction (siphons, bridges, etc.). These
were estimated from data provided by the GCWA. Abrupt transitions from channel cross-

sections to restriction cross sections were assumed in all cases.

Clean, unsilted capacities were estimated for no freeboard and one foot of freeboard in the
limiting segment of each canal. To approximate the effects of silt, the channel bottoms were
raised one foot at a point 50 feet downstream of each culvert/siphon and sloped to the next cross-
section. Further sensitivity studies were performed on the Briscoe Canal to determine the
reduction in canal capacity due to additional silt in the channel. When modeled with two feet of
silt, the flow reductions were 2.5 times the reductions with one foot of silt. The addition of silt
did not change the location of the limiting restriction. Evaporation and seepage losses were not

considered during any of the capacity analyses.

The results of these analyses are summarized in Table 3-4, displayed graphically in Appendix F

and discussed in the following subsections.

Table 3-4
Summary of Canal System Capacities
Clean Capacity* Capacity with Onc Foot of Silt
seach (cfs) (average (cfs) (average | Reduction Cupol| g Regtrlotign
MGD) MGD) (%)

A-1 270 174.5 200 129.3 259 Jones to Oyster Creck
A-2—up 340 2198 305 197.1 10.3 Cartright Road - Bridge 37
A-2 — middle 200 1293 150 - 96.9 250 FM 1128 - Bridge 77
A-2 —down 135 100.2 130 84.0 16.1 Blackey Bridge - Bridge 87 & then 88
Lateral 10 165 106.6 165 106.6 0.0 Bridge 7
B-up 410 265.0 390 2521 49 FM 1462 crossing - Bridge 23
B — middle 450 290.8 450 290.8 0.0 Conncection with Ranch Canal
B —down 390 2521 340 219.8 12.8 Holloway Road - Bridge 41
Monsonto 180 116.3 175 115.1 2.8 Head of Monsanto
Ranch 160 103.4 150 96.9 6.3 Cloud Bayou U16
Galveston — up** 100 64.6 100 64.6 0.0 |Check#3
Galveston — down 510 329.6 495 3199 2,9  |Cemetary Road - Bridge 11
Bypass 235 151.9 220 142.2 6.4 Bridge 1

*Represents clean. unsilted capacity with one foot of freeboard.
**Maximum flow increases to 255 cfs by changing Check #3 1o a 6-foot culvert.
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3.2.1 System A
As discussed in Section 1.1.1, System A consists of the Shannon and Second Lift Pump Stations,

Jones and Oyster Creeks, and the American Canal. The following paragraphs describe the

capacity in each segment of System A.

3.2.1.1  Jones and Oyster Creeks

Jones Creek is a natural channel and not normally susceptible to overflows. Oyster Creek is a
natural channel that passes through Sugar Land and Missouri City. It serves six irrigation
customers and supplies water to eight man-made lakes. The water level in the lakes along Oyster
Creek is managed using Dam #2 to maintain a certain level and to prevent overflows into
residential areas. The water level at the Second Lift Pump Station is managed using Dam #3 to

maintain a constant suction head for the pump intakes.

The capacity of Jones and Oyster Creeks is limited by the capacity of the five-gate transition
between the two, which is 270 cfs (174.5 MGD). Flows greater than 270 cfs spill over Dam #I
and return to the Brazos River via Jones Creek. When reduced (silted) conditions were modeled,
overflows occurred at 200 cfs (129.3 MGD). The capacity does not limit peak withdrawal rates
at the Second Lift Pump Station because of storage in the lake system. The ultimate capacity of
the segment is approximately 2000 cfs, assuming the dam can be raised and the transition gates

expanded.

3.2.1.2 American Canal

The American Canal is a man-made above grade channel supplying one industrial and numerous
irrigation customers. The capacity of the canal (without freeboard) isrestimated at 395 cfs (255.3
MGD) above Lateral 10, with a limiting restriction at Bridge 57. At one foot of freeboard, the
canal capacity is 340 cfs (219.8 MGD). Below Lateral 10, the levee height is reduced, resulting
in an estimated capacity of only 235 cfs (151.9 MGD) with no -freeboard, and 200 cfs (129.3
MGD) with one foot of freeboard. Below the GCWA Canal, the limit is 175 cfs (113.1 MGD)
with no freeboard, and 155 cfs (100.2 MGD) with one foot of freeboard. The limiting

restrictions in that segment are the culverts under Bridges 87 and 88.
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When the system was modeled with one foot of silt loading in the channels, the estimated
capacity with 1 foot of freeboard fell to 305 cfs (197.1 MGD) above Lateral 10, 150 cfs (96.9
MGD) below Lateral 10, and 130 cfs (84.0 MGD) below the GCWA canal.

3.2.1.3  Lateral 10

Lateral 10 is a man-made above grade channel used to transfer water from System A to System
B, and also to supply several irrigation customers. The capacity of the canal (without freeboard)
was estimated to be 185 cfs (119.6 MGD), with a limiting restriction at Bridge 7. At one foot of
freeboard, the canal capacity is 165 cfs (106.6). With one foot of silt, the capacity remained 165
cfs. Lateral 10 was modeled with the American Canal. The model indicates that the upstream
conditions in the American Canal prevent raising the water level above the modeled elevation, so
165 cfs can be considered the ultimate capacity of this segment. The level of the Briscoe Canal

also affects the flow, but the system was not modeled as a whole.

3.2.2 SystemB
As discussed in Section 1.1.2, System B consists of the Briscoe Pump Station, Briscoe,

Monsanto and Ranch Canals, and joins the Galveston Canal. The following paragraphs describe

the capacity in each segment of System B.

3.2.2.1 Briscoe Canal

The Briscoe Canal is a man-made above-grade channel supplying three industrial and numerous
irrigation customers. The capacity of the canal (without freeboard) was estimated at 450 cfs
(290.8 MGD) above Ranch Canal, with a limiting restriction at Bridge 23 (FM 1462 Crossing).
At one foot of freeboard, the canal capacity is 410 cfs (265.0 MGD), and with one foot of silt it
becomes 390 cfs (252.1 MGD). Below Ranch Canal, the capacity is 450 cfs with no freeboard,
390 cfs with one foot of freeboard, and 340 cfs (219.8 MGD) with one foot of silt. The limiting

restriction in that segment is the culvert under Bridge 41 (Holloway Road).

A sensitivity study was performed on the Briscoe Canal to determine the effects of silt deposited
on the channel bottom. A model was created with one foot and another with two feet of

sediment added to the channel bottom between structures to determine the new flow capacities.
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With one foot of sediment added, the canal’s capacity was reduced by up to 10.3% (as detailed
above). After depositing two feet of silt into the channel, the capacity was reduced from 390 cfs

to 290 cfs, or by 25.6%.

3.2.2.2 Monsanto Canal

The Monsanto Canal is a branch channel off of the Briscoe Canal supplying the Chocolate
Bayou and Monsanto reservoirs. The capacity of the canal (without freeboard) was estimated to
be 190 cfs (122.8 MGD). With one foot of freeboard, the canal capacity is 180 cfs (116.3
MGD). With one foot of silt in the channel, the capacity is 175 cfs (113.1 MGD).

3.2.2.3 Ranch Canal

The Ranch Canal is a branch channel off of the Briscoe Canal supplying numerous irrigation
customers. The capacity of the canal (without freeboard) was found to be 165 cfs (106.6 MGD),
with a limiting restriction at Underdrain 16. With one foot of freeboard, the canal capacity is
160 cfs (103.4 MGD). With one foot of silt in the channel, the capacity becomeé 150 cfs (96.9
MGD).

323 GCWA Canal

The GCWA Canal is a man-made above-grade channel connecting Systems A and B with the
Industrial Reservoir. This stretch of the canal was modeled in two reaches: upstream and
downstream of Check 3, located just above the junction with the Briscoe Canal. Check 3 passes
all flow through a single 48-inch gate valve. It serves as a major restriction in the canal and thus

required a more detailed analysis.

Due to the junction and restriction at Check 3, two scenarios were used to determine the capacity
of the GCWA Canal. The first scenario used the Briscoe Canal flowing at capacity and the
second scenario allowed no flow through the Briscoe Canal. Two options for reducing the

restriction at Check 3 were considered.

Under current conditions, the capacity of the upper reach varied from 100 to 195 cfs, depending

on the contributing flow from System B, while the lower reach varied from 235 cfs to a
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maximum of 510 cfs. By increasing to a 6-foot culvert at Check 3, the maximum capacity of the
upper reach varied from 255 to 395 cfs while the lower reach capacity was between 395 and 510
cfs. By adding the 6-foot culvert next to the 4-foot culvert, the upper reach capacity ranged from

365 to 430 cfs while the lower reach varied from 430 to 510 cfs.

The configuration at the junction does not allow the maximum capacity of both of the reaches
simultaneously. The two scenarios in conjunction with the three culvert conditions provide

numerous flow combinations in the GCWA Canal. A summary of these conditions is listed in

Table 3-5.

Table 3-5
Summary of Check 3 Capacity Study

Check 3 Culvert Size Capacity (cfs)

(fect) Upper Reach Governs Lower Reach Governs

Upper Lower Upper Lower

4 Rt (existing) 195 235 100 510
61 395 395 255 510
4ft&é6fi 430 430 365 510

* All [lows are for one foot of freeboard.

Under current conditions with the Briscoe Canal at maximum capacity (390 cfs), the capacity of
the lower reach of the GCWA Canal is 510 cfs (329.6 MGD) while the upper reach is limited to
100 cfs (64.6 MGD) due to the head created by the Briscoe Canal. When the Briscoe Canal
provides no flow, the lower reach of the GCWA Canal allows 235 cfs (151.9 MGD), and the
upper reach’s capacity increases to 195 cfs (126.0 MGD). When modeled with one foot of silt,
the upper reach was unchanged, but the capacity of the lower reach fell to 495 cfs (319.9 MGD).

The model supported the observation that Check 3 served as a large restriction for this segment
of the canal system. The canal capacity increased greatly by replacing the 4-foot pipe culvert at
Check 3 with a 6-foot pipe culvert. When the Briscoe Canal was flowing at capacity, the lower
reach of the GCWA Canal remained at 510 cfs while the upper reach increased to 255 cfs. When

the Briscoe Canal supported no flow, the GCWA Canal maintained a maximum capacity of 395
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cfs for both reaches. The canal capacity increased even more by adding the 6-foot culvert along
side the 4-foot culvert (instead of replacing it). The lower reach sustained its 510 cfs capacity
while the upper reach increased to 365 cfs when the Briscoe Canal was flowing at capacity. The
GCWA Canal, as a whole, increased to a capacity of 430 cfs When the Briscoe Canal conveyed
no flow. In summary, as the flow through the Briscoe Canal decreases, the allowable flow

through the upper reach increases.

This portion of the study determined that a 6-foot culvert at Check 3 shouid replace or
supplement the current 4-foot culvert. This adjustment would increase the GCWA Canal’s

capacity two to three fold and Check 3 would no longer be the limiting restriction of the system.

3.2.3.1 Bypass Canal

The Bypass Canal allows flows directly from the GCWA canal into the Discharge Canal without
passing through the Reservoir. It is primarily used to maintain system operations while
Reservoir levels are reduced for required maintenance. The Bypass Canal was found to be
capable of carrying 235 cfs (151.9 MGD) with one foot of freeboard, and 220 cfs (142.2 MGD)
with one foot of silt. This is less then the flow capacity of the GCWA canal. Therefore, flows

must be routed through the Reservoir when the GCWA is flowing at or near capacity.

Flow through this segment is dependent upon the level of the Discharge Canal. This effect is not
reflected because the segment was modeled independently to determine its maximum capacity.
- Its integrated capacity was observed during the maintenance period in July 1998 when the

Bypass Canal carried an average of 90 cfs (58.7 MGD).

3.2.3.2 Industrial Reservoir

The Industrial Reservoir was originally designed to hold 7,308 acre-feet of water, at an average
depth of 8.1 feet. The GCWA had the reservoir sounded recently and found silting along the
levees, but no significant loss of capacity. The reservoir is located to meet peak municipal and
industrial water demands, and to allow time for maintenance of the GCWA canal. At an average
outflow and seepage rate of 300 acre-feet per day, approximately 24 consecutive days of

maintenance can be performed on the canals.
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3.2.3.3 Discharge Canal

The Discharge Canal that delivers water from the Industrial Reservoir to the Water Treatment
Plant and the Industrial Pump Station was previously studied and determined to have a capacity
of 116 cfs (75 MGD), with the potential to carry 186 cfs (120 MGD) if certain improvements
were made. The required flow through this segment is equal to the Water Treatment Plant and

Industrial Pump Station customer needs.

3.3  EFFECTIVE CAPACITY

The effective capacity of the system to deliver water was determined by identifying the limiting

pump station or canal segment in the system. Capacities reflect clean, unsilted conditions.

Water losses to seepage and evaporation were accounted for in each segment.

3.3.1 System A
System A, without discharge into Lateral 10, can carry 89 cfs (57.5 MGD) to the Industrial

Reservoir when the Briscoe Canal is running at capacity. This accounts for 11 cfs in losses.
When the Briscoe Canal flows at 40 cfs (25.9 MGD), System A can convey 184 cfs (118.9
MGD). The limiting restriction is the 48-inch gate valve at Check 3 in the GCWA Canal. If
water is transferred to System B using Lateral 10 and System B contributes only 40 cfs to the

GCWA Canal, the total delivery capacity increases to 326 cfs (210.7 MGD), which is the limit of

the American Canal above Lateral 10.

3.3.2 SystemB
System B can deliver 383 cfs (247.5 MGD) to the Industrial Reservoir. This includes 7 cfs in

losses. The limiting restriction is Bridge 41, approximately two miles before the junction with

the GCWA canal. System B can deliver an additional 20 cfs to customers above Ranch Canal.

3.3.3 Total Capacity
The total capacity of the GCWA Canal System is 473 cfs (305.7 MGD), with the GCWA Canal

from Check 3 to the Reservoir being the limiting segment. This includes 17 cfs in losses. This
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flow greatly exceeds the required average rate of 137 cfs (211.5 MGD), but is significantly less
than the maximum permitted rate of 1,345 cfs (869 MGD).

3.4  PUMPING EFFICIENCY
The GCWA Canal System is primarily gravity driven, making it very energy efficient. To

maximize this efficiency, the system was analyzed to determine which pumping station delivers

water at the lowest cost.

System A supplies customers along Oyster Creek, the American Canal and Lateral 10. Pumping
from the Brazos River at the Shannon Pump Station plus collected runoff must therefore meet
the contractual requirements for these customers, plus any requirements on or below the
Galveston Canal not met by System B. Pumping at the Second Lift Pump Station must equal the

pumping at Shannon less the losses and deliveries along Oyster Creek.

System B supplies customers along the Briscoe Canal, and any requirements on or below the
Galveston Canal not met by System A. The system receives inflow from System A at Lateral 10.
Therefore, the Briscoe Pump Station must, as a minimum, divert enough water to meet the
contractual needs of those customers above Lateral 10. The total diversion at both stations can

be established to optimized energy efficiency.

To compare costs of the two systems, the Industrial Reservoir was used as a common delivery
point, and customer diversions above the reservoir were ignored. Between the Shannon Pump
Station and the Industrial Reservoir, system losses to net evaporation and seepage average 11.2
cfs. Deliveries to the reservoir, then, are equal to the pumping rate minus 11.2 cfs. The cost of
this water is equal to the cost of the energy used at the Shannon Pump Station plus the energy
used at the Second Lift. Similarly, deliveries from System B equal pumping at the Briscoe Pump
Station minus average losses of 6.9 cfs. The cost of this water equals the cost of the energy used

at the Briscoe Pump Station.

Pumping energy required is calculated as:

HP = Qh/3960e
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Where: HP = energy used to pump water (horsepower)
Q =flow (gpm)
h  =displacement head (feet)
e = pump efficiency.

Because the motors run at fixed speed, the hourly energy cost per pump is fairly constant, but the
flow rate varies due to changes in lift. By using historic pumping rates at observed river stages
and observed energy usage rates, pump efficiencies were determined, as shown in the calculated
pump curves in Appendix E. For the Shannon Pump Station, Pump 2 was used to calculate costs
because its efficiencies were known. By dividing the energy cost for Pump 2 (using observed
energy usage and assuming the HL&P rate of $0.046 per kWh) by the pumping rate at various
river stages, costs were found to range from $3.83 to $7.25 per million gallons delivered to the
Reservoir. Pumping costs at the Second Lift are constant due to the steady inlet conditions, but
vary by pump from $2.60 to $3.16. They average $2.82 per million gallons transferred. The
total delivery cost for System A is equal to the cost at Shannon plus $2.82, as is plotted in Figure

3-1. Similarly, the cost of delivering water using System B was determined to range from $5.87

to $13.64, and is also plotted in Figure 3-1.

Although System A requires passing water through two pump stations, it is sometimes more
energy efficient than System B. This is due to the change in elevation of the Brazos River from
the Shannon Pump Station to the Briscoe Pump Station and the differing pump efficiencies at the
various stations. Water diverted using System A costs from $6.65 to $10.07 per million gallons.
At times when the river stage at the Briscoe Pump Station is 20.5 feet or lower, it costs less per
gallon to divert water using System A. At times when the river stage is at 43.5 feet or higher, it
is more cost effective to divert water using System B. In the range between those two

conditions, the cost at each station may be determined from Figure 3-1 and the optimum system

selected.
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Pumping Cost vs. River Stage
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Note: Cost is in terms of dollars per million gallons delivered to the Industrial Reservoir.

It should be noted here that the pump efficiencies at the Second Lift are very low, and can be
increased by trimming the impellers. Once this is accomplished, the costs of using System A
will decrease, narrowing the range of conditions where System B is less expensive. Also, the
water diverted from Oyster Creek under permit 1467 currently costs only $3.01 per million
gallons delivered to the Industrial Reservoir. This source is significantly less expensive and

should be monitored to ensure maximum utilization.
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The following recommendations are made to improve the operation of the GCWA Canal System,

and to provide better data for estimating the capacity of the system components.

4.1 METERING

Accurate metering of the GCWA Canal System stands out as a needed system improvement.
Currently, the only automated metering is on the Discharge Canal from the Industrial Reservoir.
Flow measurement at the Shannon and Briscoe Pump Stations is recommended to accurately
report withdrawals from the Brazos River to the TNRCC and to provide the basis for a more
accurate water balance. Measurements along the canal system would facilitate system
management and determination of inflows and outflows. More accurate metering of customer

deliveries would improve accounting and may reduce usage.

4.1.1 Pump Station Metering

Current attempts at pump station metering have had limited success due to high silt loads and
other debris in the water. The plastic blades on propeller type meters quickly wear out, and grass
and other debris often clog the leads on electric velocity meters. A Parshall flume at the

Shannon Pump Station is recorded manually, but the canal conditions are such that running two

pumps submerges the flume.

The layout of all three stations prevents the installation of magnetic or ultrasonic flow meters,
because these on-pipe meters require a straight run length of approximately ten pipe diameters

for accuracy. None of the stations have straight pipe runs of that length.

One possible solution is to use a propeller type velocity meter at a known channel cross section,
and temporarily monitor the flow from each pump separately, and from combinations of pumps.
These empirically determined pumping rates could then be used to calculate annual diversions at
the station based on pump run times. Rates could be verified every six months with minimal
wear on the meter. At the Shannon and Briscoe Pump Stations flows are dependent on river

stage. These updated measurements would allow annual verification or recalculation of the river

stage to flow relationship.
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Another solution would be to install self-cleaning flumes and level gauges below each pump
station. Properly sized flumes would provide valid flow measurement under all operating

conditions with minimal maintenance requirements.

Another, but more expensive solution would be to install multi-point ultrasonic flow ‘meters in
the pump intake or discharge lines. These flow meters do not require the normal upstream and
downstream unobstructed flow distances to develop laminar flow necessary for accurate

measurement.

4.1.2 Canal Metering

Canal metering would enhance system management by allowing the canal manager to maximize
use of System B, which has a greater carrying capacity than System A. Also, many customers
are located along branch canals, such as the Ranch Canal. Metering the flow into these canals
would allow more accurate billing of irrigation customers. Canal metering in association with

pump station metering would allow more accurate estimation of evaporation and seepage losses.

Loss metering would also be beneficial. Monitoring and recording the spill losses at the Jones
Creek spillway and Dam 3 on Oyster Creek would facilitate better runoff estimates, which would
aid in diverting more water under Permit 1467. Losses at the Jones Creek spillway could be
accurately estimated using a level meter. Losses at Dam 3 might be calculated without
additional equipment, if the current dam controller can be programmed to record water and gate

elevations.

Canal metering is most easily achieved by locating metering devices at inverted siphons, which
ensures a known cross-section and full flow at all times. Locations must have access to a power
source, as well as telephone lines if remote monitoring is desired. Recording stations would
serve for branch canals, which do not affect system throughput. The canal locations listed in

Table 4-1 are recommended as potential monitoring sites.
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Table 4-1
Summary of Recommended Canal Flow Monitoring Locations
Canal Laocation Type Device Reason
Jones Creek Spillway Dam Level meter Measure spills
QOvyster Creek Below Dam #3 Flow meter Measure spills
American Canal Below Second Lifi Parshall Mume & level meter | Measure pumped amounts
American Canal Bridge 83 (IHwy 35) Flow meter Measure flow below Lat 10
Lateral 10 Bridge 8 (Hwy 6) [low meter Measure flow to System B
Briscoe Canal Below Briscoe P.S. Parshall flume & level meter | Measure pumped amounts
Monsanto Canal None Already metered
Ranch Canal Bridge 32 Flow meter Measure flow to customers
GCWA Canal Check 3 Flow meter Measurc flow from System A
Bypass Canal Bridge 1 Flow meter Measure flow to Water
‘Trcatment Plant & Pump Station
Industrial Rescrvoir Inlet Flow Meter Measure flow into Rescrvoir
Outlet None Already metered

4.1.3 Customer Metering

Ideally, each customer served by the GCWA should be metered for accurate billing. However,

that expense may not be justified for customers who do not purchase water every year. For those

who do, two metering options exist.

For take-off pipes that always run full, propeller meters may be installed. Because irrigation is
billed annually, these meters can be checked manually, eliminating the power requirement.
Take-off pipes that do not run full would require the installation of exit weirs and level meters.
This setup would require a power source. Level records would have to be maintained, and the

flow across the weir could then be calculated.

Furthermore, it is recommended that all meters be checked and calibrated on a regular schedule.

This will ensure accurate billing and may promote water conservation.

42  CANAL IMPROVEMENTS

Some potential improvements to the canal system and its operation itself have been identified

and are discussed in the following paragraphs.
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4.2.1 Levee Improvements

The current canal capacities (without considering siphon restrictions) exceed the current
pumping capacity of the system. The only segment with a noticeably lesser capacity is the
American Canal, with an average levee height of seven feet, as opposed to ten feet throughout
the balance of the system. Increasing this levee height one foot would raise the capacity to 250

cfs.

4.2.2 Channel Improvements

It is obvious that some canal sections along Jones and Oyster Creeks are overgrown with grass,
bushes, and trees. In addition, GCWA indicates that certain sections of the canal system,
including the Reservoir, have significant amounts of silt. [t is recommended that surveys be
performed to identify the locations of greatest silt depth (Section 4.3) and that the annual

maintenance budget be increased to provide for routine cleaning and dredging.

4.2.3 Culvert and Siphon Improvements

Several improvements were identified to remove the greatest restrictions in the system.

The greatest restriction in the system occurs at Check 3 in the GCWA Canal, where the flow
passes through a siphon with a 48-inch gate. By replacing that culvert with a 72-inch pipe, the
capacity would increase from 195 to 390 cfs. Adding the 72-inch pipe beside the existing siphon

was marginally better.

In the new extension of the American Canal, the single culverts at Bridges 87 and 88 reduce the
capacity from 230 cfs to 155 cfs. Adding a second culvert at each bridge would allow the greater
flow. This improvement is not recommended, however, because the current capacity greatly

exceeds the 1996 irrigation usage in this segment.
In the Ranch Canal, Underdrain 16 at Cloud Bayou restricts flow to 160 cfs. A capacity of 190

cfs could be realized by replacing the current 54-inch culvert with an 84-inch culvert. A capacity

of 215 cfs could be realized by further replacing the 60-inch culvert at Underdrain 17 with an 84-
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inch pipe. These improvements are not recommended, because the existing canal capacity

greatly exceeds the current irrigation demands.

4.2.4 Qperational Improvements

As discussed in Section 3.1.2, the centrifugal pumps at the Second Lift Pump Station are not
operating efficiently. This is due to the change in suction head resulting from installation of
Dam 3. It is recommended that a study be conducted to determine the cost effectiveness of

trimming the impellers on these pumps to provide more efficient operation.

As discussed in Section 3.4, it is less costly to operate either the Shannon/Second Lift or Briscoe
Pump Stations under certain conditions. It is recommended that, to the extent possible, the

guidelines provided become standard operating practice to minimize energy costs.

Finally, it seems possible to increase the water diverted under Permit 1467 by maintaining the
water level at Dam 3 at 69 feet instead of 70 feet. This should be achieved by reducing the
pumping at the Shannon Pump Station. As discussed in Section 3.1.2, the pumps at the Second
Lift will operate more efficiently, and the additional foot of storage will allow you to capture up
to 117 acre-feet of water during rain events. If there are ten large rainfalls each year, that would

equal 1,170 additional acre-feet of water.

43  OTHER RECOMMENDATIONS

All calculations included in this study are based upon canal dimension and elevation estimates
based upon data provided by the GCWA. The channels were assumed to be clear and uniform
throughout the system. To accurately model the system and account for silt deposits, surveyed
cross sections are required for every bridge, siphon, curve, and at intermediate points. The
GCWA canal system would require approximately 2,080 cross sections (400 bridge sections, 280
siphon sections, 624 curve sections, and 776 interval sections). Such a survey would require

approximately 300 survey-crew days, at an estimated cost of $300,000.
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This survey work could be prioritized and sequenced to provide the most necessary information.
First, sections and elevations should be taken at the pump stations and canal junctions to verify
the slopes used in the model (approximately 45 cross sections). Then, subsequent sections could
be taken in the segments where modeled flow does not match observed flow, or where you
would like to model other improvements. In addition, the Texas Water Development Board
could perform a hydrographic survey of the Reservoir for as little as $10,000. The cost and
added benefit of this more extensive survey should be compared with the cost for a commercial

surveying company.

Finally, estimated seepage rates are based on soil surveys and averaged conditions. To better
estimate seepage losses, several methods may be used. If flow meters were installed above and
below a given segment, exact flow losses could be identified. The evaporative portion could be
identified from other sources, and the seepage rates calculated. Another option is to record the
canal level during periods when segments are closed for maintenance. The seepage rates can

then be calculated empirically for various sections of the canal.
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Gulf Coast Water Authority Materials:
e Annual Water Usage Reports from GCWA to the TNRCC for years 1995, 1996 and 1997.

e Certificates of Adjudication, # 12-5166, 12-5168 and 12-5171, authorizing appropriations of
water from the Brazos River, issued by the Texas Water Commission, December 1987.

e Dr. Thomas S. Mackey Water Treatment Plant Capacity Expansion Evaluation, Malcolm
Pirnie, 1996

e  Gulf Coast Water Authority System Facilities (map .book), produced by Walsh Engineering,
Inc, May 1995

e GCWA Water Conservation Plan (includes projections through 2020), dated June 1998

e Monthly Billings, 1996 - 1998

e Raw Water Facilities Audit (Conveyance, Storage and Distribution Facilities), Volumes 1 &
2, produced by GCWA, 1995

e Water Consumption Report (summary by customer) for 1994, 1995, 1996, 1997, and 1998
contract.

e Water Treatment Plant Influent Quality Records, 1996 - 1998

Texas Water Development Board, Report 64, "Monthly Reservoir Evaporation Rates for Texas,
1940 through 1965," October 1967

Texas Water Development Board, "Statewide Lake Evaporation Data", TWDB web site, June
1998

USDA Soil Conservation Service, "Soil Survey of Galveston County Texas", Feb 88
USDA Soil Conservation Service, "Soil Survey of Brazoria County," Texas, June 81
USDA Soil Conservation Service, "General Soil Map, Fort Bend County," Texas, July 1979

USGS Topographic Map Sheets, 7.5 Minute Series:
Fulshear, TX

Richmond NE, TX

Clodine, TX

Sugar Land, TX

Missouri City, TX

Almeda, TX

Pearland, TX
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Juliff, TX

Manvel, TX

Algoa, TX
Dickinson, TX
Texas City, TX
Mustang Bayou, TX
Hitchcock, TX.

University of Texas at Austin, Bureau of Economic Geology, "Geologic Atlas of Texas, Houston
Sheet," 1982
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Appendix B

Gulf Coast Water Authority Soil Data
Symbol Name Depth Clay Minimum Maximum Limit for Limit for
Permeability Permeability  ponds/ levees/
reservoirs embankmt
(inches) (pct) {(in/hr) (infhr)
Ba Beaumont clay 0-29 40-55 0.06 0.20 Slight Severe
29-80 45-60 0.00 0.06
Be Bernard clay loam 0-10 27-35 0.06 0.20 Slight Severe
10-60 35-60 0.00 0.06
60-65 30-60 0.00 0.06
Bn Bernard 0-10 27-35 0.06 0.20 Slight Severe
10-60 35-60 0.00 0.06
Edna 0-8 12-20 0.60 2.00 Slight Severe
8-60 35-55 0.00 0.60
BrA Brazoria Clay 0-65 60-80 0.00 0.60
Ed Edna fine sandy loam 0-8 12-20 0.60 2.00 Slight Severe
8-45 35-55 0.00 0.06
45-60 35-55 0.00 0.06
LaA Lake Charles clay 0-24 40-60 0.06 0.20 Slight Severe
24-62 40-60 0.00 0.06
Le Leton loam 0-12 10-25 0.06 200 Moderate Severe
12-60 20-35 0.06 0.20
Ma Mocarey loam 0-12 15-27 0.60 2.00 Slight Severe
12-22 18-35 0.20 0.60
22-52 18-40 0.20 0.60
52-60 30-50 0.06 0.20 .
Mb Mocarey 0-11 15-30 0.60 2.00 Slight Severe
11-60 18-40 0.20 0.60
Algoa 0-12 15-30 0.60 2.00 Slight Moderate
12-58 20-35 0.60 2.00
58-65 30-50 0.20 0.60
Mc Mocarey 0-12 15-27 0.60 2.00 Slight Severe
12-16 18-35 0.20 0.60
16-60 18-40 0.20 0.60
Cieno 0-11 20-30 0.20 0.60 Slight Severe
11-60 24-35 0.00 0.06
Mf Morey 0-11 15-30 0.60 2.00 Slight Severe
11-60 25-35 0.06 0.20
Leton 0-12 10-25 0.60 2.00 Moderate Severe
12-60 20-35 0.06 0.20
NoA Norwood silt loam 0-18 27-40 0.60 2.00 Moderate Severe
18-55 18-35 0.60 2.00
55-63 10-35 0.60 2.00
PI Pleger Clay 0-26 40-60 0.06 0.20 Slight Severe
26-50 35-60 0.00 0.06
50-64 -—- 0.00 0.02
Ve Verland silty clay 0-13 2740 0.06 0.20 Slight Severe
loam 13-62 40-60 0.00 0.06
30-60 35-60 0.00 0.06
Average Permeability: 0.22 0.77
Substrate Beaumont Formation 100 ft (+/-) Low Moderate
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Gulf Coast Water Authority Pumping Records. 1996 and 1997
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A24m7 o o o [} o [+] o ] 0 [} 4 o 31668 0 24 0 33809166 nT o
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5207 ] 0 o 0 0 ] Q 0 ] L] 4 0 31668 1] 15 0 13392016, 406 65
Sam7 o ] a 0 0 ] 0 0 ] o 0 0 0 1] 24 0 36002815 383 74
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ahom? o 12 0 o 18 128 1238
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ez2m7 ] ] o ] o '] 1]
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orRo7 o A4 Q @ 152 018 138
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TronT 0 A 24 0 20 278 22
07 ] 4 24 0 208 288 332
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Amount
acre-foel

e - e -1

71765124
221.25537
207.52008
10354545
1223710
13522314
72528928
217.58078
280.36017
75702
27906777
74157
209 95041
240.01736
24515702
12257851
10517355
1402314
0

a

0

a

147 57025
B0 13221
75305785
22591730
221.21074
245 45702
177.0247%
16140496
240415
23561618
221.38537
21,35537
2135507
19038842
10318182
2118471
21583471
22135537
22135507
21181401
201183471
20271074
207.27273
207.27213
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658.5124
652 56108
618.8505

1837 Pumping

- 2naLin Brscoe

Pumps AmounL Pumps Amount Gau
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0 0 ] [ [} 2 0 3500709 402 77
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0 (] 4 o 31688 0 15 0 22843071 7 88
] 0 0 ] ] [ 115 a0 20882132 305 77
0 0 o ] [ [ [ [} 0 38 a
[} [ [} o [ o ] [} [/ T [
0 0 0 [ [ [ [ 0 a 73 [
[} 0 18 0 28672 ] ] [ 0 35 [
155 0 85 9 212602 o ] 0 0 154 [3
24 0 o 0 25506 0 0 ] 0 356 0
24 [ 0 o 25508 0 0 o 0 66 [
155 [ ] 0 1653075 0 [ 0 0 3.6 [
[ 3 4 0 31638 16 0 0 23717077 56 7
] [ 4 0 31888 bl (] 0 32914041 344 7.5
0 [} 4 o0 21658 2 0 1 23276027 4.1 66
0 0 4 0 31688 [ o 24 35135016 7 73
[ 0 6 0 47502 o 1 10 34472091 N9 7.5
0 ] 5 0 23585 [ 24 0 33367216 n7 7.3
[ 0 ] " 01,728 0 u 0 33148241 12 73
] o 0 24 13104 16 [] 0 320.25266 08 73
0 0 ] 2 131.04 24 [ 0 32925266 a5 73
(] 0 0 4 3 L] [ 45 22636121 05 o
(] 0 0 24 14 Q 0 24 3)1.46241 N 73
(] (] 15 9 187.895 [ 0 24 33558101 324 73
0 [ M 0 180008 0 [ 24 34020141 13 73
(] 0 u 0 190008 [ 0 24 33146241 n 72
0 (] 24 0 190008 ] (] 24 372379 kLT 73
0 0 24 0 180.008 0 0 24 3880158 42 76
0 ] 11 o0 193008 0 [ 24 38670815 416 78
0 ] 24 0 190008 14 [ 10 371.2370 a5 77
0 o u o 190.008 2 0 0 35797641 384 77
[ o 2 0 180008 2] 0 0 35155691 153 77
[ 0 1] 0 10008 2 ] 0 34472091 38 76
0 ] 24 0 190008 L] 0 0 34030141 12 76
0 o H] Q0 150008 24 0 0 34030141 21 76
0 Q 0 ns 12285 20 0 0 26358451 13 76
o ] 2 o 150008 [} ] 0 [} %6 ]
] ] 2 0 180008 [} 0 0 0 355 ]
0 ] 2 0 190008 0 0 0 0 358 ]
0 0 ] o 180008 ] [ 0 117.8513 351 0
0 L] 2 0 190.008 0 2 0 34472081 16 73
0 Q ] 0 180008 0 75 165 34030141 331 13
0 Q 2 0 150008 0 (] 24 34030141 334 74
o ] 2 0 190008 0 0 24 33588191 21 7d
o ] 2 0 190,008 (] 12 12 33588191 224 74
o [] 24 0 190008 ()] 2 0 3472091 138 76
o Q 24 0 192008 0 U 0 357.07041 38 76
3 ] 4 0 180008 (] 2 0 35018915 366 78
[ ] 24 o 180008 ] 2 0 15355991 353 75
Q Q L] 0 190008 18 [ 0 34030141 131 15
0 [ 24 0 100008 B 16 0 33r45241 nz 15
Q Q 24 0 190008 0 EZ 0 226231 298 75
0 [ 24 0 190008 o u 0 21820302 208 73
[ [ P 0 190008 ] 2 0 21820392 285 73
[ ] 24 0 180008 9 75 4 26802219 277 [
0 ] EZ] 0 180008 1 0 0 20935492 I 72
0 [ 15 9 187.635 24 (] 12 46073275 268 73
0 ] [] % 131.04 4 ] 24 627.56801 78 ]
0 ] 0 24 104 1 0 24 63540783 87 9.1
] o L] 6 175286 EZ] 0 24 63640763 287 92
[ Q 14 10 165.438 u ] 24 62756801 a7 91
[ 1] 10 1% 15541 1] [ 12 48073275 287 ]
0 [ 24 0 100008 2 o 0 20273567 262 73
0 0 24 0 100008 K] 0 0 30273567 261 73
] 0 24 0 190.008 2% o 0 30273567 261 73
155 0 a5 0 222602 2 0 0 30273567 283 73
2 [ 0 0 25588 24 0 0 30273%67 282 13
2 0 0 c 28872 22 o 0 20273567 .2 73
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Appendsx C.2 1907 Pumaing

Shannon 2nd Lift Baseso
Pumps Flumo Pumps Amount Pumps Amount Gauges
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Bnoo? ] 24 ] o 1M ] 923 18505705 ] 1] 24 131.04 ] o 24 25054088 205 7
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8za97 0 ) 0 14 0 933 18505785 0 0 0 24 13104 o 24 24 404.98387 193 85
N7 Q ) 0 [ 132 (] 919 18238099 0 ] 0 24 13104 [ 24 24 49498387 19.2 85
B307 o 24 0 0 132 ] 91.8 18228099 0 0 0 24 131.04 o 24 24 4949887 92 as
em? Q 24 [} o LB [} 0190 18228099 ] [} ] 24 13104 '] 24 24 49498387 191 as
w7 [} 2 [} [ 132 0 019 18228080 0 0 0 24 13104 o 24 24 40408387 01 85

Rt 0 ) 0 [ 132 (] 918 18222099 (] 0 ] 2 13104 0 24 24 48172537 189 a5

anmr [} 24 L] a 132 o 019 18220093 (] [} 0 24 13104 0 24 1438136592 A1) as

wam? [} 24 0 ] 134 0 833 18505785 0 0 ] 24 13104 0 24 0 240 85269 189 7

wsa7 o o) 0 [ i ] 033 18505785 0 0 0 24 13104 o 24 0 247.49183 L] 7

osa? o 24 0 Q 1 ] @33 18505785 ] [ o 24 131.04 ] 4 0 24085269 108 T

wrm? 0 2 0 0 134 0 933 18505785 0 ] o 28 131.04 0 24 0 240.86259 187 7

warg? [} 24 (/] ] 13 0 BB9 17033058 0 0 0 2 131.04 o 24 0 24088269 m7 7
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aneeT o EL 0 Q 12 ] 019 18228096 o o 0 24 13104 Q 24 0 24065200 10 7
snTRY 15 [] 0 [3 13 [} 889 17631058 0 0 0 24 131,04 0 24 0 240 86260 18.7 7
LALT 1 ] 0 0 15 (1] 1116 22135537 0 o 0 2 13104 [ 24 0 24036269 185 7
B1om7 24 1] 0 a 1.48 053 1027 217 58578 [ ] 16 8 170.352 1] 2 0 2342304 184 7
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a1ar 15 a 0 [3 148 055 1097 13550174 [} ] 2 o 150008 o kL) 0 234234 184 7
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1937 Pumping
Snhannon 2ndLif Boscoe
Pumps Fluma Pumpng Ameunt Pumps Amaunt Pumps Amount Gauges
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Q Q ] a o Q o 0 o 1 [} [} 11.84 ] Q 24 24749363 193 72
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0 0 a ] Q o ] (] ] 1] a 0 ] 0 24 247 49183 19 7
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a 0 1] 0 o 0 o [:] ] o ] o [] (] 23 WS L4a00756 81 87
] 0 0 o 1] Q 0 [ a 0 5 L] 22585 0 2 24 468 46630 16 BE&
[] ] ] 0 ] ] 0 ] ] a 0 o [] ] 23 24 468 46688 18 86
0 ] o 0 0 L] ] 0 0 § 1 [} 19757 Q 18 24 390 38906 16 15
L] [ 0 0 ] L] o 0 ) q 0 ] [] o 20 24 421325% 18 .8}
o [] o o ] ] 4] o a [} 5 ] 39585 9 7 24 38302323 178 15
0 0 0 0 -] 0 o 0 (] 0 10 0 14318 24 [/ 7 31143 a8 7.03
] 1] o ] ] ] 0 0 a 0 24 0 150.008 21 [ 0 25533093 20 73
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] 0 0 o Q [] (] 0 [ [} o ] 0 24 a 0 247.40183 182 73
0 a ] ] a ] a [] [ 0 o (1] a n o 0 11545341 195 64
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Q o ] ] a ] 1] [} [} [] ] L] a 24 o 0 25191142 185 7.4
o Q 0 ] [} ] 1} 0 ] 0 o o o 24 Q 0 247.40193 194 7
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o ] 0 ] 1] o 0 (1] (] a Q ] o 24 '] 0 24749193 101 71
1] Q Q ] L] ] L] [] [} (] ] o o 25 o 0 24086269 1’5 71
] [} ] 0 0 0 ] o L] [} 16 ] 126672 24 0 0 24749193 191 71
] Q ] o o -] 1] a o L] 24 1] 180.008 24 o 0 20188692 242 72
] a o ] 0 ] ] 0 0 o 14 10 185438 24 0 0 315e0417 204 73
] 1] [} ] a 0 ] [ o ] 5 9 88725 24 ] 0 30273567 26 74
o ] ] o 148 148 o7 0 ] L] 15 Q 118755 12 0 0 14894834 248 73
] ] ] [} 13 01 o L] L] o 24 4 180.008 o [} o ] 27 0
1] ] (] Q o 0 ] 0 o ] 24 a 190.008 Q L] o (1] 243 o
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Appendn C-2 1997 Pumping

Snannoa 2nd Lin Bnscoe
Pumpa Fluma Pumpng Amount Pumpe Amount Pumps Amount Gavges
Qate 1) [} [] B P Doon  Bale  eciedoet 1 2 [} B4 pgreclee =n 2 B} actefeet — Sucton Dicharog
12707 a o ] o ] o [} o o o 24 o 100008 a o o o 238 o
12807 Q o o 0 ] ] 0 ] o o U 0 190.008 0 ] 0 o 24 0
28T o o o [} [} ] [} Q o o 25 o 190.008 [ o Q 0 247 ]
12noat ] L] L] [ 0 0 ] o ] o 24 0 100.008 q 1] 0 o 251 ]
12n1m71 o o o o o ] [} o o o 24 o 180 008 a o o o 228 o
m ] -] 9 0 0 0 ] 0 ] 0 8 [} 98 096 a o ] o e (]
123a1 1} ] ] 0 0 0 0 ] -] L] 6 0 47.502 0 o 6 64035%7 204 66
121407 ] o o [} ] ] [} [} o o L] ] o a e 0 064082733 203 o7
12nsm7 o Q o o ] o 0 0 o o 0 0 [} [ o 5 53662542 208 67
121emr o o L] ] ] ] ] (] -] ] ] ] 0 ] 14 0 1508154 208 67
1T o o o o o o 0 0 [} o 0 o 0 Q 24 0 25633093 20 [al
12nem7 0 Q 0 0 o o a 0 ] 1] o o a a 75 185 251.91143 19.7 71
121001 ] 0 o 0 [} ] 1] o o o ] '] a a ] 24 25191143 198 T
1272007 o e o 1] [} ] ] [ o 0 ] 0 [} 0 o 24 251.0114) 105 T
122107 o [} o o o ] [} L] o o (] 1] o 0 o 24 25101143 105 T
1207 ] ° o o [ ] 0 ] ] ] 24 0 180.008 o o 24 26516693 FIR) 7
122307 -] L] o ] 0 0 a ] o L] 24 o 1s0008 0 [ W5 18851925 207 7
fz2am7 0 o 0 ] 0 ] 0 1) ] o 24 0 190008 12 [} 0 19003845 403 L]
1272547 -] [ ] a o ] ] 0 ] o 24 o0 1%0.008 24 ] 0 41101328 471 79
1272007 0 o o 0 0 ] 0 ] o o 1 ] 142.506 24 0 0 406 59388 463 78
12707 ] [ o ] 0 ] o ] ] ] 14 0 110838 ] ] 0 14418615 414 0
12728207 o L] 0 ] 0 ] o (] ] o 0 ] 0 ] ] [ L] i 0
122097 o L] o 0 o 0 ] 0 L] o 0 0 () ] ] 0 o 354 0
122007 ] L] 0 0 0 0 0 ] ] o ] 0 0 ] 0 0 o 320 0
127107 [] L] 0 1] 0 0 1] 0 0 ] (] 0 0 ] -] ] L] ns ]
1025 181 689 o 24040 202 6 22365 1362 28478 18555 20335 2202 85.04B65 24

c-28



Appendix D
Usage Records, 1996 and 1997
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Appendix D: GCWA Water Deliveries

Customer Contract 1996 1997

MGD AFIYR MGD AFIYR MGD AF/YR
Industry
Monsanto 6.0 6,722.1 4.2 4,743.6 4.2 4,692.0
OxyChem 7.9 8,812.7 5.0 5,636.5 5.0 5,574.8
Choc Bayou # 1 13.0 14,563.4 43 4,839.9 13.0 14,6343
Texas Brine 0.8 925.4 0.4 496.3 0.4 473.9
ISP 1.0 1,120.3 - 0.8 908.5
Spot Water 0.0 9.2 0.1 81.6
Total: 28.7 32,143.9 14.0 15,725.5 234 26,265.2
Irrigation:
Fluor Daniel 0.1 89.6 0.1 72.8 0.0 43.7
Choc Bayou # 3 8.0 8,906.8
Amer. Golf 0.3 3316 0.3 3318 0.2 187.1
Sugar Creek 0.2 235.3 0.0 1.1 0.2 266.6
Golf Unlimited 0.2 199.4 0.1 136.7 0.1 874
Riverbend 0.1 153.5 0.1 71.7 0.1 97.5
Texas DOC 0.2 183.7 0.1 103.1 0.0 12.3
Rice Crop 16.0 17,870.5 9.1 10,186.9
Row Crop - 0.7 793.5 -
Tx City Golf 0.1 74.3
Spot Water 0.1 67.4 0.0 17.2
Total: 1.1 1,193.2 25.3 28,355.2 9.8 10,972.9
Water Plant 18.0 20,166.3 127 15,464.0 12.8 16,08