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e Additional material, including a spreadsheet showing projected springflow based on different
pumping scenarios, a discussion paper on DFC establishment, a research paper on response by the
Plethodontid Salamander to declining Dissolved Oxygen, a correlation graph of Dissolved
Oxygen vs. springflow at Barton springs and “Gam Run 09-019” (Exhibit E).

Additionally, posted notices, maps and approved minutes for a May 17, 2010, meeting at which a
decision was made to subdivide GMA 10 into three subdivisions with respect to the Edwards Aquifer are
attached (Exhibit F).

Finally, after reviewing information in GAM Task 10-027, all groundwater conservation district (GCD)
representatives in attendance, eight of the nine members of the Joint Coordinating Committee of GMA
10, voted unanimously on August 4, 2010, to adopt a Desired Future Condition for the Edwards Aquifer
in Kinney County of the western subdivision of GMA 10 of maintaining a water level in Index Well No.
70-38-902 at or above an elevation of 1,184 feet above mean sea level.

Also find enclosed the following items related to the DFC adoption for the record:

e Resolution No. 2010-08 with signatures of all attending GCD representatives (Exhibit G); and
e A copy of GAM Task 10-027 for Kinney County (Exhibit H);

If there are any additional submission requirements necessary, please contact me at:

Edwards Aquifer Authority
1615 N. St. Mary’s
San Antonio, TX 78215
Office phone (210) 222-2204

E-mail: rillgner @edwardsaquifer.org

Respectfully,

Rick Iligner

Governmental Affairs Officer
Edwards Aquifer Authority
Rl/em

Enclosures
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Groundwater Management Area #10 Joint Planning Meecting

Edwards Aquifer Authority
Phone (210) 222-2204 Fax (210) 222 -986Y

NOTICE OF OPEN MEETINGS

As required by Section 36.108(c), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

Cat o0 A

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Discussion and action related to readopting a DFC for the Edwards Agquifer in the Northern Subdivision of GMA-10.

Discussion and action related to readopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of

GMA 10.

7. Discussion and possible action related to the designation of relevant aquifers for DFCs related to the Trinity Group,
relevant aquifer assessments, and the establishment of Trinity DFCs,

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Related
Aquifers in Uvalde County.

9. Discussion and possible action related to designating and establishing DFC(s) for the relevant aquifers in the Western
Subdivision of GMA-10 and in Kinney County.

10. Discussion of compliance monitoring activities for adopted DFCs within each district.

11. Meeting schedule post September 2010.

12. Adjournment of morning meeting.

Gl s

As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
12:30 pm at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

I

Public Comment.

Receipt of Posted Notices.

Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 2010.
Discussion of other GMA 10 Business.

Next Meeting and Discussion Topics.

Adjournment of afternoon meeting.

NoavnsELD -

Came to hand and posted on a Bulletin Board in the Courthouse, County, Texas, on this, the day of July,
2010 at .m.

, Deputy Clerk

Doc# 14863 Fees: $2.00 ' XA
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GERARD RICKHOFF COUNTY CLERK
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Gronndwater Management Area #10 Joint Planning Meeting

Edwards Aquifer Aunthority
e Phone (210) 222-2204 Fax (210) 222 -9869

JUL-29-2010(THU) 16: 01

NOTICE OF OPEN MEETINGS

As required by Section 36.108(e), Texas Watcr Code, a meeting of the Groundwater Management Area 10
Planning Committce, compriscd of delegates from the following groundwater conservation districts loeated wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
11:30 am at the Confcrence Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonlo, TX 78215.

At this meeting, the following busincss may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receetpt of Posted Notices.

Approval of July 19, 2010 Minutes. - ) )

Discussion and action related to rcadopting a DFC for the Edwards Aquifer in the Northern Subdivision of GMA-10.

Discussion and action related to rcadopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of . -

GMA 10. : : : : ' .

Discussion and possible action related to the designation of relevant aquifers for DFCs related to the Trinity Group,

relevant aquifer assessments, and the establishment of Trinity DFCs. ’ . .

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Rclated

- Aquifers in Uvalde County.

" 9. Discussion and possiblc action relatcd 1o designating and establishing DFC(s) for the relevant aquifers in the Western
Subdivision of GMA-10 and in Kinney County. ‘

10. Discussion of compliance monitoring activitics for adopted DFCs within cach district.

11. Meeting schedule post Septembcr 2010. ;

12. Adjournment of morning meeting.

N AN BRNN

As required by Scction 36.108(¢), Texas Water Code, a meeting of the ‘Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially 'within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creck CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Weduesdsy, August 4, 2010 at
12:30 pm at the Confercnce Center of the Edwards Aquifer Aathority, 1615 N, St. Mary’s, San Antonie, TX 78215.

At this mecting, the following busincss may be considered and rccommended for Joint Planning Committec action:

Call to Order.

Public Comment.

Reeeipt of Posted Notices. . ‘ ]
Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 2010.
Discussion of other GMA 10 Business.

Next Mecting and Discussion Topics.

Adjournment of afictnoon meeting.

. ~ame to hand and posted on a Bulletin Board in the Courthouse, &m County, Texas, on this, thcag_ day of July,
“2010at IUS O I '

Jm.
¥ Deputy Clerk
R 17 i T
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NOTICE OF OPEN MEETINGS
Groundwater Management Area #10 Joint Planning Meetings

Wednesday, August 4, 2010, at 11:30 a.m.,

Notice is given that an open meeting of Groundwater Conservation Districts that are located within the
State of Texas Groundwater Management Area #10. with onc or more members of the Board of
Dircctors and/or its designated representative and/or staff of the Barton Springs Edwards Aquifer
Conservation District in attendance, for purposes of discussing and/or conducting joint planning
concerning desired future conditions, in compliance with Texas Water Code. Chapter 36.108. This
meeting will be held on Wednesday, August 4, 2010, at 11:30 am at the Conference Center of the
Fdwards Aquifer Authority, 1615 N. St. Mary’'s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee
action:

I. Callto Order.

2. Public Comment.

3. Reeeipt of Posted Notices.

4. Approval of July 19, 2010 Minutes.
5.

Discussion and action related to readopting a DFC for the Edwards Aquifer in the Northern Subdivision of

GMA-10.

0. Discussion and action related 1o readopting a DFC for the Saline Edwards Aquiter in the Northern

Subdivision of GMA 10.

Discussion and possible action related to the designation of relevant aquifers for DFCs related to the Trinity

Group. relevant aguifer assessments. and the establishment of Trinity DFCs,

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and
Related Aquifers in Uvalde County.

9. Discussion and possible action related to designating and establishing DFC(s) for the relevant aquifers in the
Western Subdivision of GMA-10 and in Kinney County.

10. Discussion of compliance monitoring aclivities for adopted DFCs within each district.

I'l. Meeting schedule post-September 2010.

12. Adjournment ol morning meeting,

Wednesday, August 4, 2010, at 12:30 p.m.

Notice is given that an open meeting of Groundwater Conservation Districts that are located within the
State of Texas Groundwater Management Area #10. with one or more members of the Board of
Directors and/or its designated representative and/or staff of the Barton Springs Edwards Aquifer
Conservation District in attendance. for purposes of discussing and/or conducting joint planning
concerning desired future conditions. in compliance with Texas Water Code, Chapter 36.108. This
meeting will be held on Wednesday, August 4, 2010 at 12:30 pm at the Conference Center of the
Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.
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At this meeting, the following business may be considered and recommended for Joint Planning
Comnmittee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 2010.
Discussion of other GMA 10 Business.

Next Meeting and Discussion Topics.

Adjournment of afternoon meeting.

N YR

Came to hand and postegd on a Byffetin Board in the Courthouse, Travis County, Texas, on this, the & 6’2

day of July, 2010 at N
¢ u/ W‘%eputy Clerk
,«M{ HAEL P! ravis County, TEXAS
&

o

Please note:

The Barton Springs/Edwards Aquifer Conservation District is committed to compliance with the Americans with
Disabilities Act (ADA). Reasonable accommodations and equal opportunity for effective communications will be provided
upon request. Please contact the District office at 512-282-8441 at least 24 hours in advance if accommodation is needed.

FILED AND RECORDED

OFFICIAL PUBLIC RECORDS

Cn Blrewress

Jul 29, 2010 ©4:17 PN 201080294

GONZALESM: $3.00
Dana DeBeauvoir, County Clerk
Travis County TEXAS
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Groundwater Management Arey #10 Juint Planning Meoting  Accosted for Filing int
Hays County
Edwards Aquiler Authority s Jul ‘29»2%20 at 03:20P
Phone (210) 222-2204 Fax (210) 222 -9869 Rose Robinson
NOTICE OF QPEN MEETINGS

Ay required by Scction 36.108(e), Texas Water Code, a meeting of the Groundwater Muougement Arca 10
Planning Committes, comprised of delegatex from the following groundwater conservation districts located wholly
vt partiafly withip Gruundwater Mapugement Area 10: Fdwards Aquifer Authority, Guadalupe County GCD,
Medina County (GCD, Uvalde County UWCD, Plum Creek CD, Burton Springs Fdwards Aquifer CD, Huys
Trinity GCD, Trinity Glen Rase GCD and Kinney County GGCD will be hield on Wednesday, August 4, 2010 at
11:30 ym ut the Conference Center of the Edwardy Aquifer Authority, 1615 N. St. Mary's, San Antonlo, TX 7821S.

At this mecting, the following busincss may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Niscussion and action refated Lo rendopting @ DFC for the Edwards Aquifer in the Northern Suhdivision of GMA-10).

Discusyion and action related (0 readopting a DEC for the Sidine Edwurdy Aquifur in the Northem Subdivision of

GMA 10,

7. Discussion and possibie uction related o the designation of relevant aquilers for DECs refated 10 the Trinity Group,
celevant aquifer assessmeats, and the establishment of Trinity DIRCs.

8. Discussion and pussible action related o establishing DFCs fur the Leona Gravel, Budu, Austin Chalk and Retated
Aquifers m Uvalde Caunty.

9. Discussion and possible action related to designating and cstablishing DFC(s) for the relevant aquifers in the Western
Subdivision of GMA-10 and in Kinncy County.

10. Discussion of compliance monitoring activities for adopted DFCs within each district.

't Mecting schedule post Scplember 2010.

12. Adjournment of moming meeting.

= N M

Ay required by Section 36.10%(c). Texas Water Code, 2 meeting of the Groundwater Management Area 10
Planning Committee, comprixed of delegates from the following groundwater conservation districts located whally
or parthully within Groundwater Munugement Ares 10: Edwardy Aquifer Aothority, Guadalupe County GCD,
Mcdina County GCD, Uvslde County UWCD, IMum Creek CD, Burton Springs Edwards Aquifer CD, Hays
Trinity GCD. Trinity Glea Roxe GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
12:30 pm at the Conference Center of the Edwards Aguifer Authority, 1615 N. St. Mary's, Sun Antonlo, TX 78215.

At this meeting, (he following business may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comnxnt,

Reccipt of Posted Notices.
Appsovul ul Minutes of the GMA 10 Mccting beginning ut 11:30 AM, August 4, 2010.
Discussion of other GMA 10 Busincss.

Next Meeting and Discussion Topics.

Adjeumment of afternoon mecting,

Came v hynd and posted on a B i i : f County, T'cxas, on this, the 2[/ day of July,
201001 e m 0,

X Nava ) » . Deputy Clerk
County, TEXAS
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Groundwater Management Area #10 Joint Planning Meeling

Edwards Aguifer Authority

Phone (210) 2222204 Fax 12100 222 9k
NOTICE OF OPEN MEETINGS

As required by Section 36.108(¢), Texas Water Code. a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Anthority, Guadalupe County GO,
Medina County GCD, Uvalde County UWCD, Plum Creek CD. Barton Springs Edwards Aquifer CD. Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4. 2010 at

11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78218,

At this meeting. the following business may be considered and recommended tor Joint Planming Committee action:

. Call to Order.

2. Public Comment.

o Receipt of Posted Notices.

Lo Approval of fuly 192010 Minutes.,

S0 Discussion and action related o readopting a DEC tor the Edwards Aquiter in the Northern Subdivision of GMA- ().
6. Discussion and action related o readopting a DEFC tor the Saline Edwards Aquiter in the Northern Subdivision of

GALA O,

Discussion and possible action relited o the designation of relesant aquitiers tor DECS related o the Triniy Group.

relevant awquifer assessments. and the establishiment of Tromy DECS,

S0 Discussion and possible action reliated o establishing DECS tor the Feona Gravel, Budia, Austin Chalk and Related
Aquiters in Usalde County .

9. Discussion and possible acthion related to designating and establishing DECosy tor the sefesant aguiters i the Western
Subdivision of GNEA-FO and in Kinney County.

1)L Discussion o compliance monitoring activities tor adopted DECS withm cach distriet.

11 Nleeting schedule post Septemiber 2010,

12, Adjournment of morning mecting,

~4

As required by Section 36.408(¢). Texas Water Code, a mecting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10 Edwards Aquifer Authority. Guadalupe County GCD,
Medina Connty GCD. Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD. Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday., August 4. 2010 at
12:30 pm at the Conference Center of the Edwards Aquifer Authority. 1615 N. St Mary s, Sun Antonio. TX 78213,

At this mecting. the tollowing business nay be considered and recommended for Jont Planning Commitiee action:

I Call o Order.

2. Public Comment.

Lo Recaipt of Posted Notices.

LooApproval of Minutes of the GNEX TO Mecting beginning at FH30 AN August |, 20100,
So0 Discussion of ather GMA 1O Business.,

O, Neat Mecang and Discussion Fopics,

7. Adjowrnment of aftiernoon mecting,

Came lu’gnml and posted on a Bulletin Board in the ("»urllu»u.\c.ca-!dw‘j[ County . Texas. on this. the & 9 dav ot July.
010w 220 o, A . ) ’
FHLED lhl.s_,Z7 EHE nl% 2uf0. )}//%Q% Deputy Clerk
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ficcested for Filing ind -
Hays County

Edyrards Aquifer Authority Gt Jul 30,2010 ot 031079
4y
Phone (210) 222-2204 Fax (210) 222 -9869 Lunn Curry

NOTICE OF OPEN MEETINGS

As requived by Section 36.108(e), Texas Water Code, » mecting of the Groundwater Mansgement Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located whelly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe Couaty GCD,
Medina County GCD, Uvalde Connty UWCD, Flum Creek CD, Barton Sprivgs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinacy Connty GCD will be beld on Wednesday, August 4, 2010 at
11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary's, Sao Antonio, TX 78218,

At this meeting, the following business may be considered and recommended for Joint Planping Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Discussion and action related to readopting a DFC for the Edwards Aquifer in the Northemn Subdivision of GMA-19.

Discussicn and action related to readopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of

GMA 1C.

Discussion and possible action related to the designation of relcvant aquifers for DFCs related to the Trinity Group,

relevant aquifer assessments, and the establishment of Trinity DFCs.

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Rolated
Aquifers in Uvalde County. )

9. Discussion and possible action related to designating and establishing DFC(s) for ths relevant aquifers in the Western
Subdivision of GMA-10 and in Kioney County. . '

10. Discussion of compliance monitoring activities for adopted DFC3 within each district.

11. Meeting schedule post September 2010.

12. Adjoumnment of moming meeting.

Bl ol ol e
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As required by Section 36.108(¢), Texas Water Code, a mectiog of the Groundwater Managemeot Ares 10
Plaaning Committee, comprised of dclegates from the following groundwater conservation districts located wholly
or partially within Grouudwater Mansgement Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medins County GCD, Uvalde County UWCD, Plura Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Triunity Glen Rose GCD and Kinney Couaty GCD will be held on Wednesday, August 4, 2010 at
12:30 piy at the Counference Center of the Edwards Aquifer Authority, 1615 N. St. Mary's, Saa Aotonio, TX 7821S.

At this meeting, the following busincss may be considercd and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 2010.
Discussion of other GMA 10 Business.

Next Meeting and Discussion Topics.

Adjournment of afternoon rueeting.

NOWM AW

Came to0 band and posted on a Bulletin Board in the Courthouse, ‘%Comty. Texas, on this, the;.?éf dg; of July,
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Aug 02 10 11:46a Ron
Groundwater Management Area #10 Joint Planning Meeting B 0 0 U .7 8 4
Edwards Aquifer Authority
Phone (210) 222-2204 Fax (210) 222 -9869
NOTICE OF OPEN MEETINGS

As required by Section 36.108(¢), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Discussion and action related to readopting a DFC for the Edwards Aquifer in the Northern Subdivision of GMA-10.

Discussion and action related to readopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of

GMA 10.

7. Discussion and possible action related to the designation of relevant aquifers for DFCs related to the Trinity Group,
relevant aquifer assessments, and the establishment of Trinity DFCs. :

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Related
Aquifers in Uvalde County.

9. Discussion and possible action related to designating and establishing DFC(s) for the relevant aquifers in the Western
Subdivision of GMA-10 and in Kinney County.

10. Discussion of compliance monitoring activities for adopted DFCs within each district.

11. Meeting schedule post September 2010.

12. Adjournment of moming meeting.

SULhwWN -

As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
12:30 pm at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:
D

(=3
1. Callto Order. 5 s 2
2. Public Comment. e s ;
3. Receipt of Posted Notices. s Om = O
4. Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 201 gﬁ 8 3
5. Discussion of other GMA 10 Business. > =
6. Next Meeting and Discussion Topics. 22 = =
7. Adjournment of afternoon meeting. ; ﬁ'_ - Qo
o
Came to hand and posted on a Bulletin Board in the Courthouse, County, Texas,jon tln§ thei dg_ of Julwi,
2010 at m. | =< .
, Deputy Clerk o

County, TEXAS
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Trinity Glen Rose Groundwater Conservation District
6335 Camp Bailia Rd. Sulte #25 San Antonio, Texas 78257 (210) 698-1138 Fax (210) 698-1159

Groundwater Management Area Joint Planning Meeting
ed August 4, 2010 11:30 A.M.

Notice 18 given that one or more members of the Board of Directors and/or their designated representatives and/or
Staff of the Trinity Qlen Rose Groundwater Conservation District (TGRGCD) will attend a meeting of Groundwater
Conservation Districts which arc located within the State of Texas Groundwater Management Area #10 for purposes
of discussing and/or conducting joint planning in compliance with the requirements of FIB 1763, which was passed
during the 2005 Texas Legislative Session. This mecting will be held at the Edwards Aquifer Authority, located at
Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary's, Sun Antoalo, TX 78215 on August 4, 2010 at
11:30 a.m. for the following purposes:

Agends Fandall Couniy
1. Call to Order. o:;‘r}:*(' l:t‘.( E;:III\ N
2. Public Comment, C SR e
3. Receipt of Posted Notices. ) Ps: ”:.\'I'{O/I‘?'( ,:3 li:n i dl/!o‘;::z??kev ¢ Dasuty
4. Approval of July 19, 2010 Minutes.
5. Discussion and action related to readopling a DFC for the Edwards Aquifer in the Northern Subdivision of GMA-10.
6. Discussion and action related to readopting 8 DFC for the Saline Edwards Aquifer in the Northern Subdivision of GMA 10.
7. Discussion and pussible action related to the designation of relevant aquifers for DFCs related to the Trinity Group, relevant
aquifer assessmenis, and the establishment of Trinity DFCs. . _
8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Related Aquifers

in Uvalde County.

9. Discussion and possible action related to designating and establirhing DFC(s) far tha relevant aquifers in the Western
Subdivision of GMA-10 and in Kinney County.

10. Discussion of compliance monitoring activities for adopted DFCa within each district.

I 1. Meeting schedule post September 2010.

12. Adjoumment of morming meeting.

As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area 10 Planning
Committee, comprised of delegates from the following groundwater conservation districts located wholly or partially
within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD, Medina County
GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Bays Trinity GCD, Trinlty Glen
Rose GCD and Kloney County GCD will be held on Wednesday, August 4, 2010 at 12:30 pm at the Conference Center of
the ESwards Aquifer Authority, 1615 N. 8t. Mary's, San Antonio, TX 782185,

At this meeting, the following business may be considered and recommended for Joint Planning Comunittee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of Minutes of the GMA 10 Mecting beginning at | 1:30 AM, August 4, 2010.
Discussion of other GMA 10 Business.

Next Moeting and Discussion Topics.

Adjoumment of aftemuon meeting.

NANnEWUN—

Posted at the TGRGCD office, TGRGCD Websits, Bexar County, Kendall County and Comal County Courthouses,
on this, the 29" day of July, 2010.

Qeneral Maffager, Trinity Glen Rose Groundwater Conscrvation District

The Trinity Oten Rose Oroundwatcr Canservativn District it committed lo comptiance with the Americans with Disabilities Aci (ADA)
Reasonahle accommodations and equal opportunity for ¢ffective communications will ho provided upun ruquest. Please contact the District
Representative at 210-219-3555 at lcast 24 hours in edvance if nccommodation is needed.




Trinity Glen Rose Groundwater Conservation District

6335 Camp Bullls Rd. Sulte #25 San Antonio, Texas 78257 (210) 698-1155 Fax (210) 698-1159

Groundwater Management Arca Joint Planoing Meeting
Wednesday, August 4, 2010 11:30 A.M.

Notice is given that one or more members of the Board of Directors and/or their designated representatives and/or
Staff of the Trimty Glen Rose Groundwater Conservation District (TGRGCD) will attend a meeting of Groundwater
Conservation Districts which are located within the State of Texas Groundwater Management Area #10 for purposes
of discussing and/or conducting joint planning in compliance with the requirements of HB 1763, which was passed
during the 2005 Tcxas Legislative Session. This meeting will be held at the Edwards Aquifer Authority, located at
Couaference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antondo, TX 78215 on August 4, 2010 at

11:30 a.m. for the following purposes: :
Agends R A
LT1-86-14067-1

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Discussion and action related to readopting 8 DFC for the Edwards Aquifer in the Northern Subdivision of GMA-]0.

Discussion and action related to readopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of GMA 10.

Discussion and possible action refated to the designation of relcvant aquifers for DFCg related tn the Trinity Group, relevant

aquifer assessments, and the establishment of Trinity DFCs.

8. Discussion and possible action related 10 establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Related Aquifers
in Uvalde County.

9. Discussion and possible action related to designating and establishing DFC(s) for the relevant aquifers in the Western
Subdivision of GMA-)0 and in Kinney Couaty.

.J. Discussion of compliance monitoring activitics for adopted DFCs within each district.

1. Meeting schedule post September 2010.

12. Adjoumment of moming meeting.

NAVNAWN -

As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Arex 10 Planning
Committee, comprised of delegates from the following groundwater conservation districts located wholly or partiaily
withis Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe Coanty GCD, Mcdina County
GCD, Uvalde County UWCD, Plam Creek CD, Barton Springs Edwards Aquifer CD, Hays Trinity GCD, Trinity Glen
Rose GCD and Kinney Connty GCD will be held on Wcdoesday, Aagast 4, 2010 at 12:30 pm at the Conference Center of
the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215

At this meeting, the following business may be considercd and recommended for Joint Planning Commitree action:

Caroe i

1.

2. Public Comment. ~0-0-

3. Receipt of Posted Notices.

4. Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM. August 4, 2010.

5. Discussion of other GMA 10 Bugsiness. Dact! 140B7 Fees: 32 00

6. Next Meeting and Discussion Topics. g“ig’ :0‘1!0 9: 1S8R & Pages i

7. Adjournment of aftemnoon meeting. Recorde J“Sgﬁgn"c'oﬁ'ﬁvo"““’ Publie

GERARD RICKHOFF COUNTY cLERK
Posted at thc TGRGCD office, TGRGCD Website, Bexar County, Kendall County and Comal County Courthouses,

on 2’5, the 29" day of July, 2010.
_ coeral Maffager, Trinity Glen Rose Grou;xdwnter Conservation District

The Trinity Glen Rose Groundwater Conservation District in commined to compliance with the Americans with Disabilities Act (ADA).
Reaxonable accommodationa end equal opportunity for cffective communications will be provided upon request. Pleasc contact the District
Representative at 210-219-5555 at least 24 hours in advance if accemmodation is neadcd.
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Trinity Glen Rose Groundwater Conservation District
6335.Camp Billis-Rd. Suite #25 San Antonio, Texas 78257 (210) 698-1155 Fax (210) 698-1159

) Groundwater Management Area Joint Planning Meeti
013 UL ST T2 T Wednesday, August 4, 2010 11:30 A.M.

Notice is giv Joné-of-pror members of the Board of Directors and/or their designated representatives and/or
Staff of the 6ll\$dst Broundwater Conservation District (TGRGCD) will attend a meeting of Groundwater
Conservation Districts which are located within the State of Texas Groundwater Management Area #10 for purposes
of discussing and/or conducting joint planning in compliance with the requirements of HB 1763, which was passed
during the 2005 Texas Logislative Session. This meeting will be held at the Edwards Aquifer Authorlty, located at
Conference Center of the Edwards Aquifer Aathority, 1615 N. St. Mary’s, Sau Autonio, TX 78215 on Amnguat 4, 2010 at

11:30 a.m. for the following purposes:

Agenda
Call o Orxder.
Public Comment.
Receipt of Posted Notices.

Approvsi of July 19, 2010 Minutes.

Discussion and action related to readopting a DFC for the Edwards Aquifer in the Northern Subdivision of GMA-10.

Disoussion and action related to readopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of GMA 10.

Discussion and possible action related to the designation of relevant aquifers for DFCs related to the Trinity Group, relevant

aquifer asscssments, and the egtablishment of Trinity DFCs.

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buds, Austin Chalk and Related Aquifers
in Uvalde County,

9. Discussion and possible action related to designating and establishing DFC(s) for the relevant aquifers in the Western
Subdivigion of GMA-10 and in Kinney County.

10. Disoussion of compliance monitoring activities for adopted DFCs within each distriot.

11. Meeting schedule post September 2010.

12. Adjournment of morning meeting.

Nond W

As required by Section 36.108(c), Texas Water Code, a meeting of the Groundwater Management Area 10 Plagaing
Comamittee, comprised of delegates from the following groundwater cooservatioa districts located wholly or pardally
within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD, Medina County
GCD, Uvalde County UWCD, Plum Creck CD, Bartos Springs Edwards Aquifer CD, Hays Trinity GCD, Trinlty Glen
Rose GCD snd Kinney County GCD will be held on Wedunesday, August 4, 2010 at 12:30 pm at the Conference Centor of
the Edwards Aqaifer Authority, 1615 N. 8t. Mary’s, San Aatonio, TX 7821S.

At this mecting, tho following business may be considered and recommended for Joint Planning Committee action:

). Call to Order.

2. Public Comment.

3. Receipt of Posted Notices.

4. Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 2010,
5. Discuasion of other GMA 10 Business.

6. Next Meeting and Discussion Topics.

7. Adjournment of afternoon meeting,

Posted at the TGRGCD office, TGRGCD Website, Bexar County, Kendall County and Comal County Courthouses,

on nz'a. the 29" day of July, 2010.
eral Maffager, Trinity Glen Rose Groundwater Coaservation District

The Trinity Glen Rose Groundwater Conservation District is committed to compliance with the Americans with Disabilities Act (ADA).
Reasonnble sccommodations end equal oppartunity for offoctive coramunications will be provided upon request. Ploase contact the District
Reprosentativo at 210-219-55355 at least 24 hours in advance if accommodation is needed.
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NOTICE OF OPEN MEETINGS G 5 Ty

CENED) % i:ﬁ‘?;
As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area f(ﬁ@
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Discussion and action related to readopting a DFC for the Edwards Aquifer in the Northern Subdivision of GMA-10.

Discussion and action related to readopting a DFC for the Saline Edwards Aquifer in the Northern Subdivision of

GMA 10.

7. Discussion and possible action related to the designation of relevant aquifers for DFCs related to the Trinity Group,
relevant aquifer assessments, and the establishment of Trinity DFCs.

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Related
Aquifers in Uvalde County.

9. Discussion and possible action related to designating and establishing DFC(s) for the relevant aquifers in the Western
Subdivision of GMA-10 and in Kinney County.

10. Discussion of compliance monitoring activities for adopted DFCs within each district.

11. Meeting schedule post September 2010.

12. Adjournment of morning meeting.

SN -

As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
12:30 pm at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of Minutes of the GMA 10 Meeting beginning at 11:30 AM, August 4, 2010.
Discussion of other GMA 10 Business.

Next Meeting and Discussion Topics.

Adjournment of afternoon meeting.

NV EWN -~

Came to hand and posted on a Bulletin Board in the Courthouse, Medina County, Texas, on this, the 29th day of July,

2010 at p.m. POSTED IN MY OFFICE

LISA J. WERNETTE
L2910 PM 4 &

COUNTY CLERK, MEDINA CO.



Groundwater Management Area #10 Joint Planning Meeting

Edwards Aquifer Authority
Phone (210) 222-2204 Fax (210) 222 -9869

NOTICE OF OPEN MEETINGS

As required by Section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215,

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment.

Receipt of Posted Notices.

Approval of July 19, 2010 Minutes.

Discussion and action related to readopting a DFC for the Edwards Aquifer in the Northern Subdivision of GMA-10.

Discussion and action related to readopting a DFC for the Saline Edwards Agquifer in the Northern Subdivision of

GMA 10.

7. Discussion ard possible action related to the designation of relevant aquifers for DFCs related to the Trinity Group,
relevani aquifer assessments, and the establishment of Trinity DFCs.

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda, Austin Chalk and Related
Aquifers in Uvalde County.

9. Discussion and possible action related to designating and establishing DF C(s) for the relevant aquifers in the Western
Subdivision of GMA-10 and in Kinney County.

10. Discussion of compliance monitoring activities for adopted DFCs within each district.

11. Meeting schedule post September 2010.

12. Adjournment of morning meeting.

QU E W -

As required by Section 36.108(c), Texas Water Code, a meeting of the Groundwater Management Area 10
Planning Committee, comprised of delegates from the following groundwater conservation districts located wholly
or partially within Groundwater Management Area 10: Edwards Aquifer Authority, Guadalupe County GCD,
Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs Edwards Aquifer CD, Hays
Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held on Wednesday, August 4, 2010 at
12:30 pm at the Conference Center of the Edwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning Committee action:

Call to Order.

Public Comment. '
Receipt of Posted Notices. s _&dnv of
Approval of Minutes of the GMA 10 Mecting beginning at 11:30 AM, August 4, 2010. :
Discussion of other GMA 10 Business.
Next Meeting and Discussion Topics.
Adjournment of afternoon meeting.

NAULhAsEWLWN -~

Came to hand and posted on a Bulletin Board in the Courthouse, County, Texas, on this, the day of July,
2010 at .m,

» Deputy Clerk
County, TEXAS
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GMA-10 Joint Planning Committee
Meeting Minutes
August 4, 2010 (First Session)

n

Call to Order. The meeting was called to order by Committee Coordinator Rick Iligner
(EAA)at 11:36 am.

Public Comment. Roy Cooley from Maverick County addressed the group on his concerns
regarding groundwater withdrawals from Kinney County and their subsequent effect on local
springs and strcams that feed the Rio Grande.

Receipt of Public Notices. A quorum of cight of the nine GMA-10 GCDs were present:
Barton Springs/lidwards Aquifer Conservation District (BSEACD), Plum Creek GCD
(PCGCD). Lidwards Aquifer Authority (EAA), Medina Co. GCD (MCGCD), Uvalde Co.
UWCD (UCUWCD), Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD
(KCGCD); Guadalupe County GCD was not present. Posted meeting notices were received
from all nine of the GCDs, including Guadalupe County GCD.

Approval of July 19, 2010, Minutes. George Wissmann moved and Tommy Boehme
seconded approving the July 19, 2010, minutes as presented. There were no objections;
therefore minutes were approved.

Discussion and action related to adopting a DFC for the Edwards Aquifer in the
Northern Subdivision of GMA-10. Kirk Holland moved and Vic Ililderbran seconded
adopting Resolution No. 2010-02 adopting a Desired Future Condition for the Fresh Edwards
Aquiler in the Northern subdivision of GMA 10. Motion passed unanimously.

Discussion and action related to adopting a DFC for the Saline Edwards Aquifer in the
Northern Subdivision of GMA 10. Kirk Hoelland moved and Vic Hilderbran seconded
adopting Resolution No. 2010-06-adopting a Desired Future Condition for the Saline
Edwards Aquiter in the Northern subdivision of GMA 10. Motion passed unanimously.

Discussion and possible action related to the designation of relevant aquifers for DFCs
related to the Trinity Group, relevant aquifer assessments, and a schedule for the
establishment of Trinity DFCs.  There was considerable discussion and several actions
taken regarding the Trinity Aquifer in GMA 10:

e David Baker moved and Luana Buckner seconded to adopt a Desired Future
Condition of zero feet of drawdown for the portion of the Trinity Aquifer within
the boundaries of the Hays Trinity GCD. Motion passed unanimously.

e George Wissmann moved and Luana Buckner seconded to declare the portion of
the Trinity Glen Rose GCD within GMA 10 as non-relevant. Motion passed with
Plum Creek CD abstaining and all other GCDs voting in favor..

e Kirk Holland moved and Luana Buckner seconded to adopt Resolution 2010-07
that would provide a Desired Future Condition for the Trinity Aquifer within



GMA 10 outside of the arcas of Hays, Bexar, and Uvalde Counties excepted by
previous motions that comprised a 25 foot drawdown. Motion passed 6-2, with
Uvalde UWCD and Hays Trinity GCD voting nay.

Vic Hildebrand began discussion ol'a 20 foot drawdown for the ‘Trinity Aquifer in Uvalde
County. which led to an extended discussion regarding how to incorporate all ol these

various actions and proposed DECs into an appropriate adoption format that was timely and
clearly supported. George Wissmann moved and [Luana Buckner seconded to suspend

actions on ‘Trinity Aquiler DEFCs that were previously agreed and DICs lor the minor aquifers in
Uvalde County that were previously discussed in this meeting, develop a general Resolution to
incorporate the intent of the previous actions and proposed DFCs and present the Resolution at
another meeting to consider for adoption. Motion passed unanimously. A final meeting was
scheduled for Monday, August 23 at 11:30 in the EAA Conference Center, to be followed by an
afternoon meeting to approve the minutes evidencing whatever actions were taken.

8. Discussion and possible action related to establishing DFCs for the Leona Gravel, Buda,
Austin Chalk and Related Aquifers in Uvalde County. Vic Ililderbran moved to adopt a
Desired Future Condition tor the Buda. Austin Chalk and I.cona Gravel aquifers in Uvalde
County that resulted in zero drawdown. There was no second or action, which created the
discussion and subscequent action reported in the latter part ol agenda ltem 7 above.

9. Discussion and possible action related to designating and establishing DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County. (Note:
This item was taken up immediately after the Public Comments at the outset, so that members of the
public from Kinney County could conveniently take part in the discussions.) Bill Hutchison of the
Texas Water Development Board discussed how a new model had to be developed for Kinney County
and reviewed GAM Task 10-027 with GMA 10. Ken Carver moved and Vic Hilderbran seconded
adopting Resolution 2010-08 that provided a Desired Future Condition of maintaining a water level in
Index Well No. 70-38-902 at or above an clevation of 1,184 feet above mean scal level. Motion
passed unanimously.

10. Discussion of compliance monitoring activities for adopted DFCs within cach district.
This item will be discussed at the next meeting.

11. Meeting schedule post September 2010. This item will be discussed at the next meeting.

12. Adjournment of morning meeting. The meeting was adjourned at approximately 1:43 pm.

N
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DIC for Freshwater idwards Aquifer in Northern Subdivision

ASSESSMENTS BY TIHE TEXAS WATER DEVELOPMENT BOARD (TWDB) AND
OTIIERS WITH THE PUBLIC AND IIAVE RECEIVED INPUT AND COMMENT FROM
STAKEHOLDERS WITHIN THAT PART OF GMA 10 THAT USES AND IS AFFECTED BY
USERS AND USES OF THE AQUIFER;

WHEREAS, TIHE FRESHWATER EDWARDS AQUIFER IN THE NORTHERN
SUBDIVISION OF GMA 10 (AQUIFER) IS A KARST AQUIFER THAT EXPERIENCES
RAPID RECHARGE DURING PERIODS OF 11IGH RAINFALL AND RAPID DEPLETION
DURING DROUGHT. THE BARTON SPRINGS SEGMENT TIHAT COMPRISES THE
NORTIIERN SUBDIVISION OF THE AQUIFER IS ALSO A RELATIVELY SMALL
RESERVOIR THAT MAINLY SERVES AS A PUBLIC WATER SUPPLY SOURCE FOR
MORE THAN 50.000 PEOPLE BUT ALSO SERVES SIGNIFICANT INDUSTRIAL.
COMMERCIAL. RECREATIONAL, AND OTHER USES. INCLUDING PROVIDING THE
HABITAT FOR ENDANGERED SPECIES. THESE FACTS. COMBINED WITII THE
AVAILABILITY OF ALTERNATIVE WATER SOURCLES TO SOME USERS, INDICATE
THAT TWO DFC EXPRESSIONS ARE NEEDED:

1. AN UPPER OR :"ALL CONDITIONS” DFC, WHICH WILL CORRESPOND TO A
LIMIT ON TIHE AMOUNT AND RATE BY WHICH THE AQUIFER WATER
LLEVEL MAY BE DRAWN DOWN UNDER EVEN TRANSIENT HIGH-FLOW
CONDITIONS, AND

2. A LOWER OR "EXTREME DROUGHT"” DFC. WHICH WILL DEFINE THE
AQUIFER WATER LEVEL TO BE MAINTAINED IN A RETURN OF A GREAT
DROUGHT LIKE THAT OF THLE 1950°S;

WHEREAS, TIIE FACTORS CONSIDERED IN SETTING AN UPPER OR “ALL
CONDITIONS™ DI'C FOR THIE AQUIFER INCLUDI::

1. THE ABILITY OF THE AQUIFER TO SUPPLY REGIONAL WATER NEEDS
IN TIMES OF ABUNDANCE:

2. THE ABILITY OF GROUNDWATER CONSERVATION DISTRICTS AND
OTHERS TO IMPLEMENT AQUIFER STORAGE AND RECOVERY (ASR)
PROJECTS DURING HIGH-FLOW CONDITIONS TO INCREASE THE
AMOUNT OF WATER HELD IN STORAGE FOR USE DURING DROUGHT;

3. THE ABILITY OF CONDITIONAL PERMITTEES TO REDUCE AND
CURTAIL THEIR USAGE OF AQUIFER WATER THROUGH
CONSERVATION AND THE SUBSTITUTION OF OTHER WATER
SUPPLIES UPON THE RETURN OF DROUGHT CONDITIONS; AND

4. THEE  AVOIDANCE OF UNREASONABLE ACCELERATION  OF
MANDATORY WATER CONSERVATION REQUIREMENTS FOR OTHER
PERMITTEES.

WHEREAS, THE COMMITTEE EXAMINED THE MODELED RELATIONSHIPS
BETWEEN AVERAGE SPRINGFLOWS AND TOTAL AQUIFER WATER
WITHDRAWALS, DEVELOPED BY TWDB IN ITS DRAFT REPORT TITLED “GAM RUN
09-019°, DATED DECEMBER 9, 2009, AND FURTHER ELABORATED BY AND

2o0f5



DEC for Freshwater Lidwards Aquifer in Northern Subdivision

DISCUSSED WITH TWDB'S DR. BILL HUTCHISON USING A SPREADSHEET
PRESENTATION TITLED “AVESPRINGFLOW_VS_PUMPING”, EMAILED ON MAY 26,
2010. AND CONSIDERED A RANGE OF AVERAGE SPRINGFLOWS BETWEEN 46 CFS
AND 53 CFS FOR TIE UPPER DFC; THE COMMITTEE DETERMINED THAT A SEVEN-
YEAR AVERAGL SPRINGFLOW OF 49.7 CFS, CORRESPONDING TO AN AGGREGATE
MAXIMUM OF 16 CFS OF TOTAL ANNUAL WITHDRAWALS IFROM THI: EDWARDS
BY ALL USERS. INCLUDING EXEMPT USERS. GOVERNS THIEE RATE OFF ONSET OF
DROUGIIT CONDITIONS IN TIHIE AQUIFER TO ACCEPTABLE LEVELS WHILE
PROVIDING ADDITIONAL SUPPLILS:

WHEREAS, THI: FACTORS CONSIDERED IN SETTING A LOWER OR “EXTREME
DROUGHT” DFC INCLUDE:

1. THE VULNERABILITY OF SOME EXISTING PUBLIC WATER SUPPLY,

DOMESTIC, LIVESTOCK., AND OTHER WELLS TO DEPLETION OF

AVAILABLE GROUNDWATER AT LOW AQUIFER WATER LEVELS;

THI: POTENTIAL FOR PROLONGED HARM OR EVEN RISK OF

EXTINCTION TO  THIEE  ENDANGERED  BARTON  SPRINGS

SALAMANDERS AND OTIIER WILDLIFE SPECIES OF CONCERN IN

BARTON SPRINGS DUE TO LOW SPRINGFLOW AND THE ASSOCIATED

LOWER DISSOLVED OXYGEN CONCENTRATIONS, ALTHOUGH THAT

RISK MIGHT BE MITIGATED BY OTHER MEANS;

3. THE RECREATIONAL NEEDS OF THE MORE THAN 500.000 ANNUAL
VISITORS TO BARTON SPRINGS POOL;

4. THE ABILITY AND COSTS OF EXISTING PUBLIC WATER SUPPLY AND
OTHER AQUIFER PERMITTEES TO REDUCE THEIR WATER USAGE
AND SECURE ALTERNATIVE WATER SUPPLIES IN TIME OF DROUGHT
IN ORDER TO MEET MANDATORY REDUCTION REQUIREMENTS; AND

5. THE ECONOMIC IMPACT OF MANDATORY WATER USE REDUCTION
OR CURTAILMENT ON AQUIFER USERS. COMMUNITIES, AND
INDIVIDUAL PROPERTY RIGHTS.

8]

WHEREAS, TIIE COMMITTEE EXAMINED THE MODELED RELATIONSHIPS
BETWEEN EXTREME DROUGHT SPRINGFLOWS AND WATER WITHDRAWALS,
DEVELOPED BOTH BY THE TWDB, IN ITS DRAFT REPORT TITLED “GAM RUN 09-
019, DATED DECEMBER 9, 2009” AND BY THE BARTON SPRINGS/EDWARDS
AQUIFER CONSERVATION DISTRICT IN ITS 2004 REPORT TITLED “SUSTAINABLE
YIELD STUDY”, AND CONSIDERED SPRINGFLOWS OF 5, 7, 9, AND 11 CFS THAT
WOULD EXIST DURING A RECURRENCE OF THE DROUGHT OF RECORD FOR THE
LOWER DFC; THE COMMITTEE DETERMINED THAT 6.5 CFS ACCEPTABLY
BAILLANCES THE PROTECTION OF ALL USES AND USERS OF THE AQUIFER DURING
EXTREME DROUGLHIT:

Jof$5



DFC for Freshwater Edwards Aquifer in Northern Subdivision

WHEREAS, TIE APPROVAL OF THE DIFCs FOR THE AQUIFER WAS DELIBERATED
IN A PROPERLY NOTICED AND POSTED MEETING OF THIE JOINT COORDINATING
COMMITTEL OF GMA 10, WITH AT LEAST TWO-THIRDS OF THE VOTING MEMBERS
OF THE COMMITTEL PRESENT:

NOW, THEREFORE, BE IT RESOLVED THAT THE DISTRICT MEMBERS OF
GROUNDWATER MANAGEMENT AREA 10 ADOPT THE FOLLOWING AS THE
INITIAL DESIRED FUTURE CONDITIONS FOR THE FRESHWATER EDWARDS
AQUIFER IN THE GMA-10 NORTHERN SUBDIVISION, AND FURTHER REQUEST THE
TWDB TO PROVIDI: AN OFFICIAL ESTIMATLE OF THE MANAGED AVAILABLE
GROUNDWATER, AS DEFINED BY CHAPTER 36 OF THE TEXAS WATER CODE, THAT
IS CONSISTENT WITH ACIHHEVING EACIH OF THESE DICs:

1. SPRINGFLOW OIF BARTON SPRINGS DURING AVERAGE RECHARGE
CONDITIONS SHALL BE NO LESS THAN 49.7 CUBIC FEET PER SECOND
(CFS) AVERAGED OVER AN 84-MONTH (SEVEN-YEAR) PERIOD; AND

2. DURING EXTREME DROUGHT CONDITIONS, INCLUDING THOSE AS
SEVERE AS A RECURRENCE OF THE 1950’S DROUGHT OF RECORD,
SPRINGFLOW OF BARTON SPRINGSSHALL BE NO LESS THAN 6.5
CUBIC FEET PER SECOND (CFS), AVERAGED ON A MONTHLY BASIS.
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DFC for Freshwater Edwards Aquifer in Northern Subdivision

VOTED AND APPROVED THIS, THE __th DAY OF , 2010, BY A
VOTE OF __ AYES AND ___ NAYS, CONSTITUTING AT LEAST A TWO-THIRDS
MAJORITY OF THE VOTING MEMBERS PRESENT.

SIGNED /

Kirk Holland Barton Springs/Bdwards Aquifer Conservation District

N/ .
SIGNED__ (L denéc l
Luana Buckner Edwards Aquifer Authority
SIGNED
Ron Naumann Guadalupe County GCD
SIGNED__ N\~ o — @ z/J gti‘—»
David Baker Hays Trinity GCD
SIGNED /l/u/(/v
Y é_e Kinney County GCD
SIGNED l M
Tommy Boehme Medina County GCD
SIGNED @MJ /oo
Daniel Meyer ¢ Plum Creek Conservation District
SIGNE N A7 .
George Wissmann Trinity Glen Rose GCD
SIGNED e Sy A
ic Hilderbran < Uvalde County UWCD
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DFC for Saline Edwards Aquifer in GMA 10

STATE OF TEXAS

COUNTIES OF BEXAR,
CALDWELL, COMAL,
GUADALUPE, HAYS, KINNEY,
MEDINA, TRAVIS, AND
UVALDE

RESOLUTION No.
2010-06

LD U LT M L LT LM

THE JOINT COORDINATING COMMITTEE OF GROUNDWATER MANAGEMENT
AREA 10

RESOLUTION FOR THE ADOPTION OF THE DESIRED FUTURE
CONDITION OF THE SALINE EDWARDS AQUIFER IN THE NORTHERN
SUBDIVISION OF GROUNDWATER MANAGEMENT AREA 10

WHEREAS, THE JOINT COORDINATING COMMITTEE OF GROUNDWATER
MANAGEMENT AREA (GMA) 10 COMPRISES DELEGATES DESIGNATED BY THE
FOLLOWING GROUNDWATER CONSERVATION DISTRICTS LOCATED WHOLLY OR
PARTIALLY WITHIN GMA 10: BARTON SPRINGS/EDWARDS AQUIFER
CONSERVATION DISTRICT, EDWARDS AQUIFER AUTHORITY, GUADALUPE
COUNTY GCD, HAYS TRINITY GCD, KINNEY COUNTY GCD, MEDINA COUNTY GCD,
PLUM CREEK CD. TRINITY GLEN ROSE GCD, AND UVALDE COUNTY UWCD;

WHEREAS, CHAPTER 36.108 OF THE TEXAS WATER CODE, (JOINT PLANNING IN
MANAGEMENT AREA), REQUIRES THAT THE GROUNDWATER CONSERVATION
DISTRICTS IN THE GMA ADOPT DESIRED FUTURE CONDITIONS (DFCs) OF ALL
RELEVANT AQUIFERS IN THE GMA FOR A FIFTY-YEAR PLANNING PERIOD. NO
LLATER THAN SEPTEMBER 1, 2010:;

WHEREAS, ONE OR MORE OF THE COMMITTEE MEMBERS OF GMA 10 HAVE HELD
ONE OR MORE PUBLIC MEETINGS NOTICED AND POSTED IN ACCORDANCE WITH
STATE LAW, AND HAVE REVIEWED AND DISCUSSED PERTINENT AQUIFER
ASSESSMENTS BY THE TEXAS WATER DEVELOPMENT BOARD (TWDB) AND
OTHERS WITH THE PUBLIC AND HAVE RECEIVED INPUT AND COMMENT FROM
STAKEHOLDERS WITHIN THAT PART OF GMA 10 THAT MIGHT USE, AND WOULD
BE POTENTIALLY AFFECTED BY USERS AND USES OF, THE SALINE EDWARDS
AQUIFER (AQUIFER);
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DEC for Saline Edwards Aquifer in GMA 10

WHEREAS, THI: SALINE EDWARDS AQUIFER IN GMA 10 IS A KARST AQUIFER
THAT LIKELY 1IAS SIGNIFICANT VARIATIONS IN AQUIFER LEVELS OVER
RELATIVELY SHORT TIMLES SPANS: HHAS LARGELY UNKNOWN HYDROGEOLOGIC
CHARACTERISTICS AND AQUIFER PROPERTIES, INCLUDING INTERFORMATIONAL
RECHARGE AMOUNTS: IS LIKELY LOCALLY VARIABLLE IN SALINITY AND IN THE
AMOUNT OF WATER THAT IS YIELDED TO WELLS: IS PRESENT IN GMA 10 ONLY IN
THE SUBCROP PART OF TIE AQUIFER UNDER CONFINED HYDROLOGIC
CONDITIONS: IS NOT KNOWN TO BE CURRENTLY USED AS A WATER SUPPLY IN
APPRECIABLE AMOUNTS; IS LIKELY HYDROLOGICALLY CONNECTED TO THE
FRESHWATER EDWARDS AQUIFER IN SOME COMPLEX, POORLY KNOWN WAY,
BUT LIKELY INCLUDING SOME INTERCONNECTION WITH OTHER AQUIFERS
ACROSS FAULTS:

WHEREAS, Tl FACTORS CONSIDERED IN SETTING A DFC FOR THIS AQUIFER
INCLUDI::

1. THE UNCERTAINTY OF THE VOLUMLE AND RATE OF PRODUCTION
THAT CAN BE ACHIEVED BY A SALINE PRODUCTION WELL AS PART
OF A DESALINATION FACILITY, AND THEREFORE UNCERTAINTY AS
TO ITS ABILITY OR TIMING TO SERVE AS A SIGNIFICANT REGIONAL
GROUNDWATER RESOURCE.

2. THE FULLY SUBSCRIBED STATUS OF THE FIRM-YIELD OF THE

ADJACENT FRESHWATER EDWARDS AQUIFER, WHICH RESTRICTS

USE OF THIS HIGHER QUALITY. MORE ACCESSIBLE GROUNDWATER

MOSTLY TO EXEMPTS. CREATING A NEED FOR ALTERNATIVE

WATER SOURCES.

THE RELATIVELY LARGE EXPENSE IN DEVELOPING T1IS AQUIFER IN

GMA 10 AS A WATER SOURCE, ESPECIALLY IN LIGHT OF SOME

INSTITUTIONAL OBSTACLES. UNCERTAINTIES ABOUT

CONCENTRATE DISPOSAL, AND OTHER RISKS AND CHALLENGES.

4. THE RELATIVELY LARGE AMOUNT OF DRAWDOWN APPARENTLY
AVAILABLE BETWEEN THE DROUGHT-PERIOD POTENTIOMETRIC
SURFACE OF THIS AQUIFER AND THE TOP OF THE AQUIFER WHERE
DE-WATERING WOULD OCCUR.

5. THE EXCEEDINGLY SPARSE DATA CONCERNING HYDROGEOLOGIC
CONDITIONS AND AQUIFER PERFORMANCE IN MOST OF GMA 10.

6. THE CONCERN ABOUT PROTECTING THE FRESHWATER EDWARDS
IFROM SIGNIFICANT ADVERSE EFFECTS AS THE BRACKISH
GROUNDWATLER RESOURCE IS DEVELOPED.

7. THE LACK OF AN OFFICIAL GAM FOR ‘TT1E AQUIFER IN GMA 10:

8. BECAUSE THE STATUTORY PUMPING LIMITS APPLICABLE TO EAA
DO NOT DISTINGUISH BETWEEN FRESHWATER AND SALINE
EDWARDS GROUNDWATER, EAA DOES NOT DESIRE THAT ANY
ADDITIONAL PUMPING LIMITATIONS FROM A SALINE EDWARDS
MAG BE ESTABLISHED IN ITS JURISDICTION.

(P8
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DFC for Saline Edwards Aquifer in GMA 10

WHEREAS, TIII: COMMITTEE DOES NOT YET HAVE AN AQUIFER ASSESSMENT
IF'OR THIS AQUIFER BY TWDB, AND ANTICIPATES THAT ANY AQUIFER
ASSESSMENT THAT MIGHT BE FURNISHED TIMELY TO THE DFC DEADLINE
WOULD LIKELY BE NECESSARILY RUDIMENTARY. NEVERTHELESS THE
COMMITTEE PREFERS TO ESTABLISH AT LEAST A NOMINAL, EVEN PLACE-
IIOLDER DFC FOR THE AQUIFER IN THIS FIRST ROUND OF JOINT REGIONAL
PLANNING. WIICH WOULD PROVIDE A MAG AND A BASIS FOR FURTHER SALINE
WATER RESOURCE PLANNING AND DEVELOPMENT WHILE PROTECTING THE
ADJACENT FRESHWATER RESOURCE.  THE COMMITTELE REPRESENTATIVES
EXAMINED GEOPHYSICAL TRANSECTS PRODUCED BY USGS AND SAN ANTONIO
WATER SYSTEMS AND OTHER RECONNAISSANCE LEVEL STUDIES OF THE SALINE
7ZONE IN THI VICINITY OF TIE INTERFACE WITH TIHE FRESHHWATER AQUIFER.
AND CONSIDERED THE RELATIONSHIP OF AND NATURAL VARIATIONS IN THE
POTENTIOMETRIC SURFACES BETWEEN THE AQUIFERS WITH TIME. THE
COMMITTEE REPRESENTATIVES DETERMINED THAT A NOMINALLY SMALL
AMOUNT OF AVERAGE DRAWDOWN ALONG THE INTERFACE IN THE NORTHERN
SUBDIVISION OF GMA 10, AND A RELATIVELY SMALL MAXIMUM DRAWDOWN AT
ANY ONE POINT ON THAT INTERFACE WOULD PROVIDE A REASONABLE INITIAL
DFC. TO BE REFINED AS MORE INFORMATION BECOMES AVAILABLE. SUCH A
DFC WOULD BL: CONSERVATIVE IN THAT IT WOULD PREVENT ADVERSE IMPACTS
TO OTHER RESOURCES WHILE PROVIDING A MEANS TO LEVALAUTE AND
PROMOTL THE DEVELOPMENT OF THE SALINE EDWARDS AS A NEW WATER
SOURCE THAT IS LESS DROUGHT PRONL THAN OTHIER SURFACE AND
GROUNDWATIR RESOURCES IN THE AREA, AND A MECHANISM TO REGULATE IT
APPROPRIATELY;

WHEREAS, THE APPROVAL OF THE DFCs FOR THE AQUIFER WAS DELIBERATED
IN A PROPERLY NOTICED AND POSTED MEETING OF THE JOINT COORDINATING
COMMITTEE OF GMA 10, WITH AT LEAST TWO-THIRDS OF THE VOTING MEMBERS
OF THE COMMITTEE PRESENT:

NOW, THEREFORE, BE IT RESOLVED THAT THE DISTRICT MEMBERS OF
GROUNDWATER MANAGEMENT AREA 10 ADOPT THE FOLLOWING AS THE
INITIAL DESIRED FUTURE CONDITION FOR THE SALINE EDWARDS AQUIFER IN
‘THI: NORTHERN SUBDIVISION OF GMA-10. AND FURTHER REQUEST THE TWDB TO
PROVIDE AN OFFICIAL ESTIMATE OF THE MANAGED AVAILABLE
GROUNDWATER, AS DEFINED BY CHAPTER 36 OF THE TEXAS WATER CODE, THAT
IS CONSISTENT WITH ACHIEVING THIS DFC:

WELL DRAWDOWN AT THE SALINE-FRESHWATER INTERFACE (THE SO-
CALLED EDWARDS “BAD WATER LINE”) IN THE NORTHERN SUBDIVISION
OF GMA 10 THAT AVERAGES NO MORE THAN S FEET AND DOES NOT
EXCEED A MAXIMUM OF 25 FEET AT ANY ONE POINT ON THE INTERFACE.
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DFC for Saline Edwards Aquifer in GMA 10

VOTED AND APPROVED THIS, THE _ th DAY OF », 2010, BY A
VOTE OF __ AYES AND __ NAYS, CONSTITUTING AT LEAST A TWO-THIRDS
MAJORITY OF THE VOTING MEMBERS PRESENT.

SIGNED W
Kirk Hollland Barton Springg'Edwards Aquifer Conservation District
SIGNED Ao \%L

Luana Buckner - Edwards Aquifer Authority

SIGNED
Ron Naumann Guadalupe County GCD

SIGNED D%}‘ %*A"“

David Baker / Hays Trinity GCD
SIGNED
Kinney County GCD
e ER_
//:Zm M&
SIGNED_
Thomas Boehme Medina County GCD
SIGNED%’Z@;%-
Daniel Meyer Plum Creek Conservation District
SIGNED / oz —————
eorge “Wissmann Trinity Glen Rose GCD
SIGNED £22..
Vic Hilderbran Uvalde County UWCD
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MOTION ON DESIRED FUTURE CONDITIONS OF THE

FRESHWATER EDWARDS AQUIFER IN THE NORTHERN SUBDIVISION

‘OF GMA 10

The Board of Directors of the Barton Springs/Edwards Aquifer Conservation

District (BSEACD) adopts the following resolution as its recommendation to all of the
groundwater conservation districts within Groundwater Management Area 10 (GMA-10)
-of the expression of the “desired future-condition” (DEC) for the Northern Subdivision of
the freshwater Edwards Aquifer, as required by Texas Water Code Sec. 36.108(d) and
Texas Water Development Board (TWDB) regulations.

WHEREAS,

A. The DFC is intended to be the realistic goal or target set by the districts within the

GMA for groundwater conditions 50 years from now. But the “managed available
groundwater” (MAG) amount that will be calculated in accordance with the DFC
will be issued to each district by the TWDB within one year after the submission of
the DFC, and the districts will be obligated to issue permits totaling up to that
amount, provided they satisfy other district requirements. So the DFC must be
calibrated with an eye on both near-term outcomes and long-term goals. That is, the

- " desired condition must be achievable relatively soon afier the MAG is issued and also

achievable and still desirable in 50 years.

The freshwater Edwards Aquifer is a karst aquifer that experiences rapid recharge
during periods of high rainfatt and rapid depletion during drought. The Barton
Springs segment that comprises the Northern Subdivision of the aquifer is also a
relatively small reservoir that mainly serves as a public water supply source for more
than 50,000 people but also serves significant industrial, commercial, recreational,
and other uses, including providing the habitat for endangered species. These facts,
combined with the availability of alternative water sources to some users, suggest that-
two types or levels of DFC are needed: an upper or “all conditions™ DFC that will set
a limit on the amount by which the aquifer water level may be drawn down under
even transient high-flow conditions, and a lower or “extreme drought™ DFC that will
define the aquifer-water level to-be maintained-in a return of a-great-drought like that
of the 1950’s. Permits for the amount of groundwater between those two levels
should be available only on a conditional basis, subject to reduction and total
curtailment when drought returns. The regulatory and drought management programs
of the district must provide for pumpage reductions and curtailments that achieve

.those.outcomes.

Springflow at the natural outlet of Barton Springs is the best overall indicator of
conditions in the Northern Subdivision of the freshwater Edwards Aquifer, especially
during the critical low-flow conditions. So the “extreme drought” DFC for the
aquifer is best expressed in terms of the amount of springflow that is to be
maintained. Under low-flow conditions, there is an approximate one-to-one
relationship between the amount of water withdrawn from the aquifer by wells and



the amount of springflow. That is, each measure of water that is withdrawn results in
an equal measure of reduction in springflow. The “all conditions” DFC relates to the
amount of water in storage in the aquifer above the level of Barton Springs and is best
expressed as the maintenance of an all-time average springflow over a suitably long
time period...

. The factors to be considered in setting an upper or “all conditions” DFC for the
aquifer include the following:

l. The ability of the aquifer to supply regional water needs in times of
abundance;
2. The ability of groundwater conservation districts and others to implement

aquifer storage and retrieval (ASR) projects during high-flow conditions
to increase the amount of water held in storage for use during drought;
3. The ability of conditional permittees to reduce and curtail their usage of
aquifer water through conservation and the substitution of other water
supplies upon the return of drought conditions; and
4. The avoidance of unreasonable acceleration of mandatory water
conservation requirements for other permittees.

. After considering these factors, the Board concludes that an initial upper or “all
conditions” DFC that is defined as maintaining a minimum average springflow of
49.7 cfs over a running seven-year period, which corresponds to 16 cfs of total
pumped withdrawals from the Edwards from all users, including exempt users, under
any and all aquifer conditions will enable the aquifer to continue to play an important
role in supplying regional water needs, will allow the districts and others in GMA 10
to conduct pilots and implement ASR projects if deemed feasible, will provide
reasonable assurance that conditional permittees will be able to reduce and curtail
their usage upon the return of drought, and will not unreasonably accelerate
mandatory water conservation requirements for other permittees.

. The factors to be considered in setting a lower or “extreme drought” DFC include the
following:

1. The vulnerability of some existing public water supply, domestic,
livestock, and other wells to depletion of available groundwater at low
aquifer water levels; ‘

2. The potential for prolonged harm or even risk of extinction to the
endangered Barton Springs salamanders and other wildlife species of
concern in Barton Springs due to low springflow and the associated lower
dissolved oxygen concentrations, although that risk might be mitigated by
other means;

3. The recreational needs of the more than 500,000 annual visitors to Barton
Springs Pool;

4. The ability and costs of existing public water supply and other aquifer
permittees to reduce their water usage and secure alternative water



supplies in time of drought in order to meet mandatory reduction
requirements; and

5. The economic impact of mandatory water use reduction or curtailment on
aquifer users, communities, and individual property rights.

G. After considering these factors, the Board concludes that an initial lower or “extreme

drought” DFC that is defined as Barton Springs flow averaging no less than 6.5 cubic
feet per second (cfs) on a monthly basis during a recurrence of drought-of-record
conditions will not unduly endanger vulnerable wells, will not likely create jeopardy
for survival and recovery of the endangered species that the district has a duty to
protect under the federal Endangered Species Act and BSEACD’s approved
Management Plan; will not prevent the recreational use of Barton Springs Pool; will -
be achievable through aggressive conservation, substitution of alternative water
supplies, and retirement or reservation of existing permitted uses; and will not cause
intolerable economic impacts due to mandatory water use reduction or curtailment.

. The Board recognizes that the limitations on water withdrawals implied by the

recommended DFCs, especially the limitations during extreme drought conditions,
may cause considerable inconvenience and may lead to some unintended
consequences to the human users of the aquifer, yet these DFCs do not presently
eliminate, only-substantially reduce the risk to the endangered wildlife that depends
on the flow of Barton Springs. The Board believes that the proposed DFCs fairly
balance the inconvenience, losses, and risks of the resulting groundwater management
program with the necessity to fulfill the obligation of the District to protect and
conserve the aquifer so that its uses can be passed undiminished to succeeding
generations. However, it is the intent of BSEACD to modify the DFCs and how they
are achieved to be even more protective of aquifer levels and springflows in future
rounds of joint regional groundwater planning, as more effective water conservation
methods and increased alternative water supplies, such as reclaimed water,
desalinated brackish groundwater, surface water through extended distribution
networks, and harvested rainwater become more available. These additional sources
of water are either not currently available or are of limited availability. It may be
several years or more before these additional sources of water are available in
significant enough quantities to alleviate demand on the freshwater Edwards, thereby
reducing the inconveniences, losses, and risk. BSEACD is already working to bring
about these additional sources of water and will continue these efforts until the
inconveniences, losses, and risks are significantly reduced. Our 50-year goal, not
currently achievable, is to enable historic consumers to achieve sufficient
conservation and access adequate alternative water supplies during an extreme
drought to meet their health and safety needs while allowing springflow to be
maintained at or above the low of the 1950s drought. In addition, the risk to the
survival of the endangered salamanders during low-flow episodes may also be proven
to be amenable to mitigation by technical means in the future, such as subsurface
aeration or water recirculation, which may temper the ecological consequences of
extreme drought conditions.



THEREFORE,

The Board of Directors of the BSEACD recommends that GMA. 10 submit to the TWDB
the following initial expressions of the DFC for the freshwater Edwards Aquifer in the
Northern Subdivision of GMA 10:

1. Springflow of Barton Springs during average recharge conditions shall be no less
than 49.7 cfs averaged over an 84-month (seven-year) period, which is
intended to correspond to an aggregate maximum of 16 cfs of total annual
withdrawals from the Edwards by all users, including exempt users, in order to
govern the rate of onset of drought conditions in the aquifer to acceptable levels;
and

2. During extreme drought conditions, including those as severe as a recurrence of
the Drought of Record, springflow of Barton Springs shall be no less than 6.5
cubic feet per second (cfs), averaged on a monthly basis.
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Figure 11. Daily mean equivalent freshwater heads in Kyle transect wells in the San Antonio segment of the Edwands aquifer, south-central Texas, 1999-2007.
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Pumping (AF/yr) 3847 4469 5437 6796
Pumping (cfs) 5.31 6.17 7.51 9.39
Average 58.38 57.68 56.57 55.05
Scenario Springflow (cfs) Springflow (cfs) Springflow (cfs) Springflow (cfs)

1 84.84 84.14 83.03 815
2 89.56 88.86 87.75 86.23
3 81.03 80.33 79.22 777
4 62.56 61.86 60.75 59.22
5 61 60.3 59.19 57.67
6 67.72 67.02 65.91 64.39
7 65.87 65.17 64.06 62.54
8 69.22 68.52 67.41 65.89
9 64.92 64.22 63.11 61.59
10 72.1 714 70.28 68.76
11 80.15 79.45 78.34 76.81
12 70.6 69.9 68.79 67.27
13 71.01 70.31 69.2 67.68
14 55.98 55.28 54.16 52.64
15 62.38 61.68 60.57 59.04
16 64.22 63.52 62.41 60.89
17 65.04 64.34 63.23 61.71
18 64.6 63.9 62.79 61.27
19 61.42 60.72 59.61 58.09
20 69.99 69.29 68.18 66.66
21 65.47 64.77 63.66 62.14
22 55.72 55.02 53.91 52.39
23 55.53 54.83 53.72 52.2
24 64.38 63.68 62.57 61.05
25 65.62 64.92 63.81 62.28
26 57.82 57.11 56 54.48
27 63.8 63.1 61.99 60.46
28 68.34 67.64 66.53 65.01
29 72.92 7222 71.11 69.58
30 78.12 77.42 76.31 74.78
31 65.55 64.85 63.74 62.22
32 68.49 67.79 66.68 65.16
33 75.13 74.43 73.32 71.8
34 67.31 66.61 65.5 63.98
35 68.43 67.73 66.62 65.1
36 71.16 70.46 69.35 67.83
37 59.99 59.29 58.18 56.65
38 57.84 57.14 56.03 54.51
39 59.55 58.85 57.74 56.22
40 49.72 49.02 47.91 46.39
4 61.91 61.21 60.1 58.58
42 69.53 68.83 67.72 66.19
43 79.29 78.59 77.48 75.96
44 81.17 80.47 79.36 77.83
45 83.8 83.1 81.99 80.47
46 78.05 77.35 76.24 74.71
47 71.44 70.74 69.63 68.11




48 66.66 65.96 64.85 63.33
49 52.7 52 50.89 49.37
50 51.61 50.91 49.8 48.28
51 51.09 50.39 49.28 47.75
52 44.76 44.06 42.95 41.43
53 50.76 50.06 48.95 47.43
54 56.29 54.59 53.47 51.95
55 42.96 42.26 41.15 39.62
56 4227 41.57 40.46 38.94
57 46.34 4564 44.53 43.01
58 55.66 54.96 53.85 52.33
59 62.21 61.51 60.4 58.88
60 47.43 46.73 4561 44.09
61 46.97 46.27 45.16 43.64
62 48.47 47.77 46.66 45.13
63 51.16 50.46 49.35 47.83
64 40.98 4028 39.16 37.64
65 406 39.9 38.78 37.26
66 51.77 51.07 49.96 48.44
67 57.64 56.94 55.83 54.31
68 70.09 69.39 68.28 66.76
69 74.51 73.81 72.7 71.18
70 84.42 83.72 82.6 81.08
71 93.96 93.26 92.15 90.63
72 83.22 82.52 81.41 79.88
73 73.88 73.18 72.07 70.55
74 69.84 69.14 68.03 66.5
75 64.93 64.23 63.12 616
76 65.14 64.44 63.33 61.81
77 46.55 45.85 44.74 43.22
78 46.67 45.97 44.86 43.33
79 48 91 48.21 471 4558
80 46.75 46.05 44.94 43.42
81 50.04 49.34 48.23 46.71
82 58.79 58.09 56.98 56.46
83 64.39 63.69 62.58 61.05
84 72.75 72.05 70.94 69.42
85 74.52 73.82 72.71 71.18
86 70.6 69.9 68.78 67.26
87 75.95 75.25 74.14 72.62
88 79.43 78.73 77.62 76.09
89 72.55 71.85 70.74 69.22
90 71.98 71.28 7017 68.65
91 67.36 66.66 65.55 64.03
92 75.22 74.52 73.41 71.88
93 66.98 66.28 65.17 63.65
94 58.6 57.9 56.79 55.27
95 61.5 60.8 59.69 58.17
96 69.11 68.41 67.3 65.78
97 723 716 70.49 68.97
98 71.16 70.46 69.35 67.83
99 66.66 65.96' 64.85 63.32




100 55.59 54.89 53.78 52.26
101 51.48 50.78 49.67 48.14
102 43.78 43.08 41.97 40.44
103 38.1 37.4 36.29 34.77
104 45.04 44.34 43.23 41.71
105 51.82 51.12 50.01 48.49
106 62.59 61.89 60.78 59.26
107 59.21 58.51 57.4 55.87
108 61.98 61.28 60.17 58.65
109 72.96 72.26 71.15 69.63
110 66.14 65.44 64.33 62.81
111 61.77 61.07 59.96 58.43
112 58.81 58.11 57 55.48
113 59.73 59.02 57.91 56.39
114 65.09 64.39 63.28 61.76
1156 64.33 63.63 62.52 61
116 61.94 61.24 60.13 58.61
117 63.44 62.74 61.63 60.11
118 69.94 69.24 68.13 66.6
119 66.06 65.36 64.25 62.72
120 59.8 59.1 57.99 56.46
121 57.84 57.14 56.03 54.51
122 59.55 58.85 57.74 56.22
123 57.53 56.83 55.72 54.2
124 55.92 55.22 54.11 52.59
125 50.35 48.65 48.54 47.02
126 51.9 51.2 50.09 48.56
127 46.8 46.1 44.99 43.46
128 39.76 39.06 37.95 36.43
129 45.94 45.24 44.12 42.6
130 53.17 52.47 51.36 49.84
131 58.61 57.91 56.8 55.27
132 61.83 61.13 60.02 58.49
133 55.34 54.64 53.53 52
134 58.05 57.35 56.24 54.72
135 67.16 66.46 65.35 63.83
136 52.47 51.77 50.66 49.14
137 51.13 50.43 49.31 47.79
138 42.67 41.97 40.86 39.34
139 51.14 50.44 49.32 47.8
140 59.77 59.07 57.96 56.44
141 58.38 57.68 56.57 55.04
142 55.3 54.61 53.49 51.97
143 63.93 63.23 62.12 60.59
144 76.41 75.71 746 73.08
145 86.2 85.5 84.39 82.87
146 85.9 85.2 84.09 82.56
147 83.51 82.81 81.7 80.18
148 80.33 79.63 78.52 77
149 74.05 73.35 72.24 70.72
150 75.29 74.59 73.48 71.95
151 69.58 68.88 67.77 66.25




152 66.83 66.13 65.02 63.5
163 48.48 47.79 46.67 45.15
154 47.54 46.84 45.73 44.21
155 49.55 48.85 47.74 46.22
156 52.85 52.15 51.04 49.52
1587 46.86 46.16 45.05 43.53
158 46.15 45.45 44 .34 42.82
159 51.29 50.59 49.48 47.96
160 53.82 53.12 52.01 50.49
161 55.55 54.85 53.74 52.22
162 61.76 61.06 59.95 58.43
163 59.79 59.09 57.98 56.46
164 59.31 58.61 57.5 55.97
165 66.4 65.7. 64.59 63.06
166 72.4 .7 70.59 69.07
167 73.42 72.72 71.6 70.08
168 69.41 68.71 67.6 66.08
169 68.46 67.76 66.65 65.13
170 61.64 60.94 59.83 58.31
171 60.55 59.85 58.74 57.22
172 55.62 54.92 53.81 52.29
173 59.07 58.37 57.26 56.73
174 60.89 60.19 59.08 57.56
175 53.83 53.13 52.02 50.5
176 57.75 57.05 55.94 54.42
177 59.55 58.85 57.74 56.22
178 57.65 56.95 55.84 54.32
179 57.75 57.05 55.94 54.41
180 57.26 56.56 55.45 53.93
181 59.31 58.61 57.5 55.98
182 60.4 59.7 58.59 57.06
183 52.35 51.65 50.54 49.01
184 51.75 51.05 49.94 48.42
185 54.53 53.83 52.72 51.19
186 49.28 48.58 47.46 45.94
187 48.5 47.81 46.69 45.17
188 42.05 41.35 40.24 38.72
189 46.74 46.04 4492 43.4
190 4465 43.95 42.84 41.31
191 51.86 51.16 50.05 48.52
192 50.32 49.62 48.51 46.98
193 48.76 48.06 46.95 45.43
194 43.24 42.54 41.43 39.9
195 41.67 40.97 39.86 38.34
196 44.84 44.14 43.03 41.51
197 49.47 48.77 47.66 46.13
198 51.65 50.95 49.84 48.32
199 60.44 59.74 58.63 57.1
200 63.27 62.57 61.46 59.94
201 71.17 70.47 69.36 67.84
202 72.99 72.29 71.18 69.66
203 64.9 64.2 63.09 61.57




204 57.03 56.33 55.22 53.7
205 54.46 53.76 52.65 51.12
206 54.26 53.56 52.45 50.93
207 53.34 52.64 51.53 50
208 44 57 43.87 42.75 41.23
209 48.77 48.07 46.96 45.44
210 4562 44.92 43.81 4229
211 47.33 46.63 4552 44
212 42.42 41,72 40.61 39.09
213 43.85 43.15 42.04 40.52
214 47.59 46.88 4577 4425
215 52.46 51.76 50.65 49.13
216 63.64 62.94 61.83 60.31
217 66.75 66.05 64.94 63.42
218 72.26 71.56 70.45 68.93
219 67.03 66.32 65.21 63.69
220 71.98 71.28 70.17 68.65
221 65.61 64.91 63.8 62.28
222 62.9 62.2 61.09 59.57
223 58.65 57.95 56.84 55.31
224 64.72 64.02 62.91 61.39
225 67.72 67.02 65.91. 64.38
226 - 66.3 65.6 64.49 62.97
227 68.04 67.34 66.22 64.7
228 73.7 73 71.89 70.37
229 70.18 69.48 68.37 66.85
230 70.03 69.33 68.22 66.7
231 66.04 65.34 64.23 62.7
232 67.35 66.65 65.54 64.01
233 65.97 65.27 64.16 62.64
234 55.19 54.49 53.38 51.86
235 46.7 46 44.89 43.36
236 42.95 4225 41.14 39.62
237 42.02 41.32 40.21 38.69
238 38.01 37.31 36.2 34.68
239 35.58 34.88 33.77 32.24
240 39.05 38.35 37.24 35.72
241 41.49 40.79 39.68 38.16
242 37.24 36.54 35.43 33.91
243 386 379 36.79 35.27
244 39.82 39.12 38 36.48
245 34.95 34.25 33.14 31.62
246 42.43 41.73 40.62 39.1
247 46.62 45.91 448 43.28
248 53.61 52.91 51.8 50.28
249 52.76 52.06 50.95 49.43
250 58.04 57.34 56.23 54.71
251 62.92 62.22 61.11 59.58
252 63.16 62.46 61.35 59.83
253 61.5 60.8 59.69 58.17
254 55.93 55.23 54.12 52.6
255 63.22 62.52 61.41 59.89




256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
1278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

67.62
61.25

63.26
61.52

61.93

57.4

55.76
52.77
49.49
45.39
51.45
62.93
68.15
73.66

82.82

91.03
85.87
76.54
68.17
57.86

52.5

51.99

48.13
53.45
44.34
47.46
55.13
57.26
53.77

52.5
52.53
49.79
50.95
41.06

35.66

35.97
40.55
47.32
51.32
48.23
47.43
51.6
46.92
49.06
43.77
41.93
45.05
44 .91
47.01
50.86
53.69
52.15

66.92
60.55

62.56
60.82

61.23

56.7

55.06
52.07
48.79
4469
50.75
62.23
67.44
72.96
82.12
90.33

85.17

75.84
67.47
57.16

51.8
51.29
47.43
52.75
43.64
46.76
54.43
56.56
53.07

51.8
51.83
49.09
50.25
40.36

3496

35.27
39.85
46.62
50.62

4753

46.73

50.9
46.22
48.36
43.07
41.23
44.35
44.21
46.31
50.16
52.99
51.45

65.81
59.44

61.45

59.71
60.12
55.59
53.95
50.96
47.68
43.58
49.64
61.12
66.33
71.85
81.01
89.22

84.06

74.73
66.36
56.05
50.69

. 50.18

46.32
51.63
42.53
45.65
53.32
55.45
51.96
50.69

50.72

47.98
49.14
39.25
33.85
34.16
38.74
45.51
49.51

46.42

45.62
49.79
45.11
47.25
41.96
40.12
43.24

43.1

45.2
49.04
51.88

50.34

64.29
57.91
59.93
58.18

58.6
54.07
52.43
49.44
4615
42.06
48.11

59.6
64.81
70.33
79.49

87.7
82.54

73.2
64.83
54.53
49.17
48.66

44.8
50.11
41.01
44.12

51.8
53.93
50.43
49.17

49.2
46.46
47.62
37.73
32.33
32.63
37.22
43.99
47.99

44.9

44.1
48.27
43.59
45.73
40.44

38.6
41.71
41.58
43.68
47.52
50.35
48.82




308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

52.52
52.24
50.45
41.84
35.86
40.61
44.21
42.38
46.33
46.69
48.61
45
43.97
52.58
50.32
59.16
60.55
65.7
65.8
59.42
63.4
61.22
54.23
57.22
62.47
55.49
56.74
556.33
54.97
47.87
51.19
50.49

60.39

59.78
61.66

51.82
51.54
49.75
41.14
35.16
39.91
43.51
41.68
45.63
45.98

47.91

44.3
43.27
51.88
49.62
58.46
59.85

65

65.1
58.72

62.7
60.52
53.53
56.52
61.77
54.79
56.04
54.63
54.27
47.17
50.49
49.79

59.69

59.08
60.96

50.71
50.43
48.64
40.03
34.05

38.8

42.4

4057

44.52
44.87
46.8

43.19

42.16
50.77
48.51
57.34

58.74

63.89
63.99
57.61
61.59
59.41
52.42
55.41
60.66
53.68
54.93
53.52
53.16

46.06

49.38
48.68
58.58
57.97

59.85

49.18
48.91
47.12
38.51
32.53
37.28
40.88
39.056
42.99
43.35
4528
41.67
40.64
49.25
46.99
55.82
57.22
62.37
62.47
56.09
60.07
57.89
50.89
53.89
59.14
52.16
53.41
51.99
51.64
44 .54
47.86
47.16
57.06
56.45
58.33




Recharge Precip
16311 AF/yr Factor % Avg % Avg
22.53 ,
44.39 46696.16 1.00 99.98 99.69
Springflow (cfs) ,
70.85 68224 1.46 146.00  121.55
75.57 74058 1.59 159.00 125.70
67.04 62618 1.34 134.00 107.53
48.57 46261 0.99 99.00 88.87
47.02 52618 1.13 113.00 101.19
53.74 53766 1.15 115.00 99.39
51.88 58428 1.25 125.00 106.04
55.24 55791 1.19 119.00 99.62
50.94 53756 1.15 115.00 100.98
58.11 56688 1.21 121.00 106.46
66.16 63691 136 13600 111.98
56.61 57187 1.22 122.00 99.67
57.02 54296 1.16 116.00 102.57
41.99 46125 0.99 99.00 93.41
48.39 53896 1.15 115.00  107.80
50.23 51401 1.1 110.00 103.02
51.05 50587 1.08 108.00 104.17
50.62 51426 1.1 110.00 105.33
47.44 52810 1.13 113.00 108.50
56.01 56235 1.2 120.00 114.05
51.49 52144 1.12 112.00 107.96
41.74 41620 0.89 89.00 96.92
41.54 42814 0.92 92.00 98.42
50.4 57726 1.24 124.00 107.33
51.63 53116 1.14 114.00 102.70
43.83 44952 0.96 96.00 94.46
49.81 53559 1.15 115.00 99.04
54.36 55411 1.19 119.00 99.80
58.93 57229 1.23 123.00 105.58
64.13 64885 1.39 139.00 114.25
51.57 52679 1.13 113.00 103.87
54.51 53883 115 115.00 102.61
61.15 65455 1.4 140.00 112.97
53.32 54599 1.17  117.00 106.71
54.45 54763 117 117.00  106.74
57.17 54557 117 117.00 10525
46 45168 0.97 97.00 93.28
43.86 43844 0.94 94.00 94.20
45.57 48117 1.03 103.00 100.92
35.74 42465 0.91 91.00 96.53
47.92 53393 1.14 114.00 102.97
55.54 62533 1.34 134.00 114.16
65.31 64930 1.39 139.00 110.72
67.18 64423 1.38 138.00 113.47
69.82 65850 1.41 141.00 113.38
64.06 59684 1.28 128.00 107.50
57.46 55256 1.18 118.00 105.07




52.68 55243 118 11800 104.95
38.71 41974 0.9 90.00 92.18
37.63 39088 0.84 84.00 91.92
37.1 36982 0.79 79.00 87.81
3093 31300 0.67 67.00 85.99
36.78 45347 0.97  97.00 96.60
413 44212 0.95 95.00 94.97
28.98 32535 0.7 70.00 88.90
28.29 30334 0.65  65.00 84.81
32.35 38456 0.82 82.00 93.08
4167 45234 0.97 97.00 96.88
4822 47862 1.02  102.00 97.78
3344 37994 0.81 81.00 89.47
32.98 34618 0.74 74.00 83.05
3448 35641 0.76 76.00 80.25
3717 37228 0.8 80.00 81.30
26.99 28675 0.61 61.00 74.29
26.61 34283 0.73 73.00 85.06
37.79 47208 .01 101.00  100.19
4365 50516 1.08  108.00  104.82
56.1 58402 125 12500 114.62
60.52 59094 127  127.00 114.98
70.43 73815 1.58  158.00 125.92
79.97 74790 16  160.00 128.23
69.23 66460 142 14200 116.86
50.89 60515 1.3 13000 108.89
55.85 55305 118  118.00 104.82
5094 49771 1.07  107.00 99.91
51.16 49547 1.06  106.00 100.83
32.57 33572 0.72 72.00 87.98
32.68 33760 0.72 72.00 87.26
3492 40704 0.87 87.00 93.18
3277 39729 0.85 8500  92.16
36.06 41550 0.89  89.000 91.61
44.81 50662 1.08  108.00  102.59
50.4 51278 1.1 110.00 98.52
58.77 59384 127 127.00  105.31
60.53 56516 121 121.00 101.88
56.61 60601 1.3 130.00 104.10
6197 66963 143 14300 11262
6544 64412 138  138.00 108.98
58.57 57644 123 123.00 98.62
58 57169 122 12200 101.26
53.38 53191 114 11400 100.36
61.23 59294 127 12700 107.22
53 55741 119 119.00  104.40
4462 49283 1.06 106.00 94.46
47.52 53032 114 11400  101.10
55.13 58675 126  126.00 104.84
58.32 56943 122 122.00 102.43
57.18 54506 117 117.00 98.95
52.67 49106 1.05  105.00 93.63




41.61
37.49
29.79
24.12
31.06
37.84
48.61
45.22
48
58.98
52.16
47.78
44.83
45.74
51.1
50.35
47.95
49.45
55.95
52.07
45.81
43.85
45.56
43.54
41.93
36.37
37.91
32.81

2578

31.95
39.19
44.62
47.84
41.35
44.07
53.18
38.48
37.14
28.69
37.15
45.78

44.39

41.32

49.94

62.43
72.21
71.91
69.53
66.34
60.06

61.3

55.6

45318
39063
31285
31672
36744
43148
51173
46513
51890
58691
52696
47339
46792
49696
55800
52483
50712
50720
55620
50730
48279
47856
46528
43742
42337
37335
42060

35068

29210
42417
43249
48581
46822
41464
47749
56929
40459
37745
30875
42075

50508

50606

47135

55196
65801
69654
75691
67983
63194
59797
61672
56164

0.97
0.84
0.67
0.68
0.79
0.92

1.1

1.11
1.26
1.13
1.01

1.06

1.19
1.12
1.09
1.09
1.19
1.09
1.03
1.02

0.94
0.91

0.8

0.9
0.75
0.63
0.91
0.93
1.04

0.89
1.02
1.22
0.87
0.81
0.66

09
1.08

1.08
1.01

1.18
1.41
1.49
1.62
1.46
1.35
1.28
1.32

1.2

97.00
84.00

67.00

68.00
79.00
92.00
110.00
100.00
111.00
126.00
113.00
101.00

100.00

106.00
119.00
112.00
109.00
109.00
119.00
109.00
103.00
102.00
100.00
94.00
91.00
80.00
90.00
75.00
63.00

91.00

93.00
104.00
100.00

89.00
102.00
122.00

87.00

81.00

66.00

90.00
108.00
108.00

101.00
118.00
141.00

149.00
162.00
146.00
135.00
128.00
132.00
120.00

91.80
85.99
79.43
82.02
87.77
92.26
98.88
95.24
101.79
107.27
103.77
101.54
100.23
100.26
104.12
102.16
102.87
102.59
103.67
100.24
99.62
98.75
95.28
90.87
89.14
88.06
94.97
92.64
87.39
97.73
100.31
103.07
98.68
92.18
95.43
104.41
89.10
83.96
82.53
94.28
101.33
101.44
96.96
107.38
115.13
112.87
115.18
109.42
105.64
107.92
109.63
107.58




52.85 50197 1.07  107.00 103.99

34.5 35621 0.76 76.00 94.50
33.55 37835 0.81 81.00 99.22
35.57 37817 0.81 81.00 98.85
38.86 43488 0.93 93.00 97.76
32.88 39563 0.85 85.00 97.45
32.17 35546 0.76 76.00 95.97
37.31 38604 0.83 83.00 101.75
39.84 41010 0.88 88.00 104.74
4157 46098 0.99 99.00 106.73
47.78 50466 1.08 108.00 109.32

458 49900 1.07  107.00  109.07
45.32 49855 1.07 107.00  108.99
52.41 55830 12 12000 113.03
58.41 57271 123 . 123.00 110.19
59.43 57247 1.23 12300  105.02
55.42 57085 122 12200 103.90
54.48 54380 116 116.00 99.22
47.65 48344 1.04  104.00 98.60
46.57 47063 101 101.00 91.26
41.63 45253 0.97 97.00 91.59
45.08 46494 1 100.00 90.65
46.91 48705 1.04  104.00 94.10
39.84 42749 0.92 92.00 90.29
43.76 47820 1.02  102.00 95.42
45.56 46520 1 100.00 90.85
4367 43522 0.93 93.00 94.60
43.76 46360 099 99.00 92.79
43.27 47071 1.01  101.00  100.29
45.33 50747 1.09  109.00 103.72
46.41 46488 1 100.00 98.78
38.36 41020 0.88 88.00 97.80
37.77 39140 0.84 84.00 99.11
40.54 42129 0.9 90.00 99.54
35.29 37630 0.81 81.00 96.29
34.52 38507 0.82 82.00 92.08
28.06 32594 0.7 70.00 86.99
32.75 35116 0.75 75.00 88.65
30.66 36031 0.77 77.00 91.49
37.87 41595 0.89 89.00 93.71
36.33 37596 0.81 81.00 92.40
34.78 36122 0.77 77.00 91.51
29.25 31302 0.67 67.00 90.20
27.69 30333 0.65 65.00 88.96
30.85 37382 0.8 80.00 94.76
35.48 42737 0.92 92.00 96.88
37.67 43422 0.93 93.00 97.53
46.45 48718 1.04  104.00 96.09
49.29 50523 1.08  108.00 98.93
57.19 58461 125 12500  102.23
59.01 56155 1.2 120.00 101.20
50.92 52216 112 112.00  101.70




43.04

40.47
40.27
39.35
30.58

34.78
31.64
33.35
28.44
29.87

33.6
38.48
49.65
52.77
58.28
53.04
57.99
51.62
48.92
44.66
50.74
53.73
52.32
54.05
59.72

56.2
56.05
52.05
53.36
51.99
41.22
32.72

28.97

28.04
24.03
21.59
25.06

27.5
23.25
24.62
25.83
20.97
28.44
32.63
39.62
38.77

44.05

48.93

4917

47.52
41.94
49.23

42898
45308

42508
40338

36166
36481
35181
34548
35520
33148
41597
44518
55138
53884
57722
53343

58501

51955
54140
47571
54291
54109

52104

56121
60508
57505
55054
53685
53500
49612
39844
36689
32308
31453
29394
25255
29049
29501
29468
29183
29043
28329
35786
42207
41770

41036
48346

49520
52257
48069
45725
53497

0.92
0.97
0.91

0.86
0.77

0.78
0.76
0.74
0.76
0.71
0.89
0.95
1.18
1.156
1.24

1.14
1.25

1.1

1.16

1.02
1.16
1.16
1.12

1.2

1.3
1.23
1.18
1.15
1.15
1.06
0.85
0.79
0.69
0.67
0.63
0.54
0.62
0.63
0.63
0.62
0.62
0.61
0.77

0.9
0.89
0.88
1.04
1.06
1.12
1.03

0.98

1.156

92.00
97.00
91.00

86.00
77.00

78.00
75.00
74.00
76.00
71.00
89.00
95.00
118.00
115.00
124.00
114.00
125.00

111.00

116.00
102.00
116.00
116.00
112.00
120.00
130.00
123.00
118.00
115.00
115.00
106.00

85.00

79.00

69.00

67.00

63.00
54.00
62.00
63.00
63.00
62.00
62.00
61.00
77.00
$0.00
89.00
88.00
104.00
106.00
112.00
103.00
98.00
1156.00

90.23
92.13
92.79
89.70
91.69
91.52
88.67
94.02
96.55
97.42
106.83
107.28
117.00
115.00
116.58
112.41
116.96
109.93
112.67
105.43
110.09
110.37
110.50
109.88
114.13
107.04
107.60
108.29
106.92
100.49
92.99
92.26
89.96
91.18
88.63
84.23
90.44
90.08
80.05
91.24
89.83
91.88
99.75
105.31
105.61
98.53
104.76
105.31
108.53
101.83
96.68
103.39




53.64

47.26

49.27
47 53
47.94
43.41
41.78
38.78
356.5
31.41
37.46
48.95
54.16
59.67
68.84
77.05
71.89
62.55
54.18
43.87
38.51
38.01
34.15
39.46
30.36
33.47
41.15
43.27
39.78
38.52
38.55
35.81
36.97
27.08
21.68
21.98
26.56
33.34
37.34
34.24
33.44
37.62
32.93
35.08
29.78
27.95
31.06
30.93
33.02
36.87
39.7
38.16

54279
48196
52900
49959
47845
47202
43552
39608
35774
37559
45455

56030

59688

62727

67939
76925
66422
63866
52722
43720
42311
43487
37790
40174
33655
35009
45726
46144
41665
39372
37882
36585
40377
31127
26014
30630
30796
39125
40481
36238
36693
39064
35524
36936
33085
30893
33795
34076
39323
41771
43075
39233

1.16

1.03

1.13
1.07
1.02
1.01
0.93
0.85
0.77

0.8

0.97

1.2
1.28
1.34
1.45
1.65
1.42
1.37
1.13
0.94
0.91
0.93
0.81
0.86
0.72
0.75
0.98
0.99
0.89
0.84
0.81
0.78
0.86
0.67
0.56
0.66
0.66
0.84
0.87
0.78
0.79
0.84
0.76
0.79
0.71

0.66

0.72
0.73
0.84
0.89
0.92
0.84

116.00
103.00
113.00
107.00
102.00
101.00
93.00
85.00
77.00
80.00

97.00
120.00
128.00
134.00

145.00
165.00
142.00
137.00
113.00
94.00
91.00
93.00
81.00
86.00

72.00

75.00
98.00
99.00
89.00
84.00
81.00
78.00
86.00
67.00
56.00
66.00
66.00
84.00
87.00
78.00
79.00
84.00
76.00
79.00
71.00

66.00

72.00
73.00
84.00
89.00
92.00
84.00

106.00
102.48
106.22
100.14
101.61
103.90
98.39
94.18
88.26
88.64
98.73
102.94
102.23
108.02
113.74
125.44
113.01
107.32
104.43
101.18
102.39
105.53
98.58
108.09
104.25
103.16
109.39
106.84
99.91
99.86
95.33
92.74
98.04
90.10
87.11
93.13
92.54
99.72
102.38
98.83
101.08
100.16
95.38
94.73
90.01
86.22
84.04
80.03
85.52
87.21
89.08
90.38




38.53
38.26
36.47

27.85

21.88
26.63

30.23
28.4

32.34

327
34.63
31.01
29.99
38.59
36.34
45.17
46.57
51.71

51.81
45.43
49.41

47.23
40.24
43.24
48.49
41.51
42.76
41.34
40.98
33.89
37.21
36.51
46.41
45.79
47.68

41217
39286
37298
30037
28545
34127
32796
34422
35675
37150
35526
35933
37993
41772
41672

50497

48660
49961
55087
47473
50822
49245
44327
43934
51542
42999
45230
43132
42065
34963
41527
43774
51857
47613
49918

0.88

0.84

0.8
0.64
0.61

0.73

0.7

0.74

0.76

08
0.76
0.77
0.81
0.89
0.89
1.08
1.04

1.07
1.18

1.02
1.09
1.05
0.95
0.94

1.1
0.92

0.97
0.92

0.9
0.75
0.89
0.94
1.1
1.02
1.07

88.00
84.00
80.00

64.00

61.00

73.00
70.00

74.00
76.00
80.00
76.00
77.00
81.00
89.00
89.00
108.00

104.00
107.00
118.00
102.00

109.00

105.00

95.00
94.00
110.00
92.00
97.00
92.00
90.00
75.00
89.00
94.00
111.00

102.00

107.00

91.89
94.07
94.79
92.00
95.86
96.92
9167
96.32
96.15
101.06
92.98
93.35
96.29
102.49
102.39
104.71
102.51
106.37
107.61
104.23
104.40
102.98
100.21
98.54
105.55
98.08
96.29
91.98
90.18
90.01
98.17
100.11
107.05
105.12
108.53




For Discussion by Advisory Committees
A Perspective on What We Know and Don’t Know:

Salient Points in Establishing a Desired Future Condition
tor the Edwards Aquifer, Northern Subdivision, GMA 10;
and in Preparing a Habitat Conservation Plan
for Endangered Species Protection

Overall Context

I The programs. rules and regulations of the BSEACD over the past 20+ years have
and will continue to limit groundwater pumping of the Barton Springs segment of
the lidwards Aquifer -- during both non-drought and especially drought
conditions -- especially from what would have otherwise cexisted as this arca
developed.  Any such regulatory program benefits the aquiler’s existing users as
well as Barton Springs. The aquifer’s users to be protected include both humans
and cndangered species.

Salamander, Dissolved Oxxgen and Springflow Relationshigs

2. Dissolved oxygen (DO) of water issuing from the springs tends to be lower at
lower springflows within the range of flows historically experienced. However,
there is essentially no data on DO-springflow relationships in the critically
important period below 15 cfs of flow: and no statistically significant
extrapolation of this trend is possible. iven for the sparse data available below 20
¢Is. the "noise™ in the data indicates that the amount of springflow is just one of
the factors that influence DO concentrations. and other, unmanageable (by the
District) factors may be as or more important with lower ow conditions.

3. The DO vs. flow relationships differ among the various spring outlets and may be

caused. at least conjecturally, by several contributing factors:

® Their flow regimes contain more conduit vs. less conduit

® Flows may be more turbulent vs. more laminar

* Ambient physical/chemical conditions (algae, temperature, org. carbon) may
influence DO in recharge waters

e Contact with a subsurface atmosphere may allow re-aeration vs. isolated or
confined water that may prevent re-aeration.

4. Bascd on discussions with a USGS scientist, while many possible factors may be
influencing the DO concentrations in the aquifer and in spring discharge, the DO
of water in the aquifer teeding the Barton Springs complex may not drop
appreciably below 4.0 mg/L under natural low-flow conditions; however, the
dataset for making such Jjudgments is limited.



hd

10.

11.

The endangered salamander population survived not only the Drought of Record
in the 1950s, when daily flows dropped to a minimum of a reported 9.6 cfs (and
monthly average flow was 11 cfs), but also other droughts in the historical and
pre-historical record that were much more severe.

The survivability and ability of the salamander population to recover from
temporary reductions in habitat quality are not just about effects on adult
salamanders, but also on juveniles, reproduction, prey and predator behavior, etc.,
in a *weakest link’ situation. although cumulative impacts are almost certainly
also important.

Other aspects besides the amount of pumping in the aquifer may work in
antagonistic fashion to affect salamander habitat quality, including sedimentation,
pooling of the spring outlets, and development in the contributing watershed that
introduces oxygen-demanding materials, toxics such as pesticides and herbicides,
nutrient-rich fertilizers that promote swings in aquatic growth and oxygen
demand, and Barton Springs pool-related activity, among other things.

The mobility and inaccessibility of a significant number of individual salamanders
for actual counts imply that.a proxy measure of habitat condition is required for
representing and protecting this endangered species population, but there is not a
universal proxy that can represent all effects or impacts on their habitats.

For purposes of both habitat conservation planning and establishment of Desired
Future Conditions as required by law, the overall springflow at the Barton Springs
complex is our best, if quite imperfect proxy, at least for now.

The University of Texas laboratory study of salamander response to variations in
dissolved oxygen and conductivity was completed by Drs. Art Woods and Mary
Poteet and peer-evaluated by Dr. Bryan Brooks of Baylor University. They
compared metabolic rates between E. nana (a surrogate species from San Marcos
Springs) and E. sosorum. Activity responses of E. nana to DO were quantified
and assessed. In addition, experiments were performed to determine adult
mortality and juvenile growth responses to DO. Further. a “probabilistic
ecological hazard assessment™ (PEHA) approach was used to relate threshold
responses of the salamanders to DO measurements in spring habitats for the first
time. The collaborative work by Woods, Poteet and Brooks is currently being
published. It represents the most comprehensive understanding of adverse effects
of DO on any salamander to date.

The HCP Biological Advisory Team (BAT) is reviewing the research by Woods,
Poteet. Brooks, data collected by the City of Austin, as well as other research; and
is making a series of recommendations for further study to reduce uncertainties
associated with the species of concern. Future recommendations for research will
be included in their final review documentation. The initial versions of neither
the DFC nor HCP will be able to wait until this future research is available.



12.

13.

14.

A DO concentration of 4.4 mg/L or above appears to be a level that will not
substantially adversely affect the salamander; a prolonged DO concentration of
3.4 mg/L or below appears to be a level that would likely create such stress on the
species that it may not survive as a population. It is not known whether “take™ is
linear between these two endpoints. but laboratory studies suggest it is
approximately so for the DO stressor.

The behavior of salamanders in the wild and their ability to adjust to low DO
stresses, such as moving into micro-environments where water velocities are
larger and therefore more oxygen is available to them even if in lower
concentration, are conjectural and unknown. Still, the re-appearance of
salamanders at the Upper Spring outlet shortly after it started flowing again after
two years of no discharge in the most recent drought suggests that this behavior
may be an important consideration. The retardation in their re-appearance at the
Old Mill Spring outlet in the same time period illustrates that we don’t know the
factors that govern migration.

Even during extreme drought, local rainfall events will occur from time to time
and introduce oxygen-replenishing water into the aquifer; the amount of
springtflow and DO does not behave monotonically during prolonged drought.

Hydrogeological Assessments

15.

16.

17.

Very recent geohydrologic studies suggest that during severe droughts, the
groundwater divide between the San.Antonio segment and the Barton Springs
scgment dissipates and water from the SA segment bypasses San Marcos Springs
and flows into the Barton Springs scgment. During the most recent drought. the
amount of this water was cstimated to be about 5 cfs. which may represent
recharge that was not completely accounted for in groundwater modeling of the
Barton Springs segment. (Conversely, the effects of flow from the Barton Springs
segment to the San Marcos segment during certain non-drought and early-drought
conditions may not have been completely accounted for either.)

Probabilistic numerical simulation of recharge over a period of rainfall record
extending for centuries (using regional tree-ring data), pumping, and resultant
springtlows that has been conducted recently by the TWDB indicates that a
specified amount of pumping from the aquifer may lead to springflows that vary
considerably. (Another way of saying this is that any specific springtlow may be
produced by a range of pumping.) Such variability is accommodated in
regulatory planning by the specification of some acceptable probability that a
particular spring discharge will be associated with a particular amount of’
pumpage.

The eftects of global climate change on Central Texas are predicted to make the
weather more extreme, but will likely produce more frequent and persistent La



Nifia conditions, leading to hotter and drier overall conditions, which in turn
would reduce springflow, other factors equal.

Institutional Considerations

18.

The current regulatory program of the District (absent the temporary moratorium,
pending establishment of a Desired Future Condition/Managed Available
Groundwater limitation) would not restrict the total amount of water being
withdrawn under permits during non-drought conditions but would completely
curtail new conditional-use water withdrawals during extreme drought; and would
require alternative means to address those curtailments. The requirements to
demonstrate interruptible-supply/alternative supply demonstration characteristics
for these withdrawals are a governor on new users. [lowever. 1o the extent new
conditional users request such permits, and even though the effect of any one such
user is small relative to losses from the system due to springflows. in aggregate
they tend to increase the rapidity and frequency of all users entering into drought
stages, unless there is also some non-drought cap of the conditionally permitted
withdrawals from the Edwards instituted. A DFC referenced only to Drought of
Record conditions would not constitute such a cap.

. From an endangered-species protection standpoint, the unknowns and the

uncertainties that exist indicate that the District should be relatively conservative
(toward the salamander) in establishing its groundwater management program
objectives.

. The current contentious political climate for groundwater management in Texas,

surrounding the vested rights of landowners over groundwater in place, the need
for more water supplies for the state, the limits on new surface water supplies, and
the resistance of powerful private and public influences to regulatory restrictions
on pumping for whatever reason. could increasingly limit the statutory authorities
of all GCDs in the state in the future, which would reduce the BSEACD’s ability
to implement an effective groundwater management program.

. A DFFC may be revised each year and must be reviewed by the Groundwater

Management Area every five years to consider new information. But any /ess
restrictive DFC that may increase the MAG in the future and that becomes the
basis for a different regulatory springflow program would comprise a major
amendment to the HCP and Section 10(a) Permit, including NEPA review. From
this institutional standpoint (only), it is better to go from a regulatory program that
is less restrictive (larger MAG) to more restrictive (smaller MAG). However, a
less restrictive initial program would likely produce a larger MAG that could be
legally accessed for additional (non-conditional) pumping authorizations. Taken
together, these considerations suggest that the District will need to live with the
selected DFC/MAG as an HCP measure during the term of the Section 10(a)
Permit supported by the HCP.
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Eurycea sosorum and E. nana are plethodontid salamanders endemic to several
karst springs in central Texas (USA). Landscapes around these habitats are
increasingly urbanized. At the Barton Springs complex, where E. sosorum occurs,
average dissolved oxygen (DO) in the main flow is ~6.5 mg L. However, DO is quite
variable, ranging between 2.4 & 10 mg O, L, and recent data suggest a positive
relationship between DO and spring discharge in Barton Springs Pool, though this
relationship may not be as strong under extreme low-flow conditions. Here we
examine sensitivity of E. nana and E. sosorum to experimental variation in oxygen
availability (DO.)Z‘A vsuAite of traits was measured on adults: ability to escape
simulated predation,ﬂspontaneous activity, mctabolic rate, and mortality during 28
days of exposure. A separate experiment examined growth of juveniles across levels
of DO during 60 days of exposure. Levels of DO below 3.4 mg O, L™ appeared to
pose a grave threat to salamander survival over a 28-day study, whereas DO above
4.5 mg O; L gave no observable effects in any experiment. Between these values is a
critical range in which salamanders became progressively compromised. An
ambient water quality criterion for DO in lentic systems (5 mg O, L, 24 hour

minimum) appears adequate to protect Eurycea.
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Global amphibian declines over the past half century (Houlahan et al., 2000) appear to
have stemmed from factors associated with climate change, including increased UV-B
exposure, changes in precipitation patterns, and outbreaks of pathogens (Kiesecker et al..
2001). At local scales, declines also stem from habitat degradation or destruction
(Blaustein et al., 1994) related to watershed urbanization (Wang et al., 2001; Price et al..
2006; Miller et al., 2007). Because urban land use influences many aspects of streams—
flow regime. channel morphology, water quality, and biological community composition
(Wang ct al.. 2001 )—it is difficult to identify specitic factors. or interactions of factors,
that adverscly affect populations. But doing so is important: although urbanization may
be inevitable, unders‘tanding relative risk associated with various stressors will support
better conservation decision-making,.

Here we focus on dissolved oxygen (DO). which is known to vary spatially and
temporally in aquatic systems ( Wetzel and Likens 2000). US Environmental Protection
Agency has established national ambient water quality criteria (NAWQC) for DO that are
intended to protect aquatic life in surface waters. In the central Texas karst system at the
Barton Springs complex, DO in the main spring has been measured irregularly since
1969. Since then, mean DO has been ~6.5 mg L' (Turner. 2004), with discrete
measurements ranging between 2.4 and 10 mg L™ (for comparison, air-saturated DO at
spring temperature, 20°C, is about 8.5 mg L™'). Moreover, recent data, since 2003,
indicate a positive relationship between DO and spring discharge (Turner, 2004). These
data suggest that low spring flows, which could stem from cither droughts or higher

levels of pumping from the aquifer. may subject salamanders to lower DO. Whether
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current surface water DO NAWQC are appropriate for protecting salamanders in spring-
fed ecosystems is unknown.

For salamanders, adequate DO is important for all life stages (Hillman and
Withers. 1979). llypoxia can retard embryonic development (Mills and Barnhart, 1999),
slow or arrest juvenile growth (Werner and Glennemeier. 1999: Stevens et al.. 2006). and
depress adult oxygen consumption (Withers, 1980: Noland and Ultsch. 1981: Booth and
Feder. 1991: Crowder ct al., 1998; Sheafor et al., 2000). Identifying problematic levels of
DO is difficult, however, because effects vary by specics, stage, and physiological
circumstance. For example, Withers (1980) showed that O, consumption (in air) by
resting Plethodon spp. was unaffected by ambient PO- down to approx. 5 kPa. By
contrast. exercised salamanders, forced to escape repeatedly, were much more sensitive
to ambient PO, with rapid declines in O- consumption below 14 kPa. In some
circumstances. negative effects of hypoxia may be mitigated by physiology and behavior.
Known responses include increases in egg capsule conductance (Mills et al., 2001 )
precocious hatching (Petranka et al., 1982), increases in heart rate and buccal pumping
(Sheafor et al., 2000), behavioral hypothermia (Tattersall and Boutilier, 1997), gill
hypertrophy and increases in gill perfusion (Bond, 1960), and frequent excursions to the
water-air interface for air or *bobbing’ (Wassersug and Scibert, 1975: Crowder ct al.,
1998).

Unlike other plethodontids, most of which have biphasic or fully terrestrial
lifestyles. Eurycea nana and E. sosorum are obligately aquatic neotenes, with gills
retained throughout adulthood (perennibranchiate). Oxygen uptake must therefore occur

across the skin or the gills; the dominant route is unknown. Booth and Feder (1991)
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showed that amphibians using cutancous respiration in water, including E. bislineata, can
develop steep oxygen gradients across boundary layers adjacent to the skin: even when
ambicnt DO was high (> 8 mg 1.™'). DO at the skin surface usually was | -2mg L', In £,
sosorum and £ nana. boundary laycers near the skin may be minimized by other factors,
including small body size (< | g) and association with rapidly-flowing, well-oxygenated
spring flows (Sweet, 1982).

Here we examine sensitivity of juvenile and adult £. nana and E. sosorum to
experimental variation in oxygen availability (DO). Using adult salamanders, we imposed
short- 1o long-term variation in ambient PO, and quantified (1) escape responses 1o
simulated predation: (2) spontancous activity: (3) metabolic rates: and (4) mortality. For
Juvenile salamanders. we measured growth rates during 60 days of exposure to different
levels of oxygen. This data set provides the most complete multi-stage description of
oxygen’s effects for any salamander and suggests levels of DO below which physiology,
and likely fitness, is compromised. We subsequently performed a probabilistic ecological
hazard asscssment to relate salamander response thresholds to DO measurements in

spring habitats.
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MATERIAL AND METHODS

Animals.—--1:xperiments were carried out between November of 2005 to December of
2006. Adult Eurvcea nana (SV1. 22.1 - 35.1 mm, mean 27.9 mm) (Tupa and Davis,
1976) were collected by hand from rocky substrate below the Spring Lake dam (San
Marcos, Texas, USA), placed in aerated coolers, returned to Austin, and separated into
four 10-gallon holding aquaria. We collected 20 adult Eurvcea sosorum (SVL 22.9 - 30.2
mm. mean 26.1 mm) from Lliza Spring during a single collecting trip. Salamanders were
collected with the cooperation and supervision of the City of Austin (COA) using the
same techniques as those described for E. nana.

Salamanders were held in 10 gallon aquaria filled with Eliza Spring water. Each
aquarium had multiple piecés of pre-soaked PVC tubing for cover, gravel collected from
below the Spring Lake dam, an air stone delivering room air, and a filter unit (AquaClear,
with mechanical, chemical. and biological filtering capability. 400 liters h™'). We also
controlled water pH using a pH-stat system (Milwaukee Instruments model SMS122.
Rocky Mount, NC, USA), which measured pH continuously and. whenever it rose above
7.6, injected CO- until pH fell below the set point. pH regulated in this way was quite
stable, varying between 7.3 — 7.8 over the course of 15 — 20 min. Salamanders were kept
ona 13L:11D light cycle and fed bloodworms every day (Hikari, with multivitamins
added, approx. 2 bloodworms per salamander). £. nana were used in all experiments; £.

sosorum were used only in measurements of short-term metabolic rates.

Water collection.---Waler was collected from Eliza Spring, part of the Barton Springs

complex (includes also Eliza Spring and Old Mill) that supports the highest density of E.



126 sosorum in the wild (pH 7.1 - 7.5, conductivity ~ 600 uS cm™', temperature = 20 C).

127 Water was pumped into food-grade trashcans, transported to the Univ. Texas campus,
128  and filtered through 0.45-pum PTFE membranes (Pall Life Sciences, TF-450) into storage
129 containers --two 1136-liter food-grade polycthylene holding tanks. All holding containers
130 were presoaked with tap water for | week and allowed to air dry before use. Stored Eliza
131 water was acrated continuously with room air.

132

133 Escape response experiment.-—-We measurcd escape responses of Eurycea nana (N = 8)
134 over 9 levcis of dissolved oxygen. Escape response was evaluated as the ability of the
135 animal to flee a stimulus. specifically as the duration (time spent cscaping) and vigor

136 (frequency ol activity. defined as number of loops and number of undulations) ol the
137 response. ‘The loss of righting was scored as an absolute loss of escape response.

138 Izach salamander was placed in a 1.5-1. aquarium containing Eliza Spring water
139 (pH = 7.5) and allowed to acclimate for 20 minutes. Subsequently, it was touched or

140 gently grasped with entomology forceps (Bioquip. round-tip featherweight forceps) to
141 simulate predation. The touching was repeated three times. ‘Touches 2 and 3 were done
142 only alier the animal remained stationary for 5 seconds. A fler each set of touches, DO
143 was immediately ramped down and the salamander was given a 20 minute rest period
144 before manipulations recommenced. DO levels were ramped down on the following

145  schedule (mg O- L.7'): 8, 7.6, 5.1, 4.1, 3.1,2.2, 1.1, 0. Experiments continued until

146  oxygen was ramped to 0 mg L™ or the salamander lost its escape response. Once a

147 salamander could not right itself within 60 s. it was immediately removed to a recovery

148  aquarium. Salamanders were videotaped continuously during the experiment. Because



149  salamanders were manipulated for several hours, and DO was always ramped from high
150 to low. we were concerned that any observed effects reflected salamander fatigue rather
151 than cllects ol DO per se. We theretore ran a set of control tests on cach salamander two
152 weeks aficr the DO tests. In the controls, salamanders (N - 8) were manipulated in the
1S3 same way, cxcept that DO (8 mg O- L") was held constant.

154 Desired levels of DO were obtained by mixing pure O», N2, and CO- and bubbling
155  the resulting stream directly into experimental chambers. Gas flow rates were controlled
156 by mass flow controllers (all by Unit Instruments, Milpitas. CA. models UFC-1100 or
157 ITOTA: O2: 0~ 1 slmor 0 - 500 scem: Na: 0 = 1 slm or 0 - 500 scem: CO-: 0 - 10 scem).
158 which were themselves controlled by a separate electronics package (MIFC-4, Sable

159  Systems, Las Vegas, NV). Total flows were approx. 500 ml min™', and CO- flows were
160  adjusted to give pH of ~7.5.

161 Videotapes of salamander responses were scored blind (observer did not know
162 DO). For each salamander, we measured total time of activity following touching.

163 numbcr of body undulations during that time (as a measure of vigor), and number of
164 loops the salamanders swam around the aquarium during that activity.

165 We analyzed this experiment using lincar mixed effects (LMEs) models (S-Plus
166 2000 rel. 2. Insightful Corporation, Seattle. WA, http://www.tibco.com) that accounted
167  for salamander identity (random cffect) and mass (covariate). Using a second LLME, we
168 then tested whether the responses of the salamanders differed significantly between DO
169  and control experiments.

170
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Spontaneous activity.---Spontancous activity of k. nana (N = 8) was recorded using a
modification of Sheafor et al.’s (2000) infrared method. Salamanders were contined
individually to custom-built, flow-through glass chambers (1.5 x 9 cm), with water
driven through the chambers by small gear pumps (Micropump, Vancouver, WA, USA)
at | cms'. Water was recirculated past salamanders from a reservoir. a design that
facilitated casy modification of water characteristics (sce below). The entire apparatus,
including reservoir, was held underwater in a temperature-controlled water bath
(maintained at 20°C). Salamander activity was measured using AD-1 infrared activity
detectors (Sable Systems, l.as Vegas, NV, USA) with LED emitters and detectors on 70-
cm long wires, so that they could be placed directly into the water around the glass
chambers. Output voltages from the detectors were sampled once per second onto a
computer running Expedata sofiware (Sable Systems, version 2.33).

Individual salamandcrs were put into chambers, allowed to acclimate for 4 hours
in Eliza Spring water (~ 660 uS cm'), then subjected to DO ramp from 8.9 mg O, L'
down to ~ 1.3 mg O L over 2.5 hours and back up to 8.9 mg Oz L' over the subsequent
2.5 hours. Conductivity, pH, and DO were measured continuously with a YSI 556
handheld multiparameter instrument, which was calibrated regularly against standards.

Activity data were analyzed using log survivorship analysis (Slater and Lester
1982) implemented in S-Plus (v. 6.1). First. each raw voltage trace was filtered so that
each logged value was classified either as *no activity’ (0) or “activity’ (1). We did this,
rather than using raw voltages directly. because there is no linear relationship between
magnitude of voltage spike and instantaneous degree of activity (advice from Sable

Systems). Individual voltage measurements were considered "no activity if they were < 5
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standard deviations from the mean background noise and "activity" otherwise. Second,

we calculated intervals (V) between every sequential activity event, which were then
plotted (as log N) on a histogram. In data traces containing distinct bouts of activity, the
log plots show a characteristic concave shape, arising from two ditferent event timings.
Within bouts. there is a high probability of subsequent activity (short intervals), and thus
at the lefl side of the graph the slope is steep (corresponding to a high probability of
subsequent activity). The shallower part of the trace, to the right, corresponds to between-
bout times—i.e., the slope is shallow because the probability of a subsequent event is
low.

Historically, the *bout criterion"—the time distinguishing within bout from
between bout intervals—has been identified by eye as the point at which the slope
changes most rapidly. However. several authors argue for more quantitative methods of
estimation. We used Slater and Lester’s (1982) method. which they show minimizes the

total number of misclassified intcrvals. They define the optimal bout criterion as:

: 1 A, N,
= —— log(—'-—”) Eq.1
()'u'“ﬂﬂ) /ln ;] 4

where 4,. and 4, are slopes of the within- and between-bout parts of the log

survivorship graph, ¥, is number of intervals in the within-bout section. and Ny is
number of intervals in the between-bout section. The four parameters were estimated for
each individual salamander by fitting a double exponential equation to the log

survivorship plot, using a non-linear least squares fitting function in S-Plus. Once the



216  bout criterion was identified for each salamander, its activity vector was filtered again to
217  identify regions that were either within activity bouts or between activity bouts.

218 Responses were modeled with logistic regression. which is appropriate with

219 binary response variables (c.g.. active vs not active). We used both probit and logit links.
220  Fitted coeflicients were used to calculate /Csq. the level of DO giving activity half the

221 time, as

t9
[0S
w

ICy =—alb Eq. 2.

225 where ais the fitted intercept and b the coefTicient for DO. The 8 separate estimates of

226  IC50 (one per salamander) were then used to calculate mean /s, with 95% Cl.

228  Salamander metabolic rates.---To estimate critical levels of oxygen causing changes in
229 metabolic rate (Booth and Feder, 1991), we measured metabolic rates of £E. nana (N=15)
230 and E. sosorum (N = 14) over ramped levels of DO. Oxygen consumptibn was measured
231 using a semi-closed system. In each metabolic chamber. a milled. perforated nylon insert
232 protected the salamander from a stir bar. A sccond nylon insert was milled with three

233 ports. one for a mini Clark-style oxygen electrode (model 730, Diamond General. Ann
234 Arbor, MI. USA), and one each for water inlet and outlet (1/8 inch stainless steel). Fits on
235  the stainless steel tubing were tight enough that no additional sealants were used;

236  electrodes were sealed with silicone. The 3-port insert was sealed to the glass beaker (100

237 ml volume) by an O-ring (Buna-N).



Accurate measures of metabolic rate in aquatic systems depends on controlling or
measuring several characteristics of the water, including volume. mixing. and biological
activity., Water volumes in chambers were measured gravimetrically (47 - 64 ml). Stir bar
rotation was set to mix chamber water thoroughly within 10 seconds (measured in
preliminary experiments using dye dispersal), and the ports allowed us to flush chambers
gently while salamanders were in place. When chambers were closed (no flushing),
changes in oxygen were due only to biological activity. Extensive testing showed, first,
that chambers were essentially leak-free: and. second. biological oxygen consumption by
non-salamander sources (e.g.. bacteria) were minimal, as introduction of air-saturated
waler gave stable, air-saturated electrode readings for several hours. To ensure that this
was so in every experiment, we always included one or more blank chambers.

The mini electrodes were connected to a picoammeter (Microsensor, Diamond
General) via a 10-channel electrode multiplexer (Diamond General, model 1090A).
which allowed us to run up to 8 salamander and two blank chambers during a single run.
Signals from the picoammeter were logged onto a computer via an A/ converter (Sable
Systems, UI2, Las Vegas, NV. USA). Electrode membranes (polyethylene, | mil thick)
were replaced regularly.

To reduce bacterial growth, all chamber parts were washed thoroughly. Electrodes
were calibrated at temperature using Na-purged and air-saturated water. Salamanders
were weighed (Mettler Toledo analytical balance, + | mg) and photographed through a
stereo-zoom microscope (Nikon SMZ.1500 with DS-3M camera) for later analysis of
SVL. then placed onc to a chamber (up to 8 salamanders with 2 blank chambers) filled

with Eliza Spring water (conductivity ~680 uS ¢cm™'). Chambers were submerged in a
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266

temperature-controlled water bath sct to 20°C. Salamanders were given ~ 45 minutes to
acclimate, and then each chamber was flushed with 5 volumes (~ 250 ml) of air-bubbled
Eliza Spring water. Using the electrode multiplexer, we then manually stepped through
clectrodes, measuring O- levels in cach chamber for | — 2 minutes. Each chamber was
sampled generally 5 times in 45 - 60 minutes, during which time oxygen content fell
from air-saturated to a minimum of 80% of air saturation (approx. 7.4 mg O~ 1.™").
Subsequently, cach chamber was flushed with 5 volumes of water at a lower level of DO
(equilibrated to gas streams generated by mass-flow controllers, as described above).
We used non-linear mixed-effects models, implemented in S-Plus v. 6.1
(Insightful Corporation, Seattle. WA, USA), to examine relationships between DO and
metabolic rate. Visual inspection of the data suggested that metabolic rates fell at lower
levels of DO. We therefore chose to fit the *Biochemical Oxygen Demand® (BOD) model

in Bates and Watts (1988),

y(x) = ¢,[1 —exp(—exp(4,)x]. Eq.3

where y is metabolic rate, x is level of DO, ¢, is the asymptote (in our case, the
asymptotic metabolic rate) and ¢, describes how sharply the curve transitions from zero
to the asymptote. I'rom fitted values of @, the /Cs, (the DO giving a 50% reduction in

metabolic rate) can be calculated as

1C, = log2/exp(¢,) Eq. 4
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We followed Pinheiro and Bates’ (2000) iterative strategy for fitting such models in S-

Plus. using the function SSasympOrig (from their Appendix C.3).

28-day oxygen-toxicity test.---To assess long-term lethal levels of DO, we measured
mortality of 60 adult £. nana in a 28-d oxygen toxicity test (where /ow oxygen was the
stressor). Salamanders were housed individually in 2-L aquaria, each equipped with an
air stone inside a hydraulic lift tube to drive water circulation. Oxygen levels were
maintained by bubbling air from the box head spaces into salamander-containing aquaria.
llead spacces in the upper chambers were regulated by a multichannel oxygen regulator
(ROXY-8. Sable Systems. Las Vegas. NV, USA). To maintain aquarium temperature, the
lower halves of the chambers were plumbed for continual recirculation of chilled water
(20°C). Aquarium pH was controlled between 7.0 and 8.0 using the pH-stat system
described above.

Individual aquaria were arranged three to a Plexiglas chamber (Fig. 1). Plexiglas
chambers in the same oxygen treatment were connected via gas lines, with gas flow
between them driven by small fans. Twelve salamanders (pseudo-replicates) were
randomly assigned to one of 5 DO exposure treatments, 1.3, 2.4, 3.6, 4.6, and 7.5 mg/L.,
in individual aquaria. Three aquaria were randomly assigned to a given Plexiglas
chamber (replicate) providing an experimental design with 5 treatments and 4 replicates
(Plexiglas chambers) with 3 pseudo-replicates per replicate (aquaria). Pseudo-replicates
were averaged per replicate to provide 4 values per treatment. During the course of the
experiment, there was some mortality from salamander escapes not related to DO level.

A total of six escapes and one fungal contaminated salamander resulted in an unbalanced

14
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307  design with N = 10 salamanders in treatments with DO - 3.6 and 4.6 mg/l. and N = 9 in
308 the DO =75 mg/L.

309

310  60-day juvenile growth experiment.---Juvenile salamanders were obtained from the
311 Eurycea nana captive breeding program at the San Marcos National Fish Hatchery, TX.
312 Juveniles were placed in the same set up as described in the 28-d oxygen toxicity

313 experiment. but DO treatments were set to be non-lethal (Table 1). Juveniles were

314  maintained under these conditions for 60 d. During that time, we weighed (mg) and
315  measured snout to vent length (SVL) of each salamander approximately every 5 days.
316  Juveniles were weighed to the nearest 0.01 mg on a Sartorius MC-5 microbalance. To
317  minimize errors from adherent water and evaporation, salamanders were gently blotted
318  with a dry tissue before being transferred to a weigh boat. SVLs were measured from
319 calibrated digital images. Due to limited availability of juveniles from the captive

320  breeding program, we were able to place only 5 salamanders into each treatment at the
321  beginning of the experiment.

322

323 Toxicity data analysis.---Specific growth rate (G, ). defined as the rate of change of the

324 logarithm of weight through time, was calculated for the 60 d study:

325 Gy =100-(In(W ..., 'W,,0a )1 1) Eq.5

326 where W

il

is salamander weight at the beginning of the experiment, W, , is weight at

327  the end. and 1 is time (days). These data were modeled using the lincar and non-linear
328  equations outlined in Table 2 (Brain et al.. 2006). Model fit was based on the coetficient

329  of determination and the p-value for each associated ANOVA. Lach model employs an

15
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iterative process by fitting parameters simultaneously. If the convergence criteria
(approach to stable parameter values) are not met in a specified number of iterations, the
model cannot be fit. Based on the variability and distribution of the data, tolerance
criteria may not be met for a given model: thus. multiple models were tested. To optimize
the fitting process. we adjusted number of iterations. step sizes. and thresholds of
tolerance. Effective or lethal concentrations required to inhibit or kill x percent of the
organisms (EC, or LC,) were calculated, with x set to 5, 10, 25 and 50. Lowest
observable advérse effect level (LOAEL) and no observed adverse effect level NOAEL)
thresholds were determined for the 60 d juvenile growth study using Bonferroni’s post

hoc test (US EPA, 2002).

Dissolved oxygen distribution.---Data for Barton Springs DO were acquired from the
City of Austin, which was originally obtained from the U.S. Geological Survey (Chris
Herrington, pers. comm.). This dataset. containing 517 DO observations taken between
November, 1969 and April. 2009, was plotted according to published methods (Solomon
and ‘Takacs. 2002) as a cumulative frequency distribution, with probability on the y-axis
logio DO on the x-axis (Solomon et al., 2000). Plotting positions () were expressed as
percentages and calculated from the Weibull formula:

Jj=100-i/(n+1) Eq. 6
where i is the rank and # is the total number of data points in the data set. Linear
rcgressions were performed on the transformed data using SigmaPlot 2000 (SPSS,
Chicago, IL. http://www.sigmaplot.com). This approach is similar to one done recently

on anoxia thresholds for marine invertebrates (Vaquer-Sunyer and Duarte, 2008).
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Toxicity threshold calculations.---Low centiles of 1% and 5% from the DO distribution
were interpreted as thresholds of response and used as Toxicological Benchmark
Concentrations (TBCs; Hanson and Solomon, 2002). A centile of 1% was selected as a
lower TBC since a log-normal cumulative frequency distribution does not contain a zero
y-value. A centile of 5% was employed as a TBC, which is similar to the HCs derived
from a Species Sensitivity Distribution of NOAELs (Wagner and Lokke, 1991;

Aldenberg and Slob, 1993; Sijm et al., 2002).

Probabilistic ecological hazard assessment (PEHA).---We performed a PEHA that used
the observed DO distribution in Barton Springs, the .Cs, L.C}q, L.Cas. 1.C so. and 60 d
NOAEL and LOAEL thresholds calculated for the 60-d chronic study. A PEHA indicates
the likelihood that a DO value will be encountered in Barton Springs that is below the
indicated threshold for Eurycea nana. This calculation was done by modifying equations
from Solomon et al. (2002): we substituted a single threshold value for percentage-based
exposure values using Microsoft Excel 2003® (Microsoft Corporation, Redmond, WA.
USA. http://www.microsoft.com) as follows:

P, = NORMDIST(m,, -log,,(x)+b ), liq. 7

where x is the threshold exposure value. P, is the probability that a particular DO affects
x% of endpoints, NORMDIST returns the standard normal cumulative distribution
function, and me and b,o are the slope and intercept, respectively, of the probit/log

transformed regression line of the exposure data.
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RESULTS
Escape response experiment.—-1n high DO, salamandcrs responded vigorously to
prodding. taking multiple loops around the test aquaria at high speed. This vigor declined
significantly at lower levels of DO (loops: I 3 = 2.56, P = 0.026; undulations: F 3, =
2.24, P = 0.047). By the end of the 7" treatment (DO =2.2 mg O, L."), 3 of the 8
salamanders had lost the ability to right themselves (Fig. 2A). Following the 8" treatment
(DO = 1.1 mg 01 L."") only two salamanders were able to right themselves. When these
were placed into 0 mg O- 1.7, neither salamander was able to respond. Although activity
decreased significantly with decreasing DO, the total time that salamanders were active
did not (time: Fy 32 = 1.60. /> = 0.163).

All salamanders retained their escape response for the duration of the control tests
(Fig. 2B). Number of undulations declined slightly with duration of the control test, but
neither total time ol activity nor number of loops around the aquarium changed
significantly with test duration (Fiyme) = 1.72. df = 10, P = 0.07; Fijoops) = 1.56, df =10, P

=0.12).

Spontaneous activity.—All 8 E. nana in the DO ramp had discernable breakpoints that
identified activity bouts (see Fig. 3). Mean bout criterion was 1.60 minutes (range 0.82 —
2.56).

Salamanders had a clear onset of activity as DO dropped to between 2.7 and 5.5
mg Oz L.”' (Fig. 4A). During the ramp back up. activity ccased at a lower level of DO,
approximately 1.8 4.1 mg O1 .. Figure 4B summarizes salamander activity during the

experiment. For each salamander, we fitted a logistic regression model separately to
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rising and falling parts of its activity curve. estimated each /sy, then calculated means
and 95% C1 across the 8 salamanders. Probit and logit links gave virtually identical
results, so we present averages of the two techniques. For the rising part of the activity
curve (declining DQO), the DO at which 50% of salamanders became active was 4.54 mg
0, L' (95% C1 4.02 - 5.06). For the falling part of the activity curve (increasing DO), the
DO at which 50% of salamanders became inactive was 3.12 mg O- 1.7V (95% C12.39 -

3.86). Changes in activity thus exhibited some hysteresis.

Salamander metabolic rates.---Metabolic data were quite variable, both within and
between salamanders. Nevertheless, the two species had similar average metabolic rates,
and the metabolic rates clearly declined at low levels of DO (Fig. SA and B). especially
below 3 mg O 1.”'. For both species. we obtained a good fit between the data and the
BOD model (1:q. 3).

I:stimates of /C'sy were obtained using Eq. 4. For £. nana we estimate /Csp = 1.3 1
mg O, L' and for £. sosorum ICsp = 1.62 mg O» L' (Table 3). The larger confidence
intervals for E. sosorum reflect greater variability within its data set. The confidence

intervals for both parameters, ¢, and ¢,. were broadly overlapping—so we consider
species” responses to DO to be statistically indistinguishable. Estimated values for ¢,

(metabolic rate under non-limiting oxygen conditions) were 0.052 and 0.043 mg O hr’'

for E. nana and E. sosorum, respectively.

28-day oxygen-toxicity test.---There was a clear logistic relationship between DO and

percent mortality (Fig. 6), with mortality falling from high to low between approx. 2 and
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4 mg O, L™, Salamander mortality related to DO occurred in the lowest three treatments
(1.3, 2.4. and 3.6 mg/L.). and all mortality that occurred in the two lowest DO treatments
happened within 48 hours of initiating the experiment. No DO related mortalities were

observed in cither of the two highest treatments (4.6 and 7.5 mg/1.). 1.Cs 1.Cyo, 1.Cas.

4
1.Cso estimates were calculated for adult mortality data (Table 4) using a three parameter

logistic model (r* of 0.93; Figure 6) these values were considered thresholds of response

for E. nuna exposed to varying DO concentrations.

60-day juvenile growth experiment.---Although juveniles in the lowest DO (4.4 mg O, L°

') had growth rates that were ~30% lower than control salamanders (‘1'able 5), the s

differences were not significant when analyzed by linear mixed-effects models, perhaps
because both the sample sizes and the DO range were small (N =4 or 5 per treatment).
Using a toxicological approach, we determined that the specific growth rate NOAEL was
4.4 mg O, L' (P> 0.05; Table 4), the lowest DO examined. Therefore, a lowest
observable adverse eftect level (LOAEL) was not determined. However, had growth rates
in 4.4 mg 02 L' been just slightly lower. they would have been significantly different
from controls (P < 0.05) based on minimum significant difference values. This indicates
that the growth NOAEL of 4.4 mg O» L™ closely approached a LOAEL for juvenile E.
nana over a 60-d period. A similar analysis using growth rate for each salamander
calculated as the slope of its mass over time gave similar results (no significant effect of

DO at P <0.05).
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Probabilistic ecological hazard assessment.---The linear regression equations generated
from the probability and log,. transformed DO data for Barton Springs. 1iliza Spring, and
Old Mill sampling locations (Fig. 7) were: y=12.5x- 9.8,y = 13.2x - 10.], and y = 6.1x -
4.5, respectively. The probabilities of exceedance, based on these DO distributions at the
sampling locations, and calculated using the LC, estimates generated from the 28-d study
with adult E. nana thresholds (mortality) and a 60-day NOAEL (specific growth rate), are
summarized in Table 4. The exccedance values for Barton Springs and Eliza Spring were
similar; however. Old Mill had substantially higher exceedance estimates owing 1o a
flatter slope and lower measured DO values. However, the correlation coefficient () for
the regression line fitted to the Old Mill data was also lower (0.65) than those for Barton
Springs and Eliza Spring (0.97 and 0.96, ;espectively). In addition, inspection of the data
(Fig. 7) indicates that the flow-DO relationship at Old Mill was not log-linear.
Nonctheless. there were many low DO values, potentially related to low spring flows.
compared to the other two sites. causing a shift in the curve and resulting in loss of
linearity. Consequently, greater confidence is placed on estimates generated from Barton
Springs and Eliza Spring data.

As summarized in Table 4, the probability of toxicological threshold exceedances
(proportion of DO values below thresholds) for Old Mill ranged from 11% to 38%. For
Barton Springs and Eliza Spring the exceedance estimates were similar, ranging from
0.08 to 5.2% and 0.1 to 6.8%, respectively. Based on the DO data from Barton Springs
and Eliza Spring there is a 4.5% and 5.8% chance, respectively, that daily DO
concentrations will drop below 4.4 mg O, L' (the 60 d NOAEL) that would adversely

affect juvenile E. nana specific growth rate, a widely accepted parameter linked to
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population level stress (Suter, 2007). In Old Mill, there is a 28% chance that DO will
drop below 4.4 mg O- I.”' during daily observations

Toxicological Benchmark Concentrations (1TBCs) were calculated for low centiles
ol 1% and 5% based on the DO distributions for Barton Springs at 4 and 4.5 mg O 1.7
for Eliza Spring at 3.9 and 4.4 mg O~ 1., and for Old Mill at 2.3 and 2.9 mg 1."'.
respectively. These values are considered reasonable thresholds of response and indicate
that there is <1% chance that the DO values will fall below 4, 3.9, and 2.3 mg O, L,
respectively, at Barton Springs. Eliza Spring, and Old Mill, and <5% chance that DO will
fall below 4.5, 4.4, and 2.9 mg O, L' at the same locations. respectively. It is important to
note that this PEHA is driven by probability of discrete and daily average DO values
exceeding toxicity thresholds determined trom 28-d adult mortality and 60-d juvenile
growth studies. Future etlorts are needed to determine probabilities of encountering DO
exceedances of such thresholds over sustained time periods corresponding to laboratory

DO experiments (e.g.. 28. 60 d).

DISCUSSION

Although species declines stem from multiple factors, more than 70% of endangered
organisms are adversely affected by habitat destruction (Pattee et al.. 2003). For these
species, management decisions often are supported by analyses of ecological hazard or
risk (Suter, 2007), with risk assessed in relation to populations. For threatened and
endangered species. however, risk may also be assessed' in relation to individuals (Suter,
2007), as we have done here. Furthermore, some populations may be imperiled enough

that detailed physiological or ecological studies simply cannot be done. Historically, this
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situation has been approached by studying surrogate species instead. and sophisticated
models are available for analyzing correlations between the responses of surrogates and
threatened or endangered species (Raimondo et al., 2007). In this study, we selected £.
nana as a surrogate because its genetics and life history are similar to those of E. sosorum
(Chippindale et al., 2000), it occupies similar karst-fed springs in central Texas, and the
two species have similar physiologies. Although a lack of even minimal data on E.
sosorum prevented us from applying formal correlation analyses (Raimondo et al., 2007),
our data on E. nana provide significant insight into how k. sosorum is likely to respond
to different levels of DO.

Physiology has much to offer conservation—by providing mechanistic insight
into links between environmental factors and animal performance (Feder, 1983; Ricklefs
and Wikelski, 2002; Helmuth et al., 2005). In turn, understanding performance should
allow us to develop prospective views of how animal populations will change in response
to stressors and degradation of habitat quality. In practice, establishing strong links
between select physiological measures and population processes can be difficult, for two
reasons. First, environmental change may affect multiple aspects of performance (e.g.,
behavior and physiology), and it may be difficult to identify a priori which aspects are
most important. though the relationship of sensitivities among endpoints is understood for
many chemical and physical stressors (Suter, 2007). Sccond. most animals have complex
life cycles (Werner. 1988). and distinct stages can respond to changing environments in
different ways.

We analyzed effects on Eurycea salamanders of an environmental factor,

dissolved oxygen (DO), that is known (i) to vary substantially in the habitat of interest

23



514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

(the Barton Springs complex) and (ii) to affect other aquatic organisms in profound ways.
To assess links between variable DO and salamander population-level processes. we
analyzed the effects of DO on fitness-related physiological and behavioral characters
(escape responses, spontancous activity levels, metabolic rates. survival probabilities, and
growth rates) across more than one life stage (juveniles and adults). This approach
provides data-rich views of salamander biology, while also highlighting further gaps that
would have been useful to examine but were not within the scope of the project—e.g.,

how DO affects Eurycea reproduction, cgg development, and hatching.

Effects of DO on salamander activity .---Two kinds of bchaviors may be important in
responsc to variable DO. The first is the ability to escape predators. Escape involves
coordination of separate processes: sensing and recognizing threats, initiating nervous
responses. and executing responses using muscles. Low DO may compromise any or all
of these. Our escape response experiment, which subjected individual salamanders to
falling DO and measured their ability to escape simulated predation (squeezing by
forceps), provided only moderate support for this idea: escape performance was not
hampered dramatically until quite low levels of DO (<2 mg Qs 1.”'). In the wild,
moreover, single-burst escape responses may be even less sensitive to DO, as
salamanders would not have immediate histories of aerobic activity. These findings
suggest that, of measured traits. escape responses were least sensitive to DO. Such a
finding makes biological sense—whereas depressed metabolic rates at low DO may be

tolerable some of the time. capture by predators is not.
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A second. potentially important response to low DO is mitigation. In most
habitats. salamanders will occur across mosaics of high and low DO (or of other factors.
such as water flow rate, that affect O availability). Although sensing and responding to
such mosaics may be irrelevant at high average DO levels, it surcly becomes more
important at low DO. In our experiments, salamanders clearly perceived and responded to
low (or falling) DO—the infrared detection system measured onset of activity during
falling DO and cessation of activity during subsequent rising DO (Fig. 4). Morcover,
altered activity in response to declining DO occurred at higher levels of DO (2.5 - 5 mg
0, L") than did escape response failure (<2 mg O L™").

We interpret activity as having either of two mitigation functions. The more likely
is escape from low [)(5 into higher DO areas (though this was not possible for
salamanders in our experiments). In the wild, salamanders in local pockets of low-DO
water may find higher-DO water ncarby. Rigorously assessing this possibility would
requirc measuring the spatial scale of DO variation in natural habitats (Revsbech and
Jorgensen. 1986; Dodds, 1991; Kemp and Dodds. 2001). This interpretation is consistent
with patterns of salamander presence and absence in the Barton Springs complex. E.
sosorum counts decline in Barton Springs when DO falls below 5 mg O: L™ (Turner,
2004). It is likely that salamanders move into the karst system during periods of low DO;
however. it is not known whether recolonizing salamanders are the same individuals as
those lcaving.

A second function of increased activity may be to minimize boundary layers
adjacent to skin and gills. Water flow rates in our experiments were, for technical

reasons, fairly low (~ 1 cm s™'), likely giving substantial boundary layers. Salamanders

25



563

564

565

566

567

568

569

571

572

573

574

575

576

577

578

579

580

581

. may increase oxygen flux to sites of respiratory exchange by disrupting those boundary

layers—e.g.. by bobbing. flicking their heads. or swimming (Wassersug and Seibert,

1975; Crowder ct al., 1998).

Effects of DO on salamander physiology, survival, and growth.-—1he three traits—
respiration rate, 28-d survival probability, and 60-d growth rate—were differentially
sensitive to DO. In particular, the metabolic 1Csg (acute exposure. giving 50% depression
of oxygen consumption rate) was low. For E. nana it was 1.3 mg O 1" and for E.
sosorum 1.6 mg O2 1.”'. In the 28-d oxygen toxicity test. the LCso (giving 50% reduction
in survival) was higher. 3.4 £ 0.2 mg O L', ‘This difference may reflect that particular
levels of low DO are worse for salamanders the longer their exposure to it. IHowever. in
the 60-d juvenile experiment, we observed no significant effects of low DO on growth
rate—with the caveat that sample sizes were small and our range of experimental DO
levels did not extend below 4.4 mg Ox L™, Future studies should assess growth under

lower oxygen levels and after acclimation to various DO concentrations.

Linking dissolved oxygen to population persistence.---This study was motivated by a
conservation problem: k. nana and E. sosorum are threatened and endangcred,
respectively. and exist only in small sets of springs surrounded by urban areas. Water
quantity and quality in the springs vary over time, with flow and DO positively correlated
for Barton Springs (City of Austin. 1997). Historically, variation in flow has been driven
by weather and climate on the Edwards Plateau, the limestone escarpment that is the

source of aquifer water feeding the springs. At present. variation in flow likely is
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influenced also by human water use (Slade ct al.. 1985: Smith and lunt. 2004). Pumping
appears to increase the likelihood of low water flows and associated low DO.
Unfortunately. there are few available observations of DO concentrations at low llows.
For example, only 27 observations of flow below 20 c.f.s. were included in the dataset
used for a PEHA in this study (Fig. 7), and the mean DO value associated with these low
flows is 4.69 (+0.28) mg O 1. for Barton Springs. Further. there were only 35 DO
obscrvations for Barton Springs below 4.5 mg O 1. in the available dataset (Fig. 7), and
there was no statistically significant (2 > 0.05) relationship between these low flow and
associated DO values. L.ess information for Liliza Spring and Old Mill precluded similar
evaluations here.

Other factors such as nutrients and oxygen-demanding wastes, which are known
to influence DO variability and daily minima, are targeted by regulatory agencies under
the US Clean Water Act to protect aquatic life in inland waters (TCLEQ 2003). A recently
developed water quality protection plan for the Barton Springs segment of the Edwards
Aquifer identitied a number of factors associated with urbanization that may result in
water quality stress to endemic salamanders (Naismith 2005). Compared to groundwater
withdrawals, the relative contribution of landscape practices and nutrient enrichment on
regulation of diurnal, seasonal and interannual DO dynamics in Eurycea habitats is not
understood. but likely is significant.

A key question is how salamander populations will fare in different levels of DO.
The most severe effect would be large-scale mortality of one or more life stages. For
example. adult £. nana in the 28-d toxicity test had an 1.Cso of 3.4 mg O L™, Clearly,

DO levels < 3.4 mg O» L™ would constitute a grave threat to populations if conditions
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persisted for 28 d. The probability of such an event is low (Table 4). However, it is worth
also considering less severe conditions, as these have substantially higher probabilities of
occurring in the Barton Springs complex: the 1.Cs and L.C,, values are likely to be
exceeded with probabilities (percentage of DO values below thresholds) of >5.2% and
>2.3%. respectively, over short time intervals (discrete sampling). Certainly. exceedance
probabilities will be lower for 28-d periods. but how much lower is unknown. T'wo
additional kinds of data would help resolve this issue: (i) more modeling of the
probability of long-duration, low-DO events, and (ii) the effects on adults of more natural
time courses of DO cycling. For this discussion, an important caveat is that toxicity
testing was done on adults only. If other stages—eggs or juveniles—are more sensitive
(exhibit higher 1.Csos), higher levels of DO may still constitute a considerable threat. For
cxample. no data are available to evaluate L.Csys for eggs. Although eggs are small,
which sho;lld rclieve boundary layer resistance to oxygen flux, they are also immobile
and, especially early in development, may have poorly developed systems for coping
with oxygen variability. |

The converse is to ask: above what level of DO did we observe no statistical
change in any of the measured traits? In the growth experiment. there were no observable
effects of DO > 4.4 mg O L', and in the acute experiment there was 10% mortality
(LC)0; considered equivalent to a NOEC (TenBrook et al. 2009)) at 4.2 mg O, L'
Metabolic rates appeared only slightly depressed in this range. In the escape experiment,
all salamanders were able to evade simulated predation at 5 mg O, L™'. ‘The spontaneous

activity experiment indicated an intermediate sensitivity to DO (1Cs, of 4.5 mg O- ..
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The DO range between these extremes—of large-scale mortality at 3.4 mg O~ 1!
versus no observable effects at above ~4.4 mg Oa 1.”'—is the location of greatest
biological interest. It is likely that populations in the Barton Springs complex would fare
increasingly poorly in lower DOs persisting for 28 — 60 d periods within this range, but
how poorly is unknown. Quantitative assessment of these effect thresholds awaits
additional. ficld-oriented studies.

To relate laboratory stressor — response data to ambient DO values in Euryced
habitats. we performed a PEHA for three spring-fed systems in the Barton Springs
Complex: Barton Springs Pool, Eliza Spring and Old Mill. The PEEHA suggests that the
5™ centile values of average daily DO (4.5 and 5.8 mg O» L™ in Barton Springs Pool and
Eliza Spring, respectively) are sufficient to protect juvenile and adult Eurycea, as the
NOAEL for juvenile growth rates over a 60 d period was 4.4 mg O- 1™, 1lowever. the
likelihood of exceeding ecologically meaningful DO thresholds is much higher in Old
Mill (Table 4). These observations suggest that we need a better understanding of the
physical. chemical, and biological factors influencing DO below 4.4 mg O, L™ in
Euryceu spring-fed habitats.

In Texas, DO WQC for rivers and lakes are defined as 3 mg L' and 5 mg L™
minima, respectively. over a 24 hr period (TCEQ 2003). Thus. DO WQC for lentic
systems (5 mg O 1., 24 hr minimum) appears to offer adequate protection to Euryeea.
But Barton Springs Pool. Liliza Spring and Old Mill are spring-fed surface waters (neither
river nor reservoir) with unique physical features known to influence the production -
respiration dynamics of ecosystems and. thus. DO (Forbes et al, 2008). Due to data

availability and the scope of the present study. we were unable to fully examine whether
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river DO WQC protect these threatened and endangered salamanders. Further research is
needed on how spatial and temporal variation in DO affects Eurycea life history and
resiliency. Future efforts should determine the influence of urbanization and climate

variability on water quality and associated ecological thresholds for Eurycea species.
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FIGURE LEGENDS

Fig. 1. Experimental set-up for the 28 day oxygen toxicity experiments. Each of
twenty controlled atmosphere boxes held three aquaria (1 salamander per
aquarium); only two aquaria are shown in the figure. Controlled aspects of the
physical environment included water temperature, pH, dissolved oxygen, and light

levels.

Fig. 2. Activity measures as a proxy for escape response across ramped levels of
dissolved oxygen. Units for time are seconds. Loops and undulations are numbers of
loops around the aquarium and numbers of body undulations respectively. V is the

number of salamanders remaining for that level of dissolved oxygen.

Fig. 3. Example of the log survivorship analysis of activity for one of the
salamanders showing (A) the location of the breakpoint at 0.82 min between activity
bouts, fitted by the method of Lester and Slater (1982), and (B) raw voltage trace
from infrared activity meter with activity bouts drawn above according to the

breakpoint identified in (A).

Fig. 4. Spontaneous activity of Eurycea nana in response to ramped dissolved
oxygen. (A) Raw voltage traces and fitted bouts for each of eight salamanders and a
blank chamber superimposed on the trace of dissolved oxygen. (B) Dots are total
number of salamanders active (out of 8) and the line is a fitted loess curve (local

regression, with smoothing, smoothing parameter = 0.3).
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Fig. 5. Metabolic rates of Eurycea nana (A) and E. sosorum (B) across a range of
dissolved oxygen (DO) levels. During experiments, DO was ramped, in steps, from
high to low. In most experiments, salamanders were returned to high DO (air-
saturated Eliza Spring water) at the end and one more metabolic measurement was
taken. Lines represent best fits of the Biological Oxygen Demand model (Eq. 3). See

Table 3 for summaries of parameter values and statistical significance.

Fig. 6. Percent mortality of Eurycea nana exposed to varying dissolved oxygeh

content. The data were modeled using a 3-parameter logistic model.

Fig. 7. Percentage rank and log-transformed plot for a distribution of discrete
dissolved oxygen measurements for Barton Springs @, Eliza Spring 0, and Old Mill
¥ locations in central Texas, USA. The corresponding correlation coefficients for
the regression lines fitted to each sampling site are 0.97, 0.96, and 0.65, respectively.
Vertical reference lines represent the LCso (3.4 mg L™'), LCz5 (3.7 mg L"), LCyo (4.2
mg L"), LCs (4.5 mg L"), and NOAEL (4.4 mg L), respectively, for 28 d adult
mortality and 60 d juvenile specific growth rates of Eurycea nana exposed to

varying dissolved oxygen concentrations.
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Table 1. Measured Oxygen Levels in the 28-d (Adult Toxicity) and 60-d (Juvenile

Growth) Experiments.

28-day 60-day
. Treatment Mean DO Std.err. Mean DO Std. err. -

(mg L") (mg L™ |

] 1.7 0.32 44 0.28

2 2.8 0.34 5.0 0.36

3 3.1 0.28 5.3 0.18

4 4.6 0.13 6.0 0.31

5 7.3 0.10 8.0 0.52



Table 2. Equations Used to Fit the Concentration-Responses of Eurycea nana

Exposed to Varying Dissolved Oxygen Levels.

Regression Equation® Modeling Type
Linear y = a+((ap)/LCyx) Increase

Four Parameter Logistic y =y, + a/(1+ (x/LC,)”)((a/( 1-p)yot+ a)-yo)-1) Decrease

Four Parameter Logistic y =y, + a/(1+ (xILC,)”)((a/(1 + P)Yo+ a@)-yo)-1) Increase

Three Parameter Logistic y = a (1 + (p/(1 — p)(x/LC,)") Decrease

“The variable LC, is the calculated effective concentration at which proportion p of the endpoint is
affected and x is the actual concentration (i.e., mg L"), y is the response or change from control

of the endpoint modeled, and a, b, and y, are constants



Table 3. Summary of Parameter Values and Statistical Significance from Fitting the
Biological Oxygen Demand Model (Eq. 3) to Data on Metabolic Rates as a Function

of Dissolved Oxygen Levels (see Fig. 5).

Species Parameter Value 95% CI num den F P
DF DF

E. nana o 0.052  0.045100.058 1 59 251.6 <0.0001
o, -0.64 -0.3710-090 | 59 235 <0.0001
1Cs0" .31 1.01101.70

E. sosorum ¢, 0.043 0.032t00.053 | 55 85.7 <0.0001
@, -0.85 -1.48t0-022 | 55 7.03 0.01
1Csy 1.62 0.86 - 3.04

*units of'g, . the asymptotic metabolic rate, are mg O, hr!

"calculated from Eq. 4; units are mg O, L"!



Table 4. Lethal Concentrations (LC,) of Oxygen Required to Cause Mortality in 5, 10, 25, and 50% of Eurycea nana During 28
Days of Exposure and No Observable Adverse Effect Level (NOAEL) for a Chronic 60 Day Exposure. The Probability of
Exceedance for Each of the Threshold Values is Provided Based on Calculations Using a Probabilistic Hazard Assessment

Model (Equation 2) for Dissolved Oxygen Data From Barton Springs, Eliza Spring, and Old Mill Sites.

Probability of Exceedance (% of Values

Below Threshold)
Effect  Type Regression model Value P Barton Eliza Old
(mgL™") Springs Spring Mill
LCs Acute 3-parameter logistic 45+0.5 <0.0001 5.2 6.8 30
LCo Acute 3-parameter logistic 42+0.3 <0.0001 2.3 3.0 24
LCas Acute 3-parameter logistic 3.7+0.1 <0.0001 0.4 0.4 15
LCsy Acute 3-parameter logistic 3.4+0.2 <0.0001 0.08 0.1 11

NOAEL Chronic  Dunnett’s Multiple Comparison 4.4 - 4.5 5.8 28



Table 5. Growth rates of juvenile Eurycea nuna subjected to different experimental
levels of DO. Growth rates for individual salamanders were estimated as the slope of

mass over time (mg d™).

DO (mg L) N Growth rate Standard error
(mgd?) of growth rate

4.4 5 0.15 0.04

5.0 4 0.33 0.07

5.3 4 0.26 0.03

6.0 5 0.24 0.05

8.0 3 0.25 0.05
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EXECUTIVE SUMMARY:

The existing groundwater availability model for the Barton Springs segment of the
Edwards (Balcones Fault Zone) Aquifer (Scanlon and others, 2001) was calibrated based
on data from 1989 to 1998. Thus, the calibration did not include the historic drought-of-
record that lasted from 1950 through 1956, when the estimated minimum discharges of
11 cubic-feet per second occurred for Barton Springs. Due to the nature of the model run
request, it was apparent that the confidence in results from the existing model would be
lower than results from a model that had been calibrated during the drought-of-record
period. In order to develop results that would be more useful, we recalibrated the existing
model for the period January 1943 to December 2004 (Hutchison and Hill, in
preparation).

For the drought reoccurrence simulations, we ran a suite of model scenarios to evaluate
simulated discharges during drought conditions at Barton Springs. Our suite consisted of
I5 scenarios that involved using 3 different starting head conditions (low-, intermediate-,
and high-flow conditions described in the Methods section) and 5 pumping datasets with
annual averages of 3,847; 4,469; 5,437; 6,796; and 16,311 acre-feet per year. The
purpose for these scenarios was to evaluate the effect of starting heads or flow conditions

going into a 7-year drought and pumpage quantities on simulated discharges. Eachof * " -

these scenarios included 342 7-year simulations extending from 1648 through 1995 for a
total of 28,728 months.

Results for the drought reoccurrence simulations indicate that simulated discharges for
Barton Springs at or below 11 cubic-feet per second, which are equivalent to the
estimated minimum discharges during the 1950 to 1956 drought-of-record, occurred at a
relative frequency of 5 percent using starting heads at low-flow conditions and an annual
average pumpage of 6,796 acre-feet per year with the 2002 well spatial distribution. The
2002 well spatial distribution is assumed to be comparable to current groundwater
withdrawal rates. Discharges from Barton Springs at or below 9 cubic-feet per second
occurred at a relative frequency of 4 percent, followed by 2 percent or less for 7, 5, and 3
cubic-feet per second. The relative frequency for simulating discharges at or below 11
cubic-feet per second decreases to 0 percent using an annual average pumpage of 6,796
acre-feet per year with starting heads at intermediate- or high-flow conditions.

Simulated discharges from Barton Springs at or below 11 cubic-feet per second for 3 or
more consecutive months, which may be critical to biological needs, occurred at a
relative frequency of 3 percent using starting heads at low-flow conditions with an annual
average pumpage of 6,796 acre-feet per year with the 2002 well spatial distribution.
Discharges at or below 9 cubic-feet per second for 3 or more consecutive months
occurred at a relative frequency of 2 percent, using those same starting head conditions,
pumpage quantities and distributions, followed by 1 percent or less for 7, 5, and 3 cubic-
feet per second. The relative frequency for simulating discharges at or below 11 cubic-
feet per second for 3 or more consecutive months decreases to 0 percent using an annual
average pumpage of 6,796 acre-feet per year with starting heads at intermediate- or high-
flow conditions.



Simulated discharges from Barton Springs were most sensitive to changes in starting
head conditions using 4 out of the 5 pumping datasets, specifically, those with annual
averages of 3,847; 4,469; 5,437; and 6,796 acre-feet per year. The exception to this was
the pumping dataset with an annual average pumpage of 16,311 acre-feet per year.
Simulated discharges were less sensitive to starting head conditions and more sensitive to
pumping using this well dataset.

REQUESTOR:

Mr. Rick Iligner (of the Edwards Aquifer Authority) on behalf of Groundwater
Management Area 10.

DESCRIPTION OF REQUEST:

Mr. Iligner requested a model run with monthly average discharges from Barton Springs
of 11,9, 7, 5, and 3 cubic-feet per second during a drought-of-record reoccurrence using
a groundwater flow model calibrated to the 1950 through 1956 drought-of-record.

METHODS:

* The existing groundwater availability model for the Barton Springs segment of the ™~~~
Edwards (Balcones Fault Zone) Aquifer (Scanlon and others, 2001) was calibrated based
on data from 1989 to 1998. Thus, the calibration did not include the historic drought-of-
record that lasted from 1950 through 1956, when the estimated minimum discharges of
I'1 cubic-feet per second occurred at Barton Springs. Due to the nature of the model run
request, it was apparent that the confidence in results from the existing model would be
lower than results from a model that had been calibrated during the drought-of-record
period. In order to develop results that would be more useful, we recalibrated the existing
model for the period January 1943 to December 2004 (Hutchison and Hill, in
preparation). The recalibrated model consists of 745 monthly stress periods. The first
stress period is set to steady-state conditions with the remaining 744 monthly stress
periods set to transient conditions. The model was calibrated using 152 target wells from
the Texas Water Development Board groundwater database and estimated/measured
springflows provided by the Barton Springs/Edwards Aquifer Conservation District.
Simulated discharges at Barton Springs using the recalibrated model satisfactorily
simulate the minimum estimated discharges of 11 cubic-feet per second that occurred
during the historic drought-of-record in July and August of 1956 (Figure 1).

The run request included alternative springflow conditions under a drought-of-record
reoccurrence. In summary, the request sought the amount of pumping that would result in
a specified springflow under drought-of-record conditions. In order to fill the request and
put the various scenarios in historical context, we held most parameters from the
recalibrated model constant (MODFLOW-2000 Discretization, Layer-Property Flow,
Drain, and Horizontal Flow Barrier packages), and generated multiple MODFLOW-2000
Basic, Well, and Recharge packages, as described below, for the simulations.

Our suite of simulations consisted of a 3 by 5 matrix (15 scenarios) with three different
starting head conditions using low-, intermediate-, and high-flow conditions, and five
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annual average pumping datasets with quantities of 3,847; 4,469; 5,437; 6,796; and
16,311 acre-feet per year. Each of the scenarios included 342 7-year simulations
extending from 1648 through 1995 based on a tree-ring dataset from Cleaveland (2006).
Every 7-year simulation consisted of 84 monthly stress periods. The purpose for these
scenarios was to evaluate the effect of starting heads or flow conditions at the start of a
drought and pumpage on simulated discharges.

We extracted simulated heads for February 1957 from the recalibrated model as the low-
flow starting head conditions for the drought-of-record reoccurrence simulations.
Simulated heads for June 1992 were selected as the starting heads for high-flow
conditions, and January 2004 simulated heads were selected for our intermediate-flow
starting heads.

We extracted groundwater withdrawal quantities and their distributions for 1982, 1987,
and 2002 from the recalibrated model’s well package. We then applied a factor of 1.25
and 3 to the 2002 dataset to achieve 2 additional well datasets. We extracted 1982 and
1987 from the recalibrated model’s well package because the annual average pumpage
quantities for these years are lower than the 2002 pumpage quantities in the recalibrated
model, but are relatively higher than pumpage quantities in the recalibrated model for the
~ early to mid-1990’s (Figure 2). We applied the 1.25 factor to the 2002 dataset because
groundwater withdrawals in the recalibrated model for that year are 9 percent lower than
the estimates provided by the Barton Springs/Edwards Aquifer Conservation District.
The larger factor (3) was applied to the 2002 dataset to account for potential increases of
groundwater withdrawals. The well package with quantities of 6,796 acre-feet per year
are assumed to be the closest to current groundwater withdrawal rates.
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Figure 1. Estimated/measured discharges at Barton Springs versus simulated discharges from
January 1943 to December 2004 using the recalibrated model (top). Bottom plot rescaled
to highlight simulated discharges during the historic drought-of-record when the
estimated minimum discharges of 11 cubic-feet per second occurred in July and August
of 1956.



We estimated monthly rainfall as follows: first, we took the percentage of reconstructed
annual rainfall for a given year relative to the average reconstructed values for 1648
through 1995 based on the composite of 6 post oak tree-ring chronologies for South
Central Texas (Cleaveland, 2006). For example, if the annual average reconstructed
rainfall for 1648 is 12.9 inches and the average annual reconstructed rainfall for 1648
through 1995 is 15.4 inches per year, then the percent of rainfall for 1648 is 84 percent.
Secondly, we created a lookup table with the rainfall values used in the recalibrated
model which extends from January 1943 through December 2004. If the annual average
rainfall percentage for a given year in the recalibrated model matched the percentage for
a given year based on the reconstructed value using the tree-ring record, then the
regression relationship developed for the precipitation indices for each recharge zone in
the recalibrated model was used to generate a monthly rainfall rate that would be used for
the drought-of-record reoccurrence simulations. The recharge zones roughly correlate to
the various sub-watersheds that occur where the Edwards (Balcones Fault Zone) Aquifer
is exposed at land surface. If an exact match was not identified, then the next closest
match was selected and adjusted, or scaled to match the percentage based on the
reconstructed values using the tree-ring record.

MODEL DESCRIPTION:

We used the recaliBrated!ﬁ;ddéi for Ihe Barton Springs segment of the Edwards (Balcones
Fault Zone) Aquifer (Hutchison and Hill, in preparation):

e the model consists of one layer representing the Edwards (Balcones Fault Zone)
Aquifer. The first stress period of the model is set to steady-state conditions with
the remaining 744 monthly stress periods set to transient conditions,

¢ the calibrated time frame for the model extends from January 1943 through
December 2004, including the historic 7-year drought-of-record that lasted from
1950 through 1956,

* simulated discharges at Barton Springs using the transient model satisfactorily
match the minimum estimated discharges of 11 cubic-feet per second that
occurred in July and August of 1956,

e the absolute residual mean for 152 target wells is 31 feet, and the standard
deviation divided by the range is 0.096,

e additional information regarding the recalibrated transient model will be provided
in a separate model report (Hutchison and Hill, in preparation),

¢ we used the MODFLOW-2000 (Harbaugh and others, 2000) groundwater flow
simulator with the Geometric Multigrid (GMG) solver (Wilson and Naff, 2004)
for model calibration and for the drought reoccurrence simulations requested by
Groundwater Management Area 10,
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Figure2. Plot of annual average pumping estimates provided by Barton Springs/Edwards Aquifer
Conservation District versus annual average pumpage in the recalibrated model. During
the simulated historic drought-of-record, Pumpage quantities in the recalibrated model
are generally higher than pumpage estimates provided by the Barton Springs/Edwards
Aquifer Conservation District by a factor of 2.6. During the 1980°s, the pumpage
quantities in the recalibrated model are generally higher than pumpage estimates
provided by the Barton Springs/Edwards Aquifer Conservation District by a factor of 1.3
(Hutchison and Hill, in preparation).

RESULTS:

Figure 3 show the curves for the relative frequency of monthly simulated discharges at or
below 11,9, 7, 5, and 3 cubic-feet per second for each of the starting head conditions
(low-, intermediate-, and high-flow conditions) using annual average groundwater
withdrawal quantities of 3,847; 4,469; 5,437; 6,796; and 16,311 acre-feet per year.
Results from the suite of drought reoccurrence simulations indicate that simulated
discharges at or below 11 cubic-feet per second, which are equivalent to the estimated
minimum discharges during the 1950 to1956 drought-of-record, occurred at a relative
frequency of 5 percent with an annual average pumpage of 6,796 acre-feet per year using
the 2002 well spatial distribution and starting heads at low-flow conditions. Discharges at
or below 9 cubic-feet per second occurred at a relative frequency of 4 percent, using



those same starting heads, pumpage quantities and distributions, followed by 2 percent or
less for 7, 5, and 3 cubic-feet per second. However, using an annual average pumpage of
16,311 acre-feet per year with the 2002 well spatial distribution and starting heads at low-
flow conditions, increased the relative frequency of simulated discharges at or below 11
cubic-feet per second to 17 percent. The relative frequency for simulating discharges at or
below 11 cubic-feet per second decreases to 0 percent using an annual average pumpage
of 6,796 acre-feet per year with starting heads at intermediate- or high-flow conditions.
Relative frequencies of simulating discharges at or below 11,9, 7, 5, and 3 cubic-feet per
second for each of the starting head conditions and well datasets are summarized in Table
1. Plots of simulated discharges (at and below 15 cubic-feet per second) versus annual
average pumping with starting heads at low-, intermediate-, and high-flow conditions are
shown in Figure 4. Note the dataset with the highest pumping quantities (16, 311 acre-
feet per year) simulates a cessation of flow regardless of the starting head conditions.

Because the duration of low discharge events are critical to biological needs, curves for
the relative frequency of simulated discharges for 3 or more consecutive months at or
below 11,9, 7, 5, and 3 cubic-feet per second are shown in Figure 5 for each of the
starting head conditions (low-, intermediate-, and high-flow conditions) using annual
average groundwater withdrawal quantities of 3,847; 4,469; 5,437; 6,796; and 16,311
acre-feet per year. Results indicate that these longer duration low discharge events
typically occur less frequently than the shorter duration (month) low discharge events
previously discussed. For example, simulated discharges at or below 11 cubic-feet per
second for 3 or more consecutive months occurred at a relative frequency of 3 percent
using starting heads at low-flow conditions with an annual average pumpage of 6,796
acre-feet per year with the 2002 well spatial distribution. Discharges at or below 9 cubic-
feet per second for 3 or more consecutive months occurred at a relative frequency of 2
percent, using those same starting head conditions, pumpage quantities and distributions,
followed by 1 percent or less for 7, 5, and 3 cubic-feet per second. The relative frequency
of simulated discharges at or below 11 cubic-feet per second for 3 or more consecutive
months using the dataset with an annual average pumpage of 16,311 acre-feet per year
with the 2002 well spatial distribution is 12 percent. The relative frequency for simulating
discharges, for 3 or more consecutive months, at or below 11 cubic-feet per second
decreases to 0 percent using an annual average pumpage of 6,796 acre-feet per year using
starting heads at intermediate- or high-flow conditions. Relative frequencies of
simulating discharges for 3 or more consecutive months at or below 11, 9, 7, 5, and 3
cubic-feet per second for each of the starting head conditions and well datasets are
summarized in Table 2.

For the drought reoccurrence simulations, the effects of going into a 7-year drought with
starting heads at low- and high-flow conditions, and with each of the 5 well datasets
shows that simulated discharges are more sensitive to starting head conditions for 4 out of
the 5 well datasets (Figure 6). However, simulated discharges become more sensitive to
groundwater withdrawals when using the dataset with the highest annual average
pumping of 16,311 acre-feet per year.
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(percent) for 11,9, 7, 5, and 3 cubic-feet per second with starting heads at low-flow
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Figure 3 (continued). Curves for annual average pumpage (acre-feet per year) versus the relative
frequency (percent) of simulated discharges at or below 11, 9, 7, 5, and 3 cubic-feet per
second with starting heads at high-flow conditions.
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Table 1. Summary of starting head conditions,

annual average pumpage, frequency of months

simulated at or below 11 cubic-feet per second, and the relative frequency (percent) of

months simulated at or below 11 cubic-feet pe

simulated was 28,728,

r second. Total number of months

Annual average

Frequency of months

Relative frequency

Starting heads pumpage simulated at 11 cubic- (percent) of months
(acre-feet per feet per second or at 11 cubic-feet per
year) lower second or lower
3,847 1,026 4
4,469 1,099 4
Low 5,437 1,245 4
6,796 1,491 5
16,311 4,930 17
3,847 0 0
4,469 4 0
Intermediate 5,437 18 0
6,796 70 0
16,311 1,857 6
3,847 0 0
4,469 0 0
High 5,437 1 0
6,796 10 0
16,311 1,102 4
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Table I (continued). Summary of starting head conditions, annual avera
months simulated at or below 9 cubic-feet

ge pumpage, frequency of
per second, and the relative frequency

(percent) of months simulated at or below 9 cubic-feet per second. Total number of

months simulated was 28,728.

Frequency of months

Relative frequency

Starting heads ::::a: simulated at 9 cubic- | (percent) of months at 9
g pump agg e feet per second or cubic-feet per second or
(acre-feet per lower lower
year)
3,847 869 3
4,469 906 3
Low 5,437 983 3
6,796 1,157 4
16,311 4,181 15
3,847 0 0
4,469 0 0
Intermediate 5,437 0 0
6,796 13 0
16,311 1,328 5
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 736 3
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Table 1 (continued). Summary of starting head conditions, annual average pumpage, frequency of
months simulated at or below 7 cubic-feet per second, and the relative frequency
(percent) of months simulated at or below 7 cubic-feet per second. Total number of
months simulated was 28,728.

Frequency of months
simulated at 7 cubic-

Relative frequency
(percent) of months

Starting heads | Annual average feet per second or at 7 cubic-feet per
pumpage (acre- lower second or lower
feet per year)

3,847 294 1

4,469 356 l

Low 5,437 438 2
6,796 582 2

16,311 3,202 T

3,847 0 0

4,469 0 0

Intermediate 5,437 0 0
6,796 0 0

16,311 870 3

3,847 0 0

4,469 0 0

High 5,437 0 0
6,796 0 0

16,311 470 2
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Table 1 (continued). Summary of starting head conditions, annual average pumpage, frequency of
months simulated at or below 5 cubic-feet per second, and the relative frequency
(percent) of months simulated at or below 5 cubic-feet per second. Total number of
months simulated was 28,728.

Frequency of months
simulated at 5 cubic-

Relative frequency
(percent) of months

Starting heads | Annual average feet per second or at 5 cubic-feet per
pumpage (acre- lower second or lower
feet per year)

3,847 49 0
4,469 62 0
Low 5,437 109 0
6,796 200 1

16,311 2,308 8 ‘

3,847 0 o

4,469 0 0
Intermediate 5,437 0 0
6,796 0 0
16,311 539 2
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 278 |
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Table | (continued). Summary of starting head conditions, annual average pumpage, frequency of
months simulated at or below 3 cubic-feet per second, and the relative frequency
(percent) of months simulated at or below 3 cubic-feet per second. Total number of
months simulated was 28,728.

Starting heads

Annual average
pumpage (acre-

Frequency of months
simulated at 3 cubic-
feet per second or

Relative frequency
(percent) of months
at 3 cubic-feet per

feet per year) lower second or lower
3,847 6 0
4,469 15 0
Low 5,437 30 0
6,796 66 0
16,311 1,605 6
3,847 0 - "0
4,469 0 0
Intermediate 5,437 0
6,796 0 0
16,311 316 1
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 153 1
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» and 3 cubic-feet per second with starting heads at low-flow conditions (top) and
intermediate-flow conditions (bottom).
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Figure 5 continued. Curves for annual average pumpage (acre-feet per year) versus the relative
frequency (percent) of simulated discharges for 3 or more consecutive months at or
below 11, 9,7, 5, and 3 cubic-feet per second with starting heads at high-flow conditions.



Table2.  Summary of starting head conditions, annual average pumpage,
consecutive months simulated at or below 11 cubic-feet per seco
frequency (percent) of months simulated at or below 11 cubic-f

number of months simulated is 28,728.

frequency of 3 or more
nd, and the relative
t per second, Total

Starting heads

Annual average
pumpage

(acre-feet per

Frequency of 3 or
more consecutive
months simulated at
11 cubic-feet per

Relative frequency
(percent) of 3 or
more consecutive

months at 11 cubic-
feet per second or

year) second or lower lower
3,847 511 2
4,469 545 2
Low 5,437 625 2
6,796 786 3
16,311 3,342 12
3,847 0 0
4,469 0 0
Intermediate 5,437 0 0
6,796 25 0
16,311 1,041 2
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 600 2
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Table 2 (continued). Summary of starting head conditions,

annual average pumpage, frequency of 3

or more consecutive months simulated at or below 9 cubic-feet per second, and the
relative frequency (percent) of months simulated at or below 9 cubic-feet per second.
Total number of months simulated is 28,728.

Starting heads

Annual average
pumpage

(acre-feet per

Frequency of 3 or
more consecutive
months simulated at 9
cubic-feet per second

Relative frequency
(percent) of 3 or
more consecutive

months at 9 cubic-
feet per second or

year) or lower lower
3,847 422 ]
4,469 447 2
Low 5,437 489 2
6,796 574 2
16,311 2,659 9
3,847 0 0
4,469 0 0
Intermediate 5,437 0
6,796 0 0
16,311 711 2
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 378 1
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Table 2 (continued). Summary of starting head conditiens, annual average pumpage, frequency of 3
or more consecutive months simulated at or below 7 cubic-feet per second, and the
relative frequency (percent) of months simulated at or below 7 cubic-feet per second.
Total number of months simulated is 28,728.

Annual average

Frequency of 3 or

Relative frequency
(percent) of 3 or

Startingheads | T T T | monthe sonsecutive more consecutive
(acr;;t;ere)t per cubic-:;e::op;:rsecond feet per second or
lower

3,847 123 0

4,469 129 1

Low 5,437 193 1

6,796 262 1

16,311 2,006 7

3,847 0 0

4,469 0 0

Intermediate 5,437 0 0

6,796 0 0

16,311 453 2

3,847 0 0

4,469 0 0

High 5,437 0 0

6,796 0 0

16,311 237 1
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Table 2 (continued). Summary of starting head conditions,
or more consecutive months simulated at or be
relative frequency (percent) of months simulated at

total number of months simulated is 28,728.

annual average pumpage, frequency of 3
low § cubic-feet per second, and the
or below § cubic-feet per second. The

Starting heads

Annual average
pumpage

(acre-feet per

Frequency of 3 or
more consecutive
months simulated at 5§
cubic-feet per second

Relative frequency
(percent) of 3 or
more consecutive

months at 5§ cubic-
feet per second or

year) or lower lower
3,847 27 0
4,469 34 0
Low 5,437 52 0
X 6,796 109 0
16,311 1,328 5
3,847 0 0
4,469 0 0
Intermediate 5,437 0 0
6,796 0 0
16,311 277 1
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 140 0
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Table 2 (continued). Summary of starting head conditions, annual average pumpage, frequency of 3
or more consecutive months simulated at or below 3 cubic-feet per second, and the
relative frequency (percent) of months simulated at or below 3 cubic-feet per second. The
total number of months simulated is 28,728.

Relative frequency
M oumiage | moreeomcntive | Gersendot3or
Starting heads mon.ths simulated at 3 months at 3 cubic-
(acr;;est per cublc-l:::oﬁ: :econd feet per second or
lower
3,847 4 0
4,469 5 0
Low 5,437 18 0
6,796 31 0
16,311 955 3
3,847 0 0
4,469 0 0
Intermediate 5,437 0 0
6,796 0 0
16,311 160 1
3,847 0 0
4,469 0 0
High 5,437 0 0
6,796 0 0
16,311 69 0
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Figure 6 continued. Plots of recharge versus simulated discharges for starting heads at low- and
high-flow conditions with the 2002 low (5,437 acre-feet) and 2002 low pumpage quantities
multiplied by a factor of 1.25 (6,796 acre-feet).
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Figure 6 continued. Plots of recharge versus simulated discharges for starting heads at low- and
high-flow conditions with the 2002 low pumpage quantities multiplied by a factor of 3
(16,311 acre-feet). Note that using these relatively higher pumpage quantities result in
lower simulated discharges even when using starting heads at high-flow conditions.

CONCLUSIONS:

Based on the results from our analyses, significant increases from current annual average
pumpage quantities would likely increase the relative frequency (percent) of low
discharge events during a drought-of-record reoccurrence regardless of the flow
conditions at the start of a drought. Also, the simulated results presented in our analyses
will likely differ if point or non-domestic groundwater withdrawal quantities increase
appreciably near the head springs due to capture (Bredehoeft and Durbin, 2009).
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(MA-10 Joint Planning Committee
Meeting Minutes
May 17, 2010

Call to Order.  The meeting was called to order by Committee Coordinator Rick Illgner at
11:30 am.

Designation of meeting Secretary. Rick Illgner agreed to be the Secretary for the meeling.
Public Comment. There was no public comment.

Receipt of Posted Notices. A quorum of eight of the nine GMA-10 GCDs were present:
Barton Springs/Edwards Aquifer Conservation District (BSEACD), Plum Creek GCD
(PCGCD). lidwards Aquifer Authority (EAA), Medina Co. GCD (MCGCD). Uvalde Co.
UWCD (UCUWCD). Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD
(KCGCD):  Guadalupe County GCD was not present. Posted meeting notices were received
from all nine of the GCDs, including Guadalupe County GCD.

Approval of April 19, 2010, Minutes. L.uana Buckner (Medina Co.-GCD) moved and Kirk
Holland (BSEACD) scconded approving the April 19. 2010, minutes as presented. There
were no objections; therefore minutes were approved.

Discussion and possible action related to establishing standard terminology for the
various stages of a specific DFC of GMA 10. Kirk Holland reviewed the DFC adoption
flow chart that was discussed at the April 19, 2010 meeting specifically for the purpose of
developing standard terminology during the process as follows:

A Trial DFC — for GCD board consideration
B Preliminary DFC - set by GCD board for public input
C Recommended DFC - recommended by the GCD board to the GMA
D Proposed DFC — approved by the GMA for “preliminary final MAG”
I: Adopted DFC ~ final GMA-approved DFC

Bill Hutchison commented that cach of the steps may not be required in all situations and
provided a few examples.

Bill Hutchison summarized a TWDB MEMO dated May 12, 2010, regarding consideration
of exempt use in the DFC process. Generally, the TWDB will convert a DFC into a “total
pumping” number that will be presented to the TWDB board on May 20, 2010.

7. Discussion and possible action concerning the Initially Prepared Plans of the regional

water planning groups for Regions K and L, with respect to identified needs and
responsive water management strategies. Regional water planning PowerPoint
presentations were made by Steve Raabe (San Antonio River Authority) and Jennifer
Walker made presentations on demands and water management strategies that effect
groundwater use for Region L and Region K respectively



8.

10.

Discussion and possible action related to establishing a Preliminary DFC for the
Edwards Aquifer in the Northern Subdivision of GMA-10. Kirk Holland discussed the
development of DFCs by the BSEACD. The BSEACD is using springtlow discharge at
Barton springs as the DFC measure and is considering a range of 5 - 10 cfs for the drought of
record (DOR). Modeling indicates that current pumping is approximately 11 cfs and with
drought restrictions in place would provide about 5 cfs during a repeat of the DOR and 5 cfs
may not pass the “Jeopardy” test with the U S Fish & Wildlife Service for the Habitat
Conservation Plan that is under development. A DFC of 10 cfs would basically cut off all
pumping during a DOR. Kirk anticipates a DFC between 5 and 10 cfs that could present
management challenges to the district at low flows.

The BSEACD is considering an upper cap of 14 - 20 cfs that would be a function of water in
storage in the aquifer to limit the total pumping amount which will be problematic during a
drought. The BSEACD will hold a hearing on May 27.

Kirk Holland asked the TWDB for input on having two DFCs. Bill Hutchison responded that
the DFC for water in storage is an important consideration and, while it is possible to have
two DFCs, it is important that they do not conflict with one another. As an example,
selecting an upper DFC of 20 cfs would probably be inconsistent with a 10 ¢fs DFC for the
DOR. Therefore, BSEACD might consider expressing a DFC as an average springflow and a
minimum springflow during the DOR. Kirk said he would get with the TWDB after the
GMA 10 meeting to discuss the matter further.

Discussion and possible action related to the designation of relevant aquifers for DFCs
related to the Trinity Group, relevant aquifer assessments, and a schedule for the
establishment of Trinity DFCs. The BSEACD has worked with the Hays — Trinity GCD
and would like DFCs for the upper, middle and lower Trinity and there might be parts of
GMA 10 where the GMAM 10 boundaries are well-defined. It was mentioned that having a
map of the areas where there is Trinity within GMA 10 would be helpful and the TWDB
indicated they would try to have one for the next meeting. There is recognition that the DFC
decisions of GMA 9 will affect the Trinity in GMA 10; therefore, it is a good idea to wait for
the aquifer assessment to make decisions.

Discussion and possible action related to the designation of relevant aquifers for DFCs
related to the Saline Edwards, relevant aquifer assessments, and a schedule for the
establishment of Saline Edwards DFC(s). Kirk Holland said the BSEACD does not know
a lot about the saline zone in the Edwards and is waiting on the TWDB on some information.
The Bill Hutchison and Kirk Holland discussed DFC and assessment options.



11.

12,

13.

14.

15.

16.

Discussion and possible action related to the adoption of the DFC for the Leona Gravel
and Related Aquifers in Medina County. Luana Buckner indicated that the Medina
County GCD asked the TWDB to perform an aquifer assessment of the Leona Gravel in

‘Medina County ‘GTA Aquifer Assessment (09-01". In the assessment, declines of 15°, 25’

and 35" over a 50-year period were considered. After consideration, the Medina County
GCD selected a 15° decline which yields a MAG of 22,110 acre-feet. Motion was made by
Tommy Bochme and seconded by l.uana Buckner that GMA 10 adopts a Desired Future
Condition for the l.eona Gravel in Medina County of 15 in 50 years. The motion passed
unanimously.

Discussion and possible action related to the adoption of the DFC for the Leona Gravel
and Related Aquifers in Uvalde County. Vic Hilderbran stated that the Uvalde County
aquifer assessment is not complete, but should be finished soon. Although no decisions for a
DFC have been made, the district has decided to use the J-27 monitoring well as a DFC
measuring index. Public hearings will scheduled after the district receives the completed
aquifer assessment and then the board will take a vote a few days later and he expects to have
a recommendation for GMA 10 within a month.

Discussion and possible action related to designating and establishing Preliminary

DFC(s) for the relevant aquifers in the Western Subdivision of GMA-10 and in Kinney

County. The TWDB made a presentation to the Kinney County GCD on May 13 on an
aquifer assessment and is continuing to work with the district. A work shop is scheduled for
June 4 at which a DFC decision could be made.

Discussion and possible action concerning the schedule and location of upcoming public
hearings on Preliminary Recommended DFCs that are planned by member GCDs.
Kirk Holland reiterated that BSEACD will be holding a hearing on May 27. Luana Buckner
indicated the Medina County GCD should have something on the Trinity by the next GMA
10 meeting

Next Meeting and Discussion Topics. The next meeting will be on Monday. June 14 from
11:30 2:00 at the EAA Conference Center. The agenda be distributed two weeks in advance
(May 31) and that each GCD send the EAA a copy of their posted notice one week before the
meeting (June 7) to avoid posting problems.

Adjournment. The meeting was adjourned at approximately 2:20 pm.

TR s e



GMA-10 Joint Planning Committee
- Meeting Minutes
April 19,2010

. Call to Order. 'The meeting was called to order by Committee Coordinator Rick lllgner (EAA)
at 11:30 am.

Designation of meeting Secretary. Rick lllgner agreed to serve as the Secretary for the
mecting.

Public Comment. Gceorge Wissman (Manager of the Trinity Glen Rose GCD in northern Bexar
County), reported that he had only recently lcarned that a very small parcel of the Trinity Glen
Rose GCD is in GMA 10. The Texas Water Development Board promised to add the district to
the official listing of GCDs in GMA 10 on their web site. lle asked that the small portion of the
Trinity Glen Rose GCD be considered a non-relevant aquifter for GMA 10 (see discussion on
Agenda item 8 below).

. Receipt of Posted Notices. A quorum of eight of the nine GMA-10 GCDs -werepresent: Barton .--

Springs/lEdwards Aquifer Conservation District (BSEACD), Plum Creek GCD (PCGCD),
lidwards Aquifcer Authority (EAA), Medina Co. GCD (MCGCD), Uvalde Co. UWCD
(UCUWCD), Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD (KCGCD);
Guadalupe County GCD was not present. Posted meeting notices were received from the seven
attending GCDs: Hays Trinity GCD forgot to bring their notice to the meeting; however. turned
it in later. The Trinity Glen Rose GCD and the Guadalupe County GCD did not post (sce
discussion for Agenda item 9). During the discussion on posting. the Bill Iutchison stated that
an official DFC vote requires all GCDs within a GMA to properly post notices.

. Approval of January 19, 2010, Minutes. l.uana Buckner (Medina Co. GCD) moved and Kirk
Holland (BSEACD) seconded approving the January 19, 2010, minutes as presented. There
were no objections; therefore minutes were approved.

. Determination and possible action to subdivide GMA 10 into three defined geographic

zones for establishing Desired Future Conditions (DFCs): Northern, Central and Western

Subdivisions. Kirk Holland reviewed maps of the three proposed GMA 10 subdivisions. The

basis for the three subdivisions is primarily hydrologic: however. it also has a political factor in

that they are also GCD boundaries. The proposed boundaries are as tollows:

e Northern Subdivision — north of the boundary between the BSEACD and the EAA. GCDS in
this area include BSEACD, Hays Trinity GCD and the PCGCD.

o Central Subdivision - south of the boundary between the BSEACD and the EAA and east of
the Kinney County/Uvalde County line.

e Western Subdivision - west of the Kinney County/Uvalde County line.

Discussion — this subdivision will result in three separate DFCs/MAGs for the Edwards Aquifer.
A potential issue of making this subdivision is a small portion of the saline Edwards Aquifer
within the Central Subdivision that is also within the BSEACD service area. The BSEACD



might want to develop a DFC for the saline portion of the Edwards Aquifer within their
jurisdiction while the EAA permitted amount (their MAG) established by the Legislature does
not distinguish between fresh and saline Edwards and some of the issued permits are from saline
wells.

Motion was made by Kirk Holland and seconded by L.uana Buckner to subdivide GMA 10 into
three defined geographic zones for establishing Desired Future Conditions (DFCs) for the
Ii‘dwards Aquifer; Northern, Central and Western Subdivisions. Motion passed unanimously.

7. Discussion and possible action related to defining required public participation and input
in establishing DFCs. Kirk Holland reviewed a DFC adoption flowchart that he prepared.
Representatives from the Medina, Uvalde and Kinney county GCDs discussed their plans and
activities for DFC adoption. No interest was expressed by GMA 10 members to have GMA-
sponsored hearings at this time.

8. Discussion of developing a DFC for the Trinity Aquifer(s) as a relevant aquifer or aquifers
within GMA 10, including its outcrop and subcrop areas in the various subdivisions. The
Hays Trinity GCD prefers to treat the outcrop and subcrop areas of the Trinity Aquifer in GMA
10 and use the same DFC as the Trinity for GMA 9. Bill Hutchison stated that GMA 10 doesn’t

~+-~-have 1o use the same subdivisions for the Trinity Aquifer that-wéré established: for the Edwards
Aquifer because it has different hydrology. The BSEACD, Hays Trinity, Trinity Glen Rose,
Medina and Uvalde GCDs will all have Trinity DFCs.

Rick Iligner voiced concern about setting a DFC/MAG for the Trinity Aquifer within GMA 10
where there are no GCDs for regulation. Bill Hutchison responded that for areas without a GCD,
there will be an assumption of a certain amount of pumping. If that pumping is incorrect, and
pumping increases, the GMA might have to consider a new DFC. Kirk Holland said that
BSEACD had an assessment of the middle and lower Trinity that resulted in a MAG of
approximately 2,000 acre-feet/ year (they do not permit wells in the upper Trinity because of the
direct contact with the Edwards.

Kirk Holland moved and Doug Wierman seconded to request the TWDB conduct an assessment
for the subcrop of the Trinity (upper, middle and lower) to a water quality of 3,000 mg/l total
dissolved solids along the entire GMA 10 boundary. Motion passed unanimously. After the
vote, all GCDs were asked to provide information on their Trinity wells to the TWDB to assist
with the assessment.

9. Discussion and possible action to adopt a DFC for the Leona gravel aquifer in Medina
County. Luana Buckner discussed “GTA Aquifer Assessment 09-01"" for the Leona Aquifer in
Medina County. The DFC recommended by the Medina County GCD is an average aquifer
decline of 15’ in 50 years which would result in a MAG of 22,110 acre-feet per year.

Tommy Boehme moved and Kirk Holland seconded that GMA 10set a DFC of 15° decline over
50 years for the Leona Aquifer in Medina County. Motion passed unanimously. (It should be
noted that official adoption of the DFC is dependent on a meeting notice posting by the



10.

11.

12.

13.

Guadalupe County GCD. Rick Iligner contacted the Guadalupe County GCD the following day
and learned that the district did not post notice).

Discussion of DFC status for the Leona aquifer in Uvalde County. Vic Hilderbran reported
that the Uvalde County UWCD has contracted with Southwest Research Inc. to conduct aquifer
assessments in Uvalde County and should have results by the end of April. Following a
presentation to the board, the district will hold public hearings on the results.

Discussion of the status of the DFCs applicable to the aquifers of Kinney County in the
Western Subdivision of GMA-10. Bill Hutchison stated that the TWDB has combined two
models and now have a model that covers the entire county and even considers springflow. The
TWDB will assist Kinney County GCD with its interactions with GMA 7 and GMA 10. The
TWDB will make a presentation to the Kinney County GCD on May 13 and a hearing will be
held after the board presentation (hopefully by the end of May). Stan Metcalf reported the
district may have to change its rules.

Discussion of other miscellaneous topics related to establishing Desired Future Conditions.
Kirk Holland referred back to the DFC flow chart that was discussed in Item 7 above and
indicated that the BSEACD is concurrently working on a Habitat Conservation Plan (HCP),

e . however;' it appears that the district will have ar Edwards Aquifer DFC before their HCP is

complete.

Next Meeting and Discussion Topics. The next meeting will be on Monday, May 17 from
11:30 2:00 at the EAA Conference Center. The group requested that the agenda be distributed
two weeks in advance (May 3) and that each GCD send the EAA a copy of their posted notice
one week before the meeting (May 10) to avoid posting problems. It was suggested that
representatives from Region K and Region L attend the meeting to give presentations on
groundwater needs in their respective regional water planning group.

14. Adjournment. The meeting was adjourned at approximately 1:48 pm.









Groundwater Management Area #10 Joint Planning Meeting

NOTICE OF OPEN MEETING

As required by scction 36.108(c), Texas Water Code, a meeting of the Groundwatcr Management Area
10 Planning Committce, comprised of delcgates from the following groundwater conscrvation districts
located wholly or partially within Groundwatcr Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs
Edwards Aquifer CD, Hays Trinity GCD, Trinity Glcn Rose GCD and Kinney County GCD will be held

on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary's. San Antonio, TX 78215.

At this mccting, the following busincss may be considered and recommended for Joint Planning
Committcc action:

Call to Ordcr.

Designation of meeting Secretary.

Public Comment.

Receipt of Posted Notices.

Approval of April 19, 2010 Minutes.

Discussion and possible action relatcd to establishing standard terminology for the various stages of
a specific DFC of GMA 10.

7. Prescntation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L, with respect to identified needs and responsive water
managemcnt strategies.

8. Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in thc Northern Subdivision of GMA-10.

9. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs.

10. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Saline Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Leona Gravel and Related
Aquifers in Medina County.

12. Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

13. Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible action concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.

15. Next Meeting and Discussion Topics.

16. Adjournment
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Groundwater Management Area #10 Joint Planning Meeting

NOTICE OF OPEN MEETING

As required by section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area
10 Planning Committee, comprised of delegates from the fllgwing groundwater conservation districts
located wholly or partially within Groundwater Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barto Springs
Edwards Aquifer CD, Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held
on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

Call to Order.-

Designation of meeting Secretary.

Public Comment.

Receipt of Posted Notices.

Approval of April 19, 2010 Minutes.

Discussion and possible action related to establishing standard terminology for the various stages of

a specific DFC of GMA 10.

Presentation, discussion and possible action concemning the Initially Prepared Plans of the regional

water planning groups for Regions K and L, with respect to identified needs and responsive water

management strategies.

8. Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10,

9. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs. -

10. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Saline Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Leona Gravel and Related
Aquifers in Medina County.

12. Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

13. Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible action concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.

15. Next Meeting and Discussion Topics.

16. Adjournment
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;rnundwater Ma Aren # Alishe ;;.m

NOTICE OF OPEN MEETING

As requircd by section 36. 108(c), Texas Water Code, & meeting of the Groondwater Mansgement Arey
10 Planning Commitiee, comprised of delegates from the following groundwatcr conservation districts
located wholly or purtially within Groundwatcr Management Area 10: Edwards Aquifer Aythority,
Guadalupe County GCD, Mcdina County GCD, Uvalde County UWCD, Plum Creek CD, Baston Springs
Edwards Aquifer CD, llays Triaity GCD. Trinity Glen Rose GCD and Kinncy County GCD will be held
un Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary’s, San Antonio. TX 78219,

At this mecting. the following business may he considered and recommendod for Joint Planning
Committee action:

Call wo Order.

Designation of mecting Secrotary.

Pubdlic Comment.

Receipt of Posied Notices.

Approval of Apei) 19, 2010 Minuses,

Discustion and pussible action related cswblishing standard terminotogy for the various stages of
a speeific DFC of GMA 10,

Presentution. discustion and possible action concemning the Lnitially Prepared Plans of the regiontd
water planning groups for Regions K and L, with respect 1o identified needs and responsive water
mansgement strategies.

Discussion and postibie oction related 90 establishing a Preliminary DIC for the Edwards Aquifer
in the Northem Subdivision of GMA-10.

9. Discussion and possible action related ¢o the designation of relevant aquifcrs for DECs related to
the Trinity Geoup, rclovant aquifer asscssments. and a schedule for the cstablisttment of Trinity
DFCs.

N puswmpe~

10. Discussion and possible action relaed to the designation of relcvant aquifers for DRCs seluted to
the Salinc Edwards. relevant aquifer assessments, 20d a schedule for the cswblishment of Saline
Edwards DRC(s). .

11. Discussion and possible action reluted to the adoption of the DFC for the Leona Grave! and Related
Aquifcrs in Medina County.

12. Discussion and possible action related to csiublishing a Preliminary OFC for the Leons Gravel and
Rekited Aquifers in Uvalde County,

13. Discussion and possible action related o designating and cstablishing Preliminary DFC(s) for the
relcvant aquifers in the Western Subdivision of GMA-10 and in Kinncy County.

14. Discussion and possible action concerning the schedulo and location of upcoming public hearings
on Prliminary Recommended DRCs that are planncd by member GCDs.

IS. Next Meeting and Discussion Topics.

16. Adjoumment
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Trinigz' Glen Rose Groundwater Conservation District
6335 Camp Bullis Rd. Suito #2$ Sam Antonlo, Texas 753387 (210) 698-115S Fax (210) 698-1159

0 lann eetin
ond 2010 11:

Notice is given that one or more membera of the Board of Dircctors and/or their designated
representatives and/or Staff of the Trinity Glen Rose Groundwater Conservation District
(TGRGCD) will attend a meeting of Groundwater Conservation Districts which are Jocated

. within the State of Texai Oraundwater Management Area #10 tfor purposts of discussing and/or
conducting joint planning in complisnoe with the requirements of HB 1 763, which was passcd
during tho 2005 Texas Legislative Session. This meeting will be held at the Edwards Aquifer
Awihority, located at Conference Centar of the Edwards Aqutfer Authority, 1615 N. St. Mary's,

San Antoale, TX 78218 an Monday, May 17, 2010 at 11:30 a.m. for the following purposes:
Agenda
. Call to Order. . Kendall County
2. Designation of meeting Secretary. DARLENE HERRIN
3. Public Comment. COUNTY CLERK
4. Roceipt of Posted Noiices, Ont GS/D6/2010  1:19PN . oo
5. Approval of Apstl 19, 2010 Minutes. But Harrjat P Saidenstickers Davuty

6. Discussion and possible sction related to establishing standard E¥ ok Ay 3
a spscific DFC of GMA 10, cotNERIRAT IR Suratibleitinger of

7. Presentation, discussion and possible action concerning the Initially Prepared Plans of the regionul
‘water planning groupa for Rogions K and 1., with respect tn identified needs and responsive water
management strategics. '

8. Discussion and possible actlon related to establishing u Preliminary DFC for the Edwards Aquifer
in the Northem Subdivision of GMA-10.

9. Discussion and possible action rolated to the designation of relovanl aquifers for DFCs related to
the Trinity Group, relevani aquifer asscasments, and a schedule for the establishment of Trinity
DFCa.

10. Niscussion and possible action related 1o the designation of relevant uquifers fur DFCs related to
tho Saline Edwards, relevant aquifer assessments, and a schedule for the cstablishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Leona Gravel and Related
Aquifers in Medina County.

12, Discussion and possible action related 1o ostablishing a Proliminary DFC for the Laona Gravel and
Relatod Aquiters in Uvalde County.

13. Discussion and possiblc action related lv dusignating and establishing Prsliminary DFC(s) for the
rolovant nquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible sction concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by momber GCDx.

15. Next Meeting and Discussicn Topics.

16. Adjoumnment

Posted st the TGRGCD office, TGRGCD Website, Bexar County, Kendall County and Camal
County Courthouses, on this, the 6* day of May, 2010.

é.} —— S=¢ /0

Generu) Manager, Trinity Glen Rose Groundwater Conservation Diatrict

The ‘Irinity Qlen Rose Groundwator Conservrution District is commired to campliance with the Amcricans with
Disabl]itiea Act (ADA). Reasonabls accommodaticns and equul apportunity for affective communications will be
provided upon request. Please contact the District Ropresentativs at 210-219-5535 ut least 24 hours in advance if
sccommodation is needod.
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Trinity Glen Rose Groundwater Conservation District
6335 Camp Bullls RJ. Sulte IIIS San Anwnio, Texns 78257 (210) 698-1135 Fax (210) 698-11%9

r a Joimt Planni
Monday, May 17,2010 11:30 A M,

Notice i3 given that one or more members of the Board of Directors and/or their designated
ropreseutatives and/or Staff of the Trinity Glen Ross Groundwater Consgervation District
(TORGCD) will attend a meeting of Groundwater Conservation Districts which are located
within the State of Texas Groundwater Management Arca #10 for purposes of discussing and/or
conducting joint planning in compliance with the requirements of HB 1763, which was passed
during the 2005 Texas Legislative Sessian. This meeting will be held at the Rdwards Aquifer
Authority, located at Conforence Center of the Edwards Aquifer Aathority, 1615 N. St. Mary's,
San Astonie, TX 78215 on Monday, May 17, 2010 at 11:30 a.m. for the following purposes:

enda
1. Call to Order. Ageada
2. Designation of mecting Secretary.
3. Public Comment.
4. Recelpt of Posted Notices.

5. Apgroval of April 19, 2010 Minutes. _ ‘

6. Discussion and possiblo action related m establishing standard terminology for the various stages of
a specific DFC of GMA 0.

7. Preseniation, discussion and possibls action concerning the Initially Preparcd Plans of the regional
witer planning groups for Regions K and L, with respect to idemified needs and responsivo water
managoment strategies.

B. Discussion and poasible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

9. Discussion and possihle action related to the designation of relevant aquifers for DFCy related to
gon‘:l'ﬂnlly Group, relovant aquifer assessments, and a schedule for the establishment of Trinily

8,

10. Discussion and possible action rclated o the designation of relevant squifers for DFCs related to
the Salino Edwards, relevant aquifer asscssments, and a schedule for the establishment of Saline
EBdwavds DFC(s). .

11. Discussion and possible action related to tha adoption of the DFC for the Leona Gravel and Related
Aquifecs in Medina County,

12. Discussion and possible action rolated to establishing a Proliminary DFC for the Lenns Gravel and
Related Aguifcra in Uvalde County.

13. Discussion and possiblo action related to designating snd establishing Proliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible acticn conceming the schedule and loeation of upcoming public hearings
on Preliminary Resommended DFCs that are plenned by member GCDs.

15. Next Mecting and Discussion Topica,

16. Adjoumment : 2 ns
Posted &t the TGRGCD office, TGRGCD Websits, Bexar County, Kendall County ghd Coni®l
County Cowurthouses, on this, the 6" day of May, 2010, LR

s .
4)/?"" = — S =0 S g
o

Generel Manager, Trinity Glen Rose Groundwater Conservation District

g o
o Q;:l
The Trinky Glen Roso Groundwater Conservsation Diswrict Is cammitted 1o complisnce with the Anicticans with
Dlsabilities Act (ADA). Reasonabls accommodations and equal oppormunity for effective communiontions will be
provided upson raquest, Please oontact the District Repressntative at 210-219-5555 at loast 24 hours In advance if

sccommodation is needed.
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NOTICE OF OPEN MEETING

As required by section 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area
10 Planning Committee, comprised of delegates from the following groundwater conservation districts
located wholly or partially within Groundwater Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton
Springs Edwards Aquifer CD, Hays Trinity GCD. Trinity Glen Rose GCD and Kinney County GCD will
be held on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer
Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

Call to Order.
Designation of meeting Secretary.
Public Comment.
. Receipt of Posted Notices.
Approval of April 19, 2010 Minutes.
Discussion and possible action related to establishing standard terminology for the various stages of
a specific DFC of GMA 10.

7. Presentation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L, with respect to identified needs and responsive water
management strategies.

8. Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

9. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs.

10. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Saline Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Leona Gravel and
Related Aquifers in Medina County.

12. Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

13. Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible action concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.

15. Next Meeting and Discussion Topics.

16. Adjournment

LA of ol Ml

Edwards Aquifer Authority POSTED IN MY OFFICE
LISA J. WERNETTE
Phone (210) 222-2204 Fax (210) 222 -9869

MY 0610 PM 3 g

COuNnTY CLERK, MEOINA co.



ind

Groundwater Management Area #10 Joint Plapning Meeting ' %&b ‘%

NOTICE OF OPEN MEETING

As required by section 36.108(¢), Texas Water Code, a meeting of the Groundwater Management Area
10 Planning Committee, comprised of delegates from the following groundwater conservation districts
located wholly or partially within Groundwatcr Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton
Springs Edwards Aquifer CD, Hays Trinity GCD, Trinity Glen Rose GCD and Kinncy County GCD will
be held on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer
Authority, 1615 N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

Call to Order.
Designation of meeting Secretary.
Public Comment.
-Receipt of Posted Notices. ,
Approval of April 19, 2010 Minutes.
Discussion and possible action related to establishing standard terminology for the various stages of
a specific DFC of GMA 10.

7. Presentation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L, with respect to identified needs and responsive water
management strategies.

8. Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

9. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs.

10. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Saline Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Leona Gravel and
Related Aquifers in Medina County.

12. Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

13. Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible action concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.

15. Next Meeting and Discussion Topics.

16. Adjournment

QbW -

. .
Edwards Aquifer Authority POSTED IN MY OFFICE
LISA J, WERNETTE

MAY 0610 PM —3 g

Phone (210) 222-2204 Fax (210) 222 -9869

COUNTY CLERK, MEDINA co,
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Place: commm«nm*m!www
Located at: 1615 N. St Mwmy's, San Antonlo, TX 78215

Ag roquirad by ssciion 38.108(c), Texas Wates Cade, a meeting of the Groundwater Management Area 10 Plarming Committes, comprised of
delegatos from the following groundwater conssrvition dutnrss locaied wholly or partislly within Groundwater Managemsnt Ares 10: Fdwaras
Aquitr Authortty, Guadelupe County GCD, Medina County GCD, Uvalde Courty UWCD, Pium Croek CD, Barton Spitngs Edwards Aquer CD,
Hays Trinity GCD, 11invty Glen Rase GUD and Kinnay County GCD wil be heid,

At this mecting, the following businens may be considered and recommended for Joint Planning Committee action:

Cai 10 Order.

Designaticn of meeting Secretary.

Public Comment.

Receipt of Posted Notices.

Approval of Agril 19, 2010 Minues.

Discossion and possible action relsted to esteblishing standard terminclogy for the various stegee of a specific DFC ot GMA

10.

Pregentation, discuse!on and possibla acton conseming the Initally Prepared Plans of tha reglonal water planning groups

for Regions K and L, with respect to identriied needs and responsive water management atrategies.

Discussion and possible action related to establishing a Prefiminary OFC for the Edwards Aquifer in the Northem

Subdmsion of GMA-10.

Discussion and possible acbon related to the designation of refevant aquifers for DFCa related to tha Trinity Group,

relevant aquifer assesoments, 2nd a schedule for the establishment of Trinity DFCs.

10. Uiscussion and pessible action refated to he designation of relovant equifers for DFCs related to the Sakne Edwards,
relovant aquifer assessments, snd a schedule for tha aatablishmsnt of Sailne Edwards DFC(s). .

11, Discussion and posalblaadonmtoﬁnadowondme DFctwﬂteLaonaGmelamRelamquuiersnMadtna
County.

12. Oiscussion and posaiblo 9otion relatwd to estaliishing a Preliminary DFC for the Lecna Gravel and Relgted Aquifers in
Uwvalde County.

13. Discussion and posaible action related to designatng and establishing Preliminary DFC(g) for the relevant aquifers i the
Westem Subdivision of GMA-10 and in Kinney County.

14. Discussion and poesidie action conceming the schedule and locztion of upcoming public hesrings vn Prekminary
Recommended DFCs that ere planned by member GCDa.

15. Naxt Meeting and Oiscussion Topla

omawN

© & N

18. Adjoumment
Adjoumn
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Cantur Laka Businass Pane: 14101 Hwy 200 W. Bidg.100. Ste. 8212, Austin, Taxas 78737
Mail; P. O. Bax 1848 Dripping Sprvgs, TX 78620
€-mait: mgnagar@hevagroyndwelerCom  Phone: §12-058-0263 Fax: 512-858-2384 webse: haysgroy com
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Groundwater Manapement Area #10 Joint Planning Meeting

NOTICE OF OPEN MEFTING

As required by section 36.108(e). Texas Water Code, a meeting of the Groundwater Management Area
10 Planning Committee, comprised of delegates from the following groundwater conservation districts
located wholly or partially within Groundwater Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD. Uvalde County UWCD, Plum Creek CD, Barton Springs
Edwards Aquifer CD, Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held

on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

S

h

10.

11.

12.

13.

14.

15.
16.

Call to Order.

Designation of meeting Secretary.

Public Comment.

Receipt of Posted Notices.

Appmval ef April 19, 2010 Minutes. .

Discussion and possible action related to stablla.hmg standard termmology for the various slages of
a specific DFC of GMA 10.

Presentation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L, with respect to identified needs and responsive water
management strategies.

Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs.

Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Salinc Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

Discussion and possible action related to the adoption of the DFC for the Leona Gravel and Related
Aquifers in Medina County.

Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

Discussion and possible action concermning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.
Next Meeting and Discussion Topics.

Adjournment

Edwards Aquifer Authority
Phone (210) 222-2204 Fax (210) 222 -9869
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Groundwater Management Area #10 Joint Planning Meeting

NOTICE OF OPEN MEETING

As required by scction 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area
10 Planning Committee, comprised of delegates from the following groundwater conservation districts
located wholly or partially within Groundwater Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs
Edwards Aquifer CD, Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held
on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary's, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

cwhwb=

10.

11.

12.

13.

14.

15.
16.

Call to Order.

Designation of meeting Secretary.
Public Comment.

Receipt of Posted Notices.
Approval of April 19, 2010 Minutes.
Discussion and possible action related to establishing standard terminology for the various stages of
a specific DFC of GMA 10.

Presentation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L, with respect to identified needs and responsive water
management strategies.

Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs.

Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Saline Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

Discussion and possible action related to the adoption of the DFC for the Leona Gravel and Related
Aquifers in Medina County.

Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

Discussion and possible action concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.
Next Meeting and Discussion Topics.

Adjournment

Edwards Aquifer Authority
Phone (210) 222-2204 Fax (210) 222 -9869
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NOTICE OF OPEN MEETINGS

Groundwater Management Area #10 Joint Planning Meéﬁ'ﬁg o

Monday, May 17, 2010 at 11:30 a.m.

Notice is given that an open meeting of Groundwater Conservation Districts that are located within the State of
Texas Groundwater Management Area #10. with one or more members of the Board of Directors and/or its
designated representative and/or staft ot the Barton Springs Edwards Aquifer Conservation District in
atendance. Tor purposes of discussing and/or conducting joint planning concerning desired tuture conditions. in
compliance with Texas Water Code. Chapter 36.108. This mecting will be held on Monday, May 17, 2010 at
11:30 am at the Conference Center of the Fdwards Aquifer Authority, 1615 N. St. Mary’s, San Antonio,
TX 782185,

At this meeting. the following business may be considered and recommended for Joint Planning
Committee action:

I e wd 19—

>

=~

9.

1.

15.
16.

Came to hand and posted on a Bulletin Board in the Courthguse. Trays
21a )Ly p.-m. ‘ f

Call to Order.

Designation ol meeting Sceretary.,

Public Comment.

Receipt of Posted Notices.

Approval ot April 19, 2010 Minutes.

Discussion and possible action related to establishing standard terminology for the various stages of' a
specitic DFC of GMA 10,

Presentation. discussion and possible action concerning the Initially Prepared Plans of the regional water
planning groups for Regions K and L. with respect to identified needs and responsive water management
strategies.

Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer in the
Northern Subdivision of GMA-10.

Discussion and possible action related to the designation of relevant aquifers for DFCs related 1o the
Trinity Group, relevant aquifer asscssments, and a schedule for the establishment of Trinity DFCs.
Discussion and possible action related to the designation of relevant aquifers for DFCs related to the
Saline Edwards. relevant aquifer assessments. and a schedule for the establishment of Saline Edwards
DIEC(s). .

. Discussion and possible action related to the adoption of the DFFC for the Leona Gravel and Related

Aquifers in Medina County.

. Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and

Related Aquiters in Uvalde County.

- Discussion and possible action related to designating and establishing Preliminary DFC(s) for the relevant

aquifers in the Western Subdivision of GMA-10 and in Kinney County.

- Discussion and possible action concerning the schedule and location of upcoming public hearings on

Pretiminary Recommended DFCs that are planned by member GGCDs.
Next Meeting and Discussion Topics.
Adjournment

unty, Texas, on this, the v W\— day of May,

_. Depury Clerk
Travis County, TEXAS




Groundwater Management Area #10 Joint Planning Meeting

A

NOTICE OF OPEN MEETING LT1-8

As required by scction 36.108(e), Texas Water Code, a meeting of the Groundwater Management Area
10 Planning Committee, comprised of delegates from the following groundwater conservation districts
located wholly or partially within Groundwater Management Area 10: Edwards Aquifer Authority,
Guadalupe County GCD, Medina County GCD, Uvalde County UWCD, Plum Creek CD, Barton Springs
Edwards Aquifer CD, Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held
on Monday, May 17, 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary’s, San Antonio, TX 78215.

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

g:lsli;zgir:: l;f meeting Secretary. lll!“llz “l““‘““l“l“l““‘“l“

Public Comment. ~e-0-1

Receipt of Posted Notices.

Approval of April 19, 2010 Minutes.

Discussion and possible action related to establishing standard terminology for the various stages of

a specific DFC of GMA 10.

7. Presentation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L, with respect to identified needs and responsive water
management strategies.

8. Discussion and possible action related to establishing a Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

9. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Trinity Group, relevant aquifer assessments, and a schedule for the establishment of Trinity
DFCs.

10. Discussion and possible action related to the designation of relevant aquifers for DFCs related to
the Saline Edwards, relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Leona Gravel and Related
Aquifers in Medina County.

12. Discussion and possible action related to establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

13. Discussion and possible action related to designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible action concering the schedule and location of upcoming public hearings
on Preliminary Recommended DFCs that are planned by member GCDs.

15. Next Meeting and Discussion Topics.

16. Adjournment

SUnELUN-

Edwards Aquifer Authority
Phone (210) 222-2204 Fax (210) 222 -9869
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Kinney County Groundwater Conservation District

P.0. Box 369
502 South Ellen Street, Suite B
Bracketiville. Texas 78832-0369
(830) 563-9699
Fax (830) 563-9606

FAX NUMBER TRANSMITTED TO: !0 - A2k~ 78617
To: K (S M?mp

From: Kinney County Groundwater Conservation District

Dawe: -5-5-/0

Documents: DML [,?MM fﬂznj,/fn M‘.?‘ v k! m/}
Number of Pages (Including cover sheet): 22 ‘

Comments;

If you do not receive all pages. please telephone the District office (830) 563-9699.

The attached document, contains information from the KCGCD office that is confidential and
priviteged. or may contain attomey work product. The information is intended oniy for the use of
the addressee named above. If you are not the intended recipient, you are hareby notified that
any disclosure, copying, or distribution of this email or attached documents, or taking any action
in reliance on the contents of this message or its attachments is strictly prohibited, and may be
uniawful. If you have received this message in error, please (1) immediately notify me by reply
emall, (2) do not review. copy, save, forward, or print this email or any of its attachments, and (3)
immediately delete and destroy this email, its attachments and all copies thereof. Unintended
transmission does not constitute waiver of the attorney-client privilege or any other privilege.
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Groundwater Management Area #10 Joint Planning Meeting

NOTICE OF OPEN MEETING

As required by section 36.108(c). Texas Water Code. a mecting of the Groundwater Management Area
10 Planning Committee. comprised of delegates from the following groundwater conservation districts
located wholly or partially within Groundwater Management Area 10 Edwards Aquifer Authority.
Guadalupe County GCD. Medina County GCD. Uvalde County UWCD, Plum Creek CD. Barton Springs
Edwards Aquifer CD. Hays Trinity GCD, Trinity Glen Rose GCD and Kinney County GCD will be held

on Monday, May 17. 2010 at 11:30 am at the Conference Center of the Edwards Aquifer Authority, 1615
N. St. Mary’s, San Antonio, TX 78215,

At this meeting, the following business may be considered and recommended for Joint Planning
Committee action:

L. Call o Order.
2. Designation of meeting Secretary.
3. Public Comment.
4. Receipt of Posted Notices.
5. Approval of April 19, 2010 Minutes, e I o
6. Discussion and possible action related Lo establishing standard terminology for the various stages of
a specific DFC of GMA 10.
7.

Presentation, discussion and possible action concerning the Initially Prepared Plans of the regional
water planning groups for Regions K and L. with respect to identified needs and responsive water
management strategics.

8. Discussion and possible action related to establishing u Preliminary DFC for the Edwards Aquifer
in the Northern Subdivision of GMA-10.

9. Discussion and possible action reluted 10 the designation of relevant aquiters for DFCs related to
the Trinity Group, relevant aquifer asscssments. and a schedule for the establishment of Trinity
DFCs.

10. Discussion and possible action related 1o the designation of relevant aguifers for DFCs related to
the Saline Edwards. relevant aquifer assessments, and a schedule for the establishment of Saline
Edwards DFC(s). .

11. Discussion and possible action related to the adoption of the DFC for the Lcona Gravel and Related
Aquifers in Medina County.

12. Discussion and possible action related (o establishing a Preliminary DFC for the Leona Gravel and
Related Aquifers in Uvalde County.

13. Discussion and possible action related o designating and establishing Preliminary DFC(s) for the
relevant aquifers in the Western Subdivision of GMA-10 and in Kinney County.

14. Discussion and possible action concerning the schedule and location of upcoming public hearings
on Preliminary Recommended DFECs that are planned by member GCD:s.

15. Next Meeting and Discussion Topics.

16. Adjournment

No.

Edwards Aquifer Authority I 0 ;2 :

Phone (210) 222-2204 Fax (210)Qau



)
=

EDWARDS AQUIFER

TTTTTTTTT

Evhiboid+ G

Kz‘e[)D‘V\'\,:DY\:A 20\0’0%

’(UV KIHY\Q\N CO.



RESOLUTION No. 2010-08
RESOLUTION FOR THE ADOPTION OF THE DESIRED FUTURE
CONDITION OF THE EDWARDS AQUIFER IN KINNEY COUNTY WITHIN
GROUNDWATER MANAGEMENT AREA 10

WHEREAS; GROUNDWATER MANAGEMENT AREA (GMA) 10 1S COMPRISED OF
DELEGATIS FROM THE FOLLOWING GROUNDWATER CONSERVATION DISTRICTS
LOCATED WHOLLY OR PARTIALLY WITHIN GMA 10: BARTON SPRINGS EDWARDS
AQUIFER CONSERVATION DISTRICT, EDWARDS AQUIFER AUTHORITY,
GUADALUPE COUNTY GCD, HAYS TRINITY GCD, KINNEY COUNTY GCD, MEDINA
COUNTY GCD, PLUM CREEK CD, TRINITY GLEN ROSE GCD, AND UVALDE COUNTY
UWCD;

WHEREAS; CHAPTER 36.108 OF THE TEXAS WATER CODE, (JOINT PLANNING IN
MANAGEMENT AREA), REQUIRES THAT THE GROUNDWATER CONSERVATION
DISTRICTS IN THE GMA ADOPT DESIRED FUTURE CONDITIONS OF ALL RELEVANT
AQUIFERS IN THE GMA FOR A FIFTY YEAR HORIZON, NO LATER THAN
SEPTEMBER 1. 2010:

WHEREAS: THE COMMITTEE MEMBERS OF GMA 10 HAVE HELD PUBLIC
MEETINGS NOTICED AND POSTED IN ACCORDANCE WITH STATE LAW, AND
HAVE REVIEWED AND DISCUSSED GROUNDWATER AVAILABILITY MODEL (GAM)
RUNS WITH INPUT AND COMMENT FROM STAKEHOLDERS WITHIN GMA 10;

WHEREAS; THE GAM RUNS FOR KINNEY COUNTY BY THE TEXAS WATER
DEVELOPMENT BOARD WERE NOT WELL SUITED. THE TEXAS WATER
DEVELOPMENT BOARD DEVELOPED A GROUNDWATER FLOW MODEIL. SPECIFIC
TO KINNEY COUNTY.

NOW, THEREFORE, BE IT RESOLVED THAT. THE DISTRICT MEMBERS OF
GROUNDWATER MANAGEMENT AREA 10, ADOPT THE SCENARIO FOR KINNEY
COUNTY THAT THE DFC SHALL BE THAT THE WATER LEVEL IN WELL NUMBER
70-38-902 SHALL NOT FALL BELOW 1184 FEET MSL.



VOTED AND APPROVED THIS, THE ‘ __th DAY OF A "\‘l_V\"P." , 2010, BY A
VOTE OF _K AYES AND _O NAYS, CONSTITUTING AT LEAST A TWO-THIRDS
MAJORITY OF THE VOTING MEMBERS PRESENT.

SIGNED WM

Ki%llolland __Barton 8 rings/l:dwards Aquifer Conservation District

SIGNED__ A Ade {f)’L

Luana Buckner Edwards Aquifer Authority
SIGNED

Ron Naumann Guadalupe County GCD

SIGNED. D —J\ BJ"\’_

David Baker / Hays Trinity GCD
45

Kinney County GCD
S (Y ER

SIGNED ,(/ZMW Mc\

Thomas Boehme Medina County GCD

SIGNED

SIGNED fpm-«ﬂ /}7/,,9!1,

Daniel Meyer

Plum Creek Conservation District

SIGNED M/ZWM
Qeorge Wassmann Trinity Glen Rose GCD

SIGNED L e ——
Vic Hilderbran Uvalde County UWCD
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EXECUTIVE SUMMARY

This GAM Task summarizes the results of seven pumping scenarios using the recently
completed groundwater flow model of the Kinney County area. The seven pumping
scenarios represent pumping that is higher and lower than historic pumping in order to
evaluate changes in spring flow in Las Moras Springs and estimate minimum
groundwater elevation in the monitor well that is used by the Edwards Aquifer Authority.
The spring flow and minimum groundwater elevation have been adopted by the Kinney
County Groundwater Conservation District as their desired future conditions of the
aquifer system underlying Kinney County. Based on this analysis, average spring flow in
Las Moras Springs will be 23.9 cubic feet per second and median spring flow in Las
Moras Springs will be 24.4 cubic feet per second if pumping is about 77,000 acre-feet per
year in Kinney County. Minimum groundwater elevation in the monitoring well will be
1,162 feet above mean sea level under this scenario.

ORIGIN OF TASK:

The Kinney County Groundwater District requested assistance in developing desired
future conditions for their aquifer system. As a result of this request, TWDB staff
developed a groundwater flow model of all the aquifers in Kinney County and
surrounding areas. This model is documented in Hutchison and others (2010). This task
report summarizes the results of seven scenarios that were presented at the Kinney
County Groundwater Conservation District Board meeting of July 27, 2010.

DESCRIPTION OF TASK:

Based on the results of the calibration of the groundwater flow model of Kinney County,
historic groundwater pumping from 1950 to 2005 has ranged from about 51,000 acre-feet
per year to about 77,000 acre-feet per year (Hutchison and others 2010). In general,
pumping increases result in reduced spring flow, and reduced pumping result in increased
spring flow. The objective of the simulations run for this task was to quantify the change
in spring flow under various scenarios of constant pumping. The information from these
simulations has been used by the Kinney County Groundwater Conservation District in
establishing the desired future conditions of their aquifer system as part of the joint
planning process in Groundwater Management Areas 7 and 10. In order to facilitate
comparison with historic spring flows, all simulations were run with the recharge and
river conditions equivalent to the model’s historic period (1950 to 2005).

METHODS:

Seven pumping scenarios were developed for this task, each with constant pumping. The
base case assumed 77,000 acre-feet per year of pumping, which is equivalent to the
highest year of pumping based on the calibrated model for the period 1950 to 2005. Two
scenarios included reduced pumping and four scenarios included increased pumping as
follows:
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Kinney County pumping
(acre-feet per year)
38,000
57,000
77,000
96,000
115,000
134,000
153,000

Scenario

N A BN —

The scenarios consisted of running the model for 56 years, using recharge and river
conditions from 1950 to 2005 in order to facilitate comparison with the historic spring

flows.

PARAMETERS AND ASSUMPTIONS:

The recently developed groundwater flow model of the Kinney County area
(Hutchison and others, 2010) was used for these simulations (version 1.01).

The model has four layers: layer 1 represents the Carrizo-Wilcox and associated
aquifers, layer 2 represents the upper Cretaceous formations that yield
groundwater, layer 3 represents the Edwards (Balcones Fault Zone) Aquifer and
the Edwards Group of the Edward-Trinity (Plateau) Aquifer, and layer 4
represents the Trinity Aquifer. including the Trinity portion of the Edwards-
Trinity (Plateau) Aquifer..

As further detailed in the model report (Hutchison and others, 2010), model
calibration statistics for the entire model domain for groundwater elevation and
spring flow are summarized below. Note that groundwater elevation data are
expressed in feet above mean sea level (ft), and spring flows are expressed in
cubic feet per second (cfs):

Statistic Groundv.vater Spring flow
elevation

Number of measurements 1,824 432

Average residual 7.8 ft -1.2 cfs

Standard deviation 53 ft 10 cfs

Range of measurements 1581 fi 223 cfs

Standard deviation divided by range 0.03 0.04
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e Seven different pumping scenarios were used as described above

e Each simulation consisted of 57 annual stress periods. All model input files were
identical to the calibration period in each scenario except for the pumping file, as
noted above.

e The model was run with MODFLOW-2000 (Harbaugh and others, 2000).

RESULTS:
Spring flow

The results of the simulation include estimating spring flow changes under alternative
pumping scenarios. A summary of the results expressed as average spring flow for the
three major springs in Kinney County (Las Moras, Mud, and Pinto) as a function of
pumping in Kinney County are presented in Figure 1.

Kinney County Pumping vs. Spring Flow

Flow (cfs)

0 50,000 100,000 150,000 200,000
Pumping (AF/yr)

-+-Las Moras - Mud -+ Pinto

Figure 1. Kinney County pumping versus spring flow for seven pumping scenarios.

Note that as a result of input received from the Kinney County Groundwater
Conservation District Board of Directors, Las Moras Springs is the only spring for which
a desired future condition will be set due to monitoring constraints. The frequency of
various flows in Las Moras Springs that are a result of changes in recharge conditions are
presented in Table 1.
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Tablel. Las Moras Spring Flow Frequency wder Seven Altemative Punp mg Scenqaios
Punping Totals for Kinney County Only. Frequency Expressed as Percent Occwrrence for 56 Yenr Siimiladons

LasMoras Scenario 1 Scenuio 2 Scenario 3 Scenuto 4 Scemario & Scenauio 6 Scenario *
SpringFlov | (Puping= | (Puwpng= | (Punpig= | Pumpme= | Pumpmg= | (Pumpmg= | (Pupme=
(cfs) 38000 AF:y1) | £7.500 AFy1) | 77000 AFy1) | 96,000 AF-yr) | HX000 AF y1)|134 000 AF-y1)|153.000 AF-y1)
0 0 0 0 13 2 45 59
Oto s 0 0 5 9 14 9 16
Swlo 0 2 13 9 9 13 5
10 t0 15 0 11 7 13 7 9 7
13102 11 9 18 1] 18 9 4
2010 2% 13 18 9 14 7 5 2
251030 20 13 16 9 7 4 5
300 38 18 20 11 11 3 5 2
351040 16 9 11 7 5 2 0
40 to 45 11 14 7 5 2 0 0
> 80 13 5 4 0 0 0 0

Because the average spring flow and median spring flow of Scenario 3 were adopted as
the desired future condition for the aquifer system located in the portion of Kinney
County in Groundwater Management Area 7, a graphical summary of Scenario 3 for Las
Moras Springs is presented in Figure 2. Note that the average flow and the median flow
fall into the group that would occur about 9 percent of the time (20 to 25 cfs). A spring
flow between 15 and 20 cfs (slightly below the adopted desired future condition) would
occur 18 percent of the time, and flow between 25 and 30 cfs (slightly above the adopted
desired future condition) would occur about 16 percent of the time. Thus, Las Moras
spring flow would be between 15 and 30 cfs about 43 percent of the time. Note that
because the model was run on annual stress periods, these spring flows are representative
of the end-of-the calendar year conditions. Thus, for comparative purposes, flows
collected in December and January should be used to track with the desired future
condition.
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Note that the minimum groundwater elevation is 1177.6 feet above mean level, which
was measured in January of 1991. The monitoring well has a limited record of data as
compared to the calibration period of the model. Moreover, some of the highest levels of
groundwater pumping in Kinney County predate the existence of the monitoring well.

Because the Kinney County Groundwater Conservation District Board of Directors has
expressed an interest in establishing a minimum groundwater elevation in this well as
desired future condition for the Groundwater Management Area 10 portion of Kinney
County, an analysis of simulated groundwater levels at the site of this well was
completed. Based on this analysis, the minimum groundwater elevation for the period
1950 to 2005 for each pumping scenario is summarized in Table 2.

Table 2. Simulated minimum groundwater elevations in Well 70-38-902

. Kinney County Pumping Minim.um.Groundwater
Scenario (AF/yr) Elevation in Well 70-38-
902 (ft MSL)

1 38,000 1,167

2 57,000 1,165

3 77,000 1,162

4 96,000 1,158

5 115,000 1,152

6 134,000 1,141

7 153,000 1,135

Based on this analysis, and because the Kinney County Groundwater Conservation

District has adopted a desired future condition that is consistent with Scenario 3, the

appropriate minimum groundwater elevation for Well 70-38-902 to be used as a desired

future condition for Groundwater Management Area 10 is 1,162 feet above mean sea
level.
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