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NO, 115,414~a~1

IN RE:A THE EXCEPTIONS OF IN THE DISTRICT COURT OF

§
THE LOWER COLORADO RIVER §
AUTHORITY AND THE CITY OF §
AUSTIN TO THE ADJUDICATION § BELL COUNTY, TEXAS
OF WATER RIGHTS IN THE §
LOWER COLORADO RIVER SEGMENT §
s

OF THE COLORADO RIVER BASIN 264TH JUDICIAL DISTRICT

FINAL JUDGMENT AND DECREE

BE IT REMEMBERED that on the 30 day of ([ ,
1988 came on to be heard the Joint Motion to %&nter Final
Judgment and Decree of the Texas Water Commission (the
”Commissibn"), the Lower Colorado River Authority ("LCRA"),
and the City of Austin (the "City"), and the Court beéing of
the opinion that said motion should be granted, it is there~-

fore,

ORDERED, ADJUDGED AND DECREED as follows:

I.

The City's water rights are defined by the findings of
fact and conclusions of law found on pages 21-23 of the
Final Determination entered by the Commission on July 29,
1985 in this matter (the "Final Determination"). These
findings and conclusions are hereby modified in their

entirety to read as set forth in Attachment No. 1 hereto.
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ware defzneﬂ by ‘the flnd;ngs

LCRA'e water rights wzth respect to thefﬂzghland Lakes

found on

concluszone found on pages 90 91 relatifng to Hzghland

‘nerally ere hereby deleted in the;r entirety, and
the remalnlng flndlngs and conclus;ons relatlng tc each of

the nghland Lekes speclfzcally are hereby mod;fled 1n their

ent;rety to read as set forth 1n Attachment No.\2 hereto.

:I::'s

. LCRA 5 water rmghts wzth respectito its Lakeside Water
D;v;s;on are deflned by 'the flnalngs ‘and concluszons found.

on pages 76-77 of the Flnal Determznatlon. These fzndlngs'

and concluszons are hereby modzfled in thelr entzrety to

read as set forth in Attachment No.}3 hereto.~"“*’f'”

Iv.

LCRA's water rights Wlth respect ‘to- ets Gulf Coast
Water D;v;slon .are defined : by the fzndzngs end ‘eonclusions
found on pages 82 -84 - of. the ~Final. Determznatzon.4 These
find;ngs and concluszons .are hereby mod;f;ed in their

entlrety to read as set forth in Attachment No. 4 hereto.



V. ’
All other portions of the Final Determination which
define water rights of the City and LCRA are hereby

affirmed.

vI.

This Final Judgment and Decree is final and conclusive
as to all water rights and claims to water rights of the
City and LCRA in the Lower Colorado River Segment, Colorado
River Basin, as adjudicated herein. This Judgment isg
without prejudice to any further permits or amendments to
the water rights. of the City and LCRA issned by. the Texas
Water Commission after January 1, 1983. Such amendments
shall be treated as if issued under § 11.336 of the Texas
Water Code. All claims of water rights of the City and LCRA
as of January 1, 1983 which were made under § 11.303 or
s 1i.307 of the Texas Water Code and which are not recog-

nized herein or in other orders of the Court are hereby

denied,

VI,
The Texas Water Commission is directed to take such
action as is required by the Texas Water Rights Adjudication

Act, 8§ 11.301 et seg., Texas Water Code, to implement this

Final Judgment and Decree.
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SIGNED this 9/ day of K{)ﬁ%,»/ , 1988.




MODIFIED FINDINGS AND CONCLUSIONS
DEFINING LCRA'S WATER RIGHTS
WITH RESPECT TO
THE HIGHELAND.LAKES

WATER RIGHT CLAIMS
OF THE
LOWER COLORADO RIVER AUTHORITY (LCRA)

IN

THE HIGHLAND LAKES

 LOWER COLORADO RIVER

SEGMENT ADJUDICATION

ATTACBMENT NO. 2 TO JUDGMENT
IN CAUSE NO. 115,414-A~1




DIVERSION POINTS NOS. (MCRS): 2280 and 2290 (Lake Buchanan)
TRACT NO: None

OWNERSHIP: Lower Colorado River Authority (LCRA)

IR, (MERS): 250-252

APP. (MCRS): 25-26

XII/11 SF 1-1128

(MCRS) II Contest SF 95-138 .
(LCRS) Contest SF Vols. 111, IV, V and Vil

SECTION 11.307 CLAIM: Under Permits Nosz. 954 and 125% and
Section 11.303 Claim No. 5550 to maintain a dam and 992,475
acre~foot capacity reservoir on the Colorade River (Lake
Buchanan) and to impound, divert and use therefrom 1,391,830
acre-feet of water per year at & maximum diversion rate of
3630 cfs for "hydroelectric, municipal, domestic, indus-
trial, etc." purposes, with a priority date of June 29, 1913
and prioy. (Exh. J8) . . :

FINDINGS:

1. The LCRA is the owner of Permit No. 1259, which
©  authorized the .construction and maintenance of a
dam and approximately 1,000,000«acre-foot capacity
reservoir on the Colorado River in Llano and
Burnet Counties and. the impoundment, diversion and
use therefrom of 1,391,530 ‘acre-feet of the
ordinary and storm and flood flows of the Colorado
River for domestic, municipal, {industrial),
irrigation, mining and hydroelectric power pur-
poses. (Exh. 10a)

2. A special condition in Pexmit No. 1259 authorizes
the LCRA to use the bed and banks of the Colorado
River for the purpose of conveying the impounded
water to diversion points downstream for the uses
authorized. (Exh. J10a) :

3. Another special condition in the permit concerns
Permit No. 954:

The dam for which this permit is granteq
has been constructed by virtue and under
the terms of Permit No. 954, heretofore
granted by the Board to the Syndicate
Power Company of Dallas, Texas, and the
alteratiohs and modifications thereof
heretofore set out by declarations filed
with the Board, as prescribed by Stat-
ute, and this permit shall be cumulative
of and in addition to said Permit No,
954, and of the rights covered by said
permit; provided that the total gquantity
of water to be impounded, diverted and
appropriated shall not exceed the
gquantity set out. in paragraph four of
this permit.

(Exh. J10a)

4. Paragraph four of Permit No. 1259 recites that of
the 1,391,530 acre-feet suthorized to be approprie
ated by the permit, ". . . 1,225,700 acre-feet per
annum. have heretofore been granted under Permit




10.

1.

iz,

13.

No. 954, the 'ﬁotal amount to be appropriated under
both permits not to exceed. . .1,391,530 acre-feet
per annum." (Exh. J10a) : :

Application No. 1345 for Permit No. 1259 was filed
with the Board of Water Engineers on March 7,
1938, and the permit was issued on May 25, 1938.
(Exh, J10a)

The LCRA is the owner of Permit No. 954, which
authorized the construction and maintenance of a
dam and 831,020 acre-foot capacity reservoir on
the Colorade River in Llarno and Burnet Counties
and the impoundment, diversion and use therefrom
of 1,225,700 acre-feet of water per year for
power development"  (hydroelectric) purposes.
(Exh. J13a)

Application No. 1024 for Permit No. 954 was filed
with the Board of Water Engineers on Match 29,
1826, and the permit was issued on May 15, 1926.
(Exh. J13a) :

Lake Buchanan is located on the Colorado River in
Burnet and Llano Counties.. Buchanan Dam ' is
located at diversion point Dw2280 on the Colorado
River in Survey No. 32, Burnet County, and Survey
Ne. 12, Llano County, at the site authorized by
Permit No. 1259 and approximately 4.5 miles
upstream of the site authorized by Permit No, 954.
(Exhs. 7 at p. 26, Jl0a, Jl3a; SF 105106, 110~
111) .

Construction was commenced on Buchanan Dam about’

April, 1931, and was completed in 1938 with the
first deliberate impoundment of water on May 20,
1937. The first hydropower generating unit was
placed in opération - in January, 1938. - (Exhs. -
J13d-e, J90; SF 361, 378~-381)

The impounding capacity of Lake Buchanan, as
constructed, was approximately 992,000 acre-feet.
(Exhs. J87, J90, 1231; SF 106-114, 293-294;
Contest SF 105-106)

Permit No. 1259 authorized a dam 160 feet high and
11,000 long. Permit No. 954 authorized a. dam 165
feet high and 2,500 feet long. (Exhs. Jl0a, J13a)

Buchanan Dam 4is 145.5 to 150.5 feet high and
approximately 11,200 feet long. (Exhs. JSO, J120;
SF 106)

A "Statement of Proposed Alteration of Plans under
Permits to Appropriate Public Waters of the State
of Texas," dated April 25, 1931, was filed with
the Board of Water Engineers by the Emery, Peck
and Rockwood Development Company, transferee of
several permits, including Permit No. 954, from
the Syndicate Power Company. The _statement
purported to be filed under TEX. REV. &IV. STAT.
ANN. - article 7495, repealed, Tex. Laws 1971,
ch. 58 at 658, The statement proposed to cone
struct the dam authorized under Permit No. 954 at
& location on the Colorado River different from
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15,

16,

17.

18,

‘ that specified by the permit. The dam was pro-

posed to be built at a height of 137 feet and

length of 9,000 feet and having & storage capacity -

of 1,000,000 acre-feet. The statement £urther
proposed to construct another dam approximately 70
feet. high at the location specified by Permit
No. 954, The statement recited that construction
had begun on the larger dam; that 2 plan of the
construction had been filed with the statement;
and that additional detailed plans would be filed
with the Board showing the size, location and
character of the two additional dams to be con-
gtructed under Permits Nos. 254 and 955. (Exbh.
J13d)

On some date subseguent to November 3, 1836, the
LCRA filed a request for extension of time for
commencing or completing work under Permits
Nos., 951, 952, 953, 954, 935 and 998. 1In this
reguest, it was stated that construction of
Buchanan Dam had begun about the month of April,
1931, and was nearing completion. It was further
declared that Buchanan Dam had been built to a
height of approximately 160 feet and a length of
approximately 11,000 feet and would impound
approximately 1,000,000 acre-feet of water. The

location of the dam was shown on an attached plat. -

The request stated that complete plans and speci=
fications of Buchanan Dam were on file with the
Board of Water Engineers and that construction was
nearing completion of a dam at the original site
authorized by Permit No. 954, which was being
called Inks Dam. (Exh. Jl3e) ’

Lake Buchanan is a variable level lake which,K was
constructed primarily f£or hydropower generation
and water supply, rather +than flood contrel.
There are three hydropower turbines located at
Buchanan Dam with a discharge capacity eof 1210 cfs
each and a maximum hydropower generation capabil-~
ity of 36 megawatts. Due to the limited capacity
of the Inks Dam turbines, normal operation is the
generation of 24 megawatts with a 2420 cfs dis-
charge rate through the turbines,” (SF 323-328,
356, 375, 776-778, 785, 852) .

There is a pumpe-back unit installed at diversion
point D-2290 on Inks Lake 3just downstream from
Buchanan Dam. The purpese of this unit is to pump
water from Inks Lake back into Lake Buchanan to be
reused for hydroelectric purposes. There are no
interjacent appropriators between Buchananh Dam and
D-2280. LCRA d& authorized to use water at
Buchanan and Inks Dams for hydroelectric generas«
tion and to use the bed and banks of the Colerado
River to convey water for that purpose, among
others. (Exhs. 7 at 25, Jl0a, Jll, Ji3a, Jl3dee;
SF 110-111, 828-829)

The maximum amount of water used for hydropower
purposes at Buchanan Dam was 1,679,300 acre-feet
in 1958. (Exhs. J51a-3jj, J136)

Permit 12598, ‘granted April 25, 1985, is a con-
tractual amendment to Permit 1259 muthorized under

s3‘=
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the Texas Water Commission's Rules., Permit 12598
authorizes the - Colorado River Municipal Water -
District (CRMWD) to divert at Stacy Reservoir
water to which LCRA would otherwise be entitled
under Permit 1259. Permit 1259B authorizes the
diversion of 88,000 acre-fset per year for domes-
tic and municipal use, and 25,000 acre-feet per
year for industrial purposes. Permit 12598 was
issued pursuant to a Settlement Agreement dated
Eebruary 26, 1985 between CRMWD and LCRA, and the
authorization to divert water at Stacy Reservoir
shall remain effective only so0 long as the Settle-
ment Agreement remains in effect. Permit 12598
contains the following langquage (paragraph 1(b)).

Under Permit No., 3259 and this amend-
ment, the maximum combined diversions of
LCRA at or below Lake Buchanan for
domestic, municipal, -Andustrial, irriga-
tion, mining and hydroelectric genera-
tion purposes and .that of .CRMWD at Stacy
Reservoir for demestic, municipal and
industrial purposes shall not exceed
1,391,530 acre-feet of water per annum,
or such amount as may be finally deter-
mined in the proceedings of adjudication
of all claims of water rights in the
Lover Colorade River Segment. '

Permit No. 1259, as amended by Permit No. 12598,
is hereinafter referred to as "Permit No, 1259."

The Highland Lakes and the Colorado River above
and below the Highland Lakes should be managed
together as a single system for water supply
purposes. Major goals in the management of the
system include maximizing the beneficial use of
water derived from inflows below the Highland
Lakes, and stretching and conserving. the water
stored in the Highland Lakes. In order to achieve
these ¢oals, the system should be managed in
accordance with the following general guidelines:

a. To the extent allowed by law, all demands for
water from the Colorade River downstream of
the Highland Lakes should be satisfied first
bPursuant to water rights to the run-of-river
flow of the Colorado River,

b. Inflows should be passed through the Highland
Lakes to honor downstream senior water rights
only to the extent that demands under those
rights cannot be satisfied by the inflows
below the Highland Lakes.

c. Water should be releéased from conservation
storage in Lakes Travis and Buchanan to
satisfy downstream demands for authorized
purposes (municipali:’ industrial, irrigation
and mining) only t& the extent that such
demands cannot be satisfied pursuant te
independent run~of-river water rights,

‘d. Firm, uninterruptible commitments of water

from conservation storage in Lakes Travis and
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21.

Buchanan should not exceed the Combined Firm
Yield of such lakes (hereinafter defined).

‘e. Water from conservation storage in Lakes

Travis and Buchanan may be available for
supply on an interruptible bagis at any time
that the actual demand for stored water under
f£irm, wuninterruptible -commitments is less
than the Combined ¥Firm ¥Yield. To the extent
that a demand for water may exist on &
non-firm, interruptible basis, such stored
water should be made available. N

£. The supply of s=stored water pursuant to
non-firm, interruptible commitments should be
interrupted or curtailed to the extént
necessary to allow LCRA to satisfy all
existing and projected demands for stored
water pursuant to all firm, uninterruptible
commitments,

qg. Water should not be released through any dam
solely for hydroelectric generation, except
during energency shortages of electricity,
and during other times to the extent that
such releases will not impair LCRA's ability
to satisfy all existing and projected demands
for stored water from Lakes Travis and
Buchanan pursuant o all £irm, uninter-~
ruptible commitments and all non-firm,
interruptible commitments.

Water is supplied from conservation storage in

Lakes Travis and Buchanan by the direct diversion

of stored water from such lakes, the release of

gtored water- from such lakes for downstream

delivery, and the impoundment, diversion or use of -
the flows of the Colorado River and its tributar-

ies upstream of sugch lakes pursuant to subordina-

tion and other agreements. Under the basic systen

management plan outlined above, the demand for

stored water from Lakes Travis and Buchanan will

be erratic. The demand for such water will vary

greatly £rom year to year, depending upon the

climatic conditions and thé locations, amounts and

distributions of demands during each year. It is.
currently estimated that the peak annual demand

for stored water in the reasonably foresesable

future will not exceed 1,500,000 acre-feet in any

yeay. Such a demand may occur during years in

which the inflows below the Highland Lakes are-
very low. Such a demand may also occur in other

years, if a large demand for water on a non-firm,

interruptible basis ghould develop.

The amount of water that the Highland Lakes/Coloe-
rado River system can supply each year on & firm
basis through a repeat of the drought of recora:
will vary greatly from time to time in the future,
depending upon factors such as the locations of
points of diversion and the demand for water at
each diversion point. Generally, in order to
provide a firm supply of water for a given annual
demand, less stored water is needed to firm up the
run-of-river supply as the point of diversion is

-5-
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23.

moved farther downstream. Assuming that large
municipal, industrial and irrigation demands will
continue to exist downstream of the Highland
Lakes, the firm yield of 'the entire system will
exceed the Combined Firm Yield of Lakes Travis and
Buchanan.

The Combined Firm Yield is less than the Combined
Theoretical VYield. The "Combined Theoretical
Yield" is the amount of water that could be
supplied from conservation storage in Lakes Travis
and’ Buchanan during each year of a simulated
repeat of the drought of record, as calculated
pursuant to studies that sssume the following:

a. Inflows to Lakes Travis and Buchanan are
those flows that would occur in the Colorado
River at the site of Mansfield Dam if the
Highland Lakes did not exist and there were
no other impoundment, diversion or use of the
flows of the Colorado ‘River and its tribu-
taries upstrean of that point.

b. No portion of the inflows lwill be passed
through Mansfield Dam to honor downstream
senior water rights.

c. Lakes Travis and Buchanan will be operated
together as a system so as to maximize the
yield of that system.

The "Combined Firm Yield" is that portion of the
Combined Theoretical Yield remaining after it is
assumed that inflows will be .reduced by honoring
upstream senior water rights and/or passed through
Mansfield Dam to honor downstream senior water
rights, in accordance with the vrelative priorities
of such rights, except to the extent that the
holder of any such right may agree otherwise. In
determining the Combined Firm Yield, it is assumed
that each senior water right will be exercismed to
the full extent authorized, except to the extent
that the holder of such right may agree otherwise,
or unless the Commission otherwise approves. The
Combined Firm Yield may be expressed as a constant
amount of water annually, or a&s an average annual
amount of water over a defined period of years.
The Combined Firm Yield cannot be determined until
after the Adjudication is final, and such yield
may change from time to time din the future.
However, at the present time it is estimated that
the Combined Firm Yield is not less than 500,000
acre-feet of watér per year. As discussed above,
this amount may also be expressed as an average of
500,000 acre-feet per year over any five consecu-
tive calendar-year period, or a total of 2,500,000
acre-feet over any such period. The Commigsion
will determine the Combined Firm Yield, and
whether such 'yield is expressed as an average
annual amount of water over a defined period of
years, in 4its adoption of & Management Plan

‘(hereinafter defined).

Subordination of hydroelectric rights will greatly
increase the amount of water that LCRA has

b
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25.

available to supply from Lakes Travis and Buchanan

for other purposzes of use. LCRA in the past has
subordinated its own hydroelectric rights to its
rights to store and use water for other purposes,
The City of Austin's earlye-priority hydroelectric
right at Tom Miller Dam under C.F. 330 is the only
hydroelectric right in the basin that is senior to
Permit Nos. 1260 and 1259 for Lakes Travis and

‘Buchanan, other than those held by LCRA. The City

lesasged such right to LCRA pursuant to the 1938 and
1966 Agreements between the City and LCRA. LCRA
in the past has also subordinated the C.F. 330

hydroelectric right that it leased from the City

to LCRA's rights to store and use water for other
purposes. » :

The extent to which additional stored water will
be available . in any year, after satisfying all

‘existing and projected demands for stored water

pursuant ¢o all firm, uninterruptible commitments,
can be defined at the beginning of that year
pursuant to a rule curve or other analysis based

on  conditions that exist - &t . that time. The
‘availability of such additional stored-witer tan

be. confirmed or redefined at other time: during

that - year by ome or more additional anialyses at.

other times during that year baged on conditions
that exXist at such times.

LCRA's right to use water from Lakes Travis and
Buchanan for purposes other than hydroelectric
generation, and the initial c¢onditions for the
commitment and supply of such water, should be
defined as follows: :

LCRA- is recognized a xright under Permits

Nos. 1260 and 1259 to divert and use water
from Lakes Travis and Buchanah for municipal,
industrial, irrigation  and mining purposes,
with a prierity date of March 7, 1938. LCRA
may diligently develop such vright to =&
maximum aggregate diversion and use of water
for such purpeoses from DLakes Travis and
Buchanan of not to exceed 1,500,000 acre-
feet in peak-use years, with a priority date

of March 7, 1938, subject to the following

conditions:

() .LORA shall prepare -and submit - 'to the
Commission, on or before Detember 31,

4988, a proposed . reservoir . operation

« plan -which sghall dirnclude Buch studies.
and other information as may be required,.

‘by: the Commission. to  determine the
Combined Firm Yield of Lakes Travis and
Buchanan (as  defined din Finding 22,
above) and demonistrate LCRA's compliance

with, and its ability. to comply with,

these .gpecial conditions (the "Manage-
ment Plan"™). In making its decision en
the adoption of an Management Plan, the

Commission shall consider all relevant.

public policies including, without
limitation, the follovwing:
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(1) recognition of the neceéssity of
beneficial  inflows f£from the Colo-~
rado River into <the Lavaca~Tres
Palacios Estuary. consistent with
§ 11.147 of the Texas Water Code;

{2) protection of fish and wildlife

habitats consistent with § 11.147
of the Texas Water Code;

(3) consideration of the effects, 3if
any, on existing instream uses and
water quality consistent with
§ 11.147 of the Texas Water Code;

(4) mitigation of adverse impacts, if
any, on wildlife habitats inundated
by new reservoir construction;

(5) mitigation of adverse environmental
 impacts, 3if any, caused by new
projects taking, storing or divert-
ing in excess of 5,000 acre-feet
per year consistent with § 11.152

of the Texas Water Code; and

(6) recognition of the’ Commiseion's
statutory . auvthority . to require:
water conservation under’

§ 11.134(b)(4).

The Commission shall consider LCRA's.

proposal prior to adopting . the initial

Management Plan. ‘fhe Management Plan -
May .be. amended from time to time upon’
thé ~réyuest of LCRA -or on the. Commis-
"sion's own motion. The initial proceed-

ing to considéer the adoption of the
Management Flan, and any major amendment
thereof, shall.be pursuant to contested
case procedures. Any proceeding to
consider the adoption or major amendment
of the Management Plan shall be preceded

by notice and opportunity to reqguest a

hearing in accordance with the Commis-

“sion's regulations applicable to water

rights permitting proceedings. The
Texas Parks and Wildlife Department, at
its option, may be a party in any such
proceeding, in the same manner as it
would be a party to a proceeding before
the Commission incident to an applica=-
tion for a permit governed by Section
11,147 of the Texas Water Code., The
Commission shall name as other parties

" persons that establish & justiciable

interest in the proceeding. In making a
final decision on the adoption of a

- Management Plan and any amendment

thereof, the Commission, in addition to
other information, evidence, and testi-
mony presented, shall consider all
information, evidence, and testimony
presented by the Texas Parks and Wild-

"‘life Department, including, without

e,

e
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(c)

(d)

(e)

(£)

limitation, any memorandum of unders
standing between LCRA and Texas Parks
and .Wildlife Department relating to the
management of the Highland Lakes.

LCRA shall ‘prépare and submit to. the’
Commission, on or before March 1 of sach
year beginning with Mareh 1, - 1990, a

report which documents compliancé with

the MNanagement Plan and these special

conditions during +the previous year.

Such report shall be in a form approved

by the Executive Director.

Except as provided in Special Condi-
tion (i), below, LCRA shall not supply
or commit to wupply any water under
Permits Nos. 1260 or 1259 to any other
party except pursuant to a written
contract between LCRA 'and such party
that defines such commitment.

LCRA shall not supply or commit ' to
supply any water under Permits Nos. 1260
or 1259 to itself for use by itself or
other parties except pursuant to resolu-
tion adopted by LCRA's Board of Direce
tors that defines guch commitment.

Each commitment by LCRA to supply water
under Permits Nos. 1260 or 1259 shall be
considered to be on a firm, uninterrupt~
ible basis unless the contract, resolu-
tion or special condition defining such
commitment specifically provides that
such  commitment "ie subjeit to inter~
ruption or curtailment.”

LCRA shall not commit to supply water
under Permits Nes. 1260 and 1259 on a
firm, uninterruptible basis in excess of
the Combined Firm Yield of Lakes Travis
and Buchanan. . During the period begin-
ning as of January 1, 1888 until such
time as the Management Plan is submitted
and approved by the Commission, LCRA
shall not enter into. any contract or
adopt any resolution by which it conmits
to supply any water wunder Permits
Nos, 1260 or 1259 on & firm, uninter~
ruptible basis, unless:

(1) the aggregate of all firm, unintere
ruptible commitments of water under
Permits Nos. 1260 or 1259, includ-
ing the commitment made pursuant to
such contract or resolution, does
not exceed 2,500,000 acre-feet over
any five consecutive calendar-year
period; or

(2) the commitment made pursuant to
such contract or resolution is for
municipal use, and such commitment
does not exceed 10,000 acre-feet of
water per year; oy




(¢)

(h)

(1)

(3) such contract or resolution is
specifically approved by either the
Executive Director or the Com-
mission pursuant to this special
condition (£).

LCRA shall interrupt or curtail the
supply of water under Permits Nos. 1260
and 1259 pursuant to commitments that
are specifically subject to interruption
or curtailment, to tle exteént necessary
to allow LCRA to satisfy all demands for
water under such permits pursuant to all
firm, uninterruptible commitments. Com=’
mitments to supply water on a noen=-£firm,
interruptible basis may be intérrupted
or curtailed as necessary either on a
pro-rata basis or in accordance with a
system of priorities, as may be set
forth in the wvarious contracts and
resolutions that define such commit-
ments. ' .

LCRA shall not impose its priority under
Permits Nos. 1260 and 1259 against any
Junior permanent water right with a
priority date senior to November 1,

1987, except to the extent that:

(1) LCRA would have the right to impose
such priority against such water
right if LCRA's right ‘under Permits
Nos. 1260 and 1259 +to divert and
use water from Lakes Travis and
Buchanan were limited to the
Combined Firm Yield of such lakes;
or

(2). the holder of such water right has
. agreed, or in ‘the future agrées,
otherwise.

LCRA ghall supply water under Permits
Nos. 1260 and 1259 to or for the benefit
of any downstream water right with a
priority date junior to December 1, 1900
and senior to November 1, 1987 that
authorizes the diversion of not more
than 3000 acre-féet of water per year,
to the extent that:

(1) the holder of such water right
applies to . the Commission for
release of such water; and

(2) the Commission finds that, but for
the exercise of priority claims
under Certified Filings Nos. 44,
107, 330 and 376:

{a) water would be available
for diversion from the natural
flow of the Colorado River or
tributary thereof at an
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authorized point of diversion
under such water right; and

[b] applicant's water right
would entitle him to divert
such water; : :

provided, however, that LCRA shall not
be obligated to supply more than 20,000
scre-feet of water in any year pursuant
to this Specirl Condition (4); that this
commitment is subject to interruption or
‘ecurtailment pro rata with other lorng-
term interruptible commitments of LCRA;
and that LCRA shall not be obligated to
supply water under this special condi-
tion to or for the benefit of a tempo-
rary or term permit beyond the initial
term thereof. ’

{(j) LCRA may from time to time apply to the
Commission for amendment of the above
special conditions pursuant <o Com-
migsion rules,

Additiondlly, LCRA's rights to use water for
hydroelectric generation should include conditions
that generally subordinate such rights to all
present and future upstream rights to use the
waters of the Colorado River and its tributaries
for municipal, domestic, irrigation or industrial

e purposes. Such conditions should specifically
prohibit the release of water through its dams
solely for the purpose of hydreelectric genera- (
tion, except during emergency shortages of elece
tricity, and during other times to the extent that
such releases will not impair LCRA's ability to
satisfy all existing and projected demands for
water from Lakes Travis and Buchanan under Permits
Nos. 1260 and 1259 pursuant to all firm, unintere
ruptible commitments and all non-firm, interrupt-
ible commitments.

CONCLUSIONS:

1. The alterations in the location and specifications
of Buchanan Dam and Lake Buchanan Zfrom those
originally authorized by Permit No. 954 were
authorized by the substantial compliance with TEX.
REV. CIV. STAT. ANN. art. 7495, repealed, Tex.
Laws 1971, ch. 58 at 658, .

2. LCRA is recognized a right under Permits Nos, 954
and 1259 to maintain an existing dam (Buchanan
Dam) at diversion point D=2280 on the Colorado
River in Survey No. 32, Burnet County, and Survey
No. 12, Llano County, creating a reservoir (Lake
Buchanan) with an impounding -capacity of 992,475
acre-feet and to use the impounded water for
recreation purposes -without right of diversion,
with a priority date of March 29, 1926.

‘ 3. ILCRA is recognized a right under Permits Nos. 954
and 1259 to divert and use water through Buchanan -




Dam at & maximum rate of 3630 cfs for the purpose
of hydroelectric generation, with a priority date
of March 29, 1926, subject to the following
conditions: :

(a) Such right is subordinated to the extent set
forth im TEX. REV. CIV. STAT. ANN. art.
8280-107, as amended, Tex. Laws 1975, ch. 74
at 179, as such act may be amended from time
to time (the "LCRA Act"). .

(b) &uch right is further subordinated, to the
extent <that ‘it may not be subordinated
pursuant to the LCRA Act, as follows:

(1) LCRA shall not release water through
Buchanan Dam solely for the purpose of
hydroelectric generation, except during
emergency shortages of electricity, and
during. other times to the extent that
guch releases will not impair LCRA's
ability to satisfy all existing and
projected demands for water from Lakes
Travis and Buchanan under Permits
Nos. 1260 and 1259 pursuant to all firm,
uninterruptible commitments and all
non-firm, interruptible commitments; and

(2) To the extent that water isg released
through Buchanan Dam solely for ‘the
purpeose of  hydroelectric generation,
guch right is specifically subordinated,
as to priority, to all present and
future upstream rights to use the waters
of the Coloradoe River and its tributar-
ies for municipal, domestic, industrial,
irrigation and/er mining purposes,
except during emergency shortages of
electricity, and during other times to --
the extent that the holder of any such
upstream right has agreed, or in the
future agrees, otherwise.

LCRA is recognized a right under Permits Nos. 1260
and 1259 to divert and usze water from Lakes Travis
and Buchanan for municipal, industrial, irrigation
and mnmining purposes, with a priority date of
March 7, 1938. LCRA may diligently develop such
right to a maximum aggregate diversion ang use of
water for such purposes £from Lakes Travis and
Buchanan of not to exceed 1,500,000 scre-feet in
peak-use years, with a priority date ¢f March 7,
1938, subject to the following conditions:

(a) LCRA shall prepare and submit to the
Commission, on or before December 31,
1988, a proposed reservoir operation
plan which shall include such studies
and other information as may be required
‘by the Commission to determine the
Combined Firm Yield of Lakes Travis and
Buchanan (as defined 4in Finding 22,
above) and demonstrate LCRA's compliance
with, &nd ites ability to comply with,
these special conditions (the
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"Management Plan"). In making its
decision on the adoption’ of an
Management Plan,  the Commission shall
consider all relevmt ‘public policies
including, without limitation, the
following:

(1) recogmition of the necessity of
beneficial inflows £from the Colo-
rado River dinto the ULavaca-Tres
Palaclios Estuary consistent with
$ 11.147 of the Texas Water Code;

(2) protection of fish and wildlife
habitats consistent with § 11.347
of the Texss Water Code;

" {3) consideration of the effects, if
any, on existing instream uses and
water gquality consistent with
§ 11.147 of the Texas Water Code;

{4) mitigation of adverse impacts, if
any, on wildlife habitats inundated
by new yeservolr construction;

(5) mitigation of adverse environmental
impacts, 4if any, caused by new
progects taking, storing or divert-
ing in excess of 5,000 acre~feet
per year consistent with § 11. 152
of the Texas Water Code; and

(6) recognition o6f the Commission's
statutory authority to regquire
water conservation under
§ 11.134(b)(4).

The Commission shall consider LCRA's
proposal prior te adopting the initial
Management Plan. The Managemeént Plan
may be amended from time to time upon
the request of LCRA or on the Commis-
sion's own motion, The initial proceed=-
ing to consider the adoption of the
Management Plan, and any major amendment
thereof, shall be pursuant to contested
case procedures. Any proceeding to
consider the adoption or major amendment
of the Management Plan shall be preceded
by notice and opportunity to reguest a
hearing in accordance with the Commis-
gion's regulations applicable to water
rights permitting proceedings. The
Texas Parks and Wildlife Department, at
its option, may be a party in ahy such.
proceeding, in the same manner as it
would be a party to a proceeding before
the Commission incident to an applica-
tion for a permit governed by Section
11.147 of the Texas Water Code. The
Commigsicon shall name as other parties
persons that establish a Jjusticiable
interest in the proceeding. In making a
final deecision on the adoption of a
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(b)

(c)

(d)

(e)

(£)

Management Plan and any' amendment
thereof, the Commission, in addition to
other information, evidence, and testi-
mony presented, shall consider all
information, evidence, and testimony
presented by the Texas Parks and Wilde
life Department, - including, without
limitation, any memorandum of under-
standing between LCRA and Texas Parks
and Wildlife Department relating to the
management of the Highland Lakes.

LCRA shall prepare and submit to the
Commission, on or before March 1 of each
year beginning "with March 1, 1990, . a
report which documents compliance with
the Management Plan and these special
conditions during the previous year.
Such report shall be in a form approved
by the Executive Director.

Except as provided in Special Condi-
tion (i), below, LCRA shall not supply
or commit to supply any ‘water under
Permits Nos. 1260 oy 1259 to any other
party . except pursunnt to a written
contract between LCRA “"and such pnrty
that defines such commitment.

LCRA shall net supply or commit to
supply any water under Permits Nos. 1260
or 1259 to itself for use by itself or
other parties except pursuant to resolu-
tion adopted by LCRA's Board of Direc-
tors that defines such commitment.

Each commitment by LCRA to supply water’
under Permits Nos. 1260 or 1259 shall be
considered to be on a firm, uninterrupt-
ible basis unless the contract, resolu-
tion or special condition defining such
commitment specifically provides "that
such commitment "is subject to inter-
ruption or curtailment. " '

LCRA shall not commit to supply water
under Permits Nos. 1260 and 1259 on a
firm, uninterruptible baxis in excess of .
the Combined Firm Yield of Lakes Travis
and Buchanan. During the period begin-
ning as of January 1, 1988 until such
time as the Management Plan is submitted
and approved by the Commission, LCRA
shall not enter inte any contract or
sdopt any resclution by which it commits
to supply any water under Permits
Nos. 1260 or 1259 on a firm, uninter-:
ruptible basis, unlezs:

(1) the aggregate of all firm, uninter-
. ruptible commitments of water under
Permits Nos. 1260 or 1259, includ-

ing the commitment made pursuant to
such contract or resclution, does

not exceed 2,500,000 acre-~feet over
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(9)

(h)

(1)

any five consecutive calendar~yenr
period; or

(2) the commitment made pursuant <to
such contract or resolution is for
municipal use, and such commitment
does not exceed 10,000 acre-feet of
water per year; or

(3) such contract or vesolution is
specifically approved by either the
Executive Director or the Commis-
-sion pursuant to this special
condition (£).

LCRA sghall dinterrupt or curtail the
supply of water under Permits Nos. 1260

. and 1259 pursuant to commitments that

are specifically subject to interruption
or curtailment, to the extent necessary
to allow LCRA to satisfy all demands for
weter under such permits pursuant to all
firm, uninterruptible commitments,
Commitments to supply water on & non-
firm, interruptible basis may be inter-
rupted or curtailed as necessary either
on a pro-rata basis or in accordance
with a system of priorities, as may be
set forth in the various contracts and
resolutions that define such
commitments.

LCRA shall not impose its priority under
Permits Nos. 1260 and 1259 against any
junior permanent water right with a
priority date senior to - November 1,
1987, except to the extent that:.

(1) LCRA would have the right to impose
such priority against such water
right if LCRA's right under Permits
Nos., 1260 and 1259 to divert and
use water from Lakes Travis and

" Bucharian wvere limited to the
Combined Firm Yleld of such lakes;
or

(2) the holder of such water right has
agreed, or in the future agrees,
otherwise,

LCRA shall supply water under Permits
Nos., 1260 and 1259 to or for the benefit
of any downstream water right with a
priority date junior to December 1, 1800
and senior to November 1, 1987 that
authorizes the diversion of not more
than 3000 acre-feet of water per vyear,
to the extent that:

(1) the holder of such water right

applies to- the Commission for
release of such water; and
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{(2) the Commission £inds that, but for
the exercise of priority claims
under Certified Filings Nos. 44,
107, 330 and 376: '

[a] water would be available
for diversion from the natural
flow of the Colerade River or
tributary thereof . at an
suthorized point of diversion
under such water right; and

[b] applicant's water right

would entitle him to .divert
such water; . .

provided, however, that LCRA shall not
be obligated to supply more than 20,000
acre-feet of water in any year pursuant
to this Special Condition (i); that this
commitment is subject to interruption or
curtailment pro rata with other long-
_term interruptible commitments of LCRA;
and that LCRA shall not be obligated to
supply water under this special condi-
tion to or for the benefit of a tempo-
rary or term permit beyond the initial
term thereof.

{j) LCRA may from time to time apply to the
Commission for amendment of the above
special conditions pursuant to Com-
mission rules.

The rights recognized in this Conclusion 4 are
duplicative of, and sre not in addition to, those
rights recognized in Conclusion 6. relating to
LCRA's rights in Lake Travis, below.

LCRA is recognized a right to use the bed and
banks of the Colorado River to convey water

released from Lake Buchanan for use by LCRA or

others ehtitled to use such water in the amounts
and for the purposes recognized herein.

LCRA is recognized a right to maintain and operate
its existing pump-back unit at diversion point
D=2290, as an aid in utilizing the water autho-
rized in Permits Nos. 954 and 1259 £for hydro-
electric purposes.
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DIVERSION POINTS NOS. (MCRS): 2290 and 2380 (Inks Lake)
TRACT NO: None : .

ONNERSHIP Lower Colorado Rlver Authority (LCRA)

(MCRS) 260-261
APP (MCRS): 25«26
XI1/11 BF 1-1128
(MCRS) II Contest SF ©5-138
(LCRS) Contest SF Vels. 11I, IV, V and VII

SECTION 11.307 CLAIM: Under Permit No. 1259A and Section
011,303 Claim No, 5549 to maintain a dam and a 17,545 acre~
foot -capacity reservoir on the Colorade River and to im-
pound, divert and use therefrom 1,391,530 acre-feet of water
per year at a maximum diversion rate of 2600 ¢fs for hydro-
electric purposes at an unspeciﬁed diversion rate, with- a
priority date of June 29, 1913 and prior. (Exh J8)

FINDINGS:

1. The LCRA is the owner of Permit No. 125%A, which
authorized the construction and maintenance of a
16,400 acre-foot capacity reservoir on the Colo- _ 2
rado River in Llano and Burnet Counties and the
impoundment, diversion and use therefrom of
1,391,530 acre-feet of water per year for hydro-
electr;c POWEYr purposes.

2. A ppecial condition in the parmit concerns Permit

No. 954:
The dam for which this permit is granted . (
has been constructed by virtue and under

the terms of Permit No. 954, heretofore
granted by the Board to the Syndicate
Power Company of Dallas, Texas, and the
alterations and modifications thereof
heretofore set out by declarations filed
with this Board, as prescribed by
Statute, and this permit shall® be
cumulative of and in additien %o said -
Permit No. 954, and of the rights
covered by said permit; provided that
the total gquantity of water to be
impounded, diverted and appropriated
shall not exceed the guantity sst out in ' o
paragraph four hereof, #

(Exh. J11)

3. Paragraph four of Permit No., 12593 declares that
of the 1,391,530 acre-feet authorized to be appro-
priated ", . . 1,225,700 acre-feet of water per
annum have heretofore been granted under Permit
No., 954, the total amount to be appropriated under
both such permits not to exceed . . . 1,391,530
acre-feet per annum." (Exh., J11) .

4. Application No. 1345 for Permit No. 12592 was
filed with the Board of . Water Engineers on
Mareh 7, 1938, and the permit was idsued on
May 25, 1938. (Exh. J11) '
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10.

11.

12,

13.

The LCRA is the owner of Permit No. 954, which
authorized the coristruction and maintenance ¢of a
dam and 831,020 acre-foot capacity reservoir on
the Colorade River in Llano and Burnet Counties
and the impoundment, diversion and use therefrom
of 1,225,700 acre-~feet of water per year for
;§§w§r development" (hydropower) purpeses. (Exh.
a

Application No, 1024 for the permit was filed with
the Board of Water Engineers on March 2¢, 1926,
and Permit No. 954 was issued én May 15, 1826.
(Exh, J13a)

Inks Lake is located on the Colorade River in
Llano and Burnet Counties. Inks Dam is located at
diversion point D-2380 on the Colorado River in
Survey No. 531, Burnet County, and Survey No. 8,
Llane County, at the site authorized by Permit
No. 1259A and approximately 1.5 miles upstream of
the site authorized by Permit No, 954. (Exhs. 7,
p. 26, J1l, Jl3a; SF 114-117)

Construction of Inks Dam began in 1936 and was
completed in 1938 with. the first deliberate
impoundment ©f water in 1938, Hydropower genera-
tion began in June, 1938. (Exh, J90; SF 361-362)

The impounding capacity of Inkes Lake is approxi=-
mately 17,545 acre-feet.  (Exh, J90, SF 114~117)

Permit No. 1259A authorized a dam 102 feet high
and 1500 feet long. Permit No, 954 authorized a
dam 165 feet high and 2500 feet long. (Exhs. Jl1l,
Jl3a) . ’

Inks Dam is 98.5 feet to 100 feet high and 1550
feet long. (Exh. J90; 8F 115=116)

A "Statement of Proposed Alteration of Plans under
Permits to Appropriate Public Waters of the State
of Texas" dated April 25, 1931, was filed with the
Board of Water Engineers by the Emery, Peck and
Rockwood Development Company, transferee of
several permits including Permit No. 954, from the
Syndicate Power Company. . The statement purported
to be filed under TEX. REV, CIV, STAT. ANN. art.-
7495, repealed, Tex. Laws 1871, ch. 58 at €58.
The statement proposed <to construct the dam
suthorized under Permit No. 954 at another loca-
¢ion upstream (Buchanan Dam) and to construct
another dam at the location authorized by Permit
No. 954, This dam would be approximately 70 feet
in height. The statement further proposed to
reduce the capacity of a reservoir authorized
under Permit No., 955 (cancelled on February 7,
1967) so as not to result in an increased appro-
priation of water. The statement further declared
that additional detailed plans would be filed with
the Board showing the size, location and character
of the two additional dams to be constructed. under
Permits Nos, 954 mnd 955, (Exh. J13d)

On some date subsequent to November 3, 1936, the
LCRA filed a request for extension of time for
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14.

15.

16,

CONCLUS JONS:

1.

commencing or completing work -under Permits
Nos. 951, 952, ©53, 954, 955 and 9%8. 'In this

request, it was stated that construction had begun

by the LCRA on Inks Dam at the site described in

. Permit No, 954, It was stated that the dam would

be built to a height of approximately 102 feet and
a8 length of approximately 1500 feet, creating a
reservoir with a surface area of approximately 830
acres and storage capacity of approximately 15,400
acre~feet. The request stated that complete plans
and specifications of Inks Dam were on file with
the Board of Water Engineers. (Exh, J13e)

There are two turbines located at Inks Dam with a
dipcharge capacity of 1300 cfs esch and a maximum
hydropower generation capability of 24 megawatts.
Normal operation is a generation of 24 megawatts
with a 2600 c¢fs discharge rate through the turs~
bines. Operation at Inks Dam is coordinated
closely with operation at Buchanan Dam, with Inks
functioning primarily as a pass-through of flows
released from Buchanan Dam and is essentially a
limiting factor on releases from Buchanan Dam.
Excess flows are routed through a gravity section
in the dam. (8F 776-782, 852) : .

The maximum amount of water used for hydropower
purposes #t Inks Dam was 1,015,400 acre-feet in
1946. (Exhs. J52a-33, J136) '

LCRA's - rights to use water for hydroelectric
generation should include conditions that gener=-
ally subordinate such rights to all present and
future upstream rights to use the waters of the
Colorado River and its tributaries for municipal,
domestic, irrigation or industrial purposes. Such
conditions should specifically oprohibit the
release of water through jts dams solely for the
purpese of hydroelectric generation, except during
emergency shortages of electricity, and during
other times to the extent that such releazes will
not impair LCRA'e ability to satisfy all existing

and projected demands for water from Lakes Travis
~and Buchanan under Permits Nos. 1260 and 1259

pursuant to all firm, uninterruptible commitments
and all non=firm, interruptible commitments. ’

The alterations in the location and specifications
of Inks Dam and Inks Lake from those authorized by
Permit No. 954 were authorized by the substantial
compliance with TEX. REV, CIV. STAT. ANN. art.
7495, repealed, Tex. Laws 1971, ch, 58 at 658.

-LCRA is recognized a right under Permits Nos. 954

and 1259A to maintain an existing dam (Inks Dam)
at diversion point D-2380 on the Colorado River in
Survey No. 531, Burnet County, and Survey No. 8,
Llano County, creating a veservoir (Inks Lake)
with an impounding capacity of 17,545 acre-feet of
vater and to usé the impounded water for noncon-
sumptive recreation with no right of diversion or
release for this purpose, with a priority date of
March 29, 1926, . .




3. LCRA is recognized a right under Permits Nos. 954
and J259A to divert and use water through Inks Dan
at a maximum rate of 2600 cfs for the purpose of
hydroelectric generation, with a priority date of
HMarch 29, 1926, subject to  the following
conditions: - .

(a)

(b)

Such right is subordinated to the extent set
forth 4in TEX. REV. CIV. STAT. ANN. art.
B8280~107, as amended, Tex. Laws 1975, ch. 74
at 179, as such act may be amended from time
to time (the "LCRA Act").

Such right is further :ubofdinatgd,_to the
extent that it may not be subordinated
pursuant to the LCRA Act, as follows:

(1) LCRA shall not release water through
Inks Dam solely for the purpose of
hydroelectric generation, except during
emergency shortages of electricity, and
during other times to ‘the extent that
such releases will not impair LCRA's
ability to satisfy all existing and
projected demands for water from Lakes
Travis and Buchanan under Peérmits
Nos. 1260 and 1259 pursuant to all firm,
uninterruptible commitments and - all
non-£firm, interruptible commitments; and

(2) To the extent that water is released
through Inks Dam sclely for the purpose
of hydroelectric generation, such right
is specifically subordinated, as to
priority, to all present and future
upstream rights to use the waters of the
Colorado River and its tributaries for
municipal, domestic¢, industrial, irriga-
tion and/or mining purposes, except
during emergency shortages of electric~
ity, and during other times <to the
extent that the holder of any such
upstream right has agreed, or in the
future agrees, otherwise.
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DIVERSION POINT NO. (MCRS): 2650 (Lake Lyndon B. Johnson)
TRACT NO: None ’ :

OWNERSHIP: Lower Colorado Rivg‘;‘ Authority (LCRAY

IR, (MCRS): 301-302

APP. (MCRS): 26 -

X1I/11 SF 1-1128

(MCRS) 11 Contest SF 95138 . .

(LCRS) Contest SF Vols, III, IV, V and VII

SECTION 11.307 CLAIM: Under Permites Nos. 953 and 953A and
Section 11.303 Claim No. 5547 to maintain a 138,450 acre-
foot. capacity reservoir on the Colorade River and to
impound, divert and use therefrom 1,305,000 acre-feet of
water per year for hydroelectric purposes at & maximum
diversion rate of 9,000 c¢fs and te divert 68,400 acre-feet
and consume 15,700 acre-feet’ of water per year for indus-
trial purposes at a wmaximum diversion rate of 5270 cfs.
Claimed priority date is June 28, 1913 and prior. (Exh. J8)

FINDINGS:

1. The LCRA is the ~owner of Permit No. 953, which
authorizes the construction and maintenance of a
dam and 28,750 acre-foot capacity reservoir on the
Colprado River in Llano and Burnet Counties and
the impoundment, diversion and use therefrom of
1,305,000 ‘acre-feet of water per year for power
development (hydroelectric) purposes. The permit
authorized the construction of the dam at about
the southwest corner of Survey No. 509, Burnet
County, at a height of 40 feet. (Exh. J19a)

2. The maximum rate of flow set out in Permit No. 953
for water through the turbines for generation of
hydroelectric power is 1810 cfs (B14,500 gpm).
(Exh. J19a) . i

3. Application No. 1023 for Permit No. 253 was filed
-with the Board of Water Engineers on March 29,
1926, and the permit was issued on May 15, 1926.
(Exh, Jl%a) )

4. The LCRA is the owner of Permit No. 8532, which

amends Permit No., 953 +to authorize a point  of
diversion on Lake ULyndon B. Johnson &nd the -

diversion of an unspecified amount of water at
this diversion point at a maximum diversion Trate
of 5270 ¢fs (2,370,000 gpm) for the circulation
and recirculation .of coovling water in the opera-
tign of a thermal-electric power plant. ({Exh,
J23a) :

5. Application No. 1023A for Permit No. 933A was
filed with the Commission on August 24, 1970, and
the permit amendment was issued on September 22,
1970, (Exh. J23a)

6. Lake Lyndon B. Johnson is located on the Colorado
River in Llano and Burnet Counties. Wirtz Dam is
located at diversion point D-2650 on the Colorado
River in Surveys Nes. 18 and 4, Burnet County,
approximately 6.5 miles downstream of the =site
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10.

11,

12,

13.

14.

15.

authorized by Permit No. 953. (Exhs. 7 at p. 26,
Jl%a; SF 117-122) :

Constiuction began on Wirtz Dam and Lake Lyndon B.
Johnson in September, 1948 and was completed in
1851, with the first impoundment of water in May,
19851. = Hydroelectric generation comménced on
June 25, 1951, (Exh. J90; SF 362)

The ‘impounding capacity of Lake Lyndon B. Johnson,
asebuilt, was approximately 138,500 acre-feet.
(Exh. J90; SF 122) ' :

Permit No. 953 authorized a Qam 40 feet high and
1200 feet lonyg, (Exh. Jl19a) )

Wirtz Dam is 100 to 127.5 feet high, and its
length consists of 1,146 feet of concrete plus
3,670 feet of rolled earth and rock with a con-
crete core. (Exh. J%D; SF 11B)

By order dated December 11, 1970, the Texas Water
Rights Commission approved modifications in Wirtz
Dam pertaining to (1) alteration of the spillway
gates to provide for the installation of stop
logs, and (2) construction of a new gated overflow
section in the south abutment of the dam. The
order did not mention the location, size or
impounding capacity of the dam. (Exh. 1230)

There are two hydroelectric turbines located at
Wirtz Dam with a total discharge capacity of
9000 ¢fs -and a maximum hydropower generation
capability of 52 megawatts. When operating
proportionally with flows released from Inhks Dam,
20 megawatts are generated, Excess flows are
routed through floodgates in the dam. = (SF 781~
784) :

The maximum amount of water used for hydropowver
purposes at Wirtz Dam was 1,533,300 acre-feét in
1957, (Exhs. J53a~jj, J136)

The thermal-electric plant, known as the Ferguson
Plant, on Lake Lyndon B. Johnson went intoc opera--
tion in 1974. There are three circulating water
pumps in the plant which pump 92,000 ¢gpm each of
condenser water. There are three halfe-capacity
cooling water pumps for plant coeling water which
pump 3500 gpm each, with two being operated at any
cene time. Each ‘year approximately 68,400 acre-
feet of water is diverted out of Lake Lyndon E.
Johnson at a maximum diversion rate of 630 cfs
(283,000 gpm), with 15,000 to 15,700 acre-feet of
water being consumed in this process by forced
evaporation, (Exhs. JB8, J23d, J55jj; SF 119,
1004-1007)

LCRA's rights td::'";'“nse water for hydroelectric

‘generation should ificlude conditions that gener-

ally subordinate such rightes to all present and
future upstream rights to use the waters of the
Colorado River and its tributaries for municipal,
domestic, irrigation or industrial purposes. Such
conditions should  specifically prohibit the




release of water through its dams solely for the
purpose of hydroelectric generation, except during
emergency shortages of electricity, and during
other times to the extent that such releases will

~ not impair LCRA's ability to satisfy all existing
and projected demands for water from Lakes Travis
and Buchanan under Permits Nos. 1260 and 1259
pursuant to all firm, uninterruptible commitments
and all non~firm, interruptible commitments.

CONCLUSIONS:

1. The alterations in the location and impounding
capacity of Wirtz Dam and Lake Lyndon B. Johnson,
as-built, from the location and impounding capac~
ity set out in Permit No. 953 .are substantial and
required approval by the Board of Water Engineers
pursuant to TEX, REV. CIV. STAT. ANN, art. 7492,

repealed, Tex. Laws 1971, ch, 58 at 658, (Supp.
1984~1985) '

2. By issuing Permit 953A and its subsequent order
dated December 11, 1870, the Texas Water Rights
Commission approved the alterations in the loca-
tion and impounding capacity of Wirtz Dam and Lake
Lyndon B, Johnson as they presently exist. :

3. LCRA is recognized a right under Permits Nos. 953
and 953A to maintain the existing Wirtz Dam and
Lake Lyndon B. Johnson on the colorado River, with
& capacity of 138,500 acre-feet, and to use the
impounded water for recreation purposes with no L (

right of diversion or release for this purpose,
‘with a priority date of March 29, 1926,

4. LCRA is recognized a right under Permit No. 9583 to
divert and use water through Wirtz Dam at a maxi=-
mum rate of 9000 cfs for the purpose of hydroelec-
tric generation, with a priority date of March 29,
1926, subject to the following conditions:

(a) Such right is subordinated to the extent set
forth in TEX. REV. CIV, STAT. ANN. art,
8280-107, as amended, Tex. Laws 1975, ch. 74
at 179, as such act may be amended from time
to time (the "LCRA Act"). .

(b) Such right ie further subordinated, to the
extent that it may not be subordinated
pursuant to the LCRA Act, as follows:

(1) LCRA shall not release water through
Wirtz Dam solely for the purpose of
hydroelectric generation, except during
emergency shortages of electricity, and
during other times to the extent that
such released will not dimpair LCRA's
ability to satisfy all existing ang
projected demands for water from Lakes
Travis and Buchanan under Permits
Nog. 1260 and 1259 pursuant to all firm,
uninterruptible commitments and all
non-firm, interruptible commitments; and
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(2) To the extent that water is released
through Wirtz Dam solely for the purpose
of hydroelectric generation, such right
is specifically subordinated, as to
priority, t¢ all present and future
upstream rights to use the waters of the
Colorado River and its tributaries for
municipal, domestic, industrial, irriga-
tion and/or mining purposes, except
during emergency shortages of electrice
ity, and during other times <+to the

' extent that the holder of any such
upstream right has agreed, or in the
future agrees, otherwise.

5. LCRA is recognized the right under Permit No. 953A
to. divert, circulats and recirculate water for
industrial (power plant cooling) purposes £rom
Lake Lyndon B. Johnson at its Ferguson FPower Plant
at a maximum diversion rate of 5270 -cfs, and to
consumptively use not to exceed 15,700 acre-feet
of such water per annum in forced evaporation,
with a priority date of August 24, 1970.

DIVERSION POINT NO. (MCRS): 3060 (Lake Marble Falls)
TRACT NO: None

OWNERSEIP: Lowé: Colerado River Authority (LCRA)

IR. (MCRS): 315-316
APP, (MCRS): 28

XI1/11 SF 1-1128

(MCRS) II Contest 5F 95-138 .
(LCRS) Contest SF Vols., I11, IV, VandVII

SECTION 11.307 CLAIM: Under Permit No. 898 and Section
11.303 Claim No. 5546 to maintain a dam and 8,760 acre-~foot
capacity vreserveir on the Colorado River and to impound,
divert and use therefrom 1,305,000 acre-~feet of water per
year at a maximum diversion rate of 9600 cfe for hydro-
electric purposes with 2 priority date of June 29, 1913 and
prior. (Exh. JB) ' . .

FINDINGS:

1. The LCRA ' is the owner of Permit No., 998 which
authorizes the construction and maintenance of a
dam and 23,640 acre-foot capacity reserveir and a
6723 acre-foot capacity reservoir on the Colorado
River in Burnet County and the impoundment,
diversion and use therefrom of 1,305,000 acre-feet
per year of the ordihary and storm and f£lood flow
of the Colorade River for power development
(hydroelectric) purposes. (Exh. J26a)
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11.
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13,

The maximum rate of flow set out in Permit No. 998
for water through the turbines for hydropower
purposes is 1800 cfs (810,000 gpm). (Exh. J26a)

Application No. 1022 for Permit No. 998 was filed
with the Board of Water Engineers on March 29,
1926 and the permit was issued on November &,
1927. (Exh. J26a)

Lake Marble Falls iz located on the Colorado River
in Burnet - County, Starcke Dam iz located at
diversion point D=3060 on the Colorade River in
Surveys Nos. 606 and 15, Burnet County, at the
site authorized by Permit No. $98. (Exhs. 7 at
P. 26, J26a; SF 126-127) )

Construction began on Starcke Dam and Lake Marble.
Falls in November, 1949, and was completed in
October, 1951, Deliberate impoundment of water
began in July, 1951, and power genération com-
menced on September 25, 1951. (Exh. J90; SF 362)

The impounding capacity of Lake Marble Falls as
built was approximately 8760 acre~feet. (Exh.
Jo0; SF 127-128)

Permit No. 998 authorized a dam 70 feet high and
748 feet long. (Exh. J26a)

Starcke Dam is 98 to 100 feet high and 860 feet
long. (Exh. J90; 8F 127) :

The record does not reflect that any statement and
plans of the alterations in the specifications of
Starcke Dam and Lake Marble Falls from those
specified in Permit No. 998 were ever filed with
the Board of Water Engineers or its successor
agencies. (Exhs. J124, J125)

The alterations of Starcke Dam and Lake Marble
Falls from the specifications authorized by Permit
No. 998 resulted in a smaller storage capacity of
the reservoir from that authorized in the permit.

There are <two hydropower ¢enerating turbines
located at Starcke Dam with a total discharge-
capacity of 8120 cfs and & maximum generating
capacity of 32 megawatts. When operating propor-
tionally with flows released from Inks Dam, the
turbines generate approximately 10 megawatts. The
power generation at Starcke Dam is c¢oordinated
closely with that at Wirtz Dam and the additional
flowe of the Llano River through Wirtz Dam are
released through the turbines at Starcke Dam.
Excess flows are routed through floodgates in the
dam. (Exh. J90; SF 781-785)

The maximum amount of water used for hydropower
purposes at Starcke Dam was 1,409,700 acre-feet in
1857. (Exh, J53%a=jj, J136)

LCRA's rights to wuse water for hydroelectric
generation should include conditions that gener-
ally subordinate such rightes to all present and
future upstream rights to use the waters of the




Colorade River and its tributaries for wmunicipal,

‘domestic, irrigation or industrial purposes. Such

conditions should . specifically prohibit the
release of water through its dams solely f£6r the
purpose of hydroelectric generation, except during
emergency shortages of electricity, and during
other times to the extent that such releases will
not impair LCRA's ability to satisfy all existing
and projected demands for water from Lakes Travis
and Buchanan under Permite Nos. 1260 and 1259
pursuant to all firm, uninterruptible commitments
and all non=firm, interruptible commitments.

CONCLUSIONS:

1.

The alterations of Starcke Dam and Lake Marble
Falls from the specifications authorized by Permit
No. 998 were insubstantial and did not result in
an increased appropriation of State water.

Starcke Dam and 'Lake Marble Falls were constructed
in substantial compliance with Permit No. 998.

LCRA is recognized a right under Permit No. 998 to
maintain an existing dam (Starcke Dam) at diver-
sion point D-3060 on the Colorade River in Surveys
Nos. 606 and 15, Burnet County, creating a reser-
voir (Lake Marble Falls) with .an impounding
capacity of B760 acre-feet of water and to use the
impounded -water for nonconsumptive recreation with
no right of diversion or release for this purpose,
with a priority date of March 29, 1926.

LCRA is recognized a right under Permit No. 998 to
divert and use water through Starcke Dam at a
maximum rate of 8120 cfs for the purpose of.
hydroelectric generation, with a priority date of
March 29, 19286, subject to  the following
conditions: ‘

(&) Such right is subordinated to the extent set
forth in TEX. REV. CIV. STAT. ANN, art.
8280-107, ms amended, Tex. Laws 1975, ¢h. 74
at 179, as such act may be amended from time
to time (the "LCRA Act").

(b) Ssuch right is further subordinated, to the

extent <that it may not be pubordinated
pursuant to the LCRA Act, as follows:

(1) LCRA shall not release water <through
Starcke Dam solely for the purpose of
hydreoelectric generation, except during
amergency shortages of electricity, and
during other times to the extent that
such relemses will not impair LCRA's
ability to satisfy all existing and
projected demands for water from Lakes
Travis and Buchanan under Permits
Nos. 1260 and 1259 pursuant to all firm,
uninterruptible commitments and all
non=firm, interruptible commitments; and

(2). To the extent that water is'releued
‘through Starcke Dam solely for the




purpose of hydroelectric generation,
such right is specifically subordinated,
as to priority, to all present and
future upstream rights to use the waters
of the Colorado River and its tributsare
ies for municipal, domestic, dindustrial,
irrigation and/or . mining purposes,
except during emergency shortages of
electricity, and during other times to
the axtent that the holdar of any such
upstream right has agreed, or in the
future agrees, otherwise.

DIVERSION POINTS NOS. (MCRS): 9999 {(Lake Travis)
TRACT NO: None

OWNERSHIP: Lower Colorado River Authority (LCRA)
IR, (MCRS): 341-344
APP. (MCRS): 34=35

X1I/11 S¥ 1-1128
Il Contest SF 95-138

SECTION 11.307 CLAIM: Under Permits Nos., 951, 952 and 1260

‘and  Section 11.303 Claim No. 5551 to maintain .a dam and

1,170,752 acre-foot capacity reservoir on the Colorado River
(Lake Travis) and to impound, divert and use therefrom
1,500,000 acre~feet of water per:year at a maximum diversion
rate of 5529 cfs for "hydroelectric, municipal, domestic,
industrial, ete." purposes, with a priority date of June 29,
1913 and prior. (Exh. JB)

FINDINGS:

1. The LCRA is the owner of Permit No. 1260, which
authorizes the construction and maintenance of a
dam and 600,000 acre-foot capacity reservoir on
the Colorade River in Travis County - and the
impoundment, diversion and use therefrom of
1,500,000 acre-feet per year of the ordinary and
storm and flood flows of the Colorado River for

domestic, rmunicipal, (industrial), irrigation,
mining and hydroelectric power purposes. {Exh.
J41la)

2. A Bpecial condition in Permit No. 1260 authorizes
the LCRA to use the bed and banks of the Colorado
River for the purpose of conveying impounded water
to diversion points downstream for the uses
authorized. (Exh. J4la)

3. Another special condition in the permit concerns
Permits Nos. 951 and 952:

The dam for which this permit is granted

is being constructed by virtue and under
the terms of Permits Nos. 951 and 952,
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10.

1.

heretofore granted by this Board to the
Syndicate Power Company of Dallas,
Texas, and the alterations and modifica-
tions thereof heretofore set out by
declarations filed with this Board, as
prescribed by Statute, and this peimit
shall be cumulative of and in addition
to Permits Nos. 951 and 952 and of the
rights covered . by said permits; pro~
vided, that the total quantity of water

" to be impounded, diverted and appropri-
‘ated shall not exceed the guantity set
out in paragraph four of this permit.

(Exh. J4la)

Paragraph four of Permit No. 1260 recités that of
the 1,500,000 acre-feet authorized by the permit
to be appropriated, ", ., . 1,391,530 acre-feet
have Theretofore been granted under Pérmits
Nos. 951 and 952, the total amount to be appropri-
ated under all such permits not to exceed . . .
1,500,000 acre~feet per annum." (Exh., J41A)

Application No. 1346 for the permit was filed with
the Board of Water Engineers on March 7, 1938, and
Permit No. 1260 was issued on May 25, 1938. (Exh.

J4la) '

.The LCRA is the owner of Fermit No. 951 which

authorized the construction and maintenance of a
dam and 196,708 acre-foot capacity reservoir on
the Colorade River and the impoundment, diversion
and use therefrom of 1,391,530 acre-feet of water
per year for |'power development" (hydropower)
purposes. (Exh, J36a)

Application No. 1020 for the permit was filed with
the Board of Water Engineers on March 29, 1926,
and Permit No. 951 was issued on May 15, 1926.
(Exh. J36a)

The LCRA is the owner of Permit No. 952, which
authorized ‘the construction and maintenance of a
dam and 718,429 acre~foot capacity reservoir on
the Colorade River and the impoundment, diversion
and use therefrom of 1,391,530 acre-feet of water
per year for power - development (hydropower)
purposes. (Exh. J3la) )

Application No. 1021 for the permit was filed with
the Board of Water Engineers on March 29, 1926,
and Permit No. 952 was issued on May 15, 1826.

Lake Travis is located on the Colorade River in
Travis and Burnet Counties, Texas. Mansfield Dam
iz located at diversion point D=8989 on the
Colorado River in Surveys Nos. 461 and 192, Travis
County, at the site authorized by Permit No. 1260
and approximately one mile downstream of the site
authorized by Permit No. 952, (Exhs. 7 at p. 34~
35, J4la, J36a, J3la; SF 135-136)

Construction began on Mansfield Dam in March,
1937. The first stages of the dam were completed
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1z,

13.

14,

.15,

16.

17.

in July, 1939. After the flood of 1938, the LCRA
decided to extend the dam to its present height to
provide additional floeod control capacity., The
present structure was completed May 17, 1942.
Deliberate impoundment of water began on Septem-
ber 9, 1940 and the first hydroelectric generation
unit was placed in operation on July 27, 1941.
(Exh. J90a; SF 357-360, 382) :

The impounding capacity of Lake Travis as con-
structed was approximately 1,170,752 acre-feet at
normal maximum operating level (681 feet above
m.g.1.). (Exh.-J90; SF 136=-137) '

Permit No. 1260 authorized a dam 180 feet high and
2,325 feet long. Permit No. 951 authorized a dam
75 feet high and 1,102 feet long. Permit No. 952
authorized a dam 125 feet high and 3,200 feet
long. (Exhs, J4la, J36a, J3la)

Mansfield Dam is 239.5 to 278 feet high and 2,423
feet long. (Exh, J90; SF 136)

On some date subseqguent to November 3, 1936, the

"LCRA filed a request for an extension of time to

commence or complete the construction of works
authorized by Permits Nos. 951955 -and 998,
including a request to extend the time for comple-
tion of Mansfield Dam, The requezt declared that
construction had begun on the dam. The location
and specifications of the dam and regservoir were
the same as those which were later set out in
Permit No. 1260. (Exhs. J1l3e, J4la) -

By letter dated October 2, 1941, the LCRA sent to
the Board of Water Engineers several construction
plans. One plan clearly depicted Mansfield Dam at
the height at which it was later constructed.
(Exh. 1232, J122; Contest SF 112=~113)

The LCRA secured federal funding to construct
Mansfield Dam to ites present height. In a
March 13, 1941 contract, the Secretary of the
Interior designated +the LCRA as his agent to
operate and maintain the dam upon its completion,
solely for the purposes of regulating the flow of
the Colorade River below the gam and controlling
the floods of the river. The agreement further
required that when there was no flood in progress
in the river system above the dam, the storage
capacity in the reservoir above elevation 681 feet

. m.s.1l. would be available primarily for £lood

control and stream regulation and such capacity
below this elevation would be primarily for .power
production; provided that the water surface
elevation in the reservoir must never, under

ordinary conditions when no flood is in progress,

exceed elevation 691 feet m.s.l. The LCRA was
further obligated by this agreement to release
water impounded in the reservoir in anticipation
of floods eriginating in -the watershed above the
dam and to be responsible for the time and manner
of releasing stored waters in anticipation of
floods, giving due regard to channel capacities of
the river below the dam in making such releases.
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19.

20.

21.

22.

23,

Other agreements were later made between the
parties concerning construction  .costs. (Exhs.
Jé2a-c; SF 357-359)

Federal regulation of the flood control function
©f Mansfield Dam eventually passed to the U.S.
Army Corps of Engineers, In requlations effective
from May 15, 1951 to April 1, .1576, when the
surface water elevation of Lake Travis was below
681 feet m.s.1., the LCRA was not permitted to
make releases which would result in a flow at
Columbus, TeXas in excess of 50,000 cfs, provided
that ne curtailment of normal hydropover releases
were required. During periods when. the surface
vater élevation in Lake Travis was above elevation
681 feet m.®.l., a minimun release of 5,000 cfs
vas required. Above elevation 6%1 feet m.s.l.,
releases were reguired at the maximum pogsible
discharge rate without exceeding a flow of 50,000
cfs at Columbus, provided that no curtailment of
normal hydropower operation would result thereby.
Above elevation 722 feet m.s.l., the LCRA was
authorized to discharge water at the rate neces-
Bary to protect the dam and appurtenances from
major damage. (Exh. J131; SF 359%) :

At the time of the adjudication hearing, the LCRA
was operating Mansfield Dam pursuant to interim
regqulations adopted by the Corps of Engineers on
April 1, 1976. These regulations were similar to
the 1951 regulations except that the minimum
release rate of water from Lake Trevig between
surface water elevation 681 and 683 feet m.s.l.
was reduced to 3,000 cfs. (Exh. J130; SF 359-360,
377, 786-787, B16-822, 1091-1086) ’

Mansfield Dam is <the only significant flood
control structure in the Highland Lakes. There
are 40 floodgates in the dam with & gravity
section at elevation 714 feet m.s.1. The maximum
surface water elevation of Lake Travis to date is
707 feet m.s.l., which occurred July, 1963. The
capacity of the flood pool between elevation 681
feet and 691 feet m.s.l. is approximately 780,000
acre-feet. All discharges from Mansfield Dam are
through the hydropower turbines unless the tur-
bines are not capable of routing the excess flows.
(Exh. JY0; SF 786-787, B16-822)

There are three hydropower generating turbines
located at Mansfield Dam with a total discharge
capacity of 5530 cfs and a maximum generating
capability of 84 megawatts, When operating
proportionally with flows released through the
other Highland Lakes, the turbines generate
approximately 20 megawatts. The wvariable lake
level of Lake Travis permits 24-hour-a~day opera-
tion of the turbines. (Exh. J90; SF 783, 785-786)

The maximum amount of water used for hydropower
purposes at Mansfield Dam was 2,063,185 acre-feet
in 1968. (Exhs. J55a-33, J136)

Permit No. 4007, whieh waé issued to the City of
Cedar Park, Texas on August 23, 1983, authorizes
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25,

26,

the City of Cedar Park to transfer from the
Colorade River Basin not to exceed 7000 acre-feet
per annum from the perimeter of Lake Travis on the
Colorado River at a maximum diversion rate of
21,700 gpm (48.4 cfs) to the environs of the City
of Cedar Park for municipal purposes, pursuant to
the water supply contract. diated ‘May 24, 1983
between LCRA and the City of Cedar Park. .(Exh.
No. 1406) : . .

‘Special Conditions in Permit No. 4007 provide that

(1) vater diverted to the City under the authority
of Permit No. 4007, but mot consumed, shall be
returned at a designated point eon Brushy Creek in
the Brazos River Basin; and (2) that the authoris .
zation for the transbasin diversion is contingent
upen the éxistence of a valid permit between LCRA
and the City of Cedar Park. (Exh. No. 1408)

The City of Cedar Park 'will reguire all water
authorized under Permit No. 4007 to meet future
water demahds, based on projected growth in the
city7 over the mnext thirty years. . (III Contest
21=27) .

The Highland Lakes and the Colorado River above
and below the Highland Lakes should be managed
together as a single system for water supply
purposes.. Major goals in the management of the
Bystem include maximizing the ‘beneficial use of
water derived from inflows below  the Highland
Lakes, and stretching and conserving the water
stored in the Highland Lakes, In order to achieve
these goals, the system should be managed in
accordance with the following general guidelines:

a. To the extent allowed by law, all demands for
water from the Colorade River downstream of
the Highland Lakes should be satisfied first
pursuidnt to water rights to the runeof-river
flow of the Colorado River.

b. Inflows should be paszed through the Highland
Lakes to honor downstream senior water rights
only %o the extent that demands under those
rights cannot be satisfied by the inflows
belov the Highland Lakes, .

c: Water should be released from conservation

. &torage in Lakes Travis and Buchanan ¢o’

satisfy downstream demands for authorized

purposes (municipal, industrial, d4rrigation

and mining) only to the extent that such

demands cannot  be satisfied pursuant to
independent run=oferiver water rights.

4. Firm, wuninterruptible commitments of water
~from conservation storage in Lakes Travis and
Buchanan should not exceed the Combined Firm
Yield of such lakes (hereinafter defined). :

e.  Water <from conservation storage in Lakes
Travis and Buchanan may be available for
supply on an interruptible basis at any time
that the actual demand for stored water under
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28.

firm, uninterruptible commitments dis less
_than: the Combined Firm Yield. To the extent
that a demand for water may exist on a
non~-firm, interruptible basis, such stored
water should be made available,

£. The wsupply of stored water pursuant to
non-firm, interruptible tommitments should be
dinterrupted or curtailed to the extent
necessary  to alloew LCRA to satisfy all
existing and projected demands for stored
water pursuant to all firm, uninterruptible
commitments.

g. Water should not be released through any dam
solely for hydroelectric generation, except
during emergency shortages of electricity,
and during other times to the extent that
such releases will not impair LCRA's ability
to satisfy rll existing and projected demands
for stored water f£rom Lakes Travis and
Buchanan pursuant to all firm, uninterrupt-
ible commitments and all nonefirm, interrupt-
ible commitments. '

Water is supplied from conservation storage in
Lakes Travis and Buchanan by the direct diversion
of stored water from such lakes, the release of -
stored water from such lakes for downstream
delivery, and the impoundment, diversion or use of
the flows of the Colorado River and its tributars
ies upstream of such lakes pursuant to subordina-
tion and other agreements. Under the basic system
management plan outlined above, the demand for-
stored water from Lakes Travis and Buchanan will
be erratic. The demand for such water will vary
greatly from year to year, depending upon the
climatic conditions and the locations, amounts and
distributions of demands during each year. It is
currently estimated that the peak annual demand
for stored water in the reasonably foreseeable
future will not exceed 1,500,000 acre-feet in any
Year. Sucth a demand may occur during years in
which the inflows below the Highland Lakes are
very low. Such a demand may also occur in other
years, if a large demand for water on a non=firm,
interruptible basis should develop. ' :

The amount of water that the Highland Lakes/Colo-
rado River system can supply each year on a firm
basis through a repeat of the drought of record
will vary greatly from time to time in the future,
depending upon factors such as the loéations of
points of diversion and the demand for water at
each diversion point. Generally, in order to
provide a firm supply of water for a given annual
demand, less stored water is needed to firm up the
run=-of-river supply as the point of diversion is
moved farther downstream. Assuming that large
municipal, industrial and irrigation demands will
continue to exist downstream of the Highland
Lakes, the firm yield of the entire system will
exceed the Combined Firm Yield of Lakes Travis and
Buchanan. .
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The Combined Firm Yield is less than the Combined
Theoretical VYield, The "Combined Theoretical
Yield" is the amount of water that ecould be
supplied from conservation storage in Lakes Travis
and Buchanan. during each year of & simulated
repeat of the drought of record, as calculated
pursuant to studies that assume the following:

a, Inflows to Lakes Travis and Buchanan are
those flows that would occur in the Colorado

River at the site of Mansfield Dam if the

Highland Lakes did not exist and there were
no other impoundment, diversion or use of the
flows of the Colorade River and its tribu-
taries upstream of that point.

b. No portion of the inflows will be passed
through Mansfield Dam to hohor downstream
senior water rights. :

c. Lakes Tfavis and Buchanan will be operated
together as a system so as to maximize the
yield of that system. . '

The "Combined Firm Yield" is that portion of the
Combined Theoretical Yield remaining after it is
assumed that inflows will be veduced by honoring
upstream senior water rights and/or passed through
Mansfield Dam to honor downstream senior water
rights, in-accordance with the relative priorities
of such rights, except to the extent that the
holder of any such right may agree otherwise, In
determining the Combined Firm Vield, it is assumed
that each senior water right will be exercised to
the full extent authorized, except to the extent
that the holder of such right may agree otherwise,
or unless the Commission otherwise approves., The
Combined Firm Yield may be expressed as-a constant
amount of water annually, or as an average annual
amount of water over a defined period of years.
The Combined Firm Yield cannot be determined until
after the Adjudication is final, and such yield
may change from <time to time in the gfuture.
However, at the present time it is estimated that
the Combined Firm Yield is not less than 500,000
acre-feet of water per year. As discussed above,
this amount may also be expressed as an average of
500,000 acre-feet per year over any five consecu-
tive calendarsyear period, or a total of 2,500,000
acre-feet over any such period. - The Commission
will determine the Combined Firm Yield, and
whether such yield is expressed as an average
annual amount of water over a defined period of
years, in its adoption of a Management Plan
(hereinafter defined). )

Subordination of hydroelectrie rights will greatly
increase the amount of water that LCRA has avail-

able to supply from Lakes Travis and Buchanan for

other purposes of use. LCRA in the past haz sub-
ordinated its own hydroelectric rights to its
Tights to store and use water for other purposes.
The City of Austin's early-priority hydroelectric
right .4t Tom Miller Dam under C.F. 330 is the only
hydroelectriec right in the baein that is senior to
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Permit Nos. 1260 and 1259 for Lakes Travis and
Buchanan, other than those held by LCRA. The City
leased such right to LCRA pursuant to the 1938 and
1966 Agreements between the City and LCRA. LCRA
in the past has also subordinated the .C.FP. 330
hydroelectric right that it leased from the City
to LCRA's rights to store and use water for other
purposes.,

The extent to which additional stored water will
be available in any year, after satisfying all
existing and projected demands for stored water -
pursuant to all firm, uninterruptible commitmwents,
can be defined at the beginning of that vyear
pursuant to a rule curve or other analysis based
on conditions that exist at that time. The
availability of such additional stored water can
be confirmed or redefined at other times during
that year by one or more additional analyses at
other times during that year based on conditions
that exist at such times.

LCRA's right to use water from Lakes Travis and
Buchanan for purposes other than hydroelectric
generation, and the initial conditions for the
commitment and supply of such water, should be
defined as follows: '

LCRA is recognized a ryight under Permits
Nos. 1260 and 1259 to divert and use water
from Lakes Travis and Buchanan for municipal,
industrial, irrigation and wining purposes,
with a priority date of March 7, 1938. LCRA
may diligently develop such right to a maxi-
" mum aggregate diversion snd use of water for
such purposes from Lakes Travis and Buchanan
of not to exceed 1,500,000 acre~feet in peak-
use years, with a priority date of March 7,
1938, subject to the following conditions:

(a) LCRA shall prepare and submit to the
Commisgsion, on or before December 31,
1988, a proposed reservoir operation
plan which shall include such studies
and other information as may be required
by the Commission to determine the
Combined FPirm Yield of Lakes Travis and
Buchanan (as defined din Finding 29,
above) and demonstrate LCRA's compliance
with, and its ability to comply with,
these special conditions (the “Manage-
ment Plan"). In making its decision on
the adoption of an Management Plan, the
Commission shall consider all relevant
public policies including, without
limitation, the following:

(1) recognition of the necessity of
beneficial inflows from the Colo-
rado River into the Lavaca~-Tres
Palacios Estuary consistent with
§ 11,147 of the Texas Water Code;
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(2) protection of fish and wildlife
‘habitats consistent with § 11,147
" of the Texas Water Code;

(3) consideration of the effects) if

any, on existing instream uses and
water quality consistent with
§ 11.147 of the Texas Water Code;.

(4) mitigation of adverse impacts, if
any, on wildlife habitats inundated
by néw reservoir construction;

(5) mitigation of adverse environmental
impacts, if any, caused by new
projects taking, storing or divert-
ing in excess of 5,000 acre-feet
per year consistent with § 11,152
of the Texas Water Code; and

(6) recognition of the Commission's
statutory asuthority to . require
‘water conservation under
§ 11.134(b)(4).

The Commissgion shall consider LCRA's
proposal prior to adopting the initial
Management Plan. The Management Plan
may be ameénded from time to ‘time upon
the request of LCRA or on the Commis~
sion's own motion., The initial proceed-
ing teo vconsider the adoption of the
Management Plan, and any major amendment
thereof, shall be pursuant to contested
case procedures, Any proceeding to
consider the adoption or major amendment
of the Management Plan shall be preceded
by notice and opportunity to regquest a
hearing in accordance with the Commis-
sion's regulations applicable to water
rights permitting proceedings. The
Texas Parks and Wildlife Department, . at
its option, may be a party in any such
proceeding, in the same manner as it
would be & party to a proceeding before
the Commisgion incident to an applica-
tion for a permit governed by Section
11,147 of the Texas Water Code. The
Commiszion shall name as other parties
persons that establish a Jjusticiable
interest in the proceeding. In making a
final decision on the adoption of a
Management Plan and any amendment
thereof, the Commission, in addition to
other information, evidence, and testi~
mony presented, shall consider all
information, evidence, and testimony
presented by the Texas Parks and Wild-
life Department, including, without
limitation, any memorandum of under-
standing between LCRA and Texas Parks
and Wildlife Department velating to the
nanagement of the Highland Lakes.
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(b)

(¢)

(a)

(e)

(£)

LCRA shall prepare and submit to the
Commission, on or before March 1 of each
year beginning with March 1, 1980, »a
report which. documents compliance with
the Management Plan and these special
conditions during the previous year.
Such report shall be in a form approved
by the Executive Direéctor.

Except as provided‘ in Special Condi-

‘tion (i), below, LCRA shall neot supply

or commit to =upply any water under
Permits Nos. 1260 or 1259 .to any other
party except pursuant to a written
contract between LCRA and such party
that defines such commitment.

LCRA shall not supply or commit to
supply any water under Permits Nos. 1260
or 1259 to itself for use by itself or
other parties except pursuant to resolu-
tion adopted by LCRA's Board of Direce
tors that defines such commitment.

Each commitment by LCRA to supply water
under Permits Nos. 1260 or 1259 shall be
considered to be on a firm, uninterrupt-
ible basis unless the contract, resolu-
tion or special condition defining such
comnmitment specifically provides that
such commitment "is subject to inter-
ruption or curtailment."

LCRA shall not commit to supply water
under Fermits Nos., 1260 and 1259 on a
firm, uninterruptible basis in excess of
the Conbined Firm Yield of Lakes Travis
and Buchanan. During the periocd begine
ning as of January 1, 1988 until such
time as the Management Plan is submitted
and approved by the Commissien, LCRA
shall not’ enter inte any contract or
adopt any resolution by which it commits
to supply any water under Permits
Nos. 1260 or 1259 on a firm, uninter-
ruptible basis, unless:

(1)} the aggregate of all firm, uninter~
ruptible commitments of water under
Permits Nos., 1260 or 1259, includ-
ing the commitment made pursuant to
such contract o6r resolution, does
not exceed 2,500,000 acre-feet over
any five consecutive calendar~year
period; or

(2) the commitment made pursuant ¢to
such contract or resolution is for
municipal use, and such commitment
does not exceed 10,000 acre-feet of
water per yesar; or

(3) such contract or vresolution is

specifically approved by either the
Executive Director or - the
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(g)

(h)

(1)

Commission pursuant to this special
condition (£).

LCRA  shall interrupt or curtail the
supply 'of water under Permits Nos, 1260
and 1259 pursuant to commitments ‘that
are specifically subject to interruption
or curtailment, to the extent necessary
to allew LCRA to satisfy all demands for
water under such permits pursuant to all
firm, uninterruptible commitments.
Commitments to supply water on a non=
firm, interruptible basis may be inter-
rupted or curtailed as necessary either
on a pro-rata basis or in acéordance
with a system of priorities, as may be
set forth in the various contracts and
resolutions that define such
commitments. R

LCRA shall not impose ite priority under
Permits Nos. 1260 and 125% against any
junior permanent water right with a

priority date senior <to November -1,

1987, except to the extent that:

(1) LCRA would have the right to impose

i such priority against such water
vight 4f LCRA's right under Permits
Nos, 1260 and 1258 +to divert and
use water £rom Lakes Travis. and
Buchanan were limited to  the
Combined Firm Yield of such lakes;
or

(2) +the holder of such water right has
agreed, or in the future agrees,
otherwise,

LCRA shall supply water under Permits
Nos. 1260 and 1259 to or for the benefit
of any downstream water right with a
priority date junior to December 1, 1800
and senior to November 1, 1987 that
authorizes the diversion of not more
than 3000 acre~feet of water per year,
to the extent that: .

(1) the holder of wuch water right
applies te the Commission for
release of such water; and

(2) the Commission f£inds that, but for
the exercise of priority clains
under Certified Filings Nos. 44,
107, 330 and 376:

[a) water would Dbe available
for diversion from the natural
flow of the Colorado River or
tributary thereof at an
authorized peint of diversion
under such water right; and
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[b] applicant's - water right
would entitle him to divert
such water; :

provided, however, that LCRA shall not
be obligated to supply more than 20,000
acre-feet of water in any year pursuant
to this Special Condition (3i); that this
commitment is subject to interruption or
curtailment pro rata with other long-
term interruptible commitments of LCRA;
and that LCRA shall not be obligated to
supply water under this special condi-
tion to or for the besnefit of a tempo-
rary or term permit beyond the initial
term thereof,

(3) LCRA may from time to time apply to the
Comnission for amendment of the above
gpecial conditions pursuant to Com-
mission rules, .

Additionally, LCRA's .rights to use water for
hydroelectric generation should include conditions
that generally subordinate such vrights to all
presént and future upstream rxights to use the
waters of the Colorade River and its tributaries
for municipal, domestic, irrigation or industrial
purposes. Such conditions should specifically
prohibit the release of water through its dams
solely for the purpose of hydroelectric genera-
tion, except during emergency shortages of elec-
tricity, and during other times to the extent that
such releases will not impair LCRA's ability to
satisfy all existing and projected demands for

_water from Lakes Travis and Buchanan under Permits

Nos. 1260 and 1259 pursuant to all firm, uninter-
ruptible commitments and all non~firm, intetrrupte
ible commitments.

CONCLUSIONS:

1.

The alterations in the location and specifications
of Mansfield Dam and Lake Travis as set out in
Permit No. 1260 from those authorized by Permits
Nos. 951 and 952 were authorized by the substan-
tial ‘compliance with TEX. REV., CIV. STAT. ANN.
art. 7495, repealed, Tex. Laws 1971, ch. 58 at
658, -

A plan of alterations of Mansfield Dam from the
specifications set out in Permit No. 1260 was
filed with the Board of Water Engineers in sub-
stantial compliance with TEX. REV. CIV. STAT. ANN.
art., 7495, repealed, Tex. Laws 1971, ch. 58 at
658.

The construction of Mansfield Dam to its present
height and impounding capacity was authorized by
the substantial compliance with TEX. REV. CIV.
STAT. ANN. art. 7495, repealed, Tex. Laws 1871,
ch. 58 at 658.
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LCRA is recognized a right under Permits Nos, 951,
952 and 1280 to maintain a dam (Mansfield Dam) at

Diversion Point No. 9999 on the Colorado River in

Surveys Nos, 461 and 192, Travis County, c¢reating
& reservoir (Lake Travis) with an impounding
capacity of 1,170,752 acre-feet and to. use the
impounded water for recreation purposes without
right of ‘diversion, with a priority date of
March 29, 1926. -

LCRA is recognized a right under Permits Nos. 951,
952 and 1260 to divert and use water through
Mansfield Dam at a maximum rate of 5,530 cfs for
the purposge of hydroelectric generation, with a
priority date of March 29, 1926, subject to the
following conditions:

(a) Such right is subordinated to the extent set
forth in TEX. REV. CIV. STAT. ANN. art.
8280~107, as amended, Tex. Laws 1975, ch. 74
at 179, as such act may be amended from time
to time (the "LCRA Act").

(b) Such right is further subordinated, to the
extent that 4t may not be subordinated
pursuant to the LCRA Act, as follows:

(1) LCRA shall not ‘release water through
Mansfield Dam solely for the purpose of
hydroelectric generation, except during

emergency shortages of electricity, and.

during other times to the extent. that
such releases will not impair LCRA's
ability to satisfy all existing and
projected demands for water from Lakes
Travis and Buchanan under Permits
Nos. 1260 and 125% pursuant to all firm,
uninterruptible commitments and all
non~firm, interruptible commitments; and

-(2) To the extent that water is released
through Mansfield Dam solely for the
purpese o©f Thydroelectric generation,
such right is specifically subordinated,
as to priority, to all present and
future upstream rights to use the waters
of the Colorado River and its tributar-
ies for municipal, domestic, industrial,
irrigation and/or mining purposes,
except during emergency shortages of
electricity, and during other times to
the extent that the holder of any such
upstream right has agreed, or in the
future agrees, otherwise.

LCRA is recognized a right under Permits Nos., 1260
and 1259 to divert and use water from Lakes Travis
and Buchanan for municipal, industrial, irrigation
and mining purposes, with a priority date of
March 7, 1938. LCRA may diligently deveélop such
right to a maximum aggregate diversion and use of
water for such purposes from Lakes Travis and
Bughanan of not to exceed 1,500,000 scre-feet in
peak-use years, wWith a priority date of March 7,
1938, subject to the following conditions:
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(a} LCRA shall prepare and submit to the

Commission, on or . before December 31,
1988, a proposed reservoir .operation
plan which shall include such studies
and other information as may be reguired
by the . Commission to determine the
Combined Firm Yield of Lakes Travis and
Buchanan (as defined 3in Finding 29,
above) and demonstrate LCRA's compliance
with, and its ability to comply with,
these special conditions (the .*Manage~-
went Plan"}. In waking its decision on
the adoption of an Management Plan, the
Commission shall consider all relevant
public  policies including, without
limitation, the following:

(1) recognition of the necessity of
beneficial inflows from the Colo-
rado River into the Lavaca-Tres
Palacios Estuary consistent with
§ 11.147 of the Texas Water Code;

{2) protection of £ish and wildlife
habitats consistent. with § 11,147
of the Texas Water Code;

(3} consideration of the effects, if
any, on existing instream uses and
water quality consistent Wwith
§ 11.147 of the Texas Water Code;

{4) mitigation of adverse impacts, if
any, on wildlife habitats inundated
by new reservoir construction;

(5) mwitigation of adverse environmental
impacts, if any, caused by new
projects taking, storing or divert~
ing in excess of 5,000 acre-feet
per year consistent with § 11.152
of the Texas Water Code; and

(6} recognition of the Commission's
statutory authority to require
water conservation ' under
§ 11.134(b) (4).

The Commission shall consider 1CRA's
proposal prior to adopting the initial
Management Plan: The Management Plan
may be amended from time to time upon
the request of LCRA or on the Commis-
sion's own motion. The initial proceed-

-ing tc consider the adoption of the

Management Plan, and any major amendment
thereof, shall be pursuant to contested
case procedures. Any proceeding to
consider the adoption or major amendment
of the Management Plan shall be preceded
by notice and opportunity to request a
hearing in accordance with the Commise
sion's regulations applicable to water

- rights permitting proceedings. The

Texas Parks and Wildlifé Department, at




(b)

{c)

()

(e)

£)

its option, may be a party in any such
proceeding, in the sgame manner as it
would be a party to a proceeding before

the: Commission incident to an applica~
tion for a permit governed by Section

11.147 ‘of the Texas Water Code. The
Commission shall name as other parties
persons that establish a justiciable
interest in the proceeding. In making a

- final decision on the adoption of a

Management ©Plan .~ and any amendment
therecf, the Commission, in addition to
other infermation, evidence, and testie
mony presented, shall consider all
information, evidence, and testimony
presented by the Texas Parks and Wilde
life Department, including, without
limitation, any memorandum of unders
standing between LCRA and Texas Parks

and Wildlife Department relating to the .

managemnent of the Highland Lakes.

'LCRA shall prepare and submit to the

Commission, on or before March 1 of each
yYear beginning with March 1, 1990, a
report which documents compliance with
the Management Plan and these special
conditions during the previous year.
Such report shall be in a form approved
by the Executive Director.

Except as provided in Special Condi-
tion (i), below, LCRA shall not supply
or commit to supply any water under
Permits Nos, 1260 or 1259 to any other
party except pursuant to a written
contract between LCRA and such party
that defines such commitment.

LCRA  shall not supply or commit to
supply any water under Permits Nos. 1260
or 1259 to itself for use by itself or
other parties except pursuant to reésolu-
tion adopted by LCRA's Board of Direc-
tors that defines such commitment.

Each commitment by LCRA to supply water
under Permits Nos, 1260 or 1259 shall be
considered to be on a firm, uninterrupte
ible basis unless the contract, resolu-
tion or special conditien defining such
commitment specifically provides <that
such commitment "is subject to .intere
ruption or curtailment."

LCRA shall not commit to supply water
under Permits Nos, 1260 and 1259 on a
£irm, uninterruptible basis in excess of
the Combined Firm Yield of Lakes Travis
and Buchanan. During the period begin-
ning as of January 1, 1988 until such

_time as the Management Plan is submitted

and approved by the Commission, LCRA
shall not enter into sany contract or

" adopt any resolution by which it commits

to supply any water under Permits
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(9)

(h)

()

Nos. 1260 or 125% on a firm, uninter~
ruptible basis, unless:

(1) the aggregate of all f£irm, uninter-
ruptible commitments of water under
Permits Nos. 1260 or 1259, includ-
ing the commitment made pursuant to
such contract or resolution, doés
not exceed 2,500,000 acre-feet over
any five consecutive calendar-year
period; or

(2) the -commitment made pursuant to
such contract or resolution is for
municipal use, and such commitment
does not exceed 10,000 acre~-feet of
water per year; or

(3) such contract or resolution is
specifically approved by eithier the
Executive Director or the Commis-
sion pursuant to this special .
condition (f). :

LCRA shall interrupt or curtail the

Bupply of water under Permits Nos. 1260

and 1259 pursuant to commitments that
are specifically subject to interruption
or curtailment, to the extent necessary
to allow LCRA to satisfy all demands for
water under such permits pursuant to all
firm, uninterruptible commitments.
Commitments to supply water on a non-
firm, interruptible basis may be inter-
rupted or curtailed as necessary either
en a pro-rata basis or in .accordance
with a system of priorities, as may be
set forth in the various contracts and
resolutions that define such commit-
ments,

LCRA shall not impose its priority under
Permits Nos. 1260 and 1259 against any
junior permanent water right with a
priority date senior to November 1,
1987, except to the extent that:

(1) LCRA would have the right to impose
such priority against such water
right 1f LCRA's right under Permits
Nos, 1260 and 1259 to divert and
use water from Lakes Travis and
Buchanan were limited to the
Combined Firm Yield of such lakes;
or

(2) the holder of such water right has
agreed, or in the future agrees,
otherwise, ’

LERA shall supply water under Permits
Nos. 1260 and 1259 to or for the benefit
of any downstream water right with =a
priority date junior to December 1, 1900
and senior to November 1, 1987 that
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authorizes the .diversion of not more
than 3000 ‘acre~feet of water per year,
to the extent that:

(1) the holdeyr of‘ such water vright
applies to the Commission for
release of such water; and

(2) the Commission f£inds that, but for
the exercise of priority claims
under Certified ¥Filings Nos., 44,

. 107, 330 and 376:

[8) water would be available
for diversion from the natural
flow of the Coloradoe River or
tributary thereof at an
authorized point of diversion
under such water right; and

[b) applicant's water right
would entitle him to divert
such water;

provided, however, that LCRA shall not

be obligated to. supply more than 20,000
acre~feet of water in any year pursuant
to this Special Condition (1); that this
commitment is subject to interruption or
curtailment pro rata with other long-
term interruptible commitments of LCRA;
and that LCRA shall not be obligated to
supply water under this special condis
tion to or for the benefit of & tempo=
rary or term permit beyond the initial
term thereof. )

(j) LCRA may from time to time apply to the

: Commission for amendment of the above
special conditions pursuant to Com-
mission rules. o

The rights recognized in this Cenclusien 6 are
duplicative bf, and are not in addition to, those
rights recognized  in Conclusion 4 relating to
LCRA's rights in Lake Buchanan, above.

LCRA is recognized a right to use the bed and
banks of “the Colorado River to convey water
released from Lake Travis for . use by LCRA or
others entitled to use such water in the amounts
and for the purposes recognized herein.
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8.10 Implementation of Water Conservation Plan, Drought Contingency Plan and Demand Schedule.

Purchaser shall adopt and implement the approved Water Conservation Plan and Drought
Contingency Plan for the duration of the water contract. In addition, Purchaser must periodically

report on progress made in implementation of its water conservation plan according to LCRA’s

Water Conservation Plan Rules, At least once every five (5) years, a Purchaser must.submit.an_.. ...
updated Drought Contingency Plan to LCRA, provided than any amended Drought Contingency Plan

shall not be effective until reviewed and approved in writing by LCRA. At least once every five (5)

years, a Purchaser must submit an updated Demand Schedule to LCRA.

ARTICLE 9. AGRICULTURAL INTERRUPTIBLE WATER SERVICE CONTRACTS

9.1  Applicability.
Notwithstanding any other provision of these Rules, this Article 9 controls requests for contracts for

Agricultural Interruptible Water Setvice.

9.2  Deadline for Applications and Contracts.
LCRA shall not enter in a contract if the request for a contract is received after March 1 in any year _

~ except where:

(a)  acurtailment of interruptible supply has not been declared by the LCRA Board;
(b)  provision of water under the requested contract would not appreciably increase LCRA’s
: operation costs nor unreasonably interfere with LCRA operations;
(c)  provision of water under the requested contract would not impair LCRA’s ability to deliver
‘water to other customers who made request for contracts on or before March 1; and,
(d)  the request for a contract is caused by a failure of the customer’s other water supply (i.e.
groundwater pump failure) or other emergency need for water. A

9.3 Unpaid Account Balances.
LCRA shall not execute a Agricultural Interruptible Water Service Contract with a prospective

customer if that customer has an unpaid account balance under a prior Agricultural Interruptible-
Water Service Contract.

ARTICLE 10. VARIANCES

Where special conditions or compelling circumstances exist, the LCRA Board of Directors may consider and
approve requests for variances from the requirements of these rules on a case-by-base basis upon

recommendation by LCRA staff.

ARTICLE 11. PRO RATA CURTAILMENT OF WATER USE BY FIRM WATER CUSTOMERS

11.1  Purpose and Overview
()  The purpose of this chapter is to define the process and requirements under which LCRA will

make water available to firm water customers during a pro rata curtailment in accordance with
Texas Water Code §11.039 when, consistent with LCRA’s Water Management Plan, the
LCRA Board of Directors has declared a drought worse than the Drought of Record or other
water emergency that drastically reduces the available firm supply.

(b)  Process Overview -
The following steps outline the process for preparing for, and implementing pro rata

curtailment of firm customers:
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1) - consistent with the Water Management Plan, when projections indicate the potential
for 1each1ng the trigger for initjation of pro rata curtailment of firm water customers
within six (6) months, LCRA will provide each customer with its’ Current Demand

- information afid request that Customer prepare a Curtailment Plan;

© 2)  Custoret” may request adjustments toits Basehne Amount, from’ wh1ch pro rata

~curtailment would be appl1ed ‘or a variance to the Annual Allotment
3) Customer updates 1ts Drought Contrngency Plan;if necessary; ‘
4) . Customer developsa Curtailmerit Plan to achieve the Percentage Curtarlment(s)
including the monthly pattem of use and the measures to achleve the necessary
: reduction(s); * : 7
5)  after the trlgger for pro rata curtarlment of ﬁrm customers is reached LCRA 1ssues a
resolution directing customers to implement their Curtailment Plans; -

- 6) LCRA may also diréct customers to update’ their Curtailment Plans to nclude
measures for possible higher levels of prorata curtailment, and may subsequently take
action directing customers to implement Curtallment Plans for hrgher or lower levels

_ - of curtailment; and -

7)  consistent with the Water Management Plan and the Board actron nnplementlng pro
' rata curtailment, when water supply conditions i 1mprove sufﬁcrently, LCRA will issue
a resolutron endlng the ﬁrm customer curtarlment L

112 Definitions . e . : et S, _
In additioh fo the deﬁmtrons prov1ded in Artrcle 3 the followmg deﬁmtlons shall apply to terms when
used in this Artlcle “To the eXtent that there 1s any confhct wrch the’ deﬁmtrons contamed in Article 3 of

()

(b)
(©)

(d)

©

®
(&)

Annual Allotment the amount of water from LCRA supplies that would be made available
to Customer in a 12-month billing penod based upon Customer s Baselme Amount and the
Percentage Curtallment currently in effect.” "

Béseline Amount — Custoimer’s proj jected reasonable demand which will be subject to pro rata
curtailment. The calculation of Baseline Amount is provided in Section 11.5(a) below.
Cutrent Demand — Customer’s diversion and beneficial use of LCRA water supplies as
determlned by LCRA staff fromn its billings for the Reference Year, unless modified to reflect
conveyance losses, or as otherwrse provided in a contract with LCRA.

Curtailment Plan - a plan developed by Customer Wthh mcludes the water use reductron
measures that Customer will employ in order to ‘achieve one or more percentage ‘reductions in
use. The Curtailment Plan may consist of drought response stages already found in
Customer’s Drought Contingéncy Plan plus supplemental information necessary for

‘_1mp1ementatron of pro rata curtailment. LCRA’s receipt of a Curtailment Plan (or any

comments regarding water use reduction measures) does not affect the requirement that
Customer achieve the Percentage Curtailment or be subject to higher rates or restrictions on
the supply of water as described in this Atticle, .

Drought Coordmator A person desrgnated by Customer tNho is responsible for implementing
';Customer S Drought Contmgency Plan and Pro Rata Curtarlment Plan and coordmatmg with
LCRA. :

© General Manager - the General Manager of the Lower Colorado River Authorrty, or his

designee.
Monthly Distribution — the distribution of Customer’s Annual Allotment into individual
months.
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(h)  Percentage Curtailment — the percentage reduction(s) by which each customer is required to
reduce its Baseline Amount.

(i) Reference Year — the most recent dry year for which there is a full and accurate record of
water use as determined by the General Manager. In the event that the most recent dry year
included voluntary watering restrictions that impacted water use, the General Manager may ‘
choose another recent dry year as the Reference Year,

G) Quarterly Allotment — the amount of water that would be made available to Customer in any
3-month calendar billing period based upon Customer’s Annual Allotment, and Customer’s
Monthly Distribution. The specific 3-month periods may start in any particular month based
upon when the LCRA Board determines that Pro Rata Curtailment shall be implemented.

113  Time Periods and Billing Cycles
(a) Computation of Days. Unless stated otherwise, all time periods are in calendar days, not

billing days. In the event that a time period ends on a weekend or LCRA holiday, the time

period shall extend to the following business day.
(b)  Billing Periods. “Billing periods” or “billing months” do not necessarily correspond to
o= e — — ——calendar-months-and-are-based-upen-the month in-which the billing cycle ends--For-example;~ - ——~
the March billing period could be from February 15 to March 15,

11.4 LCRA Transmittal of Current Demand and Request for Curtailment Plan
Prior to Board action calling for the implementation of pro rata curtailment, the General Manager shall
provide each customer, by certified mail, with:
(a)  its Current Demand, which will be the default Baseline Amount;
(b) Customer’s monthly billing data for the Reference Year;
(c) the potential Percentage Curtailment(s), the proposed Annual Allotment, and Customer’s
monthly use percentages from the billing data for the Reference Year;
(d) the date by which any request to modify the Baseline Amount or Annual Allotment shall be
submitted; arid
()  the date by which Customer’s initial Curtailment Plan shall be submitted to LCRA.

11.5 Determination of Customer’s Baseline Amount and Annual Allotment
(a)  The Baseline Amount shall be determined by the General Manager and shall be equal to
Customer’s Current Demand unless Customer demonstrates and the General Manager agrees
that the Current Demand was not reflective of Customer’s current reasonable demand
because:

1) the implementation of water conservation and/or drought management measures by
Customer in the Reference Year resulted in a reduction of Customer’s water demand;

2)  the water demand in the Reference Year does not reflect new growth and a
corresponding increase in Customer’s reasonable water demands;

3)  Customer experienced a plant outage or other incident in the Reference Year that
reduced the water demand for that year;

4)  Customer’s demand in the Reference Year does not represent its reasonable demand
because Customer is a new customer and did not receive LCRA supplied water for the
entire year; or

5)  any other affirmative action or program by Customer that resulted in a reduction of
water demand in the Reference Year.

(b) The Annual Allotment shall be determined by the General Manager and shall be equal to the
Baseline Amount minus the Percentage Curtailment. In the event that Customer takes action
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which reduces delivery losses, or Customer’s contract contains special provisions related to
the delivery of water, the General Manager may adjust the Annual Allotment to reflect actual .
‘water saved. ( \
(c) " Tf Custotner seeks to request amodification of the Basehne Amount or Annual Allotment, ‘
" Customer shall submit a request to the Gerieral Manager for such modification within thirty
(30) days of receipt of Customer’s ‘Baseline Amo and proposed Annual Allotment.
Customer shall submrt wrth the request all suppo 7 g 'd\ cumentanon mcludmg, but not
limited to: " P
‘1) for water savmgs as a’‘result of water conservatlon and/or drought management
" “measures, Customer thust be able to demonstrate that real, not expected; savings have
occurred. Such savings shall be normalized for weather and other factors, e.g. growth
or type of use, and show comparlson of use between recent or s1rmlar years of
- diversion; -
2) for new custoiners (regardless of use type) any ava1lable use data for recent full or’
~ partial years, extrapolated to other months based on an approprrate seasonal
- distribution;
3)  for munrcrp al customers data such as the current numb er of Lrvmg Unrt Equivalents
(LUEs) versus the ntmber of LUEs in a previous year; and
4)  any other appropriate information that may be presented by Customer or requested by
the General Manacer that demonstrates that the Basehne Amount or Annual Allotment

(d) Nelther the Baselirie Amount not the Annual Allotment shall exceed Customer’s contractual
quantity (maxrmum annual quantity). For a customer that has a new contract or has amended
its contract in the most recent calendar year toa reduced maximum annual quantrty MAQ),
the Baseline Amount shall be determined as'if it was a new cuistomer, of using the Cutrent _
Demand from the Reference Year data Whrchever is hrgher subJ ect to the foregomg (

, limitation. -~

() It Customer has requested modrﬁcatron of its Baselme Amount or Annual Allotment, the
General Manager will review the request and make a final determmatlon with thrrty (30) days
of such request

11.6  Development and Implementatron of Customer Curtailment Plans
(2)  Each customer shall provide'the General Manager with its Curtailment Plan(s) as requested
not later than nmety (90) days after Customer’s receipt of its Current Demand and proposed
Baseline Amount; or, inl the event that Customer has requested a modification to its Baseline
Amount, not later than thlrty (3 0) days after the ﬁnal determlnatlon of Customer’s Baseline
Atnount. "The plan‘shall:
1) 1dent1fy Customer’s Drought Coordmator and the coordinator’s contact information
(phone number emall fax number and mailing address), as well as the contact
information for any other person to Whorn LCRA shall provrde materials and
informétion during the penod in'which a curtallment is in effect;
2)  include the specific measures which will be 1mplemented by Customer to achieve the
" Perceitage Curtarlment(s) as identified by LCRA;and
3)"include a Monthly Distribution of the proposed Annual Allotient, Tn the event that
_ the Curtailment Plan addresses more than one level of Percentage Curtailment,
© ' Customer may have separate Monthly Distributions for each Percentage Curtailment.
()  The General Manager will not accept a Curtailment Plan that does not include a reasonable
’ Monthly Distribution of Customer’s Annual Allotment, with such reasonableness to be
determmed by the General Manager. Tn detenmnrng whether the Monthly Distribution is ( o
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reasonable, the General Manager will consider: the monthly diversion and use distribution
from the Reference Year; a typical distribution based upon Customer’s purpose of use; other
sources of supply available to Customer; and any other relevant information.

(c)  Within thirty (30) days of receipt of Customer’s Curtailment Plan, the General Manager will

" review the plan and notify Customer as to whether Customer’s Curtailment Plan is accepted .

or not.

(d)  If Customer’s Curtailment Plan is not accepted, Customer shall have twenty (20) days from
receipt of the General Manager’s notice of deficiency to remedy the elements of Customer’s
Curtailment Plan that are not acceptable.

(e) In the event that Customer has not submitted a plan or the General Manager has not accepted
a Curtailment Plan for Customer prior to initiation of a Curtailment, Customer’s Baseline
Amount shall be based upon the Current Demand from the Reference Year, Customer’s
Annual Allotment shall be Customer’s Baseline Amount less the Percentage Curtailment, and
Customer’s Monthly Distribution shall be 1/12 of the Annual Allotment per month.

® Customer may alter its Monthly Distribution for subsequent years in a Curtailment by
submitting a revised Monthly Distribution by November 1, with the revised Monthly

- —— —- — ——Distribution becoming-effective beginning in-the January billing period following such—™
submission.

(g)  The implementation and cancellation of a pro rata curtailment will coincide with Customer’s
billing months rather than specified days. If pro rata curtailment commences after the
beginning of a year, the curtailment shall apply only to the remaining months of the year, and

-.the Annual Allotment shall be pro-rated for the applicable portion of the year. If the pro rata
curtailment is cancelled prior to the end of the year, Customer shall be responsible for
meeting the Annual Allotment as pro-rated for the applicable portion of the year.

11.7 Updates to Customer Drought Contingency Plans
(a) Prior to submittal of its Curtailment Plan, Customer shall update its Drought Contingency
Plan (including, where appropriate, obtaining approval of its governing body) as necessary, to
ensure that the appropriate measures can be implemented and enforced consistent with rules
of the Texas Commission on Environmental Quality contained in Chapter 288 of Title 30,
Texas Administrative Code. A copy of the updated Drought Contingency Plan shall be
provided to LCRA and, where required, the Texas Commission on Environmental Quality.

11.8  Board Action Implementing Pro Rata Curtailment
(a)  If the LCRA Board of Directors issues a resolution calling for the implementation of pro rata
curtailment of water use by firm water customers, the resolution will:

1)  provide for the cessation of interruptible water supply prior to pro rata curtailment of
water use by firm water customers;

2)  establish the Percentage Curtailment applicable to LCRA firm water customers and
applied to LCRA’s commitment of firm water for environmental flow needs and the
time period for which the Percentage Curtailment and Annual Allotment will initially
apply; the initial curtailment will start no earlier than 120 days from the date
customers are provided the information in section 11.4;

3)  define any additional level(s) of Percentage Curtailment for which customers shall
prepare amended Curtailment Plans for implementation in the event that water supply
conditions worsen, as determined by LCRA;

4)  direct all firm water customers to implement their Curtailment Plans and achieve the
pro rata reduction of water use;
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5)  establish criteria for the cancellation of pro rata curtailment. Such criteria may be
based upon the combined storage in lakes Buchanan and Travis reaching a specified
‘amount, or any other criteria the Board deems approprrate and

6) “authorizé LCRA staffto take any and all other necessary action for the 1mplementat10n

“and enforceimeént of the pro rata curtailmerit and these tules.
(b) Im addltlon the Board may:
' 1) reevaluate the rates to be assessed against a customer for drverung water in excess of
"the amount allotted during the pro rata cuitailment; - '
i)  In establishing a graduated set of rates, the Board may consider the number of
© 7 times that a customer ex¢eeds its Quarterly Distribution under its Curtailment
Plan and the degree to which the custorner exceeds such distribution.

2) . establish any incentives the Board deems’ appropriate ‘that would apply to any
customer that would result in the use of less water than the customer s Annual
~Allotment; '

(¢ In the'event water Supply conditions worsen, , the LCRA Board may issue Subsequent
resolutions to implement amended Curtarlrnent Plans and direct customers to develop
subsequent Curtailment Plan(s) for higher level(s) of Percentage Curtailment. Tn the event
that water supply conditions improve, but LCRA determines that pro rata curtailment should
not be ceased entirely, the LCRA Board may issue subsequent resolutrons to implement
amended Curtailment Plans and direct customers to develop subsequent Curtaﬂment Plan(s)
for Iower 1eve1(s) of Percentage Curtallment S

11.9 Momtonng, Reportmg and Water Rates :
(a)  LCRA staff will monitor Clistomer’s use of water on a monthly ba31s and will send to
Drought Coordinator each month 1nformat10n 1nc1ud1ng

1)  the Customer’s actual use; i ' (

2) © the Monthly Distribution and Quarterly Distribution amounts (based upon the then-
current Percentage Curtailment) that will be used for purposes of deterrmmng
applicable water use exceedance and/or credits; -

3) the current Board adoptéd rates and available incentives; and -

) © the current acérued amount of exceedance or credrt and any other applicable pro rata
- related information. '

(b) At the end of each quarterly billing perlod LCRA staff will aggregate the monthly amounts
made available to Customer into a quarterly use total.” LCRA staff will compare the quarterly
use total to the Quarterly Distribution for the corresponding quarterly perrod

(c)  Except as otherwise provided by the Board in its resolution implementing pro rata
curtailment, exceedances and credits will accrue begmnmg with the ﬁrst full quarter following
issuance of the Board’s resolution.

(d) In the event that the amount of water used within a quarter is less than the Quarterly

' Distribution; a credit will be recorded fot that quarter in units of acre—feet The credit can be
carried forward’ mto subsequent quarters w1th1n the same calendar year, but cannot be used in
a subséquent calendar year; c

(¢)  Within a calendar year, if there isa quarter in Whrch the amotint dlverted exceeds the
Quatterly Distribution, an available credit frof a prior quarter could apply

® In the event that the amount used in a quarter is greater than the Quarterly Distribution in
Customer’s Curtailment Plan (and no “credits” are available from a prior quarter), an
exceedance will be accrued. IR o

(g2  Credits and exceedances will be pro-rated for a billing quarter in which pro rata curtailment is

ceased. 7 (
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(h)  Each customer’s exceedances will be determined on a quarterly basis, unless the curtailment
began or ended mid-quarter.

(1) For water made available or used in amounts in excess of Customer’s Annual Allotment or
portion thereof, the following rates apply:

1)  For water made available or diverted in an amount up to 5.0 percent greater than the
Annual Allotment or portion thereof, the rate shall be two-times the then-current base
firm water rate; :

2)  For water made available or diverted in an amount from 5.01 percent to 10.0 percent
greater than the Annual Allotment or portion thereof, the rate shall be four-times the
then-current base firm water rate;

3)  For water made available or diverted in an amount more than 10.0 percent greater than
the Annual Allotment or portion thereof, the rate shall be six-times the then-current
base firm water rate; however if Customer has exceeded its Annual Allotment by
greater than 10.0 percent in a prior year, the rate shall be ten-times the then-current
base firm water rate.

) On a monthly basis, the amount due will be limited to one-times the base firm water rate, with
— - the remainder-due-consistent-with the-year-endinvoicer — — - == ———— — = —— — =~ — — ——
(k)  Notwithstanding any rates applicable to the use of water in amounts greater than the Annual

Allotment, LCRA reserves the right to cut off delivery of water in amounts that would exceed
Customer’s Annual Allotment.

11.10 Incentives
The LCRA Board of Directors in its resolution implementing pro rata curtailment, may establish

incentives that would apply to any customer that uses less water than its Annual Allotment.

11.11 Trading '
(a) A customer may transfer all or part of its Annual Allotment to another customer during all or

part of a calendar year.

(b)  The following customers may not transfer all or part of their Annual Allotments:

1)  a customer with a contract quantity based upon its firm yield impact rather than actual
diversions; and

2)  acustomer that received an adjustment to its Baseline Amount to a value that is higher
than its Current Demand.

(c) Transfer agreements must be received by October 1 to be effective for a year in which pro rata
curtailment is in effect. In the event that pro rata curtailment is lifted, transfer agreements
received after curtailment is lifted will not be considered.

(d)  For any agreement to be recognized by LCRA for purposes of compliance with the pro rata
curtailment, the transfer must be accepted by the General Manager prior to its implementation
and shall: k

1)  identify the amount of the Annual Allotment that would transfer to the purchaser for
each Percentage Curtailment addressed in Customer’s Curtailment Plan;

2)  specify the time period(s) in which the transfer would apply, however the transfer
cannot apply to a prior year;

3) identify the party responsible for payment of water use and/or reservation charges
associated with the transferred amount;

4)  identify the party responsible for payment of the reservation charges for the remainder
of a year in the event that curtailment ends in the middle of a calendar year; and

5)  be consistent with the overall pro rata curtailment and applicable contracts.
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()
()

(9

()

lcnown S

A copy of the executed agreement shall be filed with the LCRA. The copy shall be submitted
to: LCRA,; Attn: Manager of River Services; RBC-325; P. O. Box 220; Austin, TX 78767.
Rach of the affected customer’s Annual Allotients wrll be adjusted based upon LCRA’s
understanding of the partles transfer agreement. Such adj ustments may be pro-rated in the

‘event that a curtailment is ‘initiated ot ends in the middle of a calendar year.
* Any rates’of incentives affecting the sellér or purchaser would be based upon their adjusted

Annual Allotments.

In the event that pro rata curtailment is lifted, the purchaser of a customer s Annual Allotment
shall 1dent1fy for LCRA and the seller the amount of water used under the agreement so that
the remaining amount avallable for the seller to use in the remamder of the calendar year is

3

11.12 Enforcement

()

LCRA staff will monitor Customer S comphance with its Curtaﬂment Plan and the General

Manager shall take enforcement action as necessary in the event that Customer is nencompliant.

(b)

©
(d)

LCRA’s enforcement actions may mclude
1) mcreasmg rate structures;
2) * assessments of surcharges N
3) * any othér remedy available at law.

Implementation of the measures contained in Customner’s pro rata Curtailmerit Plan shall not

excusé Customer’s failure to achieve the Percentage Curtailment ordered by the Board.

Monitoring and enforcement of water use restrictions at the end-user level will generally be
_Customer s respons1b111ty

11.13 Cessation of Pro Rata Curtarlment £

(a)
(b)

(©)

During pro rata curtailment, LCRA staff will continue to monitor water supply conditions and
provide updates to the LCRA Board of Directors, LCRA customers, and to the public.
" Priot to cancellation of pro rata curtailmerit, the Board will re- evaluate the criteria for

cancellation identified in the Board resolution implementing the curtallment 1o determme ifa
different criteria should be used in cancehng pro rata curtailment.

In the event that the Board dstermines that pro rata curtallment shall be lifted, the Board shall
1ssue a resolutron spec1fy1ng the date at which pro rata curtailment shall end.

11.14 Variance to the Pro Rata Curtallment

(2)

(b)

(©

"A’customer may request a temporary Varlance from the Annual Allotment pnor to or with the
submission of its Curtailment Plan, 1nclud1ng a subsequent Curtarlment Plan to address a
higher level of Percentage Curtarlment B

The LCRA General Manager may grant a temporary Vanance to the Annual Allotment under

Customer’s Curtaﬂment Plan'if it is determined that:
1) failufe to grant such a variance would cause an emergency cond1t10n adversely
o 'affectlng the public health, welfaré or safety; ot
2) cannot be techmcally accompllshed during the duration of -

“"the water"'supply shortage or other condltron for whlch the ordered curtailment plan is
in effect. :

' A Request for Variance shall 1nclude the followrng

1) name and address of the customer seeking the variance,

2) " detailed statemment ‘with supporting data and mformatron as to how the Annual
* Allotment of water under the policies and procedures estabhshed by the LCRA’s Firm
* Water Curtailment Procedures’ would cause the impacts as described in 11.14(b).
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3)  description of the relief Customer is requesting;
4)  period of time for which the variance is sought; and
5)  other pertinent information as provided by Customer or requested by the General
Manager. : ‘
~(d)  Variances granted by the LCRA General Manager shall be subject to the following —
conditions:
1)  variances shall include a timetable for compliance; and
2)  variances granted shall expire when pro rata reduction requirements are no longer in
effect; however, any outstanding obligations of Customer related to the granting of the
variance must be fulfilled.
(e) No variance shall be retroactive or otherwise justify a violation of the LCRA drought
contingency rules or requirements occurring prior to the issuance of the variance(s).
® The General Manager shall issue a written decision to Customer on the requested variance
within 20 days of receipt of a Request for Variance.

11.15 Appeal of General Manager’s Decision on a Request for a Variance from the Pro Rata Curtailment
—— — —(a)~ —~- Only-adecisionbythe-General Manager denying-aRequest-for-Variance to the-Annual =~ ~ -
Allotment may be appealed to the LCRA Board of Directors.

(b) Only the customer seeking the variance may appeal the decision by the General Manager.

(c) A customer eligible to file an appeal and who wishes to appeal must file the appeal within
fifteen (15) days after the date of the General Manager’s written decision. The appeal shall be
filed with the LCRA General Counsel in accordance with the procedures outlined in this
section.

(d)  The LCRA General Counsel shall send written notice of receipt of any appeal to the Board,
General Manager, LCRA staff, and Customer within five (5) business days after expiration of
the date for filing appeals. Such notice shall generally describe and summarize the issues
raised by an appeal, and advise Customer of the prohibition against unlawful ex parte
contacts. In addition, the LCRA General Counsel may advise the Board of the receipt of an
appeal at any time prior to the expiration of the date for filing appeals as necessary to prevent
unlawful ex parte contacts.

(e) An appeal must be in writing, timely filed, submitted as an original and two (2) copies, and
shall not exceed fifteen (15) pages in length including exhibits or attachments. The appeal
shall include the following information:

1)  thename and address of the customer filing the request for appeal,;
2)  aconcise statement of how the customer requesting the appeal is affected by the
granting or denial of the variance.

® Within ten (10) business days from receipt of an appeal, the General Counsel shall determine
the validity or invalidity of the Request for Appeal. For an appeal to be valid, the Request for
Appeal must: 1) be filed in accordance with this section; and 2) only raise issues that were
presented in Customer’s Request for Variance to the General Manager. The General
Counsel’s determination of the invalidity or validity shall be final. Upon a determination that
an appeal is invalid, the General Manager’s variance decision shall become final.

(g) The General Counsel shall immediately provide written notice of his decision regarding the
validity of the appeal to staff and send such notice by first class mail to Customer.

(h)  Within ten (10) business days after the receipt of the written notice of the validity of an
appeal, staff shall prepare a written response to the appeal. The response shall not exceed
fifteen (15) pages in length including exhibits and attachments, and shall be submitted to the
LCRA General Counsel and mailed by certified mail, return-receipt requested to Customer.
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@ Upon expiration of the deadline for staff to submit a response, the LCRA General Counsel
shall forward to the Chair of the Water Operatlons Committee a copy of Customer’s request
for variance, the General Manager s variance decision, Custorner ] appeal and the staff
response.

G) Water Operations Committee Consideration of a Valid Appeal

13

55 Before the Conimittee’ may be held'to’ ‘consider a valid appeal. Such hearing shall be

._3)

- prior to the hearlng, documents contained in Customer’s file, and any other evidence

7)

' approprrate foruin for con31derat10n of
- 1) Consider all of the written' 1nformat1on forwarded by the LCRA General Counsel

Taking into consideration the complexity of the issues, and the need to develop an
adequate ev1dent1ary tecord, the Committee Chair shall determine the most
: peal The Committee Chair may:

and direct staff to issue the varlance

' ii). ) forward the' appeal to the Cornm1ttee w1th a recommendatron that the Committee

consider all of the wrrtten 1 auon subrmtted and allow Customer and staff a
period of time to present oral argument;

iii) Forward the appeal to'the ‘Committee Wlth a recomrnendatlon that the Committee

consider all of the written information submitted, and allow each party to the
proceedrng to submit additional ev1dence and present oral argument; or

* iv) ~ Forward the appeal to the Committes Wrth a recommendatron that it consider the

appeal using another method agreed to by all of the parties.
Upon the direction of the Comritittee Chair; as spemﬁed in this subsection, a hearing

Scheduled by 1 the Committee Chair no later than fo rty- ﬁve (45) calendar days after
réceipt of the valid appeal from the General Counsel.

The hearing shall be open to the publro _

Only Customer LCRA staff or an; 4 f 'he1r representatlves shall be entltled to

‘ partrcrpate in the hearrng

The Committee shall deliberate i in open sessron taking into consideration the
presentations of staff and the partles ife any, and all written natetials submitted to the

~Committee as a valid part of the appeal process. Notmthstandmg the foregomg, the
‘Committeé may confer'with the LCRA Genéeral Counsel in executive session for the

purpose of receiving legal advice concerning the appeal ‘
The appeal shall be dscided from the’ written information provided to the Committee

or information submitted at the hearmg, if recommended by the Cornmrttee Chair to

_ be considered by the Comrmttee The Commrttee may
i) “direct staff'to issue the variance;

ii) recommend modification of the variance as requested or

i) recommend denial of the variance as requested

Any materials prov1ded to the Cornmrttee for .purposes of deciding the appeal,

including documents m Customer $ ﬁle shall be provrded to Customer prior to the

hearing, - :
The Committed may alter the’ procedures set forth in this section, if necessary to

“develop an’ adequate record 0 afford full 'opportumty for public participation or

' comment by Customet, app ellants or staff, orif in the public interest.
: Any decision by the Committee Chalr or the Comrmttee that directs staff to grant a
‘vdriance as requested by Customer is final and may not be appealed to the LCRA

* Board, If the Committee recommends that a' varrance be’ granted which is modified
from Custorneérs request "Customer may accept the variance or appeal to the Board
~ within ten (10) days by filing'a request for Board consideration with the General

Counsel.
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(k)  Board Consideration of a Variance Denial. If the Committee recommends denial of the
Request for Variance, the Committee shall forward the decision to the full LCRA Board for
consideration within forty-five days or at its next regularly scheduled meeting, whichever is
later. The Board shall consider the Committee’s recommendation and may allow, at its

~ discretion, Customer and staff time to present oral argument in support their respective
positions. The Board may take the following action:

1)  direct staff to issue the variance as requested,

2)  direct staff to issue the variance as modified by, the Board; or

3)  deny the Request for Variance;

) Ex Parte Communications.

1)  Any communication by a customer requesting an appeal, LCRA staff member, or any
other party in interest, or their representatives, with Committee or other member(s) of
the LCRA Board on the merits of any pending appeal or decision affecting a variance
request from the date Customer files a variance request with the General Manager
until the date the appeal is decided, other than at a hearing or in a public meeting of
the Committee, or the Board, is strictly prohibited, unless sufficient notice and

e == = - — —oppertunity-to be-present andto-present-evidence-and/or-oral-argument 1s provided to -
all parties. Notwithstanding the foregoing, the LCRA General Counsel may consult
with the Board or any of its Directors regarding any procedural or legal issues
regarding the appeal. :

2)  Any person who violates this provision may be subject to sanctions; which may
include return of the variance request if the violation is from the customer seeking the
variance or his/her representative.

ARTICLE 12. REQUIREMENTS FOR INTERBASIN WATER SALES TO WILLIAMSON
COUNTY

12.1  Applicability. .
This article sets forth additional requirements that apply to interbasin water sales to any person or
entity within Williamson County that did not have a water sale contract with LCRA on or before May
1, 1997, consistent with the requirements of Section 8503.029, Texas Special District Local Laws
Code. In the event of a conflict between a requirement set forth in this Article 12 and any other
requirement in these rules, the requirements in this Article 12 control.

12.2  Definitions.
(a) Adverse Effects of the Transfer: The reduction in availability of sufficient Surface Water to

meet the needs of LCRA’s interruptible irrigation customers within Colorado, Wharton, and
Matagorda counties resulting from water contracts entered into pursuant to Section
8503.029(a)(3)(B), Texas Special District Local Laws Code.

(b)  Average Annual Volume: The arithmetical average volume of water over a contiguous
3-year period.

(©) Conserved Water: The Average Annual Volume of water made available under Section
8503.029(a)(3)(B), Texas Special District Local Laws Code from conservation projects and
demand reduction projects within the water service areas of LCRA’s irrigation operations
within Colorado, Wharton, and Matagorda counties. Conserved Water can be classified as
firm, interruptible or any combination thereof.

LCRA Board Approved November 2011 33
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AN ORDER approving the Lower Colorado River
Authority’s Water Curtailment Plan for its
Firm Water Customers; Docket No. 2011-
20097-WR

On December 7, 2011, the Texas Commission on Environmental Quality (“TCEQ” or
“Commission”) considered the request for approval of its Water Curtailment Plan, filed on
October 21, 2011, LCRA’s firm Water Curtailment Plan is an amendment to LCRA’s Raw Water
Drought Contingency Plan, which is included in LCRA’s Water Management Plan, Permit No
5838. LCRA's Water Management Plan, required by its Certificates of Adjudication Nos, 14-
5478 and 14-5482, provides how LCRA makes water available from Lakes Buchanan and Travis
to meet “firm” water customer needs, downstream interruptible irrigation demands, and
environmental flow needs of Matagorda Bay and the lower Colorado River. It also provides how
LCRA will manage and curtail supplies from the lakes during times of drought including through
a repeat of the Drought of Record. LCRA’s Water Management Plan additionally requires that
this Water Curtailment Plan be prepared before the LCRA implements mandatory firm water
customer curtailment under Tex. Water Code § 11.039, and that this plan be approved by the
LCRA Board and the Commission. :

The Commission finds that the plan meets the requirements of Texas Water Code § 11.039 and
30 Tex. Admin. Code Chapter 288.

THEREFORE, THE TEXAS COMMISSION ON ENVIRONMENTAL QUALITY
ORDERS THAT:

Lower Colorado River Authority’s Water Curtailment Plan filed October 21, 2001, is approved.

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Issue Date: DEC 1220“ _

THE STATE QF TEXAS

COUNTY OF TRAVIS

t hereby certify that this is a true and comect copy of a
Texas Commission on Environmental Quality document,
which is filed in the permanent records of the Commission,
Given under my hand and the seal of office on

Buctgt (Loto. DEC 14 201]

|
Brigge! 7 Johec Chief Clerk
iexas dme i on Emvironimenta Quakity
Attachment H

TCEQ Order Approving LCRA’s
Curtailment Plan
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OFFICE OF THE GOVERNOR

RICK PERRY
GOVERNOR
November 26, 2013
FILED IN THE OFFICE OF THE
SECRETARY OF STATE
px _OCLOCK
The Honorable John Steen ’

Secretary of State
State Capitol Room 1E.8
Austin, Texas 78701

NOV 26 20

Dear Mr. Secretary:

Pursuant to his powers as Governor of the State of Texas, Rick Perry has issued the
following proclamation:

A proclamation renewing the certification that exceptional drought
conditions pose a threat of imminent disaster in a specified number of
counties in the State of Texas.

The original proclamation is attached to this letter of transmittal.

Respectfolly submitted,

GSD/gsd

Attachment

P. 0. Box 12428 ¢ Capitol Station « Austin, Texas 78711

STAT-E-O-F—T-E-X-A-& e e

Attachment |
‘Governotr's Proclamation
(11-26-13)



PROCLAMATION

BY THE

- Governar of the Stute of Toxns

TO ALL TO WHOM THESE PRESENTS SHALL COME:

I, RICK PERRY, Governor of the State of Texas, issued an Emergency Disaster

Proclamation on July 5, 2011, certifying that exceptional drought conditions posed a

threat of imminent disaster in specified counties in Texas.

WHEREAS, record high temperatures, preceded by significantly low rainfall, have
resulted in declining reservoir and aquifer levels, threatening water _supplies and
delivery systems in many parts of the state; and

WHEREAS, prolonged dry conditions continue to increase the threat of wildfire across
many portions of the state; and

WHEREAS, these drought conditions have reached historic levels and continue to pose
an imminent threat to public health, property and the economy; and

WHEREAS, this state of disaster includes the counties of Andrews, Archer, Bailey,
Bandera, Baylor, Blanco, Briscoe, Brooks, Brown, Butnet, Cameron, Carson, Castro,
Childress, Clay, Cochran, Coke, Coleman, Colorado, Comal, Concho, Cottle, Crosby,
Dallam, Dallas, Dawson, Deaf Smith, Dickens, Dimmit, Ector, Edwards, Ellis, Fisher,
Floyd, Foard, Frio, Gaines, Galveston, Garza, Gillespie, Hale, Hansford, Hardeman,
Hartley, Haskell, Hidalgo, Hockley, Hood, Hudspeth, Hutchinson, Irion, Jack, Jim
Hogg, Jim Wells, Johnson, Jones, Kendall, Kenedy, Kent, Kerr, Kimble, King, Kinney,
Knox, La Salle, Lamar, Lamb, Lampasas, Llano, Lubbock, Lynn, Martin, Matagorda,
MeCulloch, McLennan, Medina, Midland, Mills, Mitchell, Moore, Motley, Nolan,
Nueces, Ochiltree, Oldham, Palo Pinto, Parker, Parmer, Potter, Randall, Real, Runnels,
San Patricio, San Saba, Scurry, Shackelford, Sherman, Somervell, Starr, Stephens,
Sterling, Stonewall, Swisher, Tarrant, Terrell, Terry, Throckmorton, Tom Green,
Travis, Uvalde, Val Verde, Walker, Webb, Wharton, Wichita, Wilbarger, Willacy,
Williamson, Winkler, Yoakum, Young and Zavala.

THEREFORE, in accordance with the authority vested in me by Section 418.014 of the
Texas Government Code, I do hereby renew the disaster proclamation and direct that all
necessary measures, both public and private as authorized under Section 418.017 of the
code, be implemented to meet that threat.

As provided in Section 418.016 of the code, all rules and regulations that may inhibit or
prevent prompt response to this threat are suspended for the duration of the state of
disaster. : '

In accordance with the statutory requirements, copies of this proclamation shall be filed
with the applicable authorities.

IN TESTIMONY WHEREOF, I
have hereunto signed my name and
have officially caused the Seal of
State to be affixed at my office in

FILED IN THE OFFIGE BF THE

SECRETARY OF STATE
2~ " oeLock

NOV 2 6 2013



Governor Rick Perry
November 26, 2013

-ATTESTED BY:

JOHN §THEN
Secretary of State

Proclamation
Page 2

the City of Austin, Texas, this the
26th day of November, 2013,

/CK

RICKPERRY =
Governor of Texas

FILEDHIN THE OEBInE OF
&Imm:zyw OF m%;g HE
e B0 OELOCK

NOV 2 6 2013
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APPLICATION OF THE § BEFORE THE

LOWER COLORADO RIVER § TEXAS COMMISSION ON

AUTHORITY FOR EMERGENCY § ENVIRONMENTAL QUALITY
_ AUTHORIZATION § S

AFFIDAVIT OF RON ANDERSON

THE STATE OF TEXAS §
§
COUNTY OF TRAVIS §

Before me, the undersigned authority, personally appeared Ron Anderson, a person

known by me to be competent and quahﬁed in aﬂ respects to make this affidavit, who beingby

me first duly sworn, deposed as follows:

1. ITam over 21 years of age, of sound mind, and have never been convicted of a felony
or crime of moral turpitude. I am fully competent and qualified in all respects to
make this affidavit.

2. The facts stated in this affidavit are within my personal knowledge and are true and
correct. The tabs attached to this affidavit and referred to herein are incorporated by
reference.

3. I, Ron Anderson, am an individual residing in Austin, Texas.

4. I have a Bachelor of Science in Engineering and a Master of Business

Administration from the University of Texas at Austin. I am a Registered
Professional Engineer in the State of Texas with specialization in Civil and
Software Engineering. I am recognized as a Diplomate in Water Resources
Engineering by the American Academy of Water Resource Engineers. A true and
correct copy of resume, detailing my prior work history and education, is included as

Tab 1.

5. I have worked for the Lower Colorado River Authority (LCRA) for twelve years
where I have worked on water supply planning issues for Central Texas., My current
title is Chief Engineer. '

6. As part of my duties at the LCRA, I track current issues affecting water supply,
manage studies and modeling projects related to water supply quality and
availability, enhance water supply forecasting capabﬂltles and evaluate water
management procedures.

7. My opinions stated herein are based on my familiarity with LCRA’s water supply
operations and my evaluation of potential future inflows to the Highland Lakes. I
have also relied upon a variety of information provided to me by LCRA staff, which

Attachment J
Affidavit of Ron Anderson



10.
11.

12.

is of a nature typically relied upon in my profession, as described below and for

- which true and cotrect copies are either attached or referenced to other portlons of

LCRA’s emergency request and incorporated by reference herein: -
a.  Affidavit of Bob Rose, including attachments; |
b.  Affidavit of Ryan Rowney, including attachments;

c.  Affidavit of David Wheelock, inoluding attachments; .

d.  Affidavit of Nora Mullarkey, including attachments.

The 2010 Water Management Plan includes three criteria, all of which must be met
at the same time for the LCRA Board to make a declaration of Drought Worse than

'Drouo'ht of Record (See 2010 WMP, at p. 4—34) These crrterra are indicators that

can be evaluated in real-time. The three crlterra are:

i Duration of drought is more than 24 months, which is determined by
~ counting the number of consecut1ve months since both lakes Buchanan and
" Travis were last full (i.e. “duration” crlterlon) '

il Inﬂovvs to the lakes are less than mﬂovvs durmg the. Drouoht of Record (i.e.
‘ 1ntensrty cr1ter10n) and

iii. Lakes Buchanan and Travrs combined storage is less than 600,000 acre-feet
of water.

One of the three crlterla for the LCRA Board to make a declaration of Drought

‘Worse than Drotight of Record is the drought 1ntensrty as compared to the Drought
of Record Spe(;lﬁcally, the inflow deficit must be at least five percent worse than
the average inflow deficit over a. s1m11ar perrod of time durmg the Drought of Record

for at least SIX months As part of my ]Ob respons1b111t1es at LCRA, I track this

- criterion, which is deploted in the graphw under Tab 2. Based on this analysis, the

current 1nﬂow deficit has exceeded the inflow deficit of the Drought of Record by at

'least five percent for more than six months. In fact, at times during the current

drought, the inflow deficit has been as much as 90 percent more than the standard
from the Drought of Record (See Tab 2. )

As shown in the affidavit of Ryan Rowney, addltronal 1nﬂow statistics demonstrate

~ the severlty of the ongomg drought over the past six years as compared to any period
‘ of p to six years in the Drought of Record (See Afﬁdav1t of Ryan Rowney )

The inflow deﬁc1t and the inflow statistics for the past SiX years reveal a hydrologic
condition that, for the past six years, is more severe than any hydrologlc condition

, evaluated as part of the 2010 WMP.

"The 2010 WMP mcludes a ourtarlment curve” that determlnes ‘the amount of
*intérruptible stored water to be made ava1lable as a function of the combined storage -

("

()



~ in lakes Buchanan and Travis on January 1 of any year. (See 2010 WMP at p.4-24

through 4-26.) However, under the 2010 WMP, interruptible stored water can be cut
off completely during the irrigation season if the criteria for declaration of Drought

Worse than Drought of Record, including combined storage. in said lakes dropping. -

13.

14.

to 600,000 acre-feet, are met. The 2010 WMP also allows for curtailment of firm

water customers if a declaration of Drought Worse than the Drought of Record is .

made.

I have evaluated the likelihoods of lake contents dropping to 600,000 acre-feet and
the drought intensity criteria continuing to qualify for a declaration of Drought
Worse than Drought of Record using multiple hydrologic scenarios representing
potential future inflows. (See Tab 3 for a description of the modeling tool.)
Modeling methods are generally consistent within +/- 2 percent.

Based on my analysis and the foregoing review, it is my expert opinion that:

a. As of December 1, 2013, under conditions ranging from persistently dry to
normal, the combined storage on January 1, 2014 would range from about
690,000 to 850,000 acre-feet. Wet conditions could result in higher storage. (See

Tab 4, Figure 1.)

b. As of December 1, 2013, if severe drought conditions continue and LCRA were
to supply water in 2014 based on the curtailment curve in the 2010 WMP, the
criteria for a declaration of Drought Worse than Drought of Record (including
combined storage in lakes Buchanan and Travis falling below 600,000 acre-feet)
may be met as early as April 2014. (See Tab 4, Figure 1.)

c. AsofDecember 1, 2013, if LCRA were to supply water in 2014 based upon the
curtailment curve in the 2010 WMP, there is a one in 4 chance (or 26 percent
chance) of triggering a declaration of Drought Worse than Drought of Record by
the end of August 2014. (See Tab 4, Figure 2.)

d. As of December 1, 2013, if LCRA were to supply water in 2014 based upon the
proposed relief, there is a less than one in 10 chance (or 8 percent chance) of
triggering a declaration of Drought Worse than Drought of Record by the end of
August 2014, (See Tab 4, Figure 3.)

e. If combined storage is at 1.1 million acre-feet on March 1, 2014 and LCRA
supplies interruptible stored water based on the proposed relief:

i. The risk of triggering a declaration of Drought Worse than Drought of
Record by the end of August 2014 is eliminated. (See Tab 4, Figure 4.)

ii. There is about a 99 percent chance that the criteria for triggering a
declaration of Drought Worse than Drought of Record would not be met
through at least April 2015, assuming similar triggers for supplying
interruptible stored water stay in place through 2015. (See Tab 4, Figure 4.)



f  If on March 1, 2014 the combined storage was 850,000 acre-feet and LCRA
- were to supply 100,000 acre-feet of stored water for drversron by the Gulf Coast
and Lakeside divisions and Pierce Ranch (plus 25,000 acre-feet of stored water
fot the Garwood: d1v1s1on), the ctiteria for a declaration of Drought Worse than
Drought of Record (includmg combmed storage in lakés Buchanan and Travis
falling below 600,000 acre-feet) may be met as early as June 2014 (See Tab 4,
Figure 5.)

g. T hree alternatrves to the proposed relief would maintain the earliest possible date
o of triggering”a declaration of Drought Worse than Drought of Record while

«++ providing a 1esser amount of water at storace levels below l I m1llron acre-feet

B -onMarchl 2014

1.

As an alternatlve to the proposed relref 1f on March 1 2014 the combined
storage is 1,070,000 acre-feet and LCRA was to supply a total of 75,000

acre-feet’ of mterruptrble stored water for the Gulf Coast and Lakesrde
divisions and Pierce -Ranch, there is about a 99 ‘percent chance that the
criteria for trrogerm0 a declaration” of Drou0ht Worse than Drought of

* Record would not‘be et through at Jeast Aprﬂ 2015 assuming similar

triggers for supplying 1nterrupt1ble stored water stay in place through 2015.
(See Tab 4 Flgure 6 ) ‘

"As an altematwe to the proposed relref 1f on March 1,-2014 the combined

storage is 1,025,000 acre-feet and LCRA was to supply a total of 50,000
acre-feet of' mterruptrble ‘stored water for the Gulf Coast and Lake31de
divisions and Pierce Ranch, there is about a-99 pefcent chance that the
criteria for triggering a declaration of Drought Worse than Drought of

- ‘Record ‘would not be met through at least Aprrl 2015, assuming similar

ii.

-~ triggers for supplyrna 1nterrupt1ble stored Water stay in place through 2015.
(See Tab 4, F1gure 7. ) o

As-an alternative to the proposed relief] 1f on March 1, 2014 the combined

'storage is 1,000,000 acre-feet and LCRA was to supply a total of 25,000
acre-feet. of mterruptrble stored ‘water for the Gulf Coast and Lake31de
divisions and Pierce Ranch ‘there is about a 99 percent chance that the

criteria for triggering’ a 'declaratlon of Drought Worse than Drought of
Record would not be met through at least April 2015, assuming similar
trrggers for supplyrng 1nterrupt1ble stored water stay 111 place through 2015.
(See Tab 4 Frgure 8) :

h. Two alternatrves to thé proposed relief would accelerate the earliest possible date
for declarmg a Drought Worse than Drought of Record. as compared to the
proposed rehef ’ :

i

As an alternatrve to the proposed relief, if on March 1, 2014 the combined
storage is 850,000 acre-feet and LCRA was to supply a total of 70,000 acre-~

' feet of 1nterrupt1ble stored water for the Gulf Coast Lakesrde and Garwood




divisions and Pierce Ranch, the criteria for a declaration of Drought Worse
than Drought of Record may be met as early as August 2014. (See Tab 4,

Figure 9.)

ii. As an alternative to the proposed relief, if on March 1, 2014 the combined
storage is 950,000 acre-feet and LCRA was to supply a total of 130,000
acre-feet of interruptible stored water for the Gulf Coast, Lakeside and

- Garwood divisions and Pierce Ranch, the criteria for a declaration of
Drought Worse than Drought of Record may be met as early as September
2014. (See Tab 4, Figure 10.)

Further affiant sayeth not.

SWORN TO AND SUBSCRIBED before me on the  /OFE=—day of

Decembor— , 2013,
Ao p Cobha

Notary Public in and for the State of Texas

My Commission Expires: | (| — 9@ [



Ronald E. Anderson, PE, MBA, D.WRE

LCRA, P.O. Box 220, MS 210 - ~— phone: (512)578-3572——
Austin, Texas 78767-0220 e-mail: ron.anderson@lecra.org

EXPERIENCE | Lower Colorado River Authority
2001-present | Chief Engineer/Water Resources Menagment

Water Supply Forecasting

»  Develops stochastic model to forecast water supply availability.

= Communicates water supply forecasts online through custom reports.
= Collaborates with academic researchers to enhance forecast methods.

- | Lower Basin Reservoir Project, Project Sponsor
+| = Maintain project direction and benefits of developing 90,000 AF/yr of new supply - -+ - -
= Communicate project needs and obtain timely decisions to maintain schedule
» Communicate project benefits
= Support the Project Manager and the project team.

New Supply Development, Modeling Lead

= Overseeing consultant evaluation of lower basin balancing reservoirs reliability.

»  Developing models to optimally size off channel storage reservoirs in irrigation divisions.

= Providing technical expertise in facility planning, siting and preliminary design for
balancing reservoirprojects.

2010-2013 Drought Response :

= Developed scenario responses for drought response consideration.

= Provided stakeholders with updated reservoir level projections and risk assessment.
= Communicate with stakeholders about potential impacts.

Highland Lakes Water Management Plan Update. Technical Lead

= Procured and managed professionals to review drought of record monitoring methods
= Procured and managed professionals to develop simulation models

»  Developed quality assurance procedures for project team

= Review water supply simulations and provide technical documentation.

Emerging Issues
»  Responsible for scanning the political and scientific developments that might impact the
future operations of the Colorado River and development of power generation.

Water Supply Model Development Project. Project Manager

= Coordinated development of the new innovative water rights solver feature to support
daily river operations and allocation simulation.

» Chartered and developed project controls for the $1 million water supply planning mode
development using the RiverWare platform.

= Procured engineering professionals to conduct the work.

»  Conducted workshops for internal and external training,




Ronald E. Anderson

1998-2001
.~ 1997-1998

1995-1997
1986-1995

" EDUCATION

PROFESSIONAL |
CREDENTIALS |

&
ASSOCIATIONS

SELECTED
PUBLICATIONS &
PRESENTATIONS

~ Page2 of 3

2

Water Supply Reliability Team Lead
W Lead ateam of intérnal and external professionals to review and evaluate existing an(

proposed plans for water supply management.
» Developed a stochastic forecasting model of the water supply for medium range planning
. of response to drought conditions.

'« Evaluated procedures for management and operatrons under a drought condmons worse

than the drought of record.

LCRA-SAWS Water Project

' Project Manager during pre- -planning period. Responsible for project costs estimation,

project controls, prOJect consultant procurement and project communications

- coordrnatron -

u PI‘O_] ect Controls Manager durmg pI‘O_] ject. plannmg perrod Responsible for setting up
project financial, document, and communication controls for over $1 million in planning
activities. . -

-m . Project Englneer and Techmcal Stud1es Coordrnator for project study period. Responsible

.. for quahty assurance of Key study scopes ; and products Responsible for coordination and
integration of related LCRA PrOJ ects with teéchnical studies as well as assisting with
public, stakeholder, and agency. commumcatrons

= Responsible for review and evaluation of technical studies’ consultant performance.

Studies activities include: surface water modeling, groundwater modeling, agricultural
, conservatlon fac111t1es englneerlng, envrronmental assessment, water quality assessment,

o _bay health socro-»cconomlc waterfowl cl1mate change uncertalnty, and permitting.

A Brazos Rlver Authorlty

Semor Planning Manager
Senz'or Water Resourcesv Planner .

(

H])R Englneerlng, Inc. ’

Project Manager .
Engzneer/Compurer Modeler

Master of Busmess Admmlstratlon, Unrversrty of Texas at Austrn 1993

Post Graduate Studles Free Surface Flow 1987, Operatlons Research, 1988, University of
Texas . i

Bachelor of Sc1ence in Englneerlng, Un1versrty of Texas at Austm 1986

- ‘Reglstered Software Engrneer State of Texas

= Registered Civil Engineer, State of Texas

= Member, Amerlcan Soclety of Civil Englneers Env1ronmental and Water Resources
. Instltute .

u Drplomate Arnerrcan Acadcmy of Water Resources Engmeers

Anderson R E and Rose B Searchmg for Predzcz‘zve Clzmaz‘e Signals for River Flows in the
.. Lower Colorado \River Basin, USCID Water Resources World Congress 2012,
Anderson, R.E. and Gooch, T. Review of Droughz‘ Worse Than Drought of Record Monitoring
Methods for the Lower Colorado River in Texas, ASCE/EWRI Water Resources
World Congress 2011. (

K



Ronald E. Anderson Page 3 of 3

Anderson, R.E. and Walker, D. Use of Stochastic Modeling during the 2008 and 2009
Drought on the Lower Colorado River in Texas, ASCE/EWRI Water Resources

World Congress 2011.
| Water Resource Implications of Climate Change in Central Texas, Austin Climate Protection

Conference & Expo 2010

Beyond the Drought of Record: Supply Forecasting for Difficult Times, Texas Water
Conservation Association Fall Meeting, 2009.

Anderson, R.E. and Walker, D. Stochastic Forecasting of Conservation Storage on the Lower
Colorado River in Texas, Texas Water 2009.

Co-Author, dssessing Potential Implications of Climate Change for Long-Term Water
Resources Planning in the Colorado River Basin, Tt exas, American Geophysical
Union Annual Conference Poster, 2008.

Current and Future Drought Assessment Activities, Drought Benchmarking Conference,
2007.

Co-Author, Matagorda Bay Freshwater Inflow Needs Study, LCRA, TCEQ, TPWD, and
TWDB, August 2006. ’
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LCRA’s Use of Stochastic Modeling to Forecast Future Combined Storage
December 2, 2013

Introduction

No one can predict the future, but decision makers in all walks of life have to make
judgments based on their best analysis of likely future conditions. This can be
particularly difficult in situations where multiple factors and their interplay can influence
the outcome of important events.

Because of the complications involved in this type of decision making, many industries
rely on computer models called stochastic models to evaluate the likelihood of future
conditions. This type of model is able-to take a number of factors and data into-account ~
to generate a large number of potential future outcomes. Each individual outcome is as
statistically likely as any other. Therefore, when all outcomes are plotted on a graph,
areas where potential outcomes are denser depict a range of future results that is more
likely. Conversely, areas on the graph where potential outcomes are less dense depict
a range of future results that is less likely. The number of outcomes in a range can be
expressed as a statistical probability for the future.

The insurance and financial industries are among those that use this type of computer
model to help make their decisions. LCRA has been using and refining its stochastic
modeling for six years to help make water management decisions. LCRA’s model has
been reviewed internally by staff and externally by Dr. John Carron of Hydros Consulting
and Dr. David Watkins of the Michigan Technological University. The methods have also
been peer reviewed and published at multiple professional conferences of the American
Society of Civil Engineering, American Water Works Association, and U.S. Committee

on lrrigation and Drainage.

LCRA uses the model to show possible future combined storage levels of lakes Travis
and Buchanan. LCRA also uses the results of the model to calculate potential future
lake elevations. During drought, this is a popular tool for many of our firm water
customers with intakes on the lakes. These customers use future lake level
probabilities in their decision making process when determining whether or notto -
extend or move their intake structures.

What goes into LCRA’s model?
L.CRA uses the following sets of data in its stochastic model:

Current conditions: Each month when the projections are updated, the current levels
of lakes Travis and Buchanan serve as the starting point for the model.

1
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Historical hydrology: LLCRA currently. uses, the hydrological record from 1940 to

October 2013. Upstream inflows, downstream run-of-river flows and evaporation ( '
records for every month of that perlod are incorporated into the model. This includes the
10-year drought of the 1950s -known as the state’s Drought of Record and the drought

of 2011, which is the most severe smgle-year drought on record. This data set is

updated as each year of d_ata becomes avallable .

Drought year flrm custom demands LCRA uses drought-year f|rm customer
demands in its rmodé! that are similar to demands experlenced in 2008 and 2012 (no
major new firm customers have entered into agreements since then) Drought-year
demands are approprlate when evaluatlng the tmpacts of drought on the water supply
because drought condltlons lncrease the demand for stored waterthat would otheanse
be met’ through ralnfall s * |

lnterruptlble customer requests LCRA uses the 2011 planted acreage in the four
lrrlgatlon operatlons to determme how much water d_ownstream lnterruptlble customers
would requrre lf all agrlcultural |rr|gat|on demands are‘met ThlS acreage lS used to .

2010 Water Management Plan: When determlmng how much mterruptrbte stored (
water will be prowded 1o the downstream lrrlgatlon dlstrlcts LCRA uses the

assumptlons of the current Water Management Plan; If a new Water Management Plan

is approved or TCEQ approves ‘an amendment to the current plan such as’ emergency

rellef LCRAfwould use the new management assumptlons ln the m del . '

ement of El NmolSouthern Oscﬂlatlon md,,x:, The Et N outhern -
Oscillation‘is'a cycllc warming and coohng of the sea sutface temper. _res":in"the' ’
~Pacific Ocean near the equator that can affect the weather in Texas If the Pacific
warms enough it can produce an El Nifio weather pattern that i lncreases the chances
of wetter than normal weather |n Central Texas partlcularly dunng the fall and winter.
If the Pacific is'cool enough it can produce a La Nrna weather pattern that lncreases
chances of dry weather m central Texas The EI NI o/;, he’rn Osc;llatlon lndex '

neutral scenario. Pred|ctlons of the mdex are provrded by the Chmate-Predrctlon '
Center and updated monthly.




significantly from one month to the next.

Historical data shows the tendency for the weather to stay the same from one month to

—thenext’in Texas, particularly during the winter months and to a lesser extent in May
and October. If the weather is wet one month, it tends to stay wet the next month.
Conversely, if it is dry one month, it tends to stay dry the next. This weather pattern is
the norm, but of course, it does not always hold true. The weather does eventually

change.

Through years of improving the model, LCRA staff has found that the best way to
evaluate the likelihood of a significant change in the weather is to (1) use the most
recent two months of inflows to determine if there is a wet, dry or neutral weather pattern

~and (2) look at the historical record to determine how often the weather patternhas =~~~

~ changed from one “month to the next. The model is able to use this data to determine the
probability that the local weather will change significantly from one month to the next
(from wet to dry, dry to wet, neutral to dry, etc.).

How does the model work?

The model proceeds month by month re-ordering the historical hydrology according to a
rational method that preserves the historical observed switching patterns (wet, neutral,
dry) and preserves the cumulative historical frequency of inflows to the highland lakes.
That is the stochastic part of the model. Then it simulations operations of the system to
meet demands and determines the monthly lake storage. That is the accounting part of
the model. The model does this 2000 times. These multiple scenarios are then

summarized into graphical products.

What comes out of the model?

As discussed above, LCRA’s stochastic model uses the factors described above to
calculate a large number (2,000) of possible future scenarios for the combined storage
of lakes Travis and Buchanan. By plotting those 2,000 points on a graph, we are able
to determine ranges that are more likely and less likely. The development of 2,000
equally likely scenarios does not include all possible outcomes but rather a very large
data set. Using Monte Carlo methods requires some randomization of scenario
selection and slightly different scenarios will be developed from simulation to
simulation. However, the data set of 2,000 scenarios is large enough that computed
results are generally consistent within +/- 2 percent likelihood observance for any given
content. LCRA uses that information to produce a graph that shows future combined
storage ranges under different inflow conditions and management actions.



Consider the following graphic produced from the results of our model:
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Lakes Travis and Buchanan
Combined Storage Outlook
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Likelihood

Likelihood of Reaching All 3 DWDR Criteria
2010 Water Management Plan
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Proposed2014 Emergency Relief from the Water Management Plan

Recover to 1,100,000 ac-ft with 100,000 ac-ft Interruptible Diversion plus Garwood

Assumptions:
1. Maintain 10% M&I conservation from baseline when curtailing

2, 2015 interruptible supply also limited
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Alternatives for Emergency Relief from the Water Management Plan
Recover above 850,000 ac-ft with 125,000 ac-ft Diversion for Interruptible Supply
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Figure 6
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Figure 7

Alternatives for 2014 Emergency Relief from the Water Management Plan
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Figure 8

ives for 2014 Emergency Relief from the Water Management Plan
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Alternatives for 2014 Emergency Relief from the Water Management Plan
Recover above 850,000 ac-ft with 70,000 ac-ft Interruptible Diversion
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Alternatives for 2014 Emergency Relief from the Water Management Plan

Recover above 950,000 ac-ft with 130,000 ac-ft Interruptible Diversion

Assumptions:
1. Maintain 10% M&I conservation from baseline
2. 2015 interruptible supply also limited to 130,000 acft
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APPLICATION OF THE

THE STATE OF TEXAS

COUNTY OF TRAVIS

§ BEFORE, THE
LOWER COLORADO RIVER § TEXAS COMMISSION ON
AUTHORITY FOR EMERGENCY § ENVIRONMENTAL QUALITY
_AUTHORIZATION § e

AF FIDAViT OF RYAN B. ROWNEY

§
§
§

Before me, the undersigned authority, personally appeared Ryan B. Rowney, a person

known by me to be competent and qualified in all respects to make this affidavit, who being by =

me first duly sworn, deposed as follows:

1.

I am over 21 years of age, of sound mind, and have never been convicted of a felony
of crime of moral turpitude. Iam fully competent and qualified in all respects to make
this affidavit.

The facts stated in this affidavit are within my personal knowledge and are true and
correct,

I, Ryan B. Rowney, am an individual residing in Burnet, Texas.

A true and correct copy of my resume, detailing my prior work history, is attached
hereto under Tab 1.

I have worked for LCRA for 30 years. For the last 30 years, I have worked in
LCRA’s Water Operations. My current title is Executive Manager, Water.

As part of my duties at LCRA, my department provides planning services for the
water utility and I-am responsible for all operations within Water Operations including
operations of the dams forming the Highland Lakes and operations of LCRA’s Gulf
Coast, Lakeside, and Garwood irrigation divisions. In addition, staff under my
supervision is responsible for ensuring compliance with LCRA’s instream flow and
freshwater inflow obligations under the Water Management Plan.

My opinions stated herein are based on my familiarity with LCRA’s operations, as
well as my understanding of LCRA’s contractual obligations to the farmers within
LCRA’s Garwood division and to Pierce Ranch, a wholesale interruptible irrigation
customer. I also have a general familiarity with LCRA’s firm customers’ operations. I
have also relied upon a variety of information provided to me by LCRA staff, which is
of a nature typically relied upon in my profession, as described below and for which
true and correct copies are either attached or referenced to other portions of LCRA’s
emergency request and incorporated by reference herein:

Attachment K

Affidavit of Ryan Rowney



b.
C.

d.

Affidavit of Ron Anderson, including attachments

| Afﬁdav1tof Bob Rose, including attachments

Affidavit of David Wheelock, including attachrﬁents :
Affidavit of Nora Mullarkey Miller, including attachments

IMPACTS OF DROUGHT ON IRRIGATION'O'PERATIONS.

a.

Over the past two years, LCRA has significantly cut back the water supply
available to downstream irrigation customers who rely on interruptible water
supplies. In 2012 and 2013, consistent with emergency relief granted by
TCEQ, LCRA did not supply any water from the Highland Lakes to the Gulf
Coast and Lakeside irrigation divisions. These actions preserved a significant

“ amount of supply in lakes Buchanan and Travis. For example, if LCRA had
followed the 2010 WMP in 2013, LCRA would have made available for

diversion  about 165,000 acre-feet of additional “storéd water from lakes
Buchanan and Travis for the downstream irrigation operations at diversion

points from the river. With an estimated 20 percent delivery loss, the

additional amotnt released would have been about 198,000 acre-feet.

Bach of LCRA’s irrigation divisions (Gulf Coast, Lakeside, and Garwood) -

and Pierce Ranch need to know the amount of water that will be made
available to determine the amount of acreage that can be supported and to
make crop choices. o ’

~To the best of 'my%knowledge, our irrigation customers have very few, if any,

alternative sources of water readily available. Though some irrigation
customers have drilled groundwater wells in recent years, this is not a feasible
option for all of the customers due to various factors, such as costs, water

- quality, or petmitting issues. .

- Management and operation of a canal syStem used for irrigated agficulture
* depends heavily on a reliable, continuous supply of water, particularly for rice
‘which is the primary crop grown on the LCRA canal systems. These systems

cannot be operated based on a sporadic supply of water, such as that which is

. available based only on‘run-of-river supplies. For LCRA’s operations, LCRA

needs to be able to operate at least one pump at each pumping facility at all
times to ensure a dependable supply. Moreover, without a continuous flow of
water, LCRA. cannot’ maintain ‘canal levels, the accuracy of water
measutefrient would be adversely affected, and some of our customers’ crops

“would Bé'?’in‘jeopafdy,- ot

If releases of interruptible'stOred water are suspended in the middle of the
- growing séason, the farmers will likely sustain losses to their crops.



To efficiently provide water to all canal segments within the Gulf Coast,
Lakeside and Pierce Ranch operations, a minimum of 100,000 acre-feet of
total supply must be available for diversion. At lower amounts, LCRA cannot

efficiently-operate-all-of-the—canal-segments: —canal “losses” would-increase -

significantly if LCRA were to try to maintain canal levels and push a
releatively small amount of water throughout hundreds of miles of canals.
Additionally, if lesser amounts of water were available, the amount that
LCRA could make available to individual customers would be have to be
reduced substantially relative to the acreage grown in normal years, which
might make the farmer’s operation infeasible.

The run-of-river water rights historically associated with the Gulf Coast and
Lakeside operations cannot be relied upon in any significant manner during
severe droughts because they are junior to Garwood and the City of Austin’s
~municipal rights- Ibelieve that 100,000 -acre-feet-of ‘interruptible-stored-water
will be required to feasibly operate the Guif Coast, Lakeside and Pierce Ranch
irrigation operations.

If less than a total of about 100,000 acre-feet of interruptible stored water is
available for diversion at the Gulf Coast, Lakeside and Pierce Ranch
operations, it is my opinion that LCRA should not operate either the Gulf
Coast or Lakeside irrigation divisions. Alternatives that would provide less
than a total of 100,000 acre-feet of interruptible stored water to the three
operations are not reasonable or practicable. As noted in subparagraph f,
above, losses from operating miles and miles of canal segment would be
significant, and to maintain canal levels requires a steady supply of water. If
such a reduced amount of water is available, in order to limit losses and
maintain canal levels sufficiently to deliver water to any customers, LCRA
would need to reduce the service area of the irrigation operations so that only
a small portion of the canal systems was operated. LCRA would also need to
develop an allocation system to divide this lesser amount of water among
multiple irrigation operations and between multiple landowners/landlords-
tenant farmers, which is impractical and unworkable in the short timeframe
prior to obtaining emergency relief.

Based on my experience with the irrigation operations, including under
emergency orders in 2012 and 2013, it is my opinion that it is appropriate for
LCRA to wait to establish the amount of interruptible stored water supply
based on the March 1 combined storage in lakes Buchanan and Travis for the
2014 crop year because:

(1) LCRA has determined that it can wait until as late as March 1 to
determine the amount of interruptible stored water to be made
available and still provide irrigators sufficient time to make planting
decisions.



(2) Under the proposal in LCRA’s application, if interruptible stored
water is availabile for diversion to the ‘Gulf Coast, Lakeside and
Pierce Ranch  operations, LCRA‘ will ~allocate the available
interfuptible stored water to the irrigation opérations and work with
its ‘customers’ to allocate the avallable interruptible stored water
within each 1rr1gatron operation on a pro rata basis consistent with the

g .procedures set forth'in the 2010-Water Management Plan. Because of
~the current drought conditions, T beheve it is appropriate to delay the
determination of whether any water can be made available for the
second half of the growing season, which generally runs from early
August -through October 15th. At, at a later date, LCRA may seek
additional relief from the 2010 “WMP to address the amount
1nterrupt1ble stored water ava11able for second crop, if any.

-~ To conserve water and create efﬁ01en01es to maximize the amount of acreage
that can be served ‘given the limited amount of water ‘available, LCRA has
already made and intends to change some of its’ contracting processes, as
follows:

(1) If 1nterrupt1b1e stored Water is ava1lable each irrigation division will
be limited to a 145 day period for the first crop irrigation season. This
ﬁxed perlod will reduoe the potent1a1 for canal and delivery losses.

(2) Dellverles of 1nterrupt1ble stored Water to customers within a given
irrigation operation will cease the earlier of: (A) 145 days from the start
of deliveries. within ‘that customer’s irrigation operation; (B) diversion
of interruptible stored “watet tothe customet’s irrigation operation
reaches that operation’s allocation. of 1nterrupt1ble stored water; (C)
deliveries of water to the customer are in an amount that exceeds the

~ acre-foot per acre duty limit specified in customer’s contract; or (D)

combined storage: teaches 600,000 acre-feet. Rice fields requiring a

< longer growing Season. or more water W1ll be sub]ect to cut-off and are
- planted at the producers own rrsk L TR

(3) During the contractmg perrod 1f 1nterrupt1ble stored water is available
LCRA will initially only commit to providing’ water for first crop. If
,1nterrupt1ble stored ‘water becomes available for second crop, LCRA

will enter mto separate contracts or contract amendments for second
crop DRTRRE FR . R

(4) LCRA has established in its contracts a surcharge structure based upon
- the water use ‘amount.or duty (acre-feet per acre) to grow first crop.
, H1gh water use wﬂl be subJ ect to hlgher rates.

(5)1 ' LCRA requlres that all pnvately-owned laterals be cleaned to LCRA’s
- specifications or water service will not be delivered down those laterals.

(



If combined storage on Jan. 1, 2014 is between 690,000 acre-feet and 850,000
acre-feet, the 2010 WMP requires that LCRA make available about 175,000 to
182,000 acre-feet for the downstream irrigation operations at diversion points

need to be released to account for losses in delivering water from Lake Travis to
the irrigation operations. Thus for the storage levels above, the 2010 WMP
could result in the need to release up to about 220,000 acre-feet of water.

9. IMPACTS OF DROUGHT ON FIRM WATER CUSTOMERS.

a.

Ensuring adequate supply for LCRA’s firm customers is critical. The maximum
historical annual amount of reported water use to meet firm customer demands
from the firm supplies of lakes Buchanan and Travis during 2000 through 2012
was approximately 247,000 acre-feet in 2011. In addition, about 33,000 acre-
feet of firm water was supphed toﬁhgpﬁrpqetﬁerygonmental flow needs in 2011.

The maximum amount of interruptible water released from lakes Buchanan and
Travis during this same period occurred in 2011 and totaled about 433,000 acre-
feet. The maximum total amount released or used from the Highland Lakes,
about 714,000 acre-feet, occurred in 2011, In 2012, firm water use from lakes
Buchanan and Travis by LCRA customers was about 148,000 acre-feet; about
31,000 acre-feet was supplied to help meet environmental flow needs; and about
9,000 acre-feet of interruptible water was supplied to farmers in the Garwood
irrigation division. Total use of water from lakes Buchanan and Travis in 2012
was about 188,000 acre-feet. Based upon a review of water use through
November 2013, total water use from lakes Buchanan and Travis for 2013 is

expected to be similar to 2012.

LCRA owns four water treatment plants whose raw water supply is Lake Travis
or Lake Buchanan as noted in Table 1

Table 1. LCRA Water Treatment Plants Supplied
from Lakes Buchanan or Travis

Estimated

System Name | Intake Location | Population | Service Area
Served

Paradise Point | 1 ake Buchanan 350 Paradise Point

Water System

Service area around the

Lake Buchanan
Lake Buchanan 1,410 south and west sides of

Water System

Lake Buchanan
Smithwick ) ‘
Mills Water Lake Travis 160 Smithwick Mills
System
Ridge Harbor Lake Travis 400 Ridge Harbor
Water System

from-the-river.-To.make-such-water-available,-an-additional - 20-percent would-—- - -



- LCRA also owns the Spicewood Beach Water System. This groundwater-based
system is influenced by the water levels in Lake Travis. As a result of the low
lake levels, the production - of the groundwater wells has diminished
significantly. Water has been trucked to Spicewood Beach on a daily basis. The
costs to date have exceeded $800 OOO

Based on my knowledge of the. treatment systems in and around lakes Buchanan
and Travis, LCRA’s water systems are representative of the types of potable
water systems that obtain taw water from the lakes.

The table ‘attached under Tab 2 shoWs the loWest’ elevations that LCRA’s rtaw
water intakes can currently draw from Lake Buchanan or Lake Travis. The table
also’ shows the approxrmate amounts spent over the past few years to make
adjustments to reach ‘those clevations. - In addition, the table provides
“information regarding the lowest intake ‘elevation planned to date and the

- estimated costs for achieving those elevations:” In somie cases, lower elevations -
 might be achieved at significantly gteater costs, or LCRA miay resort to hauling

_ Water for essential drinking and sanitation purposes for the smaller systems.

LCRA has 15 customers that currently take raw water for municipal purposes
from Lalke Travis that are not a part of LCRA’s water utility systems. Ireviewed
information maintained by LCRA that identifies what LCRA believes to be the
elevations of our customers’ intake structures. The depth of those intakes ranges
from 545 feet mean sea level (msl) to 645 feet msl on Lake Travis.

If the levels in Lake Travis or Lake Buchanan drop below the current lowest
pumping elevations as indicated in the chart attached under Tab 2, LCRA must
take actions to either lower the pumping elevation, or find alternative supplies
for the LCRA water utility systems described in this affidavit. For smaller
systems such as Paradise Point, Smithwick Mills, or Ridge Harbor, the
- alternative is likely'to ba'to haul ‘water from a water ut111ty with a viable source.
Temporary measures ‘would likely need to be taken by LCRA’s raw water
- customers ‘that have their own intake facilities to extend the facilities to reach
‘water at lower elevations, It is my. understanding that firm customers are
actively spending or planmng to spend funds to allow their intakes to operate at
lower elevations. At least one customer has looked into hauling water should
Lake Travis levels drop below the lows of September 2013.

. Based on this information, it is my opinion that the current drought presents an

- imminent threat to public health and safety for the LCRA water systems if the
lake levels .or releases drop more quickly than arrangements for alternative
intakes or supphes can be implemented. This is also hkely the case for several
of LCRA’s raw Water customers on Lake Travis.

In addition to the Water systems described above that draw surface water from
" “Jakes Buchanan or Travis, LCRA also owns one retail system that draws supply
water from one of the pass-through lakes between Lake Buchanan and Lady

o



Bird Lake. That system, Sandy Harbor Water System, is supplied from Lake
LBJ via the City of Horseshoe Bay treatment plant facilities and serves a
population of approximately 245.

10. IMPACT OF DROUGHT ON HIGHLAND LAKES INFLOWS.

a.  Inflows to the Highland Lakes over the past several years, including the first
eleven months of 2013, are among the lowest on record.

b.  Shown in Table 2 is a comparison of the lowest ten years of inflows into lakes
Buchanan and Travis with the 2013 year-to-date inflows through November and
the average annual inflows since 1942, Inflows for 2011 into the lakes were the
lowest annual inflows on record, about 10% of average inflows. Calendar years
2008, 2009, 2011 and 2012 are all among the lowest 10 years of inflows to the
Highland Lakes and 2013 is on track to be among the five lowest. Inflows from

- just one year from the historic Drought of Record (1950) fall within the 10 years
of lowest inflows.

Table 2. Annual Inflows into the Highland Lakes (acre-feet)

Year Amount
2011 127,802
Jan-Nov 2013 198,466
2008 284,462
2006 285,229
1963 392,589
2012 393,163
1983 433,312
1999 448,162
2009 499,732
1950 501,926
1967 503,572
Average (1942-2012) 1.24 million

c.  Monthly inflows have been below average in 42 of the past 43 months as
shown in Table 3.



d.

Table 3. Monthly Inflows to Lakes Buchanan and Travis
from May 2010 to August 2013

Inflows Percent of Inflows Percent of
Month | . ‘Monthly Month . Monthly
(acre-feet) | Ave (acre-feet).
: verage Average
May 2010 | 95,821 462% Mar 2012 112,517 121.6%
June2010 | 33,517 20,1% Apr2012 19,477 18.3%
July 2010 59,905 69.1% May 2012 | 83,699 40.4%
Aug 2010 10,783 16.6% June 2012 | - 12,599 7.5%
'Sept2010 - | 86,952 83.9% July 2012- 8,712 10.0%
Oct 2010 14,385 11.7% Aug?2012 | 2,041 3.1%
T Nov2010 | 13,899 | " 19.6% Sept 2012 12,006 11.6%
Dec 2010 16,845 24.4% Oct 2012 19,338 15.7%
CJan2011 | 21,158 | 323%- Nov 2012 16,042 8.5%
Feb 2011 16,306 18.8% Dec 2012 6,854 9.9%
Mar 2011 13,811 14.9% Jan 2013 15,086 23.0%
Apr2011 7 |:109,175 = | ' 8.6% Feb 2013 8,665 10.1%
" May 2011 11,182 5.4% Mar 2013 10,549 11.5%
June 2011 1,340 - 0.8% Apr 2013 10,898 10.4%
July 2011 734 0.8% May 2013 28,953 14.1%
Aug 2011 403 0.6% June 2013 5,471 33%
Sept 2011 922 0.9% July 2013 17,378 20.3%
062011~ | 29,927 243% Aug 2013 1,593 2.5%
Nov 2011 6,874 9.7% Sept 2013 30,413 29.6%
Dec 2011 | 15,969 23.1% Oct 2013 50,163 41.0%
Jan 2012 35,178 53.6% Nov 2013 19,297 27.5%
Feb‘ 2012 74,699 86.0% )

Add1t1onally, the inflows in the current drought over periods ranging from 12
months to 72 months are lower than lowest such perlods within the historical
Drought of Record as shown in Table 4.

Table 4, Comparlson of inflows in current drought to Drought of Record

Lowest inflows for time per1od Lowest inflows for time perlod n
- in ongoing drought ' 1950s Drought of Record
Time Period | Period ending inflows Period ending inflows
12 months September 2011 120,160 April 1951 408,784
24 months March 2013 503,989 March 1952 1,006,681
36 months September 2013 695,099 August 1952 1,636,088
48 months | November 2013 1,738,868 August 1952 3,035,846
60 months August 2013 2,147,157 August 1952 4,128,806
72 months November 2013 2,524,942 April 1955 5,193,016

(
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e.  As a result of extremely low inflows into the lakes, record high temperatures,
high evanpmtmn _rates, and ‘higher than anticipated interruptible demands, the
: in dropped significantly in 2011, and in a very short
_ '~1gh November 2013, even W1th interruptible stored
water cut off from the Gulf Coast, Lakeside and Pierce Ranch irrigation
divisions, the lake levels have not recovered. (See Tab 3 ) The combined storage
in lakes Buchanan and Travis fell to the lowest level in the current drought,
637, 123 aere—feet or 31.7 percent cagacﬂv on Sept.. 19,2013, For the 12-month
period from sept. 1, 2012 to Sept. 1, 2013, combmed storage had dropped by
about 229,000 acre-feet; and from June 1 to Sept. 1, 2013, combined storage
‘dropped by, abotit 118,000 Vaere feet. As of Dec. 1, 2013 combined storage was
~ about 746, 000 acre-feet or-37 percent capacity. On Nov. 18, 2013, combined
' storage was about 36 percent capacity. The last time both lakes Buchanan and
Travis were smmltaneously at their maximum allowable conservation storage

. ‘was February 13,2005.

f. Heavy, w1despread rainfall in the Llano River and San Saba River watersheds

above the Highland Lakes on Sept. 19 and 20, 2013 averaged two to three

- inches; with some rain gages reporting totals as high as six or seven inches.

- However, this rain event has only yielded approxmlately 24,000 acre-feet of
inflow to the lakes. This low inflow total is symptomatic of the drought’s
severity which included dry soils that absorb most of the rainfall that does occur.
By comparison, an event in March 2007 with about 40 percent less rainfall
yielded almost 100,000 acre-feet of inflows to lakes Buchanan and Travis. A

. later event in March 2007 with about 15 percent more rainfall produced about
275,000 acre-feet of inflows to the lakes.

g. Two large rain events occurred in the lower Colorado River Basin watershed in
October 2013. However the majority of rainfall and runoff occurred below the
watersheds of lakes Buchanan and Travis. Gauged inflows to lakes Buchanan
and Travis for October and November totaled about 69,000 acre-feet, as
compared to flow that originated downstream and went past Bay City, totaling
355,000 acre-feet for those two months.

EFFICIENCY IMPROVEMENTS. In 2012, LCRA implemented process
improvements that have improved the efficiency of releases from the Highland Lakes

for downstream water needs. These include: 1) a smaller increment of instantaneous

releases from Tom Miller Dam, which allows for more precisely meeting instream
flow requirements as well as other demands; and 2) improvements to models and
procedures for determining the downstream demand and the estimated amount of
flows originating downstream. :



Further affiant sayeth not.

,;/;q,/ < "
RYAN B_ROWNEY MAI“FIA@T

SWORN TO AND SUBSCRIBED before me on the /D%Wday of

T Cembar 2013,
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Notary Pubhc in and for the Stute of Texas
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Ryan B. Rowney
P.O. Box 220

—- Austin; TX 78767 —
(512)469-6874

EXPERIENCE
LOWER COLORADO RIVER AUTHORITY, Austin, TX October 1983 to Present

Executive Manager, Water (Sept. 2011 to Present)
Responsible for all areas of Water Operations including Hydro Operations, Irrigation Operations, River
Operations and Water and Wastewater Operations.

Provides safety oversight for Water Operations and reports directly to the Chief Operating Officer.

Responsible for the operations and maintenance of LCRA’s six dam and 13 hydroelectric (hydro)
generation units, 1,100 miles of irrigation canals, nine irrigation pump stations, LCRA’s system of rain
and stream gauges, and LCRA water and wastewater systems.

Responsible for the development and reporting of drought and lake conditions to the General Manager
and the LCRA Board of Directors on a monthly basis.

Manager of Dam & Hydroelectric Operations (Mar. 2004 to Sept. 2011)

Operate and maintain LCRA’s network of dam and hydro generating assets while providing leadership
and direction to staff. Manage flood operations. Develop strategic and operating goals and objectives in
line with LCRA’s overall goals and objectives. Ensure adherence to safety procedures and policies.
Provide leadership and direction to dam and hydro related utility maintenance activities.

Superintendent of Dam & Hydroelectric Operations (IViay 2001 to Mar. 2004)

Supervise, coordinate and direct activities of dam and hydro staff. Act as liaison with the LCRA River
Operations Center (ROC), LCRA Generation Desk (GenDesk) and LCRA System Operations Control Center
(SOCC) to ensure the most efficient use of Hydro unit operations and flood management. Supervise the
overall maintenance of the six Highland Lakes dams, the Lometa reservoir and pump station, thirteen
hydroelectric turbine generators and all WWW treatment plants and associated water lines. Supervise
the overall maintenance of all LCRA floodgates and related equipment.

Area Supetrvisor, Wirtz and Starcke Dams (Feb. 1997 to May 2001)

Supervise, coordinate and direct overall activities of staff responsible for monitoring and operating all
LCRA dams and hydro generators. Lead and ensure communication and coordination of work activities
with LCRA's Generation Desk (GenDesk) and the River Operations Center (ROC) to meet generation
demand load requirements. Lead and ensure communication and coordination with the ROC to manage
the lake levels of the six Highland Lakes, during normal, emergency and flood conditions.



Planner / Scheduler, Dam & Hydroelectric Operations (Aug. 1994 to Feb. 1997)

Develop and maintain departmental work plah and project schedules, time and cost estimates, work
orders, work authorizations, requisitions, bid evaluations, pertinent records and logs, including ProCard
documentation. s

Electrician, Dam & Hydroelectric Operations (Oct. 1983 to Aug. 1994)

Responsible ‘for repair, installation, replacement and testing ' electrical circuits,” equipment’ and
appliances in a facilities or other non-energy services environment. Isolate defects in wiring, switches,
motors and other electrical equipment using testing instrument. Replace faulty switches, sockets and
other elements of electrical systems. Dismantle electrical machinery and replaces defective electrical or

mechanical parts such as gears, brushes and arrha‘tqr,es. Mount motors, transformers and lighting

fixtures into position and completes circuits according to diagram specifications.
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APPLICATION QOF THE § BEFORE THE
LOWER COLORADO RIVER § TEXAS COMMISSION ON
' AUTHORITY FOR EMERGENCY § ENVIRONMENTAL QUALITY
AUTHORIZATION §
AFFIDAVIT OF BOB ROSE

THE STATE OF TEXAS §

§
COUNTY OF TRAVIS §

Before me, the undersigned authority, personally appeared Robert H. Rosenzweig, also
known as Bob Rose, a person known by me to be competent and qualified in all respects to
make this affidavit, who being by me first duly sworn, deposed as follows:

L.

I am over 21 years of age, of sound mind, and have never been convicted of a
felony or crime of moral turpitude. I am fully competent and qualified in all
respects to make this affidavit.

The facts stated in this affidavit are within my personal knowledge and are true
and correct,

I, Bob Rose, am an individual residing in Austin, Texas.

I am the Chief Meteorologist for the Lower Colorado River Authority (“LCRA”™).
I have held this position since 1995. I have worked as a meteorologist in Texas
for 30 years. A true and correct copy of my resume, detailing my prior work
history and education, is attached hereto under Tab 1.

As part of my duties at the LCRA, I regularly review and summarize short-term
and long-term weather predictions and drought indices for the Central Texas
region. My opinion is based on my experience in the field and a review of data
and forecasts from the National Weather Service’s Climate Prediction Center,
National Oceanic and Atmospheric Administration’s (NOAA'’s) Earth System
Research Laboratory, Texas State Climatologist Dr. John Nielsen-Gammon and
Research Scientist Gregory J. McCabe,

Extraordinaty drought conditions have gripped much of Texas, including the
Colorado River basin for more than three (3) years, dating back to October of
2010. The drought has been unprecedented relative to the long-term climate
record in a number of ways: record low precipitation, extreme, record-setting
summer heat and enormous wildfires, The drought conditions include both
meteorological drought (taking into account rainfall and temperature) and
hydrologic drought (taking into account streamflow and evaporation).

Attachment L,
Affidavit of Bob Rose



Rainfall. According to the Texas State Climatologist, Dr. John Nielsen-Gammon,
on a statewide basis, rainfall during the 12 month period from Oct. 1, 2010 to
Sep. 30, 2011 was the lowest ever recorded, dating back to 1895, (See Tab 2,
available at http:/climatexas.tamu.edu/files/2011_drought.pdf)) My review of

the rainfall data indicates the following:

a)

b)

d

Total average rainfall across Texas during that period was 11.18 inches, just
38 percent of the long-term average. This is much lower than the previous
record of 13.91 inches occurring between October 1955 and September 1956.

For the period from October 2011 through September 2012, rainfall was
somewhat more plentiful. Statewide, rainfall averaged 28.94 inches, or 94
percent of the long-term average. (See Tab 3, Figure 1, available at

http //www nede, noaa, gov/temp-and~

ear—2012&month“9 )

However, rainfall during this period was very sporadic; often there were
several weeks of dry weather between significant rainfall events. The
sporadic nature of the rain precluded significant runoff. Inflows from
January through October 2012 were less than 40% of average. (See Affidavit
of Ryan Rowney.)

Statewide rainfall over the period between October 2010 and September 2012
totaled 40.21 inches, 15.73 inches below normal, or 73 percent of normal.
This is the 5™ driest such 24-month period on record dating back to 1895.
(See Tab 3, Figure 2, available at hitp:/www.ncdc.noas.gov/temp-and-
precip/ranks. phn”penods%sB%5D*24&narameter—ocn&state-41&d1v—0&v
ear=2012&month=9.)

Statewide rainfall so far in 2013 has been near normal. Between January
2013 and October 2013, statewide rainfall totaled 24.12 inches, 0.12
inches below normal. (See Tab 3, Figure 3, available at
http://www.nedc.noaa.gov/temp-and- - -
precip/ranks,php?periods%5B%5D=10&parameter=pcp&state=41&div=0&y
ear=2013&month=10.) The sporadic nature of rain events (over the past three
years) has continued to produce well below average runoff. (See Affidavit of
Ryan Rowney.)

Statewide rainfall for the ﬂxree-year period of November 2010 to October
2013 was well below normal, totaling 65.51 inches. This total is 18.47

inches below normal or 78 percent of normal. This is the 7th driest such

period on record dating back to 1895. (See Tab 3, Figure 4, available at
http://www.ncde.noaa.gov/temp-and-
precip/ranks. Dhn?penods%SB%SD—B6&parameter—pco&state—41&dlv—O&

- ear=2013&month=10.)

()
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g) Two heavy rain events occurred during October 2013, but both of these
events occurred primarily downstream of the watershed to the Highland
Lakes. The first event occurred on October 12 and 13, producing up to a foot
of rain over southwest Austin and southwest Travis County. The second
event occurred on October 30 and 31, producing widespread totals of 8 to 12
inches over parts of Travis, Hays and Comal Counties. The majority of the
runoff from both rain events drained into the Colorado River below Austin.

According to the latest U.S. National Drought Monitor, a product of the National
Weather Service, the U.S. Department of Agriculture, and the National Drought
Mitigation Center, much of the Texas Hill Country was designated as being in
“moderate drought,” the first of four drought classifications. The Hill Country
counties of Gillespie and Kerr were designated as being in “severe” to “extreme”
drought, the second and third of four drought classifications. Much of Central
Texas and the middle Texas coast were depicted as being abnormally dry,
indicating drought conditions have improved considerably but some longterm
drought impacts still remain in place. Generous rains in late September and
October caused general drought improvement across the region. Soil moisture
improved, stock ponds filled and vegetation greened up. However, the rains
were not heavy enough to significantly improve the hydrologic drought. Note,
the Drought Monitor does not specifically depict the state’s hydrologic drought,
which is considerably worse than depicted.

Heat. Another factor that has contributed to the severity of the ongoing drought
has been the unprecedented heat. For Texas, the average temperature between
June 1 and August 31 of 2011 was the hottest summer average temperature ever
recorded in Texas and the second hottest summer average temperature for any
state in the US dating back to 1895. Summer 2011 was also, by far, the hottest
summer on record for Austin. Statewide, calendar year 2011 was the second
hottest year ever recorded and the hottest year on record for Austin. The
combination of well below normal rainfall and unprecedented heat created some
of the most severe drought conditions ever recorded. (See
http://www.ncde.noaa.gov/sote/drought/2011/9, last visited July 1, 2013 and
ht_tg://www.srh.noaa.gov/images/ewx/wxevent/sum201l.gdf, last visited July 1,
2013.) These conditions even surpassed the drought conditions of the 1950s. The
unprecedented hot temperatures combined with numerous sunny days to create
much higher than normal losses from evaporation. Abnormally warm
temperatures also continued in 2012.  Statewide, e Stmmer of 2012 was the
10" hottest summer on record. And it was the 11 hottest summer on record for
Austin. Statewide, 2012 tied with 1921 for the warmest year ever recorded in
Texas history. For Austin, summer temperatures in 2012 were the 9" warmest
on record. Summer temperatures for Austin in 2013 were the 5™ warmest on

record.

Weather Forecast Sources. In developing my forecast, I have relied on various
sources, including the National Weather Service’s Climate Prediction Center,




NOAA'’s Earth Science Research Laboratory, Texas State Climatologist John
Nielsen-Gammon and Gregory McCabe, Research Scientist.

a) The National Weather Service's Climate Prediction Center 3-Month Drought
Outlook calls for the drought to persist across the Hill Country between the
months of November ' through February. Limited to no drought is forecast
for Central Texas and the middle Texas coast. See Figure 1.

Figure 1.

U.S. Seasonal Drought Outlook

Drought Tendency During the Valid Period
alid for November 21, 2013 - February 28, 2014
7y ' . Released Novgmher 21, 2013
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According to CPC forecasters, this outlook is primarily based on the forecast
for ENSO neutral conditions to continue in the tropical Pacific this winter.
CPC forecasters state “the anticipated monthly and seasonal precipitation
(outlooks) tilt toward abnormal dryness, plus 60- and 90-day (precipitation)
shortages, supports development or persistence of drought (at least D1) in the
Southwest (Texas) and the Southeast by the end of February 2014...” (See

Tab 4, available at http://www.cpc.ncep.noaa.gov/products

fexpert_assessment/sdo_discussion.html.) Looking out longer-term, The
International Research Institute, a partner of the National Weather Service’s

Climate Prediction Center, forecasts at least a 60 percent probability for
ENSO neutral conditions to continue in the tropical Pacific through winter
into early springlate fall and early winter. (See Tab 3, Figure 5, available at
http://iri.columbia.edw/climate/ENSQ/currentinfo/QuickLook.html.)

b) The latest National Weather Service precipitation outlook generally calls for
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equal chances for above, below, or near normal precipitation across Central
and South Texas this winter, spring and early summer. See Figure 2. Climate
Prediction Center forecasters state: “In areas without substantial and reliable
climate signals, equal chances of below, near and above median seasonal
precipitation amounts are forecast.” (See Tab 5, available at
http://www.cpc.ncep.noaa.gov/products/predictions/90day/fxus05 html.)

Figure 2. National Weather Service Precipitation Outlook
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) Sea surface temperatures in the tropical Pacific are currently neutral but these

d

waters have been slowly warming over the past couple of months. Most all
long-range climate forecast models indicate this warming trend will continue
through the winter and spring months of 2014. Several of the models indicate
the Pacific will reach the threshold for a weak El Nifio sometime during the
late spring or early summer. Should the El Nifio develop, it is not expected to
have a significant impact on Central Texas weather until the late summer or
fall. But, the development of El Nifio in 2014 is far from certain. Tropical
Pacific waters reached the threshold for an El Nifio in August of 2012 but sea
surface temperatures unexpectedly cooled in September and October, and the
El Nifio failed to develop. By November of 2012, the Climate Prediction
Center canceled the El Nifio watch as Pacific waters continued to cool. In the
current regime of a negative Pacific Decadal Oscillation (PDO), the
development of an El Nifio is far from certain as the overall oceanic pattern
tends to fight the build up of unusually warm water in the tropical region.

In 2004, McCabe et. al. published a statistical study of drought frequency in
the lower 48 states versus the PDO and Atlantic Multidecadal Oscillation



(AMO). (See Figure 3, below and Tab 6, available at
http://www.pnas.org/content/101/12/4136.Jong.) Currently, the Pacific Ocean
is in the midst of a negative phase of the PDO where waters on the eastern
side of the Pacific are unusually cool. At the same time, waters in the North
Atlantic Ocean are unusually warm, a result of the positive phase of the AMO.
Oceanic conditions in both the Atlantic and Pacific Oceans seem to influence
long-term drought conditions within the U.S. Scientists monitoring both
oceans have been able to match the changing phases of multi-decadal
oscillations within each ocean to the presence or absence of drought across the
US. McCabe pointed out the difference between the dust bowl drought in the
1930s when the PDO and AMO were both positive and the multi-year drought
of the 1950s over the south central and southwestern US when the PDO was
cold and the AMO was warm.

Figure 3. Drought probability for the four classes of Pacific Decadal
Oscillation and Atlantic Multidecadal Oscillation

A is Cold (-)AMO and Warm (+) PDO. B is Cold (-) AMO and Cold () PDO.
Cis Warm (+) AMO and Warm (+) PDO. D is Warm (+) AMO and Cold (-) PDO.

The current conditions are indicative of classification D which indicates
persistent drought for Texas and the southwestern United States. McCabe in
2004 wrote, “Should the current positive AMO (warm North Atlantic)

~ conditions persist into the upcoming decade, we suggest two possible drought
scenarios that resemble the continental-scale patterns of the 1930s (positive
PDO) and 1950s (negative PDO) drought.”

11, Weather Forecast. Based on my experience and a review of data and forecasts
' from the sources listed above, it is my opinion a general pattern of near normal



rainfall will be in place across Central and South Texas this winter into early
spring. A neutral tropical Pacific Ocean in combination with a negative Pacific
Decadal Oscillation is expected to produce a weather pattern where some storms
move into Texas, but the primary storm track stays generally just north of Central
Texas and the Hill Country. While this pattern will offer some opportunities for
rain throughout the winter months, the rain is not expected to be heavy enough to
cause significant drought improvement, With similar oceanic conditions in the
Pacific and Atlantic to what was in place in the 1950s, it is quite possible that
Texas is in the grip of a multi-year drought period, along the lines of what was
observed in the drought years of the 1950s. Several long-range forecast models
are ‘showing a trend toward the development of a weak El Nifio this spring into
early summer. Should the El Nifio develop as forecast, it could cause a wetter
weather pattern by fall of 2014. In the mean time, I do not foresee a significant
change in the rainfall pattern across Central and South Texas this winter into

early spring.

Further affiant sayeth not.

O )

BOB ROSE, AFFIANT

SWORN TO AND SUBSCRIBED before me on the 72— day of
e lomber— ,2013.

zN” TABETHA A, JASKE QM) W/
S ; :

Public, -
M,fyco‘é,&',?sfﬁ,".f"g,?;,f::" Notary Public in and for the State of Texas

January 11, 2014 ‘

My Commission Expires: /— /{ - 2D |LK






BOB ROSE

P.O. Box 220
Austin, TX 78767-0220
bob.rose@lcra.org

EDUCATION

Texas A&M University, College Station, Texas
Bachelor of Science in Meteorology 1979.

PROFESSIONAL EMPLOYMENT

Jan 1995 to Present Chief Meteorologist, Lower Colorado River Authority, Austin, Texas

o Responsible for the daily forecast of weather conditions and
temperatures affecting the Lower Colorado River Authority’s power
generation, electrical transmission, flood control and water supply
operations.

e Produce a daily weather blog about Central Texas weather:
hitp://www.lcra.org/water/conditions/weather/weather column.html

o Write daily operational weather briefs to keep all departments of LCRA
apprised of expected weather conditions.

e Provide advance notice significant weather event e mails to emergency
management officials, county judges along with city and state agencies.

e Present a bi-weekly video weather blog about Central Texas weather.
Give numerous talks to various civic groups and organizations about the
wealther.

o Provide weather information to a number of newspapers and media
outlets across Central Texas about regional weather.

Feb 1988 to Jan 1995 Meteorologist, KVUE-TV (ABC), Austin, Texas
e Responsible for the morning and midday newscasts for 4 years,
weekend newscasts for 3 years.
e Prepared a weekly astronomical report called Skywatch, and did
occasional science and environmental reporting.

Sep 1978 to Jan 1988 Weekend Meteorologist, KBTX-TV, Bryan, Texas (ABC/CBS).
e Responsible for the forecasting, preparation and presentation of the 10
PM weekend weathercasts.

PROFESSIONAL MEMBERSHIPS

Member, American Meteorological Society. TV Seal #501, AMS Certified Broadcast Meteorologist.

Member, Austin-San Antonio chapter, American Meteorologloal Society
Currently serving on the Board for Private Sector Meteorology with the American Meteorological Society

RELATED ACTIVITES:

A regular contributor to the National Drought Monitor.
Member of the Southern Climate Impacts Planning Program (SCIPP)
Travis and Williamson County Coordinator for CoCoRaHS
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Executive Summary

The 2011 drought in Texas has been unprecedented in its intensity. The year 2010 had been
relatively wet across most of the state, except for extreme eastern Texas. Beginning in
October 2010, most of Texas experienced a relatively dry fall and winter, but the record dry
March 2011 brought widespread extreme drought conditions to the state. A record dry
March through May was followed by a record dry June through August, and the 12-month
rainfall total for October 2010 through September 2011 was far below the previous record
setin 1956. Average temperatures for June through August were over 2 °F above the
previous Texas record and were close to the warmest statewide summer temperatures ever
recorded in the United States.

As the drought intensified, the previous year’s relatively lush growth dried out, setting the
stage for spring wildfires. Conditions were so dry during the spring planting season across
much of the state that many crops never emerged from the ground. Continued dry weather
through the summer led to increasing hardship for ranchers, who generally saw very little
warm-season grass growth while stock tanks dried up. The record warm weather during the
summer in Texas was primarily a consequence of the lack of rainfall, but the heat and
resulting evaporation further depleted streamflow and reservoir levels. By early fall, trees in
central and eastern Texas were showing widespread mortality and dry and windy conditions
allowed forest fires to burn intensely and spread rapidly in Bastrop and elsewhere.

Twelve-month rainfall was driest on record across much of western, central, and southern
Texas, and many stations received less than 25% of their normal 12-month precipitation.
The area near, north, and east of Dallas was comparatively well off compared to the rest of
the state, but still endured serious drought conditions and record heat.

This drought has been the most intense one-year drought in Texas since at least 1895 when
statewide weather records begin, and though it is difficult to compare droughts of different
durations, it probably already ranks among the five worst droughts overall. The statewide
drought index value has surpassed all previous values, and it has been at least forty years
since anything close to the severity of the present drought has been experienced across
Texas. '

Because of the return of La Nifia conditions in the tropical Pacific, a second year of drought
in Texas is likely, which will result in continued drawdown of water supplies. Whether the
drought will end after two years or last three years or beyond is impossible to predict with
any certainty, but what is known is that Texas is in a period of enhanced drought
susceptibility due to global ocean temperature patterns and has been since at least the year
2000. The good news is that these global patterns tend to reverse themselves over time,
probably leading to an extended period of wetter weather for Texas, though this may not
happen for another three to fifteen years. Looking into the distant future, the safest bet is
that global temperatures will continue to increase, causing Texas droughts to be warmer and
more strongly affected by evaporation.
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About the Texas State Climatologist

The Office of the State Climatologist, Texas, is housed in the Department of Atmospheric
Sciences, College of Geosciences, Texas A&M University. The OSC has been designated
an AASC-Recognized State Climate Office (ARSCO) by the American Association of State
Climatologists. The mission of the OSC is to enable the State of Texas and its citizens make
best possible use of climate data and outlooks, to monitor and document climate events and
conditions across the state, to conduct climate research with direct benefit to Texans, and to
serve as a local point person for NOAA and other federal agencies with regards to Texas
climate. The OSC posts reports and real-time climate monitoring information on its web
site (http://atmo.tamu.edu/osc, soon to be upgraded to http:/climatexas.tamu.edu) and
houses an archive of Texas climate-related publications.

The Texas State Climatologist is nominated by the President of Texas A&M University and
appointed by the Governor of Texas. John Nielsen-Gammon has served as the Texas State
Climatologist since the year 2000. He received his Ph.D. in Meteorology from the
Massachusetts Institute of Technology in 1990 and joined the faculty of Texas A&M
University in 1991. Nielsen-Gammon is a Fellow of the American Meteorological Society
and Past President of the International Commission for Dynamical Meteorology. His
climate-related research focuses on regional drought causes and regional drought and
climate monitoring, and he has also played a key role in understanding the meteorological
conditions contributing to high concentrations of ozone in the Houston area. The Houston
Chronicle hosts his blog on weather and climate issues called Climate Abyss.

The Texas State Climatologist is a designated member of the Texas Drought Preparedness
Council.
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1) Introduction

Drought is a condition of hardship due to lack of water caused by unusual meteorological
conditions. Drought affects both society and the natural environment. Society attempts to
use water to maximum benefit, and hardship results when insufficient water is available for
the normal types and amounts of water uses. Natural ecosystems have adapted to the
occasional occurrence of drought, though human interactions with the environment have
sometimes reduced natural resilience.

The severity of a drought depends on its intensity and duration. Differences in drought
duration make it difficult to compare various droughts. A short-term drought, one lasting
less than six months or so, will have a large impact on the agricultural industry but cause
relatively few water supply problems. In contrast, a long-lasting drought of low intensity
may have relatively little agricultural impact but may cause major problems for water
suppliers due to steadily declining reservoir and aquifer levels.

As shown in this report, the 2011 drought in Texas has been unprecedented in its intensity.
While the current period of below-normal rainfall has only lasted slightly more than a year,
the lack of rainfall has been so profound that many water supplies throughout the state have
been seriously affected. With the drought very likely to continue for at least several more
months, wintertime replenishment of water supplies will generally be below normal and
additional worsening of water supply conditions is likely in 2012.

This report considers the Texas portion of the 2011 drought. As of this writing, drought
conditions extend almost continuously across the southern United States from Arizona to
North Carolina and from parts of the Northern Plains into central Mexico (source: North
American Drought Monitor). However, the exceptional drought conditions have
disproportionally affected Texas and Oklahoma along with neighboring parts of New
Mexico, Colorado, Kansas, Arkansas, Louisiana, and the country of Mexico.

For designing policy to mitigate the impacts of this or future droughts, it is essential to
understand the present drought in a historical context. A drought so rare as to be unlikely to
recur in the next thousand years might require a one-time intervention, while a drought
likely to repeat itself within our lifetimes may require a greater emphasis on permanent
mitigation or adaptation measures.

A second area of policy concern is the potential continuation of the present drought beyond
the immediate future. While most water systems are designed for the drought of record,
most have never actually had their infrastructure and water plans tested by the drought of
record. It is not too late to consider the possibility that this drought may turn out to be
worse than the drought of record and to take steps to prepare for that possibility.

This report focuses on the meteorological aspects of the 2011 Texas drought. The second
section of this report describes the conditions leading up to the onset of the 2011 Texas
drought. Section three illustrates how dry conditions developed across the state during fall
of 2010 and winter, spring, summer, and early fall of 2011. The fourth section considers the
2011 drought’s place in the meteorological record books on a statewide, climate division,
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and local scale. Finally, section five considers the outlook for the present and future
droughts over the next year, the next decade, and beyond.



2) Setting the Stage: Rainfall Patterns through September

2010

During the past fifteen years, Texas has experienced a succession of droughts interspersed

by relatively wet years. This period of frequent drought followed the wettest ten to twenty
years in the Texas climate record (Nielsen-Gammon, 2011). Note: unless otherwise stated,
all weather records quoted in this report are with respect to a period of record extending

from 1895 to the present.

The drought of 1995-1996 broke the string of wet years and partly influenced major water
planning legislation enacted in many states, including Texas. A brief drought in 1998 was
followed by the drought of 1999-2002, which reached its peak in most of Texas with record-
setting temperatures in early September 2000 but which lingered in far West Texas two
more years. The 2005-2006 drought was widespread across most of Texas but never really
achieved historical proportions. The 2007-2009 drought, on the other hand, was relatively
localized when it reached its peak intensity in 2009, but for some locations in south-central
and south Texas it may well have been the worst drought on record up to that point
(Nielsen-Gammon and McRoberts, 2009).

This section and the next will evaluate rainfall shortages using a drought index called the
Standardized Precipitation Index, or SPI. The SPI has become one of the most popular
drought indices, in part because of its simplicity and flexibility. The SPI takes a particular
value of accumulated precipitation (such as precipitation over the past six months) at a given
location and rescales it based on the historical record of precipitation variability at that
location. The result is an index value that is negative when present conditions fall into the
drier half of expectations based on historical values and positive when present conditions
fall into the wetter half of expectations. The more negative the SPI value, the more
unusually dry the weather conditions. The following table shows some sample values of
SPI and their interpretation. Note that assessments of actual drought severity should not be
based exclusively on a single measure.

SPI range Expected frequency Designation
0.5t0-0.5 About 40% of the time Near Normal
-0.5 t0 -0.7 About 10% of the time Abnormally dry
-0.8 to -1.2 About 10% of the time Moderate drought
-1.3t0-1.5 About 5% of the time Severe drought
-1.6t0-1.9 About 3% of the time Extreme drought
-2.0t0-2.5 About 1.5% of the time Exceptional drought
Below -2.5 About 0.5% of the time Exceptional drought

Table 1: Interpretation of various ranges of values of the Standardized Precipitation Index (SPI). Source: modified

after http://droughtmonitor.unl.edu/classify.htm (accessed October 30, 2011).

SPI values below -2.5 are unlikely to have occurred previously on a given date in the
historical record. SPI values below -3.0 have an expected return period for a given date of
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once every 1000 years in an unchanging climate, though the historical record is too brief to
allow such low probabilities to be calculated with much accuracy.

This report presents SPI maps from the online archives of the Office of the State
Climatologist, Texas (OSC). The maps are accessible through
http://atmo.tamu.edu/osc/drought and the method of map generation is described in ‘
‘McRoberts and Nielsen-Gammon (2011b). The input data is the 4 km daily precipitation
analysis produced by the National Weather Service’s River Forecast Centers, calibrated
using long-record stations in the Cooperative Observer Network. These maps provide an
excellent guide to the distribution of drought conditions across Texas in space and time, but
the quality of the maps is occasionally hampered by uncorrected errors in the radar
estimation of precipitation. The color gray designates areas with insufficient radar coverage
for accurate precipitation estimation. ‘
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Figure 1; SPI values for accumulated precipitation over 12 months (left) and 24 months (right), at the height of
severity of the 2007-2009 drought. :

The 2007-2009 drought was most severe in south-central and south Texas (Fig. 1), The
short-term dryness was most acute in the Coastal Bend area, where at least one county
experienced a total failure of its cotton crop, while longer-term drought was most intense
along and just southeast of the Balcones Escarpment in central and south-central Texas.
Extreme drought conditions in the Lower Valley and east Texas were largely mitigated by
the rainfall from hurricanes Dolly and Ike and tropical storm Edouard.

The distribution of drought in August 2009 is shown here for two reasons. First, it indicates
which portions of the state were most seriously affected in 2007 and 2009 and which may
not have recovered prior to the 2011 drought. Second, it provides a useful point of
comparison by which to indicate the much greater severity of the 2011 drought.
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Figure 2: SPI values for accumulated precipitation over 12 months (left) and 24 months (right), just prior to the
onset of the 2011 drought.

The date of onset of the 2011 drought can be stated with remarkable precision: September
27,2011, On that date a storm system bringing widespread rain to Texas left the state.
Though it could not be known at the time, twelve of the next thirteen months would bring
below-normal precipitation to Texas.

The September 2010 conditions reflected a relatively wet winter, spring and summer, caused
in part by an El Nifio event in the tropical Pacific. Based on rainfall over the preceding 12
months, most of the state was above or near normal (Fig. 2), with the driest conditions found
along the Louisiana border. When 2009 is factored in, the two-year accumulations averaged
near-normal across the state, with the lowest two-year totals (compared to normal) found in
scattered pockets in the southern and eastern portions of the state.

Parts of eastern Texas would rightfully take exception to the claim that the drought started at
the end of September 2010. As Fig. 2 shows, moderate drought conditions already existed
at both one-year and two-year time scales in Newton County, and other parts of eastern
Texas had just finished a summer with below-normal rainfall and unusually little hay
production. However, for the state as a whole, the end of September represents the “high
water mark” prior to the onset of widespread drought conditions. In the U.S. Drought
Monitor (http://droughtmonitor.unl.edu), only 2.4% of the state was classified as being in
drought at the end of September.
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3) Drier and Drier: Development of the 2011 Texas Drought
This section tells the story of the evolution of the 2011 Texas Drought to date using four
separate SPI indices. The two-month SPI characterizes precipitation shortages (and
excesses) for the two-month period ending on the date specified. This index is most useful
for monitoring the month-to-month variations in rainfall and for characterizing short-term
drought stress during the warmer parts of the year. The six-month SPI characterizes the
rainfall amounts during the preceding half-year, and is most useful for characterizing
shallow soil moisture available to agricultural crops and forage grasses. The twelve-month
and 24-month SPI maps are most useful for characterizing precipitation on time scales
relevant to the recharge of reservoirs and some aquifers, as well as deep soil moisture

available to trees.
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Figure 3: SPI drought index values as of October 26, 2010, The more negative values indicate more severe drought

conditions.

Already by the end of October, the dry conditions in eastern Texas were becoming
increasingly clear, as some rainfall events prior to the summer no longer contributed to the



current SPI values. The two-month SPI reflected a combination of a wet September, with
multiple tropical disturbances bringing rain to south Texas and the I-35 corridor, and an
October that was eighth-driest on record for the state as a whole.

November 2010
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Figure 4: SPI drought index values as of November 30, 2010. The more negative values indicate more severe
drought conditions.

At the end of November, the two-month SPI is based on two consecutive dry months, and
Figure 4 shows that the fall dryness was exceptional in parts of central and south Texas.
The Panhandle had actually received above-normal precipitation for the two-month period,
due almost entirely to rain from a single storm system on the 11" and 12" of November.

December 2010

December was the third consecutive drier-than-normal month for Texas. The November 11-
12 Panhandle rain event was all that kept the entire state from receiving below-normal
precipitation for the November-December period. The three months of dry weather had
thrown most of eastern Texas into drought conditions according to the six-month and 12-
month SPI maps (Fig. 5). The year 2009 had been the 11™ wettest on record for the East
Texas climate division (#4), but the year 2010 was the 8" driest. The 12-month and 24-
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month SPI maps in Fig. 5 indicates that 2010 was driest toward the Louisiana border, while
2009 was apparently wettest near the Oklahoma border. This left the southern half of the
Louisiana border in drought conditions for all at all depicted time scales, based on the SPI.
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Figure 5: SPI drought index values as of December 28, 2010. The more negative values indicate more severe
drought conditions.

Both short-term and long-term drought were also already present in east-central Texas, in an
area centered on Bryan/College Station, and in the western Winter Garden area of
southwestern Texas east of Del Rio. In the rest of the state, the wet summer was still
substantially reducing the potential impact of the dry fall. However, the combination of a
wet summer and dry fall provided substantial fuel for wild fires. Potential wildfire danger is
indicated by those areas in which the two-month SPI is much drier than the six-month SPL



U.S. Drought Monitor Pecembe.2; 2010

Texas
Drought Conditions (Percent Area
None | D0-D4 | D1-D4 (D214 fnkRsr K}
Current 7.89 | 9211 69.43 | 3746 | 9.59 | 0.00
LastWoek | 1561 | gg.30 | 73.68 | 38.41 | 0.66 | 0.00
(12/21/2010 map)
3Months Ago | 5 57 | 9443 | 243 | 090 | 0.00 | 0.00
(09/28/2010 map)
Start of
Calendar Year | 72.90 | 27.10 | 6.98 | 2.32 | 0.00 | 0.00
{12/29/2009 map)
Start of
Water Year | 75,57 | 24.43 | 243 | 0.99 | 0.00 | 0.00
(09/28/2010 map)
One Year Ago | 75 57 | 5773 | 814 | 2:32 | 0.00 | 000
(12/22/2009 map)
Intensity:

DO Abnormally Dry
D1 Drought - Moderate
88 D2 Drought - Severe

I D3 Drought - Extrome

Il 04 Drought - Exceptional

The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. See accompanying text summary
for forecast statements.
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Figure 6: U.S. Drought Monitor for Texas for December 28, 2010. Available online at
http://droughtmonitor.unl.edu.

Three months into what would become the 2011 drought, the U.S. Drought Monitor was
indicating short-term drought across most of Texas (Figure 6). Already, 69.4% of the state
was classified as being in at least moderate drought. However, exceptional drought had not
yet made an appearance, and only 9.6% of the state was in extreme drought.
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January 2011
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Figure 7: SPI drought indéx values as of January 25, 2011. The more negative values indicate more severe drought
conditions.

January was the only month within the period in which statewide average rainfall (barely)
exceeded its long-term average. The precipitation was sufficient to bring the two-month and
six-month totals to above normal in the Coastal Bend area (Fig. 7); this rain was extremely
beneficial for establishing suitable conditions for crop planting and seed germination. Most
of the rest of the state also benefited temporarily from the rainfall (or, in northern Texas,
snowfall). However, less than a tenth of an inch of precipitation was record in most of
western Texas, and the lack of mid-season precipitation and snow cover would have serious
implications for much of the winter wheat crop.

By the end of January, the area around Bryan/College Station had crossed into the
exceptional drought threshold at the six-month accumulation period. However,
environmental and societal water demands are minimal in that region during the wintertime,
so the impacts of the drought were still far short of exceptional. Terrell County in southwest
Texas had also crept into exceptional drought on the basis of six-month precipitation.
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Figure 8: SPI drought index values as of February 22, 2011. The more negative values indicate more severe

drought conditions.

February was again a dry month, but not exceptionally so. The SPI index maps (Fig. 8)
showed little change from the end of January. At this point, six months into the drought,
true drought conditions were present throughout east Texas, extending westward almost as
far as Dallas, Austin, and Houston. Drought conditions also prevailed across southwestern
Texas and parts of western and northern Texas as well. According to the U.S. Drought
Monitor (not shown), the fraction of the state suffering under drought was about the same

size as at the end of December.
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Figure 9: SPI drought index values as of March 29, 2011, The more negative values indicate more severe drought
conditions.

While Texas was already in serious drought at the end of February 2011, the upcoming
months were disastrous for farmers and ranchers. With ample rain beginning in March, the
most serious drought impacts might have been limited to the winter wheat crop and excess
winter feeding costs for ranchers,

Instead, the opposite happened. March 2011 was the driest March on record for the state of
Texas as a whole. Below-normal precipitation for the February-March period occurred
everywhere except parts of western Texas, where rainfall in February and March is normally
light (Fig. 9).

The record dry March combined with the removal of September from the six-month
precipitation accumulation period combined to allow the six-month SPI to depict terrible
drought conditions across the state, Many counties in east-central, south, and west Texas
had SPI values below -2.5, implying a lack of cool-season rainfall that was probably
unprecedented in the historical record. The only portion of the state with positive SPI
values at the six-month time scale were in the Panhandle, due to the storm back in
November.




Aside from the Panhandle, the remarkable lack of rainfall combined with springtime warmth
to dry out the previous year’s growth of grasses. Because the previous growth season had
been relatively wet, there was ample dry grass available to serve as fuel for wildfire,
especially in central and western Texas where absolute precipitation amounts were smallest
and winds tended to be stronger. By early April, wildfires were burning in many parts of
western and west-central Texas.

U.S. Drought Monitor  "“ch22,20""

Texas

Drought Conditions (Percent Area)
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The Drought Monitor focuses on broad-scale conditions. USDA ¢
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Released Thursday, March 31, 2011
http://drought.uni.edu/dm Eric Luebehusen, United States Department of Agriculture

Figure 10: U.S. Drought Monitor for Texas for March 29, 2011. Available online at hitp://droughtmonitor.unl.edu.

The U.S. Drought Monitor indicated dry conditions throughout Texas at the end of March
2011 (Fig. 10). More significantly, over 43% of the state was classified as D3, extreme
drought, the second most severe drought category. The Drought Monitor began 2000, and
in its existence only two weeks during August 2006 had a greater portion of Texas in
extreme or exceptional drought. That record would be broken during the first week of April
2011. The record for the greatest percentage of Texas in severe or worse drought would be
broken during the third week of April, as would the record for the greatest percentage of
Texas in at least moderate drought when the entire state was so designated. The record for
the greatest percentage of Texas in exceptional drought would be broken during the fourth
week of April.

So according to the U.S. Drought Monitor, the 2011 Texas drought was already in April the
most severe Texas drought in recent memory.
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Figure 11: SPI drought index values as of April 26, 2011. The more negative values indicate more severe drought
conditions. ' ’ :

The dry weather continued in April, and the SPI index values tracked with the U.S. Drought
Monitor in showing worsening conditions (Fig. 11). The two-month SPI shows that only
the very northeastern top of Texas received more precipitation than the historical norm.
Elsewhere, precipitation was well-below normal, providing insufficient moisture for
development of warm-season dryland crops and initiation of warm-season forage growth.

Besides east-central, south, and west Texas, a new area of especially dry conditions emerged
in west-central Texas, extending from the Midland-Lubbock area to the Red River between
Childress and Wichita Falls, In all but a handful of counties, the wet weather at the
beginning of the preceding twelve-month period was overshadowed by the more recent dry
weather, .
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Figure 12: SPI drought index values as of May 31, 2011. The more negative values indicate more severe drought
conditions.

Statewide, May averages more precipitation than any other month. May 2011 turned out to
be the ninth-driest May on record, and the three-month period from March through May was
the driest March-May on record. For all of the state except parts of north-central and
northeast Texas, the dry March-May, on the heels of an already dry winter, guaranteed very
low to nonexistent dryland crop yields for the 2011 growing season, irrespective of potential
future rainfall. In the drier areas, warm-season forage had yet to emerge.

The wetter conditions in northeast Texas were on the edge of a region of flood-producing
rainfall extending from eastern Oklahoma and Arkansas northeastward into the Ohio River
Valley. In general, if one region of the country is unusually dry, another region will be
unusually wet, so the floods can be thought of as being caused by the same set of
circumstances that produced the 2011 Texas drought as of the end of April.

With the November Panhandle storm no longer part of the six-month accumulation period,
the six-month SPI (Fig. 12) showed a remarkably broad area of -3.0 or worse drought across
much of western Texas. This part of Texas is normally dry during the wintertime, but the
rains become more plentiful during May as squall lines and severe thunderstorms typically
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form along the dryline. In 2010-2011, many areas had received less than 10% of even their
meager normal rainfall and a large swath of the state west of Midland had not received any
measurable precipitation whatsoever during December through May.

June 2011
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" Figure 13: SPI drought index values as of June 28, 2011. The more negative values indicate more severe drought
conditions.

The near-total absence of dryline thunderstorm activity continued through June (Fig. 13).
Thus the Panhandle, which had benefited from a November storm that missed the rest of the
state, now suffered through spring weather not merely much drier than normal, but much
drier than any previous record. In the High Plains climate division (#1), May-June
precipitation averaged 0.57”, roughly 8% of the long-term average for those two months and
less than half of the previous record set in 1999, and the 1,63” average for the first six
months of the year was likewise less than half the previous record set in 1954, Most
counties west of a San Angelo-Wichita Falls line had six-month SPI values below -3.0,
indicating an agricultural drought far worse than anything previously experienced in the
area. :



Despite the particular severity of the drought there, West Texas received little attention
because the drought was extremely bad elsewhere too. Most of the area within 75 miles of
Interstate 10, from the western border to the eastern border, had six-month SPI values below
-2.0, and the timing seemed designed to produce maximum impact on ranchers. In most of
the state, warm-season grasses were still very slow to develop, and stock tanks and stream
flows were rapidly declining because of the lack of precipitation combined with the
excessive heat.

U.S. Drought Monitor = **:22:2"

Texas

Drought Conditions (Percent Area,
None | D0-D4 | D1-D4 [{D2ID4 Tax=erH]

Current 2.68 | 97.32 | 95.71 | 94.62 | 90.62 | 72.32

Last Week

3.33 | 96.67 | 95,71 | 94.62 | 91.31 | 70.61
{06/21/2011 map)

3Months Ago | 400 (100,00 94.67 | 78.54 | 43.07 | 0.00
{03/29/2011 map)
Start of
Calendar Year | 7.89 | 92.11 | 69.43 [ 37.46 | 9.69 | 0.00
{12/28/2010 map)
Start of
Water Year | 75.57 | 2443 | 243 | 0.99 | 0,00 | 0.00
(09/28/2010 map)

One Year Ago | 54 75 | 48.22 | 13.00 | 0.00 | 0.00 | 0.00
(08/22/2010 map)

Intensity:

DO Abnormally Dry - D3 Drought - Extreme
“i.. D1 Drought - Moderate - D4 Drought - Exceptfonal
D2 Drought - Severe

The Drought Monitor focuses on broad-scale conditions. USDA ;;% #

Local conditions may vary. See accompanying text summary P e
for forecast statements. ek b

Released Thursday, June 30, 2011
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Figure 14: U.S. Drought Monitor for Texas for June 28, 2011. Available online at hitp://droughtmonitor.unl.edu.

Because the more recent lack of rainfall had occurred at precisely the time of year when rain
was most needed, the U.S. Drought Monitor showed that drought conditions had rapidly
worsened during the three months ending June 2011 (Fig. 14). Three months before, 43%
of the state had been in extreme drought; by the end of June, 72% of the state was depicted
as being in exceptional drought. The only portion of the state not shown as abnormally dry
was the region near and north of Dallas, where several counties had received adequate rain
during May and June.

Amplifying the severity of the drought was the excessive heat that had developed across the
state. June was the warmest June on record and the fourth warmest month on record up to
that point. Unusually warm weather is common during summertime droughts in Texas,
because the lack of available soil moisture causes almost all of the energy in the Sun’s rays
to go into heating up the ground and the adjoining air. The high temperatures in turn
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produce greater drought stress in most plants and accelerate evaporation from streams,
reservoirs, and stock tanks,
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Figure 15: SPI drought index values as of July 26, 2011, The more negative values indicate more severe drought
conditions,

The dry weather continued into July, which was the third driest July on record despite the
occurrence of a landfalling tropical depression (Don). The six-month SPI (Fig. 15) showed
that extremely severe drought conditions (SPI < -2.5) had spread from west Texas across the
Edwards Plateau into central and south-central Texas. With rains during June and July 2010
now a distant memory, the twelve-month SPI had plummeted, with SPI values below -2.5 in
many parts of the state.

At the same time, temperatures continued to set records. July was not just the warmest July
on record for Texas but the warmest month ever in the state. Records for days with triple-
digit temperatures began to be threatened.

The prolonged dry and hot weather had also begun to have a serious impact on trees.
Normally, trees are able to tolerate short-term drought because their root systems penetrate
deeper into the soil. By the end of July, twelve months of remarkably dry and hot weather



across central and eastern Texas had caused even deep soil moisture to become seriously
depleted.
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Figure 16: SPI drought index values as of August 30, 2011. The more negative values indicate more severe drought
conditions.

In August, scattered rains in parts of west Texas had reduced the severity of drought
conditions in some areas, but elsewhere conditions worsened (Fig. 16). The two-month SPI
indicated that July and August had been especially dry almost precisely where the previous
summer’s rainfall had been most beneficial: along a line from Corpus Christi through Austin
and nearly to Dallas. Over the six months from March through August, rainfall in that area
was so small that the six-month SPI was below -3.0, and similar conditions were found near
Houston, in much of the Hill Country, and almost the entire region north and west of
Abilene.

The record for warmest month in Texas, set during July, was surpassed by more than one
degree Fahrenheit in August. The combined June-August temperatures were in a statistical
dead heat with those of Oklahoma, but both states shattered the previous record for warmest
June-August, set by Oklahoma in 1934, -
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Figure 17: SPI drought index values as of September 27, 2011, The more negative values indicate more severe
drought conditions, .

The continued record warm and dry weather had caused most Texas forests to become
extremely dry, and the near approach of Tropical Storm Lee, making landfall in Louisiana,
provided the high winds necessary to produce a widespread outbreak of rapidly-growing
forest fires. The most well-known of this group was the Bastrop Fire Complex, but other
fires burned large areas of timber and some homes in northeast Texas and northwest of
Houston.

By the end of September, the drought was one year old, and the twelve consecutive months
of precipitation from October 2010 through September 2011 were the driest twelve
consecutive months on record for the state. Texas averaged slightly more than 117 for the
twelve months, much less than the 27” average value and roughly 2.5” less than the
previous 12-month record set during the 1950s drought. The dry statewide conditions are
reflected in the twelve-month SPI map (Fig. 17), which depicts most of the state at -2.5 or
below and only a few corners of the state with SPI values better than -1.5.
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Released Thursday, September 29, 2011
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Figure 18: U.S. Drought Monitor for Texas for September 27, 2011. Available online at
http://droughtmonitor.unl.edu,

The U.S. Drought Monitor map for October 4, 2011 (Fig. 18) depicts the most severe
drought conditions yet experienced in Texas as of this writing. Only 3% of the state was not
classified in at least extreme drought, and almost 88% of Texas was classified as
exceptional drought. If the U.S. Drought Monitor depicted conditions corresponding to D5
or D6, they would probably be widespread across Texas.
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Figure 19: SPI drought index values as of September ,2011. The more negative values indicate more severe
drought conditions.

It appears that October will yet again be another month with below-normal precipitation for
Texas, despite an early October rain event that brought over 6 of rainfall to parts of the
state. The rain alleviated much of the shorter-term dry conditions in central Texas, but
twelve-month rainfall deficits continued to be daunting.

As the drought continues, longer-term rainfall shortages begin to emerge. Twelve counties
in eastern Texas are below -2.5 on the 24-month SPI map (Fig. 19), including one county
along the Louisiana border below -3.0. This implies long-term issues for streamflow and
reservoir levels in eastern Texas. In west and central Texas where other reservoirs are at or
near historic lows, the magnitude of the lack of rainfall during the past year is extreme, but
two-year rainfall totals there generally fall within the -1.0 to -1.5 range, much less unusual
than in eastern Texas where almost no values are between -1.0 to -1.5.



4) Historical Perspective

Temperatures

The June-August average temperature across Texas was roughly 2.5 °F warmer than any
previous Texas summer and over 5 °F above the long-term average. The public’s attention
was captured by the unusually high number of days reaching or exceeding 100 °F.

No. Days >= 100°F in 2011
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Figure 20: Number of days with maximum temperatures equaling or exceeding 100 °F in calendar year 2011
(through October 17, 2011). Graphic created by Brent McRoberts, Office of the State Climatologist, from Applied
Climate Information System data,

Assuming no further 100 F days, the final tally for stations in the south-central United States
is shown in Fig. 20. Note that the interpolation does not take into account topographic
features, so the analysis will misrepresent the actual pattern in regions of large topographic
relief such as far west Texas.

Many parts of the state achieved the “double-triple”: at least 100 days of at least 100
degrees. Such areas include a large portion of south Texas surrounding Laredo, parts of
north Texas near and west of Wichita Falls, and stations along the Rio Grande upstream at
least as far as Big Bend. Much easier to count are the four stations that did not have a single
day reach 100 F: two of them are along the Gulf Coast, while the other two are in far west
Texas at altitudes exceeding 5000’ above sea level.

According to my preliminary analysis, most of the excess summer heat was a direct
consequence of the lack of rainfall prior to and during the summer. When there is little
water available for evaporation, most of the energy from sunlight goes into heating the
ground and the overlying atmosphere. Based on a statistical analysis of past summers, each
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inch of rainfall below normal in Texas is associated with summertime temperatures at least
half a degree warmer.

Gauge-Based Precipitation

The SPI analysis in the preceding section is based on National Weather Service precipitation -
analyses that use radar estimates of precipitation as a starting point and a statistical analysis
of regional precipitation records. A much more direct assessment of drought severity may

be made by directly analyzing the long-term climate records from the United States
Historical Climatology Network, Version 2 (USHCNv2).
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Figure 21:.Percentage of normal precipitation for the 12-month period October 2010 through September 2011, as
observed by the USHCNvZ station network. An additional station (Nacogdoches) has been added to fill a gap in the
distribution of stations in eastern Texas. The colors indicate the ranking of the observed precipitation relative to
previous'October-September periods or, for exceptionally dry stations, all previous twelve consecutive month
periods regardless of starting month, ‘

Figure 21 shows that, across much of western and south-central Texas, the twelve-month
period ending in September 2011 was the driest twelve consecutive months on record.
About one-third of all Texas USHCNv2 stations set their all-time twelve-month record, and
over half of the stations experienced their driest October-September on record. 'The lowest



measurement was a remarkable 8% of normal at the McCamey USHCNV?2 station. It was as
though McCamey received one month of rainfall instead of one year of rainfall.

The twelve months were among the driest five percent throughout the state except for parts
of Texas near, north, and east of Dallas. Though the lack of precipitation near Dallas was
not as extreme as in the rest of the state, Dallas was forced to suffer through the
exceptionally high temperatures caused by the dryness across the rest of the state,
exacerbating evaporative stresses on plants and water supplies.
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Figure 22: Year experiencing the lowest percentage of normal precipitation for the period prior to and during the
growing season, defined here as the nine-month period ending June, July, or August, based on spatial analysis of
Cooperative Observer Network data, Only the ten years having the greatest coverage are indicated. Only the 100
years since 1911 are analyzed.

Figure 22 provides another perspective on the drought in an historical context, by showing
which year out of the past 100 experienced the smallest percentage of normal precipitation
prior to and during the growing season. For most of the state, 2011 had the driest growing
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season conditions, as indicated by the pink shading. The year 2011 was worst for almost
every location in the western half of Texas, as well as for many locations in central, south,
southeast, and northeast Texas. In many parts of central and east Texas, the 1925 drought
surpassed the 2011 drought in short-term intensity. Elsewhere, record-setting years were
2009 in the Coastal Bend area, 1917 in parts of south Texas, 1956 in many parts of central
Texas, and 1918 in parts of central and eastern Texas. Various other years establish the
driest observed conditions in north-central and northeast Texas, where the current 2011
drought is not as severe as elsewhere.

Except for the Coastal Bend and parts of north-central and northeast Texas, most of the state
has not experienced an agricultural drought as severe as this one for fifty-five years, and
more than half of the state has never experienced a growing season drought so severe.
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Figure 23: Percentage of normal precipitation for the 4-year period October 2007 through September 2011, as
observed by the USHCNv2 station network. An additional station (Nacogdoches) has béen added to fill a gap in the
distribution of stations in eastern Texas. The colors indicate the ranking of the observed precipitation relative to
previous October-September periods.

Though the drought has been most intense at time scales of one year or less, the lack of
precipitation has been so extreme that the multi-year precipitation totals are also unusually
dry. The four years since October 2007 includes a two-year drought (2008-2009) and a
relatively wet year (2010) in addition to the current 2011 drought.



Figure 23 shows the four-year accumulated precipitation as a percentage of normal, color-
coded as in Fig. 21. At a few stations in south and east Texas, the past four years has
already been drier than any previous corresponding four-year period, including any such
period during the drought of the 1950s. The current drought may well be considered to be
worse than the 1950s drought in these areas.

Elsewhere, the long-term drought is least severe in northeast Texas, extreme south Texas,
and parts of western Texas. In these locations, the lack of rain by itself doesn’t imply a
long-term water shortage, though the warm temperatures will have enhanced evaporation
and made water available worse than the numbers in Fig. 23 would indicate.

Statewide Records

Because the drought was widespread throughout the state of Texas, its overall evolution and
intensity is well represented by statewide average conditions. Table 2 shows the historical
ranks of monthly statewide precipitation since the beginning of the drought. The statewide
precipitation values represent area-weighted averages of values within each of the ten Texas
climate divisions. Precipitation data are obtained from the National Climatic Data Center
and are adjusted to correct for changes in network configuration (McRoberts and Nielsen-
Gammon 2011a). The rankings indicate that a dry fall and winter was followed by an
exceptionally dry spring and summer. October values are not yet in but will probably place
the precipitation among the 40" to 50™ driest Octobers. Note that precipitation values for
August and September are preliminary and subject to change.

Month Ranking
October 2010 8™ driest
November 2010 29™ driest
December 2010 14™ driest
January 2011 47" wettest
February 2011 19™ driest
March 2011 Record driest
April 2011 5% driest
May 2011 9™ driest
June 2011 6™ driest
July 2011 3" driest
August 2011 6™ driest
September 2011 7% driest

Table 2: Ranking of monthly precipitation among historical values, based on Texas statewide average precipitation.

When unusually dry months occur one after the other, multimonth precipitation records are
likely to be broken. Tables 3-5 show records established for three-month, six-month, and
nine-month periods.
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Months | Precipitation Amount (in.) Ranking
February-April 2011 1.80 ' Record driest
March-May 2011 2.66 Record driest
April-June 2011 3.39 2" driest
May-July 2011 3.35 2™ driest
June-August 2011 2.48 Record driest
July-September 2011 2.54 2" driest

Table 3: Ranking of three-month precipitation among historical values, based on Texas statewide average
precipitation. ‘

Months Precipitation Amount (in.) Ranking

November 2010-April 2011 | 5.20 2" driest

February—Julyv 2011 515 ’ . Record driest
March-August 2011 5.14 ~ Record driest
April-September 2011 5.93 ' Record driest

Table 4: Ranking of six-month precipitation among historical values, based on Texas statewide average
precipitation.

Months ' Precipitation Amount (in.) Rank
December 2010-August 2011 | 8.25 #1
November 2010-July 2011 8.55 #2
January-September 2011 8.59 #3
October 2010-June 2011 8.64 #4
June 1917-February 1918 9.36 ' #5

Table 5: All-time rankings of nine-month accumulated precipitation, based on Texas statewide average
precipitation. .

The records tend to become more extreme as the durations become longer. Note, in Table 3,
that the driest March through May on record was immediately followed by the driest June
through August on record. The nine-month precipitation totals in Table 5 are much lower
than any other nine-month precipitation totals for any time of year.

Table 6 shows the overall ranking of non-overlapping 12-month precipitation totals. (Non-
overlapping means that a particular month is not allowed to be part of more than one 12-
month period.) The record driest 12-month period was the 12-month period from October
2010 to September 2011. While the recent numbers are still preliminary and subject to
slight changes, the previous record (set in 1956) was broken by a comfortable 2.5 inches.



Months Precipitation Amount Rank
October 2010-September 2011 | 11.18 #1
October 1955-September 1956 | 13.69 #2
February 1917-January 1918 14.27 #3
July 1924-June 1925 15.50 #4
February 1910-January 1911 17.62 #5
January 1956-December 1956 | 17.85 #6
March 1901-February 1902 17.91 #7
October 1908-September 1909 | 18.24 #8
June 1970-May 1971 18.50 #9
November 1951-October 1952 | 18.69 #10
October 1950-September 1951 | 18.88 #11
May 1977-April 1978 19.35 #12
November 1962-October 1963 | 19.40 #13
September 2005-August 2006 | 19.66 #14

Table 6: All-fime rankings of twelve-month accumulated precipitation, based on Texas statewide average
precipitation. Periods are constrained to be non-overlapping.

Two other aspects of Table 6 deserve comment. First, the driest four periods are
substantially drier than the remaining periods. For statewide one-year precipitation deficits,
2010-2011, 1955-1956, 1917-1918, and 1924-1925 are by far the most extreme events since
records began in 1895. Second, it was necessary to continue the list to period number 14 to
ensure that the list included another drought from the past 30 years. This means that while
there have been several severe one-year droughts in the past, none of the recent Texas
droughts measure up except for the current one. Though it would have been difficult to
prepare for a drought of this magnitude, it had been many decades since Texas had
experienced a one-year drought anywhere close to the present one in severity.

Palmer Drought Severity Index

The information presented so far has focused on the lack of rainfall, with some additional
discussion of unusually high temperatures. The most common measure of drought intensity
in the United States is the Palmer Drought Severity Index, or PDSI. The PDSI attempts to
assess the relative amount of water available in the soil, based upon precipitation, an
estimate of evaporation based on temperature, and information regarding soil type. Because
it combines temperature and precipitation information, it is a more comprehensive measure
of drought intensity than the SPI. Unlike the SPI, the PDSI has its own intrinsic time scale,
so a single numerical value characterizes the overall drought intensity.

Drought is considered to be present when the PDSI value is below -2, and extreme drought
is present when the PDSI value is below -4. The National Climatic Data Center calculates
PDSI values for each climate division as well as a statewide PDSI value.
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Statewide PDSI, Extreme Texas Droughts Since 1895
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Figure 24: Texas statewide Palmer Drought Severity Index values for all previous droughts attaining a PDSI value
of -4 or lower. Droughts are plotted on a common time scale, beginning in January of the year in which the run of
negative PDSI values first appeared and ending when the PDSI value again became positive. Drought endings
appear abrupt because the PDSI jumps suddenly from a characterization of dry conditions to a characterization of
wet conditions. Thus the PDSI is ill-suited for monitoring recovery from drought.

In Fig. 24, the evolution of statewide PDSI values for all fourteen previous extreme
droughts are plotted on a common time scale. As Fig. 24 shows, the mostrecent PDSI value
for the 2011 drought (shown in black) is a record low value for statewide PDSI, surpassing
the previous record set in 1956 (orange). However, the 1950-1957 drought is generally
regarded as a much worse drought overall because it lasted for so many years. The most
intense year of that drought, in 1956, immediately followed five other consecutive drought
years. .

The 1915-1918 drought might also arguably be worse than the 2010-2011 drought overall.
The 1915-1918 drought was third most intense, according to the PDSI, but it maintained
values below -5 from June 1917 through September 1918. In contrast, the 2010-2011
drought has only had five or six months below -5.

Ultimately, all droughts are different, and it is not possible to say at what point a particular
drought surpasses another in overall severity. At this point, the 2010-2011 drought is easily
the most severe one-year drought on record and is clearly among the top five overall.
Whether it lasts long enough and remains intense enough to surpass the 1908-1911, 1961-
1966, 1915-1918, and 1950-1957 droughts (or whether it already has surpassed some of
them) will depend on both future weather and the means by which one drought is compared
against another.



Climate Division Perspective

The previous sections discussed the overall statewide intensity of the drought as well as the
severity of the drought recorded at specific rain gauges. In this section, the historical
ranking of the 2011 drought within the various climate division of Texas is considered.
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Figure 25: Boundaries of Texas climate divisions. Figure from NOAA’s Climate Prediction Center.

Texas is divided into ten climate divisions (Fig. 25). Nine are approximately equally-sized,
while climate division #10 separately reflects conditions within the farming region of the
Lower Valley.

Table 7 shows the PDSI values and drought durations within each of the ten climate
divisions during the major Texas droughts of the past and present. The table allows one to
compare the intensity and duration of the present drought to past droughts in the same
portion of the state.
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High

Low

Notrth

[ East

Trans-

Edwards

South

Upper

"South

Lower

Plains Rolling Central Texas Pecos Plateau Central Coast Texas Valley
Plains Texas : Texas
1 2 3 4 5 6 7 8 9 10
1908- | -5.31 | -5.66 | -4.29 -449 |-423 |-4.91
1911 |11 14 1 4 3 4
| 26 40 30 13 24 33 34 12 34 18
1915- | -4.04 |-561 |-6.03 |-599 |-4.33 |-525 |-6.16 |-5.72 |-4.43
1918 |1 16 15 10 4 15 20 14 8 ‘
19 22 27 27 20 28 33 34 30 25
1924- -4.81 {-5.61 |-5.99 -490 |-5.19 |-5.38
1925 4 5 7 3 3 6
11 13 10 13 9 10 10 12 6 3
1933- | -5.01 |-4.03 -523 |-4.57
1935 |10 1 9 2
32 13 4 4 | 29 17 3 1
1950- | -5.86 |-6.33 |-6.92 |-4.54 |-5.10 |-6.08 |-6.67 |-545 |-5.73 |-4.89
1957 |24 25 22 8 16 29 36 12 20 5
58 71 71 40 74 66 67 55 77 79
1961- | -4.19 -4.00 ' -4.54 |-5.04 |-4.14
1966 |1 ‘ 1 ' 4 7 2 ;
| 24 11 14 27 28 25 32 34 35 0
1966- -4,56 -4.33 | -4.63
1967 3 3 2
. 8 8 8 7 3 8 7 5 4 1
1970- -4.67 {-4.18 ‘ -4.84
1971 2 1 2
10 9 5 | 8 5 7 7 6 5 5
1995- -4.07 -4.06 |-4.12 |-4.31
1996 1 1 1 1
5 4 6 5 23 6 6 2 10 7
1999- -5.12 | -5.06 |-4.09 |-4.69 -4.23
2002 : |7 6 1 6 2
5 7 9 10 |56 13 10 13 8 31
2005- | -4.38 | -4.78 |-447 |-4.11 -4.04 |-4.95 -4.42 | -4.42
2006 |2 3 3 5 1 8 3 3
7 8 14 16 4 11 14 6 11 16
2007- -6.51 -4.77
2009 _ 3 3
9 3 1 16 16 8 12 4
2010- | -6.73 |-7.08 | -5.37 |-6.47 |[-6.22 |-6.05 |-579 |-532 |-4.98 |-4.45
2011 |4 5 3 7 5 5 4 3 1 1
6 7 7 14 10 8 7 6 6 6

Table 7: Droughts surpassing -4 PDSI in three or more climate divisions. Shown are the minimum PDSI value, the
number of months at or below -4 PDSI, and the number of months at or below -2 PDSI.




Only two droughts have reached extreme (PDSI below -4) status in all ten climate divisions:
the 1950-1957 drought and the current drought. The PDSI attains its lowest value in the
current drought within four climate divisions: 1, 2, 4, and 5. From a historical perspective,
the current drought is worst in East Texas (climate division #4). The current drought far
exceeds the 1950-1957 drought in intensity (though not in duration), has already surpassed
the 1924-1925 drought by all measures, and is most strongly rivaled by the 1915-1918
drought. Based on the combination of precipitation and temperature incorporated into the
PDSI, the present drought is already at least the third-worst drought on record in East Texas.
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Figure 26: Climate division average precipitation for March-August 2011 (blue), compared to the long-term
average for March-August (green) and the previous record for driest March-August (red). See legend for scale.

Figure 26 is a graphical depiction of the driest six-month period of the 2011 drought. The
six-month rainfall was below the previous record in all but climate division 10 (see Fig. 25
for climate division identification). In climate divisions 1 and 2, the total rainfall was less
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than half the previous record and less than a quarter of normal precipitation. Even the
“wettest” climate division received less rainfall than normally occurs everywhere but
climate division 5.
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Figure 27: Climate division average precipitation for October 2010-September 2011 (blue), compared to the long-
term average for 12 months (green) and the previous record for driest October-September (red). See legend for
scale.

The twelve-month totals are no less staggering. East Texas received the normal rainfall of
the Low Rolling Plains. South Central Texas received the normal rainfall of the Trans-
Pecos. Only North Central Texas managed to receive more precipitation than its previous
record. Most climate divisions received much less than half of their normal precipitation.




5) What’s Next

The 2010-2011 drought has now lasted for a year in most of Texas, longer in many parts of
east Texas. At this point it seems likely to continue for at least another year.

La Nifia conditions have become established in the tropical Pacific Ocean, and most La
Nifia events induce changes in weather patterns that lead to dry late fall to early spring
conditions for Texas and surrounding parts of the southern United States. Accordingly,
NOAA'’s Climate Prediction Center is predicting that November through January
precipitation in Texas has about a 50-55% chance of being below the normal range, a 33%
chance of falling within the normal range, and a 12-17% chance of being above the normal
range. The outlook for February through April is only slightly better: a 45% chance of
being below the normal range, a 33% chance of falling within the normal range, and a 22%
chance of being above the normal range. Thus, substantial improvement of drought
conditions between now and the end of April 2012, while possible, is not likely.

Substantial rains are always possible from May through October, so many parts of the state
may well get lucky and receive significant drought relief by this time next year. However,
there is no reason at this point to expect the summertime precipitation to be above normal,
and even near-normal conditions would allow a continuation of the present drought into fall
2012. It therefore seems likely that at least a large portion of Texas will need to endure a
second summer of drought.

Though a second year of drought is expected, the lack of rainfall will almost certainly not be
as extreme as it was during the first year. This expectation is based on little more than the
fact that the 2010-2011 rainfall total was such an outlier that it is highly unlikely to recur in
any given year. Also helping slightly is the fact that the 2011-2012 La Nifia is not
forecasted to be as intense as the 2010-2011 La Nifia, though scientists disagree on whether
the strength of La Nifia is closely related to the strength of its effects on United States
weather.

More rainfall in 2011-2012 would be good news for farmers and ranchers. The lack of deep
soil moisture would make crops and forage particularly vulnerable to extended periods of
dry weather, though, so the rainfall would have to come at the right time. However, a
continuation of the drought would be bad for water supplies across the state. The effects of
drought tend to be cumulative on surface water storage and aquifers: continued depletion
without adequate recharge would lead to more water restrictions and priority calls.

Whether the drought will last beyond a second year is impossible to determine at this point.
There have been rare occasions in the past when La Nifia conditions were observed for three
consecutive years. Conversely, an El Nifio event would be likely to bring wetter than
normal conditions to Texas. It is also possible that tropical Pacific conditions will return to
a neutral state, with little resulting impact on Texas precipitation.

Historical records and atmospheric model simulations indicate that long-term precipitation
variations in Texas are primarily controlled by a sea surface temperature pattern called the
Pacific Decadal Oscillation, or PDO. Presently the PDO is in a configuration associated
with relatively dry weather in Texas, and it has been in that configuration since about 1998.
Some observational and model evidence suggests that a slowly-varying temperature pattern
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in the Atlantic Ocean, called the Atlantic Multidecadal Oscillation or AMO, also affects
Texas precipitation, with dry conditions favored when the Northern Hemisphere Atlantic
Ocean is relatively warm. Presently, the AMO is in its warm phase, and has been since
about 1995. During the past decade or so, with both patterns in an unfavorable state, Texas
has experienced multiple droughts, including drought in five of the last seven years.

The only other recent time both patterns were clearly in an unfavorable state was from the
mid 1940s to the early 1960s. During that period, Texas experienced its drought of record
(1950-1957) and a second prolonged drought (1961-1966). Tree ring evidence indicates
that such multi-year droughts have also occurred in Texas prior to weather records.

The same conditions that seemed to enable the drought of the 1950s are in place today.
Whether Texas will continue with its recent pattern of drought years interspersed with
occasional wet years or whether the present drought will evolve into a prolonged one is
impossible to determine at this point.

Also unknown is how long the unfavorable PDO and AMO conditions will last. Some
recent research suggests that the AMO may change sign in the next few years and begin -
favoring rainfall in Texas. Based on past history, the present phase of drought susceptibility
could last anywhere from three more years to fifteen more years.

Beyond the next few years, climate change must be taken into account. Projected changes
in precipitation are relatively small compared to past natural precipitation variations
(Nielsen-Gammon, 2011), so it seems unlikely that anthropogenic climate change will
induce a substantial decrease in Texas precipitation by mid-century. Natural variations
presently have Texas in a dry phase, so it seems relatively likely that as the PDO and AMO
evolve over the next couple of decades Texas will pass into another relatively wet phase,
albeit temporary. Scientists also do not know whether La Nifia, which exerts such a strong
influence on Texas weather from year to year, will become more or less frequent as the
climate changes. :

Projected temperature changes are much larger than past decade-scale temperature
variations in Texas, and the projected warming is robust across models. While it is not
known how much warmer temperatures will become, an increase of several degrees
Fahrenheit by mid-century in Texas is well within the realm of possibility.

Whether such a large temperature increase comes to pass or not, it seems very likely that
temperatures will become at least somewhat warmer than present, so that evaporation will
have an increasingly large impact on water supplies throughout Texas. Future droughts will
almost certainly be warmer than the Texas droughts of the past, and consequently will tend
to be more severe even if precipitation is unchanged. It took rainfall only a third of normal
to achieve summertime Texas temperatures five degrees warmer than their 20" century
average; perhaps by mid-century a drought with two-thirds of normal precipitation will be
sufficient to achieve similarly warm conditions. :

In summary, a second year of drought in Texas is likely. Whether the drought will end after
two years or last three years or beyond is impossible to predict with certainty, but what is
known is that Texas is in a period of enhanced drought susceptibility due to global ocean
temperature patterns and has been since at least 2000. The good news is that these global
patterns tend to reverse themselves over time, probably leading to an extended period of



wetter weather for Texas, though this may not happen for another three to fifteen years.
Looking into the distant future, the safest bet is that global temperatures will continue to
increase, causing Texas droughts to be warmer and more strongly affected by evaporation.
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(Drought) rankings for 1-12, 18, 24, 36, 48, 60-month, and Year-to-Date time periods. Data and statistics are as of

January 1895.
Please note, Degree Days are not available for Agricultural Belts

Perlod(s) (Hold "Ctn" to select multiple). Parameter: !Precipltaﬂon . 7 ) E]

1-month period " — -z

2-month period State/Region/Ag Belt: ' Texas 7 |

3-month perlod A = - T . 1
4-month geriod I Climate Division: {All Divisions [=] Year: :2012[] Month: . September[=]

5-month period ™ ) o T
8-month perlo d D Check to display statistics as of monthiyear reqg (leave for relative

7-month period to the entire perlod of record)

8-month period .

9-month period = W
I Se_}leot All |

Texas Precipitation Rankings, September 2012

« August 2012 Qctober 2012 »
Driest <Yo % Normal A %o Wettest

More information on Climatological Rankings

; ; 20" Century Rank . © Wettest/Drlest
Period . Amount Average . Departure (out of 119 years) Record Since
Oct 2011 - Sep 2012 28.94" 27.87" 1.07" 67" Driest 2011 Driest since: 2011
12-month period (735.08 mm) (707.90 mm) | (27.18 mm) 52" Wettest 1941 Waettest since: 2010
Contact Privacy Department of Commerce
P/ o About NCDC FOIA NOAA
W) TUSAQY.,  Ready : Information Quality NESDIS
i Disclaimer

http://www.ncdc.noaa.gov/temp-and-precip/ranks.php?periods%5B%5D=12&amp;parame... 12/9/2013
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Climatological Rankings

Look up monthly U.S., Statewide, Divisional, and Regional Temperature, Precipitation, Degree Days, and Palmer
(Drought) rankings for 1-12, 18, 24, 36, 48, 60-month, and Year-to-Date time periods. Data and statistics are as of

January 1895.

Please note, Degree Days are not available for Agricultural Belts

1-month period
2-month period
3-month period
. |4-month period
5-month perlod
6-month period
7-month perlod
8-month perjod
9-month period

Perlod(s) (Hold "Ctii" to select multi

Texas Precipitation Rankings, September 2012

ple):  Parameter: | Precipltation

State/Region/Ag Belt: !Texasii S 7~_M:MN !
Climate Division: |All Divisions [=] Year: [2012[z] Month: [September[7]

Check to display statistics as of month/year requested (leave unchecked for ics relative
to the entire period of.record)

Page 1 of 1

«August 2012 October 2012 »
Driest Vo < Normal 2% Y0 Wettest
More information on Climatological Rankings
i ! i 20t Century i ] Rank ! i Woettest/Driest :
i Perlod L Amount | £ erage ! Departure | (0 ¢ of 119 years) * Record Since |
Oct 2010 - Sep 2012 | 40.21" 55.94" -15.73" ShDriest | 1918 | Drlestsince: 1968
24-month period (1,021.33 mm) | (1,420.88 mm) | (-399.55 mm) 113" Wettest 1920 | Wettest since: 2011 ‘
i Contact Privacy Department of Commerce
("’3 o . Y About NCDC FOIA NOAA
(& USA.00Y.,  Ready ! Information Quality NESDIS
I

http://www.ncdc.noaa.gov/temp-and-precip/ranks.php?periods%5B%5D=24&amp;parame... 12/9/2013
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Climatological Rankings

Look up monthly U.S., Statewide, Divisional, and Regional Temperature, Precipitation, Degree Days, and Palmer
(Drought) rankings for 1-12, 18, 24, 36, 48, 60-month, and Year-to-Date time periods. Data and statistics are as of

January 1895.
Please note, Degree Days are not avallable for Agricultural Belfs

Perlod(s) (Hold "Cti"to select multiple):  Parameter: | Precipitation ' 1

1-month period ‘ -

2-month Beriod " State/Region/Ag Belt: | Texas o E[

3-month period ’ o _ . e .

4A-month period I Climate Divislon:  All Divisions [<] Year: 12013 [~] Month: : October =]

5-month period D Check to display statistics as of month/year requested (leave unchecked for statlstics refative

?:mgmn g:::gg to the entire period of record)

8-month perlod ‘
9-month period "
I Select All I

Texas Precipitation Rankings, October 2013

« September 2013
Driest Vi < Normal 2l 20 Wettest
More information on Climatological Rankings
20" Century | : Rank . Wettest/Driest
Perlod Amount Average Departure ! (out of 119 years) Record : Since
Jan - Oct 2013 24.00" 24.12" 042" 69" Driest 2011 Driest since: 2012
10-month period (609.60 mm) (612.65 mm) (-3.05 mm) 615 Wettest 1919 Wettest since: 2010
Contact Privacy Department of Commerce
et Y About NCDC FOIA NOAA
Gy USA.00v.,  ready i Information Quality NESDIS
. Disclaimer

http://www.ncdc.noaa.gov/temp-and-precip/ranks.php?periods%5B%S5D=10&amp;parame... 12/9/2013
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Climatological Rankings

Look up monthly U.S., Statewide, Divisional, and Regional Termperature, Precipitation, Degree Days, and Palmer
(Drought) rankings for 1-12, 18, 24, 36, 48, 60-month, and Year-to-Date time periods. Data and statistics are as of
January 1895.

Please note, Degree Days are not available for Agricultural Belts

Period(s) (Hold "Ctri" to select muitiple): Parameter: [Precipitation 3}

1-month period " . T O —— LI

2-month period State/Region/Ag Belt: | Texas

3-month period ) - . [—— i
4_mgmﬂ s:r:gd I Climate Division: {All Divisions [iz] Year: [2013[=] Month: [October

5-month period
6-month period
7-month period
8-month period
9-month period -

Check to display statistics as of month/year requested (leave unchecked for statistics relative
to the entire period of record)

Texas Precipitation Rankings, October 2013

« September 2013
Drlest Yo W Normal 2l 2V Wettest
" More Information on Climatological Rankings
i ; | 20" Century | | Rank : Wettest/Driest '
i Petiod ! Amount‘ 1 Average ; Departure (out of 119 years) Record Since ;
U VSR DTSSR SUURPRRUSORUN S5, OP N AP et e ]
Nov 2010 - Oct 2013 65,51" 83.08" -18.47" 7" Driest 1956 Driest since: 1956 |
36-month.period (1,663.95 mm) | (2,133.09 mm) | (-469.14 mm) 140" Wettest 1921 | Wettest since: 2012 :
i Contact Privacy Department of Commerce
8 ik s About NCDC FOIA NOAA
g/ mAmﬂgQMm Ready ! Information Quality NESDIS
i Disclaimer

http://www.ncdc.noaa.gov/temp-and-precip/ranks.php?periods%5B%35D=36&amp;parame... 12/9/2013



ENSO QUICK LOOK November 21, 2013 A monthly summary of the status of El Nifio,
La Nifa and the Southern Oscillation, or “ENSO”, based on NINO3.4 index (120-170W, 5S5-5N)

During October through mid-November the observed ENSO conditions remained neutral. Most of the
NSO prediction models indicate a continuation of neutral ENSO into the first quarter of 2014. During
northern spring and summer a warming tendency is seen in both dynamical and statistical models.
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Historically Speaking

El Nifio and La Nifia events tend to develop during the period Apr-Jun and they:
- Tend to reach their maximum strength during Dec-Feb
- Typically persist for 9-12 months, though occasionally persisting for up to 2 years

- Typically recur every 2 to 7 years

Climatologlcal
Probability:

—— ElNino
~= Neutral
— LaNina

Dynamical Model:

m NCEP CF8v2
= NASA GMAO
u JMA

| = scriees

| LDEQO

W AUS/POAMA
EGMWF

| UKMO

| KMA SNU

4 ESSICICM

4 COLA CCSM3

© MotFRANCE

4 JPN-FRCGC
CS-IRI-MM

4 GFDL GM2,1

4 CMC GANsIP

Statistical Model:

O CPC MRKOV
O CDCLIM
O CPCCA

"1 o crcaca

O GSUCLIPR

UBG NNET
© FSUREGR
© UCLA-TCD

'Based on a consensus of CPC and IRl forecasters, in association with the official CPC/IRI ENSO Diagnostic Discussion.
2Purely objective, based on regression, using equally weighted model predictions from the plume.
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WWW.Nnws.noaa.gov

Home  Site Map News Organization Search

HOME > Expert Assessments > Drought Information > Seasonal Drought Outlook Summary > Seasonal
Search the CPC ~ Drought Outlook Discussion

Outlooks
Drought
Archive

“'Q‘P"fggth'”e"“" Tools used in the U.S. Seasonal Drought Outlook (SDO) included the official

U.8. Seasonal Temp. CPC temperature and precipitation outlooks for December 2013, the long lead
& Prec, forecast for December 2013 - February 2014, various short- and medium-range
o forecasts and models such as the 5-day and 7-day precipitation totals from the
Monitoring and Dala \yeather prediction Center, 6-10 day and 8-14 day CPC forecasts, the NAEFS

GIS Dat . . .
U.Ss. Vf;ezk[y Drought Precipitation outlooks, the soll moisture tools based on the Constructed Analog

Discussion for the Seasonal Drought Outlook

Monitor on Soil (CAS) moisture, dynamical models (CFSv2, NMME, and IMME), the 384-
Drought hour total precipitation forecasts from several runs of the GFS, the four-month
Soll Moisture Palmer drought termination and amelioration probabilities, DIF climatology, and

About Us Initial conditions. ENSO conditions continue to be and are forecast to remain
Qur Mission neutral.
Who We Are
The 30-day ACIS-based precipitation was less than 50 percent of normal across
Contact Us

CPC Information the central Gulf and Atlantic Coast States (from Alabama northeastward into
CPC Web Team Maine, and southern Florida). Deficits of 4 to 8 inches have accumulated during
the past 90-days, especially in the Southeast and lower New England. The
current 28-day USGS averaged stream flow values have begun to drop into the
) below normal (<25th percentile) category in the Southeast, and are below to
AHAOOM  much below normal (<10th percentile) in central North Carolina/southern
Virginia and from New Jersey into southern New Hampshire. As a result, the
latest Drought Monitor has increased DO across the region, and expanded D1 in
New England. Impacts could have been worse except that the short-term
dryness has been offset by longer-term (6-month) surpluses, lower
temperatures, and the end of the growing season. Little or no precipitation is
forecast for the upcoming 5-days, however, precipitation is expected to begin
spreading northeastward from the western Gulf during days 6 and 7, with odds
for above median precipitation in the 6-10 and 8-14 day outlooks. Further
complicating the situation is that once the ground freezes in northern areas,
moisture conditions generally remain locked in place until the spring thaw.
Therefore, the next several weeks will be critical as to whether or not further
deterioration or improvement will occur in New England - with the odds slightly
favoring drier weather here. Farther south, with general troughing over the
East during late November plus the normal end of the Atlantic hurricane season
fast approaching (Nov. 30), the chances for significant moisture from any
tropical system are unlikely over the southeastern U.S. Lastly, the CPC
December outlook has slight chances for below median precipitation along the
southern Atlantic Coast while the seasonal outlook (Dec-Feb) depicts
probabilities above 40-percent for below-median precipitation. Therefore,
drought development is possible from the central Gulf Coast northeastward into
Virginia, in eastern Florida, and southern New England, where 90-day deficits

are the highest, D0 already exists, and stream flows continue to slowly drop.
Forecast confidence for the central Gulf and Atlantic Coast States are low-

moderate (Northeast) to moderate (Southeast).

X
o 5

http://www.cpc.ncep.noaa.gov/products/expert_assessment/sdo_discussion.htm] 12/9/2013
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Above normal precrpltatlon fell on most of the Midwest and Great Lak_es reglon
o i iding: :

Slmllar to New England the sorls, streams, and lakes will eventually freeze as
the winter progresses, so the amount: of" precrpltatlon during the'next several
weeks will be influential toward impacting the drought. Therefore in the

.. absence of well above: normal precipitation, it is difficult to realize significant
drought |mprovements durmg this - period. Additional light accumulations,
generally under a half inch, are ‘anticipated during the upcoming 7-days across
most of. the. region,  except. for somewhat heavier totals (0. 5-2"inches) in
southern Mlssourl The CPC. 6-10 and 8-14 day outlooks indicate enhanced

___chances of below-median precrpltatlon over the, MldWeSt ‘The CPC monthly and

,a“sonal outlooks both™ malntaln equal chances for below, near, or above-

. median_precipitation. But with similar_conditions ‘tg surrounding ‘D1 areas and
' v'expected minimal precrpltatlon the hext several weeks, development was added

~_ to.northeastern Missouri and western Illinois.. Elsewhere, based on the time of
._"year cllmatology, ,pe'rS|stence lvs'."forecasted for: lingering drought areas in
. Missouri, Illinois, Minnesota, Iowa and Wisconsin.

‘Forecast conf/dence for., the upper and mtddle MISSISSlppl Valley Is
moderate. ,

During the, prevnous 30 days, surplus rains overspread eastern Texas and
western Louisiana, but mlssed areas tothe east The moisture brought localized
drought relief to. parts of eastern Texas and western Louisiana, but mcreasmg
90- -day deficits expanded DO across southern Arkansas, central Mississippi, and (
, ‘central Louisiana. During the next. 7..days as a slow-moving upper-air
o }'dlsturbance tracks eastward out of the Southwest, it will tap Guif moisture and
" drop significant rains (24 mches) on the western and central Gulf Coast states,
“and northward into southern Missouri. The CPC 6- 10 and 8- 14 outlooks tilt the
5 odds towards above- median. ralnfall lndlcatmg a. contlnuatron of the wet
. pattern. ‘during “the . remainder. of November The. CPC official monthly and
seasonal outlooks generally maintain’ equal chances for below, near, or above-
. me an preclpltatlon, although the December outlook hints at slight odds for
“below- median’ precipltatlon in western areas. Clrmatologrcal rainfall slightly
, lncreases during the ‘winter months across the. lower MISSisslppl Valley as the
o mld latitude storm track shifts . southwards towards the Gulf Coast. Given the
' Wet short term forecast and cllmatology, drought lmprovement is anticipated
f_"over the lower Mississippi Valley. .
" Forecast conf/dence for the lower MISSISSlppl Valley is moderate-high.

'_Durmg the prevnous 30__days, surplus rams fell across eastern southwestern,

the Red River: Valley, and drought perslsted or mten5|f1ed Rainfall was spott|er

in, Oklahoma but: southern and eastern Kansas recorded 2 to 6 inches, or 1.5 to
P normal.- Above .normal’ prempltatron also fell on eastern
'”,Nebraska Late ‘autumn and winter months ‘are climatologically dry across the
. Plains, maklng significant reductrons in: drought less -likely during this period.
jr-.However a slow—m}ovrng _storm' tracking across the. southern tier of states
... during. the ys is expected to drop:significant- "r_ec1pltatlon on eastern

- sections of _Texas Oklahoma and Kansas posslbly easmg drought along the (

httpf://Www.opcfncep.noaa.gQV/ptoduots/eXpért_assessment/Sdo;disouSSion.html - 12/9/2013
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Plains eastern drought area. The CPC 6-10 and 8-14 day outlooks tilt the odds
towards abnormal wetness across the southern two-thirds of Texas, with
abnormal dryness more likely over the remainder of the southern and central
Plains. The CPC monthly outlook for December indicates enhanced chances for
below-median precipitation across the southern Plains, and the winter outlook
indicates favorable odds for below-median precipitation and above-normal
temperatures across western Texas, the Oklahoma Panhandle, and New
Mexico. Based on the dry cllmatology and outlooks, therefore, drought
persistence is forecast for the central and southern High Plains, with areas of
development possible across southwestern Texas, western OI<|ahoma, and
southern New Mexico. In contrast, the near term rainfaH is forecast to continue
improving drought ‘conditions across parts of eastern Texas, particularly in
areas that have shallower drought conditions due to recent rains and short-
term surpluses,

Forecast confidence for the central and southern Plains is moderate.

After an early October storm brought widespread heavy precipitation to the
northern Rockies and adjacent Plains, more tranquil conditions have occurred
since then. Since Oct. 21, above normal precipitation was limited to northern
Montana and western Wyoming. Fortunately, this early October precipitation
eased drought conditions across Wyoming, with only lingering long-term DO
and a small D1 area left. Little or no precipitation is forecast during the
upcoming 7-day period across Montana and the Dakotas, while Wyoming can
expect light to moderate totals (0.5 to 1.5 inches). The CPC 6-10 day outlook
favors dry weather, but the 8-14 day outlook indicates above-median
precipitation for Montana and the Dakotas. Climatologically, the winter months
are normally dry in the northern High Plains, but normal do increase as one
travels west (northern Rockies). Additionally, the CPC monthly and seasonal
outlooks tilt the odds towards above-median precipitation across the northern
Rockies and northern Plains. Based on the wet guidance in the medium and
long range, and additionally the fairly shallow drought conditions in Wyoming
and parts of Idaho (surpluses at 60- and 90-days), drought improvement or
removal is forecast.

Forecast confidence for the northern Rockies and northern High Plains s
moderate-high.

Mostly dry weather dominated the southwestern U.S. as the monsoon season
came to a close in mid-September, Portions of southern California, western
Arizona, and southern Nevada received little or no rainfall the past 30 days,
while subnormal precipitation was common across the region the past 60 days.
The lone exception with surplus 2-month rainfall was northern New Mexico. As
an upper-air low develops in the Southwest during the next 5 days, significant
precipitation (1 to 2 inches, locally to 5 inches) is forecased for most of Arizona,
southern California, southern Utah, southern Colorado, and western New
Mexico. Then, during the 6-10 and 8-14 day periods, the probabilities call for
near to above median precipitation. In contrast, the CPC seasonal outlook tilts
the odds toward below-median precipitation across much of New Mexico and
Arizona, while the December outlook calls for below-median values in eastern
New Mexico (and equal chances elsewhere), Although the short-term forecast
favors some improvement, the existing short term dryness, long-term
hydrological drought impacts, and the monthly and seasonal outlooks skew the
forecast toward persistence of existing drought areas, with additional
development possible over parts of New Mexico and Arizona at the end of
February 2014.

Forecast confidence for the Southwest is moderate.

http://www.cpc.ncep.noaa.gov/products/expert assessment/sdo_discussion.html 12/9/2013
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“California, Oregon, and Washington receive a significant percentage of their
annual . precipitation during the winter months due to Pacific winter storm
' actnvuty Therefore, precipitation anomalies durmg this period play a large role
in"the armelioration:or development of drought Light precipitation is forecast
~ during the” upcomlng 7- days for' the" Pacific Coast, with some moderate
. amounts' (an inch) possible in the Slerra Nevada and sdutheastern California.

i The CPC'6-10 and 8-14 day outlooks mdicate enhanced odds for below-median

precmltatlon during “the remainder of November.” Several climate models
forecast abnormal dryness during’ December; but the seasonal signal becomes
mixed, with some models suggesting:above normal’ preCIpltatlon later in the
" winter period (é.g January and February). The' CPC monthly and seasonal
‘outlooks both “maintain ‘equal chances for below, néar, or above-median
* precipitation; therefore ‘this' ‘outlook s’ based primarily on the impact of
climatological rainfall, and‘the enhanced odds for above-median monthly and
seasonal pl"ECIpltatlon in the northern Rockies® and Plains. Based upon this,
some ‘reduction” in-drought. is possible across northwestern California and
- southern Oregon, and into the north-central Rockies. The improvement areas
‘of the outlook were not extended into Sierra Nevada due to the possibility of a
slow start to the winter wet'season, ‘
Forecast conf/dence for the Pac:flc Coast Si'ates is moderate

Precrpltatlon rates’ normally drop durmg the autumn months in interior Alaska
" as cold; dry ‘Arctic air masses domlnate but'to date the opposite conditions
- have: prevalled A very wet and ‘mild October Ilngered into November, easing
" D1 conditions across central Alaska by mld November.  The easternmost D1
area remamed as deficits were higher and ‘recent precipitation was lower. As
this region’ ‘enters wmter, the remaining D1 should perslst as colder and drier
air:'should envelop the- lnterlor Therefore, drought persnstence is forecast
“during the December through February perlod
Forecast conf/dence for Alaska is h/gh

PreC|p|tatlon rates increase durmg the wlnter ‘months across Hawali due to
influence from mid- latitude winter storms. With recent rainfall increasing along
the windward sides, some drought relief has occurréd,’ The CPC winter outlook

U tilts"the odds toward above-median rainfall. PreC|p|tat|on amounts near or

above normal across the islands would ease ‘or erase existing drought
conditions. Therefore, improvement or removal is mdicated in this outlook.
Forecast conf/dence for Hawau is' hlgh o

";"'Forecaster' D. Mlskus '

Next Seasonal Drought Outlook lssued. December 19 2013 at 8:30 AM
“EDT '

NOAA/NatlohalWeatherServioe o Disclaimer R Privacy Policy

- Natiohal Centers for Environmental Prediction “Information Quality Freedom of Information Act (FOIA)

Climate Prediction C SRR e - Credits . T About Us

5830 UniversltyRes, Glossary . . e Career Opportunities
yland 20740, ) b :

" Cdllege Park '
Page Author: Cllmate Prediction Center Internet Team
. Page last modmed N_ovember 21,2013 .

' http‘://WWw.lopo.ncep.rioaa.gov/products/oxoért_’a.ssossvmen‘r/sdo;disoUsSio_n.html s 12/9/2013
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PROGNOSTIC DISCUSSION FOR LONG-LEAD SEASONAL OUTLOOKS
NWS CLIMATE PREDICTION CENTER COLLEGE PARK MD
830AM EST THURSDAY NOV 21 2013

SUMMARY OF THE OUTLOOK FOR NON-TECHNICAL USERS

THE MAIN FACTORS THAT USUALLY INFLUENCE THE SEASONAL CLIMATE OUTLOOK INCLUDE:
1) EL NINO AND LA NINA - WHICH TOGETHER COMPRISE EL NINO/SOUTHERN OSCILLATION
OR ENSO. IMPACTS OF THESE EVENTS ARE SUMMARIZED BY SEPARATING 3-MONTH
OBSERVATIONS FROM 3 OR MORE DECADES INTO EL NINO, NEUTRAL, AND LA NINA SETS,
AVERAGING EACH SEPARATELY, AND THEN COMPUTING ANOMALIES. THESE ARE CALLED "ENSO
‘COMPOSITES", "WHICH ARE USED AT TIMES TO SURJECTIVELY MODIFY THE FORECAST.  ~ ~ ~ ~
2y TRENDS - APPROXIMATED BY THE OCN TOOL AS THE DIFFERENCE BETWEEN THE MOST
RECENT 10-~YEAR MEAN OF TEMPERATURE OR 15-YEAR MEAN OF PRECIPITATION FOR A GIVEN
LOCATION AND TIME OF YEAR AND THE 30-YEAR CLIMATOLOGY PERIOD (CURRENTLY
1981~2010) .

3) THE TROPICAL 30-60 DAY OSCILLATION - SOMETIMES CALLED MADDEN JULIAN
OSCILLATION (MJQ) - AFFECTS CLIMATE VARIABILITY WITHIN SEASONS.

4) THE NORTH ATLANTIC OSCILLATION (NAQ) AND THE PACIFIC NORTH AMERICAN (PNA)
PATTERNS - WHICH AFFECT THE TEMPERATURE ANOMALY PATTERN ESPECIALLY DURING THE
COLD SEASONS, THESE PHENOMENA ARE CONSIDERED LESS PREDICTABLE ON A SEASONAL
TIMESCALE THAN ENSO.

5) THE PACIFIC DECADAL OSCILLATION (PDO) - AN ENSQ-LIKE PATTERN OF CLIMATE
VARIABILITY AFFECTING THE TROPICS AND THE NORTH PACIFIC AND NORTH AMERICAN
REGIONS, BUT WHICH VARIES ON A MUCH LONGER TIME-SCALE THAN ENSO.

6) PERSISTENTLY DRY OR WET SOILS IN THE SPRING AND SUMMER AND SNOW AND ICE
COVER ANOMALIES IN THE WINTER. THESE FACTORS TEND TO PERSIST FOR LONG PERIODS
AND ACT AS A KIND OF MEMORY IN THE CLIMATE SYSTEM.

7) STATISTICAL FORECAST TOOLS - CANONICAL CORRELATIQON ANALYSIS (CCA), SCREENING
MULTIPLE LINEAR REGRESSION (SMLR), CONSTRUCTED ANALOGUE (CA) AND ENSEMBLE CCA
(ECCA) .

8) DYNAMICAL FORECAST MODELS - INCLUDING THE NCEP CLIMATE FORECAST SYSTEM
(CFS). AN EXPERIMENTAL MODEL FORECAST SYSTEM, THE NATIONAL MULTI-MODEL
ENSEMBLE, COMPRISED OF SEVERAL MODELS AND DESIGNATED NMME, MAY ALSO BE USED
EXPERIMENTALLY AND SUBJECTIVELY UNTIL IT IS INCLUDED INTO THE CONSOLIDATION. AN
INTERNATIONAL MODEL ENSEMBLE DESIGNATED IMME IS ALSO AVAILABLE.

9) CONSOLIDATION (CON) - AN OBJECTIVE, SKILL WEIGHTED COMBINATION OF THE OCN,
CCA, SMLR, ECCA, AND CFS FORECASTS IS USED AS A FIRST GUESS IN PREPARING THE
FORECAST MAPS. THIS TECHNIQUE MAKES OPTIMUM USE OF THE KNOWN SKILL OF OUR
FORECAST TOOLS.

RECENT ATMOSPHERIC AND OCEANIC OBSERVATIONS CONTINUE TO INDICATE ENSO NEUTRAL
CONDITIONS. THE OFFICIAL ENSO OUTLOOK CALLS FOR A CONTINUATION OF THE ENSO
NEUTRAL STATE INTO EARLY 2014.

THE TEMPERATURE OUTLOOK FOR DECEMBER~-JANUARY-FEBRUARY (DJF) 2013-14 INDICATES
ELEVATED CHANCES FOR ABOVE-NORMAL TEMPERATURES FOR PARTS OF THE SOUTHWEST, THE
SOUTHERN ROCKIES, THE SOUTHERN GREAT PLAINS, TEXAS AND PARTS OF THE SOUTHEAST.
ABOVE-NORMAL TEMPERATURES ARE ALSO FAVORED FOR MUCH OF NEW ENGLAND. THERE ARE
INCREASED ODDS FOR ABOVE-NORMAL TEMPERATURES IN WESTERN ALASKA. ENHANCED
CHANCES FOR BELOW-NORMAL TEMPERATURES ARE INDICATED FOR PARTS OF THE NORTHERN
GREAT PLAINS, AS WELL AS IN THE ALASKAN PANHANDLE.

THE DJF 2013-14 PRECIPITATION OUTLOOK CALLS FOR ELEVATED ODDS OF ABOVE-MEDIAN
PRECIPITATION IN THE NORTHERN ROCKIES. BELOW-MEDIAN PRECIPITATION AMOUNTS ARE
FAVORED IN THE SOUTHWEST, SOUTHERN ROCKIES, AND WESTERN SECTIONS OF THE
SOUTHERN GREAT PLAINS., THE CHANCES FOR BELOW-MEDIAN PRECIPITATION ARE ALSO
ELEVATED IN PARTS OF THE SOUTHEAST. BELOW-MEDIAN PRECIPITATION AMOUNTS ARE
FAVORED FOR MOST OF THE ALASKAN PANHANDLE. IN AREAS WHERE THE LIKELIHOODS OF
SEASONAL MEAN TEMPERATURES AND SEASONAL ACCUMULATED PRECIPITATION AMOUNTS ARE
SIMILAR TO CLIMATOLOGICAL PROBABILITIES, EQUAL CHANCES (EC) IS SHOWN.
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BASIS AND SUMMARY OF THE CURRENT LONG ~LEAD" OUTLOOKS -
NOTE:. FOR. GRAP ICAL D PLAYS
HTTP://WWW

CURRENT

2 SEA SURFACE TEMPERATURES (SSTS) REMAINED NEAR"AVERAGE IN MUCH_ B THE
CENTRAT PACIFIC ‘OCEAN IN THE FIRST HALF OF NOVEMBER, WHILB ABOVE NORMAL SSTS OF
BETWEEN +0.5 AND +1.0 DEGREE C ‘PREVAIL TO THE WEST OF THE®INTERNATIONAL DATE
LINE., EQUATORIAL SSTS NEAR THE SOUTH AMERICAN COAST CONTINUE TO BE AROUND 0.5
DEGREES C, BELOW NORMAL. THE MEAN OCEANIC HEAT CONTENT IN THE EASTERN
EQUATORIAL PACIFIC.FROM THE SURFAGE TO A DEPTH OF 300 METERS HAS RISEN FROM
LATE OCTOBER TO MID-NOVEMBER AND IS NOW ABQUT 0.3 DEGREES C. ABOVE NORMAL.

ATMOSPHERIC CIRCULATION OVER THE TROPICAL PACIFIC OCEAN IN THE PAST MONTH
SUGGESTS CONTINUED ENSO NEUTRAL CONDITIONS. WINDS AT BOTH UPPER AND LOWER
LEVELS ARE NEAR LONG TERM AVERAGES. CONVECTION REMAINED ENHANCED OVER INDONESIA
AND SUPPRESSED OVER THE CENTRAL PACIFIC IN THE LAST FEW WEEKS.

PROGNOSTIC DISCUSSION OF S3T FORECASTS

THE MAJORITY OF STATISTICAL AND DYNAMICAL MODELS FOR SSTS PREDICT ANOMALIES
NEAR ZERO THROUGH THE NORTHERN HEMISPHERE .WINTER-OF 2013~ 14 AND INTO SPRING
'2014 MOST DYNAMICAL MODELS PREDICT THAT SST ANOMALIES IN THE NINO 3.4 REGION
~THROUGH “THE EARLY PART OF 2014 WILL BE VERY SLIGHTLY ABOVE ZERO, WHILE :
STATISTICAL MODELS SUGGEST THAT ANOMALIES WILL REMAIN SLIGHTLY NEGATIVE. THE
CPC CONSOLIDATION OF: NINO3.4 SST FORECASTS . PREDICTS ANOMALIES WITHIN A FEW
TENTHS DEGREE C OF ZERO THROUGH LATE SPRING 2014,: SUGGESTING CONTINUED ENSO
,NEU \I, CONDITIONS.: THERE IS A GROWING CONSENSUS AMONG BOTH -STATISTICAL AND
DYNAMICAT,. MODELS: FOR A sLow INCREASE i NINO 3. 4 SST ANOMALIES INTO AT LEAST
THE LATE . SPRING 2014  WITH ANOMAT,TES LIKELY BECOMING SLIGHTLY POSITIVE EARLY IN
THE YEAR, THE RANGE OF SOLUTIONS AMONG MODELS, AND THE INDIVIDUAL MODEL
ENSEMBLES SUGGEST THAT IT IS TOO EARLY TO MAKE A PREDICTION OF ENSQ CONDITIONS
BEYOND MID- 2014, ALTHOUGH THE PROBABILISTIC PREDICTIONS FROM THE CRPC
CONSOLIDATION OF SST FORECASTS SHOW: ENHANCED "ODDS FOR EITHER NEUTRAL OR EL_ NINO
CONDITIONS WITH NO CLEAR" INDICATION oF WHICH CATEGORY TO' FAVOR. THUS ENSO
NEUTRAL CONDITIONS ARE STRONGLY FAVORBD THROUGH THE. END OF THE YEAR AND THE
FIRST HALF OF 2014, WITH AN UNCERTAIN EVOLUTION THEREAFTER.

J

PROGNOSTICATOOLSYUSED FOR-U.S. TEMPERATURE AND PRECIPITATION OUTLOOKS

- THE TEMPERATURE AND PRECIPITATION OUTLOOKS WERE. MADE CONSIDERING ENSO NEUTRAL
L VCONDITIONS TO BE-MOST LIKBLY THROUGH AT LEAST LATE SPRING 2014. THE FORECASTS
. - FROM DJF. 2013~14 THROUGH MAM 2014 WERE BASED ON: A COMBINATION OF STATISTICAL

TOOLS, INCLUDING ONE BASED ON THE' CONSTRUCTED ANALOG SST FORECAST, AND
DYNAMICAL MODEL GUIDANCE (CF5, AND MEMBERS THAT COMPRISE THE NMME AND IMME} .
THE: CON AND.DECADAL; TRENDS FROM THE OCN WERE CONSIDERED FOR ALL LEADS WHILE
~DECADAL CLIMATE TRENDS WERE THE . PRIMARY SOURCE OF PREDICTABILITY FOR- THE
FORECASTS AFTER MAM 2014

PROGNOSTIC DISCUSSION OF OUTLOOKS - DJF 2013 TO DJF 2014 ¢

TEMPERATURE‘

THE DJF 2013-14 TEMPERATURE OUTLOOK INDICATES BLEVATED CHANCES FOR ABOVE-NORMAL
SEASONAL MEAN TEMPERATURES FROM. THE SOUTHWESTERN.CONUS EASTWARD TO THE
SOUTHEASTERN STATES. ABOVE- NORMAL" TEMPERATURES ARE ALSO FAVORED FOR WESTERN
ALASKA. *THE .CHANCES FOR- BELOW NORMAL TEMPERATURES ARE  ELEVATED FOR PARTS OF THE
NORTHERN GREAT ‘PLAINS AND ALSO_IN THE ALASKAN PANHANDLE “THESE SIGNALS ARE
EVIDENT IN. A CONSENSUS oF. EYNAMICAL MOQEL INDICATED" BY /THE: NMME, WHICH SHOWS A
PATTERN OF FAVORING GENERALLY ABOVE. NORMAL- TEMPERATURES IN THE SOUTHERN CONUS, .
AND BELOW NORMAL" TEMPERATURES EXTENDING FROM THE" ‘ALASKAN PANHANDLE EASTWARD
INTO WESTERN CANADA, WITH ITS SOUTHWARD EXTENT ENDING NEAR THE U.S. —CANADIAN
BORDER. -THE IMME:SUGGESTS A WARMER. SOLUTION THAN THE NMME .FORTHE WESTERN
CONUS, BUT LACKS SUPPORT FROM STATISTICAL TOOLS, SUGGESTING EQUAL CHANCES FOR
ABOVE, NEAR OR BELOW NORMAL TEMPERATURES :FOR NORTHERN ’ AND- CENTRAL PORTIONS OF
THE WEST: MODEL FORECAST DIFFER WIDELY IN THE EASTERN CONUS. A COMBINED

: FORECAST FROM CCA AND SMLR SUPPORTS INCREASED ODDS "OF~ ABOVE~NORMAL TEMPERATURES
5 NEAR NEW: ENGLAND . .

7

'”5"THE PATTERN PREDICTED BY THE NMME AND TMME FOR JFM THROUGH MAM 2014 REMAINS

: ‘hftpi//w‘WW.cﬁé,héep.n'oaa.gOV/prodﬁCt's/pred:iCtidﬁvs/90d'&y/fiiu‘sOS.ﬁtinl e 12/9/2013
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SIMILAR THEIR RESPECTIVE FORECASTS FOR DJF. STATISTICAL TOOLS SHOW A GRADUAL
EXPANSION AND EASTWARD SHIFT OF THE REGIONS FAVORING ABOVE~NORMAL TEMPERATURES
IN THE SOUTHERN CONUS, AND A WESTWARD SHIFT OF THE AREA FAVORING BELOW-NORMAL
TEMPERATURES NEAR THE CANADIAN BORDER. THE OQUTLOOKS FOR AMJ 2014 AND BEYOND
REFLECT MAINLY TRENDS AND STATISTICAL TOOLS AS INDICATED ON THE CON TOOL. THERE

“ARE~ENHANCEDODDS"FOR™ABOVE=NORMAL TEMPERATURES "ACROSS MUCH OF “THE SOUTH END " ™

PARTS OF THE EASTERN CONUS THROUGH JJA 2014, WITH THE HIGHEST PROBABILITIES
INDICATED FOR THE SOUTHWEST. FROM JAS TO ASO 2014, THERE ARE ELEVATED ODDS OF
ABOVE-NORMAL TEMPERATURES ACROSS MUCH OF THE WESTERN CONUS, THE NORTHEAST, AND
FLORIDA. LONG TERM POSITIVE TEMPERATURE TRENDS, LIKELY FROM REDUCED ARCTIC
OCEAN SEA ICE COVER AND ASSOCIATED IMPACTS FAVOR ABOVE-NORMAL TEMPERATURES FOR
THE NORTH SLOPE OF ALASKA FROM AMJ 2014 THROUGH OND 2014.

IN AREAS WITHOUT SUBSTANTIAL AND RELIABLE CLIMATE SIGNALS, EQUAL CHANCES OF
BELOW-, NEAR- AND ABOVE-NORMAL SEASONAL MEAN TEMPERATURES ARE INDICATED.

PRECIPITATION

THE DJF 2013~14 PRECIPITATION OUTLOOK INDICATES ENBANCED ODDS FOR AROVE-MEDIAN
SEASONAL TOTAL PRECIPITATION FOR PARTS OF THE NORTHERN ROCKIES, PRIMARILY BASED
‘ON DYNAMICAL MODEL GUIDANCE FROM THE NMME, THE NMME FAVORS BELOW-MEDIAN
SEASONAL PRECIPITATION TOTALS FOR THE ALASKAN PANHANDLE. THE CON, STATISTICAL
FORECAST -TOOLS- AND DYNAMICAL-MODEL-GUIDANCE FROM- MEMBERS- OF THE NMME AND- IMME— -
SUPPORT ELEVATED CHANCES OF BELOW-MEDIAN PRECIPITATION FOR AREAS IN THE
SOUTHEASTERN CONUS FROM DJF 2013-14 THROUGH FMA 2014. THERE IS A GENERAL
CONSENSUS FROM BOTH DYNAMICAL AND STATISTICAL MODELS FOR BELOW-MEDIAN
PRECIPITATION OVER THE SOUTHWEST, SOUTHERN ROCKIES AND PARTS OF THE SOUTHERN
GREAT PLAINS FROM DJF 2013-14 THROUGH AMJ 2014.

SEASONAL PRECIPITATION SIGNALS ARE WEAK AND UNRELIABLE FOR MOST OF THE
REMAINING SEASONS, EXCEPT FOR THE PACIFIC NORTHWEST IN JJA AND JAS 2014, WHERE
RECENT TRENDS FAVOR BELOW-MEDIAN PRECIPITATION. TRENDS ALSO FAVOR DRY
CONDITIONS FOR THE SOUTHEASTERN CONUS LEADING TO ELEVATED CHANCES FOR
BELOW-MEDIAN PRECIPITATION AMOUNTS FROM NDJ THROUGH DJF 2014-2015, ALTHOUGH THE
ACTUAL WINTERTIME PRECIPITATION IN THIS REGION IS LARGELY DEPENDENT ON THE ENSO
STATE, WHICH CURRENTLY IS UNCERTAIN AT THESE LEADS.

IN AREAS WITHOUT SUBSTANTIAL AND RELIABLE CLIMATE SIGNALS, EQUAL CHANCES OF
BELOW-, NEAR- AND ABOVE-MEDIAN SEASONAL TOTAL PRECIPITATION AMOUNTS ARE
INDICATED.

FORECASTER: DAVID UNGER

THE CLIMATIC NORMALS ARE BASED ON CONDITIONS BETWEEN 1981 AND 2010, FOLLOWING
THE WORLD METEROLOGICAL ORGANIZATION CONVENTION OF USING THE MOST RECENT 3
COMPLETE DECADES AS THE CLIMATIC REFERENCE PERIOD. THE PROBABILITY ANOMALIES
FOR TEMPERATURE AND PRECIPITATION BASED ON THESE NEW NORMALS BETTER REPRESENT
SHORTER TERM CLIMATIC ANQOMALIES THAN THE FORECASTS BASED ON OLDER NORMALS.

FOR A DESCRIPTION OF OF THE STANDARD FORECAST TOOLS -~ THEIR SKILL- AND THE
FORECAST FORMAT PLEASE SEE OUR WEB PAGE AT

HTTP: /WWW.CREC.NCEP.NOAA.GOV/PRODUCTS/PREDICTLONS /S0DAY/DISC ., HTML

(USE LOWER CASE LETTERS)

INFORMATION ON THE FORMATION OF SKILL OF THE CAS FORECASTS MAY BE FOUND AT:
HTTP://WWW.CPC.NCEP.NOAA.GOV/SOILMST/FORECASTS . HTML (USE LOWERCASE LETTERS)
NOTES - THESE CLIMATE OUTLOOKS ARE INTENDED FOR USE PRIOR TO THE START OF THEIR
VALID PERIOD. WITHIN ANY GIVEN VALID PERIOD OBSERVATIONS AND SHORT AND MEDIUM
RANGE FORECASTS SHOULD BE CONSULTED. '

THIS SET OF OUTLOOKS WILL BE SUPERSEDED BY THE ISSUANCE OF THE NEW SET NEXT
MONTH ON DEC 19 2013

1981-2010 BASE PERIOD MEANS WERE IMPLEMENTED EFFECTIVE WITH THE MAY 19, 2011
FORECAST RELEASE.

S5

NOAA/ National Weather Service Disclaimer Privacy Policy
National Centers for Environmental Prediction Information Quality Freedom of Information Act
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More than half (52%) of the spatial and temporal variance in
multidecadal drought frequency over the conterminous United
States is attributable to the Pacific Decadal Oscillation (PDO) and
the Atlantic Multidecadal Oscillation (AMO). An additional 22% of
the variance in drought frequency is related to a complex spatial
pattern of positive and negative trends in drought occurrence
possibly related to increasing Northern Hemisphere temperatures
or some other unidirectional climate trend. Recent droughts with
broad impacts over the conterminous U.S. (1996, 1999-2002) were
associated with North Atlantic warming (positive AMO) and north-
eastern and tropical Pacific cooling (negative PDO). Much of the
long-term predictability of drought frequency may reside in
the multidecadal behavior of the North Atlantic Ocean. Should the
current positive AMO (warm North Atlantic) conditions persist into
the upcoming decade, we suggest two possible drought scenarios
that resemble the continental-scale patterns of the 1930s (positive
PDO) and 1950s (negative PDO) drought.

Ithough long considered implausible, there is growing

promise for probabilistic climatic forecasts one or two
decades into the future based on quasiperiodic variations in sea
surface temperatures (SSTs), salinities, and dynamic ocean
topographies. Such long-term forecasts could help water man-
agers plan for persistent drought across the conterminous
United States (1). The urgency for such planning became evident
when much of the U.S. was gripped by drought in 1996 and again
in 19992003, evoking images of the dry 1930s and 1950s,

Analyses and forecasting of U.S. precipitation have focused
primarily on the Pacific Ocean, and more specifically on oceanic
indices such as those used to track the El Nifio Southern
Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO).
Much of the long-term predictability in North Ametican climate,
however, may actually reside in both observed and modeled
multidecadal (50-80 years) variations in North Atlantic SSTs
(2-7). Modeling studies indicate that multidecadal variability in
North Atlantic climate is dominated by a single mode of SST
variability (7). An important characteristic of this mode of SST
variability is that the SST anomalies have the same sign across
the entire North Atlantic Ocean and resemble the Atlantic
Multidecadal Oscillation (AMO). The AMO is an index of
detrended SST anomalies averaged over the North Atlantic from
0-70°N and has been identified as an important mode of climate
variability (8). Warm phases occurred during 1860-1880 and
1930-1960, and cold phases occurred during 1905-1925 and
1970-1990. Since 1995, the AMO has been positive, but it is
uncertain whether this condition will persist long enough to be
considered a new warm phase. These large swings in North
Atlantic SST’s are probably caused by natural internal variations
in the strength of ocean thermohaline circulation and the
associated meridional heat transport (6, 7).

Recent analysis has shown that the AMO has a strong
influence on summer rainfall over the conterminous U.S., and
may modulate the strength of the teleconnection between the El
Nifio Southern Oscillation (ENSO) and winter precipitation (8).
Positive AMO conditions (warm North Atlantic SSTs) since
1995, and the cold PDO episode from 1998 to 2002, have

4136-4141 | PNAS | March 23,2004 | vol. 101 | no.12

together raised concerns among scientists about the potential for
an emerging megadrought that could pose serious problems for
water planners. Here, we decompose drought frequency in the
conterminous U.S. into its primary modes of variability without
a priori consideration of climate forcing factors. These modes are
then related both spatially and temporally to the PDO and AMO
to determine the relative influence of the SST patterns tracked
by these indices on the probability of drought. Consideration of
the potential role of the Northern Hemisphere (NH) tempera-
ture or some other unidirectional trend also proved necessary to
understand the variance in drought frequency. Given the time
scales and current conditions of the three climate indices, we
explore two possible drought scenarios for the upcoming decade.

Materials and Methods

Drought frequency for 20-year moving periods was calculated
for each of the 344 climate divisions in the conterminous U.S. for
the period 1900-1999. This period of record was chosen for
analysis because it is common to all of the data sets used in this
study (i.e., climate division precipitation, annual PDO, annual
AMO, and annual NH temperature).

The climate division precipitation data were obtained from
the National Climatic Data Center in Asheville, North Carolina
via the internet at (http://www1l.ncdc.noaa.gov/pub/data/cirs).
The climate division data represent monthly means of climate
station observations from regions within states that are consid-
ered to be climatically homogeneous (9). In addition, the data for
the climate divisions have been corrected for time-of-
observation bias (10). Although extreme climatic variations can
occut in areas of complex terrain, such as the mountainous areas
of the western U.S,, standardized departures of temperature and
precipitation from normal are spatially consistent within a
climate division (9).

The PDO data were obtained from the University of Washington
at (ftp://ftp.atmos.washington.edu/mantua/pnw._impacts/
INDICES/PDO.latest), and the AMO data were obtained by
personal communication with David Enfield (National Oceano-
graphic and Atmospheric Administration Atlantic Oceano-
graphic and Meteorological Laboratory, Miami). Mean annual
NH temperature data also were used for part of the study and
these data were obtained from the Climate Research Unit, East
Anglia, UK. (www.cru.uea.ac.uk/cru/data/temperature).

Drought conditions were considered to exist in a climate
division if annual precipitation was in the lowest quattile (25%)
of the 100-year record. Other definitions of drought frequency
also were examined, such as the number of years with precipi-
tation in the lowest 33% or the lowest 20% of the distribution,
or annual Palmer Drought Severity Index (PDSI) values below
specified thresholds; all approaches produced similar temporal
and spatial results. For 20-year moving windows, the number of

This paper was submitted directly (Track II) to the PNAS office.

Abbreviations: SST, sea surface temperature; PDO, Pacific Decadal Osclllation; AMO, At-
lantic Multidecadal Oscillation; NH, Northern Hemisphere.
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Fig. 1. Scores from the first three components (PC1, PC2, and PC3) of a
rotated principal components analysis of 20-year moving drought frequency
in the conterminous United States, compared to standardized departures of
20-year moving averages of the annual PDO, AMO, and NH temperature (NH
Temp). The NH Temp values are multiplied by —1 for easy comparison with PC3
scores, All values are plotted at the centers of the'window periods,

years with drought conditions was computed for each climate
division and assigned to the center of the window period (10- and
30-year moving windows also were examined and produced
results similar to those from the analysis of 20-year moving
windows). The time series of 20-year moving drought frequen-
cies (hereafter referred to as drought frequency) then were

subjected to a rotated principal components analysis (RPCA)

with varimax rotation to identify the primary modesof variability
in the drought frequency data. The scores and loadings of the
leading rotated principal components were subsequently exam-
ined and compared with 20-year moving averages of the PDO
and AMO to better understand how these climate indices are
related to the temporal and spatlal variability of drought in the
conterminous U.S,

Results and Discussion

The rotated principal components analysis (RPCA) of drought
frequencies for the 344 climate divisions in the conterminous
U.S. produced three leading compenents (PC1, PC2, and PC3)
that explain 74% of the total variance in the drought frequency
data; after varimax rotation, PC1 explains 24% of the total
variance in drought frequency, PC2 explains 28%, and PC3
explains 22%. The score time series .(Fig. 1) illustrate the
temporal variability of the drought frequency components, and
the loadings (Fig. 24-C) illustrate the spatial pattern of drought
frequency variability represented by each component,

The scores for PC1 (Fig. 14). are positive for 20-year periods
centered from around 1920 to the mid- to late 1940s, are negative
from the late 1940s until the late 1970s, and are slightly positive
after the 1970s. This decadal variability in drought frequency is
similar to variability in the PDO (Fig 14). The correlation
between PC1 scores and 20-year moving mean annual PDO is
0.82.

Because of the large autocorrelation inherent in smoothed
time series, the degrees of freedom must be estimated to use
standard statistical significance tests. Instead, an alternative
approach was used to assess the significance of the correlations
between the PC score and climate index time series, A Monte
Carlo approach (11) was used that involves the shuffling of the
raw climate index time series 1,000 times. Each shuffled time
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series was subsequently smoothed with a 20-year moving average
and then correlations between the smoothed shuffled time series

-and the PC scores were computed, The 95th and 99th percentiles

of the resulting correlations (0.69 and 0.83, respectively) then
were compared with the correlations obtained between the PC
scotes and the observed 20-year moving average climate index
time series. The results of this analysis indicated that the
correlation (r = 0.82) between the time series shown in Fig. 14
is between the 98th and 99th percentile of correlations from the
1,000 trials, indicating a high level of statistical significance.

To further compare PC1 with PDO, the loadings of drought
frequency for each climate division on PC1 (Fig. 24) were
compared with correlations between 20-year moving average
annual PDO and drought frequency for each climate division
(Fig, 2D). Comparison of these figures indicates that the patterns
of the PC1 loadings and the PDO correlations are similar. Both
indicate negative values for the southwestern U.S. that extend
into the Rocky Mountain region and the south-central U.S. (Fig.
2 A and D). Negative values also are found in the northeastern
U.S. Positive values are indicated in the northwestern U.S., the
notth-central plains, and most of the southeastern U.S. The
correlation between these patterns is 0.92. The PDO has been
shown previously to modulate winter precipitation in the U.S.
(12-14), as well as summer drought and streamflow in the
conterminous U.S. (15).

The strong correlation of the spatlal patterns represented by
the PC1 loadings and the PDO correlations (Fig. 2.4 and D),
when combined with the magnitude of the time series correla-
tion, strongly supports the conclusion that the first mode of
drought frequency identified in this study is a response to the
multidecadal variability of the PDO. The annual response pat-
tern is a combination of the winter and summer influences of
PDO on precipitation. Although both seasons share a dipolar
response in the northwest and southwest U.S,, the response to
the PDO in the Midwest is of a different sign in the summer and
winter, weakening the annual response in that region.

The scores for PC2 increase from the early part of the record
to the 20-year period centered around 1930. The score values
remain relatively constant until after 1960, when they decline
until the end of the period of record (Fig. 1B). This time series
corresponds to the temporal variability of the AMO (Fig. 1B).
The correlation between PC2 scores and 20-year moving average
annual AMO is 0.91, which is significant at the 99th percentile.

Loadings for PC2 (Fig. 2B) and correlations between 20-year
moving average annual AMO and drought frequency (Fig. 2E)
are highly similar (the correlation between these patterns. is
0.95). Maps of the PC2 loadings and the AMO correlations
indicate positive values for most of the central two-thirds of the
conterminous U.S. and suggest an almost nationwide covariance
of drought frequency (Fig. 2 B and E). Previous research has
shown that, during positive AMO conditions, the central U.S.
receives below-average pI‘CClpltatlon particularly during sum-
mer (1, 8). The large positive correlations between smoothed
AMO and drought frequency for the central U.S. (Fig. 2E)
support this statement. This mode explains 28% of the variance
in drought frequency, and covers a large geographical area with
uniformly strong loadings. Correlations between smoothed
AMO and similarly smoothed climate division precipitation (the
inverse of drought frequency) produced a continental-scale
pattern of negative correlations (8).

Scores for PC3 indicate a long-term negative trend (Fig. 1C).
Areas with negative loadings had an increasing trend in drought
frequency (Fig. 2C), whereas areas with positive loadings had a
decreasing trend in drought frequency. Geographically, Califor-
nia, the northern Rocky Mountains, and the Ohio Valley (neg-
ative loadings) have experienced an increasing tendency for
drought, whereas the Pacific Northwest, a band from New York

PNAS | March 23,2004 | vol, 101 | no.12 | 4137




Fig. 2.  (A-C) Loadings for the first three components of a rotated principal components analysls of 20-year moving drought frequency in the conterminous
United States. (D) Correlations between 20-year moving drought frequencies and 20-year moving annual PDO. (E) Correlations between 20-year drought
frequency and 20-year moving AMO. (F) Inverse of trerds in 20-year drought frequency. The correlations in F were multiplied by —1 for easy comparison with
other figures. Positive values are shaded red, and negative values are shaded blue. Darker shades indicate values >0.4 or <—0.4,

to the Upper Midwest, and the Gulf Coast (positive loadings)
have had a decreasing tendency for drought.

The pattern of loadings for PC3 (Fig, 2C) is very similar to the
spatial pattern of the inverse of trends in 20-year moving drought
frequency (Fig. 2F) (correlation coefficient is 0.91). The trends
in 20-year moving drought frequency were multiplied by —1 for
direct comparison with the PC3 loadings and were computed as
linear correlations with time.

The PC3 score time series does not appear to be related to
known atmosphere—ocean” modes of variability; instead, it
matches well with both a trend line and the time series of mean
annual NH temperature. In Fig. 1C, the NH temperatures were
multiplied by —1 for direct visual comparison with the scores for
PC3. Instrumental observations of NH temperatures indicate a
generally increasing trend with some distinct inflections over the
period of record used in this study (16); the inverse 20-year
moving mean annual NH temperatures are significantly corre-
lated with PC3 scores (correlation coefficient is 0.91, P < 0.01).

These results suggest that PC3 reflects a regional pattern of
changes within the hydrologic cycle that may be related indirectly
with increases in NH temperature, or may be trending in
response to some other forcing that has not yet been identified.
Climate modeling studies indicate that a substantial intensifica-
tion of the global hydrologic cycle is likely in a warming world,
although the regional patterns of temperature and precipitation
responses are likely to be complex (16).

4138 | www.pnas.org/cgi/doi/10.1073/pnas.0306738101

Because previous research showed relations between drought
in the conterminous U.S. and El Nifio/Southern Oscillation
(ENSO) (17), we compared 20-year moving averages of annual
NINO3.4 SSTs, representing ENSO conditions, with the PC
scores of drought frequency examined in this study (NINO3.4
SSTs are averaged for the region from 5°N latitude to 5°S latitude
and from 170°W longitude to 120°W longitude; these data were
obtained via the internet from http://climexp.knmi.nl),

Correlations between the smoothed NINO3.4 time series and
the PC scores were strongest for PC2 (—0.58). This correlation
with PC2 scores is much weaker than the correlation between
PC2 scores and the similarly smoothed AMO (0.91), and is not
statistically significant,

To test the interpretation of the PCA analysis that PDO,
AMO, and a trend such as that represented by NH temperature
explain a large percent of the temporal and spatial variability in
multidecadal drought frequency in the conterminous U.S., re-
gressions were developed to estimate drought frequency for the
344 climate divisions of the conterminous U.S. The regressions
were developed by using 20-year moving drought frequency as
the dependent variable and 20-year moving average annual
PDO, AMO, and NH temperature as the independent variables.
'The median coefficient of determination for the regressions for
all 344 climate divisions was 0.72 (the mean was 0.68, the first
quartile was 0.58, and the third quartile was 0.81), indicating that,
on average, ~70% of the temporal variability in drought fre-

McCabe et al.



Fig.3. Observed (A and B) andsimulated (Cand D) 20-year drought frequency (in ye'ars) for 1924-1943 (the 1930s drought) and 1947-1966 (the 1950s and 1960s
droughts). Areas with drought frequencies of 6 years or more are indicated in red. :

quency for the climate divisions is explained by the PDO, AMO,
and NH temperature. : .

The reliability of the regressions to explain the spatial vari-
ability in drought frequency was evaluated by comparing ob-
setved and simulated drought frequency for specific periods
(Fig. 3). Because 20-year moving periods were used to compute
drought frequency, the period for 1924-1943 provided an ex-
ample incorporating the 1930s drought, and the period 1947-
1966 was chosen to encompass both the 1950s drought and the
1960s Northeast drought. Results indicate that the spatial dis-
tributions of drought frequency for these periods represented by
the observed and simulated drought frequencies are highly
similar, The correlation between the observed and simulated
drought frequency values for the 1924-1943 period (Fig. 3.4 and
C)is 0.91 (P < 0.01), and for the 1947-1966 period (Fig. 3 B and
D), the correlation is 0.92 (P < 0.01). The correlations between
observed and simulated drought patterns for all 20-year periods
examined in this study ranged from 0,70 to 0.95, with a median
value of 0.88.

To validate the robustness of the regressions used to-simulate
the spatial patterns of drought for the 1924-1943 and the
1947-1966 periods, additional regressions were developed, ex-
cluding in each case the 20-year periods of interest. The corre-
lations between the observed and simulated spatial patterns of
drought using the new regressions were 0.83 (P < 0.01) for
1924-1943 and 0.86 (P < 0.01) for 1947-1966. These correla-
tions, although somewhat smaller than those using all of the data,
indicate that the regressions are robust.

These results indicate that, in addition to reliably explaining
the temporal variability in drought frequency, the regression
equations also reliably explain the spatial variability in drought
frequency. Without inclusion of all three time series, the PDO,
AMO, and NH temperature, the fidelity of the regression
modeled drought frequency pattern with the observed pattern is
substantjally reduced,

So what are the prospects for drought under varying PDO and
AMO regimes? Annual time series of PDO and AMO were used
to identify periods of positive and negative PDO and AMO
regimes (Fig. 4). Four periods were identified; (f) positive PDO

McCabe et al.

and positive AMO (1926-1943), (i) negative PDO and positive
AMO (1944-1963), ‘(i) negative PDO and negative AMO
(1964-1976), and’ () positive PDO and negative AMO (1977~
1994). Composite drought frequencies were computed for the
four combinations of PDO and AMO regimes. The drought
frequencies were determined by counting the number of years at
each climate division with annual precipitation in the lowest
quartile of the 1900-1999 record, and were expressed as a
percent of the total number of years in each PDO/AMO regime
category. Because the normal rate of occurrence of precipitation
in the lowest quartile is 25% of the time, composite percentages
>25% represent a greater than normal probability of drought,
and values <25% characterize less than normal chances .of
drought. :

Fig.-5 shows drought frequencies for the four general scenarios
based on different combinations of the-AMO and PDO. In the
case of negative AMO, above normal drought frequency is
restricted to a few regions, for example, to the Pacific Northwest
and Maine during positive PDO (Fig. 54) and southern Cali-
fornia and the central High Plains during negative PDO (Fig.
5B). Irrespective of the PDO phase, positive AMO is associated
with an-above normal frequency of drought across large parts of
the U.S, With positive AMO and positive PDO (Fig, 5C), the
pattern is more reminiscent of the 1930s drought, sparing the
Southwest but entraining the northern two-thirds of the U.S.
With positive AMO and riegative PDO (Fig. 5D), the pattern is
that of the 1950s drought. with the greatest impact in the
Midwest, Southwest, and the Rocky Mountains/Great Basin
area. :

Because the AMO generally has greater multidecadal persis-
tence than the PDO, North Atlantic warming that began in 1995
may continue, After a negative downturn in mid-1998, the PDO
reversed sign in mid-2002. Given the current positive anomalies
in North Atlantic SSTs (positive AMO), continuation of the
present 1999-2003 drought is more likely than normal, and a
decadal-scale drought may be emergent. The pattern of recent
drought in the conterminous U.S, resembles a 1950s-like drought
(positive AMO and negative PDO) (Figs. 3B and 5D). However,
if the AMO continues to be positive and the PDO becomes
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Fig. 4. Time series of the annual PDO and AMO. Shaded areas indicate combinations of positive (+) and negative (—) PDO and AMO periods.

positive, the drought pattern could shift to one more like the
1930s era (Figs. 34 and 5C). Although it is always prudent to be
conservative about water resources, particulatly in the semiarid
West, it may be particularly necessary in the next decade.

Conclusions

Three rotated principal components explain 74% of the variance
in 20-year moving frequencies of drought in the conterminous

U.S. The first component is highly correlated with the PDO, and
the second component is correlated with the AMO. These first
two components explain nearly equal proportions of variance in
the entire data set and, combined, explain 52% of the total
variance. These results support previous research that has indi-
cated the existence of a relation between these climate indices
and drought variability in the U.S. The third component repre-
sents a complex pattern of positive and negative trends in U.S.

Fig. 5. Drought frequency (in percent of years) for positive and negative regimes of the PDO and AMO. (A) Positive PDO, negative AMO. (B) Negative PDO,
negative AMO. (C) Positive PDO, positive AMO. (D) Negative PDO, positive AMO.

4140 | www.pnas.org/cgl/doi/10.1073/pnas.0306738101
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drought frequency over the 20th Century, and its score time
series is highly correlated with both a trend line and the inverse
NH temperature time series. The inclusion of all three time
series, the PDO, AMO, and a trending geophysical indicator like
NH temperature, appears to be crucial in generating multiple
regression equations that can accurately simulate the historical
20-year patterns of drought frequency. This research indicates
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that persistencé of the current positive AMO state may lead to
continuing above normal frequencies of U.S. drought in the near
future, with the pattern of drought modulated by the sign of the
PDO.

This work was partially supported by National Oceanographic and
Atmospheric Administration Cooperative Agreement NA67RI0146.

10, Karl, T, R,, Williams, C, N., Young, P. J. & Wendland, W. M. (1986) J. Clim.
Appl. Meteorol. 25, 145-160,

11, Livezey, R, E, & Chen, W. (1983) Mon. Weather Rey. 111, 46-59,

12, Mantua, N, I, & Hare, S. R, (2002) J. Oceanogr. 58, 35-44.

13, Mantua, N, J., Hare, S. R,, Zhang, Y., Wallace, J, M. & Francis, R. C. (1997)
Bull. Am. Meteorol. Soc. 18, 1069-1079.

14, McCabe, G, J. & Dettinger, M. D, (1999) Int. J. Climatol, 19, 1399-1410,

15. Nigam, S. M,, Barlow, M. & Berbery, E. H. (1999) Eos (Washington, D.C.) 80,
621-625,

16, Houghton, J, T, Ding, Y. Griggs, D. J.,, Noguer, M., Van der Linden, P. J,, Dai,
X., Maskell, K. & Johnson, C, A, eds, (2001) Climate Change 2001: The
Scientific Basis (Cambridge Univ, Press, Cambridge, UK.).

17. Dai, A., Trenberth, K. B. & Karl, T. R..(1998) Geophys. Res. Lett. 25, 3367-3370.

PNAS | March23,2004 | vol. 101 | no.12 | 4141




Attachment M







APPLICATION OF THE § BEFORE THE

LOWER COLORADO RIVER § TEXAS COMMISSION ON

AUTHORITY FOR EMERGENCY § ENVIRONMENTAL QUALITY
AUTHORIZATION § S

THE STATE OF TEXAS

COUNTY OF TRAVIS

AFFIDAVIT OF DAVID WHEELOCK

§
§
§

Before me, the undersigned authority, personally ‘appeared David Wheelock, a person

~-known by-me to-be competent-and-qualified-in-all-respects-to-make-this affidavit, who being by - -

me first duly sworn, deposed as follows:

L.

I am over 21 years of age, of sound mind, and have never been convicted of a felony
or crime of moral turpitude. I am fully competent and qualified in all respects to
make this affidavit.

The facts stated in this affidavit are within my personal knowledge and are true and
correct. The tabs attached to this affidavit and referred to herein are incorporated by
reference.

I, David Wheelock, am an individual residing in Travis County, Texas.

I have a Bachelor of Science in Civil Engineering from the University of Texas
at Austin and a Master of Science in Civil Engineering with a water resources
specialty from the University of Texas at Austin. I am a registered Professional
Engineer in the State of Texas. A true and correct copy of my resume, detailing my
prior work history and education, is attached hereto under Tab 1.

I have worked for the Lower Colorado River Authority (“LCRA”) for more than
three years. At LCRA, I have been responsible for the development and
maintenance of various plans and permits directly affecting LCRA’s water supply. I
currently manage LCRA’s water rights portfolio and active permit applications,
Water Management Plan amendment process, groundwater development initiatives,
and am the designated representative to the Region K Regional Water Planning
Group. I am personally familiar with LCRA’s raw water system, its water rights,
and the TCEQ-approved LCRA Water Management Plan (“WMP”), which governs
LCRA’s operations of lakes Buchanan and Travis. In my position, I am responsible
for understanding LCRA’s raw water customer water needs now and in the future.
In my position, I have also been involved in evaluating various alternative water
supplies for LCRA’s firm water customers.

Attachment M

Affidavit of David Wheelock



My opinions stated herein are based on my over thirty years of experience in water
supply development, water supply planning, and regulation of water rights in the
. state of Texas. I have also relied upon a variety of information provided to me by
LCRA staff, which is of a nature typically relied upon in’' my profession, as described
below and for which true and correct copies are attached and incorporated herein:

a.

b.

f.

g

Map of LCRA Water Service Area, attached hereto under Tab 2,

Summary of Water Supply Alternatwes attached hereto under Tab 3, prepared

by LCRA staff;

Excerpts of the 2010 LCRA Water Management Plan;

Affidavit of Ron Anderson, including attachments;

‘Afﬁdavit' of Ryan Rowney, inc’ludin;rg" attachments;‘

Afﬁdawt of Nora Mullarkey Mrller 1nc1ud1n0 attachments and

" Afﬁdav1t of Bob Rose, including’ attachments

Based on the foregoing review and the reasons stated herem my expert opinion

a.

- onthe followrng 1ssues is set forth below

LCRA Frrm Customer Demands

LCRA provides raw water from the firm water supply lakes Buchanan

~and Travis to over 60 retail and wholesale potable water suppliers that

together serve over one million people See Map of LCRA’s Service
Area, attached here under Tab 2. LCRA’s municipal raw water

C customers 1nclude but are not 11m1ted to the Crtres of Austin, Burnet,

i

‘Cedar Park; Leander, Marble Falls, Pﬂugervﬂle Lakeway, Bee Cave,

Horseshoe Bay, other H1ghland Lakes cities, water supply corporations,
special. districts (1nclud1ng LCRA’s own water utility systems), and
investor-owned utilities. In addition, LCRA provrdes water to several

'electrlc utrhtles——LCRA Bastrop Energy Partners, Austin Energy,

Gen-Tex Corporatron ‘and South Texas Project Nuclear Operating
Company——from the firm water supply of lakes Buchanan and Travis.
These elec "c__utrhtles provide power into the electrical grid in Texas
operated hy the Electric Rehabrhty Coungil of Texas (“BRCOT”) and
_ to customers in Texas. -LCRA also provides firm
raw’ water t0 several' industries located downstream of the Highland

‘ Lakes mcludmg Oxea Chemrcal and Underground Servrces Markham.

The maximum hlstorrcal annual amount of water use by firm water
customers from lakes Buchanan and Travis during 2000 through 2011
was about 247,000 acre-feet in 2011, (See Affidavit of Ryan Rowney.)

(




b.  Emergency Relief — Only Resonable Alternative to Protect Firm Supply

i, There are no reasonably available and feasible practicable alternative

o water supplies or watef management or conseirvation strategies that
could be obtained or implemented at this time that would replace the
volume of water that LCRA might otherwise have to release from the
lakes if the requested relief is not granted that LCRA is not already
pursuing. As demonstrated by the summary of alternatives attached
hereto under Tab 3, most of the supplies identified would produce
insufficient or uncertain quantities of supply, are constrained by
existing contractual commitments, would create other operational
issues for customers, and/or are subject to a high level of regulatory
uncertainty and lengthy permitting process if not obtained on an
emergency basis. In most cases, these alternatives would take years to

T i T T T —’develop"and“transport to the area of use: “In‘s*h‘ort; none of the additional — = -

strategies identified would allow LCRA to prevent the need for the
relief requested in its application.

ii.  For 2012 and 2013, LCRA has obtained temporary permits that allow
LCRA to use its downstream water rights to meet some of the needs of
firm water customers downstream of the Highland Lakes, to the extent
that those supplies are not being used to meet agricultural needs in the
four irrigation operations. LCRA is seeking similar authorization for
2014. However, the amount of demand that can be met using these
downstream water rights is limited by the availability of run-of-river
flows and subject to envirionmental flow requirements. In 2012,
LCRA was able to divert about 4,000 acre-feet under the temporary
authorizations. In addition, in 2011 LCRA obtained a permanent
amendment to its Gulf Coast water right (14-5476) that allows use for
industrial purposes. In 2012, about 9,000 acre-feet of industrial
demands were met with that amended water right. These authorizations
have the potential to conserve water in the Highland Lakes, but as
demonstrated by the amounts used in 2012, the amounts are limited
when compared to the amount of interruptible stored water that might
be made available under the 2010 WMP,

iit.  LCRA and its customers are taking action to bring on some additional
supplies. LCRA has recently obtained groundwater production permits
in Bastrop County and is currently installing wells which will meet a
portion of the demand at the Lost Pines Power Park. In response to the
drought, the City of Burnet has turned to its groundwater wells to meet
a portion of the city’s demand. These additional supplies, while
important, are not of the scale to offset potential shortages under
worsening drought conditions.



¢. Adequacy of BEmergency Relief - It is my opinion that strict adherence to the 2010
WMP presents too great of a risk that LCRA will have to make a Drought Worse
‘than Drought of Record declaration in 2014.. Even with emergency relief in place
in 2012 and 2013, the combined storage in lakes Buchanan and Travis has not
recovered. antlng the supply of 1nterrupt1ble stored water for first crop in 2014
to the. conditions and -amounts specified in this application is a prudent drought

response that would help maintain the overall supply of water available to all of
, LCRA s firm water customers. - :

D

. © DAVID WHBELOCK, AFFIANT

Further affiant sayeth not.

SWORN TO AND SUBSCRIBED before me on the /0P day of
Tembpo 2013 o

Notary Pubho m and for the State of Texas

My Cromm1ss1on EXPH‘?S?, - /= ﬂ 0] 4



David C. Wheelock, PE
Manager, Water Supply and Conservation
Lower Colorado River Authority

David Wheelock is a key member of LCRA’s water resources planmng and management team.

He is an experienced water resources engineer and manager in water planning with river authorities and in
consulting. He has been in responsible charge of managing wholesale raw water systems, contract
administration, hydrologic modeling, water rights modeling, water supply planning, acquisition of water
supplies, reservoir management, dam safety and hydroelectric generation development. Mr. Wheelock has
participated in the development and implementation of strategic plans, setting direction and goals, advising
senior management, and working with local entities, governments, and engineering firms to create solutions
to water resource problems.

EXPERIENCE

I\TI;hager, Water '§upply and Conservation, Lower Colorado River Authority R Austin, TX

From 2010-2011, supervised the Water Resources Planning and Management Department 2010-2013

and the Water Conservation Department. As such, he was responsible for the development
and maintenance of various plans and permits directly affecting LCRA’s wholesale water
supply. He obtained a number of important water right amendments, including changes to
senior water rights to better manage the resource.

Currently, Mr. Wheelock is managing LCRA’s water rights portfolio and active permit
applications, Water Management Plan amendment process, groundwater development
initiatives, and is the designated representative to the Region K Regional Water Planning

Group.

Water Services Manager, Brazos River Authority Waco, TX

Supervised the Water Services Department in the day-to-day management of eleven water supply 2004 - 2010

reservoirs to meet contractual commitments and permit requirements. Was responsible for the
administration of water supply contracts, compliance with state water right permits, controlling
releases for water supply and during flood events, support for water rights applications (i.e. System
Operations Permit application), and water supply planning,

Principal Engineer, Brazos River Authority Waco, TX

In-house consultant to the General Manager, Regional Managers, and the Planning & 2002 - 2004

Development Department in performing and implementing the goals of the Authority, as well as
support for on-going operations. Provided leadership for planning, permitting, and design
functions throughout the Authority’s area of operations; conimunicating technical aspects of the
vision and goals of the Authority; working closely with Authority technical staff; reviewing
plans/specifications for new work and rehabilitation of existing prOJeots and, carrying out duties in
accordance with the Authority’s Strategic Plan.

Vice President, HDR Engineering, Inc. Austin, TX

Project management, marketing, and leadership responsibilities for major water resource planning 1993-2002

efforts of river authorities and state government, including: Brazos G Regional Water Planning
Area (Texas Water Development Board SB 1 and SB 2 initiatives); Trans-Texas Water Program,
including Austin, San Antonio, and Williamson County study areas (LCRA, BRA, SARA,
SAWS); Williamson County Water Supply Facilities Plan (BRA); Western Canyon Regional
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Water System (GBRA); and, Tarrant County Water Management Plan (TRWD). Other projects
include planning and conceptual engineering for the Corpus Christi area (NRA, City of Corpus
Christi); project management for rehabilitation of DeCordova Bend Dam flood control gates (Lake
Granbury - BRA), rehabilitation of critical components of the flood control gates Morris Sheppard
Dam (Possum Kingdom Reservoir - BRA), hydroelectric evaluation and assessment at Morris
Sheppard Dam, and resident engineer for- outlet works replaeement at Red Bluff Dam. on the
Pecos RJVG] (Red Bluff Water Dlstrxet) -

Self-Employed Consultmg Engmeer ’

Self—ernployed consultmg engmeer prov1d1ng serv1ces to constructlon and govemment chents
Services included construction management, schedulmg, stmotul al design, and estrmatmg for dam
rehab111tat10n and water resource projects. e

Chief Engineer, Synergics, Inc.

 In responsible charge of technical and management duties for design and construction of dam -

rehabilitation and hydroelectric projects. .

Vice Presulent Gebhard Englneers

Project manager and engmeer for a number of water resouroe prOJects 1nclud1ng two
hydroelectric plants in New Harnpshlre waterlme prOJeots feasrblhty assessment of
numerous hydroelectrro sites; major wastewater interceptor and tunnel, hydrology studles rn
New Mexico and Arizona; and general civil and water resource, prOJects

Project Manager, Meyer-Lytton-Allen, Inc

Responsible for the engmeermg and eonstruotlon of a number of land development and -
commercial development projects in Central Texas, including water and wastewater pumping
stations, water plpelmes, and stormwater drainage facilities.

Project Engmeer, Turner Collie & Braden, Inc

Responsible for the desrgn and construotron of a Var1ety of mun101pal water and wastewater

treatment projects, moludmg ﬂoatmg Water 1ntakes, water transmlssron plpehnes ewater .

treatment plant r rehabilitations; well systems, sludge handll_ng'and digestion fac1l1t1es, and

- regional treated water system resident project englneer for. constructron of water and
wastewater treatment plants.

EDUCATION and REGISTRATIONS

BSCE, Umversrty of Texas at Austm 1979 : SERS
MSCE — Water Resources, Un1vers1ty of Texas at Austm 1986

Annapolis, MD
1992-1993

Annapolis, MD
1990-1992

Austin, TX
1984-1990

- Austin, TX
'1983-1984

~ Austin, TX
©1979-1983

Registered Professional Engmeer Texas (#543 03), maotwe reglstratwns Arlzona, Arkansas Maryland

New Hampshire; Pennsylvania; Vrrglma

PROFESSIONAL ASSOCIATIONS ;

American Water Works Assoo1at1on past Cha1r of Standards Commlttee on Shde Gates
American Society of C1v1l Englneers—past Dlrector Texas Sectlon TR BCEAS S

Member, SB 1094 State—wrde Water Conservatron Implementatron T ask Foroe
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Potential Alternatives to the Emergency Relief Requested
by LCRA’s Emergency Applications

LCRA has explored several alternative water supplies that might be available to alleviate
strain on LCRA’s water supply reservoirs, lakes Buchanan and Travis, caused by the
persistent drought conditions. These alternatives are generally described below.

None of these alternatives could be obtained in sufficient supply or on a schedule that
could serve to eliminate the need for immediate relief that LCRA secks in its

applications.

Moreover, it is important to note that LCRA lacks readily available funding to acquire or
implement many of these alternatives, which means that rate increases for firm customers

would be required to pay for these supplies at the same time LCRA may be significantly

~ curtailing their access to water from lakes Buchanan and Travis.

1. Utilize water from LLCRA’s Lakes Inks, LBJ, and Marble Falls. These lakes
are not currently authorized for municipal use, so amendments may be required to
make full use of these supplies on a more permanent basis — a process that could
take several yeats. If LCRA were to simply stop exercising its right to refill these
lakes, but still allow the lakes to be maintained at levels that would not have
significant impacts to cities and industries around them, it estimates that perhaps a
one-time supply of about 34,000 acre-feet (AF) could be made available.
Reduction in storage could also have significant impacts on hydroelectric
generation capabilities.

2. Conservation incentives and customer buyouts of nonessential uses
(irrigation, recreation firm contracts). LCRA has approximately 11,000 AFY
under contract for firm irrigation and recreational use. LCRA may consider
providing further financial incentives to these customers to reduce water use, but
given the nominal amount of supply that might be made available, such
alternatives would not be sufficient to alleviate the need for emergency relief.

3. Aggressive municipal conservation. This would include identifying and
addressing water loss areas (i.e., toilets, shower heads, leaking pipes, etc.). In
LCRA’s experience, this requires solid partnerships with customers, a good
method for calculating water savings (which is elusive) and a strong education
and enforcement program (which is costly to the customers and requires time to
become effective). Benchmarking and experience tells us that to achieve
meaningful water savings, it often takes 1-2 years or more. While LCRA will
continue to encourage water conservation, this alternative does not eliminate the
need for emergency relief requested to avert the very near-term prospect of
reducing storage levels beyond a protective level. The estimated cost of this long
term program to achieve a 20% demand reduction is $220,000,000.
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4. Groundwater. Many :areas’ w'ithin T.CRA’swater service area have local
groundwater conservation districts that regulate the use and permitting of
groundwater supplies. ‘Although. groundwater appears to be available’in-many

areas,. the- uncertainty assoc1ated ‘with the long-term availability of such -

groundwater supplies in hght of an unsettled regulatory environment renders any
significant reliance on groundwater as an alternative supply a relatively high risk
~ option.» Within Matagorda County, which is'governed by the Coastal Plains
Groundwater Conservation: District, LCRA estimates. that it ‘might be able to
obtain agreements to lease up to 10,000 AFY of groundwater from existing wells
or drill new wells to serve existing industrial customers in Matagorda County.
- Further, it might be able to do. the same in and around Fayette County for
purposes of securing: supphes to meet:some or.all of the:existing power plant
~water demands-in that area. :Groundwater development in Fayette . County. is
regulated by the Fayetts County Groundwater- Conservation District. Similarly,
LCRA has explored options for obtaining groundwater from the Carrizo-Wilcox
aquifer to the east of Austin. - Both:the Lost:Pines:and Post- Oak - Savannah

" - Groundyyater Corseryation drstrrcts have jurisdiction. over large parts of the

aquifer close to LCRA’s service area. LCRA has reeently obtamed a groundwater
permit in the Lost. Plnes Groundwater Conservation District for up to 10,000 AFY
to use.at LCRA’s power facilities in- Bastrop Cou:nty However, LCRA must still
mstall a number of groundwater wells in order to produce the water:.

It takes approxrmately 9- 12 months to secure wr1tten agreements wrth landowners
and often takes several years to obtain new groundtwater permits: or permit
amendments from local groundwater conservation districts, the need for
emergency relief is not diminished. Further, to secure and. develop any such
. supphes .would take several years and thus would notavert. the need for
L emergency rehef S

"LCRA has reoently learned that some hmrted supphes of groundwater are
eurrently bemg dehvered to Manor, a small city east of Austin, and that there may
be some small amount of addrtronal supply available for use at that point. It is

‘estlmated that -6-18 months mmlmum would be requrred to 1mplement this

. -Off—Channel R ) ervorr Engmeermg work 1s underway on a niew reservon to be
built in the lowe lorado River basin. LCRA is moving forward with plans to
build the new reservoir to replace 's'o'me supplies currently met from the Highland
' ric ltural water re11ab111ty and”e ﬁc1ency, and i mcrease LCRA’s

B o‘;erall water supply

The new reservorr in Wharton County w1ll capture water downstream and hold it
for beneficial use by downstream industrial and agricultural customers. This is the
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first project that will allow LCRA to capture and store significant amounts of
water downstream that can be used by multiple customers.

&‘he resel'\;éii' Qill be able to hold about 40,000 acre-feet, but could be filled and

used multiple times over the course of a year, making it capable of adding 90,000
acre-feet of firm water to the region’s supply. The preliminary cost estimate for
the reservoir is $206 million, and it currently scheduled to be on-line in 2017 —
which may not be early enough to help with the current drought, and definitely
not early enough to help lake levels in 2014. '

Wastewater reuse program in the Highland Lakes. Enhanced direct reuse of
wastewater around the Highland Lakes could reduce demand by about 5,000 AFY
over the next 1-2 years. This amount of savings is not sufficient over the near
term to alleviate the need for emergency relief. The estimated cost for an

““enhanced direct wastewater reuse pilot project for 1,120 acre-feet of supply is

$5,700,000.

Line or pipe high loss canals utilized by industry. Determining high loss areas
of canals can be a challenge and estimating the amount of water savings difficult.
Although LCRA has some very general information about its canal systems, it
could not immediately implement a canal lining project that would serve to reduce
water usage in such quantities as to avert the need for emergency relief.

Interbasin transfers or water trucking/rail transport. Interbasin transfers of
water or transport of water by truck or rail from areas with a more plentiful supply
is ‘an option that poses no realistic likelihood of alleviating the need for -the
emergency relief requested. Moreover, there are very few options close to the
lower Colorado River basin with much supply to spare. Even if such supply
exists, the interbasin transfer permitting process and construction of the necessary
infrastructure would significantly limit the ability to bring such supplies ox line in
a timely manner. The logistics of locating sufficient transporting equipment to
meet the levels of demand would be very difficult if not impossible.

Ocean or Brackish Groundwater Desalination. Although ample supply is likely
available, the time required to permit and construct such facilities is estimated to
be 5-10 years. This alternative thus does not eliminate the need for emergency
relief. The estimated cost of this alternative is $177,000,000 for 22,400 acre-feet

of supply.
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APPLICATION OF THE §  BEFORE THE TEXAS
LOWER COLORADO §  COMMISSION ON
RIVER AUTHORITY FOR §  ENVIRONMENTAL QUALITY

- EMERGENCY AUTHORIZATION - § S —

AFFIDAVIT OF NORA MULLARKEY MILLER

THE STATE OF TEXAS §
' §
COUNTY OF TRAVIS §

. Before me, the undersigned authority, personally appeared Nora Mullarkey Miller, a
person known by me to be competent and qualified in all respects to make this affidavit, who
being by me first duly sworn, deposed as follows:

1. I am over 21 years of age, of sound mind, and have never been convicted of a felony or
crime of moral turpitude. I am fully competent and qualified in all respects to make this
affidavit.

2. The facts stated in this affidavit are within my personal knowledge and are true and correct.

3. I, Nora Mullarkey Miller, am an individual residing in Austin, Texas.

4. I have a Bachelor of Arts degree in Sociology from the University of Texas at Austin and a
Master of Public Health degree from the University of Texas Health Science Center in
Houston.

5. I have worked for the Lower Colorado River Authority (LCRA) for over 26 years, My
current title is Water Conservation Supervisor. My experience is further detailed in the
attached resume, attached under Tab 1.

6. As part of my duties at the LCRA, I am responsible for helping to prepare and implement
LCRA water conservation plans and drought contingency plans.

7. I have had experience implementing mandatory water restrictions for the City of Austin, as
well as for the LCRA water utilities.

8. The Drought Contingency Plan (DCP) for LCRA’s firm water customers establishes what
measures the LCRA will take during times of drought. (The DCP is included in Chapter 4
of LCRA’s Water Management Plan. See 2010 Water Management Plan at 4-32.) Those
measures are as follows: 1) when combined storage in lakes Travis and Buchanan is at or
below 1.4 million acre-feet, LCRA encourages all of its customers to implement voluntary
water conservation measures; 2) when combined storage in lakes Travis and Buchanan is at
or below 900,000 acre-feet of water, LCRA asks its firm water customers to implement
mandatory water restrictions, with a goal of decreasing water use by 10-20%; and 3) when

1
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10.

11.

12.

13.

combined storage in lakes Travis and Buchanan reach 600,000 acre-feet of water, and upon
a declaration of a Drought Worse than Drought of Record (DWDR) by the LCRA Board of
Directors, LCRA will implement pro rata curtailment of its firm customers’ water use, with
a goal of reducing water use by 20% initially. If combiried storage continues to drop below
600,000 acre-feet, the Board may implement further mandatory reductions. LCRA’s rules
provrde for a temporary variance from these requirements only in the limited circumstance
where a customer can demonstrate that the pubhc health, welfare or safety is threatened.
(See LCRA Water Contract’ “Rules, “Article 11, rule © 11.14 available at:
http://www.lcra. org/hbrary/medla/pubho/docs/water/supply/water Water_Sale Contract A
dministrative.pdf)

Further, in November 2013, the LCRA Board of Directors temporarily amended the firm
customer Drought Contingency Plan to require that firm customers limit outdoor landscape
irrigation to no more than once per week if on March 1, 2014 the combined storage in lakes
Buchanan and Travis is below 1.1 million acre-feet and if 1nterrupt1ble stored water supply
to customers it LCRA’s Gulf Coast and Lakeside divisions and Pierce Ranch is cut off. This
drought response measure will not require that customers achieve a specific percentage
savings. It is my opinion that this is a reasonable measure in hght of the extended drought
affectrno LCRA water supphes o

To conserve water, LCRA has engaged in extensive water conservation efforts since 1989.
Attached under Tab 2 is LCRA’s Ongoing Water Conservation Initiatives and Drought
Response Efforts Report, “which provrdes ore details about LCRA’s water conservation
and drought contingency planning and response efforts. Add1t10na1 information can also be
found in the 2009 LCRA Raw Water Conservation Plan, which is available electronically on
LCRA’s website at: http.//www.lora.org/library/media/public/ does/savewator

/2009 LCRA Wa’cer _Conservation, pdf o

All of LCRA’s firm customers that currently divert and purchase water from LCRA are
required to have .a drought contingency plan. As of December 2013, 100% of those
customers (other than those with “temporary” contracts of up. to three years and up to 10
acre-feet per year) have plans on file. LCRA has implemented a separate drought
contingency plan for its domestrc use and irrigation customers which fall under the
temporary _contract .. category. ... (See - http://www.lcra. org/library/media/public/docs
/Water/suDDIV/D(‘P Domestro and lemn Contracts Final 9 23 13.pdf) Further, LCRA
has a drought contrngency plan that apphes to its 1rr1gat1on opera’uons (See 2010 WMP pp.
423 t0:431) - W

On August 23, 2011 combined, storage in lakes Travis and Buohanan dropped below
900,000 acre-feet LCRA has asked firm customers to implement their mandatory drought
measures with a goal of reducmg water use by 10-20%, as required by LCRA’s DCP. The
response of these oustomers is summiarized under Tab 2, attached to my afﬁdavﬂ:

In the summer of 2008 the C1ty of Austin, the LCRA West Travrs County System, and
Travis' County Water Control and Improvement District No. 17 began requiring their retail

- customers. to limit outdoor waterrng to twice a week. The City.of Austin moved to require

hrmts on landscape Watermg to once per week during the fall of 2009, when LCRA asked
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customers to implement mandatory water restrictions as a result of reaching the 900,000
acre-feet combined storage trigger. Once the 2009 drought eased, the City of Austin
decided to move back to the required twice weekly limit on landscape irrigation, but

- continued this on a-year=round_ basis._In .September.of 2011, the City of Austin once again_ __ _

implemented the limitation on landscape irrigation to once per week for its retail customers
due to hitting the 900,000 acre-feet combined storage trigger. Except for about a six week
period in the summer of 2012, City of Austin customers have stayed in once a week
restrictions for the past two years. Other major municipal customers are also currently in
once per week watering restrictions. Together with the City of Austin, these customers
represent nearly 95% of the population that receive raw water from the LCRA.

14, If a Drought Worse than Drought of Record is declared, LCRA’s 2010 Water Management
Plan provides that the firm customers’ supply be curtailed on a pro rata basis, consistent
with state law. In December 2010, LCRA obtained approval from the Texas Commission of
Environmental Quality of its Water Curtailment Plan for Firm Customers. As of September

5, 2013, LCRA has pending or final pro rata plans for all of its firm water customers who
are actively diverting water. LCRA is continuing to work with some of these customers to

finalize the plans.

15. In evaluating potential water savings from drought response measures, I have reviewed a
2009 study by the Texas Water Development Board, “Drought Management in the Texas
Regoinal and  State =~ Water  Process.”  (See  Tab 3, available at
http://www.twdb state.tx.us/publications/reports/contracted_reports/doc/0804830819 Droug
htMgmt.pdf.) The report estimates that implementation of the drought of record stage in
the drought contingency plans of all municipal providers across Texas would reduce annual
water demands by between 15 and 20 percent (based on information in the drought plans).
According to the TWDB study, the measures required to achieve this level of savings would
have some onerous effects on customers and would affect customers’ quality of life and
local economic conditions. The study team stated that some of the goals listed in the water
suppliers’ drought contingency plans were unrealistic and most were untested. For most
providers in Texas who have implemented their drought contingency plans, there is limited
or no data available regarding actual water savings during drought conditions.

16. In 2011 and 2013, LCRA conducted benchmarking research throughout the United States as
well as Australia, to assess the effectiveness of drought response measures. The water
providers interviewed stated that water savings between 15 to 40 percent were realized from
implementation of mandatory drought restrictions. The timeframe for savings varied from
six months to three years for wholesale providers and less for smaller, mainly retail
providers. For some water suppliers such as the City of Atlanta, East Bay Municipal Utility
District, and North Texas Municipal Water District water savings were below 15 percent for
the first year of implementation. Atlanta had an initial reduction of 10 percent during the
first year of drought restrictions but was able to receive an additional 14 percent when the
state of Georgia declared a statewide drought emergency. A 40 percent savings was
achieved in Australia after an extended period and included a ban on outdoor watéring.
Information obtained during the benchmarking effort can be found under Tab 4 and Tab 5.
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17.

Some LCRA customers have reported their estimated savings from drought restrictions
imposed over the past two years. Those customers implementing the once per week limit on

*landscape irrigation are estitnating savings of'15% or greater on:an'annual basis. This
~savings estimate is consistent Wrth calculations performed by LCRA using:2007-08 winter
*water use compared with 2008 summer water uise to develop a proxy. of how much water

might be used outdoors. Many: ‘municipal customers. DCPs eliminate all outdoor spray
irrigation under pro rata cm*tarlment ‘Assuming winter use represents only indoor use for

- municipal ‘customers, ehmmatmg all outdoor” water use:might save somewhere between

18. -

15% 10.25% on an annual basis. Completely eliminating outdoor water use is expected to
create significant financial hardship for the landscape and itrigation community:

- LCRA’s TCEQ-approved Water Curtailment Plan for Firm Customers.considers the extent

. to which customers have -already implemented conservation and drought contingency

measures in determining their effective required pro rata curtailment. Many of LCRA’s

customers sought-and obtained modifications to their required curtailment based on a variety

of factors, including conservation savings. In addition, some of the customers, including the
City of Austin, have already: implemented drought response measures that may bring them
close to meeting the initial required reduction. However if water ‘supplies continue to
decline, the LCRA Board could adopt more strmgent water reductlons thus requiring

customers to unplement add1t10na1 measures

19.

LCRA staff has proposed for cons1deratron by the LCRA Board at its- December 2013
meéting changes to the LCRA tules for pro rata curtailment and drought contingency plans.

- These changes would clarify how pro rata. curtailment would be implemented and the

circumstances in which- customers would face surcharges. The proposed rule changes

-~ include minimum drought response measures that, if 1mp1emented could help customers

20.

avoid surcharges

LCRA contmues to. work Wrth its ﬁrm customers in preparatron for . the possible

' .1mp1ementatlon of pro rata curtarlment

Further

“}em

afﬁant sayeth not..
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Tab 1
Nora Mullarkey Resume

Nora Mullarkey has nearly 30 years of experience in water conservation. She began her work as
a conservation coordinator at the City of Austin, where she oversaw water conservation
plumbing retrofit programs and evaluated programs for water savings and cost effectiveness. For
the past 26 years, Nora has been with the Lower Colorado River Authority (LCRA), and
currently manages its water conservation program. In this capacity, Nora oversees the planning
and implementation of conservation programs for LCRA firm and interruptible raw water
customers, and provides planning and policy oversight on conservation issues affecting the
LCRA and its customers. During this historic drought, Nora has managed the pro rata
curtailment process for firm water in anticipation of reaching a drought worse than the drought
of record.

While at the LCRA, Nora has also been responsible for environmental education programs and
special community events such as volunteer water quality monitoring, household hazardous
waste collections and river and lake cleanups. Before joining the LCRA, Nora worked as a water
conservation specialist for the City of Austin and as a socioeconomic and land use specialist for
Espey, Huston and Associates.

Nora is or has been involved in the following local, state and national water conservation
professional activities: '

e TCEQ Irrigation Advisory Council member

e TWDB Water Conservation Advisory Council, alternate

e Texas AWWA Water Conservation and Reuse Division Past Chair

o Texas Legislative Task Force on Rainwater Harvesting member

e American Rainwater Catchment Systems Association Board member
o City of Austin Citizen’s Water Conservation Advisory Committee

Nora received a Bachelor of Arts degree in Sociology and a Master of Public Health degree- both
from the University of Texas.






Tab 2
Lower Colorado River Authority
On-going Water Conservation Initiatives and Drought Response Efforts Report

LCRA Water Conservation Overview

LCRA believes that water conservation will benefit its customers and is necessary for the
long-term quality and sustainability of the lower Colorado River basin’s water supply.
LCRA has coordinated, and will continue to coordinate, with its customers and the public
to implement innovative, effective and cost-efficient water conservation practices.
LCRA has focused its conservation efforts on reducing the water used for irrigated
agriculture, providing public awareness through outreach and education, and providing
technical assistance and incentives to wholesale customers.

Municipal customers in the lower Colorado River basin also have been leaders in water
conservation. As LCRA’s largest municipal customer serving more than 80 percent of the
population in the basin, the City of Austin has maintained one of the most comprehensive
water conservation programs in the state for more than two decades. Austin’s
conservation efforts combine incentive programs with customer education, conservation
ordinances and rules. In recent years, additional municipal customers in the LCRA basin
such as Travis County Water Control and Improvement District (WCID) No. 17 have
implemented irrigation evaluation programs and other water conservation efforts to
effectively lower water use in their service areas.

Ongoing LCRA Water Conservation Efforts

Agricultural water conservation strategies

As the largest user of water from the lower Colorado River system, irrigated agriculture
has provided one the best opportunities for LCRA to reduce the overall water demand
through conservation programs. Beginning in 1986, LCRA initiated a major program to
increase itrigation water use efficiency in rice irrigation systems. Between 1989 and

1997, the introduction of volumetric pricing and canal rehabilitation are estimated to have
saved approximately 13 percent or about 41,500 acre-feet annually, of the projected water
use that would have occurred without conservation practices in place.

House Bill 1437, passed by the Texas Legislature in 1999, authorizes LCRA to provide
funds for the development of water resources or othér water-use strategies to replace or
offset up to 25,000 acre-feet per year of surface water transferrable to Williamson
County. Guided by the HB 1437 implementation plan, a grant program was initiated in
2006 to help finance agricultural water conservation strategies both for structural
improvements within LCRA irrigation divisions and for grants to agriculture producers.
One of the main priorities on the list of conservation strategies to implement has been
precision laser land leveling. Over the past five years, LCRA has provided up to 30
percent of the costs to the farmers for the implementation of this conservation measure on
nearly 27,500 acres of land, with an estimated water savings of 7,760 acre-ft/yr.



In 2009, LCRA completed a short-term strategy report update which recommended two
major capital projects in the irrigation divisions in‘addition to continuation of the-
precision land leveling program. These projects are: 1) implementing volumetric
measurement in the Garwood Irrigation Division, and 2) retrofitting and automating in-

~ canal gate structures in the LCRA Irrigation Divisions: In late 2009, LCRA began
implementation of a $1 million Garwood volumetric measurement project. Through this
project, over 400 standardized water delivery and flow management structures were
installed in the Garwood canal system, and 85 miles of canal laterals have been cleaned
ot rehabilitated. In addition,: 139 miles of existing canals formerly managed by land -
owners are now managed by LCRA. Installation of 36 walk bridges and measurement
piers at every delivery structure allow staff' to collect accurate daily water measurements.
Volumetric pricing was implemented for the first time in the 2012 irrigation season after
two test seasons of daily water measurement throughout the Garwood canal system. A
$100,000 grant was secured from TWDB in 2009 to assist w1th the Garwood
measurement pro;eot e : o

In 2010 LCRA recelved a natlonally competrtrve grant from the U.S. Bureau of
Reclamation (USBR) to fund $257,000 or almost half of the Gulf Coast-Gate .
Rehabilitation and Control pIOJ ect. This project: replaced ¢ and automated eleven canal
check structure sites (22 gates). within the eastern canal system of the Gulf Coast - -

Trri gat1on Division, The grant 1 funds allowed LCRA topursue the installation of a
supervisory control and data acquisition (SCADA) system to réemotely monitor and-
control canal water levels at the gates. Three spill monitoring sites will also be monitored
to quantify water loss from the canal system. The project construction, SCADA software
interface, and radio communications testing have been completed and the new gates are
ready to be fully utilized in the next irrigation season.. In June 2013, TWDB awarded
LCRA $101,700 to assist with additional gate structures in the Gulf Coast Irrigation -
Division. Combined, these measures-are projected to meetmg LCRA’s 2009 water -
oonservatlon plan goal to save an estrmated 10, 000 acre feet per year by 2014

Munzcwal and Industrzal Water Conservatzon Sz‘ratezzes :

As a major water rights holder, the Lower Colorado River Authonty (LCRA) is requlred
to develop 2 and implement a water conservation plan. In 1989, prior to the Texas
Administrative Code, Chapter 288 rules, LCRA developed Rules for Water Conservation
and Drought Contingency and required all new firm water customers applying for a new
or modified water supply contract to develop. plans in'accordance with these rules:

As a‘wholesale provider of water, LCRA must work: through its wholesale customers to
save water at the end-user le -'LCRA offers a.variety of strategies to save water such
as incentive programs through which: LCRA partners with its customers to offer water-
saving fixtures such as h1gh-efﬁo1enoy toilets or other technolo gles; requirements that
new or updated contracts include conservation best management practices; and an
expansion of LCRA’S educat1or1 outreach efforts to prov1de useful 1nformatron to
consumers. S : : :

LCRA is currently endmg 1ts fourth ﬁscal year of 1mp1ementmg its current 2009 water

(



conservation plan. In the fall of 2009, LCRA modified its water conservation rules to
require all customers have water conservation coordinators and provide annual plat

implementation reports to LCRA. A Conservation Coordinator Commmee now works in
~concert with LCRA toimplement programs: .

In 2010, LCRA began a residential indoor plumbing fixture replacement program where
it provides free toilet vouchers and showerheads. LCRA wholesale customers are
responsible for administering the program on a local level. Eleven wholesale customers
have distributed 4,100 toilets and 2,290 showerheads since 2010.

Also in 2010, LCRA began offering water efficiency audits to commercial, institutional
and industrial (CII) water users that directly or indirectly receive water from LCRA.
Since then, 32 business and school water audits have been completed within the service
area of six retail customers. In 2012, LCRA began a CII rebate program to offer

--incentives-to replace-commereial-equipment up to-a fixed doHar-amount-or-cost-per-acre= - - -~ - ——

foot saved, based on recommendations from water audits. Nine schools have participated
in the rebate program, saving an estimated 24 acre-feet of water annually.

LCRA also began providing irrigation evaluation training to the staff of LCRA’s
wholesale customers. As a result, nine of LCRA’s wholesale customers completed
approximately 550 residential and 40 commercial irrigation evaluations between 2010
and 2012. In the summer of 2012, LCRA began offering evaluations directly to domestic
users who have contracts with LCRA to use water from the Highland Lakes. Beginning
this fiscal year, irrigation technology rebates are also available to wholesale customer
end-users and domestic users if recommended as patt of an irrigation evaluation. The
rebates can be used for soil moisture sensors, rain sensors, pressure-regulating spray
heads and other water saving irrigation technology. LCRA began offering the rebates in
the summer of 2012, and three wholesale customers plan to offer them to their customers

this year.

LCRA began a wholesale customer cost-share program in the spring of 2012. LCRA will
pay up to $151 per acre-foot saved, assuming a 10-year project life, or 50 percent of the
cost, whichever is less. So far, two customers have received cost-share funding; one for a
project to replace a potable water line with a reclaimed water line to irrigate a park, and
another to decrease utility water loss. The combined savings for these two projects is
estimated at 67 acre-feet annually.

LCRA power plants have been implementing water conservation measures as well, as
outlined in LCRA’s 2009 Raw Water Conservation Plan. At the Fayette Power Plant,

- stormwater from the coal pile runoff pond is now being reused as cooling water instead

of being discharged, and a project to convert from a wet to a dry ash handling system
resulted in the closure of a 32- acre ash storage pond. Leak repair work is being
completed with more efficiency, outdoor irrigation is done only as needed, and old
plumbing fixtures have been upgraded at the Ferguson Power Plant. Combined, these
measures have resulted in an estimated 270 acre-feet per year of water savings.



Finally, LCRA has been educating customers in its service area about water conservation
through its public awareness efforts. Monthly conservation articles ‘with suppotting how-
to videos are made avallable through LCRA WaterSmart Web site. In addition, the
LCRA conservation teaim regularly staffs events and gives presen‘canons with water
conservatlon t1ps and other 1nformat1on throughout LCRA’S service area.

Smce 2009 these water conservanon programs have conserved an estlmated 1,380 acre-
feet of water per year (450 million gallons per year). ‘The savings is'a combination of
customer programs implemented directly with LCRA and programs customers
implemented on their own, such as implementing TCEQ landscape irrigation standards,
adopting mandatory water-use restrlcuons and LCRA: power plant Teuse and
oonservanon prOJects : » : £ :

LCRA admmlsters an annual progress report survey to its customers and uses the
Alliance for Water Efﬁ01ency watet savmgs tracklng tool to determme lhe progress of the
conservation pro grams ' ’ ‘ .

Drought Response Efforts

Asa wholesale water suppher LCRA requlres all of its ﬁrm mun101pal mdustrlal and
irrigation water customers to prepare and submit drought contingency plans. The drought
contingency plans are demgncd to reduce water demands through' supply and demand -
management measures as a result of water supply conditions. Since it began requiring -
drought plans as part of its contract rules, LCRA has provided technical assistance and
other relevant information to its wholesale customers during the planning process. In- -
Novembet 2010, LCRA staff began actlvely working with customers to update their
drought contingency plans to be éonsistent with the LCRA dtought plan.- As of

. December 2013, 100 percent of customers who are actively diverting water have plans on
file with LCRA.

Some measures thought of as drought’ response measures have the potential to become
permanent water demand management measures. . Three wholesale customers — Travis
County WCID #17, Lakeway Municipal Utility Dlstr1ct and the West Travis County
Public Utility Authority — have adopted permanent landscape water restrictions from May
through September each year:" Their end users must follow a mandatory water schedule
that limits outdoor landscape irrigation to no more than twice weekly and aré proh1b1ted
from irrigating between the hours of 10 a.m. and 7 p.m. except with a hand-held hose.
The City of Austin 1mplemented a mandatory schedule in 2008 that corresponds to the
ame 1andscape restnctlons,.but is in effect year~round ’ :

LCRA Drought Response——Customer Commumcatlons and Support

LCRA strlves to malntam open 11nes of commun1cat1on w1th all of 1ts Water customers
During the. 2009 d:rought LCRA hosted: several work sessions with its firm water
customers, partlcularly in the fall and winter of 2009 and in January 2010. The goals of
the work sessions were for customers to share information on their mandatory drought



response efforts and learn from each others’ experiences and challenges, and for LCRA
staff to introduce pro rata curtailment. Customers provided feedback on proposed pro

rata curtailment rules, some of which were incorporated into the final pro rata contract
rules B}

As drought conditions worsened in 2011, LCRA focused on providing up-to-date, clear

information to its customers and assistance with drought restriction implementation

through sharing of resources and technical information. LCRA has held four customer

meetings with its customers since July of 2011 to keep them updated regarding drought
- conditions. '

July 2011 meeting

This meeting between LCRA and water customers focused on the seriousness of drought
conditions, importance of water conservation, and timeframe for potential mandatory

. _ ~water restrictions.. LCRA staff met with more than 60 people who represent many of _ .~ _ _ _ _ _ _
LCRA’s municipal and industrial raw water customers. Presentations included updates
on the ongoing drought conditions throughout the lower Colorado River watershed, water
storage projections, water conservation, and measures that LCRA has taken and will take
under its state-approved plan if drought conditions worsen. LCRA informed its customers
of what actions will occur when water storage levels fall below set triggers, including
reducing releases for environmental needs, cutting back water for agricultural customers,
and working with its wholesale municipal and industrial customers to implement
mandatory water-use restrictions.

Qctober 2011 meeting

The primary purpose of this meeting was to prepare customers for the possibility of pro
rata curtailment in 2012. LCRA shared information on the current drought and water
supply, explained the history and reasons for pro rata curtailment, and reviewed the
process and procedures for implementing pro rata curtailment, and. Customers had the
opportunity to express their challenges and issues with implementing pro rata
curtailment.

January 2012 meeting

Almost 90 customers attended this customer meeting and were updated on a number of
issues, including the drought, the weather outlook, the Water Management Plan and a
new conservation incentive program. Those that attended also took part in a roundtable
discussion on topics including: 1) the need to coordinate drought messages; 2) the
importance of conservation education; 3) the challenges of enforcing drought measures;
and 4) the benefits and challenges of having a uniform watering schedule throughout the

region.

August 2012 meeting

The drought was again on the agenda for this customer meeting. LCRA staff provided
an update on the current drought and water supply situation, gave an update on the pro
rata curtailment plan review process, and gathered customer feedback on the pro rata
curtailment process. Over sixty customers attended this meeting.




Meetings in 2013

LCRA has held firm customer meetmgs on May 2, June 28, August 29 and November 15
of this year. The May meeting focused on customer curtaﬂment plans and the possibility
of mandatory pro rata curtailment later this year. At the June meeting, LCRA and its
custorners shared and discussed lessons learned from drought response benchmarking,
approdches taken by various LCRA clistomers to impleient drought response measures,
and the add1t10na1 steps that may be taken if pro rata is triggered and conditions continue
to worsen. The August' meeting continued the discussion of pro rata curtdilment,
including clarification that customers could modify current pro rata plans on file to add
demand growth in 2012. Finally, at the November meeting, the 2014 emergency relief
proposal as well as proposed changes to LCRA drought contmgency plan rules for
customers were drscussed :

Other communzcal‘lon efforts ; S = S

Combined storage of lakes Travis and Buchanan ‘tWo feservoirs’ constructed to store

' Water supply, reached the milestone’ storage volume trrgger of 900,000 acre-feet on
August 24,2011 under LCRA’s Water Management Plan. As‘a result, the following day
LCRA called on its wholesale firm water customers to 1mp1ement mandatory water use
restrictions under their 1nd1v1dua1 drought contmgency plans to reduce-their water Use by
10 to' 20 percent. Informatron was sent out via a‘ditect &:mail newslétter to customers,
and certified letters. LCRA created a section titled “Water Use Restrictions” on the
LCRA Web site that provides links to individual customers’ water restrictions, including
restrictions for LCRA water utility customers. »

LCRA sent out a totice to ¢ustomers on April 26,2012 stating that while the combined
storage levels had riseri‘to over 1.0 million acre-feet, LCRA was requesting that
customers continue implementing mandatory water restrictions until the combined
storage increased to at least 1.1 million acre feet. When the combined storage dropped
once more to less than 900,000 acre-feet on September 3, 2012, LCRA sent out a
reminder to customers to implement mandatory restrictions. LCRA continues to update
the Water Use Restrictions page on the LCRA web site. The page shows Wthh
customers are in varlous stages of restr1ct1ons

Customer drought response efforts

In September of 201 1 21 LCRA mumclpal customers’ and LCRA’s retarl water utilities
began 1mplement1ng mandatory water restrictions. Currently, all major municipal water
customets are in mandatory restrictions, and customers represen‘ung nearly 95% of the
total population served by the LCRA limit outdoor water use with a hose-end sprinkler or
automatic system, not including drip irrigation, to no more than once per week. Other
non-essential uses have also been curtailed. Major ‘customers in once per week watering
drought restrictions include Austin, Cédar Park, Pflugerville, Travis County WCID 17,
Lakeway MUD and the West Travis County Public Utility Authority. ‘Except for about a
six week period in 2012, the City of Austin has beén undet once pet week water
restrictions since the fall 6f 2011. Most of the other municipal customers have been

(



under mandatory restrictions of at least no more than twice per week watering since that
time as well.

- Many irrigation and recreation customers also.informed LCRA of the water reduction..._

measutes they implemented to cut back their water use by 10 to 20 percent. Most golf
courses reduced their overall water budget, while others scaled back on ornamental beds,
area of irrigated roughs (areas not essential to the playability of a course), or other high
water using areas.

LCRA industrial customers, who consist of power plants and a few large industries along
the Gulf Coast, cut back on non-essential water uses, such as outdoor watering.

However, these cutbacks likely have resulted in a very minimal savings. Any further
cutbacks for industrial customers could result in a decrease in production.

_Pro rata curtailment preparation. _

The LCRA Water Management Plan requires LCRA to begin working with customers to
develop pro rata curtailment plans once the 900,000 acre-feet combined storage trigger
has been reached. As stated earlier, a customer meeting was held in October 2011 to
begin this process and provide the customers with an opportunity to ask questions.

Customers were sent letters with their proposed water allotment, assuming a 20%
curtailment, and given a deadline of February 15, 2012 to submit their plans. Those that
did not submit plans by that time were automatically assigned a 20% pro rata allotment.

LCRA water conservation staff met with customers in person as well over the phone, and
also responded to hundreds of emails to answer questions and assist customers in the
development of their plans. Eighty-four customers submitted plans and 54 of those
customers requested modifications. Customers were allowed to modify their water
demand baseline for conservation, reuse, growth, outage, and alternative water supply.
The last of the customer plans was accepted in July, 2012. As a result of modifications to
the reference year baseline water use, the effective savings under pro rata curtailment
would be 8%, with a range from 0% to 20%, depending on the customer. However if
water supplies continue to decline, the LCRA Board could adopt more stringent water
reductions.

LCRA met with its firm water customers in May, June, August and November of 2013 in
further preparation for the possibility of the implementation of pro rata curtailment as
discussed above.
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SECTION ES.
Executive Summary

In June 2008, the Texas Water Development Board retained a consulting team led by BBC Reseatch
& Consulting (BBC) to evaluate the role of drought management measures in the regional and
statewide water planning process. This study examined the potential benefits and drawbacks of
including drought management as a regional water management strategy.

Study Approach

The study team conducted a series of research tasks regarding the role of drought management
measures in regional and state planning, including: : :

Review of planning documents prepared for the 2007 State Water Plan;

Review of planning processes used in other western states;

@ Interviews with chairpersons of the 16 regional water planning groups;

B Interviews with 90 regional water planning group members and other stakeholders; and

@ Analysis of a sample of more than 100 drought contingency plads from across Texas.

Key Results

The study team investigated four key questions during this study. Below is a brief discussion of study
team findings for each of these questions. Section VI provides a more detailed discussion of the
conclusions.

Question #1, part A— s it possible to use drought management measures as water
management strategies in the regional plans? There are substantial analytical challenges in
evaluating drought management as a water management strategy. The main difficulties involve
estimating water savings achieved through drought measures and comparing the “costs” of drought - -
management measures with traditional water supplies. Additionally, the cusrent modeling framework
(calculating water needs by comparing supplies and demands during drought of record conditions)
makes it-difficult to fully assess effects from incorporating drought management as a strategy.

These issues could be resolved. Recent draft studies by Regions L and H provide a starting point for
calculating the costs and savings of drought management and comparing drought management with
other water management strategies. The regional planning approach to analyzing future needs could be
modified to consider other climatological and hydrologic conditions. Water planning continues to .
become more sophisticated, and approaches such as probablhstlc modeling of future supplies, demands
and costs are being 1mplcmented by some providets.

Question #1, part B — Is it appropriate to use drought management measures as water
management strategies in the regional plans? There are well reasoned arguments for and
against including drought management measures as a water management strategy. The most common

BBC RESEARCH & CONSULTING : SECTION ES, PAGE 1



reasons for opposing the use of drought management measures as a water management strategy were
the removal of the safety factor provided by drought management plans, potential economic impacts
and the unwillingness of water providers and the public to accept a planning approach that includes
future shortages and demand reduction measures. Proponents, on the other hand, argue that during
periods of drought most providers would implement drought measures, and not including effects
from these measures in the planning process could lead to unnecessary water projects. Most
proponents also noted that occasional reliance on drought management measures can be cost
effective. Arguments on both sides suggest the need for refinements in the process for analyzing future
needs in order to make the inherent safety factor provided by drought planning more explicit and
determine which water management strategies might be used only during drought conditions.

Question #2 — Why haven’t Regional Water Planning Groups (RWPGs) recommended
drought management as a water management strategy? There are five major reasons why
RWPGs have not recommended drought management measures as a water management strategy:

®  The difficulty of quantifying the costs and yields of drought management measures;

Lack of information on water supplies and demands under varied hydrologic conditions
leads to uncertainty that promotes a cautious approach to water supply planning;

[n many regions, relatively affordable new supply alternatives remain;

Concerns about regional competition for state assistance and inter-regional equity; and

@ The makeup of the RWPGs likely favors the perspective of those opposed to including
drought management as a water management strategy.

Question #3 — What are the ranges of savings, statewide, if drought management was
included as a water management strategy? The study team estimates a reduction in demand
of 15 to 20 percent if all municipal providers implemented measures identified in the drought of
record stage of their drought plans. These measures would, in many cases, at least temporarily reduce
customer quality of life and could adversely affect the local economy. Less onerous drought measures
might reduce demand by 5 percent or less. It is important to note that there is considerable
uncertainty in these estimates as the study team used projections reported by providers with drought
plansand there are limited data on actual savings achieved using drought measures in Texas.

Question #4 — What would have to change for RWPGs to recommend drought
management as a water management strategy? The study team identified four key changes
required for RWPGs to recommend drought management as a water management strategy:

Reliable estimates of water savings and costs for drought management measures;
More sophisticated supply, demand and “need” analysis in the water planning process;
@ Increases in the cost and difficulty of pursuing water supply alternatives; and

B More incentives for including drought management as a water management strategy.

Additional Findings

The study team identified 2 number of other insights and questions from this research. These issues
are discussed in detail at the end of Section VI.

BBC ReSEARCH & CONSULTING SECTION £S5, PAGE 2
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‘Benchmarking Conclusions

Drought conditions and the implementation of mandatory, rather than voluntary, drought
response measures can result in water savings. The water providers interviewed stated
that water savings between 10 to 30 percent were realized: once mandatory drought
restrictions were put in place. All programs were supported by large-scale pubhc L
awareness efforts, and most water suppliers 1mplemented a surcharge system n add1t1on
to outdoor restrictions to help achieve water savings.. '

Aurora Water Supply, Denver Water Supply, East Bay Mun101pal Utility District
(EBMUD), Corpus Christi and a number of member cities served by North Texas
Municipal Water District (N TMWD)implemented a water use allocatio
charged customers for additional water use above and beyond a specified : amount
EBMUD allocated a monthly water use amount based oni historical use minus the percent
reduction goal; for residential, the goal was 19 percent. Residential customers using less
than 100 gallons per capita per day were not penalized for their 1ow—water use hab1ts and
were exempt from the drought charges.

All water providers interviewed stated that water savmgs had a s1gn1ﬁcant 1mpact on
-revenue in the short term. In addition to water savings achieved during the time of
drought restrictions, a “drought-shadow” effect also occurred for nearly all ‘of the water
providers, where water use remained low after restrictions were lifted. Nearly all the
water providers interviewed stated that some level of water use reduction remained after
the drought s a result of changed behaviots, new pro grams implemented, and greater
public awareness. For EBMUD, water use restrictions were lifted in late 1977 after a
multi-year drought; however, water use levels by the mid-1980s had not returned to pre-
drought levels despite a steadlly growing population. el '

A number of the water suppliers interviewed provided water directly to 1ndustr1al
customers. For these large industrial customers, limitations on outdoor” ‘water use alone
could not achieve the water savings goals set by the water suppliers. In addition, the

" possibility of surcharges forced some industrial customers to threaten relocation. By
offering technical expert1se and significant rebates for water saving initiatives, Denver
and Atlanta were able to partner with their industrial customers such as Pepsi, Frito Lay,
Xcel Energy, the Georgia Aquarium, and others to evaluate the way they used water and
help the customers put in place process changes that often resulted 1in substantial water
savings with no negative impact to ploduotlon

Individual Water Providers’ Drought Response OVer'\fzj,_;evy -
Corpus Christi, Texas
Corpus Christi implemented drought response measures in 1984 1986 in 1996, and again

in 2001. In 1986, as a result of the multi-year drought where the City was faced with less
than a one-year water supply, the water supplier developed 1ts ﬁrst drough ';contmgenoy




plan. The plan currently includes four stages that correspond to the percentage of
combined reservoir levels. The following triggers and drought response measures are
included in the latest version of the drought plan:

e 50% capacity triggers City-wide voluntary water conservation (1% reduction

goal)

v/ Municipal operations on mandatory conservation

o 40% capacity triggers community-wide mandatory conservation (5%

reduction goal)

v" No lawn or vegetation watering between 10 am to 6 pm
v Large parcels of land must obtain approval for watering plan
v" Commercial nurseries must use hand-held, drip or sprinkler system to

irrigate stock

v" Use of wastewater effluent permitted; sign must be posted on property

~e—30% capacity-triggers-the fivesday outdoor watering schedule (10% reduction™ -

goal)

v' Trrigation of golf courses permitted at a minimum rate

v Suspend targeted inflows when reservoir below 30% of capacity

v" Violations punishable by $500 per day
e 20% capacity triggers the monthly residential household water allocation

(15% reduction goal)

v" Each household is allotted 6,000 gallons/month (unless a customer can
verify that she or he has more than 2 people living there). Water use in

excess of this amount is charged at an aggressive increasing rate per 1,000

gallons (with additional use being charged $5-$8-$13-$40 per each 1,000

gallons above the customers’ water use allotment).

In Corpus Christi, a multi-stage conservation program was imposed during the 1984
drought to extend dwindling supplies. Water use restrictions were first implemented

during the summer of 1984 and remained in effect through the rest of 1984 and into 1985.

During this time, three separate stages, or conditions, of water use restrictions were
implemented: (1) condition 1 called for voluntary limitations on outdoor water use; (2)
condition 2 restrictions put mandatory limits on allowable watering hours and limited
watering to a designated day, once every ten days; and, (3) condition 3 restrictions
implemented water rationing on a monthly basis; also, durmg 1984 under condition 3 a
total ban on outdoor water use was implemented.

Corpus Christi Drought Trigger

Date Initiated

Effect on Water Use

Voluntary Conservation (Stage 1)

May 17, 1984

Little to no effect

Mandatory Conservation (Stage 2)

July 1, 1984

28.6 MGD daily
reduction

Mandatory Water Rationing (Stage. 3)

August 25, 1984

25.4 MGD daily
reduction

Some Condition 3 Restrictions Lifted

October 30, 1984

Mandatory Water Rationing Lifted

September 24, 1984

Return to Condition 2 Restrictions

January 22, 1985




When mandatory drought restrictions were implemented in 1984'and 1985, the ' (
restrictions reduced water use in Corpus by approximately 30 percent of peak summer

usage, according to a study by David Maidment and D.T. Shaw. The study’s analysis

also showed there to be an average reduction of 27.2 MGD during the period of July

through November 1984. Lastly, the analysrs showed that the voluntary restrictions,

1mplemented durrng the early stages of the drought had little effect in the crty

More than 40 percent of the annual Water use in the Crty of Cor pus Chrrstr isfor
industrial purposes. - City staff has worked: closely in the past with the large industrial
customers to help them deterrnme ways to reduce their water use and a number of
industrial representatives ate 1ncluded on the City’s Watet ReSources Advisory
Comimnittee. Industrial customets h’we made significant strides in reducing their water
use—with some refineries-averaging 50 gallons of:water use per barrel of crude oil
refined compared to reﬁnerres in Cahfornra who use from 90 100, gallons of water per
barrel on average.

During times of serious drought the C1ty creates a Water Use Allocat1on and Review
Committee, comprrsed of mayoral and crty councrl appomtees who are charged with the

task of grantlng variances and evaluating

water needs, among other tasks. ‘Similar to resrdentlal customers the ICI customers are

limited to. water use allocations when, the combined reservoir storage drops to 20 percent

or below. The cornrnlttee helps to deterrnrne those allocations and reviews variances to

the allocation amounts. New services are also prohrbrted durmg this stage, unless : :
approved by the Allocatron and Rev1ew Commrttee (

Lastly, to help set an example during drought trrnes the City deueloped a water diverter
to be used in the field during line: flushrng to d1vert water to landscaped areas rather than

Clty of Atlanta, Georgla .

The Crty of Atlanta 1rnplemented drought response measures in 2006 The state of
‘Georgia lmplemented its drought response plan, ﬁnally declarlng a Stage v Drought
Emergency in September 2007. The City of Atlanta restrictions mitrored the state
restrictions, with the greatést emphasis on outdoor water use reduction.

Stage IV of the Georgra Drought'Emergency Plan called. for»a ban on most outdoor
watering ) Wrth a few exception gto City of Atlanta staff there was. some
reluctance on. the part of the state. ea Stage v Drought Emergency until
absolutely and completely necessaty, to the proj jected impact on the landscaplng
mdustry, Wthh is estrmated to employ more than 75 000 Georglans

Stage IV set a statewrde goal of 10 percent reductron in overall Wwater use by Water
prov1ders ‘Savings amounts varied between regions, “with nearly 15 percent monthly
savrngs for northern Georgra For the Crty of Atlanta although the dro ht_ restrictions




were officially lifted in January 2009, the current water use remains below 17 percent of
2006 use—which savings are thought to be a result of awareness, an increase in
alternative water use, consetvation initiatives, and the downturn in the economy.

The City of Atlanta brought together its top 100 largest customers, a group that included
hotels, hospitals, office complexes, a federal prison, Pepsi bottling company, airline
corporate headquarters and others, for a workshop on the potential impact of the drought
measures and ways to reduce water use. Nearly 90 percent of the customers attended the
meeting where case studies and other information were presented. The state also offered
support by performing audits on large Industrial Commercial and Institutional (ICI)
customers. According to the City of Atlanta, all of its high water use customers saved
water.

New landscape installations were allowed under the restrictions; however, a partnership

- — —— —— —was-formed-with-the- Metro-Atlanta Lawn-and-Turf-Asseciation- (MALTA) to-help— —— ——— — ————
increase water use efficiency for new landscape installations. In order to be issued the

variance by the City of Atlanta to water outdoors, a landscaper had to first take a course

on proper watering and design administered by MALTA.

Denver Water, Colorado

Denver’s Drought Response Plan called for percentage reductions based on reservoir
levels; however, it quickly found itsélf in a drought worse than the drought of record in
2002 after significant snowfall reductions. Denver Water’s Board of Directors changed
Denver’s Drought Response Plan regularly as the drought became more severe—as a
planning document, it had never been implemented and so much of what came up,
according to staff, was unexpected and unplanned.

The public awareness campaign, “It’s a Drought. Do Something!” used humor to help
increase awareness of the drought. Advertisements included sayings like “no need to
wash your clothes, just don’t wear any” or “don’t wash your dishes, just get a dog.”
Denver Water staff stated that while funny and entertaining, there might not have been
enough of an emphasis on the importance of saving water and other messages that needed
to be communicated during the drought.

A lot of the challenges faced by Denver Water included managing public expectations.
Significant backlash was received from the public concerning what was perceived to be a
lack of planning on Denver Water’s part that resulted in the implementation of
restrictions. Some neighboring communities who relied on groundwater supplies were
not as heavily impacted during the 2002-2003 drought, adding to the lack of public
understanding about water resource planning and availability. Other challenges included
budget reductions as a result of the drought having an impact on CIP funding.

Aurora Water Supply, Colorado

Aurora Water Supply provides water to a primarily residential community. With the first
in time, first in right priority water right system in Colorado, Aurora’s water supply
reservoirs were nearly 26 percent full as a result of severely reduced snowfall from 2002-



2004. Mandatory restrictions were put in place with a no more than twice weekly
watering schedule and limits‘on the times that individual irrigation zones could run (no
more than 15 minutes per zone). The installation of hew landscaping was not allowed,

which resulted in significant push-back from home builders and the landscaping industry.

Other' drought restriction requitemerits includéd restrictions on car washes that mandated
recycling or ceasing operation, prohrbrtmg the use of all fountains (unless supportmg
aquatic habitat), and 11m1t1ng golf courses and parks to the mandatory watering schedule
While some of these measures were not thought to achieve si gmﬁcant water savings, the
issue of public percéption was hnked to'the’ 1nd1v1dua1 measures and provrded as the
’reason for 1mp1ementat1on N

Asa result of the drought long term changes to outdoor landscape codes for new
development were put in place such as minimum soil requirements, 11m1tat10ns on turf
grass, and an efﬁcrent 1rr1gatron system desrgn requ1rernent -

East Bay Mumc1pal Utlllty Dlstr 1ct

Rebates, incentives, and regulatlons have been a part of Bast Ba‘y Mumcrpal Utrhty
District’s (EBMUD) conservation program for years to help encourage efficient water
use practrces EBMUD has put in place mandatory drought response measures a number
of times since the 1970s.” In August 2008, EBMUD declared a sevete water shortage
emergency as a result of consecutive dry years. The District 1mp1emented drought
response ‘measures desrgned to achreve an overall water savrngs goal of’ 15 percent

A number of water efﬁcrency measures were requrred of customers durmg this time -
including a provision on prohibiting water waste (allowmg water to run off a property),
and requrrmg shut-off nozzles on all hoses. The main focus of the drought response
measutresin 2008, however, was a water use customer allocation. Baseline water use for
customers was calculated Using monthly brllmg information from the prev1ous three
years. Customer allocations were then' calciilated accordrng to the percentage reduction
goals.included i in Table 2. Surcharges for water use in ‘excess of the allocated amounts
were charged at an increasing rate for single famrly resrdentral customers and a flat rate
for all others. Customers using less than 100 GPCD were not penalized for their low-
water use hab1ts and were exempt from the drought charges

EBMUD Customers Water Use Reductron Goals

: : Water Use
Customer Group -'“f‘f‘\v Beductlon Goal = o A

Smgle Famrly Resrdential




In addition to the surcharges, flow restrictors were used for customers who were found to
be wasting water. A regional public awareness campaign also complimented these

‘measures:-The implementation-of drought response-and conservation measures were - -

estimated to reduce water use by 12 percent or nearly 26,000 acre-feet of water.
North Texas Municipal Water District

The North Texas Municipal Water District NTMWD) implemented drought restrictions
in 2005. Stage 1 voluntary restrictions began in October 2005 and the stages implemented
increased in severity until mandatory restrictions were lifted in 2007. Stage 3, the first
stage that required mandatory measures, set a 5 percent overall reduction goal for its
member cities. Savings numbers were tracked on a monthly basis—with NTMWD
setting the 5% goal off of previous water use prior to the drought. Water use by the

was being saved and whether or not the savings exceeded or fell short of the 5 percent
savings goal.

Member cities implemented various drought contingency measures, including mandatory
watering schedules with time of day and day of the week water restrictions, limitations on
ornamental fountains, prohibiting car washes without shut-off nozzles, and adding
surcharges to water bills if water use exceeded a pre-determined amount. The watering
schedule varied between the member cities depending on their specific system needs—
for instance, the City of Frisco implemented a restriction on outdoor water use between
5am and 8am due to capacity and pumping issues when indoor use was at its highest,
while others promoted a schedule that allowed watering on your trash day to make it easy
for customers to remember. Nearly all the member cities’ schedules did not allow outdoot
watering to occur between the hours of 10 am and 6 pm, which consistency aided
regional messaging efforts.

A representative from NTMWD stated that the system was able to shave off
approximately 200 MGD during the summer when drought restrictions were in place.
Overall, water savings were an average of 10-15 percent. Moreover, some level of water
savings has continued despite restrictions being lifted. The NTMWD representative said
this is thought to be in part due to increased awareness in addition to member cities
implementing conservation incentive programs and keeping the watering schedule in
place on a permanent basis.

NTMWD played an active role in helping its customers with their drought response
efforts. Staff served as a technical resource, and they made themselves available to give
presentations and other talks throughout the member cities’ service areas. In addition,
NTMWD brought together its member cities on a monthly basis to give them an update
on the drought situation, Water 1Q efforts, the likelihood of advancing to the next drought
emergency stage, and to provide a forum for members to voice questions and concerns.
Member cities were made aware of the change in drought stages (from Stage I to Stage II
to Stage III) 30 days in advance of it being declared.

- member cities was e-mailed-to-the cities-every month along-with-information en-what— - — —



Stakeholder meetings were held with the help of Enviromedia, who assisted in advanced
outreach to stakeholder groups, secuting locations, and coordinating the meetings for
groups of irrigators, landscapers; pool maintenance specialists and others. Member cities
were always informed in advance of any presentation, speaking event, or stakeholder -
meeting if it was to be held in their service area.

After the drought ended, NTMWD revised its model drought contingency plan to reduce
the number of voluntary stages to one rather than two and to add a restriction on cool
se_as‘on"ryegrassf B R A k AN BRI :
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2013 Benchmarking Conclusions

- Drought conditions and the implementation-of mandatory-drought response measures-—-- -
during severe droughts can result in substantial water savings. The water providers
interviewed stated that water savings between 15 to 40 percent were realized from
implementation of mandatory drought restrictions. The timeframe for savings varied
from six months to three years for wholesale providers and less for smaller, mainly retail
providers. However, several wholesale water providers did not have the actual percent
reduction achieved, just that the goals were met. The driving force behind the mandated
water use reductions was either imposed by a regulatory authority or self-driven due to a
water shortage or system constraint. The baseline water use varied from a permitted
annual water volume, to a recent period of use where weather conditions were average
and mandatory restrictions were not in place.

Most programs required a specific percent reduction goal and gave retail providers the
latitude to determine specific drought response measures. The exception was in
Australia, where template retail drought plans were mandated by the state, in some cases
with minimal options. A few wholesale providers had different goals by customer class,
with a per capita use goal for the municipal sector.

All wholesale programs included three key components: large-scale public awareness
efforts, significant effort to partner with customers; and supported the compilation and
sharing of information regionally. Regional awareness campaigns were a cornerstone of
successful plan implementation for most water providers surveyed, and for all with
service over a large geographic area. Those campaigns helped achieve water savings
faster as drought conditions worsened, provided consistent messaging, and drove
increased participation in conservation programs. Most water suppliers implemented a
surcharge system in addition to outdoor restrictions to help achieve water savings.

Lessons learned from the implementation of mandatory drought response measures to
achieve significant water use reduction included having consistent regional messaging,
using a variety of approaches to achieve desired water use reductions, using outright bans
on specific types of water use as a last resort, partnering closely with retail customers,
and assisting with information sharing among customers. Most wholesale water
providers interviewed did not significantly increase staff but reallocated staff time and
other resources to fund awareness campaigns.

In addition to water savings achieved during the time of drought restrictions, a “drought-
shadow” effect also occurred for nearly all of the water providers, where water use
remained low after restrictions were lifted. Nearly all the water providers interviewed
stated that some level of water use reduction remained after the drought as a result of
changed behaviors, new programs implemented, and greater public awareness.

Allocation systems were not utilized by many of the wholesale providers interviewed,
although Metropolitan Water District of Southern California (MWD) required its



wholesale customers to cut back purchases from a growth-adjusted pre-drought baseline.
Metropolitan’s Water Supply Allocation Plan formula, which accounted for local
alternative supplies and included credits for conservation and reuse. MWD went through
an extensive revision process of its allocation plan aftet the first time it was fully
implemented in 2009-2010. One of the changes was to allow for a minimum per capital
threshold of 100 total gpcd and 55 1ndoor gped to address 31gn1ﬁcant varlatlon in per
capita use among its customers : :
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102 - AUTHORITY AND RESPONSIBILITIES

December 14,2011

102.10 PURPOSE

This policy defines the relationship between the Board of Directors and the management of
LCRA through the description of responsibilities and expectations and through the establishment
of guidelines for the delegation of certain powers and duties.

102.20 POLICY

102.201 Responsibilities of the Board of Directors. The Board of Directors (Board) will
establish the overall goals and objectives of LCRA, review them on an ongoing basis and adopt
Board policies setting forth desired direction of management actions to attain such goals and
objectives. The Board will approve an annual business plan that provides funding for the
realization of those goals and objectives.

The Board will consider and establish policies in the public interest. The Board will faithfully
discharge its public trust by conducting its affairs in a highly moral, ethical and sound business
manner. Board members, collectively and séverally, will not direct the policies and actions of
LCRA from perspectives of private gain or personal advantage.

102.202 Delegations to the General Manager. The Board of Directors delegates to the general
manager all general powers and duties in the LCRA enabling legislation, other applicable law,
LCRA Bylaws and Board Policies necessary to accomplish LCRA's purpose, plans and
objectives as approved by the Board, except for those specifically reserved for the Board by
provisions of the LCRA enabling legislation, Bylaws, Bond Resolutions and other Board
policies. Notable exceptions include:

A. Authorization to borrow money or approve bond resolutions,

B Approval of agreements related to joint ownership of generating facilities.
C. Setting rates charged for water, power and other services.
D

Approval of sale of any real property.

e

Approval of contracts and purchase orders for consultant services in accordance with
related Board policies.

Attachment O
LCRA Delegation of Authority
and Org. Chart



F. Approval of contracts and purchase orders for the acquisition of materials, supplies,
equipment, and related services, in accordance with related Board policies (except that

the general manager is delegated the authority to approve contracts for capacity and/or

energy purchases to replace capacity, for emergency conditions, and for economic
advantage related to LCRA electric system operations, provided that any such off-system
purchase must be for a term of less than one year).

G. Regardless of delegated authority in this or any other LCRA Board policy, Board
approval is required for all decisions where Board policy or direction has not been clearly
established.

The Board will articulate clear and coherent goals and statements of its expectations through its
policies and plans.

-102.203--Responsibilities of the General Manager.-The general manager, as thechief executive ——

officer of LCRA, is responsible for carrying out the business and activities of LCRA according to
state law, the LCRA Bylaws, and Board policy.

The general manager may delegate in writing any general powers, duties and related authorities,
as deemed appropriate, to officers and management staff members.

The general manager is responsible for bringing policy matters to the attention of the Board

~ when its current policies give inadequate direction to LCRA operations or leave LCRA at a

disadvantage because of changing conditions. The general manager will provide thorough, well-
organized information to the Board in a timely manner. Communications-to the Board will be
made forthrightly and with candor in the evaluation of the conduct of business and operations of
LCRA.

102.30 PROCEDURES

102.301 Goals and Priorities. As provided in the bylaws, the general manager each year will
present to the Board objectives, goals and priorities for its consideration. These goals will
clearly establish the Board's direction in key areas of LCRA affairs.

102.302 Apnnual Budget. The general manager will present to the Board an annual Business
Plan that will include operating and capital budgets to carry out the Board's goals and priorities.
The Business Plan will include projections of LCRA's overall financial performance and capital
financing plans, and describe the projects, programs and the associated revenues and
expenditures for the next fiscal year.

Adoption of the Business Plan authorizes the general manager to complete work plans and make
associated expenditures within budgets as provided for in accordance with Board policies. The
general manager will provide quarterly updates that include indicators of performance toward
key goals, actual revenues and expenditures compared to budget, future financial performance
projections and status of major capital projects. The resolution adopting the budget will establish
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the amount that may not be exceeded without Board approval and the guidelines for approving
amendments, reallocations or adjustments to the capital and operating budgets.

102.303 Sunset Review of Regulatory Programs. The general manager will review the
effectiveness of, and need for, each major regulatory program of LCRA at least once every six
years. These programs shall include, but not be limited to, the Highland Lakes Watershed
Ordinance, the Highland Lakes Marina Ordinance, the On-Site Sewerage Facilities Rules, the
Litter and Illegal Dumping Abatement Ordinance, and the LCRA Land and Water Use
Regulations. The general manager shall recommend to the Board whether to abolish, continue or
modify each such program. '

102.40 AUTHORITY

LCRA enabling legislation, Chapter 8503, Special District Local Laws Code
- LCRA-Bylaws,-Seetions-3:02,6.01,6.02— = - == = — v o oo o

EFFECTIVE: December 1984. Amended Dec. 14, 1989; Oct. 25, 1991; Sept. 22, 1994;
Dec. 15, 1999; March 22, 2000; July 1, 2002; Nov 19, 2003; and Dec. 14,2011.
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LCRA EMPLOYEE PoLICY MANUAL: 100 GENERAL AND ADMINISTRATIVE

Policy 106: Delegation of Authority

Approval Date | November 2010 Owner General Manager

Effective Date | July1,2011 | Policy OwnerReview | Annual

Revision Dates | November 18,2011 | Next Executive Team or Designee Review | 2014

Purpose
This policy ensures compliance with matters specifically reserved by the Board of Directors and identifies matters either

reserved to or delegated by the general manager.

Policy

No employee of LCRA is authorized to take any action reserved to the Board of Directors under Board Policy 102. All
other general powers and duties in the LCRA Enabling Act, bylaws, Board policies, and other applicable law necessary to
accomplish LCRA’s purpose, plans, and objectives are the responsibility of the general manager and those personsto

whom the general manager specifically delegates such authority.

106.1 Authority Reserved to General Manager

Authority for the following matters is reserved to the general manager unless specifically delegated to an executive

manager/officer or other LCRA employee by separate documented authorization from the general manager:

o Taking a position on matters that significantly affect relations with public or private entities outside of LCRA

o Employing outside legal counsel, in consultation with the general counsel '

o  Filing, dismissing, or settling a lawsuit, in consultation with the general counsel

o Taking a formal position in the name of LCRA with regard to federal, state, or local legislation consistent with Board
Policy 104

o Filing non-routine pleadings before any state or federal administrative agency

e Acquiring interests in real property. However, documents of conveyance or acquisition may be executed by
managers or their designees after the transaction or project involving acquisition has been approved by the Board of

" Directors.

106.2 General Delegation of Authority by General Manager

The general manager delegates to the executive managers/officers any and ail powers and duties necessary to manage
their respective departments and service areas, except for those matters reserved to the Board of Directors or general
manager as specified in this policy and Board Policy 102. Executive managers/officers are further authorized to delegate
authority to their respective department managers and staff. Except in cases of unanticipated short-term absences and
emergencies, all delegations must be authorized by another policy, or be documented and consistent with this and other
policies, including but not limited to policies related to employment, contract administration, and supply management.

106.3 Exception for Unanticipated Short-Term Absence or Emergency

Temporary delegations by the general manager or executive managers/officers, or re-delegations necessitated by short-
term absence in the event of an emergency, should be in writing when possible but may be made verbally. For purposes
of this exception, an emergency is a condition or circumstance that poses an imminent threat to power generation,
transmission, or distribution; environmental quality; flood control; water operations; employee or public safety; or that
could result in an immediate, significant financial, or operational loss or damage to property.

See also:

EPM Policy 107: Contract Management

EPM Policy 108: Supply Management

Board Policy 104 - LCRA Board Position.on Legislation
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