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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

BACKGROUND

The Nueces River Basin serves as the principal water supply for the Corpus Christi area and portions of
south Texas. In recent years this area has enjoyed relatively strong growth in both municipal and
industrial (M&[)} water users. To maintain adequate future supplies, the Nueces River Authority and the
City of Corpus Christi have constructed two reservoirs, which effectively controls nearly all of the flow from
the drainage area (Figure ES-1). Lake Corpus Christi (LCC) and Choke Canyon Reservoir (CCR) are
currently operated as a system under provisions of the Nueces Basin Adjudication. Under those
provisions, the LCC/CCR system must yieid 151,000 ac-ft/yr to the "Nueces and Corpus Christi Bays and
other receiving estuaries." Those flows can to be comprised of releases from storage, spills and return
flows from M&! users.

In December 1989, the Coalition About Restoration of Estuaries (CARE) requested that the Texas Water
Commission (TWC) to enforce the required releases in the water use permit. The TWC established a
Technical Advisory Committee (TAC) to develop operating rules for the LCC/CCR system which would
meet the bay and estuary (B&E) inflow requirements while maximizing M&I supplies. The TWC agreed to
make any proposed operating rule "interim operating rules” (IORs) for the next five year; during which
time an extensive field sampling program would be instituted to evaluate the efficacy of those rules.

PROPOSED INTERIM OPERATING RULES

The TAC attempted to develop monthly Nueces Bay freshwater inflow requirements based on salinities in
Nueces Bay necessary to maintain the ecological health and integrity of the estuary system. Under
normal hydrologic and miid drought conditions, the TAC recommended 97,000 ac-ft/yr be delivered to
Nueces Bay. Again, thase flows could consist of releases, spills or return flows. Under moderate drought
conditions, the TAC allowed the inflow requirements to be cut in half, to 48,500 ac-ft/yr. This reduction
was allowed in recognition of the natural variation in freshwater inflows to the B&E system. Under severe
droughts, the fresh water inflow requirements were reduced to zero. A system of "spills banking" was
developed to credit a portion of releases and uncontrolled spills, in excess of the current month B&E
freshwater inflow requirement, 1o the subsequent month requirement.

Commensurate with the drought condition reductions to B&E inflow requirements, the TAC recommended
voluntary and mandatory M&l water conservation measures. Under miid drought conditions, voluntary
water conservation measures will be instituted, which wiil reduce demand approximately 2%. During
moderate droughts, mandatory water conservation measures are expected to result in a 10% usage

reduction for March through October; a 5% reduction is expected during the lower use months of

£S-1 Michael Sullivan and Assoc., Inc.
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Regional Water Sugply Planning Study of the Nueces Basin
Phase Il - Conditional Probabiiity Modalin
EXECUTIVE SUMMAR%

November through February. During severe droughts mandatory conservation rules would resuft iﬁ a
20% savings during March through October, and a 10% reduction from November through February.

Implementation triggers for the mandatory M&! water conservation measures and concomitant reductions
to B&E freshwater inflow requirements were established based on percents of total system storage. In
the future conservation and reiease reduction trigger percentages will increase because of increased M&I
demand and sediment accumulation in both reservoirs.

INTERIM OPERATING RULES EVALUATION

Conditional probabilities were used as a tool to compare the operation of the LCC/CCR system under
baseline conditions (full-capture operation), without the proposed IORs and with the proposed IORs. A
LCC/CCR system-specific Conditional Probability Mode! (CPM) was developed to predict the probability
of occurrence for a particular condition (in this case, any start-of-year percent of total storage capacity),
and for that condition, a probability of failure (defined as the inability to satisfy both the M&! and B&E
demands), designated B&E releases, LCC and CCR uncontrelled spills, LCC and CCR end-of-month
contents, and Nueces Bay inflows.

EVALUATION RESULTS
Current Conditions

Under current conditions, there is a very low probability of failure of the LCC/CCR system to deliver
desired M&! demands and B&E requirements with or without the TAC's IORs. The large system storage
capacity (926,787 ac-ft) easily supplies the current 130,000 ac-ft/yr M&| demand as well as satisfies most
B&E requirements. Without the TAC rules, the chance of failure is less approximately 3.8%, or about
three months out of the 56 year historical record. However, with the IORs, the chance of failure is
reduced to 0.0001%, or essentially failures in 56 years.

Without the proposed IORs, the full 130,000 ac-ft/yr M&I requirement will always be satistied, however;
with the proposed rules, only 128,900 ac-ft/yr will be available in the severest drought year. The reduced
amount reflects implementation of water conservation management practices by the City of Corpus Christi
and other users.

The frequency and amount of spills over the dams at CCR and LCC are about the same with and without
the proposed IORs. The magnitude of spills from LCC are slightly increased under the new ICRs. This is
because more water is held in reserve in LCC as a result of relaxed and frequently suspended releases
for the bay and estuaries. This reduces the ability of LCC to capture moderate floods.

ES3 Michae! Sullivan and Assoc., Inc.
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EXECUTIVE SUMMARY

Releases for the bays and estuaries will be lower with the {ORs. Releases under the current TWC
adjudication order would be 75,315 ac-ft/yr. With the new IORs, releases are reduced to 54,873 ac-ft/yr.
This is because of the drought condition reductions to B&E releases triggered by the IQRs. Dedicated
releases to the bays and estuaries are shown in ES-1.

Annual total inflows to Nueces Bay are, however, very similar for operations with and without the IORs.
That is because, without the IORs, there are more dedicated releases; with the IORs, there are more
spills.

The IORs keep the levels of both reservoirs higher. The reservoirs will be half full or less 16% of the time
with the present rules, and 14% of the time with the new IORs. The reservoirs will be at 30% capacity 8%
of the time with the present rules, and cnly 4% of the time with the new IORs.

Future Condfitions

Municipal and industrial water demand will grow to 160,00 ac-ft/yr by 2010, and 197,000 ac-ft/yr by 2040,
Sediment accumulations in the twe reservoirs has been measured at higher than previously anticipated
rates, which will reduce the capacity of CCR to 677,964 ac-ft/yr by 2040; LCC’s capacity will be reduced
to 174,673 ac-ft/yr by 2040.

In the future, the chances of not having enough water for ali users increases. The chances of not having
sufficient water to satisfy both the cities and the B&E demands are drastically reduced with the new |IORs
than under the present rules. The 2040 chances of a failure with the old operating rules would be
approximately 2.6% or at least sighteen monthly failures during 56 years. With the IORs, the chances of
failure wiil be only .03%, or less than one failure in 56 years. The chances of failure are shown in ES 2.

Both LCC and CCR will remain fulier with the use of the new IORs than without the rules. This is because
the relaxed or suspended release requirements afforded by the IORs result in more water retained in
storage, and the new operating rules allow more water to be captured in LCC. This results in more water
remaining in the system. This will reduce the systems ability to capture flood flows. The magnitude of
total annual uncontrofled spills is considerably higher with the IORs than without the rules.

Dedicated B&E releases are considerably less with the proposed IORs. There are two reasons for this.
The first is that uncontrolled spiils are considerably higher with the IORs, and the credit (spills
banking)given for spills into the bay system carries some of that impact over into subsequent months.
The second reason is that some return flows are redirected back to Nueces Bay; therefore, less water
must be released from storage to satisfy the inflow requirements.

ES-4 Michael Sullivan and Assoc., Inc.
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Because of increased population, water usage, and reduced capacity in the reservoirs, the basin will bé in
drought conditions for longer periods of time in the future. By 2040 ,without the IORs, the reservoirs will
be at 30% capacity or less 71% of the time. With the new IORs in place, the reservoirs will be at 30%
capacity half of the time.

CONCLUSIONS

The conclusion of this study is that the TAC iORs work. Those rules allow the following flexibility not found
in the existing permit:

« Drought condition reductions or cessation of B & E releases based on progressive drought
triggers,

* Mandatory water conservation and reduction of M & | demand based on progressive drought
triggers,

+  Crediting a portion of uncontrolled flood spills toward next month's inflow requirement, and
* Redirection of a portion of the City of Corpus Christi's wastewater effluent to upper Nueces
Bay.

The efficacy of the proposed IORs is demonstrated by the following:

* The new dedicated B&E releases developed by the Technical Advisory Committee reduce
the amount of required releases that are currently in the Texas Water Commission's special
condition for the water use pemmit of CCR,

- The new IORs and associated water conservation program minimize the chances that the
system will not have enough water for all users (minimizes the probability of failure),

« In order to have enough water for Corpus Christi in the year 2040 without permanent
mandatory water conservation, Corpus Christi must develop new water sources,

= Total inflows to Nueces Bay are higher in future years with the IORs, and

= The retained storage in both LCC and CCR is higher with the proposed iORs.

ES-5 Michael Sullivan and Assoc., Inc.
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1.0 INTRODUCTION

1.1 Authorization

In recent years, the City of Corpus Christi (COCC) and surrounding areas have experienced a steady
growth in population and industry. At the same time, the region of south central Texas has exparienced a
relatively long and severe drought. As a result, the Choke Canyon Reservoir and Lake Corpus Christi
System (CCR/LCC), which serves as the principai water supply source for the region, has been
increasingly stressed, both from higher withdrawals and diminution of inflows.

The Nueces River Authority (NRA) has water resource planning and development authority within the
Nueces Basin. With the COCC, which also supplies water to the Corpus Christi Port Authority, as the
principal water user, resource development in the basin is driven by the needs of the City and local
industry. Another active participant in the regional planning process is the South Texas Water Authority
(STWA). These entities have consistently promoted efficient water use through conservation and have
attempted to secure sufficient affordable future sources of water for the region. This study is jointly spon-
sored by the Texas Water Development Board (TWDB), NRA, City of Corpus Christi and STWA.

1.2 Need for Project

The Nueces River Basin is located in the semi-arid region of south central Texas (Figure 1-1). The Nueces
Basin drains approximately 17,000 sq. mi. and discharges into Nueces Bay, thence the Nueces Estuary
and uitimately the Gulf of Mexico. The Nueces River Basin is bounded by four other river basins
(Colorado, Guadalupe, San Antonio, and Rio Grande) and two coastal basins (San Antonio-Nueces and
Nueces-Rio Grande). The Nueces Estuary is hydraulically connected to the north with the Mission-
Aransas Estuary and to the south with the Laguna Madre. The basin is drained by three major rivers
{Nueces, Frio and Atascosa) and seven minor rivers and creeks {West Nueces River, Leona River, Dry Frio
River, Sabinal River, Seco Creek, Hondo Creek, and San Miguel Creek). The system has two major
reservoirs (Choke Canyon Reservoir and Lake Corpus Christi), which effectively control the flow of
freshwater to Nueces Bay and form the water supply source for the cities of Corpus Christi, Mathis, Three
Rivers, Beeville, and Gregory-Portland; the Port of Corpus Christi Authority; the South Texas Water
Authority; and other regional users. Both reservoirs are located well down in the basin.

In recent years, the management of river basins, through development of reservoir aperation plans, has
evolved from the traditional approach of maximizing system Firm Annual Yield (FAY), to the broader con-
cept of optimization of the resource (water) between competing uses, such as municipal and industrial
(M&I) demands, in-stream fiow requirements, and bay and estuary (B&E) needs. The TWDB has per-
formed extensive studies to quantify the spatial and temporal distributions of freshwater necessary to

1-1 Michael Sullivan and Assoc., Inc.
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Conditional Probability Modeling
INTRODUCTION

maintain the ecological heafth and integrity of Texas's bays and estuaries. Those studies are being con-
tinually refined through the collection of additional data and the application of new analytical techniques.

The NRA and the COCC are attempting to optimize the development and use of water in the Nueces
Basin. They have sponsored numerous studies in recent years aimed at the regionai management of wa-
ters in the basin. In addition, the COCC has sought new sources from outside the basin, to ensure ade-
quate supplies through the first half of the next century.

1.2.1 Nueces River Basin Regional Water Supply Planning Study - Phase |

In 1989, the NRA, COCC, Edwards Underground Water District (EUWD), and STWA (Project Sponsors)
were awarded a Regional Water Supply Planning Grant by the TWDB to study the regional supplies of the
Nueces Basin. That study was to focus on the hydrology of the system, FAY of the CCR/LCC System,
and Edwards Aquiter recharge potential of the upper basin. The Project Sponsors contracted with HDR
Engineering, Inc. and Geraghty & Miller, Inc. to perform that study. That study was entitied Regional Water
Supply Planning Study of the Nueces River Basin. It forms Phase | of a multi-phase study aimed at opti-
mization of development and use of future water supplies in the Nueces Basin. The results and findings
of the HDR/Geraghty & Miller study (hereafter referred to as the Phase | Study) were used extensively in
this study (hereafter referred to as the Phase Il Study) and are incomorated by reference,

1.2.2 Bay and Estuary Freshwater Inflows Issues

In December 1989, the Coalition About Restoration of Estuaries (CARE) requested the Texas Water
Commission (TWC) to order releases from the CCR/LCC System for B&E purposes. A provision in the
Nueces Basin Certificate of Adjudication (21-3214) specities that scheduled releases from the CCR/LCC
System summed with spilis and return flows shall not be less than 151,000 ac-ft/yr to the "Nueces and
Corpus Christi Bays and other receiving estuaries.” As a result of the CARE request, the TWC solicited
comments from interested state and federal agencies as well as from other civic groups. The Certiticate of
Adjudication further requires that water provided to the estuaries shall be reieased in such quantities and
in accordance with such operational procedures as may be ordered by the Commission.

Lengthy discussions between interested and affected parties were conducted between December 1989
and May 1990, in an effort to establish CCR/LCC Interim Operation Rules (IORs) that wouid result in a
reasonable spatial and temporal distribution of freshwater inflows to the Nueces Estuary. The monthly

freshwater inflow goals, in ac-ft/mo, derived from those discussions are shown in Table 1-1.

1-3 Michasl Sullivan and Assoc., Inc.
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INTRCDUCTION
Table 1-1
Monthly and Annual Nueces Estuary
Freshwater Inflow Goals Suggested by TWC
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann
5,889 | 5587 (10,268 127,180 128,237 13,892 ] 4,681 | 8,154 ]20,687 | 16,761 ] 4,379 | 5,285 [151,000

While the above total inflow schedule does satisty the requisite 151,000 ac-ft/yr and can be suppiied

through any combination of LCC releases, spills and return flows, this schedule was unacceptable to the
NRA and COCC for three reasons:

1.

1.2.3

The required LCC releases will reduce the FAY of the CCR/LCC System, which couid result in

dangerously iow reserves for M&I uses;

There are no provisions for B&E release reductions in months following periods of unusuaily high

natural B&E inflow; and

There are no B&E release reduction provisions for severe or prolonged drought periods when

dedicated releases may be ineffective in ameliorating drought impacts on the B&E System.

Texas Water Commission Technical Advisory Committee (TAC)

As a result of the TWC recommended IORs, a Technical Advisory Committee (TAC), chaired by the TWC,
was assembied to sort through the myriad of issues surrounding the spatial and temporal inflow require-

ments of Nueces Bay and the Nueces Estuary, the operation of the CCR/LCC system to maximize M&!

supplies, and mechanisms to control LCC surface levels. The TAC was composed of participants from the

following thirteen state and federal agencies, universities and citizen's groups:

Texas Water Commission (TWC},

Texas Water Development Board (TWDB),

Texas General Land Office (GLO),

Texas Parks and Wildlfe Department {TP&WD),

U.S. Fish and Wildlife Service {USFWS),

U.S. Bureau of Reclamation (BuRec),

U.S. National Marine Fisheries (NMF),

Nueces River Authority (NRA},

City of Corpus Christi (COCC},

University of Texas Marine Science Institute (UTMSI),
University of Texas Bureau of Economic Geology (BEG),
Corpus Christi State University (CCSU), and
Coalition About Restoration of Estuaries {CARE)

Michael Suilivan and Assoc., Inc. 1-4
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A principal charge to the TAC was to assist in deveiopment of the Phase Il Study scope. The TAC was to
develop future CCR/LCC System operational scenarios, which would theoreticaily implement and ac-
complish the coliective goals of individual TAC member entities. Those operational scenarios were to be
evaluated using a Conditionail Probability Model (CPM), developed specifically for the CCR/LCC System,
to ascertain which scenario(s) would:

1. Offer the lowest probabiiity of system failure (with "failure” being defined for the purposes of this
study as the inability to deliver the full annual M&| demand plus B&E inflow requirements);

2. Deliver the highest quantities of freshwater to Nueces Bay and the Nueces Estuary System; and
3. Maintain the highest practicable storage levels in the CCR/LCC System.

Monthly TAC meetings were held from June 1990 through September 1991. The TAC developed a sin-
gle set of future operation rules, predicated on the original TWC [ORs, to be evaluated against baseline
(fuli-capture reservoir operation without B&E releases) and against the requirement that inflow be credited
at Nueces Bay instead of the Nueces Estuary.

1.3 Study Goals

The primary goal of this study was to develop a management tool for the CCR/LCC System owners and
operators based on conditional probabilities. The "conditions” are defined as percent of storage capacity,
M&I demand and sediment accumuiation. The probability is the probability of not having sufficient water to
meet both the M&| demand and B&E inflow requirements. A secondary goal was the evaluation of the
system operation under cumrent and proposed operating rules with respect to probability of failure, LCC
water leveis and B&E inflows.

1-5 Michasl Sullivan and Assoc., Inc.



Regional Water Supply Planning Study of the Nueces Basin
Phase il - Condifional Probabiity meiing

INTRODUCTION

1.4 Study Scope

The TWDB approved study scope is a shown in Table 1-2.

Tabie 1-2
Conditional Probability Model Development for the
Lake Corpus Christi, Choke Canyon Reservoir and
Nueces Bay System - Project Scope

VL.
VIl Report Preparation
VIIl. Technical Advisory Team Coordination

Hydrologic Data Analysis

a. Analyze historical and normalized reservoir and B&E inflows
b. Assess serial correlation of flow sequences

Develop Proposed Operational Constraints
a. CCR/LCC System Release Constraints

1. normal operation
2. drought condition operation

b. Develop real-time drought definition

1. definition criteria
2. appiication criteria

Set Up and Test System Operations Model (SOM)

Model code acquisition and computer installation

Input/Cut file preparation

Sampleftest data development

Benchmark testing of model simulations

Development of segregated operational constraint subroutines

sapow

Develop Conditional Probability Model {CPM)

Reservoir system volumetric segmentation
input/Output data and file preparation
Model writing

Model set-up and testing

Sample/test data development
Benchmark testing of model simulations

ereapop

CPM Model Application

a. Testing proposed reservoir release constraints
b. Testing proposed drought management constraints

Development of System B&E and Drought Management Rules

Michaei Sullivan and Assoc., Inc. 1-6
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2.0 PHYSICAL AND HYDROLOGIC CHARACTERISTICS OF THE NUECES BASIN
AND CCR/LCC SYSTEM

2.1 Description of Choke Canyon Reservoir and Lake Corpus Christi System

The CCR/ALCC System coantrols over $8% of the runoff from the Nueces River Basin (Figure 2-1). Both im-
poundments are situated well down in the basin which affords efficient capture and development of water
as a resource. The upper portion of the basin serves as recharge to the Edwards Aquifer which captures
and diverts much of the potential runoff from the CCR/LCC System. Most streams within the basin experi-

ence relatively high channel loss rates. This is especially true between CCR and LCC, and between LCC
and the Calallen diversion dam.

2.1.1 Lake Corpus Christi

Lake Corpus Christi {originally called Lake Mathis) was completed in April 1958 (Figure 2-2). It is the lower
of the two reservoirs and independently (exclusive of CCR drainage area) controls 67% of the Nueces
Basin through capture of natural runoff from the Nueces, West Nueces and Atascosa Rivers. All releases
from CCR pass to LCC. Thus, LCC is the control point for all releases to the Nueces Bay and Nueces
Estuary. The elevation-area and eievation-capacity curves start with a sharp rise and then become
relatively flat, which is typical of a shaillow impoundment with a well defined river channei (Figure 2-3). LCC
is approximately 44 ft deep near the impoundment structure (Wesley Seale Dam) with a maximum surface
area of approximately 19,000 acres at the top of the conservation pool (efevation 94.0 ft MSL). The FAY
of LCC is 113,000 ac-ft/yr when operated in conjunction with CCR.

Between closure of the dam in 1958 and 1990, LCC has collected approximately 62,500 ac-ft of runoff
sediments. This represents nearly a 21% reduction in available storage capacity of the reservoir and is far
in excess of the original BuRec estimates of sedimentation rates. The Phase | Study estimates that by the
year 2040, LCC will have only 57% of its original capacity for collection and impoundment of water. This
reduced capacity will severely impact the FAY of the CCR/LCC System in later years. The revised eleva-
tion-area and elevation-capacity relationships are cansiderably different than the original estimates (Figure
2-4).

Municipal and industrial supplies for the Corpus Christi area are diverted from the Nueces river at Calallen
Dam located near the upper end of the Nueces Delta. Between the lake and the Calallen Dam, the
Nueces River loses, on average, seven percent of its flow. Therefore, adjustments must be continually
made to LCC releases to account for these natural losses.

2-1 Michael Sullivan and Assoc., Inc.
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2.1.2 Choke Canyon Reservoir

Choke Canyon Reservoir was completed in June 1983 and captures flows from the Frio, Dry Frio, and
Sabinal Rivers and Seco, Hondo and San Miguel Creeks (Figure 2-5). While CCR captures runoff from
only 33% of the Nueces Basin, the lake accounts for nearly 70% of the total basin storage.

The elevation-area and elevation-capacity curves for CCR are relatively flat (Figure 2-6). The maximum
reservoir depth is 93.5 ft, the capacity is roughly 689,000 ac-ft and the maximum surface area is 25,733
acres. With years 1990, 2010 and 2040 sediment accumulation, the elevation-capacity and elevation-area
curves are not expected to be significantly aitered (Figure 2-7). Thus the major future impacts of sediment
accumulation will be in LCC.

2.2 Hydrologic Characteristics

The Phase | Study contained an extensive analysis of historical flow records from gaging stations
throughout the Nueces Basin. That study also examined channel losses for each major river and stream
segment, permitted water rights and historic water use patterns. For the pumpose of the Phase |l Study,
the flow records for the portions oi the watershed feeding CCR and the portions feeding LCC are impor-
tant (Figure 2-8).

LQ = HQN2110 - (0.95)(0.74){HQN2070 - QIN2070]
- (0.82)(0.74)[HQN1945 - QIN1945]
- (0.90)(0.74)[HQN2080 - QIN2080]
- (0.74)(WR2100)

- WR2110

- (0.95)(0.74)(QIN2070)

where, LQ = Naturalized inflow to Lake Corpus adjusted for water rights and channel losses,
HQN2110 = Naturalized flow of the Nueces River near Mathis (Wesley Seale Dam},
HQN2070 = Naturalized flow of the Frio River at Calliham (Choke Canyon Reservoir),
QIN2070 = Flow of the Frio River at Calliham adjusted for upstream water rights,
HQN1945 = Naturalized flow of the Nueces River near Tilden,
QIN1945 = Flow of the Nueces River near Tilden adjusted for upstream water rights,
HQN2080 = Naturaized flow of the Atascosa River at Whitsett,
QIN2080 = Flow of the Atascosa River at Whitsett adjusted for upstream water rights,

WR2100 = Water rights between Three Rivers (the concluence cf the Nueces, Frio
and Atascosa Rivers) and upsteam gages 1945, 1070 and 2080,

WR2110 = Water rights between the Wesley Seale Dam and Three Rivers, and
decimal fractions = Segment delivery factors.

Michael Sullivan and Assoc., Inc. 2-6
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Ragional Water Supply Ptanni of the Nueces Basin
Phase Il - m Probability Modeiing
PHYSICAL AND HYDROLOGIC CHARACTERISTICS OF SYSTEM

The naturaliized and water rights adjusted flow records of the primary CCR tributary (Frio River at Calliham),
LCC ftributaries (Nueces River near Tilden and Atascosa River at Whitsett) are shown in Tables 2-1
through 2-6; naturalized flows at Three Rivers and Mathis are shown in Tabies 2-7 and 2-8.

2.3 Channel Losses and Water Uses

Channel losses in the Nueces Basin are notorious. Numerous studies have been performed to quantify
the losses in the various reaches of the system. Estimation of channel losses was also a charge of the
Phase | Study. The relevant channel losses from that study are shown in Table 2-8 and Figure 2-9.

Table 2-9
Channel Losses and Delivery Factors in the Lower Nueces Basin
Channet Delivery
Sub-watershed Loss Factor
Stream Segment Number (%) (%)
Atascosa R. between Whitsett and Three Rivers 28 10 90
Frio R. between CCR Dam and Three Rivers 28 05 95
Nueces R. between Tilden and Three Rivers 28 18 82
Nueces R. between Three Rivers and LCC 29 26 74
Nueces R. between LCC Dam and Calallen - 07 93

T T ks v

A summary of relevant water rights within the intervening sub-watersheds are shown in Table 2-10.

Table 2-10
Summary of Water Rights In Lower Nueces Basin
{Exciuding Clity of Corpus Christi and other Calalien Diverters)

“Water-| Use Total
shed | Type | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec |(ac-ft)

MUN ] 682| 657 737| 812} 767] 901]| 1075} 1086 917} 807| 793} 757] 1,300
IND 729| €84 793| 8338| 8801 893 1014| 998} 843| 811| 756| 755| 200
IRR 615| 663 763| 1145 13211 11.78| 1020| 898| 620| 5.17| 624| 636 1,121

B B B B

IRR 375 394] 345] 12500 2108f 1908] 843] 613| 621]| 490} 649) 396| 20
Source: Fhase | Study

2-11 Michael Sullivan and Assoc., Inc.
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Table 2-1
Natuwrelized Frio River Flows at Callibam (ac-fVmo)
Phase | Reference No. HGN2070 (USGS No. 08207000)

Yoar January [ February I March  f Api May I June July [ Avgust  § Soptember { Ocwber f November { December Annual
184 12 900 5,100 1,820 16,700 1,380 1.540 17,200 1840 1,530 7,680 23,890 6,670 98,270
1835 1,480 10,120 3,530 8,700 125,800 550,400 70,660 31,080 83,380 12,990 3,760 4570 807,470
1936 3,830 2,740 2,860 4,020 17,320 23,690 140,500 2,900 26,130 61,920 8190 5,590 289 800
1937 4,260 3,160 4,000 2440 1,730 8,761 1,150 431 1,590 1,400 621 42 360 71,803
1838 48,007 2,106 2672 28,682 10,340 1,124 855 334 467 35 405 4723 100,620
1939 1,645 857 801 399 9,623 7417 25931 6,965 15,803 10,759 1,039 776 82015
1840 1,026 2116 a58 26 069 16,017 68,691 49,251 16,095 841 3,899 9 955 13,268 214,216
1941 13,050 43,077 10,969 85931 139,663 22117 6937 5384 112,244 10,6448 2511 1,892 454 503
1842 1,483 1,700 1,247 6,012 11,047 218 176,840 10,993 105234 28,863 2312 1,558 348 208
1943 1,750 1,469 2133 1418 4,088 31,066 27512 221 2,403 713 2617 775 76.165
1944 1,281 737 3,853 1,357 72,307 14112 1,882 9,295 16,733 9,700 723 1,857 138 847
1845 §.,583 9,652 2,702 27421 844 17,140 2195 65 1.221 44 651 8§31 540 112 585
1946 746 497 2,305 16,433 18,526 14,584 a7 44,175 106,918 118,223 2,263 1,308 327,085
1947 1,682 728 1,684 1,012 10,700 14 491 6,710 1,784 147 7 1.018 327 40370
1948 124 355 150 61 61 1,671 27,191 48 8 14,490 174 165 44 b46
1940 187 7.106 24091 77,248 15974 48,536 14,829 5993 [:3} 17.524 2,022 11,125 224 715
1950 237 115 78 515 11810 0,402 460 7 7 9 8 [ 22,744
1851 26 28 40 i 61375 36,378 99 53 50,598 6,445 §75% 156 155,885
1852 130 6962 1,855 7,187 13,826 4,690 70 37 80 30 58 35 34,660
1853 69 7% 4 788 31,521 200 320 12,983 180,585 3113 1.502 256 268,535
1854 197 129 104 6,442 7,666 20,007 1,247 105 153 1,268 662 74 37,933
1665 62 1,645 26 26 29,034 27717 416 3,892 1.949 2483 13 22 42,345
1956 38 56 5 -] 3913 1,260 3.440 18,163 17.063 11,966 136 a7 56,162
1957 3?7 63 5197 78,178 142413 102,526 358 132 33,510 65,109 9,417 2,929 429,870
1968 101,303 112,203 23,836 3,653 15,262 61,549 16,203 296 £3.951 43,943 41893 8,621 472 812
1959 3122 1,861 868 1,008 1,956 24,841 23,0414 698 1,787 70,116 5,822 909 135,026
1860 992 1,185 860 4,283 1,086 8,492 2473 24,097 1,87 26 819 17,551 70N 86,780
1961 5,154 16,534 2,606 12,659 213 77,167 5249 1439 173 1321 a1t 678 125 004
1962 1,184 832 622 757 1,319 6,802 141 12 55 13 22 51 11,820
1863 76 857 79 76 4,303 17,456 2520 86 794 762 2633 2210 31,852
1964 gt 72 1,359 148 601 3,442 476 3619 1.261 8007 0,047 171 28294
1965 122 4,833 198 7.148 68,856 2,498 138 108 80 1,899 324 4,625 891,430
1666 230 2614 288 17,088 18,869 9,765 1,064 11,662 21,549 645 120 54 83,838
1967 107 ar 239 1,151 4,699 330 506 9.261 340,190 24 949 13,732 2547 388,083
1968 5,805 10,435 9312 7.061 111,838 8,084 17,794 817 3,592 293 154 730 265823
1969 264 3,856 414 1,222 2.960 709 06 1,663 1,130 52,285 12,638 3774 81,224
1970 2023 1,135 6,829 1.000 36,836 29,669 1,600 2,267 7,908 3,804 698 655 94,424
1871 666 - 356 237 320 222 3,686 5,989 291,368 24,028 116 868 15,842 1,520 467,313
1972 4,940 3,808 2,326 1,674 21,029 2,859 881 4232 24,092 2,861 1437 1,854 71,893
1973 2474 3677 2,685 8,987 2175 30,597 107,650 22925 45884 88,342 16,080 8,678 340,354
1674 1577 5468 14,861 3,556 11,175 4,177 1,246 32,008 71475 8719 7630 6,866 175,072
1975 6,857 21,849 5926 6,055 55,747 22648 10,292 4834 9,373 4499 4088 3,880 156 048
1878 4069 2450 2,262 21,046 61,081 7.008 66,451 18,637 9 608 40,963 32 925 22018 288518
1977 17,181 14,028 12321 112,114 34,318 13,298 6,299 3,156 3,858 8 962 8.900 6,262 241,697
1978 6,111 4677 3578 2.857 2,720 61,796 2432 54 606 22,878 2202 2339 2,927 169,721
1879 6,376 3348 12,040 32,826 11,370 80,687 10,093 287% 1,880 1,262 1414 2,689 166,061
1960 3,290 1,783 932 776 97,530 8,132 378 36,663 17,752 9620 1.119 1.013 180,107
1981 1.913 1,136 2,507 21,338 46,996 131,328 30,492 6,412 5,763 53,036 7414 68,244 14,576
1982 6,385 6,708 5509 4,881 14,349 5613 3,355 2,098 2127 12,968 1,012 1,625 65638
1883 2038 2485 2,748 1,168 584 10,191 1,006 581 17,228 956 kYK 326 39,681
1964 20 70 115 253 73 455 408 259 174 58 968 20 30 62,146
1965 28719 1,720 4,250 7655 6,368 3,558 9471 1078 22177 71672 8423 828 165 639
1,658 241 120 186 2,208 40,702 1,906 1,556 11,129 64 696 3,033 31,603 168,028
11,650 5,990 8,012 6,346 18,382 496,349 79,669 20,950 12 446 6618 8,154 8,541 684,027
8,620 8,062 6,464 3917 6,969 9042 24,230 5603 1,043 2660 247 262 77128
2,083 4,398 6663 12,263 8,195 9203 7,245 7.242 381 2120 1,507 261 62.441

* o
20 29 5 & 61 200 70 7 7 '] 8 6 11,820
101,309 112,303 24,091 11214 142413 650,400 176,840 291,368 340,190 19223 41,893 42,360 907 470
1,721 AL 2,284 3974 1 9,629 2938 3,028 4811 8,841 1,765 1,740 130,515
7,761 8228 3847 12,634 25491 39,052 18,164 13,375 26,774 22090 6427 4,408 185240
19,322 16 669 6,248 23,093 36 301 98,022 35,222 39,701 55 621 28576 8,266 7,696 174,100
Sowce: Nueces Basin Regional Waler Supply Study - Phase |.
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Table 2-2
Frio River Flows at Calliham (sc-iUmo) Adjusted lor Upstream Waler Rights
Phase | Reference No. QIN2070 (USGS No. 88207000)

Yoar Janvary | February | March Apii May J  June July August | September § October | Noverber | December Annual |
1834 12,608 4,803 1467 18227 865 1,183 16,866 1653 1.344 7420 23635 6,166 £4.138
1935 1.264 9.795 327 $.227 124,713 549,238 68,572 30,232 82,634 12,480 3,348 4,102 899,837
1936 3472 2,342 2240 3434 16,644 2817 139,880 2,539 25384 51271 7647 6,108 282 578
1837 3734 2762 3278 1,792 1,216 6,478 725 70 197 1,130 337 42,015 66,555
1934 48,364 1,687 2042 27871 #8357 622 430 o 194 0 121 4458 95,147
1839 1,354 580 438 0 9,108 8,915 24844 6,245 15,530 10,489 755 51 76,749
1840 735 1819 685 28,586 14,053 67,908 48.402 18,758 632 anz 9671 13,033 208 694
1841 12,759 42,641 10,490 84,873 138,576 20,665 6,123 4517 111,498 10,138 2,006 1,576 446 252
1842 1,126 1,403 884 5,208 10,165 417 176.276 10,632 104 488 28,353 1,946 1.280 2179
1943 1,459 1172 1,770 5 3,673 30,615 27,087 Q 2130 443 231 510 11937
1944 990 440 3,183 868 71,463 13,089 1,564 8715 19,295 9430 483 1.502 131,110
1945 6,036 9141 2,032 26,463 340 16,638 1,845 0 948 44,421 a7 R 107 492
146 660 288 2074 16,960 1e.om 14,147 [ a7 106,630 118,500 2,060 1,108 322,965
1947 1450 476 1,384 598 10,242 13468 6218 1442 0 0 789 105 36,172
1848 o 138 0 1] 0 1,168 26,585 0 0 14,220 0 [ 42,108
1649 0 6427 23421 76.200 14,887 47,734 14473 5,632 0 17.2%8 1,788 10012 218812
1950 49 0 Q m 11,205 8,116 45 [+ 0 [ 0 [\ 20,676
1851 0 0 a 0 60,288 35,878 o a 50,417 6,225 393 0 153,190
1962 0 6,769 1,633 6.853 13,278 4261 o 0 0 0 1} 0 32,784
1853 0 o Q 446 31,122 Q 5 12,604 180066 30,721 1,255 67 256,286
1954 14 0 0 6.098 6,606 19,580 232 Q 0 1,103 477 ] 34,020
1855 4] 1,446 o 0 28,501 2412 a7 3,584 1,508 2,320 0 0 39,869
1856 0 [ 1] 0 3515 907 2952 17,679 16,880 11,668 0 0 53,601
1967 0 0 4,752 77221 141,326 101,300 35 0 32 802 54 599 8,838 2,600 423574
1958 23,248 3.004 14,420 60,387 15.630 20 53,205 43294 41,388 8202 252 698
1959 2750 1409 680 415 141 23018 22218 374 1472 69 467 5,468 615 120 998
1860 na 923 556 3919 697 8,138 2,007 23,250 1,645 26,393 17,118 6,656 92022
1951 4864 16,221 222 13,295 0 76,005 4774 1.0 1] 897 514 400 120226
1962 889 517 242 273 814 6471 0 0 0 1] 0 Q 9,206
1863 '] 639 0 "] 3,745 17.037 2.159 0 584 591 2435 2012 20202
1964 0 Q 865 [*] 145 2673 108 3,302 681 7.568 8,739 0 24 178
1665 508 4,438 0 6,634 608,285 2,048 [¢] o 1] 4,400 m 4,202 87,626
1966 0 2307 16 16,563 18.314 9.218 694 10,761 20,829 469 ] 0 79291
1967 0 146 [+ 626 4,246 0 1 8928 339,587 24.578 13,260 2223 393,605
1968 85,143 9,962 8,635 6405 110,820 7483 17,116 391 3276 120 0 542 258,911
1869 7 3,657 m 868 212 142 0 1,23 216 51775 12341 3,358 76,660
1870 1,740 e 6,262 486 36,107 29,084 1.107 1,899 7.595 3,504 396 72 89,373
1971 Mo k) 0 [ 0 3.185 5.500 290,383 23,578 116,320 16.576 7.24) 462,165
1972 4,631 3483 1924 1,135 20,067 2,006 J86 3247 23,638 2430 1,137 1,565 65740
1973 2,164 3352 2467 8.321 1,626 29,452 106,563 22078 45440 87,828 15,714 8,399 333411
1974 7,266 6,185 14,442 3.030 10,227 3,686 722 31,134 71,154 8,348 7.564 6,687 169,235
1875 6,410 21,313 5,620 6,538 65,024 21,938 8.641 4,389 8,953 4,208 3.788 3,601 150,332
1976 3,760 2127 184 20234 59,894 6,324 65.453 17,934 9.266 40,526 32483 21,599 281 523
1977 15,730 13,571 11.776 111,433 33284 12,675 5,795 2,698 3541 8,591 8.583 5,980 235677
1978 5,806 4,383 3176 2327 2174 61.248 1978 53,621 22,665 1915 2,640 2,510 164,325
18979 5,066 3,038 11,232 31,868 10,600 79,525 9677 2,451 1,561 962 1113 2612 159,602
1880 3,083 1479 538 246 96,850 8,581 Il 36,246 17,144 8,251 820 735 174 992
1881 1,607 822 1,960 20377 45,909 130,166 28,639 5,805 5,402 52,596 7109 5966 307 468
1982 6,079 5391 6,040 4327 13,401 4917 2,850 16687 1,803 12,674 705 1343 60,220
19683 1,733 2170 2359 670 0 9.527 321 39 16.823 659 73 49 34 523
1984 0 0 1) 0 0 0 19 0 0 69,683 0 0 59,702
1985 27,764 1.210 3.654 6,998 5402 2,759 89N 687 21,847 71,023 8,323 551 159,109
1886 1274 0 P 0 1410 38,629 1.416 1,204 10,707 64,227 2730 3,026 153,623
1967 11,204 6,637 8,485 6.201 17,285 495,187 78727 20,346 11,981 6,306 7.847 8,263 676877
1588 8,310 1609 6073 3,392 6,383 8.164 23,420 5.167 724 2,390 o Q 71,622
1989 2&7‘ 4 085 8&67 11,762 7.638 6.004 6,907 6922 154 1,903 1268 4 68 472
Minimum [ 9 0 0 . 0 4 0 1} 0 1] [ 0 9,208
Maximum 95,143 42,641 23421 111433 141,326 549,238 176.276 280,383 339,567 118,500 32,4683 42015 899,837
Median 1455 1,759 1879 3677 10,235 92010 2,508 2972 4472 8,275 1.288 1341 125.412
verage 6,084 3080 3318 12,973 24814 74712 18,325 13723 26,218 21,120 4 487 4072 176,433
Sid. Dev 14,633 6.776 4 627 23 480 36,154 98,004 35411 39,748 557344 29 357 6.604 7,586 159:040

Sowce: Nueces Basin Regional Waler Supply Swdy - Phase |
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Tabie 2.3
Naualized Nueces River Flows near Tikden (ag-fVmo)
Phase | Roference No. HAN 1945 (USGS No. 08184500)

Yeas Janvary [ Febuary §  Mach | apd [ May | June  §  July Y August | September | Ociober | November | BDecember Annuai
16834 42,905 10267 891 10,529 7407 6,087 13,158 29811 10,081 11,584 68,140 2961 213891
1935 5914 5,864 6813 46 686 69 698 763,180 65,503 115,434 129,608 46,214 4515 2792 1,251,232
1936 4,037 1,064 17,448 4,57 §,702 7831 164 275 880 108 524 137,881 21,306 13,967 488 587
1937 8,242 4,524 3,696 2298 2312 11,033 1,215 18,780 5442 21 555 1,330 57,445
16938 115,630 6,260 2792 55,353 34 820 3,146 1,839 47811 4,507 1,464 3718 3325 280,766
1939 1,582 1,238 1410 1.3 108,141 46,601 19,613 11,189 16,776 27.441 1.843 1.315] 238,540
1840 1,185 1.507 17 402 86,687 45384 133,781 221,502 31,333 17,657 5239 572 464] 562,733
1941 103 32,058 966 189 267,069 83,688 65,743 149 13,758 390 2,393 1.041 467,578
1942 1,768 852 1,703 2,987 13,063 9,508 164 228 786 189,616 20,206 6,461 677, 421,856
1843 785 733 1,233 997 1,280 71,823 9,433 724 16,634 16,308 3446 247 119,766
1944 908 843 3,662 1.541 72,104 132,204 1,883 8.754 384,053 4417 881 1 612,042
1945 926 1,964 16,188 83,022 28316 2818 3724 799 2,766 210,323 1177 662 352711
1846 965 860 1456 26242 95,153 77.838 3535 2134 67,723 344 092 1.181 736l €20.945
147 a7 707 922 5,200 142,781 14,697 40,463 12,114 1,239 836 5710 851 226 491
1948 640 642 1,158 203 3,591 1,067 52,029 641 9,668 14 638 2,383 613 87 974
1949 557 1,402 130,099 121413 81,102 53 722 11,987 27,873 2323 11,351 3,446 5,022 450,297
1950 676 1,536 822 2,625 47,975 20,754 4,654 607 16,276 16872 532 428 182,859
1951 126 136 1,113 272 15,420 83,736 482 169 34 400 6,863 546 118 123 385
1952 1,523 1,658 2,064 2032 15,948 66,624 4,139 1425 1,285 1,621 1,391 1,101 100 822
1953 208 316 377 12,832 16,375 454 3’6 13,843 151,955 48,166 15.220 246 260,458
1954 347 508 432 1.764 8,308 105,739 80,552 1,264 1,895 8319 6,222 257 216,697
1985 188 202 231 286 13,137 11,454 5780 1,225 20 420 42 461 a7 158] 95 824
1956 264 292 358 730 3,288 459 10,195 13,406 3295 6175 837 264 39384
1967 242 288 2219 95,738 253,24 223,062 307 283 47 817 27 509 15282 1,374 667,923
1958 118,396 266,980 26,990 842 10,122 15,900 101,131 069 34,308 153,382 106 492 14,234 849,845
1959 10,756 4567 2379 547 6386 4459 35239 8,287 10 565 259343 10,099 5056 357 683
1960 5974 4468 3,586 1893 2,489 16,429 11,289 24,756 8 602 27.77a 32,884 24,514 164,762
1961 18,566 13,808 6,773 4,846 1276 1814 12,838 26.080 2612 1,361 1,080 1,506 112,008
1962 639 230 407 728 339 7.879 421 144 1616 365 2,002 189| 15,059,
1963 648 1,557 598 2455 10,528 64 088 1,758 484 1,787 606 1872 582 116,973
1964 1,392 1,242 2,396 2071 5534 2,028 1679 13,760 230 671 224,323 2723 1,108 488,717
1965 1,71 2,306 1877 1,878 134,178 16 977 13,598 1,728 3,984 4398 2.28% 2.355| 187,332
1966 2078 2397 2411 24 840 178,110 28,047 2715 10,950 27,933 3076 1,993 1,568} 286,119
1967 2170 2047 2,782 11,114 4932 3,168 2614 28,034 605,775 64,142 5,393 243 734,610
1963 14,943 10,982 6,655 6.820 61,342 5,687 1,602 1,125 7,873 12,043 969 &N 130,732
1969 a53 29 627 1,066 5998 4,783 1,518 2007 4681 74 708 70412 31,599 198 093
1970 10,202 4,765 5858 3307 19,994 61,662 1,337 13,502 314 24,907 1,005 7 140,383
1971 900 907 2735 3072 3228 11894 387,535 443,042 384,578 692,124 40,643 18.450 1,998,108
1972 10,577 6,927 6,423 1.741 85,734 §.272 1,085 20,131 16,757 6.300 1127 571 165 645
1973 1,161 4,432 3,163 1,583 1,376 6,437 9,948 4,847 43451 337,832 42,547 14 471,206}
1974 7,640 5,124 28,958 3,185 12,965 2367 996 70016 39,873 3,138 17,135 6,242 197,669
1975 6,204 5,151 3,236 4,629 27419 112,716 84,920 14,438 11,281 7262 10,282 1.291 268,794
1978 1,842 1,663 1,898 5414 7,359 4,606 a97.821 55,842 71,362 87683 209,858 78 254, 624,643
1977 28,361 18,740 14,683 255683 53,435 23193 5917 2,157 1,410 3,805 1,697 2603 181 584
1978 2241 2,168 2330 2,857 8,647 28,597 2,136 6,302 16,763 2433 1.365 1,092 77.631
1979 1,482 1,368 1,500 21,390 10,205 137,147 3,868 1,181 1,17 1.247 1,199 928 182,652
1980 1018 1,060 1,228 1,184 32784 31,846 1471 $9,578 3,900 1,085 782 54 176,452
1881 1,708 1,651 4,183 10,345 136,837 310,561 76,281 7,293 56,606 71,841 28,008 9,151 714,466
1682 6,723 4311 7517 3974 95642 8647 2417 1689 2937 14 344 1422 987! 150 670
1983 1.010 1,062 1472 1,575 1,186 2,668 1,540 i,182 5,796 6.250 4583 1.00% 29,336
1984 1,956 664 953 973 1,007 938 726 499 477 55,087 10,753 621 75,554
1985 39,300 5314 21,183 31,914 107,722 43,964 45,466 1471 6296 927241 84,667 8113 486,160,
1966 1421 1,387 1,587 1,447 1,426 53,790 1471 1. 3,325 48,766 17,926 21,247 154,904
1987 16,355 9,306 10042 6,781 19,940 323432 66,011 15,731 31,322 16,731 10,168 8,623 534 452
1988 8,075 5,126 3,956 2670 2823 2162 5,082 2,017 4,299 2,836 6,771
1988 826 647 1,008 893 2 805 1,522 861 1401 654 2,749 1,789

Minimum 103 136 23 189 339 454 307 144 477 21 372

Maximum 116,296 266 980 130,099 121,413 267,069 763,190 387,535 443042 605,775 692,124 209.898 79,254 1,999 108

Median 1,653 1,560 2,358 2,748 13,095 15,665 4,823 3,527 10,323 11819 3085 1,108} 205,952,

Avarage 9,240 8,369 7.069 13,662 42,823 60,113 34,458 21,665 52,201 53,110 16,069 5,468 330,338

Std. Dev 22 735 35,586 17,873 26,114 60 B6S 118,386 67,198 61,873 111855 118 200 34,463 12,087 336,049

Source: Nuecas Basin Waler Supply Study - Phase 1.
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Table 24

Nueces River Flows neas Tilden {ac-it/mo) Adjusied for Upslream Water Rights
Phase | Reference No. GININMS (USGS No. 08194500)

You Jawary | Fobwary | Mach | Apd [ May [ Jwe [ duy Y August | Sopember | October [ November |
1834 25760 5,730 7 4.800 2,961 1041 7,665 17,605 5.008 5.922 40250
1935 2910 3331 a0z 26,762 34,556 461,206 38,148 68,744 77567 26 825 1641
1936 1,581 29 10,030 2,150 2402 a2 99,083 59 64.772 82.509 11,830
1937 3,820 1856 1347 689 934 4,802 287 9884 3086 0 130
193 69,108 2,663 481 31948 19521 701 o 27776 2.164 245 1647
1939 aar 147 75 0 63969 26,466 10,302 5489 9,610 15433 337
1840 161 362 2476 50.963 25,876 79204 13288 18,384 9,637 2642 0
1941 o 18,319 266 a 160,389 49976 38460 0 7212 18 1.154
1842 410 0 207 181 6.258 4,570 98,112 0 119,687 11,043 2850
1943 0 0 0 0 o a7 4817 0 9,387 5,038 1021
1944 o 0 663 ) 42122 76,328 239 4016 231,966 1464 0
1945 0 a2 8217 40741 15,667 597 1341 0 1.083 126,407 0
1948 o o o 13,730 56,128 45337 1069 123 4005 207577 0
1947 o 0 o Py 84,876 7,024 23,365 6519 18 0 2,889
1948 0 0 ] 0 1343 0 20072 0 4.789 7.666 853
1849 o 0 77497 72,033 47,548 30,706 6.426 15612 768 5670 1484
1950 0 418 0 933 7522 53,216 1226 0 8.816 8.908 0
1951 0 0 3 0 7.762 37,702 0 0 20,601 2,751 a7
1952 0 0 ) 0 8,008 36,645 1.002 0 8 0 0
1953 o 1] /] 1210 8,757 [+] [»] 7,406 927 28.030 8,823
1954 0 o 0 325 3373 62,265 47,260 292 788 4474 3410
1955 0 0 0 0 7344 6444 2,066 35 11311 24 847 0
1958 0 0 0 0 1,496 0 e 7400 1549 2,560 Y
1957 0 0 1019 56.465 152,207 133,457 0 0 20,156 15489 877
1958 70678 160,806 15,141 0 5,266 7,761 59,767 0 19737 91,854 63,521
1959 5.6 1637 451 0 2206 808 19,784 378 5331 156,151 5,030
1960 2445 1577 672 0 450 8402 5254 13,721 4,748 15638 18916
1961 10,098 7,303 2,606 1692 0 9.1 6252 16,345 508 0 0
0 0 [ 0 o 4263 0 0 700 0 79
0 489 0 626 4723 66,257 ass 0 206 ) 668
0 0 M3 0 1723 263 0 7122 138 602 134 901 599
48 363 o 0 0,751 8404 6,652 0 1468 1.546 443
82 20 0 12433 106408 18,126 71 5343 15870 649 11
197 108 184 5107 1,328 4“4 16 15,17 366,520 37.704 2174
7,887 6629 2592 2498 35,564 2035 0 0 a0z 6001 0
0 0 0 a2 1075 1010 610 1,769 44118 41628
6010 1766 2049 7s 11,262 30227 0 7120 810 13,896 0
0 o 155 227 24 6.380 233,557 267,537 238,350 418763 23,503
6237 3,069 2,303 9 50,358 4,165 0 10915 6482 2606 9
] 1613 881 123 ) 2923 44% 1671 25.267 20371 24719
3455 1074 16,066 718 8211 384 0 41,188 28,112 666 9209
2,584 1990 621 117 14,970 86499 49,931 7.461 5,766 3,189 5.123
° 0 0 1,874 2797 1,058 57,759 32,645 42222 51,088 126,268
16,020 10,236 7403 13,884 30,756 12,178 1,662 12 0 1208 )
181 235 2 " 4,189 15,460 0 2684 9,085 204 )
0 9 0 11,399 4,525 81323 910 0 0 0 )
0 ] 0 o 18.228 17.447 0 59,162 1667 0 0
9 116 1,301 4637 81,354 186,651 44,588 3124 31,269 42375 16,897
200 1481 3,001 m 56367 3,350 0 0 721 7.643 0
0 ° 0 0 0 459 0 0 2440 2575 1,688
664 0 0 0 o (] 0 0 0 22,756 5.579
nsn 2,088 1,47 12,725 63,697 24970 26218 0 2880 65057 50,278
0 o a o 0 30,742 0 o 939 28973 8779
8743 4512 4587 2481 10,431 194,361 38.457 8245 17.927 8,935 5072
ars 1976 [ 25 217 0 1641 20 1718 584 2116
0 0 0 a 661 0 a 58 a 694 240
0 0 ] 0 0 o ° 0 0 0 0
70678 160,906 437 72,033 160,369 461.208 2335657 267,637 366,620 418763 126,26 479

7 132 273 426 6,800 8077 1641 1,141 6216 8.007 1,088

4,860 4333 316 7114 24 566 34,966 20,115 12,385 30,786 34.626 8959 2739

12870 21523 10772 15,617 38 770 71,690 40678 37.424 67,798 71639 20,784 7,193

Sowce: Nusces Basin Water Supply Study - Phase .
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Toble 25

Naturalized Atascosa River Flows al Whitsel {(ac-ft/mo)
Phase | Reference No. HAN2080 (USGS No. 08208000)

Yoar January | February I March | Apdl | May | June | July I August | September |  October | November | Dacember
1934 16,200 5,880 4,240 9,340 a7 o1 2,040 144 928 2180 6,570 7.0204
1935 866 8,880 2840 10,460 33,870 205,000 3.200 762 60,090 4,460 1,320 2,58
1936 1,490 a7 5040 837 48,860 10,080 45,720 2,700 4.110 2,300 a5t 954
1937 956 658 BOO 528 854 3.180 1,350 76 8 974 197 24,520
1928 12,360 1,260 1,230 16,990 2,800 647 425 a6 6a2 18 $16
1939 776 662 455 85 1,860 6,220 8,110 2.740 6.740 226 66
1840 352 1207 722 8,003 7,345 19,813 @162 8710 1057 4,636 23,737
1841 6,009 8,390 6,681 62,807 72,279 26.197 3.605 6,783 £3.829 10,208 1,108
1842 685 1,360 948 6,687 3200 548 171,016 11,504 116,509 7278 1,850
1843 1542 1,303 2,165 113 2817 3,604 1.881 183 7563 701 1523
1944 6,143 1203 5634 837 26,587 1426 1,275 1685 743 209 2393
1845 1,326 4687 1618 23,852 669 8,762 959 141 1,39% 21,185 561
1848 1,289 1,640 8,682 8417 15480 23,108 556 74,254 76,409 48,458 3350
1947 4,389 1.670 3652 1,817 15,050 958 697 7294 438 264 2,220
1848 699 1,088 815 692 338 2,765 11,843 5232 429 25857 415
1549 670 4,880 1,051 56,857 3,200 18,468 62,485 4,903 1.679 5,588 1,168
1950 1,028 853 768 1774 6077 8,635 11,083 138 373 35 43
1851 306 362 623 427 11,563 14,222 108 408 26.466 1,238 1,236
1852 1,085 2,797 823 3,901 2423 414 7,010 424 14,616 471 980
1853 1,389 966 1,081 3,557 33,370 1818 1,985 3113 35,179 4,659 637
1954 614 866 837 am 2,701 2,31 468 1 197 1330 1.621
1956 1,180 7080 086 725 8,000 3,610 1,180 2420 1,160 48 30
1956 T8 649 652 1,900 3,860 1,290 889 4,180 10,530 12,560 408
1857 €00 1,040 6610 71,870 83,800 18,080 845 548 43,830 6,170 14,330
1858 67,800 83,230 3,980 1,830 12,770 1410 2,920 190 7610 23,780 17.040
1859 1,770 2,060 1210 1,020 6,130 1420 526 7 434 12,300 1,860
1960 1,030 990 1,840 1,320 618 11,970 8,710 8,330 844 23,140 12,250
1961 5410 14,250 1,170 2490 495 46,940 2,750 509 319 16,310 4400
1962 1,200 1170 803 806 489 11,190 150 130 483 59 254
1963 488 217 33 151 2,158 1216 347 208 178 214 1,864
1964 431 1272 848 528 561 250 486 6,303 ™ 1,202 1.034
1965 449 6314 400 1917 33,360 1.159 624 136 228 2044 601
1966 490 609 381 11,668 5776 361 738 783 2,74 572 131
1967 340 390 356 233 az2n 335 213 6,847 297 942 5725 6.380
1968 126,202 8,282 2,603 3,304 76,945 6,284 5,484 700 4,902 618 667
1969 650 11,039 1,310 3551 21478 3,063 313 1,387 632 9,161 655
1970 1861 1,630 15,281 971 52,306 48,481 1872 1,060 1972 6§33 305
1971 “44 420 422 303 165 861 72 18,177 4054 20362 1082
1972 823 714 580 328 64,151 4,086 493 2536 6,113 564 367
1873 664 2010 766 10,232 121 171,518 4,059 1,659 26,023 34,882 2,901
1974 1,280 982 883 769 2,750 1213 159 8,600 11,060 826 1,620
1975 582 588 643 1,490 40417 13.982 3,37 802 904 689 434
1976 484 395 3 7,250 16,610 793 5292 161 5,060 45,680 18,180
1977 6,560 2,120 1,202 136 800 15,850 2432 €63 231 1,690 374 1,710
1978 466 518 429 384 669 7272 4,152 28,602 23,600 1,010 3.000
1879 7,260 1622 878 14,670 3,982 20,891 1464 604 76 i 196
1980 510 497 sl 205 70,881 880 340 55,074 3,980 942 2,660
1981 1,430 889 1,860 2580 2,650 5,840 1,760 1,305 13,560 2820 1,300
1982 702 7,080 1430 806 7.950 3,300 137 26 1130 4 560 571
1983 448 1,260 3,420 412 1,100 2.440 1,560 2,540 45,600 4,440 499
1984 2370 450 413 293 367 303 122 15 228 12,920 2120
1985 2380 728 2810 14 630 2,330 2490 5930 29 4,080 28,280 14 260
1986 756 617 384 120 904 8,160 68 42 706 18,650 1,200
1987 2,990 1,140 5,090 856 1,840 71.180 1.110 393 987 12 te9
1988 278 306 201 158 M 370 1240 55 544 3 12
1989 317 286 460 181 218 0 154 32 7 220 1,200
Minimum 278 286 201 a5 165 0 ] 1 ? 3 12
Maximum 126,262 83,230 15,381 136,800 83,900 205,006 177,016 74,254 237 942 48,458 23737
Madian 1 1220 843 1,632 325 3,240 1243 783 1,685 2,112 1,180
verage 6,224 4,050 1698 9.420 14971 14,825 7,345 5,089 17,037 7.343 3.028
sid. Dev 18,309 11,246 2683 23,060 22618 36,332 26,248 12716 44 650 11.260 5,050
Source: Nuaces Basin Regilonal Water SBupply Study - Phase |
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VHYHO DID0TOHUAH ANV TvDISAHd

L)

W3LSAS 30 SOLLSIHS.LS

qEqOld [BUCRIDUOY - |} BSBUG
Jopep feuol

b

|OpON

uiseg secenp el Jo ApmS

uweld Addng



Table 2-6
Alascosa River Flows at Whisal {ac-fUmo)} Adjusted for Upsueam Waler Rights
Phase | Reference No. QIN2080 (USGS No. 08208000)

L1-2

"0u} "00SSY PUE UBAIING ISEYOIN

Year Janvary ] February J  March % April  §  May F  June ! Juy | Auvgust ] Seplember ]  October Y MNovember Y December |
1934 10,782 3915 2,015 8,207 242 47 1347 83 &1 1,446 4,368 4,66
1935 569 5806 16882 6 953 22 542 135,618 2172 487 40013 2964 872 1.711
1936 085 639 3,347 544 32,525 8679 30,438 1,788 2730 1,526 559 52
1937 629 430 523 k!:3 §53 2,104 867 40 0 643 124 16,32
1938 8,224 844 810 10,636 1,848 47 2N 47 447 6 338 1,18
1839 809 368 294 50 1223 4129 5,389 1814 3,816 145 37 13
1940 227 796 505 5317 4876 13,181 5.090 5750 697 3,082 15 802 11,39
1841 3998 5,580 3774 46 478 43,122 17.433 2389 4507 550823 6.783 731 m
1942 649 911 622 4573 2176 352 117 881 7.1 77.588 480 1,228 92
1843 1.020 860 1.433 728 1.661 2320 1,307 m 5,030 461 1.007 63
1944 4.084 853 3.743 544 17.692 938 837 1,112 488 133 1,566 1,69
1945 are 3114 1.268 15872 430 5822 627 83 922 14110 366 36
1946 858 1018 §.780 5892 10,301 16378 358 49,443 46,885 32,267 2224 1.611
1847 2916 1,104 2,356 1,263 10,008 624 452 4,847 204 170 1471 59
1548 458 723 6§33 443 210 1.828 7875 3474 270 1,697 268 32
1849 439 3316 691 38 946 2,116 12,288 41603 3285 1.1 3,716 768 2.69
1950 877 567 502 1,168 4032 4,638 7.349 8t 29 17 21 104
1951 196 233 406 27 7,686 9,458 €0 261 17619 817 816 56
1852 716 1,858 605 2585 1,698 262 4 657 272 9,727 308 645 1,00
1953 113 £35 711 2,356 22,209 1.1987 1,310 2,083 23,422 3123 550 4]
1664 402 1] 815 2,458 1,784 1.665 300 0 124 880 1,072 37
1955 77 4,707 654 470 6313 2,390 774 1,601 765 26 1699 47
1956 470 424 425 1,252 2555 845 580 2,773 7.008 8 359 264 239
1857 592 8685 4393 47 852 65,862 12693 551 354 27 851 4.103 9536 95
1958 36,487 55,423 2641 1,208 8,490 825 1,933 e 4661 15812 11.341 358
1959 1371 1.364 797 666 3.401 938 338 103 282 e.186 1291 48
1960 679 651 1,283 866 as?7 7,958 5 789 5537 555 15,405 8.151 12,02
1961 3829 8,509 770 1.645 314 31248 1,620 598 205 10,856 2923 a1
1982 792 m 525 530 310 7438 88 76 an 33 162 84
1963 3i8 1,839 2n a7 1421 796 218 128 i 137 1,234 i.84
1964 280 839 §54 338 358 153 312 4,187 120 861 681 17
1965 292 3,531 257 1,263 22,202 758 404 80 145 1,358 393 2,72
1966 319 398 244 7.758 3831 2391 480 511 1.820 a7s 80 17
1967 219 252 227 142 2123 209 130 3883 198 422 3807 6248 101
1968 84,043 5,508 1,724 2,187 51,230 417 3,647 456 3257 406 437 1.71
1969 426 7.344 863 2,52 14,290 2026 196 920 414 6,085 362 58
1970 1232 1,078 10,234 633 34820 32274 1,235 695 1,306 349 196 30
1971 288 272 272 188 95 626 36 12.095 2,693 13,855 713 al
1972 S41 458 art 205 36,049 2707 316 1678 4064 3z 237 23
1973 368 1,930 501 6,601 798 114,215 2691 1,094 17,324 23228 1.825 21
1974 a45 646 579 499 1816 794 94 5717 7.359 544 1072 44
1975 380 Jo4 352 %78 26,902 9298 223 523 595 453 282 26
1978 NS 258 268 485 13,045 514 3512 87 3363 o7 10.769 695
1977 4,355 1.404 bell 91,095 10541 1,608 430 143 1,18 Je2 1,132 27
1978 3 336 276 242 430 4,629 2,753 19,038 15,843 667 2081 67
1979 4028 1,008 676 9757 2837 13,899 963 g 470 68 122 89
1980 332 270 251 123 52519 572 214 36,666 2,643 621 1,764 73
1981 845 591 1.2906 1,705 1,750 3875 1,160 858 9,037 1,872 858 -1
1882 460 4,707 643 523 5279 2,184 79 7 745 3.0 373 27
1982 292 825 2268 261 7 1,611 1,027 1681 30,362 2951 325 32
1684 1571 252 266 182 228 1868 €9 1] 145 8.599 1405 24
1885 1,578 477 1,929 9.730 1,836 1,644 3,937 '] 2710 18,628 9480 1.03
1666 496 403 233 67 587 5421 kk] 17 4563 12416 792 17.821
1887 1984 7411 3,381 557 1.210 47,382 727 25) 650 6% 119 381
1588 178 156 125 92 458 232 794 26 355 0 1
1969 204 182 207 94 130 0O 81 1 O 141 782 15
inimum 176 1682 126 &0 85 0 33 0 a a 1 o
aximum 84,043 55423 10234 91 095 55 862 136516 117 681 49 443 198 422 32267 15 802 i7.821
edian 638 811 618 1,074 2,150 2,14 816 517 1,115 1.401 778 724
vorage 3472 2689 1324 6.261 8,958 9927 4,880 3,386 11,340 4,884 2009 1,881
Sid Dev 12,183 7,490 1,727 15,358 14 998 24.187 16 815 8 469 29737 7.499 3.363 3719

Source: Nueces Basin Regional Water Supply Study - Phase |.
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Table 2-7
Naiturslized Flows near Tiwee Rivers (ac-fimo)
Phase | Reference No. HQN2100 (USGS No. 08210000)

Yaar January | Febrary | March § Aol [ May J June | Juy  § August | September | Oclober J Movember J| December §  Annual |
16834 84,201 2t.601 7441 38 602 8672 7022 33 402 31 502 15801 20,351 100,501
1935 7,789 25930 16,040 68,408 211,919 1,501,017 128,415 142212 306,300 62,777 8,868
1836 8749 4110 26241 0,768 99 108 49 026 341014 6772 139 509 184 207 28 09
1937 12,569 7,530 7.581 4525 4,099 21,958 3,605 16,803 6,309 2.557 840
1938 172,273 9,054 5,838 101,376 46914 4,225 2144 48,012 5210 804 4111
1839 30 2073 2,021 1,200 118,479 60,816 51,466 20,505 38,787 36.174 2,198
1840 1909 4,240 19,142 121.225 77345 228,638 274,680 61,388 19,188 16,843 36,499
1841 17841 79,474 18,203 152,128 486,455 136,750 83,937 12,815 227735 256.096 5412
1942 3638 4065 3,287 18,201 27,109 10,298 555,079 18,168 442 726 53,046 10,154
1843 4,488 3,725 5 920 3,732 6,350 107 580 40,640 1,084 28,330 11,886 7.009
1944 8,334 2,852 11,385 3,099 113,774 176,434 6,158 23,352 339752 18,570 4,024
1845 8800 18,073 23333 134,901 41,700 44,410 6,532 789 2,359 2486819 231
1946 2815 2,927 13,201 30,954 151,881 128,854 4,820 771,657 282 367 505643 $.508
1947 7231 3,028 8,553 15877 146 064 42,024 525818 23,535 2254 1037 8.261
1948 1,340 2.164 2,052 1,314 3,002 3410 93,384 8,411 8973 31,048 3,624
1949 1242 14338 141,160 210883 144,184 115 38¢ 61,563 39,018 4,382 34614 10,012
1650 2,021 2,164 1,644 4,749 568,231 112,993 14,784 726 12,722 17817 490
1951 58 450 1,329 m 93,180 139,831 769 447 153,339 15747 2688
1852 2334 11,920 3,180 14,377 33,420 68,376 9,794 1,506 15,124 1,775 227
1853 1,874 1.166 1,399 15.858 87240 1.241 3,41 30,298 349,898 73,187 26,040
1854 1,168 1,443 1,289 10,488 13,725 70,585 125,173 1,450 895 11,361 10,960
1955 1,135 8,084 1,099 837 43,269 18,363 6.043 8,626 24,060 39,702 512
1956 a7s 848 a77 3,695 15,081 3,126 12,994 31,932 34,356 38314 V772
1957 1,090 1519 25,089 202,941 531,826 422,185 1,939 847 147,363 g5 506 43 603
1858 287 856 437643 $2.376 7.423 46 222 59,963 111042 1,723 86,406 226228 169,334
1859 18,294 8,947 5,284 3,604 126N 26,840 58,932 10,049 9.335 320,120 18,865
1660 8508 7610 7.005 7.508 4,184 44 928 20 694 63,036 15316 102,569 80418
1961 38,899 54,258 10,720 20,648 1,843 123,743 22 348 32,499 3827 17,452 72
1862 3,126 2421 16841 3.734 1,863 26,504 s 173 2,180 303 1859
1963 1,097 4,795 865 2,305 16,946 111,460 5871 559 2590 1,765 17,6802
1964 1,667 2,568 4546 2,079 5,884 8717 1,787 26,685 217,380 247 405 11.970
1865 3.034 22058 2212 7,088 216,752 30472 14,095 1579 2217 11,721 3,056
1966 2630 7,038 2,656 49,090 214,198 46,900 4,558 22,573 54,45t 4,495 1819
19687 2126 2,408 3,009 10,821 16,368 3418 2,608 44,019 1,408,493 139218 29519
1668 237,892 34,363 19,555 17,196 267 242 33,753 27,451 2,908 18,734 12836 1,866
1969 1,567 18,327 3,782 575 33333 8,953 2,487 4973 6615 132,041 88,553
1870 14,751 7,680 29,052 5,347 101,978 171,445 5,904 13,784 9,626 25612 2042
1971 1942 1.543 2966 3,278 3,003 16,489 352 708 649 348 484,768 849 736 72 667
1972 17,686 11,923 8241 4,179 148,063 16,574 3,079 25,481 46,336 11,167 3,163
1873 4,189 5816 6842 26,385 4,388 217638 114,367 31812 78,593 456 879 67,854
1974 16,960 11,845 41,074 8.055 26172 7660 2,14 97,802 128,847 12112 24,847
1875 12,448 26,115 10,623 12,764 129,324 129,627 81,032 21,018 22,104 9 848 16,875
1978 5891 4,329 4328 31,966 90 894 12,990 151,006 76,335 101,905 170,034 295211
1677 54,105 33,486 26,783 303,967 101,938 43249 13,284 5,408 6.658 11,880 13.485
1978 8,408 6,994 6,085 6,003 12,388 104,133 7,945 85,861 68,146 6,227 7,306
1979 14,693 6278 10913 65,446 28,537 217,729 16,173 4,589 3,834 2,188 255
1980 6069 3,169 2242 1,959 235 797 38,208 1,950 318 668 32562 10,828 4829
1861 4,601 3,578 5,666 16,623 192,304 445216 137,502 16,418 70.193 117,488 44,820
1962 13,690 16,681 15,124 8,128 105,958 22276 4,088 2128 4882 21593 2415
1983 1572 2770 8.937 1.982 2668 7.164 3,558 4635 102,133 22326 8,158
1984 5247 1,252 1528 1,344 1653 14274 12,185 783 660 90,143 14 036
1985 42,014 5891 24765 43,707 99,064 46,701 50,377 1,740 5838 132219 108,543
1886 2649 2088 2,382 2187 3o 63,722 3,168 2258 4465 65,009 21,465
1987 221 21,703 24,596 10,898 22343 508,678 115661 26,040 34,335 20,528 13,003
1988 11175 7,962 5,883 5,108 6,680 4,539 8,656 427N 6,482 4,188 12,492
1989 17.00§ 4794 10,480 16,785 18 608 _32.333 35,057 29 508 8.486 19,188 10,808
inimum 358 450 arn7 ksl 1,553 1.241 715 173 660 303 490
aximum 297 856 437 643 141,160 303 967 531,826 1,501,017 555,079 649 349 1,408,493 849,736 285241
edian §.560 8,135 6319 9352 42,485 44,620 13,690 16,611 20,646 21,959 9,759
velage 22314 18312 13,376 33,894 84,545 109,304 59,413 38,956 100,621 86,067 26,851
Sid. Dev 64,621 ~ §§722 23.7500 60,569 108,683 218,215 103.317 96 146 212633 149 893 49,138
Source: Nusces Basin Regtonal Water Supply Study - Phase |. v
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Tabis 2-8
Naturalized Nueces River Rows near Mathis (ac-fiime)
Phase | Refersnce No. HQN2110 (USGS No. 08211000)

Yoar Januai E !
194 . 18,105
1935 6.051 25,535 21,719 69,737 220835 1,671,069 131,419 145715 346,886 63,454
1936 7048 2228 26,176 7897 119388 58,022 353,817 6,659 150,030 189416
1937 11,006 5,781 5804 2687 3438 20,770 2459 15415 4513 1.806
1938 176,751 7.178 3,676 104,643 47,821 2056 695 48,316 3450 523
1839 1,225 483 645 670 120,848 62,278 51215 18,963 43218 35328
1840 406 2210 18,737 123,698 90,684 247,780 283,346 65913 17.842 19,642
184 16,458 a2211 18,336 166,697 514,804 141,618 95,266 12,360 240,799 29158
1842 1,521 2879 $.104 14,688 26,683 8,435 584 463 25,876 464,160 53,104
1943 2,768 1.840 4,100 1524 7.140 112,147 39,943 474 358619 10,102
1944 8,697 a8 17,269 1616 121,880 181,890 4.083 30615 3651439 14,837
1945 6,662 16,760 223 138,606 41,018 49,431 4497 627 480 256,765
1946 2,864 s 11,666 40281 164,098 132,368 2,687 B4.347 273,620 631938
1947 7.256 #14 4517 18,648 156,620 41,326 62,681 27378 §33 516
1848 401 527 505 629 1.058 1,862 84 865 6,538 9425 210
1949 M1 9277 149719 216116 228 800 114 663 96 529 42610 4 863 3 522
1950 243 1428 1635 4,851 51,798 114 663 12 445 405 8,552 16,515
1851 97 478 1327 1481 86,572 137,573 165 132 204 518 18,823
1852 2,082 12 860 2236 16277 32875 79,058 1243 1,309 18,530 1,063
1853 2453 1,359 1,713 14,249 #1717 361 737 43,697 396 427 71,114
1954 1,992 1.973 1,762 11,363 10,259 64,694 141,319 1660 4,111 1295
1955 1] 7.803 1,113 524 36.837 18,261 5774 10,223 28 862 41474
1956 1,310 844 1,040 6,311 22083 4372 10996 25,337 38.720 46625
1957 870 2257 28 844 167 627 580.629 477,168 3,667 838 130 808 118,592
1958 3123585 363 892 184,603 4,806 43,280 44 297 115 597 671 64 432 249,345
1959 27.138 6,025 8,247 617 8,104 27395 83,171 11,466 4791 202411
1960 8,658 8,207 7.047 3,133 1,542 43,246 26478 64,575 25,021 180419
1961 47203 64,728 13,129 19,886 827 112,045 27843 34,997 5186 14 922
962 197 178 200 284 286 40255 218 143 20 680 200
1963 2499 5,763 2,548 586 16,634 111,713 &5t an 335 427
1964 969 830 35M4 1,159 4,640 6,352 3,339 27,091 172.188 233.268
1965 1,160 977 41929 5.742 181,798 48,408 10,410 1,135 979 2471
1966 1.321 1,228 1,544 41566 222,156 43,736 1,658 15133 47597 3246
1967 1410 2,268 46814 8402 19,338 2152 1,794 49074 1632518 201,040
1968 219,257 37,396 18,836 16,824 284,373 33483 32,607 6120 17.818 13489
1968 2778 21,012 1,538 12,057 29,784 10,355 8,176 2240 10,148 116,180
1870 12513 7.251 30,637 6.914 91,188 179,355 7317 16429 6,999 26,682
1971 2436 1458 1.85% 13,003 2140 3,859 306 326 622,267 626 848 14173
1972 21,249 12,380 9,805 931 168,810 15030 5,723 23,657 48,743 8.2G7
1973 630 406 7,368 23.738 6922 27128 116,498 31,559 69 621 457 956
1974 14,157 533 49,033 71.842 27,468 6,434 2796 107,918 172677 14,769
1978 12,085 22213 10,566 11,405 115,708 126.891 74204 18,164 16,203 7153
1976 8,182 1,057 1245 30175 78,078 8014 138 374 69.797 104,739 154 808
1877 49,020 31,287 24 811 270618 92 467 38319 11,963 4,946 4270 11,226
1979 9079 7118 6575 6637 10,147 106 221 . 9,960 81878 67,243 3585
1979 12,338 5673 9,570 65,004 30,1 221,207 13,906 7,611 3619 4,268
1860 726 162 868 874 200,077 39,544 4429 341311 33810 7925
1081 3,796 2912 5468 18,993 204,374 444 583 163,135 22,784 72914 111 907
1982 14,545 15,013 1514 10,086 107 666 21,023 6,365 5785 10,138 24,813
1983 876 3,063 10,608 2,146 5956 7.866 5486 8,166 78748 20763
1984 8254 2,694 3,361 a18 8215 14,743 13698 4,009 2,056 77 603
1985 33498 6,137 24 951 69,207 103.317 54,235 62,101 3440 5,706 125813
1986 1774 7434 1,096 217 372t 63,342 4.8 3,328 1,124 58,739
1987 20,435 20,462 23,045 6331 30,657 483,030 128,364 27 004 26,296 11,965
1986 1wn? 2,732 7,136 2,125 5717 7,002 2070 9730 10,357 7915
1989 17,754 7,828 14 876 18,042 21488 30,026 a7 282 34016 14,210 16,147
Minimum 97 178 200 284 286 361 155 132 335 200
Maximum 312,355 36 g2 184 603 279518 580 629 1571069 684 463 622 267 1632518 914 173
Median 4,924 4,368 6811 9,229 38,920 44,017 12,438 15,422 22.851 22,788
verage 22,098 16,002 16,031 32,133 87,765 12,742 §1.313 41,130 110,323 89,683
Sid. Dev 55,363 49,692 3470 68.376 116 141 227 960 106,343 4,357 245634 157 662

“Sowrca: Nueces Basin Reglonal Water Supply Study - Phase |.
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Regional Water Suppty Plannmg Study of the Nueces Basin
Conditional Probability Modeling
HISTORICAL AND PHOPOSED SYSTEM OPERATION

3.0 HISTORICAL AND PROPOSED SYSTEM OPERATION

3.1 Historicai System Operation

A simplified map of the CCR/LCC System, Nueces Bay and the Nueces Estuary is shown in Figure 3-1.
The most efficient operation of a typicai two reservoir system dictates that the upper reservoir be main-
tained at maximum practicable storage levels and that the lower reservoir be used to capture intervening
drainage area runoff plus dedicated refeases from the upper impoundment. The water levels of the lower
impoundment are allowed to fluctuate naturally. When operated in this manner, the system FAY is gen-
erally in excess of the sum of the individual impoundment FAYs.

In an effort to accommodate LCC area residents and recreational users, a less efficient operational strategy
was developed for the CCR/LCC System. This strategy maintains LCC within prescribed elevation {imits
and only specifies CCR releases to satisfy in-stream flow requirements and to maintain the level of LCC
above the specified minimums. This is a very inefficient use of the system because the lower impound-
ment is maintained nearly full. As a result, there is little or no available storage capacity to capture the
runoff generated from the occasional large storm that passes over the lower basin. This resuits in
increased spifls to Nueces Bay during high flow periods when the bay is likely to have already received
sufficient freshwater inflow to maintain salinities at or below desirable levels. This is an inefficient operation
because the system is deprived of storage capacity for any future bensficial use.

3.1.1 Historicai CCR/LCC Operationai Criteria

The negotiated CCR/LCC I0Rs are driven by current demand and available storage. As the system de-
mand increases into the future, |[ORs are modified; as the total storage of the system and the levels of the
individual reservoirs decrease because of sedimentation, the operation rules are aisc modified. The origi-
nal operating plan for the CCR/LCC System is outlined below.

PHASE| Operation Phase |, which applied only to the period of filling of CCR, is no longer appiicable to
this study.

PHASE! Operation Phase Il is applicable after CCR is filled and the annual M&l demand is less than
150,000 ac-ft (the current system M&| demand is approximately 130,000 ac-ft/yr).

« A minimum of 2,000 ac-ft/mo will be released from CCR to meet conditions of an agreement
between the COCC and TP&WD to maintain in-stream flows between the two impoundments.

«  Whenever the level of LCC falls below 88 ft MSL and the CCR elevation is above 204 ft MSL,
releases will be made from CCR to maintain the LCC surface at or above elevation 88 ft MSL.

3-1 Michael Sulfivan and Assoc., inc.
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Regional Wabrsmpiy Planrung Studyonhe Nueces Basin
Conditional Probability Modeling
HISTOFlICAL AND PHOPOSED SYSTEM OPEFU\TION

PHASE Il

PHASE IV

Whenever the level of LCC is at or below elevation 88 ft MSL and the CCR elevation is less
than 204 ft MSL, the CCR release for the current month is made equal to the LCC release for

- the previous month. This minimizes drawdowns at LCC for recreation purposes and

promotes a more consistent water quality by mixing CCR releases with LCC content.

Operation Phase Il applies after CCR has filled and the annual M&! demand is between
150,000 and 200,000 ac-ft.

A minimum of 2,000 ac-ft/mo will be released from CCR to meet conditions of an agreement
between the COCC and TP&WD to maintain in-stream flows between the two impoundments.

Whenever the level of LCC is at or below elevation 88 ft MSL, and the ratio of CCR content to
LCC content (both at the end of the preceding month) exceeds the corresponding ratio with
6 ft drawdown at both reservoirs, the CCR release for the current month is made equal to the
LCC release during the preceding month. This equalizes drawdown at both reservoirs for
recreation purposes and promotes a more consistent water quality by mixing CCR releases
with LCC content.

Operation Phase IV applies after CCR has filled and the annual M&l demand is between
200,000 and 300,000 ac-ft, and developed long-term supply is less than 300,000 ac-ftiyr.

A minimum of 2,000 ac-ft/mo will be released from CCR to meet conditions of an agreement
between the COCC and TP&WD to maintain in-stream flows between the two impoundments.

In order to provide the maximum dependable yieid (the true FAY) from the two reservoirs, the
water level of LCC will be allowed to drop to elevation 76 ft MSL before water is released from
CCR in excess of the 2,000 ac-ft/mo requirement. When the level of CCR drops to 155 ft
MSL, LCC will be iowered to its minimum level.

3.1.2 Historical Bay and Estuary Inflow Requirements

The original TWC Nueces Basin Adjudication Order did not address the spatial and temporal significance

of freshwater inflows to the Nueces Estuary. The order simply stated that there must be at least 151,000

ac-ft/yr (comprised of any combination of dedicated releases, spills and M&i return flows) retumed to the

general estuary system. Neither monthly inflow distributions nor specific points of retum were specified.

3.2

Proposed Texas Water Commission Interim Operation (IOR)

3-3 Michael Sullivan and Assoc., inc.



Regional Water Supply Plan S of the Nueces Basin
Phase Il - COndMuEg Probat?:? prd
HISTORICAL AND PROPOSED SYSTE OPERATION

The original TWC recommended IORs were modified numerous times during the course of the TAC
meetings. Four significant changes were made to the TWC IORs, which increased the flexibility and prac-
ticality of the system operation:

1. The CCR/LCC System will be operated perpetually in the Phase IV mode to maximize water avail-
ability for both M&! and B&E uses during drought periods;

2. Provisions are made to allow some reduction to the B&E freshwater inflow requirements of
months foilowing months, or extended periods, of very high natural inflows;

3. Provisions are made to allow reductions or secession of LCC B&E releases during periods of se-
vere or prolonged drought; and

4. Required M&I demand reductions are tied directly to LCC B&E release reductions.
3.2.1 IOR CCR/LCC Operational Criterla

Current CCR/LCC System operation promotes the maintenance of LCC at or above elevation 88 ft MSL,
to the maximum extent possible. This operation has two effects:

1. CCR water is not held in reserve for release to LCC, and ultimate pass-through for either M&l or
B&E uses, during periods when inflows to LCC are low and

2. There is limited LCC capacity availabie to capture all of the runoff from the remaining portions of
the basin.

These two effects combine to significantly reduce the FAY of the CCR/ACC System.

Phase IV operation of the CCR/LCC System is, however, consistent with maximal utilization of the
resource. With the exception of in-stream flow releases, as much water as possible is maintained in CCR.
This simple operation change has two desirable resuits:

1. CCR water is held in reserve, for release to LCC and uitimate pass-through for either M&! or B&E
uses, during periods when inflows to LCC are low and

2. There is available capacity in LCC to capture all of the runoff from the remaining portions of the
basin.

Under this operation, the maximum FAY of the CCR/LCC System is realized.

Thus, for this study, the general operation of the CCR/LCC System will be simplified as follows:

Michael Sullivan and Assoc., Inc. 3-4
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'AND PROPOSED SYSTEM ORERATY
HISTORICAL AND PROPOSED SYSTEM ERA‘I’I(SE

* A minimum of 2,000 ac-ft/mo will be released from CCR to meet conditions of an agreemént
between the COCC and TP&WD to maintain in-stream flows between the two impoundments.

+ The water levei of LCC will be allowed to drop to elevation 76 ft MSL before water is released
from CCR in excess of the 2,000 ac-ft/mo requirement. When the level of CCR drops to 155 ft
MSL, LCC wiil be lowered to its minimum level.

3.2.2 Municipal and Industrial Demands

The Phase | Study contains numerous projections of future municipal and industrial water demands that
are likely to be placed on the CCR/LCC system. Three of those sets of demand prdiections were selected
for simulation with the CPM. Table 3-1 shows the year 1990, 2010, and 2040 populations and municipal
and industrial water demands. Low population series estimates were selected to reflect recent trends to-
ward a less rapid rate of population increase in the area. The 2040 M&! demand was artificially constrained
to 197,000 ac-ft/yr to reflect lower firm vield estimates of the Phase | Study. Those estimates were devel-
oped without additional B&E releases above the required minimum 151,000 ac-ft/yr. They do, however,
include a much higher than anticipated reduction in available LCC storage volume resulting from sediment
accumulation.

Tabie 3-1

Projected Populations and Municipal and Industrial Water Demands
Used In Conditional Probability Model Simulations a/

CCR/LCC Demand
Year Population ¥ (ac-ftryr) &/
1990 560,019 130,000
2010 677,429 160,000
2040 913 637 197,000 &/

TWDB Low Populam Senes

-

<

¢ -Probable Case" Futire Water Derand Scenario.

g Estimated 2040 system firm annual yield without additional B&E releases.

The monthily demand distribution used to distribute the annual demand is shown in Table 3-2.

Table 3-2
Monthly Distribution Factors of Annual Municipal and Industrial Demands &/

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

0.0724 | 0.0664 | 0,0805 | 0.0843 {0.0872 | 0.0905 10.1026 | 0.1025 }0.0838 | 0.0814 | 0.0745 | 0.0739

3-5 Michael Sullivan and Assoc., Inc.
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HISTORICAL AND PROPOSED SYSTE OPERATION

3.2.3 Drought Management
3.2.3.1 Drought Management Operation Triggers

Determination of drought condition water conservation demand and bay and estuary release reduction
triggers were predicated on the preservation of a system yield necessary to meet drought condition M&!
demands. During Water Conservation Condition 11, M&| withdrawais will be reduced to approximately 83%
of non-drought period demands. This reduces the current {1990} 130,000 ac-ft/yr M&l demand to
108,000 ac-ft/yr and the 2040 maximum demand from 197,000 ac-ft/yr to 163,500 ac-ft/yr.

LCC controls approximately 70% of the total Nueces Basin drainage area and approximately 75% of the to-
tal flows derived from the Nueces Basin. Thus, it is expected that LCC is a more efficient impoundment
than CCR in terms of the amount of storage required to produce one ac-ft of firm annual yield (FAY).
Taken by itself, LCC requires approximately 2.35 ac-ft of storage per ac-ft of FAY, while the CCR/I.CC sys-
tem requires on the order of 4.23 ac-ft of storage per ac-ft of FAY (both computed under current sediment
accumulation conditions).

As a worst-case scenario, it can be assumed that the system is being operated in such a manner as to
keep as much water as possible in LCC with additional water stored in CCR. Under this scenario, it would
take approximately 2.35 times the drought Condition il M&I demand of 108,000 ac-ft or 253,800 ac-ft of
starage {o protect the yield necessary to meet a 1890 Drought Condition Hll M&! requirement. This repre-
sents approximately 27% (253,000 ac-ft) of the total system storage of 940,000 ac-ft. Operation of the
system in Phase |V, as proposed under the IORs, would increase the efficiency of the system, which
would result in an additional degree of safety. However, as CCR controls runoff from only 30% of the total
system, the additional margin of safety would be relatively small.

By the year 2040, the total available storage of the system will be reduced by sediment deposition to ap-
proximately 852,000 ac-ft. In addition, the unit storage requirement per unit FAY will have risen to a factor
of 5.20, because the entire system wiil be utilized. Thus, it will require 707,990 ac-t of system storage to
protect the yield necessary to meet a year 2040 Drought Conditien 1il M&] demand of 163,500 ac-ft/yr
(cakculated as 197,000 ac-ft x 0.83).

Figure 3-2 shows the total system storage trigger levels at which voluntary (Condition I} water conservation
measures are instituted, the first level of release reductions (Condition Il) at which releases to Nueces Bay
from LCC are reduced by 50%, and Condition Ifl at which releases would be suspended. Sediment
deposition and yield reductions per unit storage reduction are not linear functions. Thus minor variations
in the percent of storage necessary to maintain a drought condition yield, from the straight line function
shown in Figure 3-2, is expected.

Michael Suilivan and Assoc., Inc. 3-6
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Water Conservation Trigger Levels as a Function
of Total Storage in the Lake Corpus Christi and
Choke Canyon Reservoir System
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Ragional Water Supply Planning S of the Nueces Basin
Phase Il - Condmonal thal?v? byt
HISTORICAL AND PROPOSED SYSTE CPERATION

Trigger Level 3 {that level at which B&E releases are suspended) was set at the volume of storage neces-
sary to protect a drought condition FAY. Trigger Level 2 (that level at which B&E releases are reduced by
50%) was set at 1.5 times the drought condition FAY. For 1990 conditions, Trigger Level 2 is 40% of total
storage. For 2040 conditions, Trigger Level 2 is 1.22 times the total available storage in the system.
Thus, it is apparent that the margin of safety afforded by the two leveis of operation will be exhausted well
in advance of full development of the 197,000 ac-ft/yr projected 2040 full-capture operation firm annual

yield. |n addition, it is likely that before the year 2040 the LCC/CCR system will be perpetually operated at
some level of water conservation.

3.2.3.2 Drought Condition M&l Demand Reductions

The COCC currently has a drought management policy that calls for voluntary and mandatory reductions in
municipal and industrial water use keyed o total storage in the CCR/LCC system,

Commensurate with drought condition reductions to required releases for inflows tc Nueces Bay are the
impiementation of drought management M&I use reductions. Drought management conditions will also
be implemented through percent-of-capacity storage triggers, which will increase in the future.
Management triggers listed below are for 1990 M&! demand and sediment accumulation:

« In any month when the water impounded in the CCR/LCC System is less than 50% but greater
than or equal to 40% of capacity. a voluntary water conservation plan (Condition 1) will be imple-
mented with the goal of reducing M&I water consumption by 2%.

= In any month when the water impounded in the CCR/LCC System is less than 40% but greater
than or equal to 30% of capacity, a mandatory water conservation plan (Condition il) will be imple-
mented with the goal of reducing M&l water consumption by 5% during winter months
(November-February) and 10% in summer months (March-October).

« In any month when the water impounded in the CCR/LCC System is less than 30% of capacity, a
mandatory water conservation ptan (Condition lil) will be implemented with the goal of reducing
M&! water consumption by 10% during winter months (November-Febmary) and 20% in summer
months (March-October).

For modeling pumposes, those reductions have been assigned as shown in Table 3-3.

Michael Sullivan and Assoc., Inc. 3-8



Regional Water Suppty Plan of the Nueces Basin
hase H - m Probability Modaling
HISTORICAL AND PROPOSED SYSTEM OPERATION

Table 3-3
Reductions to Municipal and Industrial Demands of the
Choke Canyon Reservoir / Lake Corpus Christi System
by Water Conservation Management Condition

M&I Drought Demand Reductions (%) &/
Condition | ¥/ Condition I &/ Condition Wt 4/
Month Winter jSummer | Winter | Summer| Winter |Summer
January g-2 5 10
February 0-2 5 10
March 0-2 10 20
April 0-2 10 20
May 0-2 10 20
June 0-2 10 20
July 0-2 10 20
August - 0-2 10 20
September 0-2 10 20
October 0-2 10 20
November 0-2 5 10
December 0-2 5 10

Average 0-2 8.3 16.7
Municipal and industnal demand reductions assumed equally applied to all system users.
Y Condition | Water Conservation - voluntary reductions.

& Condiion Il Water Consarvation - mandatory reductions.

& Condition Il Water Consarvation - mandatory reductions.

3.2.4 B&E Freshwater Inflow Requirements

The negotiated IORs proposed by the TAC members for application during the next five years contain two
separate but connected sets of B&E inflow requirements. The first set of inflow requirements addresses
flows to Nuaces Bay; the second set addresses flows to the Nueces Estuary. For the proposed term of
the IORs, the TAC suggests that the minimum inflows to the Nueces Bay shall be at least 97,000 ac-ft/yr,
and that such flows shall be comprised of reservoir releases, spills and retum flows, regardless of origin,
This flow represents the minimum annual flows to the Nueces Estuary system that would produce at least
80% of the maximum historical harvest of selected finfish and shellfish species (TWDB, 1991). In addition,
a second set of requirements suggests that flows to the Nueces Estuary shall total at least 151,000 ac-
ft/yr, derived from the same sources.

3-8 Michael Sullivan and Assoc., Inc.
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During drought periods, the negotiated IORs contain provisions for reductions to B&E releases that are
tied to concomitant reductions in M&l withdrawals. The first proposed level of reduction amounts to a 50%
decrease in the monthly quantities of water to be released for B&E maintenance. The second levei of re-
duction efiminates mandatory releases to Nueces Bay.

The following are the freshwater inflow requirements of Nueces Bay and the Nueces Estuary, negotiated
by the TAC and agreed to by all parties. Inflow requirements are adjusted for drought conditions. Those
adjustments are triggered by current CCR/LCC System water storage, as a function of percent capacity,
and are designed to protect the FAY of the system under current M&! demand and sediment accumuiation
conditions. In the future, when M&l demand increases and system capacity decreases as a result of
sediment accumulation, release adjustment trigger levels will increase.

+ The CCR/LCC System shall provide not less than 151,000 ac-ft/yr for the estuaries through a
combination of LCC releases and spills and return flows to Nueces and Corpus Christi Bays and
other receiving estuaries.

« At least 97,000 ac-tt/yr of freshwater is to be delivered to Nueces Bay and/or Rincon Bayou area
by a combination of LCC releases and spills as well as diversions and return flows. The remaining
amount, consisting of return flows other than to Nueces Bay and/or Rincon Bayou, may be deliv-
ered to Comus Christi Bay and other receiving estuaries.

+ In any month when the water impounded in the CCR/LCC System is less than 40% but greater
than or equal to 30% of capacity, required releases for inflows to Nueces Bay may be reduced by
50%.

+ In any month when the water impounded in the CCR/LCC System is less than 30% of capacity,
required releases for inflows to Nueces Bay may be suspended.

Normal operation and conservation B&E release are shown in Table 3-4.

Michael Sullivan and Assoc., Inc. 3-10
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Table 3-4
Normal and Drought Condition Nueces Bay Inflow Requirements
Required Nueces Bay Inflows by Drought Condition
(ac-#t/mo)
Month Normai Condition Condition | Condition
| &/ 1nhL s

January 2,500 2,500 1,250 0
February 2,500 2,500 1,250 0
March 3,500 3,500 1,750 0
April 3,500 3,500 1,750 0
May 23,500 23,500 11,750 0
June 23,000 23,000 11,500 0
July 4,500 4,500 2,250 0
August 5,500 5,500 2,750 0
September 11,500 11,500 5,750 0
October 9,000 9,000 4,500 0
November 4,000 4,000 2,000 0
December 4,500 4,500 2,250 0
Annual 97,000 97,000 48,500 0

Condition | Water Consarvation - voluntary reductions - no reduction to BAE reieases
Y Condition Il Watsr Conservation - mandatory reductions - 50% reduction to B&E releases.
¢ Condition il Water Conservation - mandatory reductions - suspension of B&E releases.

3.2.5 Spills Banking

Blologists agree that B&E inflow requirements are seasonal goais rather than rigid monthly requirements.
Even the typically accepted seasonal boundaries do not adhere to the rigid monthly demarcations of the
Julian Calendar. In an effort to éccommodate the spirit of seasonal freshwater inflow goals, while adding
flexibility to the previously adhered to monthly distributions, the concept of "spills banking" was
conceived. The logic behind spills banking is explained through the example in the following paragraphs.

As an example, assume that the total B&E freshwater inflow requirement of month "a" is 15,000 ac-ft, and
that in the following month "b" the inflow requirement of 10,000 ac-ft. Suppose that during month "a",
dedicated LCC B&E releases plus return flows equal 5,000 ac-ft; and, through a significant late-month
storm, uncontrolled spills equal 20,000 ac-ft. The total B&E inflow of month "a” will be 25,000 ac-ft. This
is enough inflow to satisty the requirements of both months "a" and "b".

Studies have shown that the salinity influence of high freshwater inflow events tends to carry over into
subsequent month (TWDB, 1985). High inflow events in one month often resuit in reduced salinities in
subsequent months. Thus, the 25,000 ac-ft total B&E freshwater inflow in month "a* may, in fact, satisfy

3-11 Michael Sullivan and Assoc., Inc.
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the salinity inflow requirements of both months "a” and "d". In this case, an additional release of 10,000
ac-ft of freshwater in month "b" may be of little or no beneficial use. The release may, in fact, depress
salinities below desired levels. Therefore, the following spills banking provision was developed:

if the total B&E freshwater inflow (the sum of releases, spills and return flows) in a given
month exceeds that month's goal, the excess can be credited to a subsequent month up to
50% of that subsequent month's inflow requirement.

3.2.6 Sediment Accumulation

As part of the Nueces River Basin Regional Water Supply Planning Study - Phase |, revised current and
projected sediment accumulation estimates were developed for both CCR and LCC (HDR, 1991). Current
condition (year 1990) and projected 2010 and 2040 elevationvarea/capacity relationships for both CCR
and LCC are shown in Table 3-5. The total reduction expected in CCR storage due to sediment is ex-
pected to be approximately 2%. However, the projected year 2040 reduction in LCC volume is expected
to be 26%. Thus, the future efficiency of the system will be significantly reduced because of LCC sedi-
ment accumulation.

Michael Sullivan and Assoc., Inc. 3-12
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Table 3-5
Elevation-Area-Capacity Relationships
For Lake Corpus Chrisli and Choke Canyon Reservoir
1990, 2010, and 2040 Sediment Accumuiation Scenarios
Lake Corpus Christi {LCC) Choke Canyon Raservoir (CCR)
sb".I."Elevatia\n Area (Acres} Capacity {Ac-F1} Elavation Area (Acres) Capacity (Ac-Ft
Ft {MSL) 1990 2010 2040 1980 2010 2040 F1. {(MSL) 1990 2010 2040 1990 2010 2040
94 19,251 19,261 19,251 237,473 212,353 174,673 220.5 25,733 25,733 25,733 689,314 4 684,774 677,964
80 16,635 15,565 13,682 165,601 141,908 106,739 220.0 25998 | 25361 25,305 676,529 671,096 665,195
86 13,674 12,523 10,456 104,962 85,73 58,380 2155 22,424 22,344 22,224 556,937 552,690 546,320
a2 8,467 7.370 5.441 60,700 45,944 26,505 2100 20,046 19,955 19819 451,088 447,287 441,537
78 5,565 4,587 2,866 32,636 22027 9,885 2050 17,499 17,408 17,266 347.365 354,004 348,962
74 3,292 2,464 1.077 14,820 7.919 2,127 200.0 15,056 14,965 14,828 275,894 272,093 268,641
7 1,208 541 0 5924 190 [ 195.0 Llza | 123 | 12202 207,399 | 204,940 201,252
66 669 188 0 2,133 434 0 190.0 10,311 10,231 10,111 150,656 148,613 145,548
62 163 0 0 427 0 0 ] 185.0 8,062 7,980 7,881 106,322 103,660 101,166
58 10 0 0 80 0 a 180.0 6,235 68,171 6,075 69,195 67,874 65,892
54 7 0 0 46 0 4] 175.0 4374 4,318 4,234 42,828 41,807 40,275
50 0 0 0 0 0 0 170.0 2,890 2,843 2,772 24,699 23,935 22,790
46 0 0 0 0 0 0 165.0 1.731 19,693 1,634 13,345 12,796 11,973 |
Source: HDR Engineering, Inc., "Regional Water Supply Planning Study - 160.0 910 879 832 _J 6708 | 6334 5772
_1850 § a5y | 427 | 382 _.3ms ] sa17 | 2818
150.0 294 278 252 1,595 1,456 1,248 |
1450 | 107 96 78 _ 65 | 586 A
1400 % &9 6 213 186 | 142 |
135.0 8 5 2 36 29 18
130.0 4 0 3 6 0 5
127.0 0 0 1] 0 "] 0
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4.0 CONDITIONAL PROBABILITY MODEL (CPM) DEVELOPMENT

Development and application of the Conditional Probability Model (CPM) was directed by the Technical
Advisory Committee (TAC), which is comprised of members of state and federal regulatory agencies, con-
cemed citizens groups, the Nueces River Authority (NRA), and the City of Corpus Christi (City). This study
was jointly funded by the Texas Water Development Board (TWDB) and the City to assist the TAC.
Conditions of the existing Lake Corpus ChristiChoke Canyon Reservoir (LCC/CCR) operation permits, as
well as the current Texas Water Commission (TWC) Interim Order, were modified in accordance with the
goals and objectives of the TAC members and have been applied to the LCC/CCR system. Figure 4-1
depicts the study area.

4.1 Background

The first calcuiations of storage yieids were developed by Ripple in 1883. Ripple’'s calculations were
based on historically recorded annual and sub annual flow sequences over a time interval. Ripple
assumed that the proposed impoundment was a topless container. By starting with an empty reservoir
and plotting residuals {cumulative inflows minus diversions and reieases) then performing a backward
sequential search, he determined the minimum storage that wouid furnish a desired annual yieid without
failure during the simuiation period. Ripple’s method assumes that the historical data used includes the
period where the flows into the reservoir have caused the maximum draw down that the reservoir will ever
experience.

Stupecky (1909) modified the Rippie diagram by assuming that the proposed impoundment was initially
full and bottomiess and plotted a residual mass curve. He aiso searched backwards to achieve similar
results. Hazen (1914) further modified the Ripple approach by using only the portion of the mass curve
corresponding to the storage fluctuations in a reservoir constrained from above. This approach required
only that the maximum deviation from full be selected as the impoundment size required to deliver the
desired annual yield.

The most widely used model for calculating reservoir firm yield in Texas today is the Reservoir Operating
and Quality Routing Program (RESOP-1). RESCP-ll is a permutation and extension of the Ripple residual
mass curve concept. RESOP-Il can be used to determine the firm annual yield from a single existing or
proposed impoundment or to determine an impoundment size required to produce a desired firm annual
yield.

RESOP-II is designed to simulate the hydrodynamics and conservative material transport of a single
proposed or existing reservoir. RESOP-Il uses historical flow data to simuiate the operation of a proposed
or existing impoundment with municipal, industrial, or agricuitural drafts; upstream spills; downstream

4-1 Michael Sullivan and Assoc., Inc.
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controlled and uncontrolled releases. The modei implicitly assumes that future hydrologic conditions will
flow in the same quantitative and temporal patterns of the historical data. Therefore, results may not be
extrapolated to conditions that are not representative of the historical events occurring in the basin. The
model requires the simulated flow data to be continuous i.e. no breaks in the historical flow records. The
model is sometimes classified as a critical period modei because it calculates the yield during the time
period between the maximum draw down period and a full impoundment. The model can provide for
operating constraints that may require continuous or period downstream releases, and the system may be
operated in a full-capture mode where all downstream releases are assumed the results of controiled or
uncontrolled fiood spills.

The essence of the RESOP-!l model is the mass balance equation:

Ei + Ei—‘l

S§=Si.1+Qi+Si— )

-0 -

where:
Si = End-of-month storage for month i in acre-feet,

Qj = Total tributary inflow for month i in acre-feet,

= Upstream spill inflows (if an upstream reservoir is present) for month i in acre-feet,

Ej = Net Monthly lake evaporation (gross monthiy lake evaporation - total effective precipitation) for
month i in acre-feet,

Dj = Total demand diversions (municipal, industrial, etc.) for month i in acre-feet, and

Tj = Downstream spills {controlled and uncontroiled) for month i in acre-feet.

RESOP-I! starts by assuming a low safe yield. The default vaiue is 10% of the inflow. It then routes the
historical flows through the mass balance equation to produce end of month reservoir levels for all months
in the period of record. The program then calculates the critical period. The critical period is the number of
months from the last spill to maximum draw down. The medel then calculates a safe amount to increment
the estimate of the safe yield. This amount is called the increment of yearly demand. It is caiculated by the '
smallest end-of-month storage, minus the minimum pool of the reservoir, divided by the number of
months in the critical period. This figure is added to the estimated safe yield. A new critical period is then
calculated and the procedure from there is repeated. After a number of cycles through the procedure, the
estimated safe yield is slowly increased. The cycle is stopped when the smallest end-of-month reservoir
level minus the minimum reservoir pool, divided by the usable content of the reservoir is less than or equal

4-3 Michael Sullivan and Assoc., Inc.
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to a tolerance value, generally 0.0001. The last iteration is defined to be the firm annual yield of the
reservoir.

The advantages of RESOP-Il are that (1) it is a simple procedure to program, (2) the continuous operation
of the model automatically accounts for serial correlation that maybe present within the data, and (3) the
time base is only limited by the years of available data. Disadvantages of the model include: (1) the model
must have continuous data, missing data must be interpolated; (2) the modei assumes that the flows will
repeat themselves in the same sequence and intensity; (3) the model assumes that your maximum
drought is contained in your period of record; (4) the model is only concemed with the safe yield of the
reservoir; it does not tell you the frequency or severity of spills, and (5) it does not optimize yield of muiti-
reservoir systems, in that spills from up basin reservoirs are treated as input information.

Conditional Probability Analysis (CPA), as it is applied to reservoir design and operation, is a mechanism
for determining a safe yield from a reservoir, or reservoir system, that is independent of long-string histori-
cal hydrologic sequences. Inthe 1950s, Australians began developing a method for determining the safe
or firm yield from their reservoirs using methods that do not rely on long-string historical hydrologic
sequences. That method is Conditional Probability Analysis. Australia's climate is dominated by frequent
long-term droughts. The severity and duration of those droughts varies widely. Most reserveirs in
Australia are managed on a fill-and-draw type operation. Impoundments are filled as a resutt of one of the
relatively infrequent intense storms which produce large quantities of runoff. The users of the stored
water draw on the system over the long rainless drought which usually foliows. Conditional Probability
Analysis has served well in the design and operation of this type of system and is particularly suited to the
Nueces River Basin, which is aiso subjected to relatively frequent droughts of varying severity and
duration, and periodic large rainfail events, which can result from normal weather patterns or hurricanes.

Conditional Probability Analysis like RESOP-Il uses historical data, but the data need not be continuous.
With Conditional Probability Analysis, the modeler must check for serial correlation in the data. Conditional
Probability Analysis has the advantages that: (1} the model does not assume that flows will repeat
themselves in the same sequence and intensity, (2) the model produces information on the frequency of
available water above the safe vield, (3) the model produces information on frequency and severity of
spilis, (4) and it is suitable for multiple reservoir systems.

4.2 Underiying Model Assumption

Conditional Probability Analysis does not completely alleviate the dependence on historical hydrologic
sequences. Indeed, it has been demonstrated that there exists intra-year serial correlation in most hydro-
logic records throughout the state. Rainfall fluctuations tend to follow the same monthly patterns, with
major variations in amounts, from year to year. Most records do not, however, demonstrate annual serial

Michae! Sullivan and Assoc, Inc. 4-4
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correlation. Each year's hydrology is relatively independent of every other year's hydrology. Thus, each
year of historical hydrology has the same statistical probability of occurrence as every other year. This hy-
drologic annual independence forms a basis for Conditional Probability Analysis.

4.3 Model Function
4.3.1 Model Segmentation

Conditional Probability Analysis starts with a reservoir, or reservoir system, and divides the impound-
ment(s) into verticat segments of equal volume (Figure 4-2). In the case of the CCR/LCC system, the ap-
proximate 990,000 ac-ft of available year 1990 storage is divided into 33 vertical slices (called Zones) with
each zone containing 30,000 ac-ft of available storage. Note that the zones are thicker near the bottom of
the reservoir. This is because there is less horizontal area and more depth is required to contain the same
volume of storage. In the case of LCC, water stored in Zone 1 cannot be physically removed from the sys-
tem without mechanical pumping. Therefore, Zone 1, for present condition analysis represents the totally
empty condition.

4.3.2 Behavioral Routing

Behavioral routing inciudes taking all inflows to an impoundment (usually river flows), all outflows from the
impoundment (usually operational releases and uncontrolled spills), plus direct rainfali and evaporation,
and performing a water balance io determine a change in storage. Monthly sequential application of these
procedures, using the end-of-month storage from one month as the start-of-month storage for the next
month, is cailed behavioral routing.

In the case of the CCR/LCC system, inflows to CCR come from the Frio River, Sabinal River, Seco Creek,
Hondo Creek, and San Miguel Creek. Outflows from CCR can resuit from operational releases prescribed
by an established operating procedure or uncontrolled spills, which occur when inflows exceed the avail-
able storage. Direct rainfall contributions and evaporative losses are a function of the surface area of the
impoundment at a particular ievel of storage.

Inflows to LCC come from the Nueces and Atascosa Rivers plus operational or uncontrolled releases from
the CCR. There is not, however, a one-to-one correlation between CCR releases/spills and LCC inflows,
as the stretch of the river between the two reservoirs is called a losing segment, meaning that there are
significant water losses to underground flow from the river channel bottom. Qutflows from LCC include
municipal and industrial diversions (for the City of Corpus Christi, the South Texas Water Authority, San
Patricio County, and others), permitted downstream irrigation right releases, uncontrolled spills, and
designated bay and estuary releases, if any. Again, the stretch of the Nueces River between LCC and the

4-5 Michael Sullivan and Assoc., Inc.
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Nueces Bay is a losing segment. Thus, all of the water released from LCC does not make it to Nueces
Bay.

4.3.3 Model Operation

As described in Section 4.1, CPA attempts to disaggregate historical flow sequences into independent
annual strings of monthly flows, each with the same probability of occurrence in any given year. Starting
with the first zone, Zone 1, each year of hydrodynamic data is individually behaviorally routed through the
system, obeying all operational rules and constraints with withdrawals of prescribed (desired) quantities for
municipal and industrial (M&I) uses and bay and estuary (B&E) requirements, if any (Figure 4-3). Because
the annual sequences of hydroiogy are linearly independent, the order that the years are routed through
the system is immaterial.

With each year of routing, two statistics are noted; first, the end-of-year storage zone (i.e., the zone in
which the reservoir water surface resides at the end of the year) and second, the number of times
{months} during the simulation year that the system was unable to deliver gither the full requested M&I
demand ¢r the required B&E releases. The system must therefore supply both the M&l demand and the
B&E requirements, or be deemed a "failure”. The model aigorithms assume that as much of the M&I and
B&E demands will be met as possible with available stored water. Because of daily operational
uncenrtainties, deficits are split equally between M&I and B&E reieases.

The system is then moved to beginning-of-year starting Zone 2 and again each year of hydrologic data is
routed through the system and the end-of-year sterage zone and failures are recorded. This procedure is
repeated for each starting zone until a system-full condition is reached.

The sequential application of this CPA procedure produces two matrices. One matrix is an array of end-of-
year storage zone frequencies as a function of start-of-year zone. The other matrix is an array of the num-
ber of failures as a function of starting zone (also shown in Figure 4-4). Each element of the Start
Zone/End Zone ([S/E]) Matrix, Ea b. is the number of times that the behavioral routing resuited in a par-
ticular end-of-year storage (b), as a function of start-of-year storage (a). Each element of the Failure
([Failure]) Matrix is the number of months during the entire period of record (POR) routed through the
system that there was insufficient storage to meet hoth the M&l Demands and B&E Requirements, Fa, as

a function of starting zone (a).

As constructed, the [S/E] and [Fallure] matrices merely describe the response of the system to a given
number of hydroiogic sequences, desired M&l withdrawals and B&E releases. They are of little use as a
management or design tool. Dividing each of the elements of the [S/E] Matrix by the number of years
routed through the system resuits in the probability that any given year will end in a particular storage zone
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as a function of each start-of-year storage zone. This new matrix is referred to as a Transition Matrix, [T]
But, this information is also only of anecdotal value. Dividing each element of the [Failure] Matrix by the
number of months routed through the system yields the probability of a "failure" in any given month of any
given year if that year is started in a particular storage zone. This information is of significant value as a
management tool.

However, if the [T] Matrix is multiplied by itself a number of times (usually five) using matrix algebra (called
powering-up}, a curious thing happens, the columns of the [T] Matrix become identical. Each column of
the new matrix, called the Steady-State Matrix ({S]), is the probability that any given year will be started in a
particular storage zone. If the probability of starting any year in a particular storage zone is known and the
probability of failure during any given month if a year is started in that zone is known, this information can
be combined to form a valuable management tool for the system.

The arithmetic product of each eilement of the [S] Matrix elements times each element of the [Failure]
Matrix results in the conditional probability of failure (CPF) for each zone, and the sum of the conditional
probabilities for each zone is the CPF for the reservoir system (Figure 4-5).

The "condition” is starting a year in a particular storage zone. The probability of that condition is derived by
the [S} matrix. With each condition there is an associated probability of failure. The product of those
probabilities is the CPF for that zone.

4.4 References

Gouid, B.W. "Statistical Methods for Estimating the Design Capacity of Dams.” J. Inst. Eng., Aust. 33 (12),
p. 405-416.
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79-141, 1981.
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Sullivan, Michaet P. "A Management Model for Lake Texana & the Lavaca-Navidad River Basin Based on
the Freshwater Inflow Needs of the Lavaca-Tres Palacios Estuary”, University of Texas at Austin, 1986.
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Flgure 4-5
Example of Conditlonal Probabillty Table
Probabliity of Staning Any Given Year In a Specliled Zone,
Conditlonal Probabllity of Fallure (1) Within Any Month For Any Year It Started In & Specified Zone,
and Total Probablliity of Fallure

Fb-v
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Conditional Probabillity
P-Stari(1} of Failura Within Any

Probability of Starting Month For Any Year P-Fail{1) Cumulative

Stan Any Year in Spacified If Started in Specified Product of Praduct of
Zone Zone Zone Probabitities Probabilities

[&))] {2) (1) X (2) T X (2

1 P-Start(1) Fail(1) P-Fall(1) P-Flal(1)
2 P-Star(2) Fail(2) P-Fail(2) P-Fall{1-2)
3 P-Stari(3) Fail(3) F-Fail(3) P-Fail{1-3)
4 P-Stari(4} Fal(4) P-Fail{4) P-Fall{1-4}
5 P-Stan(5} Fall(5) P-Fail(5) P-Fall{1-5)
€ P-Slani{6) Fall(8} P-Fail(6) P-Fali(1-6)
7 P-Start(7) Fall(7} P-Fail{7) P-Fail(1-7)
8 P-Stari(8) Fail(8) P-Fail(8) P-Fail{1-8)
] P-Start(8) Fall{8} P-Fall{9) P-Fail(1-8)
10 P-San(10) Faii(10) P-Fail{10) P-Fali(1-10)
11 P-Start(11) Fail{11) P-Faii(11) P-Fail{i-11}
12 P-Start(12) Fal(12) P-Fail(12} P-Fail{1-12)
13 P-Start(13) Fail(13) P-Fail{13) P-Fall{1-13)
14 P-Start(14) Faii(14) P-Faii{14) P-Fall(t-14)
15 P-Star{15) Fail{1 5) P-Faii(15) P-Fail{1-15)
16 P-Start(16) Fall{16) P-Fail(16) P-Fail{1-16)
17 P-Start(17) Fail(17) P-Fail{17) P-Fail{1-17)
18 P-Start{18) Fail(18) P-Fail(18) P-Fail(1-18)
19 P-Stan(18) Fali{19) P-Fail(19) P-Fail{1-19)
20 P-Start(20) Fali{20) P-Fail(20) P-Fail(1-20)
21 P-Start(21) Fall{21) £-Fall21) P-Fail(1-21)
22 P-Start(22) Fall{22) P-Fail(22) P-Fali{1-22)
23 P-Start(23) Fail{23) P-Fail(23) P-Fail(1-23)
24 P-Silan(24) Fall{24) P-Fail(24) P-Fail(1-24)
25 P-Start(25) Fail{25) P-Fail(25) P-Fali(1-25)
26 P-Slari(26) Fall{26) P-Fail{26) P-Fall(1-26)
27 P-Start(27) Fah({27) P-Fall{27) P-Fail{1-27)
28 P-Stan(28) Fali{28) P-Fail{28) P-Fail{1-28)
29 P-Start(29) Fall(29) P-Fali(28) P-Fali{1-28)
30 P-Start(30) Fail(30) P-Fail{30) P-Fali{1-30)
31 P-Stari{31) Fali(31) P-Fail(31) P-Fail{1-31)
32 P-Slart(32) Fail(32) P-Fall(32) P-Fali{1-32)
a3 P-Start(23) Fall{33) P-Fall{33) P-Fall{1-33)

1 Fallure = inability to deliver both the full M&t demand and full BAE requirement
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Regional Water Supply Planning Study of the Nuaces Basin
Phase Il - Conditional Probability Modeling
CONDITIONAL PROBABILITY MODEL APPLICATION

5.0 CONDITIONAL PROBABILITY MODEL APPLICATION
5.1 CPM Application Scenarios

With the aid of the TAC, an initial 84 possible combinations of sediment accumulation, M&! raw water de-
mands, B&E inflow requirements, and system operation options were distilled down to six simulation sce-
narios which were designed to evaluate the efficacy of the proposed IORs of the LCC/CCR and Nueces
Estuary systems. In addition, three baseline scenarios were selected to demonstrate the full-capture op-
eration of the system through time without the imposition of the IORs or recognition of B&E inflow
requirements.

A total of nine simulations were performed to assess the efficacy of the proposed IORs for the period
1990 through 2040 (Table 5-1). The effectiveness of the TAC's proposed IORs were compared against
the "no action alternative”, i.e., full-capture operation without bay and estuary releases, and against oper-
ation with and without the I0Rs.

5.2 Application Results
5.2.1 Baseline (Full-Capture) Operation Simulation - Runs RQ1, RO2, and RO3

Baseline operating conditions assume full-capture operation and maximum utilization of all LCC/CCR in-
flows for M&l purposes. This operation does not designate any releases from storage or pass through of
inflows for B&E maintenance purposes. The maximum year 2040 firm annual yield of the LCC/CCR sys-
tem without B&E releases is approximately 197,000 ac-ft (Regional Water Supply Planning Study of the
Nueces Basin - Phase I, HDR, 1991). Therefore, if operating properly, all baseline Conditionai Probability
Model simulations up to and including 197,000 ac-ft/yr of M&l demand should result in a cumulative condi-
tional probability of failure of less than or equal to 0.15%, i.e., less than cne failure in 672 months (56
years) of simuiation. This is demenstrated in Tables 5-2, 5-3 and 5-4, which show the numbers and prob-
abilities of failures, releases and spills for years 1990, 2010, and 2040 baseline operation,

Tables 5-2, 5-3 and 5-4 show the numbers and probabilities of failures, releases and spills, by start-of-year
zones for years 1990, 2010 and 2040 baseline operation. The conditional probabilities of failure for those
years are shown in Tables 5-5, 5-6 and 5-7. While all three baseline runs show that there would be nu-
merous failures if a year is started in zones 1-7, the probabiiities of starting any year at or below zone seven
are extremely low. Thus, the product of the probabilities is very low.

The total conditional probability of failure for baseline Run R01 is 0.00%, for Run R02 it is 0.01% and for
Run RO3 it is 0.20%. The Run R(3 conditional probability of failure of 0.20% represents a failure on 1.3
months in the 672 month {56 year) period of record. Given the extreme difference in the Conditional

5-1 Michaet Sullivan and Assoc., Inc.
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Run Log of Nueces Basin Con-lc-:::rnZI‘Probablllty Model Simulations
Nueces Nueces Nueces

Interim M&I Bay/Estuary Bay Return Bay Sediment

Run Rules b/ Demand ¢/ Inflows d/ Flows e/ Releases 1/ Accum. g/
Number (Y/N) (ac-ft/yr) (ac-ft/yr) {ac-ft/yr) {ac-ftiyr) {yr)
RO1 N 130,000 Spitl/Return Spill/Return Spill/Return 1990
R02 N 160,000 Spill/Return Spill/Return SpilyReturn 2010
RO3 N 197,000 Spill/Return Spill/Return Spil/Return 2040
R1 N 130,000 151,000 61,100 89,900 1990
R2 Y 130,000 97,000 5,800 91,200 1990
R3 N 160,000 151,000 75,200 75,800 2010
R4 Y 160,000 97,000 20,000 77,000 2010
R5 N 197,000 151,000 92,600 58,400 2040
R6 Y 197,000 97,000 35,000 62,000 2040

a/ R01-03 are baseline simulations assuming a full-capture operation of the LCC/CCR system; no designated B&E releases.
R1-6 are simulations with and without implementation of latest IORs.
b/ N = Interim Operation Rules not in effect; Y = Interim Operalion Rules in effect.
¢/ Total municipal and industrial water demand placed on LCC/CCR system based on low growih population scenarios and constrained to a
maximum of 197,000 ac-fi/yr based on revised FAY estimates.
d/ Total inflows to Nueces Bay or Nueces Estuary consisting of return flows, spills and releases. Spill’Return indicates no designated
B&E relesases. Inflow requirements are to Nueces Estuary (@ 151,000 ac-ft/yr) without (ORs and to Nueces Bay (@ 97,000 ac-fi/yr) with lOR
8/ Nuseces Bay return flows (R2, R4, and R6 initially assumed at current tevel of 6% of total return flows to the Nueces
Estuary. Year 2010 Nueces Bay return flows assumed to include all appropriate return flow sources in the vicinily of the Corpus Christi Ship
Channel. Year 2040 Nueces Bay return flows assumed 1o include all future (new plant) City of Corpus Chiisli return flows pumped to Nueces
Bay. Nuseces Estuary return flows (R1, R3 and R5) assumed at 151,000 ac-fi/yr.
f/ Releases from Lake Corpus Christi measured at the U.5.G.S. gage at Catalien.
g/ Sediment accumulation scenario; 1900 sediment accumulation, 2010 sediment accumulation or 2040 sediment accumulation
as computed by HDR and published in Phass | Report.
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Regional Water SupplylP|anrlng Study of the Nueces Basin

Conditional P

robability Modeli

Ph
CONDITIONAL PROBABIUTY MODEL APPL!CA'I'IOn!%

Probability of Failure, Release and Spill by Annuai Starting Zone
(M&} Demand = 130,000 ac-tt/yr; Nueces Bay Inflows = NONE;

Table 5-2

1990 Sediment Accumuiation; Baseline Conditions)

Run RO
Start Percent Number Number Number Prob. Prob. Prob.
Zone a/ Capacity Failures b/ Relesses o/ Spilis ¢/ Failure d/ Release d/ Spill cf
1 0 179 0 93 0.266 Q - @138
2 3 69 0 94 0.103 0 0.140
3 6 18 0 103 0.027 Q 0.153
4 9 3 0 113 0.004 o) 0.168
5 13 Q Q 127 0 o] 0.189
6 16 0 0 143 0 0 0.213
7 19 0 0 189 Q V] 0.237
8 2 0 0 168 0 0 0.250
9 25 Q 0 183 0 Q 0.287
10 28 0 0 194 0 o] 0.289
11 31 0 Q 194 0 0 0.289
12 34 0 o] 194 0 0 0.289
13 38 0 0 194 o} 0 0.289
14 41 o 0 194 Q 0 0,289
15 44 0 Q 194 0 c 0.289
16 47 0 0 194 0 0 0.289
17 50 0 ] 194 0 0 0.28%
18 53 0 0 194 0 0 0.289
19 56 0 0 194 Q o] 0.289
20 59 0 0 194 0 0 0.289
21 63 0 0 194 Q ¢} 0.288
22 68 0 0 195 0 [} 0.290
23 69 Q 0 195 o 0 0.290
24 72 0 o 196 0 0 0.292
25 75 0 0 196 0 o 0.292
26 78 0 ) 196 0 o] 0.292
7 a1 0 0 196 )] 0 0.202
28 84 Q 0 197 0 0 0,293
29 88 0 0 198 0 Q 0.295
30 91 o 0 199 o} 0 0.296
N 84 0 0 201 0 o] 0.299
R S7 0 0 206 0o Q c.307
33 100 o 0 206 0 0 0.307

a/ Start of Year Storage Zone.

b/ Failure is defined as the inability 1o meet both the desired M&I| demand
and B&E inflow requirements. Number of failures is recorded over 672
manth period of record.

¢/ Recordad over £72 month period of record.

d/ Number of occurrences divided by 672 month period of record.

Michael Sullivan and Assoc., Inc.
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Table 5-3
Probabiilty of Failure, Release and Spill by Annual Starting Zone
(M&! Demand = 160,000 ac-tt/yr; Nusces Bay Inflows = NONE;
2010 Sediment Accumulation; Baseline Conditions)

Run RO2
Start Percent Number Mumber Number Prob. Prob. Prob.
Zone a/ Capacity Failures b/ Releases c/ Spills ¢/ Failure d/ Release d/ Spill cf
1 0 204 Q 87 0.304 0 0.129
3 100 0 90 0.149 (o} 0.134
3 6 36 0 100 0.054 0 0.149
4 10 14 0 112 0.021 4] 0.167
5 13 3 0 125 0.004 0 0.186
6 16 1 0 139 0.001% 0 0.207
7 19 0 0 153 0 o} 0.228
8 23 0 0 169 0 0 0.251
9 26 [s] Q 174 Q 0 0.259
10 29 0 0 176 0 Q 0.262
11 32 0 0 176 1] 0 0.262
12 36 0 b} 176 0 0 0.262
13 38 0 0 176 0 0 0.262
14 42 1) s} 176 0 o] 0.262
156 45 0 s} 176 Q 0 0.262
i6 48 0 0 176 0 Q 0.262
17 52 0 0 178 0 0 0.262
18 55 0o 0 176 0 0 0.262
19 58 0 o 176 0 0 0.262
20 61 0 0 176 0 0 0.262
21 65 0 Q 176 0 0 0.262
22 68 ] 0 176 0 0 0.262
23 71 0 0 177 0 0 0.263
24 74 0 0 179 0 1] 0.266
25 78 o] ¢ 179 [+] 0 0.266
26 81 0 0 179 0 0 0.266
27 84 0 o 180 0 0 0.268
28 87 0 0 181 0 0 0.269
29 90 o] c 181 4] 0 0.269
30 94 0 0 183 0 0 0.272
31 a7 0 0 183 0 0 0.272
32 100 0 0 188 0 0 0.280

a/ Start of Year Storage Zone.

b/ Failure is defined as the inability to meet both the dasired M&l demand
and BAE inflow requirements. Number of failures is recorded over 672
month period of record.

¢/ Recorded aver 672 month period of record.

d/ Number of occurrances divided by 672 month period of recard.

Michaei Sullivan ard Assoc., Inc. 5-4
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- Conduonal Probability Modeli
CONDI'HONAL PF!OBABILITY MODEL APPLICATIO

Table5-4
Probability of Failure, Release and Spill by Annual Starting Zone
(M&| Demand = 197,000 ac-ft/yr; Nueces Bay inflows = NONE;
2040 Sediment Accumuiation; Sasaline Conditions)

Run RO3
Start Percent Number Number Number Prob, Prob. Prob,
Zone a/ Capacity Failures b/ Releases c/ Spills c/ Fallure d/ Release d/ Spill of
1 0 230 0 a9 0.342 0 0.132
2 3 133 0 93 0.198 0 0.138
3 7 7 0 100 0.106 0 0.149
4 10 32 0 117 0.048 0 0.174
5 13 14 0 125 0.021 0 0.188
8 17 5 0 138 0.007 0 0.208
7 20 3 Q 1489 0.004 Q 0.222
8 23 1 0 150 0.001 0 0.223
9 27 0 0 150 0 0 0.223
10 30 V] 0 150 0 0 0.223
11 33 L+ 0 150 0 ) 0.223
12 37 ¢ 0 150 0 o 0.223
13 40 0 0 150 0 c 0.223
14 43 Q 0 150 0 o] 0.223
1§ 47 1) 0 150 0 o] 0.223
16 S0 0 c 150 0 o 0.223
17 53 9 Q 151 0 0 0.225
18 57 0 Q 151 ¢ 0 0.225
19 60 0 Q 151 o] 0 0.225
20 63 0 0 152 o o] 0.226
21 67 a 0 153 o o] 0.228
2 70 0 0 154 0 0 0.229
23 73 0 0 154 0 0 0.229
24 7 0 0 154 0 0 0.229
25 80 0 0 154 0 0 0.229
28 33 o 0 154 o 0 0.229
27 87 ¢ 0 154 0 0 0.229
28 S0 0 0 157 0 0 0.234
29 93 0 0 161 0 ¢ 0.240
30 97 0 0 164 0 0 0.244
31 100 0 o 164 0 o 0.244

&/ Start of Year Storage Zone.

tv¥ Failure is defined as the inability to meet both the desired M&l demand
and B&E inflow requiraments. Number of failures is recorded over 672
month period of racord.
</ Recordad over 6§72 month pariod of record.
d/ Number of occurrencas divided by 672 month period of record.

Michael Sullivan and Assoc., Inc.
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Tabla 5-5

Probability of Starting Any Given Year in a Specitied Zone,
Conditional Probability of Failure (1) Within Any Month For Any Year if Started in a Spacified Zona,

and Total Probability of Failure

Run RO1

Probability of Starting

Conditiona! Probability
of Failure Within Any

Probability of Starting JAny Year in a Zone Less| Manth For Any Year Cumutative

Any Year in Specified Than or Equal to It Started in Specified Product of Product of

Start Zone Specified Zone Zone Probabilities Probabilities

() (2) {3) (1} X3) Z[(1) X(3)]
1 0.000003 0.000003 0266369 0.000001 0.000001
2 0.000014 0.000017 0.102679 0.000001 0.000002
3 0.000023 0.000040 0.026786 0.000001 0.000003
4 0.000109 0.000149 0.004464 0.000000 0.000003
5 0.000161 0.000310 0 0 0.000003
6 0.000434 0.000744 0 0 0.000003
7 0.000880 0.001624 0 0 0.000003
8 0.001549 0.003173 0 0 0.000003
9 0.002520 0.005693 0 0 0.000003
10 0.003007 0.008700 0 ¢ 0.000003
1" 0.005316 0.014016 0 0 0.000003
12 0.006520 0.020536 0 0 0.000003
13 0.008266 0.028802 0 0 0.000003
14 0.009133 0.037935 0 0 0.000003
15 0.013400 0.051335 0 0 0.000003
16 0.014416 0.06575t 0 0 0.000003
17 0.017340 0.083091 0 0 0.000003
18 0.022373 0.105464 0 0 0.000003
19 0.026288 0.131752 0 0 0.000003
20 0.029493 0.161245 0 0 0.000003
21 0.031558 0.192803 0 0 0.000003
2 0.036816 0.229619 0 0 0.000003
23 0.041692 0271311 0 0 0.000003
24 0.047114 0.318425 0 0 0.000003
3 0.052459 0.370884 0 0 0.000003
26 0.065189 0.436073 0 0 0.000003
27 0.069428 0.505501 0 0 0.000003
28 0.073028 0.578529 0 ] 0.000003
29 0.057938 0.636467 0 0 0.000003
k] 0.055280 0691747 0 0 0.000003
A 0.129840 0.821687 0 0 0.000003
R 0.120247 0.941934 0 0 0.000003
33 0.058068 1.000002 0 0 0.000003

1 Failure = Inability to deliver both the full M&I demand and full B&E requirement
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Table 5-6

Probability of Starling Any Given Year in a Specified Zons,
Conditional Probability of Failure (1) Within Any Monlh For Any Year if Started in a Specified Zone,

and Tolal Probability of Failure

Run R0O2
Conditional Probability
Probability of Stasting of Failure Within Any
Probability of Starting  Any Year in a Zone Less| Month For Any Year Cumulative
Any Yaar in Specilied Than or Equal to If Started in Specified Product ot Pioduct of
Stait Zone Specified Zone Zone Piobabilities Probabilities
Zone (1) () {3) {1} X{3) X[} X(3)
1 0.000104 0.000104 0.303571 0.000032 0.000032
2 0.000200 0.000304 0.148810 0.000030 0.000061
3 0.000484 0.000788 0.053571 0.000026 0.000087
4 0.000813 0.001601 0.020833 0.000000 0.000087
5 0.001481 0.003092 0.004484 0.000000 0.000087
] 0.002729 0.005821 0.001488 0.000000 0.000087
7 0.004930 0.010751 0 0 0.000087
8 0.006125 0.016876 0 0 0.000087
9 0.000687 0.017563 0 0 0.000087
10 0.006765 0.024328 0 0 0.000087
1" 0.009709 0.034037 0 0 0.000087
12 0.013721 0.047758 0 0 0.000087
13 0.014352 0.062110 0 0 0.000087
14 0.015445 0.077555 0 0 0.000087
18 0.018680 0.096235 0 0 0.000087
16 0.020258 0.116493 0 0 0.000087
17 0.024921 0.141414 0 0 0.000087
18 0.029196 0.170610 0 0 0.000087
19 0.033902 0.204512 0 G 0.000087
20 0.036277 0.240789 0 0 0.000087
21 0.037219 0.278008 0 0 0.000087
22 0.040124 0318132 0 0 0.000087
23 0.042023 0.361055 0 0 0.000087
24 0.045838 0406893 0 0 0.000087
25 0.0573s52 0.464245 0 0 0.000087
26 0.058408 0.5622653 0 0 0.000087
27 0.072305 0.594958 0 0 £.000087
28 0.040342 0.635300 0 0 0.000087
29 0.061593 0.696893 0 0 0.000087
30 0.070275 0.767168 0 0 0.000087
H 0.083368 0.850536 0 0 0.000087
R’ 0.149466
" B :gﬁ;f:?

Failure = Inability 1o deliver both the full M&| demand and full B&E requirement
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Table 5-7

Probability of Starting Any Given Year in a Specified Zone,
Conditional Prabability of Failure (1) Within Any Month For Any Year it Staried in a Specifiad Zone,

and Total Probability of Failure

Run R03

Conditional Probability

Probability of Starting of Failure Within Any

Probability of Starting JAny Year in a Zone Lessj Month For Any Year Cumulative

Any Year in Specified Than or Equal to It Started in Specified Product of Product of

Stant Zone Specified Zone Zone Probabilities Probabilities
Zone (1) 2) (3) (1) X {3) L) X3
1 0.001573 0.001573 0.342262 6.000538 0.000538
2 0.002301 0.003874 0.197917 0.000455 0.000994
3 0.004436 0.008210 0.105655 0.000469 0.001462
4 0.005313 0.013623 0.047619 0.000253 0.001715
5 0.00937M 0.022994 0.020833 0.000195 0.001911
(] 0.009673 0.032667 0.007440 0.000072 0.001983
7 0.009212 0.041879 0.004464 0.000041 0.002024
8 0.015980 0.057859 0.001488 0.000024 0.002048
9 0.018234 0.076093 0 0 0.002048
10 0.018612 0.094705 0 0 0.002048
" 0.020703 0.115408 0 0 0.002048
12 0.023165 0.138573 0 0 0.002048
13 0.024812 0.163385 0 0 0.002048
14 0.028654 0.192039 0 0 0.002048
15 0.029419 0.221458 0 0 0.002048
16 0.033523 0.254981 0 0 0.002048
17 0.038261 0.293242 0 0 0.002048
18 0.037594 0.330836 0 0 0.002048
19 0.039024 0.269860 0 0 0.002048
20 0.043187 0.413047 0 0 0.002048
21 0.043680 0.456727 0 0 0.002048
22 0.049710 0.506437 0 0 0.002048
23 0.051228 0.557665 0 0 0.002048
24 0.05382% 0.611494 0 0 0.002048
25 0.052406 0.663900 g 0 0.002048
26 0.054022 0717922 0 0 0.002048
27 G.029751 0.747673 0 0 0.002048
28 0.065206 0.812879 0 1] 0.002048
29 0.076986 0.889865 0 0 0.002048
30 0.073666 0.963531 0 0 0.002048
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Regional Water Supply Plannmg Study of the Nueces Basin
Phase Conditional Probability Modeling
CONDITIONAL PROBABIUTY MODEL APPLICATICN

Probability Model and the traditional RESOP-type analysis approach estimation of the firm annual yield, '
the two models are in very close agreement. The RESOP-type analysis predicts 0.015% probability of
failure while the CPM predicts 0.20% probability of failure for year 2040 conditions.

The number of designated releases during full-capture operation is zero for all three baseline cases. Spills
are uncontrolled releases which vary with the start-of-year zone and sediment accumulation. Fer Run
RO1, there is a relatively low M&I demand on the system. Therefore, the probability of a spill in any year is
only 13%, if the year starts with a nearly empty reservoir system, and increases to over 30% if the system is
full. By year 2010, the demand on the system has increased by 30,000 ac-ft/yr. However, sediment ac-
cumulation has also reduced the total system capacity. The 2010 probabilities of a spill range from 13% to
28%. The 2040 probabilities ot a spill show the combination of increased demand and decreased
capacity. The minimum probability of a spill remains at 13% for a year starting with a nearly empty system.,
The maximum probability of a spill has dropped to 24% for a full start-of-year condition. The 2040 probabil-
ity of a spill would be considerably lower if the rapid rate of LCC sedimentation could be arrested. Figure 5-
1 demonstrates the probability of an uncontroiled spill from LCC thraugh time as a result of sediment ac-
cumulation and increased M&| withdrawals.

5.2.2 Simulatlons With and Without Proposed Interim Operation Rules (IORs)
5.2.2.1 Probabilities of Failures, Releases and Spills

The numbers and probabilities of failure, releases, and spiils for the years 1990, 2010, and 2040, assum-
ing B&E releases with and without the IORs, are shown in Tables 5-8 through 5-13. Simuliation Runs R1,
R3 and R5 represent simulations without the 10Rs, while Runs R2, R4 and R6 assume the proposed
IORs.

Without the proposed IORs, the CPM, operating under 1990 conditions, predicts more failures for the
lower annual start-of-year storage zones than observed with the IORs. As an example, assume any given
year started in Zone 4 (10% of total LCC/CCR system storage). Under 1990 conditions (Run R1), during
the 672 months of simulation, there would be 60 months where the system would not be able to meet its
full M&| demand, plus the Nueces Estuary B&E inflow obligation, or approximately a 8.9% probability of
failure. Without the IORs, there are no provisions for B&E release reductions, except when the sum of re-
turn flows plus spills equals or exceeds t‘he B&E requirement. Therefore, there are between 444 and 509
months {66-76% probability) of designated B&E releases from LCC. There are 81 predicted spills for start-
of-year Zone 4 (12.1% probability). This is lower than observed under simitar baseline operation (full-cap-
ture operation, Run RO1), and results from the M&I demands and B&E release requirements. During
flood events there is more storage available for capture and retention of flood waters than under full-cap-
ture operation, and fewer flows are passed through.

5-9 Michael Sullivan and Asscc., Inc.
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Regional Water Supply Planrlng Study of the Nueces Basin
Phase Il - Conditional Probability Modeling
CONDITIONAL PROBABILITY MODEL APPLICATION

Table 5-8
Probability of Failure, Releass and Spill by Annual Starting Zone
(M&1 Demand = 130,000 ac-ft'yr; Nueces Estuary Inflows = 151,000 ac-ftiyr;
1990 Sediment Accumulation; Without Interim Operation Rules)

Run R1
Start Percent Number Number Number Prob. Prob. Prob.
Zone a/ Capacity Failures b/ Releases c/ Spills ¢/ Failure d/ Release o/ Spill ¢/
1 0 242 509 74 0.360 0.757 0.110
2 3 134 507 76 0.199 0.754 0.113
3 6 82 505 78 0.122 0.751 0.116
4 9 60 501 81 0.089 0.746 0.121
5 13 34 497 90 0.051 0.740 0.134
& 16 13 490 100 0.019 0.729 0.149
7 19 8 480 117 0.012 0.714 0.174
8 22 3 465 127 0.004 0.692 0.189
9 25 0 457 142 0.000 0.680 0.211
10 28 0 457 146 0.000 0.680 0.217
11 ey | 0 457 146 o} 0.680 0.217
12 34 0 457 146 0 0.680 0.217
13 38 0 457 146 0 0.680 0.217
14 41 [} 457 146 0 0.680 0.217
15 44 0 457 148 0 0.680 0.217
16 47 o 457 146 0 0.680 0.217
17 50 0 457 146 0 0.680 0.217
18 53 0 457 146 0 0.680 0.217
19 56 0 457 146 0 0.680 0.217
20 59 0 457 146 0 0.680 0.217
21 83 1] 457 146 0 0.680 0.217
22 66 v 457 148 0 0.680 0.217
23 69 o 456 146 0 0.679 0.217
24 72 0 456 146 [b] 0.679 0.217
25 75 0 456 146 - 0 0.679 0.217
26 78 0 456 146 0 0.679 0.217
27 81 c 456 146 ¢] 0.679 0.217
28 84 o} 454 147 0 0.678 0.219
29 88 Q 454 148 0 0.676 0.220
30 91 o 454 149 0 0.676 0.222
3 S4 o] 451 150 0 0.671 0.223
32 97 0 444 158 0 0.661 0.235
33 100 0 444 158 0 0.661 0.235

a/ Start of Year Storage Zone.

b/ Failure is defined as the inability to meet both tha desired M&I demand
and B&E inflow requirements. Number of failures is recorded over 672
month pericd of recard.

¢/ Recorded aver 672 month period of racord.

&/ Number of occurrences divided by 672 month period of record.

5-11 Michael Sullivan and Assoc., Inc.



i Water Su Planning S of tha Nueces Basin
gsgma‘hasell - Condiﬁgnpg Probability l’“‘dyModalin
CONDITIONAL PROBABILITY MODEL APPLICATION

Table 5-9
Probability of Failure, Relsase and Spill by Annual Starting Zone
(M&! Demand = 130,000 ac-ft/yr; Nueces Bay Inflows = 97,200 ac-fVyr;
1990 Sediment Accumuiation; With interim Operation Rules)

Run R2
Start Percent Number Number Number Prob. Prob. Prob.
Zone a/ Capacity Failures b/ Releases c/ Spills ¢/ Failure d/ Release d/ Spill o/

1 [} 161 80 89 0.240 0.119 0.132
2 3 40 89 92 0.060 0.132 0.137
3 6 5 90 108 0.007 0.134 0.156
4 9 0 96 112 0 0.143 0.167
5 13 0 105 129 0 0.156 0.192
[ 16 o] 103 144 0 0.153 0.214
7 19 o] 104 156 0 0.155 0.232
8 22 o} 107 171 o] 0.158 0.254
9 25 0 108 196 0 0.162 0.292
10 28 0 151 194 0 0.225 0.289
1 k)| 0 316 185 0 0.470 0.275
12 34 ¢} 397 182 0 0.591 0.271
13 a8 o} 453 175 1] 0.674 0.260
14 41 o} 483 168 0 0.719 0.250
15 44 0 503 164 o] 0.749 0.244
16 47 0 517 162 Q 0.769 0.241
17 50 a 525 161 0 0.781 0.240
18 53 [} 527 161 0 0.784 0.240
19 58 0 530 161 1] 0.789 0.240
20 59 0 530 160 0 0.789 0.238
21 63 o] 530 160 o] 0.789 0.238
22 66 0 529 160 0 0.787 0.238
23 69 0 529 161 0 0.787 0.240
24 72 0 529 161 o} 0.787 0.240
25 75 0 529 161 o} 0.787 0.240
26 78 0 529 161 0 0.787 0.240
27 81 0 528 161 0 0.786 0.240
28 84 0 528 161 0 0.786 0.240
29 88 (1] 526 164 0 0.783 0.244
30 91 0 525 165 0 0.781 0.246
31 94 0 521 167 0 0.775 0.249
32 97 0 516 172 0 0.768 0.256
33 100 0 516 172 0 0.768 0.256

a/ Start of Year Storage Zone.

b/ Failure is defined as the inability to meet both the desired M&I| demand
and B&E inflow requirements. Number of failures is recorded over 672
month period of record.

¢/ Recorded over 672 month period of record.

d/ Number of occurrences divided by 672 month period of record.

Michael Suilivan and Assoc., Inc. 5-12




Regional Water Supply Planning Study of the Nuaces Basin
Phasa |l - Co:gdﬁonat Probability Modeling
CONDITIONAL PROBABILITY MODEL APPLICATION

Table 5-10
Probability ot Failure, Reiease and Spill by Annual Starting Zone
(M&I Demand = 160,000 ac-it/yr; Nueces Estuary Inflows = 151,000 ac-ft'yr;
2010 Sediment Accumulation; Without interim Operation Rules)

Run R3
Start Percent Number Number Number Prob. Prob. Prob.
Zone o/ Capacity Failures b/ Reieases c/ Spills c/ Failure d/ Release d/ Spill ¢/

1 o 253 451 76 0.378 0.686 0.113
2 3 147 460 77 0.219 0.685 0.115
3 6 102 458 80 0.152 0.682 0.119
4 10 68 454 84 0.101 0.675 0.125
5 13 46 451 92 0.068 0.671 0.137
6 16 26 441 110 0.039 0.656 0.164
7 19 12 432 121 0.018 0.643 0.180
8 23 8 497 134 0.008 0.621 0.199
9 26 5 415 137 0.007 0.618 0.204
10 29 3 41§ 138 0.004 0.618 0.205
11 32 1 415 138 0.001 0.618 0.205
12 36 0 415 138 0 0.618 0.205
13 39 0 415 138 0 0.618 0.205
14 42 Q 415 138 0 0.618 0,208
15 45 0 415 138 ¢} 0.618 0.205
16 48 0 415 138 0 0.618 0.205
17 52 0 415 138 o 0.618 0.205
18 55 0 415 138 0 0.618 0,205
19 58 0 415 138 ] 0.618 0.205
20 61 0 415 138 Q 0.618 0.205
21 65 0 415 138 v} 0518 0.205
22 68 0 415 138 0 0.618 0.205
23 71 0 414 138 0 0.616 0.205
24 74 o 414 138 0 0.616 0.205
25 78 c 414 138 ] 0.616 0.205
26 81 0 414 138 ] 0.616 0.205
27 84 ¢ 413 139 0 0.615 0.207
28 ar 0 412 140 0 0.613 0.208
29 g0 0 412 140 0 0.613 0.208
30 94 0 412 142 0 0613 0.211
31 97 o} 410 143 0 0.610 0.213
32 100 0 401 151 0 0.597 0.225

a/ Start of Year Storage Zone.

by Failure is defined as the inability to meet both the desired M&I demand
and B&E inflow requirements. Number of failures is recorded over 672
month period of recard.

¢/ Recorded over 672 month period of record.

d/ Number of occurrences divided by 672 month period of racard.
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Table 5-11

Probabllity of Failure, Release and Spill by Annual Starting Zone

(M&] Demand = 160,000 ac-ft/yr; Nueces Bay Inflows = 97,200 ac-ft/yr;

2010 Sediment Accumulation; With Interim Operation Rules)

Run R4
Start Percent Number Number Number Prob., Prob. Prob.
Zone a/ Capacity Failures b/ Releases c/ Spills cf Failure d/ Release &/ Spill of
1 Q 183 " 94 0.272 0.016 0.140
2 3 74 11 98 o.110 0.016 0.148
3 6 20 " 108 0.030 0.016 0.181
4 10 3 11 123 0.004 0.016 0.183
5 13 0 1 134 0 0.016 0.199
8 16 0 1 152 0 0.016 0.226
7 19 0 11 162 1] 0.016 0.241
8 23 0 11 185 0 0.016 0.275
9 26 0 1" 185 0 0.016 0.275
10 29 o 11 188 0 0.016 0.280
11 32 0 16 187 0 0.024 0.278
12 36 0 19 187 o] 0.028 0.278
13 39 o] 24 186 0 0.036 0.277
14 42 0 29 185 0 0.043 0.275
15 45 0 39 184 0 0.058 0.274
16 48 0 125 176 0 0.186 0.262
17 52 0 207 172 0 0.308 0.256
18 55 0 222 171 0 0.330 0.254
19 58 0 237 169 0 0.353 0.251
20 61 0 251 168 0 0.374 0.251
21 65 0 264 165 0 0.393 0.246
2 68 0 360 157 0 0.536 0.234
23 ra 0 373 157 o] 0.555 0.234
24 74 0 379 154 0 0.564 0.229
25 78 0 386 152 0 0.574 0.228
26 81 0 396 152 4] 0.589 0.226
27 84 0 400 153 0 0.595 0.228
28 87 Q 410 154 [} 0.610 0.229
29 90 0 413 154 0 0.615 0.229
30 94 0 414 156 0 0.616 0.232
e | 97 0 416 159 0 0.619 0.237
32 100 0 414 164 0 0.616 0.244

a/ Start of Year Storage Zone.

b/ Failure is dafined as the inability to meet both the desired M&| demand
and B&E inflow requirements. Number of failures is recorded over 672
month period of record,

</ Recorded aver 672 month period of recerd.

d/ Number of occurrences divided by 672 month pariod of record.

Michael Sullivan and Assoc, Inc.




Regional Water Supply Plannmg of the Nueces Basin
Phass il - Probabiiity Modeling
CONDITIONAL PROBABIUTY MODEL APPLICATION

Table 5-12
Probability of Failure, Releass and Spill by Annual Starting Zone
(M&| Demand = 197,000 ac-it/yr; Nusces Estuary inflows = 151,000 ac-ft/yr;
2040 Sediment Accumulation; Without interim Operation Rules)

Run RS
Start Percent Numbes Number Number Prob. Prab. Prob,
Zone &/ Capacity Failures b/ Releases ¢/ Spills ¢/ Failure d/ Releass d/ Spill o/
1 s} 267 298 72 0.397 0.443 0.107
2 3 174 298 74 0.259 0.443 0.110
3 7 120 297 78 0.179 0.442 0.116
4 10 88 294 85 0.131 0.438 0.126
5 13 62 288 98 0.092 0.429 0.146
] 17 40 281 112 0.060 0.418 0.167
7 20 25 273 122 0.037 0.406 0.182
3 23 13 273 124 0.019 0.406 0.185
9 27 8 273 124 0.012 0.406 0.185
10 30 6 273 124 0.009 0.406 0.185
11 3 3 273 124 0.004 0.406 0.185
12 kYs 1 273 124 0,001 0.406 0.185
13 40 0 273 124 0.000 0.406 0.185
14 4 0 273 124 0.000 0.4086 0.185
15 47 0 273 124 0.000 0.406 0.185
16 50 0 27 124 o] 0.406 0.185
17 53 0 273 125 0 0.406 0.186
18 57 0 273 125 ¢] 0.406 0.186
19 60 0 273 125 0 0.406 0.186
20 63 o] 273 126 o 0.406 0.188
21 67 o ar2 127 0 0.405 0.189
22 70 0 272 127 o} 0.405 0.189
23 3 1] 272 127 Q 0.40S5 0.189
24 77 o] 272 127 0 0.405 0.189
25 80 a 27 128 Q 0.403 0.190
26 83 0 270 128 0 0.402 0.190
27 a7z 0 270 129 0 0.402 0.192
28 S0 0 270 131 0 0.402 0.195
29 93 0 267 133 0 0.397 0.158
30 97 0 265 137 o] 0,394 0.204
31 100 0 265 137 0 0.394 0.204

a/ Start of Year Storage Zone.

b/ Failure is defined as the inability to meat both the desired M&i demand
and B&E inflow requirements. Number of failures is recorded over 672
month period of record.

¢/ Recorded over 672 month period of record.

d/ Number of occurrences divided by 672 month paricd of racord.
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Probability of Failure, Release and Spill by Annual Starting Zone

Table 5-13

{M&! Demand = 197,000 ac-it'yr; Nueces Bay Inflows = 97,200 ac-tt/yr;

2040 Sediment Accumulation; With Interim Operation Rules)

Run R6
Start Percent Number Number Number Prob. Prob. Prob.
Zone &/ Capacity Failures b/ Releases c/ Spills c/ Failure d/ Release d/ Spill ¢/

1 o 206 5 95 0.307 0.007 0.141
2 3 103 5 98 0.153 0.007 0.147
3 7 37 5 112 0.085 0.007 0.167
4 1C 15 5 121 0.022 0.007 0.180
5 13 3 5 139 0.004 0.007 0.207
6 17 1 5 152 0.001 0.007 0.226
7 20 0 5 169 0 0.007 0.251
8 22 0 5 172 ] 0.007 0.256
9 27 0 6 172 o 0.009 0.256
10 30 o) 7 172 0 0.010 0.256
11 33 0 8 172 0 0.012 0.256
12 37 o 10 172 +] 0.015 0.256
13 40 0 18 168 0 0.028 0.250
14 43 0 38 159 o] 0.057 0.237
15 47 Q 58 158 ] 0.086 0.235
16 50 0 85 157 0 0.126 0.234
17 53 0 92 158 0 0.137 0.235
18 57 o 94 158 0 0.140 0.235
19 60 0 98 158 0 0.146 0.235
20 63 0 99 159 0 0.147 0.237
21 67 0 98 160 0 0.146 0.238
22 70 Q 98 160 0 0.146 0.238
23 73 o 98 160 0 0.146 0.238
24 77 0 98 160 0 0.146 0.228
25 80 0 98 160 0 0.146 0.238
26 83 0 99 160 0 0.147 0.238
27 a7 Q 99 160 0 0.147 0.238
28 90 0 98 162 o 0.146 0.241
29 83 0 98 165 0 0.146 0.246
30 97 0 98 168 0 0.147 0.251
31 100 0 99 168 0 0.147 0.250

a/ Start of Year Storage Zone.

by Failure is defined as the inability to meet both the desired M&! demand
and 8&E inflow requirements., Number of failures is recorded over 672
month period of record.
o/ Recordad over 572 month period of record.
o« Number of accurrences divided by 672 month pericd of record,

Michael Sullivan and Assoc,, Inc.
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Regional Water Supply Planning Study of the Nueces Basin
Phase il - Conditional Probabiiity Modeling
CCNDITIONAL PROBABIUTY MODEL APPLICATION

With the IORs, the 1990 picture is markedly different (Run R2). The number of failures for Zone 4 h-as
dropped to zero (no failures). Concomitantly, the number of release months has dropped from 501 to 96.
This is because under the IORs, provisions are made to reduce by 50% B&E releases when the total sys-
tem storage is less than 40%, and to suspend B&E releases when the storage is less than 30%. Further
examination of the table reveals that, as the start-of-year storage zone increases, so do the number of
releases.

With the 10Rs, the number and probability of 1390 condition uncontrolled spills decrease from baseline
but increase over full-demand/release operation. Allowing drought period reductions to M&I withdrawals
and B&E releases results in more water retained in the reservoir system, which in tum reduces the ability
to capture moderate flood events. Therefore, the IORs ailow the number of uncontrolled spills to
increase. Under future operating conditions (years 2010 and 2040) without the IORs, the numbers and
probabilities of failure in the lower start-of-year storage zones increases markedly (Runs R3 and R5).
Again using Zone 4 as an example, the number of failures rises to 68 (10.1%} in 2010 and to 88 (13.1%) in
2040. That is to say, by year 2040, if the year begins with the total LCC/CCR storage content equal to
Zone 4 (12% total capacity), there is a 13.1% probability of failure in any month of that year. By year 2040
there is at least one predicted failure up to start Zone 13 (42% full).

Again, imposition of the IORs reduces the number of failures, as well as the number of start zones experi-
encing at least one failure {Runs R4 and R6). There are predicted to be three (3) monthly failures for Zone
4 (0.4% probability) in 2010 and fifteen (15) monthly failures (2.2% probability) by 2040. These failure
rates are a definite improvement over operation of the system in a fixed M&I and B&E release mode with-
out the IORs.

Under the conditions of both the current permit and the proposed IORs, B&E inflow requirements (in the
first case Nueces Estuary requirements and in the second case Nyeces Bay requirements) can be satis-
fied by any combination of releases, return tlows and spills. Return flows are relatively constant from year
to year while spills are uncontrolled and relatively erratic. Therefore, releases are made whenever the fuil
monthly B&E demand is not fully satisfied by return flows and/or spills, and then only in such amounts as
necessary to satisfy any remaining unsatisfied requirements not filled by return flows and/or spills. Under
1990 conditions, annual return flows to Nueces Bay are generally not sufficient to meet the full freshwater
inflow requirements. Therefore, without IORs there would be releases most of the time to satisfy the
Nueces Estuary B&E requirement. Under the proposed IORs, provisions exist for the reduction of B&E
requirements to 50% at total LCC/CCR storage levels less than 40%, and for the cessation of releases at
storage levels less than 30%. This results in a reduced number of releases for the lower start-of-year stor-
age zones. At higher start-of-year storage zones, however, a normal release scheduie would be applied.

5-17 Michael Sullivan and Assoc., Inc.
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CONDITIONAL PROBABILITY MODEL APPLICATION

As M&I1 withdrawals increase to meet future demands, return flows will also increase. In some cases tﬁey
may be sufficient to fully satisfy individual monthly B&E requirements. By the year 2010, releases will be
required between 60% and 69% of the time depending on starting zone (Run R3). At the lower starting
zones, fewer uncontrolied spills occur because of the greater availability of storage to capture floods. This
results in higher designated releases for the bays and estuary. At higher starting zones, the increase in
the number of spills will serve to satisfy more of the B&E demand, which will require fewer releases.

Again, application of the IORs markedly reduces the number of releases at the low to moderate starting
zones (Run R4). The higher 2010 M&I demand is more likely to drive the system storage below the 40%
and 30% drought management operation trigger levels, which would result in a reduction in the number
and amounts of releases. However, at higher starting zones (say, above Zone 22 or 68% capacity) normal
operation prevails.

By year 2040, M&I return flows will fully satisfy B&E requirements six months of each year {Run R5); how-
ever, M&I demand will be sufficient to keep the system operating at a much lower level of storage, resuit-
ing in greatly reduced frequencies of required releases (Run Ré).

The probabilities of failures, releases and spills, are shown graphically in Figures 5-2 through 5-4. Without
the 1ORs {Runs R1, R3, and RS5), the probability of an uncontrolled spill from LCC ranges from a minimum
of 9-10% for any year starting with a relatively empty system, to a maximum of 18-22% for periods when
the system is greater than one-fourth full {Figure 5-2). The curves level out in the 16-18% probability
range because of the proposed Phase iV operation. This tends to keep LCC relatively low, thereby allow-
ing for a higher flood capture efficiency.

With the IORs in place (Runs R2, R4 and R6), the initial portions of the spill probability curves are shifted
upward. This is because more water is retained in LCC from reduced B&E releases during drought
periads. The volume of the lake available to capture floods is diminished and more flows are passed
through as uncontrofled spills. For an annual starting Zone range of 8-16, the probability of an uncon-
trolled spill increases dramatically {23-28%) over conditions without the IORs. In this region, the condi-
tions of the Phase IV operation can result in more or less storage in LCC, depending on the elevation of
CCR, system inflows and LCC stage. Above starting Zone 16, however, CCR is more than half full and the
shear volumes of stored water in the system normalizes operation.

The probability of a B&E designated LCC release, as a function of starting zone, is shown in Figure 5-3.
The three curves that show an initially decreasing slope represent conditions that would occur when at-
tempting to satisfy the 151,000 ac-ft/yr Nueces Estuary inflow requirement, while the three s-shaped
curves represent the proposed interim rule goal of 97,200 ac-ft/yr of freshwater to Nueces Bay. The with-

out ICR curves decrease initially because there is more storage capacity available to capture floods and

Michael Sullivan and Assoc., Inc. 5-18
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Probability of an Uncontrolled Spill as a Function of Annual Starting Zone
for Simulation Runs 1 - 6 With and Without Interim Operation Rules
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Figure 5-3
Probability of a B&E Designated LCC Release as a Function of Annual Stanling Zone
for Simulation Runs 1 - 6 With and Without Interim Operation Rules
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Probability of Failure (fraction)

Figure 5-4
Probability ot Failure (1) as a Function of Annual Starting Zonhe
for Simulation Runs 1 - 6 With and Without Interim Operation Rules
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Regional Water Supply lening Study of the Nueces Basin
Phase Il - Conditional Probability Modelin
CONDITIONAL PROBABILITY MODEL APPLICATION

there are fewer spills when starting in the lower zones. As the starting zone increases, there is Iéss
capacity available to capture floods, spills increase, which in turn serves to decrease designated releases.

The opposite appears true of simulations with the IORs. For 1990 condition simulations, if the storage is
less than 30% of full (Zone 9), there is only about an 11-16% chance of a release that year. For starting
Zones 10 through 17 (30-50% capacity) the probability of a release increases dramatically, as this is the
volumetric region where releases are required at 50% of monthly requirements. For start-of-year storage
zones greater than Zone 17, the probability of a Nueces Bay release levels out at approximately 78%.

Under 2010 and 2040 conditions, the higher M&I demands coupled with the increased return flows di-
rected to Nueces Bay and reduced storage volume due to sedimentation, serve to keep designated re-
leases to nearly a zero probability for all start-of-year storage Zones below Zone 15 (approximately 45% to-
tal volume). In 2010, the probability of a designated release increases steadily to approximately 61%.
However, by 2040 there is a maximum probability of a designated B&E release of only 14%.

5.2.2.2 Conditional Probability of Failure

The suite of conditional probability of failure curves generated by simulations R1 through R6 are shown in
Figure 5-4, These curves represent the probability of failure in any month given the condition of starting
the year in a particular zone. Thal is to say, if a year is started with the total LCC/CCR storage equalto a
particular zone, then there is a given probability of failure associated with that start zone in any given
month of that year. If for example, a year is started with a total LCC/CCR system volume equal to Zone 4,
then the following probabilities of failure could be applied to any month of that year (Table 5-4).

Remembering that Runs R1, R3 and R5 represent conditions without the application of the ICRs, the
conditional probability of failure for Zone 4 ranges from 8.9% to 13.1% (Table 5-14). With the ICRs, the
corresponding failure probabilities range from 0.0% to 2.2%, which is significantly lower.

The total probability of failure for Zone 4 is also a function of the probability of starting a year in Zone 10.
The probability of starting a year in any zone is represented by any column of the steady-state start-
zone/end-zone [S/E] Matrix. The product of these two probabilities is the total probability of failure for

that zone, i.e.,

Michaet Sulfivan and Assoc., Inc. 5-22



Regionai Water Supply Plannlng Study of the Nuaces Basin
Phasa Conditional Probability Modeling
CONDITIONAL PROBABIUTY MODEL APPLICATION

Table 5-14
Example of Conditional Probability of Failure During
Any Month of the Year When Started in Zone 4

Run Probabillty of Failure

R1 8.9%

R2 0.0%

R3 10.1%

R4 0.4%

RS 13.1%

R6 2.2%
Praizones = Psartzone 4 X Praiit stanzone 4

Column (1) of Tables 5-15 through 5-20 represents the probability of starting any year in a specified stor-
age zone, a function of input hydrology, evaporation, and system operating procedures for Runs R1-R6.
Column (2) is a cumulative total of start zone probabilities and represents the probability of starting any
year in a zone with a total system storage less-than-or-equal-to the specified zone. The probability of
starting any year in a zone less-than-or-equal-to Zone 33 (totally full condition) is 100%.

The conditional probability of failure within any month for any year as a function of starting zone is shown in
column (3). Given the condition of starting a year in a specified zone, this is the probability of failure for any
month during the coming year. The product of columns (1) and (3) represents the conditional probability
of failure for each zone (the probability of starting any year in a particular zone, the condition, times the
probability of failure if the year starts in that zone). Column (5) represents the cumuiative conditional prob-
ability of failure. For Run R1 the probability of failure for all start-of-year storage zones above Zone 8 is
zero. For Run R2, all start-of-year storage zones above Zone 3 have a probability of failure of zero. This
means that with the current M&I demand of 130,000 ac-ft/yr, B&E inflow requirement of 97,200 ac-ft/yr to
Nueces Bay, the variable operation allowed by the IORs (Run R2), and if any year is started with more than
90,000 ac-ft of total system storage (10% capacity), then there is very little probability of a LCC/CCR sys-
tem failure.

With a stant-of-year storage of 10%, the City of Corpus Christi would be operating under Water
Conservation Conditions lil, which has a built-in 17% reduction in M&! demands. At 10% storage all B&E
releases would be suspended. So, the system operation is quite different from normai, and the probabil-
ity of failure for this modified demand condition is very low. In addition, this probability of failure reflects
only one year of operation (any year, but only gne year). The probability of starting any year in a zone less-

than-or-equal to Zone 3 is 0.0040%. Which means that this condition would be extremely unlikely.

5-23 Michaal Sullivan and Assoc., Inc.
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Table 5-15

Probability of Starting Any Given Year in a Specified Zone,
Caonditional Probability of Failure (1) Within Any Month For Any Year if Started jn a Specified Zonae,

and Total Probabiiity of Failure

Run Rt

Probability of Starting

Conditional Probability
of Failure Within Any

Probability of Starting | Any Year in a Zone Less] Month For Any Year Cumulative

Any Year in Spacified Than or Equal to It Started in Specified Product ot Product of

Start Zone Specifiad Zone Zone Probabilities Probabilities

{1) {2) (3) () X(3) LN XE)

1 0.002260 0.002260 0.360119 0.000814 0.000814
2 0.005532 0.007792 0.199405 0.001103 0.001917
3 0.004876 0.012468 0.122024 0.000571 0.002488
4 0.005985 0.018453 0.089286 0.000534 0.003022
5 0.007253 0.026706 0.050595 0.000367 0.003389
6 0.011099 0.036805 0.019345 0.000215 0.003604
7 0.012728 0.049533 0.011905 0000152 0.003755
8 0.018146 0.067679 0.004464 0.000081 0.003836
9 0.015222 0.082901 0 0 0.003836
10 0.019048 0.101950 Q 0 0.003836
11 0.022521 0.124471 0 0 0.003836
12 0.024221 0.148692 0 0 0.003836
13 0.026093 0.174785 0 0 0.003836
14 0.028001 0.202786 0 0 0.003836
15 0.0309¢68 0.233754 0 0 0.003836
16 0.027635 0.261389 0 0 0.003836
17 0.033598 0.294987 0 0 0.003836
18 0.034503 0.329450 0 0 0.003836
19 0.037552 0.367042 0 0 0.003836
20 0.035021 0.402063 0 0 0.003636
21 0.040677 0.442740 0 0 0.003836
22 0.040482 0.483222 Q 0 0.003836
23 0.043038 0.526260 0 Q 0.003836
24 0.045256 0.571518 0 0 0.003836
25 0.044769 0616285 0 0 0.003836
26 0.037901 0.654188 0 0 0.003836
27 0.045632 0.699818 0 0 0.003836
28 0.046807 0.746625 0 0 0.003836
29 0.024161 0.770786 0 0 0.003836
30 0.053669 0.824455 0 0 0.003836
3 0.056911 0881366 0 0 0.003836
32 0.078738 0.960104 0 0 0.003836
33 0.035898 1.000002 0 0 0.003836

1 Failwe = Inability to deliver both the full M&| demand and tull B&E requirement
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Table 5-16

Probability of Startling Any Given Year in a Specified Zone,
Conditional Probability of Failure (1)} Within Any Month For Any Year if Started in a Specified Zone,

and Tolal Probability of Failure

Rup R2
Conditional Probability
Probability of Starting of Failure Within Any

Probability of Starting §Any Year in a Zone Less] Month For Any Year Curnulalive

Any Year in Specified Than or Equal to If Started in Specilied Product of Product of

Stant Zone Specified Zons Zone Probabilities Probabilities

Zone 1) {2) {3) {1) X (3) X {(1) X {3)]
1 0.000001 0.000001 0.239583 0.000000 0.000000
2 ©0.000011 0.000012 0.059524 0.000001 0.000001
3 0.000028 0.000040 0.007440 0.600000 0.000001
4 0.000222 0.000262 0 0 0.000001
5 0.000355 0.000617 0 0 0.000001
& 0.001204 0.001811 0 0 0.000001
7 0.002740 0.004651 0 0 0.000001
8 0.008420 0.013071 0 0 0.000001
9 0.011538 0.024609 0 0 0.000001
10 0.025204 0.049813 0 0 0.600001
11 0.023390 0.073203 0 0 0.000001
12 0.032105 0.105308 0 0 0.000001
13 0.029318 0.134626 0 0 0.00000%
14 0.030085 0.164711 0 0 0.000001
15 0.030514 0.195225 0 0 0.000001
16 0.030173 0.225398 0 0 0.000001
17 0.036087 0.261485 0 0 0.000001
18 0.035443 0.296928 0 0 0.000001
19 0.034901 0331829 0 0 0.006001
20 0.037168 0.368997 0 0 0.000001
21 0.038516 0407513 0 0 0.000001
22 0.039958 0.447471 0 ] 0.000001
23 0.047270 0.494741 0 0 0.000001
24 0.046574 0.54115 0 0 0.006001
25 0.044345 0.585660 0 0 0.000001
26 0.042521 0.628181 0 0 0.000001
ar 0.051667 0.679748 0 0 0.000001
28 0.037655 0.747403 0 0 0.000001
29 0.037106 0.754509 0 0 0.000001
30 0055378 0.809887 0 0 0.000001
3 0.065G18 0.874905 0 0 0.000001
a2 0.082788 0.957693 0 0 0.000001
33 0.042310 1.000003 0 0 0.000001

1 Failure = Inability 1o deliver both the full M&I demand and full B&E requirement
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Table 5-17

Probability of Starting Any Given Year in a Specified Zone,
Conditional Probability of Failure (1) Within Any Month For Any Year if Started in a Specified Zone,

and Total Probability of Failure

Aun A3

Probability of Starting

Conditional Probability
of Failure Within Any

Probability of Starting [ Any Year in a Zone Less] Month For Any Year Cumulative
Any Year in Specified Than or Equal to If Started in Specified Product of Product of
Start Zone Specified Zone Zone Probabilities Probabilities
Zons {1) ) {3) {1) X{3) Y1) X(3)
1 0.005895 0.005895 0.376488 0.002219 0.002219
2 0.011601 0.017496 0.218750 0.002538 0.004757
3 0.010361 0.027857 0.151786 0.001573 0.006330
4 0.007884 0.035741 0.101190 0.000798 0.007128
5 0.012718 0.048459 0.068452 0.000871 0.007998
6 0.020997 0.069456 0.038690 0.000812 0.008810
7 0.018158 0.087614 0.017857 0.000324 0.009135
8 0.020059 0.108573 0.00892% 0.000187 0.009322
9 0.000381 0.108954 0.007440 0.000003 0.009325
10 0.021253 0.130207 0.004464 0.000095 0.009420
H 0.028734 0.158941 0.001488 0.000043 0.009462
12 0.030110 0.189051 0 0 0.009462
13 0.026887 0.215928 0 0 0.009462
14 0.030314 0.246252 ] 0 0.009462
15 0.030112 0.276364 0 0 0.009462
16 0.031849 0.308213 0 0 0.009462
17 0.023798 0.342011 0 0 0.009462
18 0.038958 0.380969 0 0 0.009462
19 0.038012 0.419981 0 0 0.008462
20 0,036563 0.456544 Y 0 0.009462
21 0.035198 0481742 o 0 0.009462
22 0.039200 0.530942 0 0 0.008462
23 0.041958 0.572900 0 o 0.009462
24 0.045696 0.618596 0 0 0.009462
25 0.043791 0662387 0 0 0.009462
26 0.038960 0701347 0 0 0.009462
27 0.033126 0.734473 ¢ ] 0.008462
28 0.036819 0.771292 0 0 0.008462
29 0.039869 0.811161 0 0 0.009462
30 0.034734 0845895 0 0 0.009462
K] 0.045892 0.891787 0 0 0.009462
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Table 5-18

Probability of Starting Any Given Year in a Specified Zone,
Conditional Probability of Failure (1) Within Any Month For Any Year if Started in a Specified Zone,

and Total Probability of Failure

Run R4
Conditional Probability
Probability of Starting J of Failure Within Any
Probability of Starting JAny Year in a Zone Less§ Month For Any Year Cumulative
Any Year in Specified Than or Equal to if Started in Specified Product of Product of
Start Zone Spacilied Zone Zone Probabilities Probabilities
Zone U] 2 3) {1 X03) L [(1) X¢3))
1 0.000012 0.000012 0.272324 0.000003 0.000003
2 0.000063 0.000075 0.110¥19 0.000007 0.000010
3 0.000119 0.000184 0.029762 0.000004 0.000014
4 0.000483 0.000677 0.004464 0.000002 0.000016
5 0.000812 0.001489 0 0 0.000016
] 0.001891 0.003380 0 0 0.000016
7 0.004359 0007739 0 o 0.000016
8 0.005980 0.013729 0 0 0.000016
9 0.000659 0.014388 0 0 0.000016
10 6.009785 0.024173 0 0 0.000016
11 0.012765 0.036928 0 Y 0.000016
12 0.018650 0.055588 0 0 0.000016
13 0.024007 0.079595 0 0 0.000016
14 0.025273 0.104868 0 0 0.000016
15 0.026987 0.131855 0 0 0.0000i6
16 0.029348 0.161203 0 0 0.000016
17 0.037206 0.198409 0 o 0.000016
18 0.042168 0.240577 0 ] 0.060016
19 0.030804 0.280381 0 0 0.000016
20 0.048638 0.329019 0 0 0.000016
2 0.048376 0.377395 0 ] 0.000016
22 0.045934 0423329 ] 0 0.000016
23 0.045043 0.468372 0 0 0.000016
24 0.052363 0.520735 0 ] 0.000016
25 0.044083 0.564818 0 0 0.600016
26 0.048231 0.613049 0 0 0.000016
27 0051389 0.664438 ] 0 0.000016
28 0.051976 0.716414 0 0 0.000016
29 0.028082 0.744476 0 0 0.000016
30 0.055286 0.79g762 0 0 0.000016
3 0.069010 0.868772 0 0 0.000016
% 1227

'Y Failra = Inability to deliver both the full M&] demand and full B&E requirsment

- [l 8seyd

e
Buniure)g Addng serep, reucibey

NOLLYOMNddVY 13A0W ALMBYSOHd TYNOLLIONOD

Bunepoyy Aliqeqaid
urseg 9698NN B JO



U} "DOSSY PUE UBAKING {SBYOIN

82-G

Table 5-19

Probability of Starting Any Given Year in a Specified Zone,
Conditional Probability of Failure () Within Any Month For Any Year if Started in a Specitied Zone,

and Total Probability of Failure

fun RS

Conditional Probability

0026108

Probability of Starting of Failure Within Any

Probability of Starting §Any Year in a Zone Less| Month For Any Year Cumulative

Any Year in Specified Than or Equal to It Started in Specified Product of Product of

Start Zone Spacilied Zone Zone Probabilities Probabilities

Zone {1) 2) (3) (1) X{3) [0) X43)
(1) 0.020902 0.020902 0.397321 0.008305 0.008305
2 0.025281 0.046183 0.258829 0.006546 0.014851
3 0.015842 0.062025 0.178571 0.002829 0.017680
4 0.018644 0.080669 0.130952 0.002441 0.020121
5 0.031126 0.111785 0.092262 0.002872 0.022993
6 0.019550 0.131345 0.059524 0.001164 0.024157
7 0.021026 0.152371 0.037202 0.000782 0.024939
8 0.030412 0.182783 0.019345 0.000588 0.025527
9 0.033365 0.216148 0.011908 0.000397 0.025924
10 0.028521 0.244669 0.008929 0.000255 0.026179
1 0.036722 0.281391 0.004464 0.000164 0.026343
12 0.028989 0.310380 0.001488 0.000043 0.026386
13 0.034752 0.345132 0 0 0.026386
14 0.033403 0378535 Q 0 0.026386
15 0.033303 0.411838 0 1] 0.026386
16 0.037375 0.449213 0 0 0.026388
17 0.035881 0.485094 9 0 0.026386
18 0.032010 0517104 0 0 0.026386
19 0.040948 0.558052 0 0 0.026386
20 0.041516 0.599568 0 0 0.026386
21 0.039456 0.639024 Q 0 0.026386
22 0.036651 0.675675 0 0 0.026386
23 0.041776 0.717451 0 0 0.026386
24 0.030377 0.747828 o 0 0.026386
25 0.035466 0.783294 0 0 0.026386
26 0.024122 0.807416 0 0 0.026386
27 0.036243 0.843659 0 0 0.026386
28 0.039670 0.883329 0 o 0.026386
29 0.038152 0.922481 0 0 0.026386
30 0.051420 0.873501 0 0 0.026386
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Table 5-20

Probability of Starting Any Given Year in a Specified Zone,
Conditional Probability of Failure (1) Within Any Month For Any Year if Started in a Specified Zone,

and Total Probability of Failure

0.03@297

1.000001

Run RE
Conditional Probability
Probability of Starting of Failure Within Any
Probability of Starting JAny Year in a Zone Less§ Month For Any Year Cumulalive
Any Year in Spacified Than or Equat to If Stanted in Specified Product of Product of
Start Zone Spacified Zone Zone Probabilities Probabilities
Zone (1) () (3) {1) X (3) Y1) X3
A 0.000286 0.000286 0.306548 0.000088 0.000088
2 0.000634 0.600920 0.153274 0.000097 0.000185
3 0.001222 0.002142 0.055060 0.000067 0.000252
4 0.002661 0.004803 0.022321 0.000059 0.000312
5 0.003753 0.008556 0.004464 0.000017 0.000328
6 0.007484 0.016040 0.001488 0.000011 0.000339
7 0.007499 0.023539 0 0 0.000339
8 0.010050 0.033589 0 0 0.000339
9 0.013821 0.047410 0 0 0.000338
10 0.019511 0.066921 0 0 0.000339
11 0.017817 0.084738 [¢] 0 0.000339
12 0.024207 0.108945 1] 0 0.000339
13 0.023955 0.132800 0 0 0.00033%
14 0.030483 0.163383 0 0 0.00033%
15 0.028568 0.191951 0 0 0.000339
16 0.02947¢6 0.221427 0 0 0.000339
17 0.035119 0.256546 0 0 0.000339
18 0.037345 0.293891 0 0 0.000339
19 0.041697 0.335588 0 0 0.000339
20 0.045008 0.380596 0 0 0.000339
21 0.042740 0.423336 0 0 0.000339
2 0.048471 0.471807 0 0 0.000339
23 0.056751 6.528558 0 0 0.000339
24 0.060246 0.588804 0 0 0.000339
25 0.052647 0.641451 0 0 0.000339
26 0.060022 0.701473 0 0 - 0.000339
27 0.030097 0.732470 0 ] 0.000339
28 0071527 0.803997 0 0 0.000339
29 0.079944 0.883941 0 0 0.000339
30 0.077763 0961704 0 0 0.000339
0 0
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jonal Water Planning S of the Nueces Basin
g:gm il - Condsit'ijpogz Probability WModelin
CONDITIONAL PROBABILITY MODEL APPLICATION

Figure 5-5 shows the probability of starting any year in a zone less-than or equal-to any specified zone .for
the 1980, 2010 and 2040 baseline conditions (RO1, RO2 and RO3). Far 1990 and 2010 sediment ac-
cumulation and M&I demand conditions, approximately 50% of all years would start with a total LCC/CCR
storage of 81% (Zone 27} or less. Through volume reductions caused by sediment accumulation, by the
year 2040 50% of all years will start with a total storage less-than or equal-to 70% (Zone 22). Another in-
teresting thing about these curves is that in 1980 and 2010 only 10% of the years would start with less
than 45% total storage (Zone 15). In full-capture operation, the system is maintained relatively full.

The imposition of B&E release requirements and flexible release rules on the system changes the shape
of the curves and typical storage of the system (Figure 5-6). Without IORs (R1, R3 and R5), the 1990,
2010, and 2040 probabilities of starting any given year less-than or equai-to 50% total capacity are 67%
(Zone 22), 65% (Zone 21), and 55% (Zone 17), respectively. With the proposed IORs, the corresponding
values are 70% (Zone 23), 73% (Zone 24), and 71% (Zone 22). The real difference, however, is in the
lower portion of the curves where, at the 10% probability of starting any year less-than or equal-to the
specified zone, the IORs result in a 6 to 24% increase in initial storage volume.

Figure 5-7 shows the cumulative (or total) probability of failure, by starting element, for Runs R1-R6. Each
curve becomes asymptotic at the total system probabifity of failure. Without the IORs, probability of failure
ranges from 0.38% (2.6 months of failure for the 672 month simulation period of record) to 2.64% (17.7
months of failure). However, with the ICRs, the corresponding probabilities of failure range from zero to
0.03% (less than one failure during the 672 month simulation record)(Figure 5-8).

5.2.2.3 Statistical Review of Monthly Simulations

Monthly statistics of (1) LCC releases, (2) uncentrolied spills, (3) end-of-month content, (4) Nueces Bay
inflows, and (5) M&I supply, under baseline operation with and without the proposed 10Rs, are shown in
Tabtes 5-21 through 5-29. Examination of maximum, minimum, median and arithmetic means of both the
monthly and annual values reveals that the majority of these data are non-nomally distributed and are rep-
resented by frequency distributions skewed to the right. In some instances, however, the median value is
much higher than the arithmetic mean, which would indicate a distribution skewed to the feft. With non-
normally distributed data, the arithmetic mean is generally not considered an appropriate measure of the
central tendency of the data. Likewise, the median value can often be misleading when evaluating
skewed data sets, which may contain large numbers of zeros. In order to compensate for these short
comings, the geometric mean was selected for each data set to give a distribution-independent measure
of central tendency. The geometric mean is the value that divides the area under the frequency distribu-
tion curve into two areas of equal size, thereby reducing the influence of extremes on the measure of cen
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6.0 INTERPRETATION OF RESULTS
6.1 Comparison With Baseline (Full-Capture OQOperation) Conditions

Most reservoir system design and firm yield analyses are predicated on maximum utilization of the re-
source, i.e., full-capture operation. Often, however, there are competing demands for that resource,
which result in an operating plan that offers less than a maximum firm yieid operation. Such a situation
results from an attempt to satisty some, but usually not ail, of competing needs based on a list of priority
users. Such is the case for the operation of the Choke Canyon Reservoir, Lake Corpus Christi and
Nueces Bay (CCR/LCC/NB) system.

Full-capture operation of the CCR/LCC Reservoir system ignores the freshwater inflow requirements of
Nueces Bay and the Nueces Estuary. Because there is less real demand on the system throughout the
1990-2040 study peﬁoq. the parameters used to measure differences between proposed operational
scenarios, with the exception of Nueces Bay inflows, are at their highest. The following conclusions
describe the 1990, 2010 and 2040 (Runs R01, R02, and R03) baseline (full-capture operation)
simulations.

+ Under all three simulations, there are zero predicted system failures. This is because all three M&}
demands are at or below the system firm annual yield and the competing B&E inflow requirements
are ignored.

« The probability of uncontrolled spills increases with the amount of beginning of year storage con-
tent but generally decreases with time into the future. By 2040, the M&I demand on the system
will increase by 52%. But, there will also be a significant reduction in total storage voiume due to
sediment accumuiation, especially in LCC. The system will have a reduced capacity to capture
flood waters but there wiil be a higher demand on the system.

+  For 1990 conditions:

a. LCC spills will vary from zero to 2,404,216 ac-ft/yr with a geometric mean of only 12,806 ac-
ft/yr.

b. LCC end-of-month storage will vary from 59,797 ac-ft/yr to 235,932 ac-t¥/yr, with a geometric
mean of 176,853 ac-ft/yr.

c. Nueces Bay total inflows will vary from 7,800 ac-ft/yr to 2,243,721 ac-fi/yr with a geometric
mean of 117,740 ac-t/yr.
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« For 2040 conditions:
a. LCC spills will vary from zero to 2,339,030 ac-ft/yr with a geometric mean of only 6,724 ac-ft/yr.

b. LCC end-of-month storage will vary from 9,850 ac-ft/yr to 169,842 ac-ft/yr, with a geometric
mean of 135,064 ac-fi/yr.

c. Nueces Bay total inflows will vary from 7,800 ac-ft/yr to 2,217,121 ac-ft/yr with a geometric
mean of 86,749 ac-ft/yr.

6.2 Comparison of Operations With and Without Interim Operation Rules (IORSs)
6.2.1 1990 Sediment Accumulation, M&l Demand and Return Flows

The impacts of the IORs on the CCR/LCC system are less evident in 1990 than they will be in the year
2040. The current M&I demand is only 130,000 ac-ft/yr, 66% of the projected 2040 system firm yield of
197,000 ac-ft/yr. As Lake Corpus Christi fills with sediment, an approximate 60,000 ac-ft by 2040, the
impacts of the IORs are more pronounced because of the reduced system volume.

+ The probability of failure is low for the system operated with and without the IORs. Without the
rules, the probability of failure is 0.38% or about two monthly failures during the 56 year period of
record. With the IORs, there would be no failures.

= The magnitude of uncontrolled spills from LCC is increased under the IORs. More water is held in
reserve in LCC as a result of relaxed and frequently suspended B&E release requirements. This
reduces the ability of the system to capture moderate floods.

«  The amounts of LCC designated releases decrease with the IORs. This is due in large measure to
the proposed redirection of some future return flows from other portions of the estuary system
back to Nueces Bay. In addition, the 10ORs allow for cessation of designated releases under Water
Conservation Condition il

» Annual total inflows to the Nueces Estuary are very similar for operations with and without the
IORs. Without the IORs there are more dedicated releases; with the IORs there are more spills.

- Cumulative inflows to the Nueces Bay and the Nueces Estuary are nearly the same with and with-
out the proposed IORs. Under 1990 operation conditions there is insufficient M&| demand on the
system to allow the IORs to exert a major impact on the system.
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6.2.2

Typical LCC water storage levels will be less with the proposed |ORs than wouid be under full-

- capture operation. Without the IORs, storage levels will be approximately 27% less than full-

capture operation.

Without the proposed IORs, the full 130,000 ac-ft/yr of M&I can be satisfied. However, with the
proposed rules, only 128,700 ac-ft would be available for M&! uses in the severest drought year.

2040 Sediment Accumuliation, M&l Demand and Return Flows

The true impact of the proposed IORs and return flow point relocation becomes more apparent with simu-
lations performed using 2040 sediment, demand and return flow conditions. Sediment accumulations wil
have reduced the capacity of LCC by 60,000 ac-ft and CCR by some lesser amount. The M&! demand on
the system will have increased to at least 197,000 ac-ft/yr. And, return flows would be sufficient, if di-

rected totally to Nueces Bay, to satisty the 92,000 ac-ft/yr Nueces bay inflow requirement, but would still
not be sufficient to satisfy the 151,000 ac-ft/yr Nueces Estuary inflow requirement.

The probability of failure without the IORs will be approximately 2.6% (at least seventeen (17)
monthly failures during the 56 year simulation period). With the IORs, the probability of faiture will
be only 0.02% (or no failures).

The magnitude of total annuai uncontrolled spiils is considerably higher with the {ORs than without
the ruies. That is because the relaxed or suspended reiease requirements afforded by the IORs
result in more water in storage, which reduces the system’s ability to capture flood flows.

Bay and estuary releases are considerably less with the proposed IORs. There are two reasons
for this. The first is that uncontrolled spills are considerably higher with the IORs and spiils banking
carries some of that impact over into subsequent months. The second is that because some re-
turn flows are directed back to Nueces Bay, less water must be released from storage to satisfy the
inflow requirements.

With the IORs, the total inflow to Nueces Bay is greater than without the rules. This is also be-
cause spills are higher and some retum flows are redirected to Nueces Bay.

The cumuiative inflow into Nueces Bay is considerably higher with the 1ORs.

The end-of-month content of LCC is considerably higher with the IORs. The reductions and sus-
pension of required releases under water conservation management resuits in more water remain-
ing in the system.
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+ The firm yield without the operating rules is approximately 191,000 ac-ft/yr. However, with fhe
proposed rules that yield is reduced to 180,000 ac-ft/yr. Thus, the feasibility of operation afforded
by the rules is not without costs.
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$DEBUG

$large

c MICHAEL SULLIVAN AND ASSOCIATES, INC.

C NUECES CPM MAIN PROGRAM

C CONDITIONAL PROBABILITY MODEL FOR A TWO RESERVOIR SYSTEM:
c THE SIMULATION MCDE PERFORMS THE SYSTEM OPERATION:

C ALLOWS FOR RELEASES (AND REDUCTIONS)

g ALLOWS FOR DEMAND REDUCTION RULES

COMMON /PM/ 1ZT(65,65), 2ZT(65,65), SZT(65,65),
1 IFAIL(65) , FAIL(65), PROB(65)
COMMON /IO/ KIN, KOUT, KTAPE1, KTAPE2, NYR

c
DIMENSION ELEVA(30), AREAA(30), CAPA(30) , DUM(60)
DIMENSION ELEVB({30), AREAB(30), CAPB(30), ISPILL(65), IIREL(65)
DIMENSION EVAPA (12,60), EVAPB (12,60), FLOWA(13,60), FLOWB(13,60)
DIMENSION ELOSSA(13,60), EL0OSSB(13,60), RELA (13,60), RELB (13,60)
DIMENSION ADEMM (13,60), SPILLA(13,60), EOMA (13,60), EOMB (13,60)
DIMENSION RETN (13,60), TOTBE (13,60), SUPPLY(13,60),SBANK(13,60)
c
DIMENSION KV50(65),KV40(65),KV30(65),KV20(65),KVO(65)
DIMENSION FACA(5), FACB(5), ZCAPA(65), ZCAPB(65), ZCAP(85)
DIMENSION DEMDIS(12), RELES1(12), RELES2(12), DUMX(8)
DIMENSION REDUCT(12), REDUC2(12), REDUC3(12)
DIMENSION REDUK1(12), REDUK2(12), REDUK3(12)
DIMENSION W2BMUN(12), W28IND(12), W28IRR(12), W29IRR(12)
C
CHARACTER NAMEA*80, NAMEB*80 , TITLE1*80, TITLE2*80, NAME*75
CHARACTER KMON(12)*3,IFX*1,NPHASE*3,FILEIN*64,FILEOUT*64
REAL LCCMAX, LCC88, LCC76, LCC6, MEDIAN(12), LCCREL, LCCMIN
DATA KMON /'JAN','FEB’,’MAR’,’APR’, MAY',’'JUN’,
1 'JUL’ ,’AUG’,’SEP’',’OCT’,'NOV','DEC’/
c
C++++++++++++++++++++++++++++++ 4+ AR
c ++++ RUN PARAMETERS ++++ +

CH+++t++ttttttrtrtrttttttittttitttttttttt bttt bttt b+t

C

CA80 TITLE1 TITLE OF THE RUN : DOCUMENTATION

CA80 TITLE2 ' ! !

CA80 NAMEA NAME OF DOWNSTREAM RESERVOIR : LAKE CORPUS CHRISTI
CA80 NAMEB NAME OF UPSTREAM RESERVOIR : CHOKE CANYON RESERVOIR
c

"

CF10 LCC88 LCC CAPACITY AT ELEV 88

CF10 LCC76 LCC CAPACITY AT ELEV 76

CF10 LCC6 LCC CAPACITY AT 6' DRAWDOWN

CF10 LCCMIN LCC MINIMUM OPERATING CAPACITY

CF10 CCR204 CCR CAPACITY AT ELEV 204

CF10 CCR155 CCR CAPACITY AT ELEV 1585

CF10 CCR6 CCR CAPACITY AT 6' DRAWDOWN
CF10 CCRMIN CCR MINIMUM OPERATING CAPACITY
C

c



CI1
CIl4
CI5
CI5
CI5

CIS

CI5s
CI>
CF5
CF5
CF5
CF10
CF10

CF10

OO0 O0OO0O000O000000O0

OO0OOOO0O0OOO0OOO000

IBANK
IBEG
IEND
ISKIP
LONGPR

MODE

KSIM
KZONE
FLIMIT
RTNFLW
ALOSS
DEMAND
REGREL

BEDEMM

DEMDIS ()
PERCT1
RELES1 ()
XXXXXX
TRGGRS

PERCT3
MEDIAN()

PERCT4
REDUK1 ()
PERCTS
REDUK2()

PERCTS
REDUK3()

= 1 PRINT SPILL BANKING

BEGIN YEAR XX

END  YEAR XX

SKIP ALL PROBABILITY PRINTOUT (SIM MODE ONLY)

1 LONG/DETAILED PRINTOUTS FOR SIMULATION MODE
2 ) ! PROBABILITY MODE
3 X " BOTH

0 NO INTERIM RULES

1 USE INTERIM RELEASE RULES AND SPILL BANKING
START ZONE FOR SIMULATION MODE (DEFAULT IS NUMZ)
ZONE FOR DETAILED PRINTOUT : PROBABILITY MODE
LIMIT FOR ACCEPTANCE OF FAILURE

= .XXXX  RETURN FLOW FACTOR

CHANNEL LOSS BELOW SITEA EX: .93

ANNUAL DEMAND IN ACRE-FEET

REQUIRED RELEASE/MONTH FOR BAYS AND ESTUARIES
(CHOKE CANYON'’S REQUIRED 2000 AC-FT/MONTH)
REQUIRED SYSTEM INFLOWS TO THE BAYS AND ESTUARIES

It

MONTHLY DISTRIBUTIONS OF ANNUAL DEMAND

DISTRIBUTIONS TO BE USED FOR BEDEMM VOL > PERCT1  40%
BEDMD USED INTERNALLY TO ALLOW FOR SPILL BANKING

TRGGR4 TRGGR3 TRGGR2 {PERCENT OF TOTAL CONTENT TRIGGERS}

HISTORICAL MEDIAN INFLOWS: CCR VOL < PERCT3  30%
MONTHLY REDUCTIONS IN M&I DEMAND VOL < PERCT4 50%
MONTHLY REDUCTIONS IN M&I DEMAND VOL < PERCTS 40%
MONTHLY REDUCTIONS IN M&I DEMAND VOL < PERCT6 30%

I R m g o o S R R R R RS

++++ FOR SITE A & SITE B ++++ +

NPTSX
AREAX ()

NUMZX
ZCAPX()

NFLWSX

T S B R SRR S B S T e R e

NUMBER OF E-A-C VALUES
CAPA() AREA/CAPACITY TABLE

NUMBER OF ZONES
ZONE CAPACITIES FOR SITE A

NUMBER OF INFLOW SETS

+++ FOR EACH SET OF INFLOWS +++

FACX
NAME
FLOWX ()

EVAPX ()

INFLOW MODIFICATICN FACTOR
INFLOW IDENTIFICATION NAME
INFLOWS FOR EACH MONTH, EACH YEAR

NET RESERVOIR EVAP IN FEET




C

CH+++++t++t++tttttt bttt bttt ittt bbbttt bt bttt tdtdbttttbb bbbttt bttt bbbttt

c

c

KIN=5
KOUT=6
KTAPE1=12
KTAPE2=13
KTAPE3=14
KTAPE4=15
NPG=3
ISIM=0
KPOP=1

C**** READ RUN PARAMETERS ****

C

c

C

50 READ(KIN,60,END=9989) TITLE1, TITLE2, NAMEA, NAMEB
60 FORMAT (A80)

READ(KIN, 66) LcC88, LCC76, LCC6, LCCMIN,

1 CCR204, CCR165, CCR6, CCRMIN
66 FORMAT(8F10.0)

IF(LCCMIN .LT. 0.1) LCCMIN=0.1

IF(CCRMIN .LT. 0.1) CCRMIN=0.1

READ(KIN,70) IBANK, IBEG, IEND, ISKIP, LONGPR, MODE , KSIM,
1 KZONE, FLIMIT, RTNFLW, ALOSS, DEMAND, REQREL, BEDEMM
70 FORMAT(I1,I4,6I5,3F5.0,3F10.0,)
NYR=IEND- IBEG + 1
XMTHS=NYR*12
READ (KIN,76) DUMX(1),DEMDIS,
PERCTY, RELEST,
DUMX (1) , TRGGR5 , TRGGR4 , TRGGR3, TRGGR2, (DUMX (I}, I=1,8),
PERCT3, MEDIAN,
PERCT4, REDUKI,
PERCT5, REDUK2,
PERCTS, REDUK3
76 FORMAT{4X,F4.0,12F6.0)

WRITE(*,92)
92 FORMAT (2X,’'READ INPUT PARAMETERS' )

CALL SUBIN(NFLWSA, NUMZA, ELEVA,
1 AREAA, CAPA, ZCAPA, FACA, FLOWA, EVAPA, NPTSA )
WRITE(*,94)

94 FORMAT(2X,’READ SITE A’ )
CALL SUBIN(NFLWSB, NUMZB, ELEVB,
1 AREAB, CAPB, ZCAPB, FACB, FLOWB, EVAPB, NPTSB )
WRITE(*,96)

96 FORMAT (2X,’READ SITE B' / 2X,’**WORKING**’)

OOLhWN —

C****x FOR BEDEMM : COMPUTE % AND DISTRIBUTE MONTHLY ****

C

SUM=0.0
Do 101 I=1,12
101 SUM=SUM + RELES1(I)
DO 102 I=1,12
RELES1(I)=(RELES1(I)/SUM) * BEDEMM
102 CONTINUE



c
C**#** SUBTRACT THE REDUCTIONS FROM 1.0 = REDUCTION MULTIPLIER *#*%*
C
DO 104 I=1,12
REDUC1 (I)=1.0 - REDUK1(I)
REDUC2(I)=1.0 - REDUK2(I)
REDUC3(I)=1.0 - REDUK3(I)
104 CONTINUE
c
C**** COMBINE THE ZONES ****

c
NUMZ=NUMZA + NUMZB
DO 110 I=1,NUMZA
110 ZCAP(I)=ZCAPA(I)
DO 114 I=1,NUMZB
J=NUMZA + I
ZCAP (J)=ZCAPB(I) + ZCAPA(NUMZA)
114 CONTINUE
c

C**** REDEFINE ZONE ONE TO:  MINIMUMS + 10 AC-FT ****
C
10.0

c
IF(KSIM .EQ. 0) KSIM NUMZ
IF(KZONE .EQ. 0) KZONE = NUMZ
c

C**** INITIALIZE COUNTERS FOR PROBABILITY MODE ****

C
DO 130 K=1,NUMZ
FAIL(K)=0.0
PROB (K}=0.0
IFAIL (K)=0
ISPILL(K}=0
IIREL (K)=0
KV50 (K)=0
KV40 (K) =0
KV30 (K)=0

ZCAP (1)=LCCMIN + CCRMIN

+

OO =
OO0 =
c
=
N

oo

)

SZT(L.K)

)

130 CONTINUE
C***+ COMPUTE CAPACITY VARIABLES ****

LCCMAX = CAPA(NPTSA)
CCRMAX = CAPB (NPTSB)
TOTCAP = LCCMAX + CCRMAX
T0T5 TOTCAP*TRGGR5
TOT4 TOTCAP*TRGGR4
TCT3 TOTCAP*TRGGR3
TOT2 TOTCAP*TRGGR2
c

C**** ECHO PRINT INPUT PARAMETERS ****
c

oW i




WRITE (KOUT,132) TITLE1, TITLE2, NAMEA, NAMEB, IBANK, IBEG , IEND,
1 ISKIP, LONGPR MODE, KSIM, KMODE FLIMIT RTNFLW ALOSS,
2 DEMAND HEQREL BEDEMM

132 FORMAT(’ 1', 19X, AB0 / 20X,A80 / 2X,A80 / 2X,A80 /

1 2X,’IBANK : ' ,I8 /[

2 2X,'IBEG : 19’ , 12 / 2X,’IEND : 19' |, 12 /

3 2X,’ISKIP : ' ,I9 / 2X,’LONGPR : ' ,I9 /

4 2X,’MODE : v, 12/ 2X,'KSIM : P12

5 2X,’KZONE : ' ,I9 |/

6 2X,'FLIMIT : ' ,F9.2 / 2X,’RTNFLW : ® ,F9.2 /

7 2X,’ALOSS : ' ,F9.2 / 2X,’DEMAND : ’ ,F10.0 /

. 8 2X,'REGREL : ' ,F10.0 / 2X,’BEDEMM : ' ,F10.0 / )
WRITE (KOUT,134)

1 TOTCAP, TOT5, TOT4, TOT3, TOT2, LCCMAX, LCC76,

2 LCCMIN, CCRMAX, CCR155, CCRMIN, DEMDIS, PERCT1,

3 RELES1, TRGGR5, TRGGR4, TRGGR3, TRGGR2, PERCT3, MEDIAN,

4 PERCT4, REDUK1, PERCT5, REDUK2, PERCT6,REDUK3,

5 PERCT4, REDUC1, PERCT5, REDUC2, PERCT6,REDUC3,

c
134 FORMAT (2X,*TOTCAP @ ’ ,F10.0 /

1 2X,'T0T5 : ' ,F10.0 / 2X,’'TOT4 ' JF10.0 /

2 2X,’TOT8 : ' ,F10.0 / 2X,’TOoT2 : ' ,F10.0 /

3 2X,’'LCCMAX : ' ,F10.0 / 2X,'LCC76 : ' ,F10.0 /

4 2X,’LCCMIN : ’ F10.0 / 2X,’CCRMAX : ' ,F10.0 /

5 2X,’CCR155 : ' ,F10.0 _ / 2X,’CCRMIN : ' ,F10.0  //

6 2X,’DEMDIS : ,12F10.4 /

7 2X,'RELES1 V ’,F3.2 ,12F10.0 /

8 2X,’TRIGGERS  ’ , 4F10.2 /

9 2X,'MEDIAN V ’,F3.2 ,12F10.0 //

1 2X,'**x*x+xx INPUT REDUCTIONS *******#1

2 2X,'REDUKi V'’ ,F3.2 ,12F10.2 /

3 2X,’REDUK2 V' ,F3.2 ,12F10.2 /

4 2X,’REDUK3 V' ,F3.2 ,12F10.2 //

5 2X,'*****x*x* COMPUTED REDUCTION MULTIPLIERS **#****%#’/

6 2X,'REDUCY V' ,F3.2 ,12F10.2 /

7 2X,'REDUC2 V' ,F3.2 ,12F10.2 /

8 2X,'REDUC3 V' ,F3.2 ,12F10.2 / )
g******************************'l-*******************************t********
c ++++ BEGIN RESERVOIR OPERATION ++++
C ++ FOR EACH YEAR : FOR EACH ZONE ++

C***********************************************************************

C++++ INITIALIZE VARIABLES FOR BIG LOOP ++++
140 EOMP = ZCAP (NUMZ)
BEDMD = RELES1(1)
SPLAST=0.0
DO 150 J=1,NYR
DO 150 I=1,12
150 SBANK(I,J)=0.0

ISTART=1

IFIN=NUMZ

IF(ISIM .GT. 0) ISTART = KSIM
IF(ISIM .GT. 0) IFIN = KSIM



DO 2200 K=ISTART,IFIN
DO 2160 J=1,NYR
IF(ISIM .GT. 0 .AND. J .NE. 1) GO TO 196

C
C**** DETERMINE STARTING CAPACITIES **** EOMP < LCCMAX
c FOR PROBABILITY MODE CHCKE EMPTY
EOMP=ZCAP (K)
IF(EOMP .GT. LCCMAX) GO TO 180
EOM=EOMP
EOMCCR=0.0
GO TO 190
c EOMP > LCCMAX

180 EOM=LCCMAX
EOMCCR=EOMP - LCCMAX
EOMP=LCCMAX
190 EOMPB=EOMCCR
196 CONTINUE
c
Chrtdnrkhsnkrsnknshksrrst FOR EACH MONTH **Hkk ke ko kokdede ks kkdod ke ke ko ek Aok
c
DO 1900 I=1,12

DEMM = (DEMAND * DEMDIS(I)) / ALOSS
VOL = EOMP + EOMCCR
FLOWAA = FLOWA(I,J)
FLOWBB = FLOWB(I,J)
EVAPAA = EVAPA(I,J)
EVAPBB = EVAPB(I,J)
IFX="N’
c ** RETURN >= 5000 AC-FT
. RETURN = DEMAND*DEMDIS(I)*RTNFLW
BEDMD = RELES1(I)
BEDMDI = 0.5*BEDMD
C
LCCREL = (BEDMD - RETURN) / ALOSS

IF(LCCREL .LT. 0.0) LCCREL=0.0
IF(ISIM .EG. O ,AND. I .EQ. 1) DEMLST=DEMM
IF(ISIM .EG. O .AND. I .EQ. 1) RELLST=LCCREL

C******************************************************************************

C ++++ BEGIN OPERATION OF LAKE CORPUS CHRISTI ++++

c******************************************************************************
L Rt e RS T S

+ INTERIM OPERATING RULES FOR LAKE CORPUS CHRISTI +
N s = A e R RS sEE e s

IF(MODE .EQ. 0) GO TO 400
* LAST MONTH’S SPILL
AVAILABLE FOR S-BANKING **

VOL > TOTS

SBANKI = SPLAST

IF(VOL .LT. TOT5) GO TO 210
IRULE=200

KV50 (K)=KV50 (K) + 1
IF(SBANKI .GE. BEDMDI) BEDMD = BEDMDI
IF(SBANKI .LT. BEDMDI) BEDMD = BEDMD - SBANKI
LCCREL=(BEDMD - RETURN) / ALOSS

IF{LCCREL .LT. 0.0) { CCREL=0.0

GO TO 410

O QOO OO0



220
222

240

C****

260

c****

400

401
402
403
404
405

TOT4 < VOL < TOT5 210
IF{VOL .LT. TOT4) GO TO 220

IRULE=210
KV40 (K) =KV40 (K) + 1
RETURN=DEMM*REDUC1 (I) *RTNFLW
DEMM=DEMM*REDUCT (I)
IF(SBANKI .GE. BEDMDI) BEDMD = BEDMDI

IF (SBANKI .LT. BEDMDI) BEDMD = BEDMD - SBANKI
LCCREL=(BEDMD - RETURN) / ALOSS

IF(LCCREL .LT. 0.0)  LCCREL=0.0

GO TO 410

IF(VOL .LT. TOT3) GO TO 240
IRULE=222
KV30 (K)=KV30(K) + 1

RETURN=DEMM*REDUC2 (I) *RTNFLW
DEMM=DEMM*REDUC2(I)

BEDMD = 0.5*BEDMD

BEDMDI = 0.5*BEDMD

IF(SBANKI .GE. BEDMDI) BEDMD = BEDMDI
IF(SBANKI .LT. BEDMDI) BEDMD = BEDMD - SBANKI
LCCREL=(BEDMD - RETURN) / ALOSS

IF(LCCREL .LT. 0.0) LCCREL=0.0

GO TO 410

IF(vOL .LT. TOT2) GO TO 260

TRULE=240

Kv20 (K)=Kv20(K) + 1

IF(EOMCCR .GE. (0.3*CCRMAX)) GO TO 222
RETURN=DEMM*REDUC3 (1) *RTNFLW

LCCREL=0.0
DEMM=DEMM*REDUC3 (I)

GO TO 410

VOL < TOT2 : NO RELEASE **** VoL < TOT2
IRULE=260

KVO (K) =KVO(K) + 1

LCCREL=0.0

RETURN=DEMM*REDUC3 (I) *RTNFLW

DEMM=DEMM*REDUC3 (I)

GO TO 410

DETERMINE STORAGE VOLUMES FOR MODE=ZERO RUNS ****
IIV=(VOL/TOTCAP)*10,0 + 1,005

IF(IIV .GT. 8) IIV=6
GO TO(401,401,402,403,404,405), I1vV

TOT3 < VOL < TOT4

REDUCE DEMANDS & RETURNS

REDUCE B&E BY 50%

TOT2 < VOL < TOT3

NOC B &E

KVO(K) = KVO(K) + 1
GO TO 410
KV20(K)= KV20(K) + 1
GO TO 410
KV30{K)= KV30(K) + 1
GO TO 410
KV40 (K)= KV40(K) + 1
GO TO 410
KV50(K)= KV50(K) + 1

GO TO 410



C+++++++++++++++++++++4+++4 4ttt dd b4 b+t F bt
C*** COMPUTE LAKE CORPUS CHRISTI EOM CONTENT : FIRST PASS *#+#
C**+* COMPUTE FIRST ESTIMATE OF EVAP LOSS : EVPQ ****
CH++++++++++++++++++++++++++++++ bbb bbb
410 SBANK(I,J)=SBANKI
EOM1=EOMP + FLOWAA - DEMM - LCCREL
XEOM1=EOM1
IF(XEOM1 .LT. 0.0) XEOM1=0.0
CALL AEVAP (XEOM1,EOMP,LCCMAX,NPTSA,CAPA,AREAA, EVAPAA, AREAEM, EVPX)
EOM1=EOM1 - EVPX

EOM=EOM1
c
TJUMP=1
IF(IJUMP .EQ. 1) GO TO 800
c
C++++ NOTE: THE CURRENT MODEL JUMPS AROUND THE CODE FOR PHASES II & III++++
C++++ SO THAT THEY ARE DISABLED BUT SIMPLE TO RE-INSTATE ++++
c
C +++4+++++
Cheshahrhhadhkhaehhdkadhnans DHAGE [T  *ewhhdkhkhkdnhkondkhrrdhssn
C ++++++++

416 IF(DEMAND .GT. 150000.) GO TO 600

c EOM > LCC88
NPHASE=' II’
IF(EOM .LT. LCC88) GO TO 420
IPHASE=416
RNEED=REQREL*0.,74*0.95
GO TO 1000
C EOM < LCC88
420 IF(EOMCCR .LT. CCR204) GO TO 440
IPHASE=420
RNEED=LCC88 - EOM
GO TO 1000
C**** SPECIAL CONDITION **** EOMCCR < CCR204

440 IPHASE=440
RNEED=DEMLST + RELLST

GO TO 1000
c +H+++++++
c************************* PHASE III XX XTSI XL XY EEEE S LR X R KR X
c +++++++++
600 IF(DEMAND .GT. 200000.) GO TO 800
c EOM > LCC88
NPHASE="TIII’
IF(EOM .LT. LCC88) GO TO 620
IPHASE=616
RNEED=REQREL*0.74*0,95
GO TO 1000
c EOM < LCC88
620 IF(EOM .LT. 1.0) GO TO 640
EOMPXX=1.
IF(EOMP .GT. 1.) EOMPXX=EOMP
IF (EOMPB/EOMPXX .LT. CCR6/LCCS) GO TO 640
IPHASE=620
RNEED=DEMLST + RELLST
GO TO 1000
C**** RATIO < 6FT DRAWDOWN RATIO : FILL WATER ***+ CAP < DRAWS

640 IPHASE=640
RNEED=LCC88 - EOM
GO TO 1000




c ++++t+++
C************************* PHASE IV kdkdkdkrdrdhbekbhkhkhkikdbihkirw

c +4+tt b+t

80C NPHASE=’ IV’
IF(EOM .LT. LCC76) GO TO 820
IPHASE=800
RNEED=REQREL*0.74*0.85
GO TO 1000
c EOM < LCC76
820 IF(EOMCCR .GT. CCR155) GO TO 840
IPHASE=820
RNEED=0.0
GO TO 1000
C*x*** FILL WATER **** EOMCCR > CCR155
840 IPHASE=840
RNEED=LCC76 - EOM
GO TO 1000
CH++++++ttttttttttttittt bbbttt bbbttt bbb bR+
C**** COMPUTE EOM CONTENT FOR CHOKE CANYON RESERVOIR ***=*
CH++++t+tttttrtttttttrrrttttttrttttbtrttbbbt bbbttt b4
1000 RRNEED=RNEED / (0.74*0.95)
EOMC=EOMPB + FLOWBB - RRNEED
IF(EOMC .LT. 0.0) EOMC=0.0
CALL AEVAP (EOMC,EOMPB,CCRMAX,NPTSB,CAPB,AREAB, EVAPBB ,AREAEM, EVPB)
EOMC=EOMC - EVPB
IF(EOMC .LT. 0.0) EOMC=0.0

IF(EOMC - CCR155) 1040,1060, 1060
C EOMC < CCR155
C**** RECOMPUTE WITHOUT RRNEED ****
1040 IICCR=1040
CCRREL=0.0
EOMCCR=EOMPB + FLOWBB - EVPB
IF{EOMCCR .LE. CCR155) GO TO 1200
C**** DRY....PARTIAL RELEASE ****
IICCR=1050
CCRREL=(EOMCCR - CCR155)*0.74*0.95
EOMCCR=CCR155
GO TO 1200
C**** WET....FULL RELEASE **** EOMCCR > CCR155
1060 IF(EOMC .GT. CCRMAX) GO TO 1080
IICCR=1060
CCRREL=RNEED
EOMCCR=ECMC
GO TO 1400
Crxxx SPILL **** EOMCCR > MAX
1080 IICCR=1080
CCRREL=(EOMC - CCRMAX)*0.74*0.95 + RNEED
EOMCCR=CCRMAX

EOM > LCC76

GO TO 1400
C
C**** RECOMPUTE EVAP AND ADJUST EOMCCR OR RELEASE****
C

1200 EOMC1=EOMCCR
CALL AEVAP(EOMC1,EOMPB,CCRMAX,NPTSB,CAPB,AREAB,EVAPBB,AREAEM,EVPC)
EVPADJ=EVPC - EVPB
EVPB=EVPC
IF(IICCR .EQ. 1040) EOMCCR=EOMCCR - EVPADJ
IF(IICCR .EQ. 1050) CCRREL=CCRREL - (EVPADJ)*.074*.095



CH++tttttttttttttttttttttttttt ittt b bbbttt bbb+
Crx*xxxxx | AKE CORPUS CHRISTI ++ SECOND PASS +++ **ktawiix
CH+++ttttttttttttttttttttttttttttbittb bbbttt bbb+ ++
C**x* INITIALIZE VARIABLES ****
1400 SPILL=0.0
SHORT=0.0
SDEM=0.0
SREL=0.0
SRT=0.
SUPPLY(I,J)=0.0
Cx*** ADJUST EOM FOR CCRREL & RECOMPUTE EVAP LOSS **#**
XEOM=EOM + CCRREL
XEOM1=XEOM
IF(XEOM1 .LT. 0.0) XEOM1=0.0

CALL AEVAP(XEOM1,EOMP,LCCMAX,NPTSA,CAPA,AREAA,EVAPAA,, AREAEM, EVPQ)

EVPADJ=EVPQ - EVPX
XEOM=XEOM - EVPADJ

IF(XEOM .GT. 0.0) GO TO 1460

C**** COMPUTE DEMAND & RELEASE SHORTAGES **** EOM < 0.0
IILCC=1400
SHORT=LCCMIN - XEOM
SDEM=SHORT* (DEMM/ (DEMM+LCCREL ) )
SREL=SHORT* (LCCREL / (DEMM+LCCREL ) )
SRT=SDEM*DEMDIS(I)*RTNFLW
EOM=0.0
GO TO 1500
C
C**** CHECK VOLUMES **** EOM > 0.0
C
1460 IF(XEOM .GT. LCCMAX) GO TO 1480
IILCC=1460
EOM=XEQM
GO TO 1500
Crx** SPILL **** EOM > MAX
1480 IILCC=1480
SPILL=XEOM - LCCMAX
EOM=LCCMAX
C ** REDUCE RELEASE BY SPILL **

1500 LCCREL = LCCREL - SPILL
IF(LCCREL .LE. 0.0) LCCREL = 0.0

CH++t+ttttttrtttttttttttttttttttitttttttttbttrtttttttttb 4444+
C+ CHECK FOR FAILURE : SPILL : RELEASE FROM LCC +
C+ EOM < MINPOOL  INCREMENT THE START ZONE FAILURE TABLE +
CH+ttttttttttbttttttdtttttttttbtttbttttttttttrttttrtttttitt+++
C

1600 IF(EOM .LT. LCCMIN) IFX="Y'

IF(EOM .LT. LCCMIN) IFAIL (K) = IFAIL (K) + 1
IF(SPILL .GT. 0.0) ISPILL (K) = ISPILL(K) + 1
IF(LCCREL .GT. 0.0) IIREL (K) = IIREL (K) + 1

C**** PRINT VARIABLES FOR RUN VALIDATION: PROBABILITY MODE ****

IF(K .NE. KZONE .OR. ISIM .EQ. 1) GO TC 1700
IF(ISKIP .GT. 0) GO TO 1700
IF(LONGPR .LT. 2) GO TO 1700




IF(I .EQ. 1) WRITE(KOUT,1630)
1630 FORMAT (1H1/2X,’ZONE YEAR  MTH’

1 EOMP FLOW DEMM’
2 ! LCCREL EVPX RETURN EOM1’ /
3 ' RULE NPH IPHS ', ! EOMPB’ ,
4 7 FLOW RRNEED EVPB  EOMCCR1’ /
5 IFX’,11X,’ IICCR IILCC’,33X,
6 ' CCRREL EOMCCR SPILL EOM’ )
c ** PRINTS**
JYR=1899 + IBEG + J
WRITE (KOUT,1640) K, JYR, I, EOMP, FLOWAA, DEMM, LCCREL, EVPX,
1 RETURN, EOM1
1640 FORMAT(/2X,I4,2I6,13X,5F10.0,10X,2F10.0)
c

1WRITE(K23;é16525MCIHULE, NPHASE , IPHASE, EOMPB, FLOWBB , RRNEED,
b}
1650 FORMAT (2X,I14,3X,A3,16,13X,3F10.0,10X,2F10.0)
WRITE (KOUT, 1660) IFX, IICCR, IILCC, CCRREL, EOMCCR, SPILL, EOM
1660 FORMAT (4X,A1,10X,216,34X,F10.0,10X,3F10.0)
CH+++t++++ttttttttttttitttetttttttttttttrttttsd
C**** PRINT VARIABLES FOR SIMULATION MODE ****
CHHtttittrttrtrtttttttttttttttttttttttrtrttets
1700 IF(ISIM .EQ. 0) GO TO 1800
C**** COMPUTE BEFLOW (INCLUDES SPILLS & RELEASES) : COMPUTE SUPPLY **=**
ARETRN=RETURN
IF{(MODE .EQ. 0) ARETRN=650
C**** THE 650 IS REQUIRED FOR THE ALLEN WASTE WATER TREATMENT PLANT ***=
BEFLOW = ((LCCREL-SREL)+SPILL)*ALOSS + ARETRN - SRT
SUPPLY(I,J)=(DEMM - SDEM) * ALOSS

IF(LONGPR .EQ. O .OR. LONGPR .EQ. 2) GO TO 1740
VOLX=(EOM+EOMCCR) / TOTCAP
IF(J .EQ. 1) GO TO 1706
JYR1=J -1
IF((JYR1/NPG*NPG) .EQ. JYR1 .AND. I .EQ. 1) KPOP=1
1706 IF(KPOP .EQ. 1) WRITE(KOUT,1710) TITLE1, TITLE2
1710 FORMAT(’1',19X,A80/20X,A80/16X, " *----- CHOKE CANYON RESERVOIR----- !
* *

T A s LAKE CORPUS CHRISTI’ ,
2t eececaecmcicasieaceaans *..B & E--*' [
3 ' YEAR MTH VOL  INFLOW EVAP  CCRREL EOM ',
4 ' INFLOW DEMM EVAP  LCCREL  RETURN SPILL'
5 EOM  CALALLEN' / 2X,’'---- - -==',
6 11("  <------ o)
c
KPOP=0

JYR=1899 + IBEG + J ,
WRITE(KOUT,1720) JYR, I, VOLX, FLOWBB, EVPB, CCRREL, EOMCCR,
1 FLOWAA, DEMM, EVPQ, LCCREL, RETURN, SPILL, EOM, BEFLOW
1720 FORMAT(2X,I4,I4,F5.2, 12F10.0)
IF(I .EQ. 12) WRITE(KOUT,1724)
1724 FORMAT(//)

c
C**** STORE END-OF-MONTH VALUES ****
C
1740 ELOSSB(I,J) = EVPB
RELB (I,J) = CCRREL
EOMB (I,J) = EOMCCR
ADEMM (I,J) = DEMM



ELOSSA(I,J) = EVPQ
RELA {I,J) = LCCREL
RETN (I,J) = RETURN
SPILLA(I,J) = SPILL
EOMA (I,J) = EOM
TOTBE (I,J) = BEFLOW

C**** RE-INITIALIZE VARIABLES FOR NEXT MONTH'S OPERATION****

1800 EOMP=EOM
EOMPB=EOMCCR
SPLAST=SPILL
DEMLST=DEMM
RELLST=LCCREL

1900 CONTINUE

C***********************ENDh“”rnﬂ){Loop**************************************
C+++++++++++++++++++++++++++ bbb R4
C+ CHECK FOR ENDING ZONE +
C+ STORE IN START ZONE - ENDING ZONE TABLE +
C++++++++++++++++++++++++++++++ 4+ 4+
ENDVOL=EOM + EOMCCR
DO 2000 L=1,NUMZ
IF(ENDVOL .GT. ZCAP(L)) GO TO 2000
IZT(L,K)=IZT(L,K) + 1
GO TO 2160
C2000 CONTINUE

C *** END YEAR *** END ZONE ***
2160 CONTINUE
2200 CONTINUE

c*******************************************************************************

C **** END OF RESERVOIR OPERATION ****
L R R R L T T T T T T T e P
C
IF(ISKIP .EQ. 1 .OR. 1ISIM .GT. 0) GO TO 2450
C

Cx*** COMPUTE % TIME BY ZONE ****

c
WRITE (KOUT,2330) MODE
2330 FORMAT(’1’,18X,'MODE=',I2 / 8X,’PERCENT OF TIME WHICH '
1 ’VOLUME RULES APPLY’
2 2X,'ZONE$ V508  V40$ V30§  Vv20% vo$ ’ /
3 2X,l____l’!$7, 5(! _____ l,lsl) )
DO 2350 K=1,NUMZ
VV=KV50 (K)
V50=VV/XMTHS
VV=KV40(K)
V40=VV/XMTHS
VV=KV30(K)
V30=VV/XMTHS
VV=KV20 (K)
V20=VV /XMTHS
VV=KVO (K)
VO=VV/XMTHS
WRITE(KOUT,2340) K, V50, V40, V30, V20, VO
2340 FORMAT(T2,I3,TR1,5(F8.2,'$") )
2350 CONTINUE



Figure 5-5
Probability of Starting a Year in a Zone Less-than or Equal-to a Specified Zone
for Simulation Runs 01 - 03 {Baseline Condition)
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Figure 5-6

Probability of Starting a Year in a Zone Less-than or Equal-to a Specified Zone
for Simulation Runs 1 - 6 With and Without Interim Operation Rules
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Figure 5-7
Cumulative Probability of Failure(t) in Any Month of Any Year for
Simulation Runs 1 - 6 With and Without Interim Operation Rules

Whera the curves bscoma horizontal, thal is the Conditkonal Probabliity of Fallure for the parameters of that run.
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Figure 5-8
Percent Probability of Fallure(t) for Choke Canyon Reservoir and Lake Corpus Christi System for
Simulation Runs 1 - 6 With and Without Interim Operation Rules
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Tabie 5-21
Monthly Statistics of Lake Corpus Chiistl Releases, Uncontrolled Splils, End-of-Month Slorage, Nueces Bay Inflows, and M&] Supply
{M&l Demand = 130,000 ac-ft/yr; Nueces Bay Inflows = NONE; 1990 Sediment Accumuialion; Baseline Conditions)

SE-S

“00SSY PUE UBAIINS BRLDIN

"o

Run RO1
[ Januery § February | March | April §J May 1 June § July } August December
Lake Corpua Christl Releases (ac-ft'yr)
Maximum 0 0 1] 0 0 V] 0
Minimum [¢] (1} 0 0 0 [+] 0
Madian 0 0 0 0 [+] 0 0
Arith. Mean [} 0 0 0 0 o 0
Geo. Mean 0 0 0 0 9 0 0
Percent 0 0 0 0 0 0 0
{Lake Corpus Christl Uncontrolled Spiils (ac-ftyr)
Maximum 296,504 362,196 165,959 261,943 505,250 1,565,645 491,718 509,182 1,268,164 900,643 259,103 104,231 240421
Minimum 4 0 0 0 0 o] 0 [} ¥ ¢ 0 0
Median 0 0 (V] 0 0 0 V] 0 1] 1] 0 0
Arith. Mean 13,504 9,636 3,756 14,391 46,985 76,364 36,148 18,303 76,233 63,631 16,477 4,291
Geo. Mean ] 4 3 5 67 146 39 9 47 55 18 [
Parcent 0.036 0.025 001 0.038 0.124 0201 0.095 0.048 0.201 0168 0.043 0.011
JLeke Corpus Christi End-of-Month Storage (ac-ft)
Maximum 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473
Minimum 40,145 32,691 23,447 23,204 23,463 23,11 23,179 29,471 27,179 43,427 54,398 49,606
Median 198,530 192,982 185,709 179,434 207,087 230,918 217,564 210,100 215,055 214,527 210,773 200,984
Arith. Mean 183,523 178,047 173,656 171,955 185,846 194,772 191,238 185,010 192,863 194,400 189,668 165,667
Geo. Mean 171,663 164,918 159,789 158,349 170,043 179,667 175,434 168,659 179,322 182,476 177,951 173,955 ,
Parcent 0.082 0.08 0.078 0.077 0.083 0.087 0.086 0.083 0.087 0.087 0.085 0.083
Total Inflow 1o Nueces Bay (ac-ft)
Maximum 276,399 337,492 154,992 244,257 470,532 1,456,700 457,948 474,190 1,180,042 838,248 241,615 97,585 ,
Minimum 850 650 650 650 650 650 650 650 650 650 650 650
Median 650 650 €50 650 650 650 650 650 650 650 650 650
Arith. Mean 13,209 9,611 4,143 14,033 44,346 71,668 34,267 17,672 71,546 59 827 15,974 4,641
Geo. Mean 1,246 1,025 901 1,260 3,767 4,941 2,785 1,424 3,387 3,551 1,845 1,105
Percent 04037 0.027 0.011 0.039 0123 0.199 0.095 0.049 0.198 0.166 0.044 0013
jM&1 Supply Delivered to Calallen (ac-fi)
Maximum 9,412 8,632 10,465 10,959 11,336 11,765 13,338 13,325 10,894 10,582 9,685 9,607
Minimum 9.412 8632 10,465 10,958 11,336 11,765 13,338 13,325 10,894 10,582 9,685 8,607
Median 9,412 8,632 10,465 10,959 11,336 11,765 13,338 13,325 10,894 10,582 9,685 9,607
Arith. Mean 9,412 8,632 16,465 10,959 11,336 11,765 13,338 13,325 10,694 10,582 9,685 9,607
Geo. Mean 9,412 8,632 10,465 10,959 11,336 11,765 13,338 13,325 10,694 10,582 9,685 9,607
Percent 0.072 0.066 0.08 0.084 0.087 0.09 0.103 0.102 0.084 0.081 0.075 0.074
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Table 5-22
Monthly Statistics of Lake Corpus Chrlst Releases, Uncontrolled Spiils, End-of-Month Storage, Nueces Bay Inflows, and M&l Supply
(M&l Demand = 160,000 ac-ft/yr; Nueces Bay Inflows = NONE; 2010 Sediment Accumulation; Baseline Conditions)

S| “30SSY PUE UBAKINS 10BLOHN

9¢-G

Run A02

[ Januery | February | Msrch | Api |

May 1 Juma |

Juty | August ) September] October § November § December | Annual

FLako Corpus Christl Releases {ac-ftyr)

Maximum 0 0 0 1] 0 0 0 0 0 0 0 0
Minimum Q0 0 0 0 0 0 0 0 0 0 1] ]
Median 0 0 0 3] 0 0 1] 0 0 0 0 0
Aith. Maan 0 0 0 0 0 0 0 [ 0 [+] 0 0
Geo, Mean a 0 o 5 0 ] 0 ] 0 0 0 0
Percenmt 0 0 0 0 0 0 0 0 0 0 0 0
JLake Corpus Christi Uncontrolied Spills (sc-ftiyr)
Maximum 280,193 360,054 163,362 257 975 502,437 1,562,726 470,085 506,275 1,237,504 898,017 256,699 101,848
Minimum 0 o] 0 [+ 0 4] 0 0 0 1] 1} 1]
Maedian 1} [+} 1] v} o 0 0 1} o] 0 0 a
Avith. Mean 11,612 9,228 3,274 12,711 43,239 70,630 33,425 16,953 72,957 61,496 14,834 3,771
Geo. Mean 5 3 2 5 54 94 21 8 34 41 1 4
Parcent 0.033 0.026 0.009 0.036 0122 0.199 0.094 0.048 0.206 0.174 0.042 0.011
Lake Corpus Christl End-of-Month Storage (ac-ft)
Maximum 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353
Minimum 14,878 14,901 14,700 14,515 14,668 14,407 14,323 14,244 14,488 15,034 17,338 17,423
Median 162,988 158,184 145,932 137,538 161,008 191,511 185,980 177,588 178,389 180,118 176,739 164,831
Avith. Mean 146,731 139,880 134,294 132,676 148,304 160,063 157,123 150,209 159,256 160,458 155,387 149,506
Geo. Mean 125,603 116,830 114,452 110,606 123,228 134,792 131,475 124,872 138,851 140,460 134,650 128,265
Percent 0.082 0.078 0.075 0.074 0.083 0.089 0.088 0.084 0.089 0.089 0.087 0.083
Tolel inflow to Nueces Bay {(ac-ft)
Maximum 261,229 335,500 152,677 240,567 467,916 1,453,985 437,838 471,486 1,151,529 835,805 239,380 95,368 2217121
Minimum 650 650 650 650 €50 650 650 650 650 650 650 650 7,800t
Madian 650 650 650 650 656 650 &850 650 650 650 650 650 132,402
Asith. Mean 11,449 9,232 3,695 12,471 40,862 66,336 31,735 16,417 68,500 57 841 14,446 4,157 337,141
Geo. Mean 1,174 983 807 1,221 3,431 4,208 2,382 1,285 3,077 3,259 1,573 1,008 102,290,
Percenl 0.034 0.027 0.011 0.037 o121 0.197 0.094 0.049 0.203 0.172 0.043 0.012
M&| Supply Dellvered to Calallen (ac-t)
Maximum 11,584 10,624 12,880 13,488 13,952 14,460 16,416 16,400 13,408 13,024 11,920 11,824 160,01
Minimum 11,584 10,624 12,880 13,488 13,852 14,480 16,416 16,400 13,408 13,024 11,920 11,824 1600/
Medlan 11,584 10,624 12,880 13,488 13,952 14,480 16,416 16,400 13,408 13,024 11,920 11,824 160,01
Arith. Mean 11,584 10,624 12,880 13,488 13,952 14,480 16,416 16,400 13,408 13,024 11,920 11,824 160,01
Geo. Mean 11,584 10,624 12,880 13,488 13,852 14,480 16,416 16,400 13,408 13,024 11,820 11,824 160,0
Percent ) 0.072 0.066 0.08 0.084 0.087 0.09 0.103 0.102 0.084 0.081 0.075 0.074
l ] ) | ] 1 ] ] J | i I ]
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Table 5-23

Monthly Statistics of Lake Corpus Christi Releases, Uncontroiled Spilts, End-of-Month Storage, Nueces Bay Inflows, and Mal Supply
(M&!l Demand = 197,000 ac-tVyr; Nueces Bay Inflows = NONE; 2040 Sediment Accumulation; Baseline Conditions)

Run RO3
[ Januery J February | March | Apeh | May § June Y  July § August JSeptember] October J NovemberJ December] Annual |

[Lake Corpus Christl Releases (ac-it/yr) ‘
Maximum 0 0 0 o 0 0 o 0 0 0 0 0 0
Minimum 0 0 0 0 0 0 ¢ 0 V] 0 0 0
Median 0 0 0 0 Q 0 0 o 0o ¢ 0 0
Asith. Mean ] 0 0 0 0 0 0 0 0 0 0 0
Geo. Mean 0 0 0 0 0 0 )} 0 0 0 0 0
Percenl 0 1] 0 0 0 0 o 0 0 0 0 1]

Lake Corpus Christl Uncontralled Splils (ac-ftiyr)

Maximum 216,606 328,647 160,159 251,475 498,968 1,559,125 444,590 483369 1,232,359 894,778 253,735 96,907 233903
Minimum 0 0 0 0 0 0 0 0 0 0 0 0

Madian 0 1} o 0 0 0 o 0 0 0 0 0 106,09
Arith. Mean 9,733 8,360 2,917 10,858 37,013 64,045 30,972 15,227 70,027 59,557 13,765 3,014 325,51
Geo. Mean 4 3 2 3 4“1 81 20 3 a2 38 9 3 6,724
Percent 0.03 0.026 0.009 0.033 0.114 0.197 0.095 0.047 0.215 0.183 0.042 0.009

anko Corpus Christl End-ol-Month Storage (ac-f)

Maximum 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 2,038,106]
Minimum 5,659 5816 5,647 5,675 5,602 8,671 5551 5,558 5,731 5,688 5,764 5,942 118,21
Median 105,250 99,292 87,135 80,187 95,132 131,970 143,159 125,896 127,209 131,588 123,824 108,977 1,370,0241
Arith. Mean 99,536 81,428 84,422 82,550 100,884 116,245 114,195 106,678 115,993 117,164 111,102 103,632 1,243,829
Geo. Mean 70,779 61,402 54,893 50,152 63,873 77,239 76,883 72,723 86,119 88,357 81,725 74,177 1,040,952
Percent 0.08 0.074 0.068 0.0666 0.081 0.093 0.082 0.086 0.093 0.094 0.089 0.683

Total Inflow to Nueces Day {ac-f1)
Maximum 202,094 306,292 145,598 234,522 464,690 1,450,636 414,119 450,183 1,146,744 832,794 236,624 92,634 2,183,098
Minimum 650 650 650 630 650 650 650 650 650 650 650 650 7,800
Median 650 650 650 650 650 650 650 650 650 650 650 650 106 46
Arith. Mean 9,702 8,444 3,363 10,748 35,072 60,211 29,454 14,811 65,775 56,038 13,451 3,433 310,524
Geo. Mean 1,129 953 744 1,073 2,905 3,643 2,247 1,048 2,893 3,052 1,475 a7e 86,97
Percant 003y 0.027 0.011 0.035 0.113 0.194 0.095 0.048 0.212 0.18 0.043 0.013%

M3} Supply Dellvered 1o Calailen {ac-ft)

F Maximum 14,263 13,081 15,859 16,607 17178 17,829 20,212 20,193 16,509 16,036 14,677 14,558 97,0
Minimum 14,263 13,081 15,859 16,607 t7.178 17,829 20212 20,193 16,509 16,036 14,677 14,558 1970
Median 14,263 13,081 15,859 16,607 17,178 17,829 20212 20,193 16,509 16,036 14,677 14,558 1970
Asith. Mean 14,263 13,081 15,859 16,607 17178 17,629 20,212 20,193 16,509 16,036 14,677 14,558 187,001
Geo. Mean 14,263 13,081 15,858 16,607 17,478 17,828 20,212 20,193 16,509 16,036 14,677 14,558 196,099
Percanl 0.072 0.066 0.08 0.084 0.087 0.09 0.103 0.102 0.084 0.081 0.075 0.074

- | eseyd

A AljiqeqQLg feuogpuo)
useg seoeny eu Jo Apmgs Buue)y Addng Jerep) reuoibey

LLYOMNddV T300n ALMBVBOHd TYNOLLIONOD

B



"OU| “20SSY pUE UBANINS {BBYOHN

8E-g

Table 5-24
Monthiy Statistics of Lake Corpus Chrisll Releases, Uncontrolted Spills, End-of-Month Stotage, Nueces Bay inflows, and M&I Supply
(M&| Demand = 130,000 ac-fUyr; Nueces Bay Inflows = 97,200 ac-ft'yr; 1990 Sediment Accumulation; Without interlm Operation Rules)

Run R1
{ January J Fobruery | March | April § May | June F July § August JSeptember] October N November ] December | Annuat

lLake Corpus Christi Releases {ac-ft/yr)
Maximum 1,126 1,478 6,564 10,642 32,515 16,192 0 0 21,962 12,425 1,002 1,038 104,945
Minimum 0 0 0 0 ] 0 [¢] 0 0 0 0 0 12,13
Madian 1,126 1478 6,564 10,642 32,515 16,182 0 0 21,862 12,425 1,002 1,038 90,684
Arith. Mean 985 1,320 6,330 9,519 25,080 12,463 0 c 16513 8,875 797 889 82,77
Geo. Mean 468 676 4,796 4,452 3,445 1,986 1 1 2,072 840 255 385 75,315
Percent 0.012 0016 0.076 0.115 0.303 0.151 0 +] 0.2 0.107 0.01 0.011

JLake Corpus Christi Uncontrolied Spills (ac-ft/yr)
Maximum 224,880 280,698 148,109 246,091 472735 1,549,453 421,391 464,788 1,177,700 888,217 258,100 103,194 2,271,667
Minimum 0 0 0 0 0 V] 0 ¢ 0 0 0 ] ZI
Median 0 0 [+ 0 0 ) 0 o 0 0 0 0 80,287
Arith. Mean 9,788 7,891 2,630 9,267 28,426 53,867 29,920 14,584 63,970 54,752 12,748 3,2 291,365
Geo. Mean 4 3 1 3 16 17 17 6 19 28 9 4 3,092
Percent 0.034 0.027 o 0.032 - 0.088 0.185 0.103 0.05 0.22 0.188 0.044 0.011%

JLake Corpus Chrlstl End-of-Month Storage (ac-ft)
Maximum 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 237,473 2,793,587
Minimum 22,859 22,840 22,574 22,107 21,631 22,073 14,863 20,640 22,247 22,080 22,766 22,873 281,16
Median 153,792 152,872 140,712 130,539 123,589 152,125 186,927 188,235 167,193 173,148 168,880 160,325 1,963,73
Arith. Mean 149,774 144,091 135,869 130,907 133,809 149,589 155,116 153,927 154,286 154,183 183,159 149,463 1,764,172
Geo. Mean 120,716 114,636 108,763 104,551 99,989 113,758 120,026 121,438 123,139 124,058 121,942 119,544 1,550,164
Percent 0.085 0.082 0.077 0.074 0.0786 0.085 0.088 0.087 0.087 0.087 0.087 0.085

Total inflow to Nueces Bay (ac-ft)
Maximum 209,788 261,699 138,392 220,514 440,294 1,441,641 392,543 432903 1,005911 826,692 240,683 96,620 2,131,7
Minimum 1,697 2,025 6,755 10,547 30,889 15,709 650 650 21,075 12,206 1,582 1,615 105,39
Madian 1,697 2,025 6,755 10,547 30,889 15,709 850 650 21,075 12,206 1,582 1,615 149,29
Arith. Mean 10,669 9,216 9,169 18,120 50,410 62,336 28,476 14,213 75,499 59,823 13,247 4,557 355,73
Geo. Mean 2,522 2,713 7,183 12,446 37,988 23,842 2,099 1,189 32,655 22,434 2,828 2,064 220,74
Percent 0.03 0.026 0.026 0.051 0.142 0.175 0.08 0.04 0.212 0.168 0.037 0.013

IM&t Supply Delivered to Calalisn (ac-f1)
Maximum 9,412 8,632 10,465 10,959 11,336 11,765 13,338 13,325 10,894 10,582 9,685 9,607 130,0
Minimum 9,412 8,632 10,465 10,959 11,336 11,765 13,338 13,325 10,894 10,582 9,685 9,607 130,0
Median 9,412 8,632 10,465 10,958 11,336 11,765 13,338 13,325 10,894 10,582 9,685 9,607 130,0
Arith. Mean 9412 8,632 10,465 10,959 11,336 11,765 13,338 13,325 10,894 10,582 9,685 9,607 130,0
Geo. Mean 9412 8,632 10,465 10,959 11,338 11,765 13,338 13,325 10,894 10,582 9,685 9,607 1300
Percent 0.072 0.066 0.08 0.084 0.087 0.09 0.103 0.102 0.084 0.081 0.075 0.074
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Table 5-25

Monthly Slatistics of Lake Corpus Christi Releasas, Uncontrelled Spills, End-of-Monlh Storage, Nueces Bay Inflows, and M&i Supply

(M&1 Demand = 130,000 ac-filyr; Nueces Bay Inflows = 97,200 ac-f/yr; 1990 Sediment Accumuiation; With Interlm Operation Rules)

Run R2

Y January J February | March § Apil  §  May [ June |

July § August §September] October J Novemberf December] Annual

{Lake Cospus Christl Releases (ac-ftiyr)

Maximum 2,086 2,137 3,096 3,064 24,590 24,023
Minimum 0 0 0 0 0 0
Madian 2,086 2,137 3,096 3,064 24590 24,023
Asith. Mean 1,613 1,713 2,592 2,359 16,538 15,146
Geo. Mean 682 813 1,701 851 1,488 1,196
Pearcent 0.025 0.027 0.04 0.037 0.256 0235
Lake Corpus Chrlstl Uncontrolled Spills {(ac-filyr)
Maximum 223,155 350,765 164,748 259,005 493,321 1,554,013
Minimum 0 c 0 0 [ 0
Median 0 0 0 0 ] 0
Arith. Mean 9,775 9,187 3,277 10,881 35,909 56,640
Geo. Mean 4 3 2 4 30 23
Percenl 0.031 0029 0.0% 0.035 0114 0.181
HLnko Corpus Christl End-of-Month Storage (ac-t)
Maximum 237,473 237,473 237,473 237,473 237,473 237,473
Minimum 22,847 22,830 22,697 22,500 21,643 22179
Median 162,148 162,395 146,463 148,249 148,688 164,054
Arith. Mean 153,860 147,501 142,325 142,915 147,637 157,859
Geo. Mean 127,380 118,935 116,852 118,247 117,814 124,550
Percent 0.083 0.08 0.077 0.077 0.08 0.085
Total inflow to Nueces Bay (ac-ft)
Maximum 208,099 326,729 153,844 241,532 459,469  1,445938
Minimum 1,253 1,253 1,754 566 11,774 607
Median 2,505 2,508 3,507 3,507 23,548 23,047
Agith. Mean 11,158 10,657 6,085 12,967 49,458 67,466
Geo. Mean 3,192 2,993 3,420 4,291 31,278 25,559
Percent 0.031 0,03 0.017 0.038 0.138 0.188
M&| Supply Deliversd to Calallen {(ac-ft)
Maximum 9,412 8,632 10,465 10,959 11,336 11,765
Minimum 8,941 8,200 9,419 8,767 10,202 9,412
Median 9,412 8,632 10,465 10,959 11,336 11,765
Arith. Mean 9,362 8,586 10,353 10,802 11,235 11,639
Geo. Mean 9,360 8,585 10,348 10,793 11,230 11,628
Percent 0.073 0.067 0.08 0.084 0.087 0.09

3988
0
J.e88
2478
324
0.028

424,382
0

0
29,832
17
0.095

237,473
22,138
195,917
159,970
127,396
0.087

395,485
688
4,509
30,847
7,607
0.086

13,338
10,670
13,338
13,195
43,182

0.102

4,528
0
4,528
3,12%
644
0048

500,529
]

0
15,262
6

0.049

237 473
22,466
185,550
155,336
123,824
0.084

466,292
688
5,010
17,895
5,332
0.05

13,325
10,660
13,325
13,182
13,170

0.102

11,688
0
11.688
7.544
730
0.117

1,243,894
1]

[+

68,029

26

0217

237473
22,579
162,192
162,828
133,514
0.088

1,157,383
562
11,524
70,934
18,360
0.187

10,894
8,715
10,854
10,738
10,726
0.083

9,015
0
8,963
5,669
516
0.088

896,477
4

0o
58,268
34
0.186

237,473
22,157
185,140
163,820
136,270
0.089

834,358
4,509
9,019

60,117
17,156
0.167

10,582
9,524
10,582
10,488
10,483
0.081

3,685
0
3,685
2,637
650
0.039

257,872
0

0
13,195
9

0.042

237,473
22,706
178,911
160,468
131,938
0.087

240,123
2,004
4,008

15,215
5285
0.042

9,685
9,201
9,685
9,650
8,650
0075

4,229
0
4,229
3,206
1,244
0.05

102,427
0

0

3436

4

0.011

237,473
22,878
169,159
154,276
126,690
0.083

95,833
2,255
4,509
6,756
4,495
0.019

9,607
9,127
9,607
9,556
9,554
0.074

96,129
8,277,
68,53
64,51
54,87

2,338,817

95,44
313,719
3,604

2,79261 5i
308,538

2,046,46
1,848,79
1,645,347

2,195,156
52,85
156,062
359,555
211,767

130,0
114,41

130,000
128,786
128,742
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Table 5-27
Monthly Statistics of Lake Corpus Christl Releases, Uncontrolled Spills, End-of-Month Storage, Nueces Bay Inliows, and M&| Supply
(M&! Demand = 160,000 ac-ftlyr; Nueces Bay Inflows = 97,200 ac-ftyr; 2010 Sediment Accumulation; With Interim Operalion Rules)

-5

“U| “O0SSY PUE UBAING BELOIN

Run R4
N January | February § March | Apiil | May J§ June | July T August ]| September] October )| November | December | Annual
Lake Cospus Christi Releases (ac-fiiyr)
Maximum 845 1,062 4,359 £,891 21,075 10,574 0 0 14,276 8,134 769 7N 68,876
Minimum 0 0 ¢ 0 0 [ 0 0 0 0 1] 1]
Median 845 1,062 4,359 6,991 18,441 3,757 0 0 §,722 2,691 0 M 42,23
Asith. Mean 501 657 2,969 4,607 12,334 5,554 "] 0 7,659 3,934 350 420 29,184
Geo. Mean 69 77 917 1,006 966 360 1 i 612 194 22 36 19,047
Percant 0.013 0.017 0.076 0.123 0.315 0142 0 0 0.185 01 0.009 0.011
fLake Corpus Christi Uncontrolled Spliis (ac-fuyr)
Maximum 248,814 360,054 ' 162,636 250,264 493,475 1,559,074 425,629 484,389 1,257,905 895,420 256,699 101,848 232511
Minimum [+] 0 1] 0 0 0 0 0 0 0 0 0
Median ] 0 0 0 0 0 0 0 0 Q ] 0 106,70
Anth. Mean 10,167 9,209 3,084 10,027 35,868 59,631 30,133 14,922 67,811 58,055 13,979 3,326 316,21
Geo. Mean 4 3 2 ] 28 kI 17 6 26 39 7 4 4,226
L Percant 0.032 0.029 0.01 0.032 0.113 0.189 0.095 0.047 0.214 0.184 0.044 0.011
iLake Carpus Christi End-of-Month Storage (ac-ft)
Maximum 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 212,353 2,487,707
Minimum 14,847 14,780 14,635 14,515 14,406 14,408 14,394 14,315 14,629 14,433 14,683 14,920 288,141
Median 143,256 139,166 128,766 116,218 114,001 144,083 178,615 166,268 185,498 158,032 150,176 138,278  1,799.73
Arith. Mean 132,406 125,321 117,668 113,861 122,367 138,579 141,628 137,947 142,666 143,525 139,864 134,474 1,591,32
Gao. Mean 107,213 98,555 91,889 87,016 88,818 104,598 108,065 106,319 113,979 116,790 143,777 110,169 1,398,601
Percenl 0.083 0.078 0.074 0.072 0077 c.088 0.089 0.087 0.09 0.09 0.088 G.085
Tolal inflow to Nueces Bay (ac-ft)
Maximum 233,830 337,081 153,957 235,578 461,861 1,452,979 399,282 453926 1,172,274 835,476 241,234 87,201 2.202,515{
Minimum 2,354 2,159 2,327 2,437 2,520 2,616 2,965 2,963 2,422 2,353 2422 2,403 46,041
Median 3,219 3219 6,759 9,334 22,530 12,874 3,447 3,444 16,093 10,299 3,219 3,219 162,662
Asith. Mean 12,361 11,412 8,285 16,596 47,719 63,655 31,428 17,285 72.968 60,349 15,839 5,974 363,881
Geo. Mean 4,199 3,758 5,620 9,075 26,031 17777 7.44% 4,823 20,934 16,312 4,793 3,589 206,552
Percent 0.034 0.031 0.023 0.046 013 0.175 0.088 0.048 0.201 0.166 0.044 0.016
IM&i Supply Dellvered to Cailallen {(ac-It)
Maximum 11,584 10,624 12,880 13,488 13,952 14,480 16,416 16,400 13,408 13,024 11,920 11,824 160.,0
Minimum 10,426 9,562 10,304 10,790 11,162 11,584 13,133 13,120 10,726 10,419 10,728 10,642 132,585
Median 11,584 10,624 12,880 13,488 13,852 14,480 16,416 16,400 13,408 13,024 11,920 11,824 160,0
Asith. Mean 11,418 10,463 12,466 13,079 13,504 14,118 15,918 15,931 12,953 12,605 11,739 11,634 155,82
Geo. Mean 11,413 10,457 12,437 13,049 13,475 14,097 15,689 15,803 12,926 12,576 11,734 11,628 155,65
Percent 0.073 0.067 0.08 0.084 0.087 0.091 0.102 0.102 0.083 0.081 0.075 0.075
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Table 5-28

Monthiy Statistics of Lake Corpus Christi Releases, Uncontrolled Spilis, End-of-Month Storage, Nueces Bay Inflows, and M&l Supply
(M&) Demand = 197,000 ac-ft/yr; Nueces Bay Inflows = 97,200 ac-ft/yr; 2040 Sediment Accumulation; Without Interim Operation Rules)

Run RS
§ January | February | March | Apil | May J| June N July | Aug ust | rj_October ) Novamber [ December | Annual

ILake Corpus Christi Releases {ac-ft/yr)
Maximum 0 0 4,128 8,091 29,876 13,454 0 0 19,426 9,862 0 0 84,93
Minimum 0 0 0 0 0 0 0 0 0 0 0 0 12,22
Median 0 0 4,128 8,091 29,876 13454 0 0 19,426 9,962 0 0 80,314
Arith. Mean 0 0 4,055 7,368 24,966 10,723 0 0 15,142 7,294 0 0 69,44
Geo. Mean 1 1 3,558 3.623 7.649 2,063 1 1 2,691 846 1 1 64,520
Parcent V) ] 0.058 0.106 0.358 0154 0 0 0.218 0108 0 [}

fLake Corpus Christi Uncontrolled Splils (ac-fuyr)
Maximum 216,606 277,392 144,169 239,299 469,001 1,545,671 387,699 399,843 1,207,365 805,353 283,735 98,907 2,196,405
Minimum 0 ] 0 0 0 [ 0 0 0 [} 0 0
Madian 0 0 0 0 1] 0 0 0 ] ) 0 4] 61,18
Arith. Mean 9,728 6,638 2,574 7.841 24,684 49,544 25,423 12,419 61,086 50,941 11,834 2,736 265,54
Geo. Mean 4 3 1 3 9 13 9 3 17 22 7 2 1,579
Parcent 0.037 0.025 001 0.03 0.093 0.187 0.096 0.047 023 0.192 0.045 0.01

fLake Corpus Chilstl End-of-Month Storage (ac-fi)
Maximum 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 1,979,946
Minimum 0 1] 0 L] 0 0 0 1,195 1] 5,675 5,764 2,115 25,527
Median 77,907 70,289 60,806 55,121 49,610 86,399 104,725 107,728 92,822 82,007 88,505 78,749  1,113,53
Arith. Mean 82,488 76,783 69,177 66,617 77,074 91,675 95,745 91,130 92,604 83,762 90,813 85,354 1,013,221
Geo. Mean 30,583 24313 23,745 23,693 23,294 31,868 36,202 53,316 47,159 57,338 51,499 46,081 758,0
Percent 0.081 0.076 0.068 0.066 0.076 0.09 0.094 0.09 0.091 0.083 0.09 0.084

Total Intlow to Nueces Bay (ac-ft)

Maximum 202,094 258,625 134,727 223,198 436,905 1,438,124 361,210 372,504 1,123,500 749,629 236,624 92,634 2081821
Minimum 274 266 210 187 1,338 -79 -287 650 15,065 9,915 650 650 42,19
Median 850 650 4,489 8,175 28,435 13,162 650 650 18,716 9,915 650 650 127 ,4§ZI
Arith. Mean 9,684 6,803 6,665 14,533 45,866 56,057 24,249 12,200 71,477 54,808 11,749 3,194 3172
Geo. Mean 1,100 888 4,314 8,764 31,754 15,543 1,203 974 28,826 18,473 1,320 827 183,081
Percent 0.031 0.021 0.021 0.046 0.145 0177 0.076 0.038 0.225 0173 0037 Q.01

Ml Supply Delivered to Calallen {ac-it)
Maximum 14,263 13,081 15,859 16,607 17178 17,829 20212 20,193 16,509 16,036 14,677 14,558 197 0
Minimum 2,764 261 480 344 B24 1} 0 20,193 13,263 16,036 14,677 14,556 101,414
Median 14,263 13,081 15,859 16,607 17,178 17,829 20212 20,193 16,509 16,036 14,677 14,558 197.0
Asith. Mean 13,926 12,424 15,318 16,073 16,656 16,966 19,273 20,193 16,451 16,036 14,677 14,558 192,551
Geo. Mean 13,672 114,080 14,180 15,027 15,955 13,866 15,861 26,193 16,445 16,036 14,677 14,558 191,29,
Percent 0.072 0.065 0.08 0.083 0.087 0.088 0.1 0.105 0.085 0.083 0.076 0.076
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Monthly Stallstics of Lake Corpus Christi Releasas, Uncontrolied Spllls, End-of-Month Storage, Nueces Bay Inflows, and M&i Supply

Tabie 5-29

{M&! Demand = 197,000 ac-fiyr; Nueces Bay inflows = 92,200 ac-ftyr; 2040 Sediment Accumulation; With Interim Opaeration Rules)

Run R6

I January J Februsry | March ]  April

I May § June |

July | August [Seglomborl October INovomborIDocomberl Annual |

ILake Corpus Chtisil Relesses (ac-fUyr)

Maximum o 0 0 0 14,168 248 0 0 2,474 0 0 0 16,88
Minimum 0 0 0 0 0 0 0 0 1] 0 1] 0
Madian 0 0 0 0 5,686 137 0 0 2,474 0 0 0 5,934
Arith. Mean 0 o} 0 0 3,604 125 [} a 1,413 1} 0 0 5,142,
Gao. Mean 1 1 1 1 194 18 1 1 95 1 1 1 874
Percent 0 0 0 0 0.701 0.024 0 0 0.275 0 1} 0

[Lake Carpus Christi Uncontrolied Splils (ac-fyr)
Maximum 238,795 357,412 160,159 253,261 493496 1,589,100 450,087 496,496 1,243,875 884,778 253,735 98,507 2,344.,31
Minimum 0 0 0 0 0 0 0 0 0 0 0 0
Medtan 0 0 0 0 0 0 0 0 0 0 0 0 105,826
Arith. Mean 10,187 8,933 2,974 11,397 39,274 65,734 31,566 15,753 70,366 60,406 13,749 3,069 3334
Geo. Mean 4 3 2 4 44 74 23 4 33 40 9 3 7,107
Percant 0.031 0.027 0.009 0.034 0.118 0197 0.095 0.047 0.211 0.181 0.043 0.008

lLake Corpus Christl End-of-Month Storage (ac-ft)
Maximum 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 174,673 2,040,738
Minimum 5,860 5,840 5,647 5675 5,543 5671 5,551 5,558 5,731 5,686 5,765 5,964 150,14
Median 109,859 105,637 93,389 88,835 100,198 137,626 144,920 130,296 131,955 134,899 128,602 113,456 1,420,125
Arith. Mean 103,930 96,149 90,297 89,298 103,000 117,983 116,326 110,005 118,547 120,191 114,651 107,745 1,288,712
Geo. Mean 77251 67,665 63,544 60,616 69,038 81777 80,465 77.345 90,386 94,180 87,538 81,401 1,098,507
Percent 0.081 0.075 0.07 0.069 0.08 0.082 0.09 0.085 0.082 0.093 0.089 0.084

Total Inflow to Nueces Bay (ac-1)

Maximum 227,324 337,103 154,657 241,318 465,136 1,456,381 425,622 468,777 1,161,916 837,817 241,257 97,225 2,250,885
Minimum 4,969 4,557 4,911 5,143 3,320 5521 6,259 6,253 5112 4,966 5,113 5,072 64,98
Median 5,245 4,810 5525 5,786 11,273 6,442 7.042 7,035 8,052 5,587 5,397 5,354 179,90
Asith. Mean 14,687 13,086 8,249 16,338 45,816 67,432 36,370 21,649 72,454 61,739 18,136 8,173 3841
Geo. Mean 7,010 5910 5,802 7.690 20,649 16,022 13,525 9,035 16,749 14,076 8,168 6,125 223,061
Percent 0.038 0.034 0.021 0.042 0.119 0176 0.095 0.056 0.189 0.161 0.047 0.021

iM&| Supply Delivered to Calallen (ac-ft)
Maximum 14,263 13,081 15,859 16,607 17,178 17,829 20,212 20,193 16,509 16,036 14,677 14,558 151,235
Minimum 12,837 11,773 12,687 13,2686 13,743 14,263 16,170 16,154 13,207 12,829 13,209 13,102 163,25
Median 13,550 12,427 14,273 14,946 15,461 16,046 18,191 18,173 14,858 14,432 13,943 13,830 180,12
Avith. Maan 13,537 12,427 14,244 14,887 15,430 16,173 18,374 18,281 14,828 14,547 14,021 13,630 180,57
Goeo. Mean 13,534 12,424 14,230 14,874 15,414 16,149 18,343 18,256 14,810 14,525 14,016 13,827 160,48
Percent 0.075 0.069 0.078 0.082 0.085 0.08 0.102 0.101 0.082 0.081 0.078 0.077
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Regional Water Planning & of the Nueces Basin
Pheg.sa il - Condsi:ijgr?z Probability wModolin
CONDITIONAL PROBABILITY MODEL APPLICATION

tral tendency. Throughout the remainder of this report, the geometric mean wiil be used as the priméry
means to compare and contrast data. However, where appropriate, other indicators will also be used.

The geometric means of annual uncontrolied spills from LCC are shown in Figure 5-9. This figure shows
that in the early years of operation, spills under baseline conditions are large and, with and without IORs,
spills are relatively close. However, by the year 2040, spills with the I0Rs will be greatly increased over
conditions without }ORs because the proposed rules allow for reductions and cessation of B&E releases
under drought conditions. Such conditions are expected to prevail in 2040 and will, therefore, dictate this
mode of operation the majority of the time. More water will be retained in storage and result in higher spills.

The geometric means of annual LCC designated B&E releases with and without the IORs are shown in
Figure 5-10. Under baseline conditions, designated releases are zero. In the early years when demand
and return flows are low, designated reieases are relatively high (1990 releases are 75,315 ac-ft/yr without
IORs and 54,873 ac-ft/yr with IORs). However, with the IORs, releases are often reduced and occasionally
suspended. As the demand and return flows increase and the storage capacity decreases (because of
sediment accumulation), the frequency of uncontrolled spills increases, which allows a decrease in desig-
nated B&E releases.

Before the year 2040, it is obvious that the LCC/CCR system will operate continually at some level of water
conservation. The annual releases for B&E maintenance without iORs will range from 12,200 ac-ft/yr to
85,000 ac-ft/yr with a median of 80,000 ac-ft/yr and geometric mean of 64,500 ac-ft/yr. With IORs, the
range of releases is reduced to a range of zero to 16,900 ac-ft/yr with a median of 5,900 ac-ft/yr and a ge-
ometric mean of only 874 ac-ft/yr (Tables 5-24 through 5-29).

The geometric means of annual Nueces Estuary total inflows are shown in Figure 5-11. Even under fuil-
capture operation (baseline), considerable water reaches the Nueces Estuary. However, by 2040, even
under baseline conditions, an annual geometric mean of nearly 87,000 ac-ft/yr of water reaches the
estuary. This is principally due to an increase in spills caused by sediment reduced total storage volume,
especially in LCC.

With or without the IORs, a considerable amount of water will still be released to the Nueces Estuary
through a combination of designated releases and uncontroiled spills. In all cases simulated, the geomet-
ric mean of annual Nueces Bay inflows is greater than 180,000 ac-ft/yr. Most of these inflows result from
uncontrolled spills which can exceed 2 million ac-ft/yr. Examination of the monthly distribution of total
Nueces Estuary inflows shows a pattern mimicking the minimum release requirement pattern augmented
by relatively large floods which tend to occur during the May-October period. Under full-capture operation
(baseiine), the capacity of LCC available for capture of flood events is maximized. However, even with a to-
tally empty reservoir, there is insufficient capacity to handle the larger floods. Thus, the total annual

Michaal Sullivan and Assoc., Inc. 5-44
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Geo. Mean of Annual Spills (ac-ft/yr)

14,000

12,000

10,000

8,000

6,000 -

4,000 -

2,000 -

Figure 5-9

Geometric Mean of Annual Lake Corpus Christi Uncontrolled Spills
for Simulation Runs 01 - & With and Without Interim Operation Rules
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Geo. Mean of Annual LCC

Releases (ac-fi/yr)
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Figure 5-10

Geometric Mean of Annual Lake Corpus Christi B&E Releases
for Simulation Runs 01 - 6 With and Without Interim Operation Rules
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Geo. Mean of NB inflows (ac-ft/yr)
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Figure 5-11

Geometric Mean of Annual Nueces Estuary Total Inflows
for Simulation Runs 01 - 6 With and Without Interim Operation Rules
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ional Water Supply Planning Study of the Nueces Basin
gggse il - Conditional Probabifity Mcdelin
CONDITIONAL PROBABILITY MODEL APPLICATION

uncontroiled spills range from zero to 2,400,000 ac-ft/yr with medians of 166,000 ac-fi/yr, 134,000 ac-ft/yr
and 106,000 ac-ft/yr for Runs R01-RO3 and geometric means ranging from 12,800 ac-ft/yr in 1990 to
6,700 ac-ft/yr in 2040. Without the |ORs, uncontrolled spills decrease between 1990 and 2040. The ca-
pacity of the system, especially LCC, will be continually reduced by sedimentation, resulting in greater
spills. However, M&l demands also increase, which tends to keep the available capacity of the system to
capture floods higher. With the IORs the opposite is true,

Because the rules allow for release reductions and suspension, and because of spills-banking, more wa-
ter is maintained in the system, which reduces the available capacity for flood capture. So, while the IORs
decrease the number of required B&E releases, they increase the number and magn#tude of uncontrolled
spills to Nueces Bay.

The geometric means of LCC end-of-month content are shown in Figure 5-12. The end-of-month con-
tent of the system is, of course, highest under baseline (full-capture) operation and in the early years of
operation when demand on the system is lowest. i is not, however, until the later years, approaching year
2040, that the impact of the proposed iORs becomes apparent. Without the IORs, no provisions are
made for reductions to M&l demand or B&E releases. Thus, the system storage is drawn down during
drought periods. With the IORs, reduced or suspended releases during low storage conditions allows the
husbanding of water and a higher typical LCC end-of-month content. In all cases, the IORs would result in
more water stored in LCC than would be without the ICRs.

Without the IORs, the M&! withdrawals approximately equal the requested amounts. By 2040 there will be
insufficient supplies to meet the 197,000 ac-ft/yr fuil-capture firm annual yield of the system. With the
IORs, water conservation, drought management, and reduced Nueces Bay releases result in a 2040 ge-
ometric mean of only 180,500 ac-ft/yr available for M&l supplies (Figure 5-13).

5.2.2.4 Annual Simulation Summaties

Summaries of annual water balances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and
the Nueces Estuary for Runs RO1 through R6 are shown in Tables 5-30 through 5-38. Tables 5-30, 5-31
and 5-32 show baseline operations for 1990, 2010 and 2040 (Runs RO1, RO2, and RO3). It is evident

that, because the volume of LCC is rapidly decreasing as a result of sedimentation, (1) the frequency and

volume of uncontrolled spills increase with the passing of time; and (2) the end-of-month storage for LCC
is progressively reduced.

Total inflows to Nueces Bay wifl decrease as M&| demand increases, resulting in more capacity available to
capture floods. However, with a higher M&l demand there will be higher retum flows and less lake

evaporation.

Michaei Sulfivan and Assoc., Inc. 5-48

Ty



6v-S

"SU] ““005SY PUE UBAIINS BRI

Geo. Mean of LCC Storage (ac-it)

Figure §5-12

Geomelric Mean of Lake Corpus Christi End-of-Month Content
for Simulation Runs 01 - 6 With and Without Interim Operation Rules

200,000

176853

180,000

160,000 §--

140,000 -

120,000 -

100,000 -

80,000

60,000

40,000

20,000 -

1980

135,083

100,424

2010

Simulation Run

2040

Il Baseline
B wro ntenm Rules

! 8w ntern Rules

Il 8seUd
ueld Alddng serepm reucifiey

QON ALMIEGYBOHd TYNOLLIONOD

OLLYOMddV 13
AFEGQI [BUODUOY -
urseg s80enp el jo Apris Buu

s

IIBPON Ay



DU} 2088y PUR UBARING [BEUOHN

0g-¢

——
—

>

ac-ft

—

Geo. Mean of Supply

200,000

180,000 -

160,000

140,000

120,000

100,000

80,000

60,000

40,000 -

20,000

Figure 5-13

Geometric Mean of Annual Municipal and Industrial Supplies

for Simulation Runs 1 - 6 With and Without Interim Operation Rules
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{M&) Demand = 130,000 ac-ityr; Nueces Bay inflows = NONE; 1990 Sediment Accumuiation; Baseline Condilions)

Table 5-30
Summary of Annual Water Bajances for Choke Canyon Reservoir, Lake Corpus Christi, Nuoces Bay, and the Nueces Estuary

Run RO
Choks Canyon Resarvole Lake Corpus Christ) Nusces Bay | Nusces Est.
Tolal Nel Lake CCR EOM Totsl [T NetLake Lece N Bay J U lled EOM Tolsl Tolsl
Wnllow Evap } Rel # Inflow 1] 4 Evaporsth Ael RAelurn Flow Spllis 5 Qg Indl ntl

Your {ac-tliyr) {ac-#Vyr) {oc-tVyr} {acHt) {we-tVyr) {ac-tyn) (ac-1tyr) {uc-fyi) {ac-tyr} {nc-fyr) (ac-it) {ac-ftlyry {ac-iVyr)
1934 4,132 78319 KIRE ) 650,511 7R 130.78% 40,220 [ 7.800 160.837 237.473 164.810 22N
1935 800,837 18,687 508406 680,314 1.971.228 130.783 28245 ] 7,600 2,404,216 234,052 2207 2,301,621
1936 202578 46,375 1684.050 660314 T40.308 139.78% 25485 ] 1,800 747.657 237.473 70312y 761,020
1937 66,55% 84,683 18872 647,188 128,035 139,785 52,805 ] 7.600 0 189,700 7.800 65,600
1038 85,147 102,978 26824 601,190 325,114 130,785 64843 ] 7.600 166.254 170046 162,416 2201
1939 16,749 84,067 16872 560,060 260618 130,785 65,952 0 7,800 39.001 212.506 44,674 101,070
1940 208,604 65,068 10.836 645,400 770003 130,785 46017 ] 7.800 588,250 237,473 554,873 612,77
1841 446 252 34,042 204.766 678,401 084,963 139,785 18,543 ] 7.800 1.154.018 214,056 1.081,037 1.138.9
1942 3421479 55379 205.43%9 672971 945113 139,785 32151 1] 7.800 978,508 214,874 017,896 975,705
1043 71.937 88,250 16,872 632,658 161,056 139.785 54.001 a 7.600 0 108,836 7,800 65,66
1944 131,110 74207 16,872 665,471 620,193 139783 47,204 0 7.600 448,330 210,602 424,747 462,64/
1945 107 402 90 681 16872 £58 282 447,692 139.763 50,256 0 7,800 265,757 210,368 254.634 s
1046 323020 57,769 17260 €77.669 1.010.103 130765 24,057 Q 7,800 1,000,262 218,868 $38,165 906,064
1947 36,172 £6.032 16872 602,128 270,647 130,785 54,060 0 7.800 138.175 183,358 136,300 104,202
1948 42,108 87,942 16872 832205 115220 139,785 53,309 '] 7.800 4] 124,357 7.600 65,600/
1948 218 812 59,865 16872 667,242 757.726 136,785 43 861 Q 7.800 487,021 226 2688 460,720 518,628
1950 20676 103,092 16872 560,906 188,604 138,785 76280 Q 7,800 $0.382 158,407 63,026 120,025
1951 152100 85118 16.872 604 056 338,460 130,785 63531 0 7.800 98,716 211416 $0 606 157,
1952 32,704 87.554 16872 52616 143335 139,785 58870 [} 7.600 0 172.060 7.800 £5,600
1953 256,206 79.714 20332 673,866 468,874 139,785 5§1.260 0 7.800 245,508 225 542 236,197 204,006
1054 34,020 117,866 16872 566,019 226,784 136,783 75075 0 7.800 75459 178,878 7.977 135.876
1955 30,060 120821 18872 461,667 16167 129,783 72073 0 7,800 Q 98.160 7.800 63.600
1058 83,604 102721 18872 88740 123.426 139.783 36020 [ 7800 0 62744 7.800 65.600
1957 423,638 7302 arern €8%5,293 1.240.305 138,783 43628 [} 7,800 038 469 221 237 860.576 938,47,
1058 468,123 52,630 287156 680,914 1,254,201 138,785 26,288 1] 7,800 1.365.078 237.473 1.277.322 1,335,221
1059 129988 88,201 34,437 681,123 357.269 138,785 57,835 [+] 7,800 199.674 231,584 193.682 251.58
1860 92,022 60.132 18.872 680015 415631 130,785 a2 [ 7.800 255.617 237,473 245,524 303,423
1061 120,225 76,508 66.480 638,352 243,064 130,785 57,438 [ 7,800 149,209 201,404 146,648 204,547,
1062 9,205 08,359 16,872 523,008 55431 130,785 63,386 [+ 7.800 0 70.536 7.000 65,606
1963 20202 86,029 16,872 4430472 144,687 130,785 42814 0 7.600 (1] 49,606 7.000 65.600
1964 24178 69,255 61,800 10044 431,503 136,785 24 8635 0 7.600 163,196 21525 150,574 217.47:
1065 87626 44,063 16872 aze 707 231,704 130,785 57617 0 7.600 120,240 146,276 119.623 127 5224
1966 70201 40,006 16,872 343,00 307,657 139,785 31,027 9 7.800 124,115 175.678 123,227 1811
1967 392,605 51,580 16,872 661,046 1,678,502 139,785 41,238 ] 7.600 1,452,756 237473 1,358,883 1.416.76
1068 2500 50,205 150,438 648,658 48910 139,785 45012 Q 7.800 496,202 196,133 468 351 527,250
1960 76,660 78313 16872 622,003 269,846 139,765 45476 ] 7,600 60,117 237,473 63,708 121,608
1870 89,373 60,002 16,872 618,386 310579 130,785 52,855 [] 7.800 103,702 178,562 187.043 245,842
mwn 462,165 72,786 220356 680,214 2266411 139,785 28,100 4] 7.500 2250001 237473 2,109,392 2167 491
1972 £5.740 71,706 17.274 658,775 254041 130,785 41,137 [*] 7.800 128,528 199,339 127,30 185,230
1973 333411 64,089 169,145 667 486 836,351 130.783 5746 ] 7.800 821,831 237473 720 830,002
1074 168,235 82,307 59,025 669,914 306.638 130,785 42,138 [} 7,800 188,042 233970 182,679 240,57
1975 150,332 86776 64,087 660,569 306.447 138,785 62,320 [+] 7,800 205884 w.as 199,365 257,264
1976 201,523 72,148 126002 689,214 759,640 139,785 16,340 [+] 7,800 680,238 237,473 640,722 707 62y
w77 235577 100,841 130,600 638,147 388,753 139,788 65318 [} 7.800 7.5, 154.232 7730 435450
1878 164,323 84,707 20482 675817 184,380 139,785 52,164 ] 7.800 ] 176,160 7.800 65.609
1079 136,602 82187 81,715 636,903 250277 139,785 41048 1] 7.800 165,360 161,058 161,585 219,424
1660 174,902 100,245 25333 675.705 504,073 139,765 53.763 1] 7.800 2037 202,103 200,953 338,85
1004 307,468 70,821 150,405 665 602 877447 136,785 23880 [:] 7.600 840,019 NI 750 654 847.7:
1982 029 89,837 17,389 631,450 180,736 130.785 73.035 0 7.800 67.170 151,500 70276 128.47
1983 34,523 77,230 164872 564,752 115,824 130,763 40,608 0 7.800 [} 103,510 7.800 65,609
1004 50,702 84,117 16872 $06.338 102,088 139.785 32664 ] 7.800 ¢ 5000 7.800 65.600
1925 158109 43237 18872 508,208 476.023 136,785 31,316 Q 7.600 134,352 231.473 132,747 180,646
1086 153623 68,758 16,072 650,074 4,118 130,785 56267 ] 7.800 [] 150,400 1.800 65,609
1987 676,077 76,901 40517 682,417 305,473 139,783 34690 0 7.800 486,159 200,565 450 928 317,827
1988 622 102,078 16672 627,161 52,356 136,783 51.650 '] 7.800 1] 78,358 1.800 65,600
1088 58.472 103,580 186.872 558,032 182 860 130,783 81.340 Q 7,800 0 77.004 7,800 5.6

o Values in this table cannct be ueed 1o construct & system water bala

a8 cetain inl

s missing. As an sxampie, LCC inflows are a kincion of (CCR Releases) (Segment Delivary Factor)+{Other Tributary Inflows).

Another exsmple is, Nusoss Estusry Inflows = (LCC Relesses)'(Segment Dakivery Factory+{Imenvening Walershed Flows) +{42% of M| Demand as Total Wasiewater Retumn Fiows)-{Nusces Bay Waste Water Retum Flowa).
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(M&l Demand = 160,000 ac-ftyr; Nueces Bay Inflows = NONE; 2010 Sediment Accumulation; Baseline Conditions)

Tabie 5-31
Summary of Annual Water Balances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary

Run RO2
Cholte Canyon Resoervolr Luke Corpus Christi Nueces Bay § Nueces Est.
Yotal Het Lake CCR EON Total Ml Neot Lake [X=3 [ Bay J U led EOM Total Totad
Inflow Evaporallon Relessen Slorage inflow o d Evaporatk Rel Raturn Flow Splils Storage Inflows intlows
Your (ac-tVyr) {nc-Hyr) {oc-fyr} {sc-t) {ac-iVy1) {nc-tVyr) {ac-ttyi) {nc-ftiyr) {ac-tiy1) {acdUyr} {ac-h) {ne-fyr} (nc-fiyr)
1934 94,138 75258 34142 653,081 237103 172.043 46,972 9 £.600 140,110 21073 138,102 , 36
10935 809,037 18,568 508504 684774 1.871.220 172.043 28,198 Q 9,600 2375614 205,041 22711 2,288,381
1036 202,576 46,353 166066 634774 748,398 172,043 25118 o 9.600 710,981 212,383 668,022 .28
1937 66,355 24,520 16872 642,700 128,038 172,043 46,758 1] 9,600 [+ 138,450 7.800 ,06
1038 95147 102,815 26039 506,811 325114 172,043 62070 1] 9,600 127,749 128,650 126 €06 .86
1939 76,740 83,007 16872 565,753 260616 172,043 60,666 0 9,600 [ 182,409 7.800 .06
1940 205,004 64973 20174 660,077 776,993 172,043 46,107 o 9,600 552,074 212,353 521,220 40
1943 446,252 34,022 204704 673,669 94,063 172,043 18.327 Q 9.600 1,126,703 185,038 1,055,634 1.126.804)
1042 42179 55310 205482 668,445 43113 172,043 30,008 Q 9,600 848,345 185,146 880.761
1943 1937 88,008 16872 628,283 161,056 172,043 49,411 0 9,600 o 141,624 7.800
1944 131,110 74214 16872 661,162 630,183 172,043 45467 a 9.600 302,067 178,209 373,259
1045 107,482 90,562 16872 654,113 447 682 172,043 57,553 0 600 232,553 180,624 224,074
1046 323,039 57,705 172032 673,458 1,010,103 172043 33,028 [ 2,600 969 533 189,057 008 466
1947 36,172 67,863 164872 992,765 270,647 172,043 52,866 (] 2,600 111,002 1498.765 111,869
1848 42,109 47 644 16872 528,230 115,220 172,043 41,766 o 9,600 0 67.048 1.800
1848 218312 59,785 16872 663,257 757,726 172,043 42,019 0 9.600 433,369 103,304 410,652
1950 20676 102813 16872 557,120 188,694 172,043 71,566 Qa 8,800 35,890 118,461 41,178
1951 153,199 84,022 16872 601,397 338,460 172043 56,406 1] 9,800 67 218 179,136 70312
1952 32,784 87,350 16872 522,631 143,335 172,043 53,398 ] 9.600 [} 113,002 7,800
19353 256,288 76,400 21205 660,336 468,874 172,043 42,604 4] 2,600 191,355 198,069 185,760
1954 34,820 117,504 16872 562,962 226,784 172,043 71,341 Q 4.600 56.437 141,004 60,287
1Wss 30,860 120,360 16872 458 072 116,167 172,043 54,570 o 9,600 ] 48.330 7.800 X
1956 53,601 07 411 56406 334,026 123.426 172043 20.562 Q 9.600 ] 35556 7,800 ,06
1957 423638 60,106 17118 664,211 1,248,305 172,043 41,0860 0 9,600 668,175 109,769 533,803 .06
1959 465123 52,594 275552 654,774 1254201 172,043 25,664 ] 9,600 1.219.173 212,353 1.234.631 1,305.801
1950 120,088 89,004 34510 676,509 357,268 172,043 54,844 [} 9,600 174.006 203,230 160,625 pb
1960 92022 60,022 16872 684,589 415,631 172,043 28,152 ] 9,600 223,194 212,353 215,370
1961 120225 76,420 66579 633678 243,964 172.043 56,329 [ §.600 127,833 166,671 126.703
1962 0,206 #9.054 16472 §10,830 5540 172043 48,895 [} 8.600 Q 18.036 7.800
1063 29202 80,463 57764 386,401 144,897 172,043 31,234 ] 2,600 ] 17,423 7.800
1064 24178 $5.074 102545 208,837 431,503 172,043 22,081 1] 9,600 171,80 185 466 167,733
1965 87,626 36,089 16872 235,574 231,794 172,043 34,963 0 9,600 100,418 106,708 101180
1066 79,261 33,658 166872 257.207 307.657 172043 20,466 9 9.600 93.823 135,084 95.056 3
1967 303605 43,524 16872 583,288 1,678,502 172,043 218 0 9,600 1.414.701 212,353 1,323,472 1.304.732
19068 250911 58,072 28388 644,972 480,310 172.043 43619 0 9,600 427,705 156,504 405,649
1960 76,660 78,119 16872 618,713 260,046 172,043 38,014 0 9,600 20,002 212,353 26,402
1970 §8373 60,851 16872 614,235 310,579 172,043 50,638 0 9.600 178,209 138,823 173618 3
Wwn 462,165 77 608 20734 684,774 2,266,411 172,043 21,013 /] 9,600 2.220,580 212,353 20729% 21441
1972 €5.740 71,617 17274 654,325 254,041 172,043 39,560 ] #.600 116,126 155,010 115.797
1973 333414 £4.057 169234 682,947 836,351 172,043 3,505 ] 9,600 773,504 212,353 727,158
1974 160,235 52243 50871 584,774 306,638 172,043 40,703 o 9,600 163,842 202,275 160,173
1875 150,332 86,714 64862 656,084 306,447 172043 60,462 ] 2,600 181,481 159,627 176,578
1976 281,523 72,000 127056 584,774 750,640 172,043 14,067 [ 9.600 646,060 212,353 600,473
1977 235577 100,720 130690 633,728 368,753 172,043 62626 [ 4.600 352,082 115,045 363,136
1978 164,323 84,560 20662 671,288 164,388 172,043 42259 0 9.600 [ 114,794 7.800
197% 159.602 82,100 81730 632,532 250,277 172,043 38,515 0 9,600 114,240 122,002 114,043
1980 174,902 100,108 25433 671,238 504,073 172,043 50,770 ] 9,600 258,792 169,903 248,477
1981 207 468 70,583 156462 681,264 877 447 172,043 23274 [ 8600 804,623 206,801 756,000
1082 60220 887215 17387 6272.001 160,738 172,043 60677 [+ 9.600 52,541 110,763 56,663
1983 34523 76,606 21882 553 622 115,821 172,043 26,162 ¢ 9,600 0 50,260 T.800
1984 50,702 90,193 65479 420 089 102,088 172,043 15,668 [ 9,600 0 N7 7,800
1885 150,100 36,901 16872 525,166 476,023 172,043 31,410 [] 9,600 108,552 210,997 108,753
1986 133623 63872 16872 560,948 94,116 172.043 52723 [+ 9,600 0 97,218 7.800
1987 676,877 15852 61397 677,004 305,473 172,043 33329 [+ 9.600 385727 162,960 375,826
1088 71622 10271 16872 622,765 52,356 172,043 36,004 0 9.600 1] 23261 7.600
1888 58472 102,245 25308 543,010 182,860 172,043 20.803 [ 9,600 0 20 564 7 800

» Values In this table cannct be used 1o construct a system water balance as ceriain information is missing. As an example, LCC inflows are a lunction of (CCR Releases)'(Segment Delvery Factor)+(Other Tributary inflows).
Ancthes skample is, Nueces Estunry Inflows « (LCG Relsases)*(Segment Delivery Factor) +{intervening Watershed Flows) +{42% of M&i Demand as Tolal Wastewater Return Flows)-(Nusces Bay Waste Water Retun Fiows)
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Table 5-32
Summary of Annual Water Baiances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary
{M&! Demand = 197,000 ac-fiyr; Nueces Bay Inflows = NONE; 2010 Sediment Accumulation; Baseline Conditicns)

Run RO3
Choks Canyon Raservolr | sks Corpus Chrlsti Nueces Bay | Nueces Est.
Totsl Neliake CCAR EOM Yot LT Nel Lake Lce N Bay J U trolled EOM Totsl Totsl
inflow Evaporatl Rel Storag Inflow o] 4 Evaporsih Rel Relusn Flow Splis Stong nfl
Yeoar {sc-Hyn) {ac-Wyr) {sc-Wyn) {ac-H} {uc-tVyr} {ac-tyn} {nc-fthyr} (nc-fyr) {ec-fUyr} {ac-fUyr) (ac-H) {ac-ftiyr) {sc-ftyr)
1934 84128 75070 148 848,462 323703 211,820 42707 Q 11,820 107,517 170,460 107,780 185,
1035 209,837 18,638 300,743 677,964 1971228 211,820 28,143 0 11,820 2,33.030 161,439 2,183.008 2,270.877
1036 202,578 46,320 166,090 677 964 149308 211.628 24335 0 11,820 668,730 172,033 €28 e 717,458
1937 66,5535 84,456 24,956 624,564 128033 211,828 3534 o 11,820 4] 70.662 2.500 95,5
1938 03.147 102,372 190.057 500231 2514 211,828 56.758 0 11,820 83,733 71.518% 85.671 173,41
199 76.740 83488 18,252 560 382 260618 211828 44,608 0 11,820 0 100,557 7.800 3
1040 205,884 64,056 21,239 674,207 TI9803 211.828 42,418 L] 11,820 472,870 174,673 447 560 535.
1mBa 446,252 33901 204,837 667,069 204963 211.828 17913 0 11,820 1,083,108 141,625 1.024,200 L1121
1942 42179 55,208 205,547 661,656 45113 211,828 26,334 4] 11,820 912.216 141,008 856.161 943
1943 71837 47870 16.072 &21,723 161056 211,826 40278 [1] 11,620 ) 67,732 7.800 .
1044 131,110 74.069 17.036 654520 630192 211,528 40,438 0 11.820 3,042 131,654 315,669 403,408
1945 107402 80,364 16,072 647,658 447692 211,828 54,258 0 11.620 192,766 137,46 167.091 274,830
1046 32303 57 600 173,248 666 655 1010103 211,620 31012 o 11,620 932.196 145 661 874,742 062 401
1947 6472 87,607 16,872 591,220 279647 211,828 50,500 4] 11.820 80,060 09 782 82,256 160,005
1948 42,100 86,405 2479 511,570 115220 211,828 21971 0 11,620 [} 6.00% 7.800 95,530
1940 28812 57.0n 40,122 618,238 757726 211,028 41,324 ] 11,820 406778 143,024 366,103 473,842
1850 20676 $8.232 16.872 $14.682 188604 211,828 62,18 o 11.820 6,932 &6 414 16,107 103,8
1951 153,188 81,212 18.841 550.668 338469 211,828 42161 o 11620 36014 132 821 42,130 129,866
1952 a4 83,708 16872 484,864 143335 211,828 2727 ] 11.620 [} 38,473 7.600 .
1953 256.206 75311 286003 624,537 458874 211,828 22.564 Q 11.620 144,440 157,508 142,126 229,
1954 34820 112,600 16,872 522,667 226784 211,828 §3.670 ] 11,620 35088 90,582 40,429 1281
1055 39,869 113,904 37 445 385,366 16167 211,828 26374 ] 11,820 o 5902 7,800 95,539
1956 53,601 77,465 109,878 215208 123426 211,828 11,470 [} 14,820 1] 15987 7800 25,539
1957 423638 50,600 32.084 534 810 1248395 211 820 37.785 0 11.820 8e7 641 150,219 833,306 921,045
1958 465,123 52,837 188.080 677,064 1254231 211,828 252n [} 11.020 1,190,667 174,673 1115120 1,202 85
1959 120,968 80932 34620 £€69.764 357260 211,828 48.755 1] 11,820 148,169 150.010 143738 231.477|
1960 92,022 58,053 16,872 677850 41560 211028 21,668 ) 11,820 184,144 174,673 179,054 266,783
1964 120228 76,308 66,714 628 068 243064 211828 53605 0 11,820 104 669 115,160 105,142 192,881
1062 9.208 97,810 71,644 436,452 5543 211,828 24453 [} 11,820 ] 5,064 7,800 95,53
1963 26.202 68,007 81,365 266,793 144097 211,826 24 444 [:] 11,820 o 5034 7 800 $5,530/
1064 24178 33,432 124953 76707 431592 211,028 17,649 [} 11,820 180,910 142,112 185,346 273,085
1965 081,626 24,202 16,872 119221 21704 2716828 50,120 Q 11,826 76379 52,442 78,633 166,57
1966 70.201 23852 16,872 150,660 07657 211828 26.809 [} 11.820 57174 81,160 &0.972 148 711
1067 392605 30,006 43,430 452,481 1878502 211,828 16,098 ] 11,820 1,400,404 174,673 1,310.260 13979
1966 25001 58172 16,872 630 220 489310 211828 40,582 0 11,820 27353 101 002 I22% 309,078
1960 76,660 77,238 16872 605,641 269846 211,828 23,673 <] 11,820 4] 152,208 7.800 95,53
1970 80,373 69,160 16872 601,854 310576 211820 45338 '] 11,820 138121 84,472 136,253 223.9
1.7 462,165 78,343 212,728 677964 2266411 211,028 7903 0 11,820 2,174,207 174,673 2,020,812 2,117,551
1872 65,740 71483 17,274 647,649 254041 211,828 36,402 1} 11,620 100,806 06,763 10,726 180,46
1973 333411 64,000 168.368 676,138 836351 211828 -765 Q 11.820 717,663 173,436 675,524 763.2
1974 160.235 82,145 s0.041 677,964 306638 211,828 a7 806 0 11.820 134,586 155,705 132,065 220,704
1975 150,332 86,621 64,800 649,356 06447 211,828 56,180 1} 11.820 151,726 107,317 148,005 236 £44
1976 201,523 72024 127168 6§77 964 758640 211,828 13,042 0 11,820 504,582 174,673 560 762 648,501
1977 235,577 100,538 130,600 627.100 388753 211,628 52810 Q 11,620 363,040 61.437 345,427 4339
1978 164,323 [N 1H] 30,240 664,456 184380 211,820 21.734 Q 11,820 "] 42,503 7.800 [LEx]
1079 159,602 81,067 01,752 8235640 250217 211,628 32252 0 11.820 £3.282 67170 66,653 15431
1880 174,092 90914 23,578 664,538 504073 211,028 30,140 ] 11,820 222,142 123,700 214,302 302,131
1881 307 468 70,525 150,597 674,458 877447 211,028 22,379 ] 11,820 760,227 166,910 71401 802 5
1882 60,220 89,532 17,408 620,302 180736 211,828 62,128 [ 11,820 34,706 72 40,151 127.8
1083 34.523 72428 84.116 462,834 115021 211,820 14,258 0 11,820 [ 26571 T.800 95 53
16804 50,702 76,367 100.760 302439 102088 211,828 8173 [ 11,820 0 12419 7.800 95 53
1985 139,109 azan 20,567 399 783 476023 211,828 3ran 0 11820 95381 170,410 06,504 164,24
1086 153623 54,097 16.872 474519 94116 211828 41 252 0 11820 1] 2007 7.800 95,
1007 676.877 73,960 205647 671,111 XN5473 211,020 30519 [} 11.820 266,452 110,637 255 601 M),
1988 Tv.622 $0.237 71,095 532,830 52356 211,828 10,117 /] 11,820 ] 2143 7.000 95,5
1680 58.472 81 4_53 43.&2 430 335 182600 211,828 17 504 0 11,820 3842 7.800
o/ Valuss I this table cannot be used 1o construct & system waler balance as certain information s missing. As an sxample, LCC inflows are a lunclion of (CCR Rel )*(Seg Delivery Factor)+{Other Tribuiasy inflows).
Ancther example is, Nusces Estuary Inflows = (LCC Reb )" {Beg Delivery Facion)«ft ing Walershed Flows)+(42% of MAI Damand as Total Wasiewater Retwn Flows) (Nusces Bay Waste Water Return Flowa).
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{(M&I Demand = 130,000 ac-ft/yr; Nueces Bay Inflows = 97,200 ac-fuyr; 1980 Sediment Accumulation; Without Interim Operation Rules) a/

Table 5-33
Summary of Annual Water Baiances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary

Run R1
Choke Canyon Reservolr Lake Corpus Christi Nueces Bay | Nusces Est.
Youl Net Lake CCR EOM Totsl L EY] Not Lake Lcc Nusces Bay | Uncontrolled EOM Tolal Total
lnflow Evaporau Reb Storag Inliow [ d Evaporatk Rel Return Flow Splils Storage Intlows Intlows
Yoar fsc-tvy} {ac-Wyr) {sc-tvyi) {ac-H) pc-ttyn) | (ac-tiyr) {ac-ttyn} {sc-tvyr) {ac-tuyr) (ac-fiyr} {sc-n) {nc-iyr) {nc-tiyr)
1934 94,138 75379 34,130 639.511 323,709 130,785 LIRRNS 102,341 54.600 98,845 207.624 194,900 2014
1035 £09.837 18.687 495,400 680,314 1,071,228 139.785 28,033 12139 54,600 2,271,679 232,906 2101.7% 21382
1026 202578 46,375 166,050 660314 748308 130,785 25361 19810 54 600 640,791 237473 622,160 624 6
1937 66,555 84,773 21,608 640,232 128,035 139.785 41,148 104,945 54,600 [} 1017 105,366 1118
1038 05,147 102,682 22,003 601,188 114 139,785 60,008 94,302 54,600 28,872 113.845 122352 1288
1030 76.749 84,067 16,872 560,080 260.616 139,785 49,680 104,045 54.600 [ 106,523 105,398 1.8
1040 206,604 65,068 10,836 685,400 770093 130,785 41,939 87,715 54,600 382,218 237,473 444,820 451,
w4 446,252 34,042 204,766 676,403 094,063 130.785 18,504 22.155 54,600 1,052,624 211,344 1,007 345 1,013,684
1942 2170 55,379 205,438 672971 945,112 130,785 30.430 70557 54,600 873.883 212,854 666,120 892.6.
1943 71.937 88,250 16872 632656 161,056 133,785 47210 104,845 54600 Q 98,842 105,208 1118
1944 131,110 74,287 16,872 E65,471 630,193 130,785 42030 82683 54 8OO 262,873 106,275 320, 448 335.9
1045 107,492 90.581 165,672 658 282 447,692 138,785 50.004 81,877 54600 148.763 208,343 223,225 220.7
1946 323,038 57,769 17261 677,988 1,010,103 139,785 33,862 21,850 94.600 295 645 216841 881,071 887,571
1947 36,172 88,033 16872 602,128 279647 139,785 52952 72,430 54,600 67 9089 147,769 128,313 144,81
1948 42,109 86,722 33,072 510,472 115220 138,785 28,350 104,845 54,600 Q 224961 105,398 111,84
1949 218,812 57,300 22,839 625,263 757,728 136,785 42,010 45,505 54600 334,226 162,580 361,034 367,5:
1950 20676 98,795 16.872 523,143 185,694 138,785 66232 104 845 54,600 1] 87.185 105 398 13,8
1951 153,169 51,861 17.573 569,404 330,460 139,765 39832 104,845 $4.600 ] 158,666 105,308 11,8
1952 32,784 84,460 16,872 493,508 143,335 138,785 41,350 104,045 54,600 0 32.784 105,398 111,58
1953 256,286 72,381 73,327 573,397 468,874 139,785 21,507 £€9,555 54.600 84241 224,508 150,630 157,
1954 34,620 10€.681 16,672 477,536 226,764 139,785 71,007 104,045 54.600 ar7? 143,651 113, 561 120,061
1055 30.660 108,086 44,684 345,473 116,167 139,785 37.100 104,45 54,600 0 22,873 105,398 1118
1956 §3.601 61,840 144 641 131,486 123,426 129,785 20,184 104,945 54,600 a 26,026 105,390 1118
w057 423638 51,378 32.467 457,563 1,248,395 139,785 42123 23,168 54,600 783,833 226,203 767,611 77411y,
1Hse 465,123 53 581 126.386 669314 125420 139785 25362 a1.an 54,600 1.098.256 237 .473 1,108,727 111222
1959 120.988 &6.201 34,437 681,125 357.269 139,785 52,303 v0.089 54,600 101,586 230.550 166.812 163,31
1960 92,022 60,132 16,872 680,015 415631 138,785 26,744 80470 54,600 154,107 237,473 235,265 2407
1061 120.225 76,500 66,480 635,152 243964 139,785 54,873 102,341 54,600 86,154 162,170 183,101 186 60
1962 9.206 98,326 83,038 430812 5541 139,785 32950 104,045 54,600 ] 22958 105,308 1118
1963 20,202 [ZRE] 134374 204830 144.807 128,785 30415 104 845 54 600 ] 27,086 105,306 1i1.8
WE4 24178 12,666 142,536 13,706 431.503 139,785 23073 92519 54.600 120,189 212 205,619 212
1965 87.626 15,527 16,672 61,605 2317684 139,765 56,518 64,976 54,600 49912 110,730 114,646 1219
1966 79.201 17.670 16,072 $0.426 307,657 130,785 30276 85,632 54,600 19313 140 841 105.308 111,81
1967 303605 23614 36,059 418,124 1,678,502 130,785 25.469 €0.517 54,600 1,347,601 237.473 1.325.003 1,331,
1968 259811 356830 16,872 508,205 480,310 138,785 43,738 68,626 54,600 296,803 158,382 348,767 355.267
1969 76,660 74381 16,872 576,404 260 846 130,785 27 811 104, 845 54,600 0 172,760 105,398 111,86
1870 89,373 66,766 16872 575,081 20,579 138.785 50.201 88,752 54,600 61,738 143.542 147,756 1542
w7 462,165 74,335 192,345 580,314 2,266,411 139,765 16937 68,517 34,600 2.103,158 237.473 2,027,458 2,033,0
1072 €5,740 71,706 17.274 658,775 254,041 139.755 39.264 71,304 54,600 76332 148,442 145,103 151,
1973 333,411 64,005 166,145 607,486 836,351 139,785 425 52325 54,600 67,480 237 473 677,219 683.71
1074 169,235 82,307 50,025 680014 306,638 139,785 30,385 76,419 54,600 X0 220,402 171,320 177.8:
1975 150,332 86,776 64,887 660,568 306,447 139.785 60,040 68,752 54,600 124 974 161,084 206,566 213,
1976 201,523 72,148 126,082 689,314 750,640 139,785 14,802 68,517 54,600 551,601 237,473 584,510 501,01
1977 235,577 100,841 130,690 638,147 388,753 130788 63.275 59.184 54,600 335,101 113811 374,485 380,
1978 164,323 84,551 26,508 675017 104,360 139.785 20,085 104,845 54,600 0 54972 105,388 1118
1979 159,602 82,187 81,715 £36993 250277 138.785 34,054 104,845 24,600 ] 108,184 105,298 11,8
1960 174,902 100,245 25,333 675,705 504 073 130,765 43,029 104,945 54,600 172,633 177,198 265,947 272,44
1081 307,468 70,621 159,405 685,802 477 447 139,785 22,567 20848 54,600 nzas 233,338 680,735 6962
19082 50,229 69,637 17.380 631,456 180,736 139.785 70,338 $0.968 54,600 13956 102,439 105,308 e
19683 34,523 73074 81,414 477,008 115,821 139,785 21022 104,945 54,600 0 33821 105,308 111.8
1084 59,702 71,580 156,230 242,087 102,088 139,785 16,503 104,045 54,600 [1] 0919 105,398 111.8i
19es 150,108 26,600 16,872 348,487 476,023 139,785 27 340 103,842 54 600 14,293 237.452 17,758 1242
1906 153,623 50,713 16872 427,397 94,116 138,755 48,034 104,845 54,600 0 54677 105,308 1118
we7 676,877 73,250 245071 682417 305,473 138,785 34,085 88732 54,600 161,433 164,064 240 472 2460
1088 71622 00.648 86,681 531.080 52,356 130,785 20,103 104,045 54,600 o 30,169 105,398 1.8
1989 58472 87 409 §5.656 380,208 182 869 130,785 30.004 104,045 54600 [+ 23 000 103,308 1118

o Valies in this table cannol be used 10 constiuct & mysiem water bal

as certain int tion is missing. As an example, LCC inflows are a kunction of (CCR Releases)'(Segment Delivery Facior) +{Othar Trbutary infiows).
Anather sxampis is, Nusces Estuary Inflows = (LCC Releases)' (Segment Delivery Factor)+(Inteivening Waterahed Flows)+{42% of M&I Demand as Total Wastewater Return Fiows)-(Nueces Bay Wasts Water fleiurn Fiows).
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Table 5-34
Summary of Annual Waler Balances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary
{M&! Demand = 130,000 ac-ft/yr; Nueces Bay inflows = 87,200 ac-fUyr; 1090 Sediment Accumulation; With interim Operation Rules)

Run R2
Choka Canyon Resernval Lak# Corpus Chiist) Nusces Bay | Nusces Esl.
Total Net Lake CCR EOM Total (1] Net Lake Lcc Ni sy | U d EOM Toisl Total
Inflow Evaporall Aek torag inflow Demand Eveporstion Releszes Return Flow Spills Slorag ikl
Yoar ac-tuyn) sc-frys {sc.tyr) {sc-t) {sctiyr) sc-tyr) fae-ftyr} {ac-ttryr) {ve-tvys) {pc-fthyr) (sc-1) {sctyr) (s fuyr)
1834 [ LRE ] 7537% 34138 650,511 323703 139,785 45530 w22 7,600 105,763 210,073 179,838 231
1935 899.837 18,687 508,486 686,314 197228 138,755 28157 13,078 7,800 233807 2xn 17 2,185,156 22484
1938 282578 48375 166,030 680 214 74839 138785 25317 13157 7 800 672859 237 473 645,795 699 0
1937 68955 84,683 16,872 647,186 128,025 139,785 41,267 85,109 7.800 0 104,129 96,205 149.63
1938 85,147 102,078 26,024 601,198 35114 138,783 62252 56,004 7,800 58.762 124,101 114.607 167 807]
1039 76740 84.067 16872 560,880 260616 138785 53119 95,129 7800 ] 121 645 97,200 150,
1940 208 804 65,068 18,838 685 480 770,993 139785 43.386 52606 7.600 416,520 237,473 441N 497 471
wd 448252 34.042 204,766 678,403 904,863 138,783 18,507 8.277 7,800 1,106,016 200116 1,044,002 1.097.3
1042 M2 553719 205438 67281 5113 138,785 30.710 64,755 7800 866,210 209,158 001,505 034,
1043 74937 88,250 16,8672 £32.658 161,056 139,785 47,681 . 06,129 7,800 0 103,481 07,200 150,
1944 13119 74,207 18872 665 471 630,182 138,705 43139 79.502 7800 217,775 188,577 340,151 393,431
1945 107,402 0,681 16,872 658,282 447 682 139,785 50,667 46.208 2,800 69,875 204 640 227,358 280.6:
1946 32303 57,269 172631 €77 989 1.019,103 139,785 33757 17.706 2.800 931,879 213,135 890,914 944,214
1947 36,172 88.033 16,872 602,128 210,647 139.285 53.494 44716 7.800 80,285 160,963 124,051 177.351
1840 42,109 87.042 16,872 532,295 115,220 139,765 31.386 96,120 7.600 0 25755 97,200 30,5
1049 218,012 50.665 31601 647 362 787726 130,785 42,408 20741 7.800 367,057 206,158 e 430.1
1650 20676 100,099 16,872 543,009 180,664 138,785 70172 96.120 7.800 -] 103.638 97,200 150,
w51 153,160 83,508 16,072 588 640 338,460 139.785 47.030 96,120 7.800 o 178,035 87,200 150,
1852 32,784 86116 16,872 511,200 143,325 139.785 47,150 96,1268 7,600 a $5.170 97.200 150,
1953 256,206 76,021 46562 624,440 465874 139,705 2293 68 252 2 860 07,505 2233.743 162,644 215,184
1954 34,820 112,255 16,872 §23,005 226,784 139,785 71.865 80 447 7.800 13,025 149,289 103,090 156,
1953 30,269 114,602 T4 398717 116,167 130,785 41.536 96,031 7.801 ’] 22878 97,200 1504
1956 53,601 60037 07,694 233314 123,426 120.000 21,853 48 456 7.795 0 43,680 52,850 101,847
w57 423638 61,341 16,872 571.611 1,248,305 136,511 42,450 11,834 7833 839161 225 439 790258 851,09
1958 465,123 52,607 207,050 650,314 1.254.201 138,785 25815 61,326 76800 1,202.043 237,473 1,182,736 1.236.0
w058 120,008 89,201 34437 681,125 357,260 130,785 $3353 81,526 7.800 117,411 227,349 12,812 246,11
1660 92,022 €0,132 16,072 689015 415831 139,785 270N 78 200 7800 163873 237,473 233.851 287,254
961 120,225 76,508 €6,490 638,152 243,964 139,785 56.120 90 020 7.800 a7220 173,244 260 225641
1962 9,206 60,986 67,268 432,685 55431 138788 37,081 6,129 7,800 ] 22947 67,200 150,
1963 29,202 €9.830 93658 278,830 144,897 135173 31.098 67,626 8,068 0 27,404 71.146 1221
1964 24178 42,032 88,218 133265 431,503 123031 24,406 19165 7.382 164.835 2125Nn 178 502 224,097
1865 87626 29,653 16,872 167,238 231,794 131,946 57,032 22912 07 94573 131186 117.178 165,89
19686 78201 27028 16872 184701 302,657 133597 29930 727 8.016 88.283 145,650 12 415 172,784
1667 393603 araze 16,872 S27,128 1,678,502 124 685 34482 16,498 7.346 1.419 560 237 473 1,342,880 1.380,0M|
1068 25011 50,033 55782 £45.658 468,310 139,765 44,004 50,601 7 800 338,704 16210 388,537 441,63
1969 76,660 78,313 16,872 623,005 260 846 139.785 30,602 96,120 7,800 [} 162,333 92,200 150,
1970 80,373 69,092 18872 618,386 310,579 130.785 50,578 69,682 7.800 80610 145,106 147,571 200,871
1071 462,163 77,533 220510 689,314 2,266,411 139.76% 18,278 58.996 7.000 2,150,609 231473 2,070,248 2,123,
1972 65,740 7708 17,274 658,773 254,043 130.785 30,538 55.718 7000 96306 152 118 140,180 202.4
w13 333414 84088 168 148 687 486 836,359 139.78% 4282 34873 7.800 608 858 237 473 £00.263 743,
074 169,23% 82307 58,025 609,214 306,638 139.78% 39.095 73264 7,800 M40 222 698 141,406 2.7
10738 150,332 88,776 64,887 660,569 306,447 139.765 £0,685 49,661 76800 147,30 167,603 191,301 244,601
1976 281,523 72,148 126 982 680314 750,840 130.785 15207 62,004 7,800 581 254 237,473 606,941 660.241
w7 235,577 100,841 130.660 638147 388,753 139,785 €3617 49.857 7,800 368,704 17,40 368,073 451,37
1978 164,223 84,707 20 408 615017 184,389 138.785 3108 96.120 7,800 [} 64,204 #7,200 150,
we 158,602 82,187 81,718 636 983 250217 138,783 38,102 96,120 7800 0 124,00 07,200 50,
1080 174,682 100,248 23,33 675705 504,073 139.785 47,300 75,064 7.500 191,184 180,143 25541 308,711
1981 307,468 10621 159,405 685,802 a1t 447 136783 231663 14,022 7,800 761,781 232,574 729.297 762,597
1062 60220 83837 17 380 631,450 180,736 139,785 70682 58,148 7.800 30548 105,046 o127 144.5171
1983 .5 T30 77817 401,883 15821 130,785 22844 96,120 7.800 ¢ 40627 97,200 150,
1064 §0.702 75,404 123,405 290,492 102,084 133,572 17.053 75340 7.836 0 40,238 17,00 128.4
1085 150,109 32439 16,872 383,161 476023 136,511 28,166 83 466 7881 445614 236 688 126,997 178,78
1086 153,623 54,340 16.872 468 445 4,116 139.783 50058 96,025 7,007 0 61,808 07.200 150, 4
1087 676,077 73,905 273,467 62,417 303473 139.78% 33,084 £5.424 7.800 205,253 170,216 259,520 2.8
1088 71.622 100,504 71,264 $52.163 52356 13,785 31.466 06,129 7.800 ] 26,057 #7.200 150,
1008 58,472 90,725 78, 440 408 332 182 869 130,785 29552 05,084 7 935 0 22973 97,200 150,
o/ Values in this table cannct be used 1o conetrict & system wakhs bak & cortain kn is missing. As an exampls, LCC inflows ae & h of {CCR Rel )*(Sep Delivery Facior)+{Other Tribulary Inflows).

Anather example is, Nusces Estiary Inflovws = {LCC Relsases)’(Segment Delivery Factor}+{intervening Walershed Flows}+{42% of M&1 Demand as Tatal Wastewaler Fetum Flows)-(Mseces Bay Wasie Waier Return Flows).
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Table 5-35
Summary of Annual Water Balances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary
(M&l Demand = 160,000 ac-ft'yr; Nueces Bay Inflows = 87,200 ac-fi/yr; 2010 Sediment Accumulation; Without Interim Operation Rules)

Run R3
Choke gy on Reservalr Lake Corpus Christl Nusces Bay [ Nueces Est.

Total Not Lake CCR EOM Total L] Nol Lake Lcc N Bay § U lbed EOM Total Total

Inllow Evaporstion Releases Storage inflow ] d Evaporsi} Rok Aoeturn Flow Spills Slorage hatlows Infiows
Yaar [sc-tVyr) fsc-tyi) [ac-tvyr) {sctt) foc-tiyq) {sc-tyr) {sc-ityr) {ac-fL'yr} {ac-itiyr) facivyn) {ac-t) ac-fyr) {ac-H/yr)
1934 4138 75,256 34142 655,001 323,703 172,043 40212 93,450 67,200 26,250 167,510 184229 192,
1935 699,837 18,668 508,504 684,774 1,071,228 172043 27,638 15,733 €7,200 2,238, 464 205,004 2104204 2,112,204
1936 282,578 46,353 166,066 684,774 748,308 172,043 25,143 21,6822 67,200 816,748 212353 601762 €09.7
1937 66,558 84,065 50,350 504,842 128,035 172,043 32,053 94,182 67,200 ] 91,560 05360 103,
1938 95147 96235 164872 566,755 325114 172043 57298 84 537 67 200 337N 76252 117826 125 8
1938 76,740 80,549 24.354 526311 260616 172,043 39,423 #4182 67.200 ] 64574 05388 103,
1940 208,894 82,717 16,872 650,488 770,083 172,043 38,318 78.216 £€7.200 34b.620 208,267 405696 413,61
10941 446,252 33006 273,386 673,068 904,863 172,043 1821 16.877 67,200 1.010.121 182,040 863001 871,001
1942 42170 55310 205,482 668 445 945,113 172,043 28,033 62,033 67,200 853,267 185110 850028 867,0:
1942 71.937 88,008 16,872 £26.283 161,086 172,043 41.554 94,782 67.200 1] 55.259 05389 109,
1844 131,116 73761 21,560 654,964 630,193 172,043 37.367 73,358 67,200 236,302 167,027 205665 309,86
1945 107 492 90,014 16.872 648,443 447 602 172,043 55585 73,358 87,200 126,193 180,588 196174 204,17,
1046 323,030 57,451 169,124 £73,456 1,010,103 172,043 32,850 15,733 67,200 871,720 188,021 833131 841,134
1047 36,172 87,863 16,872 597,765 279,647 172,043 51,974 62,848 6€7.200 50.260 117,680 112891 120,881
1848 42,109 83,040 71,368 454 405 115,220 172,043 23275 84,182 67200 0 14,769 95380 103,
1949 2t8812 $3.803 35569 560,690 757,726 172,043 41,286 38,382 67,200 338.402 162,162 358209 366,
1050 20676 93,386 16,872 471,980 188,604 172,043 56.562 94,182 €7.200 [+ 44941 95380 103,
1851 153,199 74,168 55,546 471,998 338 469 172,043 34877 84,182 67,200 '] 137.853 85386 103,
1952 32784 76179 43N 379711 143,338 172,043 34,463 94,182 67,200 [+ 14,872 95380 10a,
1853 266,286 50.187 93357 444,012 468,074 172,043 19222 62,093 67,200 93,624 198,633 152561 160,561
1954 34,820 92270 16,872 362,553 226,784 172,043 66,133 84,182 67,200 [} 108,331 85380 103,
1955 39860 85004 83036 188313 116,167 172,043 27 570 94,182 &7,200 o 4,730 85388 103,
1956 53,601 21,267 157,072 7.340 123,426 172,043 14,055 94162 67,200 Q 14,957 95380 103,
1957 423,638 40,173 15,482 368841 1,248,305 172,043 30,534 23608 67,200 778,619 199.733 753857 761,857
1058 465,123 51,134 $8.033 684,774 1,254,231 172,043 23,0988 76,626 67,200 1.021.201 212,353 1025708 1,036.7
1959 120808 80,004 34510 676,580 357,269 172,043 45,187 82715 67,200 86517 203,203 165183 1731
1060 92,022 60,022 16,872 854,500 415631 172043 23438 82823 67 200 133,660 212353 200157 21715
1961 120,228 76,420 £6,579 833676 243,064 172,043 91830 92 458 67,200 £3.638 121.103 172486 180, 4
1062 9,208 84,874 128,770 364,837 55.431 172,043 24,162 94,182 67.200 0 14817 5388 103,
1863 29,202 53,549 150078 127,006 144,097 172,043 26,858 94,1682 67.200 0 16.811 85308 109,
1064 24178 6896 91,981 13,488 431,583 172,043 16,214 82,850 67,200 126,603 185,420 1812 160.221
1963 87,626 15,526 16.872 61,588 231,794 172,043 53622 57,058 67,200 38,550 75.490 06718 104.71
1966 79201 17.668 16.872 9,210 307,657 172,043 28.503 4,182 67,200 0 105,210 95380 103,
19867 393,605 17,457 70044 s 1678502 172,043 10,524 61,886 67,200 1,355,654 212,353 1326215 133421
1068 250011 53,527 16,872 558,106 460,310 172,043 41 687 62125 67,200 289,569 121,034 334804 342,804
1960 76,660 70462 46,004 498,736 260,846 172043 18,538 94,182 67,200 ] 152,211 95389 103,
1670 89,373 61,714 18,872 502,305 310,579 172,043 47221 79.216 67,200 57,859 108,357 135279 143,27
197 462,165 68,167 140,768 684,774 2266411 172,043 11,325 619086 67,200 2,033,633 212,353 1956735 1.964.7.
1972 65,740 1617 17274 854,325 25400 172,043 37219 £2.703 67.200 €9 237 110 887 130504 138,504
1973 333,411 64,057 168,234 682,047 836,351 172043 3315 47030 67,200 634 680 212,353 641701 640,701
10974 168,235 82243 59,871 684,774 306,636 172043 37,327 67 682 §7,200 84,173 191,137 148211 157,211
1973 150,332 86,714 64,862 656,004 306,447 172043 57,508 79,216 67,200 109,729 126.017 183519 191,5t
1976 281,523 72,008 127,056 684774 759,640 172,043 12624 61,996 67.200 524 512 212.353 553252 5612
1977 235517 100,720 130,680 €33,726 388,753 172043 59083 52625 67.200 xroe2 77.766 361615 366,61
1978 164,323 82.124 50.588 643 668 184,380 172,043 21214 94,182 67,200 o 25,304 95308 103,
1976 150 602 81307 63018 632,532 250277 172043 26,314 #4182 67 200 Q 46060 #5380 103,
1060 174,002 07,182 40,233 §40,308 504,073 172,043 34,018 g4.182 67,200 152,358 146.765 237082 243,
1981 307 468 70,143 138,048 681,264 877,447 172,043 23245 44,801 67,200 665,835 206,855 6608608 676,
19482 60,229 80715 17,387 627,031 180,736 172,043 65,431 88,615 67,200 5,567 67,764 85300 103,
1983 34,523 ©0.968 118,068 422,260 115821 172.043 15,663 94,182 67,200 Q 20,665 95350 103,
1684 50.702 61,315 175652 170,601 102088 172,042 13,422 04,182 67,200 0 18959 95360 103,
1865 150,100 24,264 17.945 279.801 476,023 172,043 25965 94,182 67,200 9.776 210,961 104481 112,481
1866 153,623 44,720 32212 342,902 e4.116 172,043 41,602 94,182 67,200 0 20462 95389 103,
1987 676,877 71.873 180.804 877,804 305,473 172,043 33,384 92,203 67,200 2321 131,500 180253 188,2:
1988 ngeaz 96,267 125,844 474,230 52,356 172,043 23018 94,182 67,200 [ 20,857 95389 109,
1988 58,472 79665 102,798 306,518 182,899 172,043 25,370 94 1862 67,200 0 14 060 95380 103,

o Valies in thia tabls cannot be used 10 constnict a system water balance as certain information is missing. As an example, LCG inflows are a lunction of (CCR Releases)*(Segment Delivery Factor)+{Other Trbutary inflows).
Another example is, Nusces Estuary Inflows = (LCC Releases)'(Segment Delivery Facior+{intervening Watershed Flows) +(42% of M&1 Demand as Total Wastewaler Return Flowa}-(Nueces Bay Waale Water Retun Flows).

VA
'éqtemw Apgeq
uiseg seoeni et Jo Apms gU!UUBId Addng serep ruoibey

NOLLYONd

T13C0ON ALNIGVYEGOHd TYNOILIONQD

Qld [Buogipuoy - | eseld



"0U “20SSY PUE LBAJINS IBBLDIN

Table 5-36
Summary of Annual Water Balances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nuaces Estuary
(M&l Demand = 160,000 ac-fuyr; Nuecea Bay Inflows = 97,200 ac-ft/yr; 2010 Sediment Accumulation; With Interim Operation Rules)

Aun R4
Choks Canyon Reservolr Lake Corpus Chrlist! Nusces Bay | Nuscea Est.
Total Nel Lake CCR EOM Totsl Mal Net Lake Lec Nuseces Bay | Uncontrolled EOM Totst Totasl
Intlow Evaporstion Relsanes Slorsge Intlow Damand Eveporstion Aeleases Return Flow Spilis Slorage inflows inliows
Year {sc-fvyr) {ac-uyr) ac-t/yr} {act) (nc-tVyr) factiyr) fsetiyn ] (asttyi) (sc-lyr} {se-ttfyr) {ac-#) fuetiyg {pe-IUy1)
1934 94,138 75256 3142 655,001 323703 172.042 42,004 63647 33,600 96128 104,542 182,18 22371
1933 890.037 18,663 560,584 684,774 1,97 228 172,043 20,082 7.057 33,600 2,325,110 204,247 2.202.515 2,244,111
1938 282,578 46,353 168 068 684774 749398 172,043 25022 13,287 33,600 655,436 212,353 655,484 697,
1937 66,953 84,761 28,050 626,656 128,035 172,043 37.248 68,163 33875 -] 90 862 97,356 138,591
1938 93,147 102421 16872 505,382 325,114 172,043 60,401 31681 33,600 48,461 102,204 108,341 150.841
1939 76,749 83,681 16,872 364,450 260,616 172,043 47,505 €8.638 33821 ¢ 100,506 07.654 139.0:
1840 208,864 64933 16,288 680,077 770 963 172,043 41,820 48,630 33813 413,574 212, 353 463,663 505.0
-2 446 252 34,022 284,764 673,868 094,963 172,043 18,325 m 33600 1,091 568 184,240 1.049.522 1,001
1942 342170 55310 208,482 668,445 945113 172,043 28 864 45605 33600 888,054 184,361 901,097 243,597
1942 71937 28,088 16,872 628,283 161,056 172043 43,793 88876 33,600 [+ 17,577 97.654 130,254
1044 131,110 Ta211 16,872 661,182 630,103 172,043 40736 49,062 33 600 274 430 174.086 33447 376.047|
1045 107,492 90,562 16,672 694,113 447 692 1722043 57.205 22,009 33,600 100,504 170.837 221,93 263 5.
1846 323039 57.70% 172032 673,456 1,016,103 172,042 32855 14,048 33.600 P18 601 168,269 #01 094 941,434
1947 36,172 87,863 16872 507,765 279,647 172,043 52,135 33219 33,600 73283 120712 132,647 174,247
1942 42,100 06,404 3201 507,665 115220 166,159 27.226 53073 33 805 o 30674 3,263 1210
1940 218812 58,505 17.825 642617 757726 169,464 41,899 16,137 33,613 380.674 178 448 402,648 4431
1950 20676 100,600 16,872 538603 188,694 172,043 4774 68.876 33600 0 78 320 97,654 1302
1951 153100 83324 16,872 584,478 338 469 167,708 45,530 40,742 34116 3282 173,118 73,061 114, 247]
1952 32,784 85840 16,872 507 422 143335 171 407 46,031 67 6861 34 048 G 48226 86 972 137 8
1953 256,286 78,352 18,466 561,934 468,074 159,086 24,470 15711 RD0E 127.010 198,069 165,747 202 &61
1854 34.820 116,733 16872 556,021 226784 122,043 67.656 63,676 32,600 14174 118,676 110,836 152.4
1855 38060 110.041 25268 440,006 116,167 162,095 34972 40832 33653 0 2071 627 10017
1956 53.601 89,608 83,114 206,671 123,426 149.662 19,504 15.718 31420 0 43374 46,041 80,02
1957 423638 65,473 16,872 620,837 1,248,305 162,484 41,480 0 azs581 8753339 190,768 845,646 885,087,
1938 465,123 52652 245019 584774 125420 172,043 25444 47 898 33,600 1,231,578 212,353 1,223 512 1,265.11
1939 120.008 80,094 34.510 676,560 357,260 172043 50,401 58,066 33600 13036 202 452 1725 234,32
1960 92.022 60.022 16872 684,580 41560 172.043 24379 96,182 33,600 150,864 212353 236,383 2.
1961 120.225 76,420 £6,373 €33.678 243964 172,043 54871 57,068 21600 29,351 148,662 170,608 2122
1962 9.206 g8 416 62,362 455,760 55431 167,824 0z 53218 33.767 ] 14,920 83,374 122 087
1063 20,202 72491 67,083 317,033 144 097 194 632 0007 21423 32473 o 19838 52.406 ar 52
1864 24170 48.716 82,432 174,238 431,503 142 575 22,367 4 20041 181,023 187.097 188,202 230,671
1965 87,626 33,502 16,872 204,262 201704 149,103 55,327 §.722 332 115,100 s 142,676 177.537
1966 70,261 30,982 16,672 228,591 307.657 151,780 29.290 8413 31.674 110,721 135,143 142,669 1774
067 303603 40,582 V6,872 557,614 1,678,502 148,552 34,508 1] 30615 1,431,781 21235 136211 1,396, 489
w0es 250.911 58.036 80,365 644,172 489,310 172,043 42,635 31,686 33,600 377,435 433,502 414,083 455,65
1960 76.660 70,160 15,762 620,222 269,848 172,043 24175 68,426 34,018 ] 154,485 97,654 138 8.
1070 890373 698,057 16,872 615638 310,578 172,043 47,707 58,302 33600 77,156 116,065 158,576 201,47
191 462,165 76,884 222,250 684,774 2266411 170,278 12581 44,659 B8 2,156,634 212,353 2,080,620 2,121,631
1972 §5,740 718617 17,274 654,325 254041 172,043 38 492 38972 33,600 83,798 129,287 142,777 1883
1973 3334 64,0587 168,234 682 947 836,351 172,043 2126 34332 33 600 688 369 212,353 705,712 74701
1974 160,235 82,243 59871 684,774 306,638 172,043 38836 ds.e39 33,600 112,330 198,178 174,188 2157
1975 150,332 86714 84092 656,084 306,447 172,043 58,510 53270 33.600 138,724 136,768 212154 253,754
1976 281,523 72,099 127,058 664,774 758,640 172,043 12,900 44,905 33 600 566,290 212,353 &02.012 643,81
1977 235,577 100,720 130,600 633,728 388,753 172,043 61,574 24,606 32,600 361,760 92,000 393,024 434,624
1978 164,323 84,074 30,012 &71.288 184,358 172,043 24,832 64,626 33629 Q 40,085 §7.654 1.
1w 150,602 82,082 81,743 632532 250217 172,043 337 50876 33600 1] 98.713 07 654 136 254
1860 174,002 100,108 25,43 671,238 504,073 172.043 42,355 84,654 33.600 103 241 163.242 264,142 0574
10 307,468 70,583 150,482 661,264 877 447 172.043 23232 13,257 33.600 743,148 206,861 137,056 178.6
16882 60,220 00.719 17,397 627031 180,736 172.043 67 265 43638 33,600 NS 84.747 91.217 132 817]
1643 34523 i xedl 02993 470776 115821 164.306 19,827 53.073 33538 0 46.266 02,002 121,214
1984 59,702 80,167 71,552 348 532 102,088 154,467 15,466 15711 32,438 0 34 262 47.050 821
1965 159,100 35,688 16,872 447 953 476,023 158,586 30764 21,433 32028 102,688 210,007 148,358 1847
1988 453,623 58848 16,872 518,926 9,116 163,104 48 343 34,043 33,901 o 75,405 63,561 1029
1987 678477 74 660 311,604 677,804 305,473 170,486 32.564 5723 34,480 288,735 133,789 356,247 306,27
1988 7,622 08,740 01,806 520,056 52,356 170,766 24871 66,866 34125 1] 21,538 96,311 126, 8;
1989 50,472 81.311 32,060 440,320 182,890 157,308 29.139 24,125 33038 o 26,832 55,471 01,1
o/ Vakson in this table cannct be uvsed i construct a system wates balance sa certain information is miseing. As an example, LCC inflows am & & of (CCR Rel ) (Seg Delivery Factor)+{Other Trbutary Inflows).

Anather example is, Nusces Estunry inflows « (LCC Relsases)* (Segment Delivery Factor) +{intervening Watershed Flows) +(42% of M| Demand as Total Wastewater Reluin Flows)-(Nueces Bay Waste Water el Flows)
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Table 5-37
Summary of Annual Water Balances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary
(M&| Demand = 197,000 ac-fi/yr; Nueces Bay Inflows = $7,200 ac-ft/yr; 2040 Sediment Accumulation; Without Interim Operation Rules)

Run RS
Choks Canyon Reservelr Lak¢ Corpus Christl Nusces Bay | Nueces Esl.
Totsl Net Lake CccA EoM Totat MEl Net Lake Lce ] Bay J U trolled EOM Totas Totsl
inflow Evaporation Releasen Storage Infiow Domand Evsporatlon Releases RAslurn Flow Spills Stotag nn Intl

Yoar fsc-tvyr) sc-tyr) {ac-ttiyr} Jac-tt) fac-tyr} [sc-tvyr} ac-ftyr} {ac-fuyr) fac-ttyy) fac-t) {actiyr) {ac-yq)
1034 94.138 75070 M.145 648,462 i) 211828 28N 84930 82740 01.466 111,418 171836 1817
1935 809,837 18,638 500,743 677,064 1.971,228 211,628 26,776 12,220 82,740 2,196,405 161,439 2061821 20M.6N1
1936 282578 46,320 166,000 677 964 740308 211,628 24767 33267 82740 563,360 172,03 S81262 E R
1037 66,555 84,041 085504 324499 128.035 211,820 19,240 84039 82,740 o 70,655 86703 06,64
1938 95147 $2,507 16872 503,138 325,14 211,820 50,383 76,847 82740 51,172 23318 126858 136, 7
1938 76,748 10262 12328 406.744 260616 211,828 31,774 84939 82.740 o 36,720 86703 96,64
1940 208 604 55,001 17,261 535,003 778.863 211,828 34,620 71,485 62,740 H1L.0N 161,368 1421 401.271
1941 446,252 34,006 197.569 667,060 994,963 211,628 17,663 14,081 82,740 902,622 136,878 860344 870,194
1942 3421719 55.206 205,547 661,656 045113 211828 22928 55,550 82,740 825,836 141,008 827562 837.4.
1943 71,937 47,847 28,632 605.018 161,058 211828 28,830 84939 82,740 o 5,000 86793 06,64
1844 131,110 67,663 68,584 570,005 630,183 211,628 35,222 65512 82,740 250,863 121,825 302029 3118
1945 107 492 82,883 16,872 571,514 447,682 211,828 50,812 €6.8685 82740 101.464 137,346 164364 174.21
1946 323,038 54,056 122,209 666.65% 1,019,103 211,826 30,808 1717 82,740 796,423 145,681 764443 774.2:
1847 36,172 87,607 16,872 501,220 270,647 211,828 48,340 64,341 82,740 25178 71,086 91052 100,
1948 42,108 78,606 131,187 388.066 115,220 211,628 15.637 84 930 82,740 ] 5859 88793 96,64
1048 218612 48843 40268 480,756 757,726 211,828 30.980 33517 82740 351.250 115,846 365634 375,484
1950 20,676 84772 as4a7 366,265 188,694 211628 37,307 84 032 82,740 Q 5,804 86783 96.64
1951 153,109 59,120 93,360 327.943 338 469 211,628 30,399 64,639 62,740 ¢ 110,467 86783 96,64
1052 32,784 60,778 72,979 105,737 143,335 211,828 24082 84939 82740 4] 5923 B6THI 06,64
168353 256,286 33751 106,885 266,232 468,874 211,828 15601 55,550 82740 111,805 157 508 163441 173,261
1854 34,620 67,485 16,872 209,567 226,784 211,828 54929 84.939 82740 Q 49,459 86783 86,64
1655 30,860 0214 145,835 2818 116,167 211,628 12,560 84930 82,740 0 2115 86793 96.64.
1956 53,601 4932 33,042 4,740 123,426 211,828 27286 84,038 82740 o 5930 42100 52,04
1957 423638 40,009 13,835 360,504 1,240,305 211,828 36717 27156 82,740 795,654 158,219 772433 762,21
1858 485,123 51314 73357 677964 125420 211 828 20,478 70848 82740 994,880 174 673 968036 10087
1959 129,008 28,032 34,620 660.784 357.269 211,828 39.851 74976 82740 70,135 158,810 142753 152,
1060 02,022 50.85% 16,872 677,950 #5601 211,628 16,162 84,030 82,740 w0471 174,673 184174 184,024
1961 120,225 76,308 66,714 626,068 243,964 211,628 46,392 &84 930 82,740 76.059 63,233 160225 170,07
1962 9,206 87,992 106.307 268,941 55431 211,828 12241 54,930 82740 ] 5964 86793 96,64
1063 29,202 35,554 172744 16.864 144,807 211,628 208585 84,939 82,740 ] 5054 86793 96,64,
1064 24178 2818 17,787 12,051 431,593 211,828 13418 74076 82,740 156,702 142,142 174187 181,037|
1965 87,626 15,508 16.872 61,160 231,794 211,828 40.558 64,061 82746 20878 24,575 86793 96,84,
1666 mn 12,635 44,748 64,171 7657 211,828 24871 83.781 82,740 1,158 54085 86783 96,64
1967 393,605 10719 51,756 73,453 1,678,502 211 828 8218 53,550 82,740 1,365,538 174673 134di2 13212
1068 259,011 53,534 16672 555,831 488,310 211,828 areiz 55062 82740 279,154 67,062 318621 328,474
1069 76,660 66,215 104,356 417,832 269848 211,628 8,494 849039 52,740 a 136,004 867683 96,64
1070 89,373 56,413 16872 426,793 310,579 211,828 42,585 71,485 62,740 66,948 57,155 136543 146.3
1071 462,168 50,443 100,726 673,433 2.266.411 211,828 2004 55,550 82,740 1.950.758 174,673 1882036 1,881.8
1972 63740 1179 16,872 642,004 254,041 211,628 3239 85,062 82,740 58,646 56,773 113548 123,394
1972 333411 62971 167,522 676,138 836,351 211,628 2,156 42,066 82740 502,601 173,436 508060 €07 61
1674 169,235 82,145 50,041 677,964 306,638 211,828 33,404 65,612 82740 63,718 146,036 127984 137,834
1975 150,332 868621 64,600 £48,358 306,447 211,628 52387 71,485 82740 83.213 80016 156318 1661
1976 281,522 71,836 127,300 677 964 759,640 211,828 7.850 67,434 62,740 467.658 174,673 $24035 5338
1977 235,577 100,538 130,680 627100 388,753 211,828 53,180 46871 82,740 at7.270 26,601 346542 3563
1978 164,323 77238 104,266 565,869 184,388 211,828 12,888 84030 82740 ] L X3 F] 86793 96,64
1978 150,602 714,681 66,649 555,084 250277 211828 20,110 84,039 82,740 0 5.061 86793 56,64,
1980 174002 685,184 28,637 510,708 304073 211,828 31,447 84939 82,740 170,007 106.450 244800 254.7
e 307,468 €8,10¢ 59.482 674,458 877.447 211,828 22171 47,314 82740 552,123 166,219 565276 575.1
1982 60,229 20,532 17,408 620,302 180,736 211,828 54,140 84,939 82740 ] 13,557 86703 96,64
1083 34,523 63,345 182,227 332,355 115821 211,828 8870 84030 82740 Q 5950 66703 6,64
1904 s9.102 42,462 201.867 62,444 102.088 211,828 7185 84,036 §2740 Q¢ 5.063 86793 $6.64
1865 150,100 14216 26,847 168,148 476,022 211,620 247N 84,839 82740 16,886 170,410 102497 112,347
1986 153623 32038 75,168 163,808 94,116 211,828 28,757 84,839 82,740 ¢ 14971 BE79I 96,64
1987 676 877 68401 8512y 671,111 5473 211 828 30,156 84039 82,740 [ 77843 86703 06,64
1088 71622 90,064 187.743 385,600 £2,35¢ 211,628 12,032 84939 82,740 0 9143 86793 96.64.
1888 58,472 67,083 125781 198.064 182.890 211,828 15,128 84,939 82,740 Q 5939 86793 96 64.

&/ Vahies jn this tabls cannot be used W constuct & system waler balance as cenain information is missing. As an sxample, LCC inflows are & luncion of (CCR Reloases)’ (Segment Delivery Factor)+{Other Trbutary Inflows).
Ancthet sxample is, Nusces Eswary inflows « (LCC Reieases)' (Segment Delivery Factor) +{Itervening Watershed Flows)+{42% of M8i Demand as Total Wastewaisr Retusn Flows)-(Nueces Bay Waste Water Reluin Flows).

300N ALNIBYEOHd TYNOILIONOD

NOLLVOI'Id:éX'

KBl [EUOMPLOD - || 8SBY

A

{]
Apg ﬁiuuend Addng Jerep reuoibey

ISPOW

uISeg Se0en| eyl o



65-9

"2U| “00SSY PUE UBAYINS JOBYORY

Tabie 5-38

Summary of Annual Water Batlances for Choke Canyon Reservoir, Lake Corpus Christi, Nueces Bay, and the Nueces Estuary
{M&! Demand = 197,000 ac-fi/yr; Nueces Bay Inflows = 97,200 ac-ft/yr; 2040 Sediment Accumulalion; With Interim Operation Ruijes)

Run R6
Chok e Canyon Resenvoild Lake Corpus Chrigil Nueces Bay I Nusces Est.
Tolal Net Lake CCR EOM Total Ml Neot Lake L N Bay f U trolled EOM Tetal Tols)
Inflow Evep | Rel Storag inflow D ¢ Evaporatk Rel Relutn Flow Spilla S g [

Yoar fac-tryr) {sc-tyr) {ac-t¥yi) Ascit) | {se-tvyq fotvyd ] (scttyrn) §  (sc-iyr) [pe-tuyn) | (scttyr) (ac-ft) (nclyi) {ac-tyr)
w34 84,138 75,070 145 648.462 23103 197,004 41,006 16,880 60.715 106.373 17,2490 18400 200,744
18335 209,037 18,638 508,743 677,064 1971228 204,237 26,443 ] 70668 2,344.319 162,226 2,250.883 2,260, 4/
1836 282578 48,320 166,000 877,964 749.380 203,245 24,427 0 70.363 660 623 172,033 643,306 71,77
1937 66,553 84,922 18049 834,566 128,033 193.687 33.360 6,408 60,727 0 80,631 17.547 92,481
1038 95,147 102,550 25956 §90.221 325114 107,451 7288 2490 20134 01043 77.049 157.128 173.300¢
wae 76,748 83,417 16072 550 563 260,616 103,667 48,623 6.408 69,727 ] 113708 17.547

1040 208,604 6400 20,682 674,207 779902 197633 43,175 2268 70.154 480,040 174.673 520.044

141 446,252 33001 204,037 667.060 904,063 205,629 17,958 ] 70818 1.087 303 142.40% 1,082,004

1942 342170 33.206 205,547 861,656 #45,113 198.372 26500 5034 70034 M7.014 142 683 920.378

1843 new 87870 16,072 624.72) 161,056 192607 4216 8,408 69727 o 77.200 77.547

1944 131,110 74,089 17,036 654,530 630,192 195,860 41,675 5.686 69,962 343.560 134,005 304.780

1948 107 482 90.364 16,872 647.658 447,602 193 687 54.748 2474 60.727 200,667 138,803 267.018

1946 323.03% 57.600 173,248 666 655 1,010,102 197 975 31.308 [ 69602 032246 146 430 236,081

1947 36172 87.607 16,872 591,220 279647 193687 50815 163 60727 86.063 104,544 1777

1048 42,100 e7.m7 18,062 516,399 115.22¢ 193,667 24,045 6,408 €0.727 Q¢ 12.506 17.547

1949 218812 58219 az102 634.2¢68 757,726 183 667 41,564 o 69727 416,328 148 837 458.770

1850 20676 100,008 16,872 530,849 188,604 103 687 63.812 8,160 69.727 15884 72612 82,088

1951 153,108 82816 16,872 577,232 338,469 193,687 44,304 5934 68727 45,445 136,018 117.510

1852 32,784 85.336 18872 500,680 143,335 193,687 44,392 8.408 68,727 o 49,738 77,547

1953 256,206 77,548 16,872 655,118 468 874 193,687 24,143 5934 69,727 150.961 150 286 215,640

1854 34,820 116,301 16.872 540.637 226,784 193,687 64,519 8,408 69.727 40287 #5041 115014

1955 30,869 118,143 28018 431 500 116167 193687 28,840 8.405 69.727 0 8260 77.547

1956 53601 87,266 86,846 274.308 123,426 180,507 12861 0 64,003 [ 25194 64,903

1957 423638 64,202 20422 604,6G5 1,248,305 188,726 38543 ] 87041 898 586 159,006 203 626 .
1058 463123 52646 238 400 677,964 1,254,231 201,177 25149 5.034 69,063 1.242.858 174,673 1.221.340 1.248.314
1959 126,008 88032 34,620 660.784 357.260 195240 40.306 §.408 60,503 152,039 160 587 210.5%

1080 92022 50855 16,072 27,850 41363 103.687 22412 8408 69,727 103,809 174,673 252 883

1963 120,225 76,300 66714 826,068 243064 104,266 53.911 8.160 T0.045 105,062 ne. 7o 175,342

1962 9,206 08,246 se.7 452891 §5431 103.687 26.704 8,408 €0.727 0 5,064 17,547

1863 20,202 71,180 78710 297 616 144,807 100,301 25777 8408 68,543 0 $003 76.360

1964 24,178 2m 104,069 130,767 431,503 175546 18.196 ] 63.197 202,600 145216 251.706

1965 87,626 28,440 16,672 164,873 231,794 175,546 51727 0 €3.187 86621 £6,908 133,054

1966 7020 27.667 16,872 192,597 307,657 177,270 27625 0 €387 02,878 96,743 150,165 3
1967 393605 36,080 16872 s25 22 1670.302 178 842 23323 [*] 64,203 1415279 174,673 1,380,583 1.304,
1968 aseem 50,903 62410 637 442 489,310 185,604 41,195 2474 €804 73049 107 468 420,007

1969 76,660 77.0208 16,872 612275 260,848 193,687 26044 8,408 €9.727 ] 165,147 77.547

1920 80,373 60 638 16072 608,010 310579 183 687 46,550 2474 69.727 153,391 80,802 214882 3
1w 462163 T7.037 221,567 677,064 2266411 190,758 6.855 5934 69879 2187, 174,673 2.100.486 2,126,404
1972 65,740 71483 17.274 647 649 254041 185,157 37124 2474 60516 100,506 104 951 165,371

1073 A4 64,000 160,368 676138 836351 169,154 281 5686 [ 0°r ] 7209301 173,436 75,593

1074 169235 82145 58041 677 964 306,638 187,107 37,796 5034 70,108 130.354 157,263 05 221

1975 150,332 86,621 84,208 840,358 306,447 197,777 56,854 2474 70,168 153,884 111,608 215,675

1076 284,523 72,024 127,158 677,064 758,640 199,205 13,133 5934 60,627 603 402 174,673 636,610

"W 235,577 100.538 130,600 827,100 384,753 202 800 58,086 2474 70341 350,320 63920 408,618

1978 164,323 84,160 0,065 664,406 184,300 103,687 24077 b.408 68,727 ] 54,102 77.547

1079 150 602 81,967 81,752 $23841 250277 193,860 33352 8,160 69 962 76.827 71,683 149,001

1980 174992 #9008 25,502 664,538 504,073 193,687 41,006 5904 66.727 233703 126,019 202 64

1901 307,462 70.525 156,567 674,458 87T A47 200,738 22453 ] 70.290 765,401 167,006 782167

1982 60,229 86 532 17,408 620,392 180,736 195.604 62 608 2,409 68804 36,564 81,679 106,263

1983 34523 73200 71,018 470,323 115.621 103,687 15,571 8408 69,727 "] 32052 77.547

1984 §90.702 78401 87,004 334,557 102,088 190,188 8,500 5834 68.468 L] 17.322 73,886

1085 158,100 34,056 16072 434,719 476,023 103,687 31,656 8,408 660.727 105.278 111107 125457

1006 153623 57,662 16872 508 671 94.116 193 687 42 803 8.408 0727 0 rarnr 71,547

1087 676877 74458 307,000 6711 305473 196,032 30,606 8.160 70197 00,188 113,203 356,870

1988 71622 28,001 66,805 547,803 52,356 103,687 20.350 8,408 60.727 0 0.9010 17,547

1988 38,472 83,113 30.567 456 878 182 006 183 687 10,751 8.408 69.727 — ] 10.520 77,547

&/ Valses in this lable cannot be used 10 constiuct & system waler balance as cenain lnformation is missing. As an example, LCC inflows are a h o {CCR Rek )" (Seg Delivery Facior)+{Othes Tributasy inflows).

Another example is, Nuesces Estuary Inflows = (LCC Releases)' (Segment Delivery Factor) +{intervening Watershed Flows)+(42% of M8I Demand as Total Wastewaler Fetuin Fiows)-{Nusces Bay Wasis Water Return Flows).
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Regional Water Supply Plannm? Study of the Nuecas Basin
Phase Il - Conditional Probabi
CONDITIONAL PROBABILITY MODEL PLICATION

Examination of 1980 condition simulations (Runs R1 and R2) shows that with and without the IORs,‘re-
leases from LCC are relatively close, except during drought periods. The IORs allow for relaxation of B&E
reieases during droughts, which results in somewhat lower release numbers during normal and wet peri-
ods and significantly iower annual releases during drought periods. With the IORs, the lowest release year
is 1941 (8,277 ac-ft). The next lowest release is year 1957, with only 11,834 ac-ft released. The 96,129
ac-ft/yr typical release from LCC is measured at the dam site. Thus, accounting for a 7% channel loss be-
tween the LCC Dam and the Calallen Dam and adding in the 7,888 ac-ft/yr currently returned to Nueces
Bay, the total flows to Nueces Bay are computed as 96,129 X 0.93 + 7,800 (waste water return flow), or
97,200 ac-ft/yr.

Under the 2010 sediment accumulation and M&I demand scenario (Runs R3 and R4), similar conditions
develop. The differences between interim rules and other releases appears to be driven by droughts.
When interim rule B&E releases are relaxed, releases are decreased much of the time. There are three in-
stances of zero releases and a few very low releases. With the I0Rs, there are still only thirteen (13) years
with less than 97,200 ac-ft to Nueces Bay.

By 2040, maximum utilization of the system firm yield changes the release and spill situations (Runs RS
and R6). With the IORs, there are tweive (12) years of the 56 year period of simulation where there would
be no releases to Nueces Bay. With the exception of 1934, all other years have releases less than 8,500
ac-ft/yr. Correspondingly, there are seventeen (17) years where the total inflow to the Nueces Estuary is
less than §7,200 ac-ft.

Cumulative total annual inflows to Nueces Bay and the Nueces Estuary with and without the IORs are
shown in Figures 5-14 and 5-15. With baseline (full-capture) operation (Runs R01, R02 and R03) anly M&I
return flows and uncontrolled spills feed freshwater to either the bay or estuary. Imposing Nueces Bay
and /or Nueces Estuary inflow requirements resutts in considerably more water going te the systems.

The influence of the IORs is shown more dramatically in inflows to Nueces Bay. The top three curves rep-
resent with IOR conditions (R6, R4 and R2, respectively), while the bottom three curves represent the
without IOR conditions (R1, R3 and R5, respectively). Between R6 and R5 there is a spread of nearly
4,000,000 ac-ft of total inflow to the bay during the 56 year simufation record.

Influence of the IORs on flows to the Nueces Estuary are less dramatic. It appears that with or without the
IORs, 1934 to 1989 fiows to the estuary total about 23,000,000 ac-ft.

5.3 Drought Condition Operation Impact

In order for system managers to evaluate the efficiency of the proposed IORs or other operation scenar-
ios, it is of vital importance to know the amount of time that the LCC/CCR water users will operate under

Michael Suilivan and Assoc., Inc. 5-60



Regional Water Supply Planning Study of the Nueces Basin
Phass Il - Conditional Probabiiity Modaling
CONDITIONAL PROBABILITY MODEL APPLICATION

Figure 5-14
Cumuiative Inflow to Nueces Bay (1934-1989)
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Cumulative Inflow to Nueces Estuary (1934-1989)
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Regional WararSupply Planning Study of the Nueces Basin
Concibonai Probability
COND!TIONAL PROBABIUTY MODEL APPLICATION

some level of water conservation. However, a direct comparison between operation with and without the
IORs is not possible, because the without IOR system operation is not constrained by either M&! with-
drawal reductions or medifications to Nueces Estuary inflow requirements. The most reasonable compari-
son available is the percent of time that the storage, expressed as a percent of available storage, falls
within the conservation trigger limits with and without the proposed IORs.

Figure 5-16 depicts the percent of time that the total LCC/CCR storage is less-than or equal-to a specified
percent of total system capacity under 1990 M&I demands and sediment conditions. As specified in
Figure 3-2, the 1990 Condition | voluntary conservation trigger level is 50% of total storage, the Condition
Il mandatory conservation trigger level is 40% of capacity, and the Condition Il mandatory conservation
trigger level is 30% of total system storage capacity. Condition | water conservation measures wouid be in
effect at least 16% of the time without IORs and 14% of the time with IORs. Condition [l water conservation
measures wouid be in effect 11% of the time without IORs and 9% of the time with IORs. Condition Il
water conservation measures would be in effect 8% of the time without IORs and 4% of the time with the
proposed IORs. For 2010 and 2040, Condition I-HI trigger leveis will increase due fo increased M&l de-
mand and sediment reduced storage capacity of the system.

As noted with other parameter comparisons, under 1980 conditions, the IORs do not have a great deal of
impact on the operation of the LCC/CCR system. The closeness of the two curves confirms this
observation. The demand on the system is still relatively low, as are sediment accumulations. Thus, there

is a very low probability of implementation of either voluntary or mandatory water conservation measures.

By 2010 the impacts of the IORs on storage volumes becomes more readily apparent (Figure 5-17).
Storage levels would be below the Condition | conservation trigger at least 42% of the time without the
IORs and 30% of the time with the iCRs. Condition |l conservation measures would be in effect at least
38% of the time without the IORs and 24% of the time with the IORs. Condition Il conservation would be
implemented 23% of the time without IORs but only 12% of the time with IORs. Thus, users of the
LCC/CCRH system would be under some form of mandatory conservation measures at least 38% of the
time without IORs and 24% of the time with the proposed ICRs.

By 2040, the users of the LCC/CCR system will operate under at least Condition Il conservation measures
100% of the time (Figure 5-18). Without the IORs, storage levels would be at or below the Condition III
conservation trigger at least 71% of the time; with the IORs, that percentage is reduced to 50%.

5-63 Michaef Sullivan and Assoc,, inc.
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C
C**** COMPUTE PROBABILITIES BY ZONE: FAILURE , RELEASE, SPILL **w»*
c

2400 WRITE(KOUT,2404) TITLE1,TITLE2

2404 FORMAT('1’,19X,A80/20X,A80/T10,’START",’$’, 3(’ NUM ’,’$’) ,
1 3( PROB ’,’'$') / T10,’'ZONES$ FAILS  RELEASES$'
2’ SPILLS" ,’ FAILS  RELEASES SPILLS’® /
o 3 TIOeeee8, 60 eeoene $) )

DO 2420 K=1,NUMZ
VV=IFAIL (K)
FPROB=VV/XMTHS
VV=IIREL (K)
RPROB=VV / XMTHS
VW=ISPILL (K)
SPROB=VV /XMTHS
WRITE (KOUT,2410) K, IFAIL(K), IIREL(K), ISPILL(K),
1 FPROB, RPROB, SPROB
2410 FORMAT(T12,I12,°$’,3(I10,'$') ,3(F10.3,°$’) )
2420 CONTINUE
C+++ttt++++++d++ttr+t+ ettt bbbt bbb

C+ BUILD TRANSITION MATRIX & STEADY STATE: +

C+ COMPUTE PROBABILITY OF FAILURE +
CH+ttttttdttrrttrtttttttttttttrttrttetrbttbttbstt
C

WRITE(*,2432)
2432 FORMAT(/' ** BUILDING TRANSITION MATRIX **’)
c

CALL TRANS (NUMZ,DEMAND)

c
c*******************************************************************************
C******************* SIMULATION MODE Fhhkkhkkhhkhkkhhhhkd

LR L T L T T S
c

2450 IF(ISIM .EQ. 0) GO TO 2680

c

C**** COMPUTE STATISTICS ****

c
WRITE(*,2492)
2492 FORMAT (/' **COMPUTE STATISTICS**')
WRITE (KOUT,2490) TITLE1, TITLE2, KMON
2490 FORMAT(’1’ ,19X,A80/20X, ABO / 20X,’'STATISTICS FOR SIMULATION RUN’/

1 T7,’'YEAR PI§T A3, 8", 11( ' A3,'$’) ,
2 ' ANNUALY / 17,00-oc 80120 e ','8') )
WRITE(KOUT,2501)

2501 FORMAT{'  **CCR INFLOW**’)
CALL STAT(FLOWB )
WRITE (KOUT,2502)

2502 FORMAT(’  **CCR EVAP LOSS**’)
CALL STAT(ELOSSB)
WRITE (KOUT,2503)

2503 FORMAT(' **CCR RELEASE-ADJ**')
CALL STAT(RELB )
WRITE (KOUT,2504)

2504 FORMAT('  **CCR E-O-M**’)
CALL STAT(EOMB )
WRITE (KOUT,2505)

2505 FORMAT('  **SYSTEM RETURN FLOWS**')
CALL STAT( RETN )



WRITE(KOUT,2490) TITLE1, TITLE2, KMON
WRITE (KOUT,2506)

2506 FORMAT(’  **SYSTEM DEMM**’)
CALL STAT(ADEMM )
WRITE (KOUT,2507)

2507 FORMAT(’  **LCC INFLOW**’)
CALL STAT(FLOWA )
WRITE (KOUT,2508)

2508 FORMAT('  **LCC EVAP LOSS**’)
CALL STAT(ELOSSA)
IF(BEDEMM .GT. 0.0) WRITE(KOUT,2509)

2509 FORMAT(’  **LCC RELEASE**’)
IF(BEDEMM .GT. 1.0) CALL STAT( RELA )
WRITE (KOUT,2510)

2510 FORMAT('  **LCC UNCTRL SPILLS**’)
CALL STAT(SPILLA)
WRITE(KOUT,2490) TITLE1, TITLE2, KMON
WRITE (KOUT,2511)

2511 FORMAT(’'  **LCC E-0-M**’)
CALL STAT( EOMA )
WRITE (KOUT,2512)

2512 FORMAT(’  **TOTAL INFLOW TO THE BAY**’)
CALL STAT(TOTBE )
WRITE (KOUT,2513)

2513 FORMAT('  **SUPPLY DELIVERED TO CALALLEN**’)
CALL STAT (SUPPLY)

c

C**** PRINT ANNUAL SUMMARY **x**

c
WRITE(KOUT 2520) TITLE1, TITLE2
2520 FOHMAT( 1',19X,A80 / T20, ) A80 /T20, 'ANNUAL SUMMARYS ' /

1 T8, *-acnne- CHOKE CANYON RESERVOIR----’

I LAKE CORPUS CHRISTI’ ,

3 et *..B & E--*' [

4 ' YEARS  INFLOWS EVAP$  CCRRELS EOMS

5 ' INFLOWS DEMMS EVAP$S  LCCREL$  RETURNS SPILLS’
6 EOM$  CALALLENS * / T2,%---- ','$’,12(’  =--=-=- H

7 ] )

)

JYR=1900" + IBEG - 1
DO 2540 J=1,NYR
JYR=JYR + 1
WRITE(KOUT,2530)  JYR, FLOWB(13
1 EOMB(12,J), FLOWA({13,J), ADEMM(

2 RELA(13,J), RETN(13, J), SPILLA(
2530 FORMAT(T2,14,’$',TR1,12(F10.0,'S’
2540 CONTINUE
c
C**+* PRINT TOTAL INFLOWS TO THE ESTUARY ***+

c

WRITE (KOUT,2570) TITLE1, TITLE2, KMON
2570 FORMAT('1',9X,AB0/10X,A80/10X, 'TOTAL FLOW TO THE BAY '

1IN ACRE-FEET’ / 1X,'YEAR',TRS, A3,’$”,11(TR6,A3,"'$"),

2 ANNUAL® /[ 4X, 13(' --1---. y gy’ )

DO 2590 J=1,NYR

JYR=1899 + IBEG + J

WRITE (KOUT,2580) JYR, (TOTBE(I,J),I=1,13)
2580 FORMAT{1X,I4,'$’,13(F9.0,°8’) )
2590 CONTINUE

ELOSSB(13,J), RELB(13,J),
ELOSSA(13,4J),

J)
32d)
3,§) EOMA(12,J}, TOTBE(13,J)

]
1
1
)




c
C**** PRINT TOTAL SUPPLY ***+
c

C
C
C

c

C**** SIMULATION MODE FINISHED

WRITE(KOUT,2592)

1 'CALALLEN' /

2 ' ANNUAL' / 4X
DO 2586 J=1,NYR
JYR=1899 + IBEG + J
WRITE(KOUT,2594)

2596 CONTINUE
*x** PRINT SUMMARY :

IF(IBANK .EQ. 0)
WRITE (KOUT,2610)
2610 FORMAT('1’,T9,A80/T1
1 1X,'YEAR',TR5,A3,
2 ' ANNUAL' / 4X,
DO 2616 J=1,NYR
JYR=1899 + IBEG + J
SUM=0.0
D0 2614 I=1,12
2614 SUM=SUM + SBANK(I,J)
SBANK (13 ,J)=SUM
WRITE (KOUT,2594)
2616 CONTINUE

GO TO 2700

: TITLE1,

2592 FORMAT(’1’',T9,A80/T10,A80/T10,'TOTAL SUPPLY DELIVERED TO °*
1X,’T§?R’,THS,A3,’$',
s

JYR,
2594 FORMAT (1X,I4,'$’,13(F9.0

JYR,

TITLE2, KMON

;' 8%) )

(SUPPLY(I,J),I=1,13)
,'87) )

SPILL BANKING **=**

GO TO 2700
TITLE1,

TITLE2, KMON
O,ABO/TTO,’SUMMAHY :

'$’, 11(TR6,A3,$’),

13(°

-------

5'8) )

(SBANK(I,J),I=1,13)

: WRITE FILES ****

11(TR6,A3,'S

")

SPILL BANKING’

/

y

c****************************************************************

C**** PROBABILITY MODE FINISHED

: RETURN FOR SIMULATION MODE ****

C****************************************************************

c
C
C

2680 ISIM=1
GO TO 140

**+* WRITE OUTPUT FILES FOR FREQGMON ****

2700 CONTINUE
WRITE (KTAPE1,2720)

2720 FORMAT(1X, A80/1X AB0/1X,I4’ $' 15, '$ )

WRITE(KTAPE2 2720)
WRITE(KTAPE3,2720)
WRITE(KTAPE4,2720)

DO 28C0 J=1,NYR
JYR=1899 + IBEG + J
WRITE(KTAPE1 2750)
FORMAT (’ EOMLCC' TR1,

WRITE(KTAPE2,2760)
2760 FORMAT ('EOMCCR’,TR1

WRITE (KTAPE3,2770)
2770 FORMAT(’SUPPLY’,TR1

WRITE (KTAPE4,2780)
2780 FORMAT('TOTBE ’',TR1
2800 CONTINUE

2750

TITLE1, TITLE2, IBEG, IEND
TITLE1, TITLE2, IBEG, IEND
TITLE1, TITLEZ, IBEG, IEND
TITLE1, TITLE2, IBEG, IEND
JYR, (EOMA(I,J),I=1 2)
14,°$’ TR1,12(F8.0,78") )
JYR, (EOMB(I,J),I=1,12)
,I4,°8’ TR1,12(F9.0,°8") )
JYR, (SUPPLY(I,J),I=1,12)

, 14,787 ,;TR1,12(F9.0,°$’) )
JYR, (TOTBE(I,J),I=1,12)
,I4,'$’ ,TR1,12{F9.0,'$') )



c
9999 CONTINUE

10001

WRITE(KOUT,10001)
FORMAT('1’,"' ")
ENDFILE KTAPE1
ENDFILE KTAPE2
ENDFILE KTAPE3
ENDFILE KTAPE4
STOP

END




1SUBROUTINE AEVAP (EOM1, ECMP, XMAX, NCAP, TCAP, TAREA, EVAPXX,

C****

c
10

20
30

40

50
1

60

70

80

c****
c****

20

100
110

120

AREAEM, EVPQ)
DIMENSION TCAP(30), TAREA(30)
COMPUTE AVERAGE AREA ****

AVG=(EOM1+EOMP) /2.0

IF (AVG .GT. XMAX) AVG=XMAX

IF (AVG .GT. 0.5) GO TO 20

AR1=0.0

GO TO 70

DO 30 N=2,NCAP

IF(AVG - TCAP(N))  50,40,30

CONTINUE

AR1=TAREA (NCAP)

GO TO 60

AR1=TAREA (N)

GO TO 60

AR1=TAREA(N-1) + {(AVG-TCAP(N-1))/(TCAP(N)-TCAP(N-1))) *
(TAREA(N) - TAREA(N-1))

CONTINUE

IF (EVAPXX) 80,70,80

E2=0.0

E1=0.0

AR2=AR1

GO TO 150

E1=AR1*EVAPXX

ITER=0

ITERATE TO FIND AVERAGE EVAPORATION **%*
ABS(E1-E2) LT 1.0 *rwk

EOM2=EOM1 - E1

IF(EOM2 .LT. 0.)  EOM2=0.

AVG= (EOM2+EOMP) /2.0

IF(AVG .GT. XMAX)  AVG=XMAX

IF(AVG .GT. 0.5) GO TO 100

AR2=0.0

GO TO 140

DO 110 N=2,NCAP

IF(AVG - TCAP(N)) 130,120,110

CONTINUE

AR2=TAREA (NCAP)

GO TO 140

AR2=TAREA(N)

GO TO 140

130 AR2=TAREA(N-1) + ( (AVG-TCAP(N-1))/(TCAP(N)-TCAP(N-1))) *

1
140

150

(TAREA (N) - TAREA(N-1))
CONTINUE
ITER=ITER+1
E2=AR2*EVAPXX
E2=E2+1.0E-8
DELET=ABS ( (E2-E1))
IF (DELET .LT. 1.0) GO TO 150
E1=E2
IF (ITER .LT. 20) GO TO 90

AREAEM=ARZ
EVPQ=E2

RETURN
END

AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP
AEVAP



$DEBUG

c****

50
60

C****

70

72
74

c****

C****

80

80

100

120

Cr*xxx*

130
140

SUBROUTINE SUBIN(NFLWSX, NUMZX, ELEVX,

AREAX, CAPX, ZCAPX, FACX, FLOWX, EVAPX, NPTSX )
COMMON /I0/ KIN,KOUT,KTAPE,JTAPE,NYR
DIMENSION ELEVX(30), AREAX(30), CAPX(30), ZCAPX(65), FACX(5)
DIMENSION FLOWX(13,60), EVAPX(12,60), X(12), EEVAP(12)
CHARACTER NAME*75

READ A/C DATA *#*x**

READ(KIN,70)  NPTSX

DO 60 I=1,NPTSX

READ(KIN,50) ELEVX(I), AREAX{I), CAPX(I)
FORMAT (3F10.0)

CONTINUE

READ ZONE CAPACITIES ****

READ (KIN,70)  NUMZX
FORMAT (15)

DO 74 I=1,NUMZX

READ (KIN,72) ZCAPX(I)
FORMAT (F10.0)

CONTINUE

READ INFLOW SETS ****

INITIALIZE ***+
DO 80 J=1,NYR
DO 80 I=1,12
FLOWX (I,J)=0.0
CONTINUE

READ(KIN,70)  NFLWSX

DO 120 K=1,NFLWSX

READ (KIN,90) FACX(K), NAME

FORMAT (F5.0,A75)

DO 120 J=1,NYR

READ(KIN,100) (X(I),I=1,12)
FORMAT (8X, 12F7.0)

DO 120 I=1,12

FLOWX (I,J)=FLOWX(I,J) + X(I)*FACX(K)
CONTINUE

READ NET RESERVOIR EVAPORATION ****

DO 140 J=1,NYR

READ(KIN,130) (EVAPX(I,d),I=1,12)
FORMAT (8X, 12F7.2)

CONT INUE

RETURN
END



SUBROUTINE TRANS(IZ,DEMAND)

COMMON /PM/ 1ZT(65,65), ZT(65,65), SZT(65,65),
1 IFAIL(65) , FAIL(65) , PROB(65)
COMMON /IOQ/ KIN, KOUT, KTAPE, JTAPE, NYR

THIS SUBROUTINE :

BUILDS THE TRANSITION MATRIX
POWERS UP THE T.M. TO STEADY STATE
COMPUTES PROBABILITY OF FAILURE

FNYR=NYR
XMTHS=NYR*12

OOO0OO0O0

C
C**=** PRINT THE FAILURE MATRIX ****

C
WRITE(6,60) (I,I=1,IZ)
60 FORMAT('1', T15,'***ENDING ZONE***' /
1 1X,’START'/ 1X,’ ZONE ’,’'S$’',40(I4,'$') )
DO 100 N=1,IZ
WRITE(6,80) N, (IZT(N,NN),NN=1,IZ)
80 FORMAT(T2,12,’$’,TR3,40(14,'$") )
100 CONTINUE
C**** INITIALIZE FAILURE ARRAYS ****
DO 120 I=1,IZ
FAIL(I)=IFAIL(I)
IFAIL(I)=0
DO 120 N=1,IZ
ZT(I ,N)=IZT(I,N)
IZT(I,N)=0
120 CONTINUE

IF(IFLAG .EQ. 1) GO TO 500

c

c
CH++++++++++++++++++++++++++++++
C**** BUILD TRANSITION MATRIX *
CH4++++++++4+++t++++++4+d++ 444+
DO 140 N=1,1Z
FAIL(N)=FAIL(N) / XMTHS
DO 140 NN=1,IZ
ZT(N,NN)=ZT(N,NN} / FNYR
140 CONTINUE
1CZ=1Z
IF (IZ .GT. 20) ICZ=20
WRITE(6,160) (I,I=1,ICZ)
160 FORMAT('1’,T20, 'TRANSITION MATRIX ° //
1 1X,'S/E ZONE ','$’,20(16,'$’) )
DO 200 I=1,IZ
WRITE(6,180) I, (ZT(I,N),N=1,ICZ)
180 FORMAT(T6,12,'$’,TR3,20(F6.4,°8") )
200 CONTINUE
IF (IZ .LT. 21) GO TO 240
WRITE(6,160)  (I,I=21,1Z)
DO 220 I=1,1z
WRITE(6,180) I, (ZT(I,N),N=21,IZ)
220 CONTINUE
CH+++++++++++++++++4+++++++++++ 4444+ +++ 4+

C**** POWER UP TRANSITION MATRIX TO STEADY STATE *
CH++tttttdttttttrtedtdtttbtttrttdttdtttttttrt+rr++

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS



240

260
280

300

C****

320 FORMAT('1’,T20,’STEADY STATE TABLE’

340

360

DO 300 KK=1,6
DO 280 I=1,IZ
DO 280 J=1,IZ
SUMZ=0.0

DO 260 K=1,IZ

SUMZ=SUMZ + ZT(I,K) * ZT(K,J)

SZT(I,J)=SUMZ
CONTINUE
DO 300 I=1,IZ
DO 300 J=1,IZ
ZT(1,J)=SZT(I,
CONTINUE

J)

PRINT THE STEADY STATE TABLE ****

WRITE (6, 320)

1 '$’, 20(Is,’
DO 340 I=1,IZ7

(1,1=1,1ICZ)
$) )

WRITE(6,180) I, (ZT(I,N),N=1,ICZ)

CONTINUE
IF(IZ .LT. 21)
WRITE(8,320)
DO 360 I=1,1Z
WRITE(6,180) I
CONTINUE

GO TO 380
(I,1=21,12)

y, (ZT(I,N) ,N=21,1Z)

CH+++++++++t+t+ttttttrrtttttttttttrtttttttttrt

Cx*** COMPUTE PROBABILITY OF FAILURE PER ZONE *
CH++++++++++++++t+++++tttttttttttttttrtttt+++

380

400 FORMAT('1’,T20,’**** PROBABILITIES ****' / T5,'ZONE ',’$’,
1 TR8,’'STEADY STATE’,’$’,TR5, 'FAILURE ',’'$’,TRS,’ PRODUCT ’

420 FORMAT(6X,I2,’$’,TR8,FB.6,'$',TR8,F8.6,'$’,TR6,F8.6,'$"’)

WRITE(6,400)

SUM=0.0

DO 440 N=1,1Z
PROB (N)=2T(N, 1
WRITE (6,420)

) * FAIL(N)
N, ZT(N,1), FAIL(N), PROB(N)

C**** SUM PROBABILITIES OF EACH ZONE ****
SUM=SUM + PROB (N)
440 CONTINUE

460 FORMAT(T11,’$’,’'PROBABILITY OF FAILURE=',’$’,F5.2,

480 FORMAT(T11,'$’,’AT ANNUAL DEMAND=',’$’,F10.0,'$’)

C
C

PFAIL=SUM*100.
WRITE(S,460)

PFAIL

1 '%’, ' PER CENT')

WRITE(6,480)

500 CONTINUE

RETURN
END

DEMAND

// 1X,'S/E ZONE

)

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS

TRANS

TRANS

TRANS
TRANS
TRANS
TRANS
TRANS



c****

20

Chexxk

40

C****

44

c****

54

60
70

80

90

SUBROUTINE STAT(X)

COMMON /I0/ KIN, KOUT, KTAPE, JTAPE, NYR

DIMENSION AN(60), X(13,60) ,AMAX(13), AMIN(13), AMED(13)
DIMENSION AMEAN(13), AGMEAN(13), PER(12), SUMXVR(13)
DIMENSION SUMX(13), SMLOGX(13), SDX(13), SKEWX(13)

XYEAR=NYR
SUM ANNUALS ***=*

DO 20 J=1,NYR
X(13,4)=0.0

DO 20 I=1,12
X(13,d)=X(13,J) + X(I,J)
CONTINUE

COMPUTE SUMS, MAX, MIN ****

DO 40 I=1,13

AMAX (I)=0.0

AMIN (I)=99999999.

SUMX (I)=0.0

SMLOGX (I)=0.0

DO 40 J=1,NYR

XX=X(I,J)

IF(XX .GT. AMAX(I)) AMAX(I)=XX
IF(XX .LT. AMIN(I)) AMIN(I)=XX
SUMX (I)=SUMX(I) + XX

IF(XX .GT. 0.0) SMLOGX(I)=SMLOGX(I) + ALOG10(XX)
CONTINUE

COMPUTE MEAN AND GEOMETRIC MEAN ****

XFAC=1.0 / XYEAR
DO 44 I=1,13

AMEAN (I)=SUMX (I) / XYEAR
XSUM=SMLOGX(I) * XFAC
AGMEAN (I)=10.0**XSUM
CONTINUE

COMPUTE THE MEDIAN *=***

NUM2=NYR / 2

DO 80 JMON=1,13

DO 54 M=1,NYR

AN (M) =X (JMON ,M)

DO 80 L=1,NYR
TEMP=AN(L)

K=L

DO 70 J=L,NYR

IF (AN(J)-TEMP) 60,70,70
TEMP=AN (J)

K=J

CONTINUE

AN (K)=AN (L)

AN (L) =TEMP
CONTINUE

AMED (JMON) =AN (NUM2)

IF((NYR/2*2) .EQ. NYR) AMED(JMON)=(AN(NUM2)+AN(NUM2+1}) / 2.0

CONTINUE



C**** COMPUTE MONTHLY PERCENTAGES OF THE ANNUAL VALUE *#*=*

DO 100 I=1,12
PER(I)=AMEAN(I) / AMEAN(13)
100 CONTINUE

C**** COMPUTE SUMS FOR STD DEV AND SKEWNESS ***=

DO 102 I=1,13

SUMXVR(I)=0.0

DO 102 J=1,NYR

XVR=X(I,J) - AMEAN(I)

SUMXVR (I)=SUMXVR(I) + XVR*XVR
102 CONTINUE

DO 104 I=1,13

SDX(I)=SGRT (SUMXVR(I) /XYEAR)

$S5=SDX (1)

IF (ABS(SSS) .GT. {.01*AMEAN(I)) ) GO TO 103

SDX(I) = 0.0

SKEWX (I)= 0.1

GO TO 104
103 SKEWX(I)=(3
104 CONTINUE

C**** PRINT STATISTICS #****

.0* (AMEAN(I)-AMED(I))) / SDX(I)

WRITE(KOUT,110) PER, AMAX, AMIN, AMEAN, AGMEAN, AMED, SDX, SKEWX
110 FORMAT(T5,'PER % *,'$’,12(F9.3,'$’) /
2 T5,'MAX  ’,'$’,13(F9.0,'$’) /
3 T5,’MIN  ’,’$’,13(F9.0,'$’) /
4 T5,’MEAN ’,’$’,13(F9.0,’$’) /
5 T5,’GMEAN ’,’'$’,13(F9.0,'$’) /
6 T5,’MEDIAN’,’$’,13(F9.0,’$") /
7 T5,’STDDEV’,’$’,13(F9.1,'$") /
8 T5,’SKEW ’,’$’,13(F9.2,’$’) )
c
RETURN

END



CONDITIONAL PROBABILITY MODELING
FOR LCC & CCR

LAKE CORPUS CHRISTI

CHOKE CANYON RESERVOIR

IBANK : e

IBEG : 1934

IEND : 1989

ISKIP : Q

LONGPR : 1

MODE : 0

KSIM : 33

KZIONE : 0

FLIMIT : .@5

RTNFLW : .86

ALOSS @ .93

DEMAND : 130000.

REQREL : 2000.

BEDEMM : 0.

TOTCAP : 926787,

TOTS : 463394.

TOT4 : 370715.

TOT3 : 278@36.

TOT2 : 185357.

L.CCMAX 237473.

LCC76 23463,

LCCMIN : 53.

CCRMAX : 689314,

CCR15S5 3415.

CCRMIN : 3415.

DEMDIS : .0724 . 0664 . @805 .0843
RELES1 V .50 Q. . Q. Q.
TRIGGERS .50 .40 .30 .20
MEDIAN V .30 2500. 2500, 2500. 3200.
Bkkkgkkk INPUT REDUCTIONS kiR ok

REDUK1 V.50 .00 .00 .20 .09
REDUK2 V.40 .05 .85 .10 .10
REDUK3 V.30 .10 .10 .20 .20
srexeres COMPUTED REDUCTION MULTIPLIERS ***#%%#+
REDUC1 V.50 1.0 1.00 1.00 1.20
REDUC2 V.40 .95 .95 .90 .90
REDUC3 V.30 .90 .90 .80 .80

BASE1

.0872
e.

4400.

.08
.10
.20

1.00
90
.80

** FINAL RUN **

.@9e5

4000Q.

.00
.10
.20

1.00
.90
.Be

.1e26

250,

.00
.10
.20

1.0
.90
.80

.1e25

2500.

.00
.10
.20

1.00
.90
.80

.0838

4500,

.ee
.10
.2e

1.e0
.90
.8e

.0814

3000.

.10
.20

1.00
.99
.80

.0745

e,

2500.

.00
.05
.1e

1.00
.95
.9e

.0739

2500.

.05

1.00
.95
.90



MODE= @
PERCENT OF TIME WHICH VOLUME RULES APPLY
ZONES V503 V403 v3es v20$ vos

s Tt $ - $ - $ - 38 -----
13 .08% .06% .06% .11% .69%
28 .08% ,06% .83 .11% .67%
3% .08% .06% .08% .13% .65%
4% .08% 073 .10% .14% .62%
5% .08% .07% .12% .15% .58%
6% .08% .07% .12% .18% .55%
7% .08s .07% .13% .23% .49%
83 .e8% .07% .14% .51% .20%
9¢ .28% .07% .14% .61% .1es

10% .12% .83 .22% .56% .04%

11% .12% .11% .48% .28% .e1%

12% .14% .12% .58% .15% .01%

13% .16% .19% .58% .07% .ees

14% .21% .46% 318 .@3% .00%

15% .25% .56% .18% .01% .00%

16% .33% .57% .e9% .01% .00%

174 .62% .33% .05% .ees .00%

18% .78% .20% .e2% .00 . 003

19% .88% .11% .e1$ .ees .e0%

204 .94% .06% .ee$ .003 .00%

21% .97% .03% .00$ .00% .0es

22% .99% .01% .ee$ . @03 .00%

238 .99% .01% .00% .ee$ .03

243 1.20% .00% . 0ot .00t ,00$

25% 1.00% .00% .00% .003 003

26% 1.00% .ee$ .00s .00% .ees

273 1.00% . 008 ,00% .0e4 .00$

28% 1.00% .00% .00% .00% .ees

29% 1.00% .00% .oe% .ees .ees

303 1.00% .00% .00% . 003 ,00%

31% 1.00% .003% .00% .003 .0es

32% 1.00% .00% .00$ .003 .00s

33% 1.09% .00 ,00% .00% .00%



STARTS
ZONES$

293
303
318
324
33

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

NUM $
FAILS

NUM $
RELEASES

NUM §
SPILLS

BASEL

PROB $
FAILS

** FINAL RUN **

PROB $
RELEASE$

PROB $%
SPILLS



*#*ENDING ZONE***
START
ZONES 18 26 3% 43 5S¢ 6% 78 8% 9% 108 11% 12¢ 13§ 14$ 15% 168 17% 18% 19§ 20 21% 22$ 233 24% 25% 26% 27§ 288
29% 30% 31% 32% 33%

18 1$ 18 13 14 oy of ot o8 ©of ot of o3 of oy of o3 e$ 0% o% o ey o o3 of 0§ es e of
e 05 o% o3 of

2% 3¢ 24 18 13 1% 13 o o8 e$ o8 o3 o5 of o8 o3 o o o8 o3 of e o3 oy o8 o3 o3 o5 o
s o o eo$ of

33 48 3% 4% 13 1§ o 1§ o8 e es of o8 o of o of o o3 ey et es oy o of of ey e of
o8 ot o8 of et

43 4 6% 4% 63 28 28 of 13 135 o e 0% e o3 o3 0% o3 ©of o4 o of of et o3 o3 0o e4 o3
s ©of of o of

5% 26 2% 3% 3% 6% 3% 24 1§ e$ 13 o3 o o3 o3 o3 o @8 o3 0% o e4 oy of o3 o8 o3 of o
68 o% % o% ot

6% s§ 33 3% 3% 3% S§ 64 1% 13 o8 13 13 @8 o3 o3 o% o3 e e o4 o4 ey oy o3 o3 e} o3 of
et ©t ot o3 0%

7$ 14 2¢ 28 1§ 2% 2¢ 3% 8 5§ 4% o3 of 13 o3 @5 o3 o8 ©of e o3 of o 0§ o3 05 o3 of% o
o8 o3 ot o3 e

8% 48 3% 24 2% 3% 5§ 54 5§ 8% 7% 43 o$ e$ 13 o3 of o3 e3 o3 of o3 o3 o3 o5 of e4 o3 o
o8 of es o3 o3

94 s$ e 6% 6% 58 5§ 6% 65 6% 3% 8 43 25 o 13 of o o o3 ey ef o3 e o o of es 03
et ©of o3 o3 o
10% 13 1% 2¢ 3§ 3% 1% 1% 2% 2% 6% 43 8% 3% 3% o3 1% o3 o3 es of ef o3 of o3 03 o4 es of
ey o3 @3 o3 o3

11% 13 2¢ 2% 3% 4% 6% 54 5% 6% 3% 5% 4% 8% 5§ 43 eo$ 1§ 13 ef of o3 0§ o5 o o3 0o of 0§
o8 ot ot o3 of
123% 68 S§ 5§ 5% 5S¢ 5S¢ 6% 54 S§ 85 4% 68 S§ S$ 63 4% o3 o3 13 es ef of of o5 o3 ef o¥ 0of
28 et e o3 03
13% 24 2% 3% 28 28 2% 2% 3% 3% 5% 68 S$ 43 54 5§ 7% 4% 13 es 13 of of o8 o5 o3 ef ey o
e ©% 0% o3 o3
14% e% 1§ 1% 28 2% 2% 24 2% 2% 1% 54 4% 5% 4% 3% 48 73 43 13 e4 13 e$ o o 08 0o eo% es
o8 0% o3 0% of%
15% 38 3% 3% 3% 3% 3% 3% 3% 3% 1% 2§ S 48 58 43 5§ 45 7% 5% 33 es 1§ o3 o3 e o3 o3 Of
28 03 0% o8 a3
163 @8 ©o% o o o% of e$ e% e% 33 e$ 28 5§ S§ 5% 28 6% 4% 79 33 33 of 13 o3 03 o3 e o
s ot o3 of o3
17% 3¢ 3% 284 24 2% 2% 2% 2% 2% 1% 33 eof 2% 4% 6% 55 1% 5% 3% 7% 43 4§ e$ 1§ o3 o3 es e
s @3 o3 of% o$ '
184 18 1$ 2¢ 2% 2¢ 2¢ 2% 2% 28 2% 1% 3% @ 2% 33 By 6% 28 5% 3§ 63 48 4% 13 13 1§ ey e
8 o3 o3 o% ef
19% 3¢ 3§ 3% 3% 3% 3% 3% 3% 3% 2% 28 1% 3% 25 28 13 8% 6% 3% 65 4% 6% 5% 3% 13 o 13 o4
08 0% o3 o3 of
203 e o ©o% o5 % o ot es of 2§ 2% 28 1§ 2% 28 2% o3 7% 6% 4% S§ 3% S3 6% 4% 13 e 1%

¢ e3 o3 o3 of
z1% 1 1% 1% 1% 1% 1% 1% 1% 1% es 2% 3% 3% of 2% 3% 2% 13 6% 58 4% S§ 33 43 54 4§ 13 o

14 ©e3 eof of of



S/E ZONE §
13
23
33
4%
5%
6%
7%
8%
9%

103%
11%
12%
13%
143
15%
163
17%
183
19%
203
214
223
238
243
25%
263
27%
28%
29%
308
31%
32%
334

13

01798
.0536%
.0714%
.0714%
.0357%
.0893%
.0179%
.0714%
.0893%
.0179%
.0179%
.1071%
.0357%
.ooees
.8536%
.eoees
.8536%
.8179%
.85369
. 00003
.0179%
.0357%
.0179%
.0179%
. 00003
.0179%
. 2003
, 800l
. oeoes
.20023
.0200%
.9179%
.oeees

TRANSITION MATRIX

23
.0179%
.0357%
.9536%
.1071%
.0357%
.0536%
.0357¢
.8536%
.le7is
.0179%
.0357%
.2893%
.0357%
.0179%
.8536%
.00003
.0536%
.0179%
.05364
.0000%
.81793
.0357%
.0179%
,0179%
. 6000
. 0000
.0179%
. 00003
. 00003
.0000%
. 00004
.0179%
. 00003

3%

01793
.0179%
.0714%
.0714%
.@536%
.0536%
.0357%
.8357%
.1071%
.0357%
.03573%
.0893%
.0536%
.0179%
.0536%
.0002%
.0357%
.8357%
.0536%
.0000%
.9179%
.0357%
.0179%
.0179%
. 0000
. 0000%
. 00003
.0179%
. 000os
. 0000$
. 0p0es
.0179%
. 0000%

43

.0179%
.0179%
.0179%
.1071%
.0536%
,0536%
.0179%
.8357%
.1871%
.@536%
.8536%
.@893%
.0357%
.8357%
.0536%
. 00003
.0357%
.0357%
.0536%
.0000s
.0179%
.0357%
.0179%
.0179%
. 00003
. 00003
.2000%
.8179%
.e000%
. 00028
. 00003
.e179%
. 20003

5%

. 00Q0%
.0179%
.0179%
,0357%
.1071%
.8536%
.@357%
.8536%
.2893%
.B536%
.0714%
.2893%
.@357%
.@357%
.0536%
.00ces
.0357%
.9357%
05368
. 00003
.0179¢
.0357%
.0179%
.0179%
. 0o00s
, 0P00s
.0000%
.b179%
. 0000}
.Boges
.0000s
.e179%
. 00003

6%

. 00003
.0179%
.0000%
.@357¢
.0536%
08934
.0357%
.0893%
.0893%
.e179%
.1071%
.0893%
.@357%
.0357%
.0536%
.0200%
.9357%
.0357%
.0536%
.0000%
.0179%
.9357%
.0179%
.0179%
.2000%
.0000%
. 00003
.0179%
. 0o00s
.0000%
. 90003
.0179%
. 00003

73

. 00003
.0000%
.0179%
.0000%
.0357%
.1071%
.0536%
.0893%
.1071%
.0179%
.@893%
.1071%
.0357%
.0357%
.0536%
. 00003}
.8357%
.0357%
.0536%
,0200%
.2179%
,@357%
.0179%
.0179%
.0000%
. 00003
. 00008
.0179%
.0000%
.0000%
. 200s
.0179%
. 00003

)

. 0060%
. 0000
. 0000
.e179%
.0179%
.0179%
.1429%
.0893%
.1071%
.0357%
.0893%
.0893%
.0536%
.0357%
.8536%
.0000%
.8357%
.8357%
.8536%
, 00003
.0179%
.0357%
.0179%
.0179%
. 60003
. 10000%
. 00003
.0179%
. 00003
. 00004
. 00003
.0179%
. 60003

93

. 0000%
. 00003
.0000%
.0179%
. 00003
.0179%
.0893%
.1429%
.1871%
.0357¢
.1o71%
,0893%
.0536%
.0357%
.@536%
.0000%
.0357%
.2357%
.0536%
.0000%
.0179%
.0357%
.0179%
.0179%
. 00003
. 00003
.0000%
.0179%
. 0000%
. 00003
. 00004
.0179%
. 00004

10$

. 00003
. 00003
.0000%
,0000%
.0179%
. 00003
.07143%
.1250%
.0536%
.1071%
95368
.1429%
.@893%
.0179%
.e179%
.8536%
.8179%
.0357%
.9357%
.9357%
.000%
.2357%
.0179%
.0179%
.0179%
. 0000}
. 00003
. 00003
.0179%
.0000%
. 00003
.0179%
. 0000%

118

. 60003
.0000%
.20oo0s
.0000%
.0000%
.2179%
.BoGas
.0714%
.1429%
.0714%
.0893%
.0714%
.1071%
.0893%
.0357%
. 0000%
.0536%
.0179%
.2357%
.e357%
.8357%
. 00003
.0357%
.8179%
.8357%
. 00004
.bovas
. 00003
.0000%
.0179%
.0000%
.0179%
. 00203

12%

. 00003
.0000%
. 02023
.0000%
. 00003
.0179%
.0000%
.0000%
.9714%
.1429%
.9714%
.1071%
.0B93§
.07143%
.0893¢
.0357¢
.0000Rs
.0536%
.0179%
.0357%
.8536%
.0179%
.0oC0%
.@357%
.0179%
.0357¢
. 0000%
.ooeos
.ozeas
.0000%
.0179%
.0179%
.00003%

13%

. 00003
.0020%
.0200%
.0000%
.0000%
.oeees
.0179%
.0000%
.0357¢
.0536%
.1429%
.0893%
.0714%
.0893%
07148
.0893%
.0357%
. 00003
.0536%
.0179%
.0536%
.0357%
.0179%
.beces
.0357%
,0179%
.0357%
.0e0es
.beees
.03
.0179%
.e179%
.0eces

148

, 0000$
. 0000%
. 00003
.0000%
. 2000%
. 0000s
. 00004
.0179%
. 2000%
.@536%
.8893%
.0893%
.©893%
.0714%
.0893%
.0893%
.0714%
.0357%
.0357%
.0357%
. 00003
.0536%
.@357%
.0179%
. 60003
.0357%
.0179%
.0357%
.0o00s
,0000%
.0179%
.0179%
. 00003

15%

.0000%
. 00008
. 0000}
.0000s .
. 0000
. 00003
. 00003
.6oo0%
.0179%
. 00004
.0714%
.1071%
.0893%
.0536%
.0714%
.0893%
.1e71%
.0536%
.8357%
.8357%
.@357%
.0ee0s
.9536%
.9357%
.9179%
.0000%
03573
.8179%
.2357%
. 00003
.0179%
.0179%
. 0000%

16%

. 00003
. 00003
. 00003

. 0000$
. 00003
.0000%
.0000%
. 00003
.0179%
. 00003
07143
.1250%
.0714%
.0893%
.0357%
.0893%
.1429%
.9179%
.0357%
.9536%
.@179%
.0o0as
.@536%
.85363%
. 00003
.0179%
.0179%
.0179%
.0357%
.@179%
.0179%
.0000%

17%

. 00003
. 00003
. 00004
.0000$
.0000%
.0000s
. 00003
. 00003
, 00003
. 0000%
.0179%
. o000
.0714%
.1250%
.0714%
.1e71%
.0179%
.1071%
.1429%
.0000%
.8357%
.0536%
.0179%
.0000%
.9536%
.0536%
. 00003
.0357¢
. 00003
.0179%
.05363%
.0179%
,0000%

18%

. 00008
.2000%
.000es
.0000%
.ooees
. 00003
.0000%
.0000%
. 0000%
.0000%
.0179%
.0000%
.0179%
.0714%
.1250%
.0714%
.0893%
.0357%
.1871%
.1250%
01798
.0179¢
.0536%
.8179%
.0179%
.0357%
.0536%
.0000%
.@357%
.2000%
.0536%
.8357%
.bgoes

19%

. 000R%
. 00003
. 00003
.0000%
. 00003
. eooos
. 0oeos
. 00003
. 0eees
.oeces
.eecos
.0179%
.0o0es
.9179%
.0893%
.12503
.0536%
.0893%
.0536%
.1071%
.1071%
.0179%
.0179%
.e536%
.0179%
.0179%
.0357%
.0536%
.oeeos
.0357%
,0357%
.0357%
.e179%

203

. 00003
. 00003
. 00003
.0000%
. 0000}
.0000%
.0000%
. 00003
. 00003
. 0poe%
. 0000s
. 0003
.0179%
.0000%
.8536%
.0536%
.1250%
.@536%
.1971%
.0714%
.0893%
.0893%
01793
.0179%
.0536%
.0179%
.0179%
.8536%
.0357%
.0000%
.0714%
,0179%
.0357%



13
os
33
43
6%
33
7%
E3
5%
114
93
43

13
14
o3
o3
03
1%
e
@3
e$
13
)

23
13
13
o3
o3
o3
1$
e
o3
2%
13
o3

23
13
18
o3
1
o
13
o3
13
o$
13
o3

24
13
13
o3
o3
03
13
03
03
0%
13
)

2%
14
13
03
o
o3
1
23
o3
o3
13
o3

2%
1%
14
o3
03
o3
18
o3
o3
03
13

o3

2
13
13
13
es
o3
o3
13
a3
o3
13
23

es
23
13
23
i
03
33
23
13
24
13
2%

13
es
23
1%
24
o3
a3
3
o3
1%
13
es

23
13
o3
23
13
23
{7}
et
2
13
1%

a3

33
23
13
o3
2%
1%
23
21
o3
13
13
o3

e
33
23
14
0%
2%
13
23
)
18
13
o3

13
o3
33
33
33
13
1%
13
23
13
1%
o3

33
1%
o3
3%
33
1%
24
o3
1%
3
13

o3

1%
3
1$
13
2%
33
o3
2%
o3
3
Fa

o3

13
13
34
13
13
23
33
o3
23
23
23
13

5%
13
s
33
13
1%
£}
2%
o3
4%
14
2%

5%
5%
1
1$
33
13
13
33
2%
2%
33
2%

4%
5%
5%
1%
14
33
14
1%
33
4%
3
23

5%
5%
5%
43
13
14
4%
13
1%
63
4%
2%

33
5%
5%
6%
33
13
13
a3
0%
S$
6%
F3 3

a3
33
5%
5%
78
28
1%
13
as
a3
68
38

63
3t
33
5¢
5%
73
23
1%
23
7%
5%
43

5%
6%
23
33
5%
5%
83
13
2%
6%
7%
43

13
5%
7%
23
5%
23
6%
73
2%
73
7%
43



S/E Z0NE §
1%
2%
£}
4%
54
6%
7%
8%
of

10%
11$
12%
13%
14%
15%
16%
17%
18%
19%
20%
213
22%
23%
24%
25%
26%
273
28%
29%
308
31%
32§
338

21%

. 00003
.0pe0s
.0000%
. 00003
. beo0s
. 000083
. 02003
. 00004
.boeos
.0000%
.0000%
,0000%
. 00003
.9179%
.0000%
.8536%
.B714%
.1071%
.0714%
.0893%
.0714%
.0893%
.0893%
.8179%
.0179%
.0536%
.0179%
.0179%
.0536%
.@357%
.@357%
.0536%
.@357%

TRANSITION MATRIX

22%
. 0000%
.0000%
. 0000%
. 0000%
. 00003
. 00003
. 00003
. 00008
, 00003
. 00001
. 000as
.0000%
. 00003
. 0000%
.0179%
. 0000%
.0714%
.0714%
.1071%
.@536%
.0893%
.0714%
.0893%
.@893%
.0179%
.0179%
.@536%
.0179%
.0179%
.9536%
.0714%
.0536%
.0357%

23%

.0000%
.000e%
. 00003
. 00003
. 000Ds
. 00003
. 00003
.0000%
.0000%
. 00003
. 00003
.0000%
. 00003
. 0000%
. 00003
.0179%
.0000%
.0714%
.0893%
.0893%
.0536%
.0893%
.@893%
.0893%
.0714%
.0179%
.0179%
.0714%
. 00003
.0179%
.1071%
.0714%
.@357%

243

22003
.0000%
. 00003
.0e00%
.0000%
. 00008
0000t
.2200%
. 00003
.0pees
. 0eees
. 00003
.0eea%
. 00004
. 00004
. 00003
.0179%
.0179%
.0536%
.1071%
.0714%
.2536%
.@893%
.0893%
.1871%
. 05363
.0179%
.0179%
,@714%
. 00003
.0893%
.1871%
.0357%

25%

. 0000%
.0000%
.0000%
. booRs
.ooces
. 06003
. 0000%
.0000%
.0000%
. 0ooot
. 00003
.0000%
.0000%
.000Rs
.0o00%
. 00003
.0000%
.0179%
.0179%
.0714%
.0893%
.8714%
.0536%
.0893%
.0893¢
.1250%
.@357%
.0179%
. 0179%
.0714%
.0714%
.1871%
,0536%

26%

. 00004
.0000%
. 00003
. 00003
.0000%
.0ooos
. 00003
. 00003
.0000s
. 00003
. 00003
. 0000t
. 00004
. 00004
. 0000%
. 0000%
. 00003
.0179%
.0000%
.0179%
.0714%
.1071%
.0536%
.25363
.0893%
.0893%
.1250%
.0357%
.0179%
.0357%
.1250%
.@893%
.0714%

27%

.beoos
. 0003
. 0000%
. 0000l
.ooens
.Go00%
. 0000%
. 00003
. 00004
. 0000%
. ooo0s
. 00004
. 00004
. 00004
. 00004
.0000%
.0ooes
.0000%
.0179%
. 0000%
.0179%
.0893%
.1971%
.0357%
.@536%
,0893%
.0893%
.1429%
.8179%
.@357%
.1071%
.1250%
,0714%

28%

.0000%
.0000%
.0ooR%
. 00004
. 0000%
. 60003
. 0000%
.0000%
, 00004
. 00004
, 6000os
. 00003
. 00003
. 00004
. 00004
. 00004
. 00003
. 0000%
, 0000s
.0179%
.o0ees
.@179%
.2893%
.1250%
.0357%
.0893%
.p357%
.1071%
.1250%
.@357%
.1250%
.1250%
,0714%

29%

. 00003
.0eees
. o0t
.2e00s
. 00003
. 0000%
.0000%
. 00003
.0000%
.00t
. 00003
. 0000%
. 00003
. 0po0%
. be00s
. 00003
. 00003
. 0000%
. 0000%
. 0000%
.0179%
. 0eeo%
.0179%
.0893%
.1250%
.@536%
.0893%
.0536%
.0893%
.1429%
.0893%
.1607%
.e714%

£l

. 0000%
.0000%
. 0o00%
.0000%
. 20003
. 0000%
.0000%
. 0003
. 0000%
. 0000%
. 0000%
. 00003
. 00003
.0000%
. 00003
. 00003
. 0o0es
. 00003
. 00003
. beeos
. 00003
.0179%
. 00003
.0536%
.0714%
.1071%
.8536%
.125e%
.0536%
.0893%
.1964%
.16@7%
.e714%

31%

. 00003
.00ees
. 0000%
,0000%
. 00003
. 00003
. 0000%
. 0000%
.0000%
.0000%
. 0000%
. 00003
. 0000%
.0000%
. 00003
.0000%
. 0000s
. 00003
. 00003
. 00003
. 00003
.0000%
.0179%
.02t
.0536%
.0714%
.1429%
.8536%
.1250%
.97143%
.1964%
.1964%
.07143%

324

.00ee%
.0000%
.0000%
.0002%
. 00004
. 00003
.ooees
,0000%
.0000%
. 00004
. 00003
. 00003
.0000%
. 00003
.0000%
.eoees
. 00004
.0000%
.000es
.0000%
.0000%
.e000e%
. 00004
.0179%
.9179%
.0714%
.0893%
.1429%
.0714%
.0893%
.2321%
.1786%
.2893%

33%

. 00a0s
. 00004
.0000%
. 00003
. 00003
,0000%
.0000%
. 60003
. 0oeRs
. 00003
.0000%
.0000%
.00e0%
. 00003
.20003
. 0000%
, 00004
.0000%
. 00003
. 00003
.0000%
. 0000%
.0000%
.0179%
.0179%
.07144
.@893%
.1429%
07144
.0893%
.2321%
.1786%
.0893%



S/E Z0NE §

20%

13

2%

£}

43

5%

6%

7%

8¢

9%
183
11%
12%
134
14%
15%
16%
173
18%
19%
203
21%
22%
233
24%
25%
263
27%
28%
29%
303
31%
32%
33%

STEADY STATE TABLE

13

.0000%
.0000%
.0000$
.0001%
.0002%
. 00048
)
.0015%
.0025%
.0030%
.0053%
. 00654
.0083%
.@0913%
.@134%
.0144%
.8173%
.0224%
.8263%
.0295%
.0316%
.0368%
.0417%
04718
.0525%
.0652%
.0694%
.0730%
.8579%
.0553%
,1299%
.1202%
.9581%

23

. 00003
. 0000s
. 0000%
. 00013
.0002%
. 00e43
.09t
.0015%
.0825%
.bo3es
.0@53%
.0O65%
.0083%
.0091%
.0134%
.0144%
.01733%
.0224%
.8263%
.02953%
.0316%
.0368%
.9417%
.0471%
.0525%
.0652%
.0694%
.0730%
.0579%
.0553%
.1299%
.1202%
.0581%

33

. 00223
. 00003
. 0000%
.0001%
.0002%
. 00043
. 00093
.0015%
.0025%
.0030%
.0B53%
, 00653
.0083%
.0091%
.0134%
.01443%
.0173%
.0224%
.0263%
.0295%
.0316%
.0368%
.0417%
.0471%
.9525%
.0652%
.0694%
.0730%
.0579%
.0553%
.1299%
.1202%
.0581%

43

. 00003
.0000%
. 00003
.0001%
.0002%
. 00043
.0009%
.0015%
.0225%
.oe30%
.0053%
,0065%
.20883%
00913
.21344
.0144%
.0173%
,8224%
.0263%
.9295%
.0316%
.0368%
.0417%
.0471%
.0525%
.0652%
,0694%
.0730%
.@579%
.@553%
.1299%
.1202%
.0581%

5%

. 00003
.0000%
.0000s .
.0001%
.0002%
. 00043
. 0009%
.0015%
.0025%
.0030%
.0e53%
.0065%
.0083%
.0091%
,8134%
.0144%
.0173%
.0224%
.0263%
.0295%
.0316%
.0368%
.04173%
.0471%
.0525%
.0652%
.0694%
.0730%
.8579%
.@553%
.1299%
.1202%
.8581%

63

. 00003
. 00003

.0001%$
.0002%
.0e04s
.20e9%
.8015%
.0025%
.0030%
.0053%
.BR6S$
.0B834
.0091%
.0134%
.0144%
.0173%
.0224%
.9263%
.0295%
.0316%
.0368%
.0417%
.0471%
.0525%
.0652%
.0694%
.0730%
.8579%
.@553%
.1299%
.1202%
.0581%

73

. 00003
.0000s
.0000%
. 00013
.eeo2s
. 00044
.0009%
.0015%
.0825%
.6e30%
.B@53%
.0065%
.0083%
.bo91$
.0134%
.01443%
.0173%
.0224%
.0263%
.0295%
.@316%
.0368%
.0417%
.04718%
.0525%
.0652%
.0694%
07308
.@579%
.0553%
.1299%
.1202%
.0581%

8%

.0000%
. 0000%
. 0000
.0001%
.0002%
. 00044
. 00e5%
.0015%
.0025%
.0030%
.0053%
. 00658
.2283%
.0091%
.0134%
.0144%
.0173¢
.0224%
.0263%
.8295%
.0316%
.0368%
.8417%
.0471%
.0525%
06528
.0694%
.0730%
.0579%
.0553%
.1299%
.1202%
.0581%

9%

.0000%
.00003
. 00003
00013
.0002%
.0024$
. 0009%
.00153
.00253
. 00303
. 00533
. 00653
.0083%
.0091%
.0134%
.0144%
.0173%
.0224%
.0263%
.0295%
.0316%
.0368%
.0417%
.0471%
.0525%
.0652%
, 06943
.0730%
.@579%
.@553%
.1299%
.1202%
.@581%

10%

.0000%
. 00003
. 00008
.0001%
.0002%
00043
. 00054
.0015¢
.0025%
.0030%
.0053%
.ep6st
,0083%
.0031%
,2134%
.0144%
.0173%
.0224%
.0263%
.@295%
.0316%
.0368%
.0417%
.0471%
.@525%
.0652%
.0694%
.0730%
.8579%
.0553%
.1299%
.1202%
.@581%

11%

. 00003
. 00003
. 0000%
.0001%
.0002%
. 0043
.0009%
.0015%
.0025%
.0030%
,00853%
.0B65%
.0083%
.0091%
.0134¢
.0144%
.0173%
.0224%
.0263%
.0295%
.0316%
.2368%
.0417%
.0471%
.@525%
.0652%
.0694%
.e73e$
.0579%
.9553%
.1299%
.1202%
.0581%

12%

.0000%
.0000%
. 00003
.oee1s
.0002%
00043
.0009%
.0015%
.0025%
.0030%
.0053%
.0065%
.0083%
.0091%
.0134%
.0144%
.0173%
.8224%
.0263%
.B295%
.e316%
.0368%
.8417%
.0471%
.0525%
.0652%
.0694%
.a730e%
.9579%
.@553%
.1299%
.1202%
.0581%

13%

.boeos
.2000%
. 0000t
.boo1s
.2002%
.Boe4s
.0009%
.2015%
.0025%
.2030%
.0053%
.2R65%
.0083%
.0091%
.0134%
.0144%
.9173%
.0224%
.0263%
.0295%
.0316%
.0368%
.0417%
.0471%
.@525%
.0652%
.0694%
.0730%
.0579%
.@553%
.1299%
.1202%
.0581%

143

. 00003
. 0000s
.000ns
., 00013
.2002%
.0004%
.00t
.0015%
,@025%
.ep304
.0053%
.eees$
.0083%
.2091%
.0134%
.0144%
.@173%
.@224%
.0263%
.0295%
.0316%
.0368%
.0417%
.0471%
.0525%
.0652%
.0694%
.0730%
.@579%
.@553%
.1299%
.1202%
.9581%

153

.0000%
. 00003
. 00003
.0001$
.0002%
. 00844
.0009%
.0015%
.0025%
.2030%
.0a53%
.2e65%
.0283%
.00913%
.2134%
.0144%
.0173%
.0224%
.0263%
.8295%
.9316%
.0368%
.0417%
04713
.@525%
.0652%
.0694%
.0730%
.0579%
.@553%
.1299%
.1202%
.0581%

163

. 00003
. 0000%
.0000%
.0001%
.0002%
. 00044
. 60053
.0015%
.0025%
.0o308
.0e53%
.0065%
.0883%
.0091%
.@134%
.0144%
.e173%
.0224%
.0263%
.8295%
.0316%
.0368%
.0417%
.0471%
.8525%
.0652%
.0694%
.0730%
.@579%
.0553%
.1299%
.1202%
.@581%

17%

. 00003
. 0000$
. 00003
.0001%
.0002%
. 00044
.000%%
.0015%
.0025%
.0030%
.0053%
.0B65%
.0083%
.0091%
.0134%
.0144%
.0173%
.0224%
.0263%
.0295%
.0316%
.0368%
.0417%
.0471%
.8525%
.0652%
.0694%
.0730%
.0579%
.@553%
.1239%
.1202%
.@581%

18%

.peces
.eooes
.0e0es
.boo1s
.ooe2s
,2004%
.0ee9%
.2215%
.0025%
.0030%
.0053¢
.0065%
.0083%
.2091%
.0134%
.0144%
01738
.0224%
.0263%
.0295%
.0316%
.0368%
.0417%
.9471%
.0525%
.0652%
.2694¢
.@73e%
.0579%
.0553%
.1299%
.1202%
.B581%

198

.00oves
.0000%
.0000s
.0001%
.0002%
.0004%
.0009%
.0915%
.0025%
.0030%
.8053%
.0065%
.0083%
.0@91%
.0134%
.0144%
.01733%
.0224%
.0263%
.02953%
.0316%
.0368%
.0417%
.0471%
.0525%
.0652%
.0694%
.0730%
.8579%
.@553%
.1299%
.1202%
.2581%

. 0000%
.0o00s
. 00003
.0e01%
.2e02%
. 00044
. 00094
.ep15%
.0025%
.eo3es
.0053%
.0e65%
.0083%
.@291%
.0134%
.9144%
.0173%
.0224%
.0263%
.0295%
.0316%
.0368%
.0417%
.0471%
.0525%
.2652%
.06944
.0730%
.0579%
.@553%
.1299%
.1202%
.8581%



STEADY STATE TABLE

S/E ZONE § 213% 22% 23% 24% 25% 26% 27% 28% 294 303 31% 32% 338
1% .2000% .0000% .00003 .0000% .00003% .0Q00% .0Q00% .0000% .0000% .0000% .0000% 20003 .0000%
24 ,0000% .00003 .0000% .0000% .00003 .00003 .0000% .0G0Q% .2000% .00003 .00Q0% .00003 .0000$
38 .2000§ .00003 .0200% .0000% .00003 .0220% 00003 .00003 .coced .0000% .00t .eooed .0000%
4% .0001% .0001% .0001% .0001% .0001% .0001% .0001% .oeell .ocell .oe01d .0001% .0eels .oeold
5% .2002% .0002% .0002% .0002% .0002% .Q002% .0002% .0002% .0002% .0002% .0002% .0002% .0002%
6% .2004% .00043 .0024% .0004% .0004% .00043 .0004% .0204% .00043% .0004% .0004% 00043 .0004%
7% .02@9% .2009% .0009% .00@3% .0009% .0009% .0009% .2009% .0009% .0009% .0029% 00093 .0009%
8% .2015% .@0153 .@015% .0015% .Q015% .@@l53 .ee15% .e015% .0015% .0015% .0015% .00153 .e015%
94 .0@25% .0025% .0025% .0825% .0@25% .Q025% .0025% .2025% .0025% .0025% .0025% .0025% .0025%

1es .0030% .0030% .c030% .0030% .0030% .0030% .0030% 00303 .0030f .0030f .0030% .0030% .colet
11% .2e53% .0053% .0053% .0053% .0053% .0053% .2053% .00@53% .2053% .0053% .0053% .0053% .0053%
128 .0e65% .0065% .02653 .0065% .0065% .00653 .0065% .0065% .0065% .0065% .0065% .0065% .0065%
13% .00383% .2083% .0@83% .0083% .0033% .0083% .0083% .0083% .0083% .0083% .0083% .0033% .0083%
14% .2091% .0091% .0091% .0091% .0091% .00913% .0091% .2@91% .0@91% .00913% .0@31§ .0091% .00%1%
15% .2134% .0134% .01343 .0134% .01344 .0134% .0134% .0134% .0134% .01343 .0134% .01343% .0134%
16% .0144% .01443 .0144% .0144% .0144% .0144% .0144% .09144% .0144% .0144% .0144% .0144% .0144¢
17% .0173% .@173% .0173% .0173% .0173% .0173% .0173% .e173% .0173% .0173% .e173% .0173% .0173%
18% 02243 .0224% .0224% .0224% .0224% .0224% .0224% .0224% .0224% .0224% .0224% .0224% .0224%
19% .0263% .0263% .0263% .@263% .0263§ .0263% .0263% .0263% .0263% .0263% .0263% .0263% .0263%
20% .@295% .2295¢% .0295% .0295% .0295% .0295% .0295% .0295% .2295% .0295% .0295% .@295% .0295%
21% .0316% .@316% .0316% .0316% .0316% .03163 .2316% .@316% .0316% .@316% .0316% .@316% .0316%
22% .0368% .0368% .0368% .0368% .0368% .0368% .0368% .0368% .0368% .0368% .0368% .0368% .0368%
23% .24173 .0417% .2417% .0417% .04173 .0417% .0417% .0417% .0417% .0417% .0417% .0417% .0417%
24% .0471% .@471% .0471% .0471% .0471% .04713% .0471% .0471% .0471% .0471% .0471% .@471% .e471%
25% .8525% .@525% .@525% .@525% .0@525% .0525% .0525% .0525% .0525% .0525% .0525% .@525% .0525%
263 .0652% .0652% .2652% .0652% .0652% .0652% .@652% .0652% .06523 .@652% .@652% .0652% .0652%
27% .06943 .2694% .0694% .0694% .06943 .0694% .0694%1 .0694% .0694F .0694% .0694% .06943 .0694%
28% .073e% .0730% .0730% .0730% .07303 .0730% .0730% .0730% .07303% .0730% .0730% .0730% .0730%
29% .0579% .@579% .@579% .0579% .@579% .@579% .0579% .0@579% .0579% .0579% .0579% .0579% .0579%
30% .@553% .@553% .0553% .0553% .0553% .@553% .0553% .0553% .@553% .0553% .0553§ .0553% .@553%
31¢ .1299% .1299% .1299% .1299% .1299% .1299% .1299% .1299% .1299% .1299% .1299% .1299% .1299%
32% .1202% .12@2% .1202% .12@2% .1202% .1202% .1202% .1202% .12@2% .1202% .1202% .1202% .1202%
338 .0581% .@581% .0581% .@581% .0581% .@581% .0581% .0581% .0581% .0581% .0581% .0@581% .0@5B81%



ZONE $
1%
23
3%
43
5%
6%
7%
8%
1

103
11%
12%
13%
14%
15%
16%
173
18%
19%
203
218
223
233
24%
25%
263
27%
28%
29%
308
31%
32%
338

*%+4 PROBABILITIES ****

STEADY STATES
. 0000033
. 0000143
. 0000233
. 0001093
.000161%
. 0004343
. 0008803
.001549%
0025203
.003007%
.005316%
.006520%
.008266%
.009133%
0134004
.014416%
.017340%
.022373%
.026288%
.029493%
.@31558%
.936816%
.041692%
.0471143%
.052459%
. 0651893
.069428%
.073028%
.057938%
.055280%
.129940%
.120247%
.058068%

FAILURE $
.266369%
.102679%
.026786%
. 0044644
. 3000003
. 0000003
.000000%
. 0000003
, 0000008
. 0000003
.000000%
. 0000003
. 0002003
. 0000008
.000000%
.000000%
. 0000003
. 000000%
. 2000203
.000000%
. 0000003
.000000%
. 0000208
. 0000008
.000000$
. 0000008
. 002000%
. 200000%
.000000%
. 2000003
. 0000003
. 0000003
, 000000%

$PROBABILITY OF FAILURE=$ .00% PER CENT

$AT ANNUAL DEMAND=$

130000. %

PRODUCT

. 0000013
. 0000013
. 0000013
. 9000003
.000000$
. 0oeeeRs
. 0000003
. 0000e0s
. 000200}
. 0000003
. 0000003
, 0000004
. 0000003
. 3000003
. 2000003
. 0000003
. 0000003
,600ER0S
. 2200003
. 02a000s
. 8000003
. 0000003
. 9000003
. 0000008
. 0000003
. 0000003
. 0000003
. 0000003
. 0000003
. 0000003
. 0000003
. 10000003
. 0000003




YEAR MTH

1934
1934
1934
1934
1934
1934
1934
1934
1934
1934
1934
1934

1935
1935
19335
1935
1935
1935
1935
1935
1935
1935
1935
1935

1936
1936
1936
1936
1936
1936
1936
1936
1936
1936
1936
1936
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CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

12609.
4803.
1467,

16227.

865.
1183,

16866.
1553.
1344,
7420.

23635.
6166.

1264.
9795,
3229.
9227.
124713.
549238,
69573,
30233.
82634,
12480.
3349,
41ez.

3472.
2342.
2249.
3434,
16544,
22817.
139880.
2539,
25384,
51271.
7547,
51es8.

-6433.
5397.
4352,
-772.

10488.

16889,

13005.

15398.

10291.
9967.

-2455.
-747.

4484,
Q.
3751.
3253.
772.
-12867.
13381.
18270.
-19309.
6176.
4368.
-3602.

3599,
3845.
3576,
6358.
-6926,
-772.
6176,
13294,
4616.
6176.
3603.
2831.

13387,
1406.
1406.
6693,
1406.
1406,
1406.
1406.
1406.
1406.
1406.
1406.

1406.
1406.
1406,
1406.
69010,
395159.
39503.
8410.
71659.
4432,
1406.
3294.

1406.
1406.
1406,
1406.
6735,
16583,
93994,
1406.
5633,
31702.
2773,
1601.

689314.
©686720.
681835.
689314.
677691.
659985,
661846.
©646001.
635054 .
©30507.
654597.
659511.

654291.
662086.
659564 .
663537.
689314.
689314.
689314.
689314.
689314.
689314.
686295.
689314.

687187,
683685,
630349,
675424,
689314.
689314,
689314.
676559.
6389314,
689314.
689314.
689314,

BASE1

87176.
16187.

4204.
26969.

4153,

2162.
23466,
29031.
15995.
12435,
89980.
11945,

4187.
18047.
18557.
61121,

130464 .
1181981.
79910,
122344,
287015.
52953.

3268.

11381.

3273,
0.
23443.
4210,
105293,
40085.
253210.
3925.
1304e6.
151548.
20875.
1313e.

** FINAL RUN **

10120.

9282.
11253.
11784.
12189.
12651.
14342,
14328.
11714,
11378,
10414.
10330.

1e120.

9282,
11253.
11784,
12189.
12653.
14342,
14328,
11714.
11378.
lo414.
1e330.

1e120.

9282.
11253.
11784.
12189.
12651.
14342.
14328.
11714.
11378.
10414,
1e33e.

LAKE CORPUS CHRISTI-=----m==mm=mmmomoomee -
EVAP  LCCREL  RETURN SPILL EOM
-5775. 0. 565.  96218.  237473.
3080. 0. 518, 5231. 237473,
3046. 0. 628. o. 228784.
1733, °. 658.  11456. 237473.
6984. 0. 680. e. 223859,
11448. 0. 706. 0. 203328.
7175. 0. 800, 0. 206683.
10287. 0. 800. @. 212505.
4207. e. 654. @. 213985,
7807. 0. 635. @. 208641,
-2695. Q. 581. 54835, 237473,
1924. 2. 576. 1097. 237473,
1529. 0. 565. 0. 231417.
2296. 2. 518. 1819.  237473.
-1540. 2. 628.  1@250. 237473.
3658. 0. 658.  47085. 237473,
4043, 0. 680. 183242, 237473,
-1155. °. 706. 1565645. 237473,
10203. 0. 800.  94868.  237473.
12128. e. 800. 104298, 237473.
-8470. 0. 654.  355431. 237473,
4428, e. 635.  41579.  237473.
4179. °. 581. @. 227554,
-3053, o, 576. 0. 234952,
2088. e. 565. 0. 227422.
2425, e. 518. @. 217121.
375. e. 628. 0. 230343,
2816. °. 658. ®. 221358.
-5583, 0. 680.  B9306. 237473.
4043, °. 706.  39975.  237473.
4428, e. 800. 328434. 237473,
6037. e. 800. 0. 222439.
-1925. e. 654. 111216. 237473,
5005. e. 635. 166866. 237473.
4043, e. S81. 9191.  237473.
1733. o. 576. 2668. 237473,

CALALLEN

90132.
5515.
650.
11304.
650.
650.
650.
650.
650.
630.
51646,
1670,

650.
2342,
10183,
44439.
171065.
1456700.
88877.
97647.
331201.
39318.
650.
650.

650.
650.
650.
050.
837@5.
37827.
306094,
650.
104081.
155835.
9198.
3132,



YEAR MTH

1937
1937
1937
1937
1937
1937
1937
1937
1937
1937
1937
1937

1938
1938
1938
1938
1938
1938
1938
1938
1938
1938
1938
1938

1939
1939
193¢
1939
1935
1939
193¢
1939
1939
1939
1939
1939
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00
.98
.97
.94
.91

.87
.84
.81
.78
.75
.90

.09
.99
.97
.00
.00
.96
.91
.92
.89
.85
.83
.83

.82
.80
.78
.75
.85
.87
.88
.87
.88
.88
.86
.84

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

3734.
2762.
3279.
1792,
1215.
8179.
725.
70,
1317.
113a.
337.
42015,

48364.
1687.
2043.

27871.
9357,

622.
430.

194,

121.
4458,

1354.
560.
438,

9108.
6915,
24844.
6245.
15530.
1e489.
755.
511.

2572,
4363.
4348,
9655.
7@52.
12008.
12879.
14874.
14630.
11348.
7015.
-16061.

3277.
3339,
6643.
2831.
6948.
15@55.
19039,
12798,
12127,
12666,
8256.

1879.
3744.
7199.
10561.
7750.
5694,
13728.
8945.
7117.
9440,
4588.
3421.

14@6.
14¢6.
1406.
14ee6.
14e6.
1406,
14¢6.
14¢e6,
1406.
1406,
1496.
1406.

2080.
1406,
1406,
10396.
1694.
1406,
1406.
1406.
1406.
1406.
1406.
1406.

1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406,
1406.
1406.
1406.
1406.

688476.
684875.
681806.
671943,
664106.
658277.
644123,
627319.
612006.
599788.
591110.
647186.

689314.
685662 .
679062 .
689314.
689314.
672881.
652272.
637474.
©623541.
608876.
598740.
601198.

598673.
593489.
584728.
572167.
571524.
570@745.
579861.
575161.
581574.
580623.
374790.
569880.

BASEl

** FINAL RUN **
L e R LR DL LAKE
INFLOW DEMM EVAP
6686. 10120. 1342.
2524. 9282, 2651
196z, 11253. 2974.
8. 11784. 6664
14388. 12189. 5756.
12459, 12651. 6651
1064. 14342, 7619
14593. 14328. 8428
3ele, 11714. 8742
758. 11378. 7005
e. 10414. 3771
83477. 1e33e. -8796
140974, 1012@. 2888.
4416. 9282Z. 1912
620, 11253, 4494.
82600. 11784, 3080.
38619. 12189. 3273.
Q. 12651. 8801.
Q. 14342, 13867
46564. 14328. 7687
2376. 11714. 7233.
0. 11378. 8548.
99@. 10414. 4409.
7955. 1@330. -1347,
Q. le1ze. 1660.
Q. 9282. 3048.
Q. 11253. 4464
e. 11784. 6274
112167. 12189. 6111.
54993, 12651. 3999,
31150. 14342, 11498
13545, 14328, 9273
31365. 11714, 4596
26396, 11378. 8ess
a. 1e414. 4354
Q. 1033e. 2591.

CORPUS CHRISTI----==----==----e-mcmomae- *--
LCCREL RETURN SPILL EOM
a. 565. 0. 234103.
Q. 518. 9. 226100.
0. 628. 9. 215242.
0. 658. @, 1982e9.
Q. 680, @. 183157.
0. 706, e. 177721.
0. 800. @. 158230.
0. 8e0. @. 151473,
0. 654. Q. 135439.
Q. 635. e. 119220.
@. 581. a. 196441.
0. 576. e. 18979@.
0. 565. 82363. 237473.
e. 518. @. 2321e1l.
e. 028, @, 218381.
Q. 658, 59040. 237473.
9. 680. 24851.  237473.
o, 706, 0. Z217428.
e. 800. 9. 190625,
e. 800, @. 216580.
0. 654. @. 201415.
e. 635. Q. 182894.
0. 581. 6. 170467.
Q. 376. Q. 170846.
Q. 565. Q. 160472.
e. 518. Q. 149548,
0. 628, 9.  135237.
2. 658. Q. 118586.
0. 68@. @. 213859.
o. 706. 16135. 237473,
e. 80Q. 6716, 237473,
e. 800. @. 228824.
e. 654. 7811. 237473,
0. 635. 8338. 237473.
e. 581. 0. 224112.
o. 576. e. 212596,

CALALLEN

650,
650.
650.
650.
650.
650,
650.
650.
650.
650.
650.
650.

77248.
650.
650.

55557.

23761.
650.
650.
650.
650.
650,
650.
650.

650,
650,
650.
650.
650.
15656.
6896.
650.
7914,
8404.
650.
65@.



YEAR MTH

1940
1940
1940
1940
194¢
1940
194e
1940
1940
1948
1940
1940

1941
1941
1941
1941
1941
1541
1941
1941
1941
1941
1941
1941

1942
1942
1942
1942
1942
1942
1942
1942
1942
1942
1942
1942

O ~NG VL W&

O oo~NO WS W

P
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i e B

.83

.81

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

735,
1819,
595.
28596.
14953,
67988.
48402.
18758.
632.
3712.
9671.
13033.

12759.
42641,
10490.
84973,
138576.
20955.
6123,
4517.
111498.
10138.
2006,
1576.

1126,
1403.
884.
5209.
101865.
417.
176276.
10632.
104488,
28353.
1946.
1280.

2950.
2713,
4948.
4763,
3461.
-2163.
12401.
13124.
15562.
58e6,
2778.
-1274.

1287.
-772,
257.
-5147.
-1287.
2831.
6938.
13523.
1@29.
4889.
5901.
4592.

5327.
253.
8300.
35e4.
4763.
11229.
-3345.
5147,
-1287,
5919.
g71e@.
6859.

1406.
1406.
1406.
1406.
1406.
1406.
1815,
3961.
1406.
1406.
1496.
14@6.

5377.
3@519.
7194,
63354.
98323.
12741.
1406.
1426.
67943.
3690.
14@6.
1406.

1406.
1406.
1406.
1406,
1406.
1406.
100204 .
3856.
74360,
15771.
1406,
1406,

BASEL ** FINAL RUN **

________ * L g P gy

EOM  INFLOW DEMM
565665. e.  10120.
562771. 24. 9282.
556418.  16816.  11253.
578251.  101394. 11784,
587743.  77491.  12189.
655895.  197347.  12651.
689314. 246918. 14342,
689314,  51639.  14328.
672384.  15999.  11714.
668290.  16213.  11378.
673183.  28780.  10414.
685490.  27372.  10330.
689314. 7077.  1elze.
689314.  50648. 9282.
689314.  10128. 11253,
689314. 1@6142.  11784.
689314.  414688.  12189.
689314. 124998.  12651.
686499.  89720.  14342.
675493. 8278.  14328.
689314. 160639. 11714,
689314.  21300.  11378.
683419. 1318.  10414.
678403. 27.  1e33e.
672202. e. loize.
671352. 960. 9282.
661936. e.  11253.
661640. 8594,  11784.
665042.  16997.  12189.
652230. 6330.  12651.
689314, 468366.  14342.
689314,  17456.  14328.
689314. 388926. 11714,
689314,  31445. 11378,
688550. 5453. 10414,
672971. 592. 10330,

4428,

-1733.

-4043.
-4428.

4171.

-6545.

4831.

EVAP

1993.
2481.
3516.
5367.

-963.
7893.
9626.
9317.
2298.
1540.
-578.

1539.

-193,

193,
5775.
8856.
3850.
2695.

1859.

3267.
-716.
5219.
2904,
3745,
6058.

2695,
1155,
3658.
5881.

SeeSSSSSOSOS

SeossSSeSSSSS

[ I RS VR R R

RETURN SPILL EOM
565. ©. 201889.
518. 0. 191556.
628, Q. 195018,
658. 43187. 237473.
680. 62280. 237473,
706. 187065.  237473.
800, 226498,  237473.
800. 31646. 237473,
€54. 0. 233847,
635. 317.  237473.
581. 18232.  237473.
576. 19825,  237473.
565, 794,  237473.
518, 73618.  237473.
628. 6261.  237473.
658. 161755.  237473.
680. 505250. 237473.
706, 124896, 237473,
80a. 71009,  237473.
8ee. 0. 223973.
654. 199518.  237473.
635. 1e916.  237473.
581. 0. 225612.
576. 0. 214856.
565, ©. 202874,
518. @. 196674.
628. 0. 181609.
658. @. 176921.
680. Q. 1793%0.
706. @. 168418,
8@0. 491718. 237473.
8ea. 4283. 237473.
654.  450417.  237473.
635. 32180, 237473,
581. 0. 228037.
576. e. 214874.

CALALLEN

ese.
650.
650.
42814.
58570.
174620,
211293.
30081.
650,
945,
176@6.
18344,

1389.
69115.
6473.
151082.
47@532.
116804.
66688.
650.
186202.
10802 .
050.
650.

650.
650.
650,
650.
650.
650.
457948.
4633.
419537.
30578.
650,
650.



CONDITIONAL PROBABILITY MODELING  BASE1 ** FINAL RUN **
FOR LCC & CCR

¥oeoee CHOKE CANYON RESERVOIR----------- A e LAKE CORPUS CHRISTI-----------v-msmcomnommee *--B & E--*
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
1943 1 .95 1459. 2780. 1406.  669650. 938. 10120. 730. Q. 565, 0 206367 650,
1943 2 .92 1172. 6786. 1406. 662037. 16. 9282. 4100Q. e. 518. 0 194407 . 650,
1943 3 .91 1779. 5742. 1406.  656065. 1688. 11253. 3309. Q. 628. "] 182940. 65@.
1943 4 .88 945, 91e2. 1406. 645848. Q. 11784. 6068. e. 638, ) 166494 . 650,
1943 5 .86 3573. 5164. 1406.  642257. 3225, 12189. 2293. ©. 680. 0. 156642. 65@.
1943 6 .96 30515, 6453, 1406. 664319. 88193. 12651. 5255. 0. 706. 0. 228335, 650,
1943 7 .98 27087. 11620. 1406. 677785. 19459. 14342. 7690. e. 800. %) 227168. 650.
1943 8 .93 o. 18877, 1406.  656908. a. 14328, 12900. Q. 800. o 201347. 650.
1943 9 .95 2130. 3482. 1406. 653557, 33410. 11714. 1464. Q. 654. %) 222984, €50.
1943 1@ .92 443, 12817. 1426,  639183. 8233. 11378. 8818. o. 635. o 212427. 650,
1943 11 .91 2333, 2638, 1406,  636827. 3745. 10414. 1274, 0. 581. a 205891. 650.
1943 12 .90 510. 2679. 1406. 632658, 2149, 1e330. 180. 0. 57e. Q 198936. 650,
1944 1 .90 93@. -1459. 1406. 633107. 7001. 10120. -535. Q. 365. o 197757, 650.
1944 2 .88 440, 3154. 1406, 628393, 0. 9282. 2118. e. 518. Q. 187771. €5e.
1944 3 .88 3183. 726. 1406. 628850, 12904. 11253. 873. e. 628. Q. 189956, 65e.
1944 4 .85 866. 9631. 1406, 618084. 0. 11784. 6159. Q. 658, o 173419. 65@.
1944 5 .99 71463, -1241. 1406. 688788. 69153. 12189, -1262. Q. 680. @. 233051. 650.
1944 6 1.00 13089, 10804 . 1406. 689@74. 169816. 12651. 8e85. e. 706. 146064.  237473. 136489.
1944 7 .95 1564. 19103. 1496. 669535, 1607. 14342, 12817. 0. 800. 0. 213327. 65@.
1944 8 .96 8715. 8568, 1406. 667681. 22563. 14328. 4230. Q. 800. @. 218737. 650,
1944 9 .98 19295. 10861, 1406. 674115,  336315. 11714. 5005. a. 654. 302266. 237473.  281758.
1944 1@ .97 9430. 11380. 14¢6. 670165. 6750. 11378. 8125. e. 635. 9. 226125. 650.
1944 11 .95 483, 2016, 1426. 666633. 2318, 10414. 1307. Q. 581. 0. 218129. 650.
1944 12 .95 1592. 754. 1406.  665471. 1766. 10330. 368. e. 576. 0. 21ee02. 650.
1945 1 .93 5035, 4519. 1406, 663987, 2032, 10120. 3067. Q. 565. Q. 200853. 650.
1945 2 .94 9141. 2263. 1406. 668865, 9109. 9282. 1609. 0. 518. Q. 200477. 65e.
1945 3 .94 2032. 3774, 14e6. 665122, 18645. 11253. 2695, Q. 628, 9. 206580. 65@.
1945 4 1.00 26463, 3552. 14e6. 686033, 117552, 11784, 1155. a. 658. 75127.  237473. 70518.
1945 5 .98 340. 11717. 1406. 672656, 38546. 12189. 7700. Q. 680. 20062. 237473, 133@8.
1945 € .99 16638, 6358, 1406.  680436. 36009. 12651. 5775. Q. 706, 18989.  237473. 1831e.
1945 7 .96 1845. 12668. 14@6. 667614. 1799. 14342. 8433, e. 800. 0. 2179@3. 650.
1945 &8 .92 Q. 14483, 1406,  651130. 2. 14328. 7216. 0. 800. Q. 197765, 650.
1945 9 .88 948. 13033. 1406.  637045. Q. 11714, 9160. Q. 654, 9. 178297, 65e.
1945 186 .98 44421. 4480. 1406. 674986, 224000. 11378. 3273. a. 635, 151579. 237473. 141e6l8.
1945 11 .96 307. 8328. 1406,  664965. e. 10414, 6224. e. 581. 0. 222241. 650.
1945 12 .94 322. 50es. 1406.  658282. Q. 1e33e. 2948. 0. 576. 9. 210369, 650.



CONDITIONAL PROBABILITY MODELING  BASE1 ** FINAL RUN **
FOR LCC & CCR

TR CHOKE CANYON RESERVOIR----------- R e LAKE CORPUS CHRISTI-------cmemmmmommmcmee oo *--B & E--*
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
1346 1 .93 560. 249, 1406.  656593. 1619. 10120. -363. Q. 565. @. 2@3627. 650,
1946 2 .91 298. 2237. 1406. 652654. Q. 9282. 892. Q. 518. Q. 194859, 650.
1946 3 .90 2074, 6675. 1406, 646053 . 8898. 11253, 4554. 0. 628. Q. 189356. 650.
1946 4 .93 15960. 4456. 1406.  655556. 26930, 11784, 3008, a. 658. 0. 202901. 650.
19496 5 .98 18011. -1586. 1406, 673073. 149199, 12189. 385. 0. 680, 103459.  237473. 96867.
1946 6 .99 14147. 71es. 14@6.  ©78115. 119961, 12651. 3465. Q. 706. 105251. 237473, 98534.
1946 7 .94 0. 17€35. 14@6. 6584380. 1314. 14342. 12814. 0. 80e. 0. 215037, 650.
1546 8 1.00 43717. 8623. 2995,  689314. 51900, 14328. 6999. 9. ge0a. 11132. 237473, 110es.
1946 9 1.00 106530. 2316. 73262. 689314. 197402. 11714, ~385. a. 654, 259336. 237473, 241832.
1946 10 1,00 118574, -515. 83719. 689314.  446756. 11378. -2118. Q. 635. 521215. 237473. 485380.
1946 11 .98 2060. 6412. 1406. 682962. 5146. 10414. 3997. Q. 581. 2. 229614. 65@.
1946 12 .97 1108. 4080. 14@6. 677989. 987. 19330. 2808. 0. 576. 2. 218869. 650.
1947 1 .97 1450. -1272. 1406. 678712, 5394. 10120. -556. Q. 565. Q. 216104. 650.
1947 2 .95 476. 5580. 1406. 671608, Q. 9282. 3820. 0. S18. o. 204409. 650.
1947 3 .93 1384, 5795. 14e6. €65197. 2610. 11253, 3734, Q. 628. Q. 193438. 650.
1947 4 .93 598. 4008. 1406, 659787, 16828. 11784. 1770. 0. 658. Q. 198118. 650.
1947 5 .98 10242. 0. 1406. 668@29. 149170. 12189. -578. 0. 680. 99609.  237473. 93287.
1947 6 .98 13468, 11836. 1406,  ©67661. 28981, 12651. 7893. 0. 706, 9844. 237473, 9805.
1947 7 .96 6218. 18004. 14@6. 653875. 464509. 14342. 12128. Q. 800, 21386. 237473. 20539,
1947 8 .95 1442. 1e128. 1426, 643189. 25071. 14328. 4813. Q. 8eo. 7336. 237473. 7473.
1947 9 .91 Q. 15826, 1486,  625363. e. 11714. 11192. Q. 654. e. 215973. 650.
1947 10 .88 a. 18547, 1406. 612817. 0. 11378. 721@. 9. 635. 0. 188791. 050.
1947 11 .86 789. 5695. 1486.  6@5911. 5143, 10414. 1771, Q. 581. o. 193155. 650.
1947 12 .85 105. 1888. 14e6. 602128. Q. 19330. 872. Q. 576, a. 183358, 650.
1948 1 .83 a. 39%0. 1406. 596138. Q. 10120, 2554, Q. 565. 0. 172@e9%e. 650,
1948 2 .82 135, e, 1406.  594273. Q. 9282. 334, Q. 518. 0. 16388@. 650.
1948 3 .80 Q. 5118. 1406.  587155. Q. 11253. 2750. Q. 628, e. 151283. 650.
1948 4 .77 Q. 6919, 1406. 578236. a. 11784. 3873. Q. 658. 0. 137e32. 650.
1948 5 .74 Q. 8899. 14¢6. 567336, Q. 12189. 5153. 0. 68@. 0. 121@95. 650.
1948 6 .71 1169. 11938. 1406.  554568. Q. 12651, 5429. Q. 706. Q. 104422, 650.
1948 7 .78 26585. 11937. 14@6. 567216. 73915. 14342. 7098, Q. 8ea. Q. 1583e3. 650.
1948 8 .75 0. 15276, 1406.  549940. 5896. 14328. 10296. Q. 800. e. 140981. 650,
1948 9 .73 e. 7534, 14e6. 54@406. 8132. 11714. 2593, Q. 654. 0. 136212. 650.
1948 1@ .75 14220. 5753. 1406.  546873. 22665. 11378. 3982, Q. 635. Q. 144922. 65e.
1948 11 .73 e 5969. 14@6. 5389e4. 4379, 109414, 3982. Q. 581. 2. 136311, 650,
1948 12 .71 o. 4608 , 1406, 532295, 233, 10330. 3263. Q. 576. @. 124357. €50.



YEAR MTH VOL

1949
1949
1949
1949
1949
1949
1949
1949
1949
1943
1949
1949
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1950
1950
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.70
.70
.84
.94
.94
.98
.99
.98
.94
.97
.95
.97

.95
.93
.9a
.88
.92
.95
.92
.87
.85
.83
.80
.78

.75
.74

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

0.
6427.
23421,
7629@.
14887.
47734,
14473.
5632.

17238.
1793,
10912.

49.
171.

11295.
9116.

[ SRS I S ]

1406.
1406.
1406,
1406.
1406.
1406.
1406.
1406.
1406.
1406.
146,
14¢6.

1406.
1406.
1406.
1406.
1406.
14@6.
1406.
14e6.
1406,
1406.
1406.
1406.

1406.
14@6.
1406.
1406,
1406.
1406.
1406,
1406.
1406.
14@6.
1406,
1406,

529422.
533630.
550413,
630051.
634192.
674212,
677042.
666518.
650793.
664535.
657829.
667242.

660025.
654536.
644131.
636423,
640827 .
641323,
626469,
608912 .
595373.
581306.
570150.
56@906.

553075.
548624.
541970.
531839.
586755.
614049.
594818.
573414.
623003,
619262 .
612916.
604986,

BASE1

*+ FINAL RUN **
H o m e LAKE
INFLOW DEMM EVAP
133. 1e120. 575.
3285. 9282. Q.
131112. 11253, 2679.
159940, 11784, -5005
216641. 12189. 7123.
78380. 12651. 539e.
85019. 14342, 6160.
36875. 14328. 9626
3989. 11714. 9027.
20834, 11378. 1507,
10173. 12414. 6213.
11345. 1033@. 566.
1710. le12e. 2617
685. 9282. 2750.
917. 11253. 5707.
3477. 11784. 4691
41642. 12189. 4588
1e5877. 12651. 6545.
1e3se. 14342. 8688
Q. 14328. 11635
8312. 11714. 8967.
15724. 11378. 8498
0. 10414. 6478.
0. 19330, 5115.
e. 1e120. 3655
229. 9282. 23e7.
793, 11253. 2671
10e8. 11784. 5091
41567. 121389, 39e8.
11e767. 12651. 4322
0, 14342. 12651
0. 14328, 14391.
l1e85¢0. 11714. 578.
13728. 11378. 6865.
1571, 10414. 2647,
3e6. le330. 4246.

CORPUS CHRISTI--------===---=-==-s-w--- *--
LCCREL RETURN SPILL EOM
Q. 565. Q. 115200.
Q. 518, Q. 110609.
e. 628. Q. 229196,
a. 658. 14629@. 237473.
0. 680. 198735. 237473,
Q. 706, 61745,  237473.
0. 200. 65923. 237473,
2. 800. 14328.  237473.
e. 654. 0. 222127,
0. 635, @. 231482.
0. 381. Q. 226434.
Q. 576, @. 228288.
0. 565. 0. 218667.
e. 518. @. 2e8726.
e. 628. Q. 194089,
Q. 658, 0. 182497.
0. 680. @. 208768.
Q. 706. 59382.  237473.
0. 800. 0. 226199.
e. £00. 9. 201642.
0. 654. 9. 190679.
Q. 635. a. 187933.
0. 581. Q. 172447,
0. 576. Q. 158407.
0. 565. @. 146e38.
0. 518. @. 136e84.
e. 628. 0. 124359.
0. 658. 0. 109898.
8. 680. Q. 136774.
0. 706. 8. 231474.
Q. 800. @. 205888.
Q. 820. ©. 178574.
0. 654. 98716. 237473.
Q. 635. . 234364,
0. 581. 8. 224280.
Q. 576, 0. 2114ls.

CALALLEN

650.
650.
650.
136700,
185473,
58073.
61958,
13975,
650.
650,
650.
650,

650.
650.
650.
650,
650.
55876.
650.
650.
650.
650.
650.
650.

650.
650.
650.
650.
650.
©50.
650.
650.
92456.
650.
650,
650.



YEAR MTH VOL

1952 1 .86
1852 2 .86
1952 3 .83
1952 4 .83
1952 5 .84
1952 6 .89
1952 7 .87
1952 8 .81
1952 9 .82
1952 1@ .78
1952 11 .77
1952 12 .75
1953 1 .73
1853 2 .72
1953 3 .70
1953 4 .69
1953 5 .77
1953 6 .73
1953 7 .68
1953 8 .71
1953 9 .97
1953 10 1.00
1953 i1 .99
1953 12 .97
1954 1 .95
1954 2 .93
1954 3 .90
1954 4 .89
1954 5 .87
1954 o6 .91
1954 7 .94
1954 8 .89
1954 9 .85
1954 10 .84
1954 11 .83

1954 12 .80

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

6098.
6606.
19590,
932,

1103.
477.
0.

6115.
2579.
6082.
4895,
5611.
10507.
12226.
19010.
5128.
11912.
1312.
2178.

6060 .
2580.
6194.
5720,
5342.
14586.
16007.
6272.
5964.
-1782.
7432.
5339.

4797.
8e1z.
9413.
517@.
8349.
1e577.
1e393.
18239.
14128.
9057.
5752.
7978.

14@6.
1406.
1406.
1406.
1406,
1406.
1406.
1406.
1406.
1406.
1406.
1406.

1406.
1406.
14@6.
1406,
1406.
1406.
14@6.
1406.
1406,
4866.
1406.
1406.

1406.
1406,
1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.

596872,
599062
592613,
592571,
598237,
589982.
575755,
554745,
547617,
533706.
530394,
526216.

518156,
513576.
5@5382.
498108.
521888.
5@5302.
487300.
491631.
663733.
689314.
681138,
673866.

667083.
657070,
645657,
644585,
640842.
647855.
63@393.
610154,
594026.
584072.
576797.
566819.

BASE1

97el.
21222,
73717.
19726.
198.
17513,
Q.
979,
1484,

2080.
968.
1254,
12888,
68114.
0.

48.
33348.
268221.
47881.
33853,
219.

1499,
1373.
1263.
5848,
3015,
48472,
138607.
1101.
3468.
10715.
11152,
z71.

** FINAL RUN **

le120.

9282,
11253.
11784.
12189,
12651.
14342.
14328.
11714,
11378.
10414,
10330.

10120,

9282.
11253,
11784.
12189.
12651.
14342,
14328.
11714,
11378.
10414.
10330.

10120.

9282,
11253.
11784,
12189,
12651.
14342.
14328,
11714.
11378.
10414.
10330,

LAKE CORPUS CHRISTI-=-nnmmmommmwmmmom e *--
EVAP  LCCREL  RETURN SPILL EOM
4321. e. 565. @. 199303.
2662. 0. 518. @. 195578.
5035. e. 628. 0. 180696.
2052. 0. 658. 0. 178028.
6307. Q. 680. e. 182159.
8490. 2. 706. @. 236141.
6435. 0. 800. @. 22749.

14500. °. 800. e. 200272.
-2901. 2. 654. @. 210378.
9054. 0. 635. e. 191352,
870. 0. 581, @. 182453,
2045. 0. 576. e. 172969.
4486, 0. 565. e. 161849,
1620. Q. 518. 0. 153370.
4063, 0. 628. @.  14@665.
3823. 0. 658. @. 139352.
5278. 2. 680. @. 191405.
10696. 2. 706. 0. 169464,
10398, 0. 800. @. 146178.
162. 0. 800. @.  166442.
7123. 2. 654. 179759.  237473.
-5005. Q. 635.  46374. 237473,
5390. e. 581. 19455, 237473,
3226. 2. 576. @. 225542.
3157. 0. 565. 8. 215170.
5437. 0. 518. e. 203230.
6168. e. 628. @. 188478,
3109. 0. 658. @. 180840.
5559, 0. 680. 0. 167512.
5158. 0. 706. @. 199582,
12321. 0. 800.  75459. 237473,
12267. °. 800. @.  213385.
8256. 0. 654. @. 198288,
3893, 0. 635. @. 195138,
4048, e. 581. 8. 193233.
5701. Q. 576. @. 178879,

650.
650.
650.
659.
€5e.
650.
650.
650,
650.
650.
650.
650.

650.
650.
650.
650.
650.
050.
65@.
650.
167826.
43778,
18743.
650,

650.
650.
650.
650.
650.
650.
70827,
650.
650.
65@.
650,
650.



YEAR MTH

1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955

1956
1956
1956
1956
1856
1956
1956
1956
1956
1956
1956
1956

1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957

W oo~NYN bW

ol
M= QW00 G U B WIN e

O oo~V b N

VoL

.79
.78
75
.72
.73
71
.67
.64
.64
.65
.63
.61

.59
.57
.54
.53
.53

.47
.46
.48
.51

.49

A7
.46
.47
.66
.89
.99
.94
.89
.97

.98

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

4752.
77221.
141326.
101364,
35.

e.
32902,
54599.
8838.
2601.

3616.
2699,
8707.
1@591.
8628,
16607.
18688.
14944
10118.
127e1.
7817.
57@5.

4044.
5219.
7749.
7442 .
7364,
12045.
15186.
15770.
19977.
6917.
6331.
3686.

5111.
2714.
3064.
-572.
-216.
8548.
20222,
19049.
6937.
5392.
-18e1.
4622.

1406.
1406,
1406.
1406.
1406,
1406.
1406,
1406.
1406,
14@6.
1406.
1406.

1406.
1406.
1406,
1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.

1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.
1406.
16438,
7479.
1406,

561203,
557951.
547243,
534652.
552525.
536330.
515739.
502379,
491770.
479389.
469572.
461867 .

455823.
448605 .
438865,
429422.
423574.
410435.
396201.
396119.
400013 .
402764 .
394433,
388748,

381636.
376922.
376609.
452492 .
591944.
68276@.
660573.
639524.
663489,
689314,
689314,
685293.

BASE1

526.
6468,
791.
1e2.
15534,
15543,
3804.
6838.
25937.
38360.
1284.
980.

968.
481.
655.
4634.
18578.
2948,
6926.
11600.
271e7.
36895.
1378.
11256.

583,
1891.
24663.
110808.
478579.
402936.
2993.
354.
106256.
78496.
38190.
2676.

*+ FINAL RUN **

12189,
12651.
14342.
14328.
11714,
11378.
10414.
10330.

le1z2e.

9282.
11253.
11784.
12189.
12651.
14342,
14328.
11714.
11378.
10414,
1@330,

10120.

9282.
11253.
11784,
12189.
12651.
14342.
14328.
11714,
11378.
10414,
1033e.

LAKE CORPUS CHRISTI-------=------c-eocnmmwenn *--
EVAP LCCREL RETURN SPILL EOM
2867. 2. 565. e. 167824.
2653, 0. 518, @. 163764.
6404 . 2. 628. Q. 143304.
6842, 0. 658. Q. 131186.
7354, 0. 680. 9. 128583,
10939. 0. 706. Q. 121942,
11518. 0. 800. e. 101292,
8211. Q. 800, Q, 86997.
373. Q. 654. e. 192253,
6947, 0. 635, e. 123694.
5233. 0. 581. Q. 110737,
3633. 0. 576. e. 991¢€02.
2688. 0. 565. e. 88726.
2751, 0. 518. Q. 78581.
3463. 0. 628. Q. 65926.
1625. e. 658. e. 58557.
1778. e. 680. e. 64574.
4238, Q. 706. Q. 52040.
5543. e. 800. Q. 40487 .
4710. 0. 8e0. Q. 34455.
3385. 0. 654. Q. 47869.
2482. 0. 635. Q. 723@9.
3@67. e. 581. e. 6l1612.
1200. e. 576, e. 62744.
2324, 8. 565. Q. 52258.
1147, e. 518. Q. 45127.
1649, e. 628. Q. 583e4.
-2797. 0. 658, e. 161530.
-2310. 0. 680. 394163. 237473,
3080. 0. 706. 388611.  237473.
14281. 0. 800. e. 213249,
12898. e. 800. Q. 187783.
4754. 0. 654. 41504.  237473.
616@. 0. 635, 77395, 237473,
-1540. 0. S81. 36796.  237473.
3988. Q. 576. @. 227237.

CALALLEN

650.
650.
65@.
650.
650.
650.
650.
650.
65@.
©509.
650.
650.

650.
650.
650.
650.
650,
650.
650,
650.
650.
650.
650.
650.

650.
650.
650.
650.
367222.
362058.
650.
650.
39249,
72627.
34870.
650.




CONDITIONAL PROBABILITY MODELING  BASE1l ** FINAL RUN **
FOR LCC & CCR

Faomn CHOKE CANYON RESERVOIR----------- T e R LD DL LAKE CORPUS CHRISTI-------------o-ommmmmoo oo *--B & E--
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
1958 1 1.00 1e@716. -4117. 70871. 689314,  239830. 10120. -6160. [ 565, 296504. 237473, 276399,
1958 2 1.0 1117@9. -4117. 81426, 689314,  283699. 9282. -6353. o. 518. 362196. 237473.  337492.
1958 3 1.00 23248. 4375. 13268. 689314,  166446. 11253, 2503, a. 628. 165959, 237473, 154992,
1958 4 .98 3004, 5136. 1406.  685182. 1525. 11784. 4917. 0. 658. @. 223703. ©50.
1958 5 1.90 14420. 2831. 5243, 689314, 31400. 12189, 3433, 0. 680. 7251.  237473. 7394,
1958 6 1.900 50387. 11580. 27281. ©689314. 5901. 12651. 8278. 0. 7@06. 12254. 237473, 12046,
1958 7 .99 15530. 18989, 1406,  683855. 1@2371. 14342. 14246, 0. 800. 75189. 237473, 70576.
1958 8 .94 20. 19240. 1406. 662634. 0. 14328. 14061, 0. 800. 0. 210490. 650.
1958 9 1.09 53205, -3603, 21180. 689314, 25250. 11714, -7865. 0. 654. 15598.  237473. 15156.
1958 10 1.90 43294. -5147. 34054, 689314, 217084. 11378, -5968. o, 635. 245727. 237473,  229176.
1958 11 1.00 41388. 4632, 25840. 689314, 167157. 10414. 3850. Q. 581. 178732.  237473.  166871.
1958 12 1.00 820@2. 2831. 3776.  689314. 13568. 10320. 1348. 0. 576. S6e6.  237473. 5920.
1959 1 .99 2750. 5903. 1406.  684161. 23618. 10120. 3273. 0. 565. 11631.  237473. 11467.
1959 2 .99 1409. -1793. 1406. 685363, 3436. 9282. -3080. 0. 518. e. 236113. 650.
1859 3 .97 590. 8923. 1406.  675030. 6481. 11253. 5867. 8. 628. 9. 226881. 650.
1959 4 .95 415. 5308. 1406.  668137. a. 11784. 3892. Q. 658. 0. 212e10. 650.
1959 5 .93 1411. 5775, 1406,  661773. 4796, 12189. 5055. Q. 680. @. 201568. 650.
1859 €& .94 23818. 7311. 1406. 676280. 7775. 12651. 4956. 0. 706. 0. 193143. 650.
1959 7 .96 22218. 16031. 1406, 680466, 45138, 14342, 11744. 0. 800. @. 213e@1l. 650.
1959 8 .94 374. 14419. 1406. 664421. 9454. 14328. 6688, 0. 800. @. 203445, 650.
1959 9 .90 1472. 12715. 1406. 651178. 2280. 11714. 8428. 0. 654, @.  186989. 650.
1959 10 1.020 69467. 4345, 18971. 689314,  231751. 11378. 2118. 0. 635, 186742. 237473, 174320,
1959 11 1.e@ 5459, 5399, 1406. 687374, 15880. 10414. 5370. o. 581. 1502.  237473. 2046.
1959 12 .98 615. 48064. 1486. 681125. 6660, 10330, 3625. 0. 576. @. 231584. 650.
1966 1 .98 712. 3310. 1406. 676528. 6637, 10120. 1704. e. 565. 9. 2278@2. 650.
1960 2 .97 933. 3295. 1406. 672166. 6094. 9282. 1317, Q. 518. 0. 2247e3. 650,
1960 3 .95 556, 4035. 1406.  666687. 4774. 11253. 2234. e. 628. Q. 217397, 650.
1%9¢@ 4 .93 3919. 6525. 1406. 662081. 0. 11784. 4541, Q. 658. @, 202478. 650,
19¢@ 5 .90 697. 8968. 1406. 651810. 0. 12189. 51e3. Q. 680. @. 186592. 650.
196 6 .92 8139. §919. 1406. 649039, 36056, 12651. 5995. Q. 706. 9. 205409. 650.
1960 7 .91 2007. 9837. 1406. 639209. 219e7. 14342, 1@538. e. 200. 0. 203841. 650@.
196¢ 8 .96 23250, 5673. 1406. 654787. 46113. 14328. 3699. Q. 800. 0. 233333, 650.
1968 9 .95 1645. 13086. 1406.  641346. 22454. 11714. 7054, Q. 654. 952.  237473. 1536.
1960 1@ .98 26393, -3482. 1406. 669221. 140197. 11378, -6738. e. 635. 136962. 237473, 128025,
1960 11 .99 17115. 2284, 1406, 682052. 78733, 10414, 1348, @. 581. 68377, 237473, 64241,
1960 12 l.e0 6656. -2307. 1406. 689015. 52666. le33e. -5583. e. 576. 49325.  237473. 46522.



CONDITIONAL PROBABILITY MODELING  BASE1l ** FINAL RUN **
FOR LCC & CCR

MEDED CHOKE CANYON RESERVOIR----------- MR E L L L L LR LR Lt LAKE CORPUS CHRISTI--------------------omme- *--B & E--*
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
1961 1 1.00 4864 . 772, 2666. 683314. 42256. 10120. 385. Q. 565. 34417.  237473. 32658.
1961 2 1.00 16221. 257. 11222.  689314. 51823. 9282. -578. Q. 518. 54341.  237473. 51187.
1961 3 .99 2221. 6157, 1406, 683378, 9629, 11253. 4957. Q. 628. 8. 232298. 050.
1961 4 .99 13295. 3595, 2646. ©689314. 8815. 11784. 3596. e. 658. @. 228379, 650.
1961 5 .95 Q. 12770. 1406, 674544. 0. 12189. 9374. e. 680, @, 2@8222. 650.
1961 6 1.00 76005 . 6176. 38707. 689314. 55645. 12651. 3658. Q. 706, 48792,  237473. 46027.
1963 7 .99 4774, 11019. 1406. 681069. 22418, 14342, 8035. Q. 800. 1447.  237473. 1996,
1961 & .98 1034, 12922. 1406. 667181. 32464, 14328, 9240. e. 800. 18302. 237473 19230.
1961 9 .95 0. 11747. 1406.  653433. 3812. 11714. 5865. e. 654. %] 225112. 65@.
1361 1@ .93 897. 7415. l406.  644915. 13017. 11378. 8348. e. 635, 9. 219808. 650.
1961 11 .92 514, 738. 1406. 642692, 4065 10414. 1661. a. 581. 8. 213204. 650.
1961 12 .91 400. 2940. 1406. 638152. 20. 10330. 2896. Q. 576. 2 201404 650.
1962 1 .89 889. 3901. 14e6. 633140. Q. 10120. 3355. Q. 565. e. 189335, 650.
1962 2 .86 517. 6539, 1406.  625117. o. 9282. 4980. Q. 518. 0. 176479. 650.
1962 3 .84 242. 7442. 1426, 615913. 0. 11253. 5166. a. 628. 0. 161466. 650.
1962 4 .82 273. 5237. 1406.  6@8954. e, 11784. 2090, Q. 658. @. 148998, 65@.
1962 5 .78 814. 12246. 14@6.  595522. e. 12189. 71459, Q. 680. e. 131067. 650.
1962 6 .81 6471, 4443, 1406.  595550. 34565. 12651. 2464, Q. 706. 0. 151923, 650.
1962 7 .75 0. 19876. 1426.  573673. 9. 14342, 13056, °. soe, 0. 125931. 650.
1962 8 .71 Q. 17625. 1406. 554048, 0. 14328. 10134, Q. 80a. 0. 102875. 650.
1962 9 .71 e. 7122, 1426.  544926. 20186. 11714, 3927. Q. 654. 2. 108825, 650,
1962 1@ .67 Q. 11004. 14@6.  531922. 0. 11378. 6989. 0. 635. o. 91864. 650.
1962 11 .65 e, 4141. 1406.  525781. o. 10414. 3469. o, 581. 0. 79387. 650.
1962 12 .64 0. -217. 1406.  523998. 680. 1e330. 607. Q. 576. Q. 70536, 650.
1963 1 .63 o. 3891. 1406. 518107. 19e8. le1ze. 1537. Q. 565. e, 62192. 650.
1963 2 .62 639, 1076. 1406. 51567@. 4568. 9282. 1166, 0. 518. e. 57718. 650.
1963 3 .60 e. 6847. 1406. 506B23. 1966, 11253, 2328. Q. 628. 0. 47510. 650.
1963 4 .57 0. 6784, 1406.  4980@39. 0. 11784. 2582. Q. 658, e. 34550. 650.
1963 5 .57 3745. 7782. 1406.  492002. 11579. 12189. 2545. Q. 680. Q. 32800. 650.
1963 6 .66 17037. 8416. 14@6.  498623. 98346. 12651. 6040, 0. 706. @. 1138e2. 650.
1963 7 .62 2159. 13ee1. 1406.  485781. 0. 14342, 8658, Q. 800. Q. 92268. 650.
1963 8 .58 0. 17311. 1406.  4664€9. Q. 14328. 8146. 0. 800. e. 71200. 650.
1963 9 .55 584. 9325, 1426.  455729. 2. i1714. 3968. Q. 654. e. 56925. 650.
1963 10 .53 S91. 8217. 1406.  4461@3. 2. 11378. 3525. Q. 635. 0. 43427. 650.
1963 11 .54 2435, 1989, 1486. 444549, 22743. i0414. 1660. 0. 581. e. 55502. 650,
1963 12 .53 2012. 1389, 14e6.  443172. 3787. 10330, 759, Q. 576. e. 49606. 650.



CONDITIONAL PROBABILITY MODELING  BASE1l ** FINAL RUN **
FOR LCC & CCR

Foamo CHOKE CANYON RESERVOIR----------- M e R DL DL LAKE CORPUS CHRISTI----------m-cvooommmmomee *--B & E--*
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
1964 1 .52 Q. 1780. 1496. 439391. Q. 10120. 747. Q. 565. o. 40145. 650.
1964 2 .51 Q. 1378. 1406. 436014. Q. 9282. 177. Q. 518. Q. 320%1. 650,
1964 3 .49 965. 2935. 2229, 430874, 1304. 11253. 925. Q. 628. Q. 23447, 650.
1964 4 .46 0. 6513. 13975,  405762. Q. 11784. 1534, 0. 658, e, 23204. 650.
1964 5 .44 145, 3158. 10130, 388338, 2318. 12189, . o. 0. 680. Q. 23463, 650.
1964 6 .42 2673. le258. 12436.  363@62. 2220, 12651. 2358, Q. 706, 0. 23111, 050.
1964 7 .38 1@5. 11351. 14187. 331635, 1749. 14342, 1527. 0. 800. Q. 23179. 65Q.
1964 8 .38 33@2. 9794, 1406. 323143. 231@5. 14328, 3890. Q. 800. 2. 29471, 650.
1964 9 .54 681. 6542. 1406.  315282. 170057. 11714. 1382, 0. 654. 0. 187838, 650,
1964 1@ .59 7568. 7456. 1406. 313394, 226270. 11378. 3465. Q. 635. 163198.  237473. 152424.
1964 11 .58 8739. 5991. 1406. 314142. 4570. 10414. 7185. Q. 581. @. 225850. 650.
1964 12 .57 2. 2098, 1406. 310044, Q. 10339. 1674. Q. 576. @, 215251. 65e.
1965 1 .55 5e8. 1283, 1406.  3@7269. 0. 10120. 2366. 0. 565. 0. 204171, 650.
1965 2 .55 4438. -2733. 1406. 312439. Q. 9282. -3061. a. 518. Q. 199357, 650.
1865 3 .58 0. 2894. 1406.  307545. 39687. 11253. 2564. Q. 628. 0. 226633, 650.
1965 4 .56 6634. 3684, 1406.  308495. a. 11784. 5540. Q. 658. 6. 210716. 650.
1965 5 .66 68285. -3244. 1406. 378024.  131459. 12189. -2695. Q. 680. 96614 237473. 90501.
1965 6 .66 2048. 7185. 1406. 370887. 44496, 12651. 9626. Q. 706. 23626,  237473. 22622.
1965 7 .62 Q. 12370. 1406.  356517. 8478. 14342. 14175, 0. 300, 0. 218841. 650.
1965 8 .58 0. 10887. 1406. 343630, Q. 14328. 12341. e. 800. e. 193577. 650.
1865 9 .55 0. 8297. 1406.  333333. 2. 11714. 9585, Q. 654, 0. 173685, 650.
1965 10 .53 1400, 3010. 1406, 329723, a. 11378. 3654. 0. 635. 2. 160@59. 650.
1965 11 .51 111. 2491. 1406.  325343. 1794. 10414. 3682. 9. 581. 0. 149163. 650.
1965 12 .51 4202. -1161. 1406,  328707. 5880. 10330. -158. 0. 576. @. 1l4e276. 650.
1966 1 .50 e. -2664. 1406, 329370. 0. le120. ~-620. Q. 565. @. 138182. 650.
1966 2 .5@ 23e7. 666. 1406. 329011. 0. 9282. 302, 2. 518. 2. 130005, 650.
1966 3 .48 le. 1162. 1406. 325865, 0. 11253, 2327. 0. 628. @. 117831. e5e.
1966 4 .51 1e583. 1842. 1406.  338606. 27683, 11784, -2374. Q. 658. @. 137511, 650,
1966 S5 .64 18314. -344. 1406.  355264.  200958. 12189, -4620. 9. 68@. 100833.  237473. 94424,
1966 €& .64 9218. 4021. 14096.  358461. 34719. 12651. 183, Q. 706. 23282. 237473, 223e2.
1966 7 .61 €94, 7828. 1406.  349327. o. 14342, 7312. Q. 800. @. 217225. 650.
1966 8 .60 ie7el. 9657. 14@6. 348431, 549@. 14328. 3649. 0. 820. @. 20e6l44. 65@.
1966 9 .63 20929. 4536. 1406.  362824. 31194. 11714. 4581. Q. 654. 0. 222449, 650.
1966 10 .6@ 469, 6838, 1406. 354455, 1424. 11378. 8750. 0. 635. 9.  205151. €50,
1966 11 .58 Q. 2428. 1406. 350026. 189. 10414. 7236. a. 581. L] 189095, 650.
1966 12 .56 Q. 4125, 1406, 343901, Q. 10330. 4293. a. 576. e 175878. 650,



YEAR MTH VOt
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1967
1967
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1967
1967
1967
1967
1967
1967
1967
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CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

626.
4246.
0.

11.
8928,
339587.
24578.
13260.
2223.

95143.
9962.
8635.
6405.

110820.
7493.
17116.
391.
3276.
128.

0.

542.

77.
3657.
171.
868.
2122.
142,
8.
1233,
916.
51775.
12341,
3358.

2554.
1015.
1514.
2840,
2330,
le2e2.
12364.
8071.
3473,
3199.
2496,
15e3.

1544.
-1544,
515,
1287.
1801.
10e13.
11548,
12506.
1528@.
6560.
8493.
4957.

2465,
246.
6377.
1951.
~-731.
8726.
16476.
15242,
5098.
9674.
7249.
5547.

1406.
1406.
1406.
1406.
14ee.
1406.
1406,
1406.
1406.
1406.
1406,
1406.

46561.
8089.
5709,
3598.

76649,
1406.
1406.
14e6.
14e6.
1406,
14e6.
1406.

1406.
14e6.
1406.
14e6.
1406.
14¢6.
1406.
14e6,
1406,
1406.
1406.
1406.

339347.
336478,
332965.
328751,
328667.
316465.
3e2112.
300969.
635083,
654462
663227.
661946.

689314,
689314.
689314.
€39314.
689314.
684794.
688363.
674247
674003 .
665571.
655073.
648658.

644270.
645681.
637474.
634391.
635244.
624660.
606184,
590174.
583992.
624093.
627194.
623005

BASE1

¢+ FINAL RUN **

¥ e mmdem e ——
INFLOW DEMM
1. 10120,
726, 9282.
2978.  11253.
5725.  11784.
14105.  12189.
0.  12651.
0. 14342
41103. 14328,
1392125.  11714.
182132,  11378.
15874. 10414,
23723, 10330,
156581,  1e12e,
28779. 9282.
10619.  11253.
10090,  11784.
203818.  12189.
26124. 12651,
18890.  14342.
4642,  14328.
14343,  11714.
11916. 11378,
3199.  10414.
6309,  1@330.
2235.  1e1ze.
18255. 9282.
703. 11253,
10353. 11784,
25774.  12189.
7705. 12651,
6979.  14342.
243, 14328.
8103.  11714.
78055.  11378.
71630.  10414.
39811,  10330.

---LAKE CORPUS CHRISTI~-------r=-ro----m--me--- *--
EVAP LCCREL RETURN SPILL EOM
1009. 0. 565. 0. 166166.
2942. Q. 518. Q. 156074,
4886. Q. 628. 0. 144319
5776, a. 658. 0. 133891.
3301. 0. 680. @. 1339%11.
9469, 0. 706. 8. 113198,
2083, Q. 800. 0. 91179.

546. a. 800. Q. 118815.
-5005. 0. 654. 1268164.  237473.
578. Q. 635, 171582. 237473,
4419. Q. 581. 2447.  237473.
4235, Q. 576. 10564. 237473,
-578. Q. 565. 187599.  237473.
578. Q. 518. 27008. 237473,
3650. 9. 628, 1425.  237473.
3258. Q. 658. 0. 236119.
385. 2. 680. 266530. 237473.
2118. Q. 706. 12762. 237473,
4986, Q. 800, 968.  237473.
12309. 0. 800. @. 216884
6781. Q. 654. @. 214138.
736. Q. 635, @. 215345,
6874. 0. 581. 0. 2026062.
3915. 0. 576. 0. 196133.
2978. a. 565, 0. 186675.
~7865. Q. 518. 9. 204919,
2316. Q. 628. 0. 193460.
3504, Q. 658. 9. 189931,
2478. 0. 680. 0. 202443.
16859. Q. 706. Q. 188044.
9518. Q. 800. ®. 172570.
4765. Q. 8ea. o. 155126.
6767. Q. 654, 0. 146154.
7267. Q. 635, @. 206969,
Q. Q. 581. 32118. 237473.
2888. Q. 576. 27999. 237473,

650.
650.
650.
650.
650,
650.
650.
650.
1180042
160221.
2925,
10474.

175117.
25768.
1975.
650.
248523,
12519.
1550.
650.
650.
650.
650.
650.

650.
650.
650.
650.
©650.
650.
650,
650.
650.
650.
30519.
26689.



CONDITIONAL PROBABILITY MODELING  BASE1 ** FINAL RUN **
FOR LCC & CCR

*omeme CHOKE CANYON RESERVOIR----------- e i LAKE CORPUS CHRISTI--~----=---emocnncmcmne—- *--B & E--
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
97¢ 1 .93 1710. 2403. 1426. 620311. 9766. 19120. -385. Q. 565, 1437.  237473. 1986.
%76 2 .91 811. 3591, 1406. 615531, 5172. 9282. 2675. Q. 518. 0. 232095. 650.
l97¢ 3 .92 6292, 4775. 1486. 615048. 24066. 11253. 3Z263. a. 628. 5578.  237473. 5837.
1970 4 .90 4386, 5944. 1466, 6@7590. 3688. 11784. 5302. Q. 658. 0. 225481. 65@.
1970 5 .94 36107. 7684. 1406. 634013. 64168. 12189. -1348. Q. ©80. 42749,  237473. 42399,
1s7@¢ 6 .96 29094, 13481. l406. 647627. 157117, 12651, 1925, 0. 706. 143947. 237473, 134521,
970 7 .92 11a7. 12989. 1406.  633745. 5205, 14342. 10854, Q. 800. % 218888, 650.
1970 8 .9¢ 1899, 9926, 1406. 623718, 12541. 14328. 8579. Q. 800. o 209928, 650.
1976 9 .90 7595, -11908. l1406. e641222. 185. 11714. 3587. 0. 654. @. 190218. 65@.
1970 1o .9¢ 3504, 7334, 1406,  635391. 22639, 11378, 7438, Q. 635. 0. 201447. 650.
1970 11 .88 396. 7279. l406. 626508. 1254. 10414, 6498. Q. 581. %] 187195. 650.
1970 12 .86 372. 6494, 1406.  618386. 4778. le33e. 4467. Q. 576. %) 178582. 650.
1971 1 .84 349. 6678, 1406. 610@57. 1278. 10120. 5037. e. 565. 0. 166109. 650.
1971 2 .82 33. 5440. 1406. 602650. 511. 9282. 3748. Q. 518. a. 154996. 650,
971 3 .79 e. 10532, 14@6.  590118. 20. 11253, 6990. Q. 628. e. 138179, 650.
1971 4 .77 Q. 7172. 1406.  580946. 10911. 11784. 4377. 0. 658. ©. 13433s. 650.
1971 5 .74 e. 8925. 14e6. 57¢@21. 54. 12189, 6103. Q. 680. 9. 117496. 650.
1971 6 .72 3185. 7707. 1486. 563498. Q. 12651. 5496. Q. 706. 0. 1ee755. 65@.
1971 7 .85 5500. 1615@. 1406. 550849.  300281. 14342. 14052. Q. 8ea. 136575.  237473. 127665.
1971 8§ 1.00 29@383. 4889. 1@3361. 689314.  415914. 14328. ~-4235. e. 800. 509182. 237473. 474190.
1971 9 1.00 23578. -515. 16937. 689314. 608695, 11714,  -20406. 0. 654. 634324.  237473. 590572,
1971 10 1.0 116320. 1287. 80868. 689314.  83@575. 11378. -578. 9. 635. 9@0643.  237473.  838248.
1971 11 1.6@ 15576. 6948. 6066, 689314, 75047, 10414. 6160. 9. 581. 64538. 237473, 60671,
1971 12 i.0e 7241. 2573. 3281. 689314. 23125. 10330. 1348, @. 576. 14729. 237473, 14348.
1972 1 1.00 4631. 2059. 1808. ©6B89314. 16951. 19120. 1540. Q. 565. 7@99.  237473. 7252.
1972 2 1.0@ 3483. 3342, 1406. 687455, 8422. 9282. 2683. 0. 518. @. 235336. 650,
1972 3 .98 1924, 7675. 14e06. 679704. 6502. 11253. 5485, Q. 628. Q. 226507. 650.
1972 4 .95 1135. 8370. 1406. 670470. 0. 11784. 2969, 0. 658, @. 2131e1. 650,
1972 5 1i.ee 20067. 2036. 1406. 686501.  152097. 12189. -4428. Q. 680. 121429. 237473. 113579,
1972 6 .99 2096, 7159. 1406. 679438. 11320. 12e51. 4012. Q. 706. @. 233536. 650.
1972 7 .96 386. gel7. 1406. 669207. 4208. 14342, 6179. 9. 8@0. 9. 218630, 650.
1972 8 .95 3247, 9793, 1406, 660662, 19160, 14328. 8270, 0. 800, @. 216599. 650.
1972 9 .98 23639. 7052. 1406.  675249. 30552. 11714. 4487. 0. 654. @. 232356. 65e.
1972 10 .96 2430, 8338. 1406. 667340. 4828. 11378. 2642. 0. 635. @. 224569, 65e.
1972 11 .94 1137, 2764. 1406. 663714. Q. 10414, 3513. Q. 581. 0. 212048. es5e.
197z 12 .93 1565. 4503. 1406.  658775. Q. 10330, 3785. Q. 576. 9. 199339, 650.



YEAR MTH
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1973
1973
1973
1973
1973
1973
1973
1973
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.98
.20
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.02
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.99
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CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

----- CHOKE CANYON RESERVOIR

INFLOW

2164,
3352.
2467,
8327.
1626,
29452.
106563,
22079,
45440.
87828.
15714,
8399,

7266.
5165.
14442,
3030.
lez227,
3596.
722.
31134.
71154,
8348,
7564.
6587,

6410.
21313,
5529,
5538.
55024,
21938.
9641.
4389.
8953.
4208.
3788.
3601.

EVAP

1496,
-499.
5728.
2249,
10172.
2249.
10808.
9264.
3088.
3088.
8235.
8227.

2058.
7958.
3344.
8970.
7151.
12451.
15043.
6288.
7463.
5404.
2831.
3345.

4117.
4117.
7703,
7161.
4375,
7977.
10024.
11244,
8389.
8861.
8301.
4507,

CCRREL

14026.
1406.
1406,
1406,
1406.
1406.
55690.
2009,
29774.
59572,
5258.
1406.

2376.
1406.
4432.
1406.
1406.
1406,
14@6.
1406.
36905.
2070,
3328.
2279.

1612.
12089.
1406.
1406.
30125,
9814.
1406.
1406.
1406.
1406.
1406.
1406.

€57443.
659294,
654033.
658120.
647574.
672777.
689314.
689314.
689314.
689314.
689314.
687486.

689314.
684521.
689314.
681374.
682450.
671595,
655273.
678119,
689314,
689314,
689314.
689314.

689314.
689314,
685140,
681516,
689314.
689314.
686931,
678076.
676641 .
669988.
663475.
660569,

BASE1

4138.
16349,
4294.
248540.
38985.
13921.
363190.
394483.
59692.
19639.

7505.
a.
37816.
3992.
17679.
2196.
1a80.
83909.
121077.
7271.
17467.
6655.

5940.
5572.
4898.
5280.
74587,
108813.
65134.
13244.
8359,
3222.
11398.
.

** FINAL RUN **

14328.
11714.
11378.
10414.
10330.

10120.

9282.
11253.
11784.
12189.
12651.
14342,
14328.
11714.
11378.
10414,
10330.

10120.

9282.
11253.
11784.
12189,
12651.
14342.
14328.
11714.
11378.
10414,
12330.

LAKE CORPUS CHRISTI--~---w-==---m=-mmmeemome -
EVAP LCCREL RETURN SPILL EOM
1588. 0. 565. @. 189036,
347. e. 518. 9. 180814,
4233. 0. 628. Q. 170872.
3029. @. 658, 0. 173815,
5808, Q. 680. 0. 161518.
-23871. e. 706. 185212,  237473.
9249. 0. 800. 71093. 237473,
2695, 0. 300. S907.  237473.
-2888. 2. 654, 57257. 237473,
-7893. @. 635. 450570.  237473.
6738. e, 581. 47798.  237473.
6720. 0. 576. 3995.  237473.
-193. 0. 565, ©. 237426.
6043. 0. 518. Q. 2235e7.
-25@e3. Q. 628. 19532.  237473.
7915. 0. 658. e, 223172.
4857. 0. 680. @. 225211.
3517. Q. 706. 0. 212645.
11512. e. gea. 0. 189278.
2803. Q. goa, 19980 237473.
-1540. 0. 654, 147808. 237473.
4949, e. 635. 8. 230486.
2672. e. 581. 722.  237473.
21@6. Q. 376. 0. 233970.
2279. a. 565. 6. 229123.
3981. e. 518. @. 233521.
6015, e. 628. ©. 222557.
6796. e. 658. 8. 210663.
4813. 0. 686. 60%00.  237473.
6545. Q. 706. 99432. 237473,
6545, 0. 800. 45653.  237473.
3063. e. 800. 0. 234732
4736. e. 654. 0. 228047,
7588. e. 635. @. 2137es.
6728. 0. 581. Q. 2e937e,
3231. Q. 576. Q. 197215,

CALALLEN

650.
650.
650.
65@.
650.
172897.
66766,
6143.
53899,
419680.
45102.
4365.

650.
650,
18815S.
650.
650,
65@.
650.
19231.
138111.
659,
1321.
65@.

650.
650.
650.
€5@.
57287.
93121.
43107.
650,
65@.
650.
65@.
€5@.



CONDITIONAL PROBABILITY MODELING  BASE1l ** FINAL RUN **
FOR LCC & CCR

#ommem CHOKE CANYON RESERVOIR----------- L LR LS L e L el LAKE CORPUS CHRISTI-------=-----------monem- *--B & E--*
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
197¢ 1 .91 3760. 5739. 1406.  656590. 4060. 10120. 4385, Q. 565. @. 188176, 650,
1976 2 .89 2127, 7691. 1406.  649@27. 0. 9282. 5476, 0. 518. a. 174824, 650.
1976 3 .87 1834. 6650. 1406,  642211. Q. 11253. 4817. Q. 628 2. 16016¢0. 650.
1976 4 .89 20234. 1980. 1486.  658465. 13739. 11784, -4162, Q. 658. ©. 167684, 650.
1976 5 .97 59994, 4357. 17426. 689314, 33205. 12189, 174, a. 680. @. 205951. 650.
1976 6 .94 6324, 14083. 1406.  679555. 1091. 12651. 5843, o, 706. 0. 189955, 650.
1976 7 1.00 65453, 4375, 36078. 689314, 89824. 14342, -7123. Q. 800. 71165.  237473. 66833,
1976 8 1.00 17934. 14923, 2115.  689314. 55173, 14328. 11551, 0, 800 . 31410.  237473. 29861.
1976 9 1.00 9256. 7462. 1406, 6891@8. 96730. 11714, 5390. Q. 654, 81@32.  237473. 76010.
1976 10 1.00 40525. 3345, 25993.  689314. 124642. 11378, -4043. Q. 635. 143299.  237473.  133918.
1976 11 1.@@ 32483. 772, 22293. 689314. 243951, 10414. -3273. 9. 581,  2591@3. 237473.  241615.
1976 12 1.00 21599, 772z, 14641. 689314, 97225. 10330. -2695. Q. 576. 104231.  237473. 97585.
1977 11.90 16730, =772, 12304. 689314. 35617. 10120. -385. Q. 565. 38186.  237473. 36163.
1977 2 1.0@ 13571. 4375. 6465.  689314. 20144. 9282. 1925. Q. 518. 15402. 237473, 14974.
1977 3 1.00 11776. 6691. 3575.  689314. 14179. 11253, 5179. 0. 628, 1323. 237473, 1880.
1977 4 1.00 111433, 515. 77976, 689314, 198831. 11784, 3080. Q. 658. 261943. 237473, 244257,
1977 5 1.00@ 33294, 5147, 19788. 689314. 66408. 12189. 3465, Q. 680, 7@541. 237473 66253.
1977 6 1.ee 12575. 9521. 2147.  689314. 27814. 12651. 7123, 0. 706. 19187. 237473, le124.
1977 7 .96 5795. 17631. 1406.  G675478. 570Q. 14342, 12321. Q. 800. 0. 21791e. 650.
1977 8 .92 2698. 19358. 1406.  656819. 1209. 14328. 132e3. 0. 800. @. 192999. 650.
1977 9 .88 3541. 14600. 1406. 643760. 527, 11714. 7051. Q. 654. @. 17ele8. 650.
1977 1@ .87 8591. 10306. 1406. 640045, 3676. 11378. 319@. 0. 635. Q. 166681. 650.
1977 11 .87 9593, 6372. 1406. 641267. 11486. 10414, 4300, 0. 581. 0. 1648¢€0. 650.
1977 12 .85 5980, 7100. 1406. 638147. 3162. 10330. 4866. Q. 576. a. 154232, 650.
978 1 .85 58e6. 2za2. 14e6. 639751. 3460, 10120. 478. 0. 565. 0, 148499. 650.
978 2 .84 4363, 2448, 1406.  639666. 2605, 9282, 1093. Q. 518. Q. 142135, 650,
1978 3 .82 317s. 9265. 1406.  631576. 2511. 11253. 5859. 0. 628. 9. 128941. 650.
1978 4 .80 2327, 7740. 1406. 624163. 2825. 11784, 3907. 0. 658. 9. 117481, €5@.
1978 5 .78 2174, 10545, 1406, 613792. ©305. 12189, 6512. Q. 680. Q. 106491, 650.
1978 6 .88 61248. 8564. 1406. 664476, 60626, 12651. 4566, 0. 706. 9. 1513@e. 650.
1978 7 .84 1979. 15689. 1406. 648766, S918. 14342. 11696. e. 800, @. 132592. 650.
1978 8 .91 53621. 1e099. 2097.  689314. 42129. 14328, 8436. Q. 80Q. @.  154@55. 65@.
1978 9 .97 22565, 3603. 13331.  689314. 49909. 11714. 171. Q. 654, 8. 205409, 65e.
1978 1@ .94 1915. 7945, 1406. 681284, 704. 11378. 3734. 0. 635. 9. 192497 6508.
1978 11 .93 2640. 3059. 1406.  678865. 5503. 10414. 3311. Q. 581. @, 185591, 650.
1978 12 .92 2510. 3559, 1406, 675817. 1894. 1e330. 2401. 0. 576. Q. 17616@. 650.



YEAR MTH

1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979

1980
1980
1980
1980
1980
1980
1980
1980
1988
1980
1980
1980

1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
19381
1981
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CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

5066.
3035.
11232.
31868,
10600.
79525,
9577.
2451.
1561.
962.
1113.
2612.

3083.
1479.
538.
246,
96850.
8591.

36246.
17144.
9251.
820.
735.

1607 .
822.
1980,
20377.
45909,
13@166.
29639,
5895.
5402,
52596.
7109.
5966.

254.
2035,
56e4.
1544,
6433,
7720.

1e023.
13767.
9325.
14188.
7625,
3668.

1465.
3653.
7740.
11@01.
3982.
18923.
20356,
8308.
8445.
19256.
2555,
3562.

1521.
2781.
3526.
4@51.
3603.
4117.
11837,
10515.
11707.
4375,
6941,
5646.

14¢@6.
14e6.
1406.
15e53.
2929,
50479.
14e6.
1406.
14@6.
1406.
1406.
14e6.

1406.
14@6,
1406.
1406.
9867.
1406.
14@6.
14026,
1406.
1406.
1406.
1406.

1406,
1406,
1406.
1406.
23623,
88612.
12518,
1406.
14@6.
23407,
1406.
1406.

678629.
677628.
681256.
689314.
689314.
689314,
686868 .
673552.
663788.
648561.
640049.
636993,

636612.
€32438.
623236,
610481.
689314,
£76982.
654635 .
680573,
687271.
684266.
680531.
675705.

673790.
669831.
666285
680611.
689314,
689314.
689314.
682694,
674389,
689314,
687482.
685802.

BASE1

20246.
162327.
5125.
4652.
1445.
2473,
0.
3972.

[~ N

129578.
30987.
3@35.
314054.
20357.
371.
735.
4956.

1363.
i081.
2304.
2124.
169403.
350103,
139864.
16755.
67608.
73254.
43940,
9648,

** FINAL RUN **

10120.

9282,
11253.
11734.
12189.
12651.
14342.
14328.
11714.
11378.
10414,
10330.

le1ze.

9282.
11253.
11784,
12189.
12651.
14342,
14328.
11714.
11378.
19414.
10330.

10120.

9282.
11253.
11784.
12189,
12651.
14342.
14328.
11714,
11378.
10414.
le33e.

LAKE CORPUS CHRISTI-=-~-----m=---momoeeommwe *--
EVAP LCCREL RETURN SPILL EOM
-1706. e, 565. @. 176667.
338. Q. 518. @. 170795.
2479. 0. 628. @. 1585e1.
172. 2. 658. @. 20234s6.
1991. 8. 680. 9. 211341.
8663. 0. 706. 165368. 237473.
2283. 0. 80O. - 0. 227379.
8837, e. 800. 9. 210272,
-362. 0. 654 . e. 201771.
9434, e. 635. @. 184838.
6le2. e, 581. @. 169728.
2818. 0. 576. @. 161958.
-4278. a. 565. @. 157521.
1597, 0. 518. @. 148048.
4744, 0. 628. @. 133457,
6804. e. 638. 0. 116275.
3406. o. 680. 2652. 237473,
14872. Q. 706. 4871. 237473,
16437. e. 800. Q. 211135,
-385. a. 800. 2751B0. 237473,
-963. o. 654, 11012.  237473.
8630. Q. 635, Q. 219241.
1471, e. 581. 0. 209498,
3427. 0. 576. @. 202103.
-893. e. 565. 8. 195645.
352. 0. 518. @. 188498.
1555. Q. 628. 9. 179401,
4042, e. 658. . 167105.
-3080. Q. 680. 113549. 237473,
-5390. 0. 706. 431455, 237473.
2888, Q. 800. 135149.  237473.
4027. 0. 80a. @. 237280.
1e2e3. 0. 654. 46904.  237473.
183. 0. 635. 85090. 237473.
6160. 0. 581. 28772.  237473.
3825. Q. 576. 0. 234372.

CALALLEN

650,
650.
650.
650.
650.
154435.
650.
650.
650.
650.
650.
650.

650.
650.
650.
650.
31lie.
5180.
650.
256567.
10891.
650.
650.
650.

650.
650.
650.
650.
106251.
421903 .
126339.
650.
44270,
79784,
27408,
650.



YEAR MTH

1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982

1983
1983
1983
1983
1983
1983
1983
1983
1983
1283
1983
1983

1984
1984
1984
1984
1984
1984
1934
1984
1984
1984
1984
1984
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CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

0
e
Q.
0.
%]
Q.
19

Q.
Q.
59683.
Q.
e.

5892.
513.
5384,
3583,
4619,
11529.
20229,
173e61.
12699.
244.
2692,
5113.

2909,
9.
2418.
11516.
7824.
8956.
11228.
11673,
7818.
5520.
3883.
4@85.

1355.
4939,
7569.
ie566.
9782,
135@2.
12027.
15765.
12231,
1460.
3214.
1706.

1406.
1406,
1406,
1406.
1923,
1406.
1406.
1406.
1406.
1406.
1406.
1406.

1406.
1406.
14@6.
1406,
1406.
1406.
14@6.
1406,
1406.
1406.
1406.
1406.

1406.
1406.
1406,
l4e6.
1406,
1406.
1406,
14@6.
1406,
1406.
1406.
14e6.

©683989.
686867,
684523.
683267.
689314,
080702
661351.
643677 .
630788.
641218,
637231.
631459,

628283,
628453.
626395.
613549
603724.
602295.
589388.
576354,
583459,
576598.
570788.
564752.

561398.
554459.
544890.
532324.
520542,
505040.
491@31.
473266.
459035.
515258.
51@044.
506338.

BASEL

*+ FINAL RUN **

1033e.

LAKE CORPUS CHRISTI-=--nnnmmmmom oo .-
EVAP  LCCREL  RETURN SPILL EOM
5117. e. 565, 0. 229272.
~190. e. 518. 0. 231307.
3964. Q. 628. 0. 227127.
2800. Q. 658. @. 218695,
-578. 0. 680.  67178.  237473.
10786. o. 706. e. 230362.
15673. 2. 800, 0. 204057,
13877. a. 800. 0. 180293.
10868. Q. 654. @. 166525.
4963. Q. 635. @.  165973.
2796. 2. 581. 9. 160351.
3857. 2. 576. 0. 151599.
2499. 0. 565. 0. 140386.
-3@5, o. 518. e. 133340.
2824. 0. 628. @, 128188,
6966. 2. 658. 0. 110983,
5352, a. 680. 0.  99409.
2. °. 706. @. 88165,
4561. 2, 800. e.  74276.
5520. 0. 800. 0. 62684,
3570. 2. 654. e. 114194,
3121. 0. 635. 8. 119823,
4393, 0. 581. e. 114931,
2488. 0. 576. e, 103519,
-135. a. 565. 0. 1e2542,
3044. o. 518. o. 93619,
4548. °. 628. e.  81762.
5152. 0. 658. @.  66233.
4364, 0. 680. e.  58163.
3351. a. 706. e. 57162
4281. °. 800. @.  52681.
4657, a. 800. @.  38406.
2388. Q. 654. e.  27179.
-887. °. 635. e. 52170,
1298, 0. 581. @. 54398,
605. Q. 576. @.  50031.

650.
650.
650,
650.
63126.
650.
65Q.
650.
650.
650.
650.
650.

659.
650.
650,
659.
650.
650.
659.
650.
650.
650.
650.
650,

650.
650.
650.
650.
©50.
650,
650.
650,
650.
650.
650.
650.



CONDITIONAL PROBABILITY MODELING  BASE1 ** FINAL RUN **
FOR LCC & CCR

¥ CHOKE CANYON RESERVOIR---~=------- ¥ e menme e LAKE CORPUS CHRISTI----=wssosmmmmmmom———ea—— *--B & E--*
YEAR MTH VOL  INFLOW EVAP CCRREL EOM INFLOW DEMM EVAP LCCREL RETURN SPILL EOM  CALALLEN
1985 1 .63 27754, 647, 1406, 531445, 12265. 10120. -9%4. 0. 565. o 54576. 650.
1985 2 .63 121@. 1528, 14e6. 529127. 3646. 9282. -537. 0. 518. e 50883. 650.
1985 3 .64 3654. 1526. 1486,  529255. 20293, 11253. 713, 0. ©28. e. 60616. 650.
1985 4 .69 6998. 2183, 14@6. 532069. 51955, 11784, -5908. 0. 658. 0. le8le1. 650.
1985 5 .78 5492, 4153. 1406. 531408, 96893. 12189. 953, Q. 680. e 193258. 650.
1985 6 .83 2759. -4382. 1406.  536549. 49767, 12651. 2736. a. 706 8. 229044. 650.
1985 7 .83 8911. 12267, 1406. 531193, 43836. 14342. 12012. 9. 800. 1e459.  237473. 10376,
1985 8 .78 687. 16666. 1426.  513214. 1569, 14328, 14082. 0. 800. @. 212038. 650.
1985 9 .78 21947, 4539, 1406. 528622, e. 11714. 5382. 0. 654. 8. 196348. 650.
1985 10 .9@ 71e23. 2930. 1406. 594715, 740@59. 11378. 189. 0. 635. 22772. 237473, 21828.
1985 11 .91 8123. -2112. 14e6. 60295@. 108345, 10414, -770. 0. 581, leele7. 237473. 93759.
1985 12 .90 551. 3291. 1426. 5982@9, 13395. 1@330. 3457, 0. 576. 1e814.  237473. 1593.
1986 1 .88 1274. 3276. 1406,  594207. e. 10120, 3603. 0. 565. @. 225156. 650.
1986 2 .87 0. 5118, 1406. 587089. 6277. 9282. 2057. 2. 518. 9. 221500. 650.
1986 3 .84 0. 9214. 1406. 575876. e. 11253. 7828. 0. 628, 0. 203826. 650.
1986 4 .81 0. 7516. 1406. 566359, 1478. 11784, 6522. 0. 658. e. 1884@4, 650.
1986 5 .89 1410, 2488, 1406. 563281. 1039. 12189. 4792. 0. 680. e. 173868. 650.
1986 6 .86 39629. -277a. 1406. 603680. 32572. 12651. 3269. a. 706. @, 191927. 650.
1986 7 .81 1416, 16595. 1406. 586502. 2372. 14342. 1418@. 0. 800. 0. 167183. 650.
1986 8 .77 1204. 15837. 1406.  569868. 1339, 14328, 9265. e. 800, Q. 146335, 650.
1986 9 .75 10707. 12935. 1406. 565640, 0. 11714. 5314. 0. 654. 0. 130713, 650.
1986 1@ .82 64227. -1406. 1406, 629273, 11889. 11378, 2083. 0. 635. 0. 13@547. 650.
1986 11 .82 2730. 2903. 1406. 627100. 14966. 10414. 602. a. 581. Q. 135903, 65e.
1986 12 .87 31026, -2948. 1406. 659074. 22184, 10330, ~1246. o. 576. 8. 15e409. 650.
1987 1 .88 11204. 2004. 1406. 666274. 10990. 1e1z2e. 1113. e. 565. Q. 151572, 650.
1987 ¢ .90 5537. -2774, 1406. 672585, 1497@. 9282. -3092. 0. 518. ©. 161758. 650.
1987 3 .99 8485. 5316. 1406. 673754, 15039. 11253. 4@93. o. 628. 0. 162857. 650.
1987 4 .88 5701. 9597. 1406,  667858. e. 11784. 2739, 0. 658. 0. 149740, 650.
1987 5 .9¢ 17295. 3040. 1406. 68ellz. 158e1. 12189. -2577. 0. 680. 0. 157335, 650.
1987 6 1.0 495187. -386@. 344361. 689314. 131940, 12651. -8085. 0. 706. 391598. 237473.  364836.
1987 7 1.00 78727. 12609, 46481. 689314, 70508. 14342. 8085, 0. 800, 94561. 237473, 88592.
1987 8 .98 2@346, 17756, 1821. 689314, 10754, 14328. 13117, 0. 800. @. 222603, 650.
1987 9 .98 11981. 10292. 1406, 689003, 18292. 11714, 9@76. 0. 654. 8. 22131e. ©50.
1987 1@ .96 6306. 14332, 14@6. 678977, 5964. 11378. 5337. 0. 635. @. 212165. 650.
1987 11 .96 7847, 4840, 1486. 6799384, 7328. 1e414. 1823, Q. 581. 0. 208662. €50.
1987 12 .95 8261. 3828. 1406, 682417, 3887. 10330. 3060. Q. 576. ©. 200565. 650.



YEAR MTH

1988
1988
1988
1988
1988
1988
1088
1988
1988
1988
1988
1988

1989
1989
19389
1989
1989
1989
1989
1989
1989
1989
1989
1989

B e e
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.95
.94

.90
.88

.84
.81
.80
.78
.76
.76

77
.76
.75
.74
.73
.73
.73
72

.69
.69
.69

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

8310.
76@9.
6073 .
3392,
6383.
8164.
23420.
5157.

724,
23%0.

2578.
4085.
6267,
11752.
7638.
8904,
6907.
6922.
154.
19@3.
1288,
74.

EVAP

4603.
4099.
6657.
6884,
5590.
13662,
11399.
15435,
10e04.
94e8.
9068.
6068.

725.
2899.
7473,
6749.
15850.
13332,
le742.
14918.
12652.

8632.

3609.

14@6.
1406.
1406.
1406,
1406.
14e6.
1406.
1406.
1426.
1406.
1406.
1406.

14@6.
14@6.
1406.
14@6.
1406.
1406.
14@6.
14@6.
14¢6.
1406.
14@e.
14@6.

684123,
685634.
683050.
677558.
676351,
668853.
678873.
£66595,
655315.
646297.
635228.
627161.

627014,
626200.
622994.
625997,
615785,
€09357,
597522.
587526.
573028.
564299.
5599738.
558052.

BASE1

2732.
783.
921.

2546.

Q.
Q.
Q.

4366.

8559.

4748.

9671.

18030Q.

15243.
4197.
9523.
8649.

14432.

22324.

31430.

27912,

13373.

13532.

1e846.

11438.

*+* FINAL RUN **

lelze.

9282.
11253.
11784.
12189.
12651.
14342.
14328.
11714.
11378.
10414.
1e33e.

10120.

9282.
11253.
11784.
12189.
12651.
14342.
14328,
11714.
11378.
10414.
16330.

LAKE CORPUS CHRISTI----mew—-—mmmmmmeeme e *--B & E--*
EVAP LCCREL RETURN SPILL EOM  CALALLEN
2655, e. 565. 0. 191927, 650.
2260. 0. 518. Q. 182575. ©50.
4737. Q. 628. Q. 168912. 650.
6514. e. 658. Q. 154566. 650.
5295, e. ©80. Q. 138488. ©50.
6476. Q. 706, Q. 120767, 65e,
7433. Q. 800. Q. 100398, 650.
6963 . 0. 800. 0. 84879. 650.
335. o. 654. Q. 82795. 650.
3516. e. 635. Q. 74@55. 650.
3664. Q. 581. 0. 71@53. 650.
13e1. Q. 576. Q. 78358. 650.

651. 0. 565. Q. 84235. 650.
3192. 0. 518. Q. 77364, 650.
5918. 0. 628, Q. 71123, 650.
4951, Q. 658. Q. 64443, 650.
7@55. 0. 68o, 0. ©1037. 659.
6309, 0. 706, @. 65808. 65@.
8082. 0. 800. Q. 76220, 650.
8983, 2. 800. Q. 82226. 650.
8667. a. 654. a. 77224. 659,
3862. Q. ©35. Q. 76922. 650.
2939. 0. 581. 0. 75821, 659,
1331. Q. 576. 0. 77004. 650.



CONDITIONAL PROBABILITY MODELING
FOR LCC & CCR
STATISTICS FOR SIMULATION RUN

YEAR $JANS

LI EEE L $
**CCR INFLOW**
PER % § .041%
MAX $ 100716.%
MIN % 0.4

MEAN § 7467.%
GMEAN $ 415.%
MEDIANS 1455.%
STDDEVS 19054.0%

SKEW § .95%
**CCR EVAP LOSS**
PER % § 0333

MAX % 6678.%
MIN § -6433.%
MEAN § 2513.%
GMEAN $ 1088.%
MEDIANS 2563.%
STDDEVS  2559.9%

SKEW $ -.063%
**CCR RELEASE-ADJ)**
PER % % .@54%

MAX § 70871.%
MIN % 1406.%
MEAN § 3995.%
GMEAN § 1842.%
MEDIANS 1406.%
STDDEVS 10995.3%

SKEW $ .71%
**(CR E-0-M**
PER % § .084%

MAX $ 680314.%
MIN § 307269.%
MEAN § 612547.%
GMEAN § 602719.%
MEDIANS 655440.%
STODEVS 97317.6%
SKEW § -1.32%

FEBS

.033%
111709.%
0.3
5922.%
676.%
1753.%
15765.2%
.79%

.033%
8012.%
-4117.%
2507.%
619.%
2706.%
2662.7%
-.22%

.@53%
81426.%
1406.$
3931.%
1826.%
1406.%
11318.9%
.67%

.983%
689314 .4
312439.%
610370.%
600526.%
650840 .%
97466.8%

-1.25%

**SYSTEM RETURN FLOWS**

PER ¥ § .072%
MAX § 565.%
MIN § 565.%
MEAN § 565.%

.066$
518.%
518.%
518.%

MARS

.019%
23421.%
2.3
3475.%
379.%
1879.%
5088.5%
.94%

.9713%
1@532.%
257.%
5501.%
4622.%
5735.%
2440.0%
-.29%

.026%
13268.%
1406.%
1905, §
1617.%
1406.%
1857.8%

.81%

.083%
689314.%
307545.%
605634 .%
595686.%
643171.%
97691.2%

-1.15%

.081%
628.%
628.%
628.%

APR$

.067%
111433.%
0.3
12127.%
1017.%
3413.%
22749.1%
1.15%

.067%
11516.%
-5348.%

5190.%
2697.%
5272.%
3606, 8%

-.07%

.063%
77976.%
1406.%
4659.%
1925.%
1406.%
13067.3%
.75%

.083%
689314.%
3@8495. %
605944 .%
596391.%
640504 .%
96235.0%

-1.08%

.084%
658.%
658.%
658.%

BASE1

MAYS

.138%
141326.%
e.$
24794 .%
4459.%
18235.%
35835.6%
1.22%

.067%
1585@.%
-6926.%

5165.%
1398.%
5155.%
4305.9%
.01%

. 104%
98323.%
1406.%
7723.%
2456.3%
1406.%
18658.1%
1.02%

.084%
689314.%
328667.%
614587.%
606128.%
644916.%
91960. 3%

-.99%

.B87%
6802.%
680.%
680.%

** FINAL RUN **

JUN$

.213%
549238.%
e.3
38373.%
6717.%
9167.%
97008.0%
.90%

.106%
18923.%
-12867.%
8140.%
3348.%
8645.4
§722.5%
-.26%

.255%
395159.%
1406.%
18957.%
2597.%
1406.%
69183.5%
.76%

.084%
689314 .%
316465.%
617854.%
6@8522.%
662152.%
95680.0%

-1.39%

.990%
706.%
706.%
706.%

Juis

.098%
176276.%
0.%
17652.%
1197.%
2509.%
34778.2%
1.31%

.1743%
20356.%
-3345.%
13410.%
11e92.%
12889.%
4343.4%

.36%

1128
100204.3
1406.
8331.%
2276.%
1406.%
20514.3%
1.01%

.083%
689314.%
302112.%
610245.%
599811.%
654255.%

lo0080.3%
-1.324

.103%
800.%
800.%
800.%

AUGS

.072%
290383.%
0.3
12951.%
610.%
2619.%
38227.9%
.79%

.172%
19404.%
4889.%
13219.%
12499.%
13962.%
4032 .9%

-.55%

.049%
103361.%
1406.%
3638.%
1736.%
1406.%
13521.8%
.50%

.082%
689314.%
300969. %
604802.%
593974.%
648566. %

101744. 4%
-1.29%

.102%
800.%
800.%
800.%

SEP$

.147%
339587.%
0.3
2643@.%
1608.%
4472 .4
54928.5%
1.20%

.094%
15826.%
-19300.%
7266.%
2965.%
8058.%
6397.6%
-.37%

.114%
74360.%
1406.%
8494.%
2441.%
1406.4
18847.2%
1.13%

.083%
689314 .%
315282.%
611883.%
603028.%
642553.%
93045. 4%

-.99%

.084%
654.%
654.%
654.%

oCT$

.121%
118574.%
2.%
21747.%
3779.%
8470.%
29191.4%
1.36%

.085%
14332.%
-5147.%

6566.%
2854.%
6878.%
4411.4%
-.21%

.112%
83719.%
1406.%
8297.%
2633.%
1406.%
17755.3%
1.16%

.084%
689314.%
313394.%
615263.%
606260. %
645606.%
93494 .4%

-.97%

.081%
635.%
635.%
635.%

NOVY

.029%
41388.%
0.%
5146.%
594.%
1543.%
8120.4%
1.33%

.061%
9157.%
-2455.%
4661.%
2779.%
4610.%
2825.0%
.05%

.034%
25840.%
1406.%
2534.%
1732.%
1406.%
4311.4%
.79%

.083%
689314.%
314142.%
612142.%
602922.%
641979.%
94479.4%

-.95%

.074%
581.%
581.%
s81.$

DEC$  ANNUAL
------ S
.023%
42015.% 899837.%
e.$ 9206.%
4145.% 180229.%
393.4 118723.%
1453.% 125112.%
7469.8% 171567.3%
1.08% .96%
.037%
8227.% 120821.%
-16061.%  18687.%
2837.% 76976.%
734.% 73574.%
3568.% 78050.%
3711.4% 20540.2%
-.58% -.186%
.024%

14641.% 598496.%
1406.3  16872.%
1771.%  74235.%
1555.%  36918.%
1406.3  17073.%

1798.9% 110140.8%

.61% 1.56%
.083%
689314.% 8238326.%
310044.% 4001912.%
610931.% 7332202.%
601466.% 7237183.%
647922.% 7799331.%
95618, 4310604293
-1.16% -1.32%
.074%
576.% 7800.%
576.% 7800.%
576.%

7800.%



$otr"
$o°

$ 008/
$ 008/

$o1"
$a-
$°9.s
$'9/5

L
$0°
$° 185
$°18%

toT”
$o°
$°5£9
$°se9

to1"
$o°
$ 59
$°¥S9

$ot-
j0-
{008
$°662

$oT"
$0°
$° 008
$ 008

o1
$0-
$°902
$'90/

sot’
to-
$'089
{089

tor*
se
$°899
$°859

sotr-
$0°
$'829
$°829

sotr”
$0°
$°'81%
$°815

sot-
 1-N
$°59s
$°595

$  MIIS
$A3001S
$NVIQIN
$ NY3WO



CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR

STATISTICS FOR SIMULATION RUN

YEAR $JANS FEBY
e $ - L3

*+SYSTEM DEMM**

PER % $ .072% .066%
MAX $ 10120.% 9282.%
MIN § 10120.% 9282.%
MEAN § 10120.% 9282.%
GMEAN §  10120.% 9282.%
MEDIANS 10120.% 9282.%
STDDEVS .0% .0%
SKEW $ .1es 103
**[ CC INFLOW**

PER % $ .033% .022%
MAX § 239830.% 283699.%
MIN ¢ 8.3 2.%
MEAN $ 15943.% 10883.%
GMEAN § 650.% 425.%
MEDIANS 2158.% 1944 .4
STODEVS 41944.8% 38284.7%
SKEW $ .99% .70%
**| CC EVAP LOSS**

PER % § .028% .030%
MAX § 5117.% 6043._%
MIN § -6160.% -7865.%
MEAN § 1323.% 1372.%
CMEAN $ 261.% 362.%
MEDIANS 1564.% 1918.%
STDDEVS  2290.3%  2563.5%
SKEW § -.32% -.64%
*#| CC UNCTRL SPILLS**

PER % § .036% .025%
MAX $ 296504.% 362196.%
MIN § e.% 9.%
MEAN § 13504.% 9636.%
GMEAN $ 6.% 4.3
MEDIANS 0.% °.%
STDDEVS 48507.7% 49163.8%
SKEW § .84% .59%

MARS

.080%
11253.%
11253.%
11253.%
11253.%
11253.%

.23
.1e4

.925%
166446.%
0.3
12294.%
1149.%
2794.%
28030.6%
1.02%

.077%
7828.%
-2503.%
3581.%
2186.%
3692.%
2023.5%
-.16%

.010%
165959.%
2.%
3756.%
3.4

0.%
22084.7%
.51%

APRS

.084%
11784.%
11784.%
11784.%
11784.%
11784.%

. 0%
.10%

.047%
198831.%
e.}
23079.%
886.%
4691.%
42635.9%
1.29%

.070%
7915.%
-5908.%
3263.%
1500.%
3627.%
3074.4%
-.35%

. 9384
261943.%
2.%
14391.%
5.%

0.%
45889.1%
.94%

BASE1
MAYS JUNS
------ $ -3
.0873% .090%
12189.%  12651.%
12189.%  12651.%
12189.%  12651.%
12189.% 12651.%
12189.%  12651.%
.0% .0%
.10% .1e%
.140% .171%
478579.% 1181981.%
2.% 0.3
68236.%  83599.%
11297.% 9980.%
28587.% 34642.%
94769.5% 169672.4%
1.26% .87%
.062% .099%
9374.%  14872.%
-5583.% -23871.%
2894.% 4616.%
548.% 1957.%
3827.% 5323.%
3617.5¢ 5526.8%
-.77% -.38%
.124% .201%
505250.% 1565645.%
0.% 0.3
46985.%  76364.%
67.4 140.%
Q.% 9.3

96995.1% 223768.0%
1.45% 1.02%

** FINAL RUN **

JuLs

.103%
14342 .%
14342.%
14342.%
14342.%
14342.%

.08
.10%

.097%
468366. %
2.4
47427.%
4471.%
9414.%
86079.8%
1.32%

.1893%
16437.%
-7123.¢%

8803.%
6182.%
8885.%
4536.1%
-.05%

,095%
491718.%
e.3
36148.%
39.%

2.3
86209.6%
1.26%

AUGS

.102%
14328.%
14328.%
14328.%
14328.%
14328.%

.0%
.1ef

.063%
415914.%
2.3
30670.%
3075.%
11177.%
68981 .84
.85%

.170%
14500.%
-4235.%

7904.%
S201.%
8432.%
4236.5%
-.37%

.048%
509182.%
0.3
18303.%
9.%

0.%

SEP%

.284%
11714.%
11714.%
11714.%
11714.%
11714.%

.03
.10%

.186%
1392125.%
0.3
90828.%
8185.%
19239.%
209662 .4%
1.e2%

.076%
11192.%
-20406.%
3522.%
811.3%
4534.%
5519.4%
-.55%

.201%
1268164.%
0.%
76233.%
47.%

0.%

0CTY

.981%
11378.%
11378.%
11378.%
11379.%
11378.%

.0%
.1e$

.147%
830575.%
2.3
71990.%
7909.%
15969.%
139297.6%
1.21%

.080%
9434 .%
-7893.%
3739.%
12087.%
3798.%
4177.4%

-.04%

.168%
900643.%
2.3
63631.%
55.%

0.%

76769.3% 202804.9% 153494.4%

.72%

1.13%

1.24%

NOV§

.074%
10414.%
10414.%
10414.%
i0414.%
10414.%

.0
.10%

.@48%
243951.%
2.3
23298.%
2842.%
5843.4
43510.1%
1.20%

.075%
7236.%
-3273.%
3473.%
1654.%
3810.%
2438. 0%

-.42%

.843%
259103.%
0.%
16477.%
18.%

0.%
44730.6%
1.11%

.074%
10330.%
10330.%
10330.%
10330.%
10330.%

.o
.10%

.022%
97225.%
e.3
10640.%
1106.%
4001.%
185@3.3%
1.28%

. 0433
6720.%
-8796.%
1991.%
755.%
2539.%
2646.5%
-.62%

.0113%
104231 .%
e.3
4291.%

o

6.
Q.
15696.7%

.82%

ANNUAL

139785.%
139785.%
139785.%
139785.%
139785.3%
.0

.1ed

2266411.%
52356.%
488886.%
338523.%
309118.%
464243 .8%
1.16%

76280.%
5746.%
46482.%
42960.%
47100.%
15817.6%
-.12%

2404216.4
2.3
379719.%
12806.%
165807.%
525824.1%
1.22%




CONDITIONAL PROBABILITY MODELING
FOR LCC & CCR
STATISTICS FOR SIMULATION RUN

YEAR $JANS FEBS MAR$
—mmm mmeees I 3 ------ $

** CC E-O-M**

PER % § .082% .080% .078%
MAX $ 237473.% 237473.% 237473.%
MIN $ 40145.% 32891.% 23447.%
MEAN $ 183523.% 178047.% 173656.%
GMEAN § 171663.% 164918.% 159789.%
MEDIANS 198530.% 192982.% 185709.%
STDDEVS 53879.3% 55327.7% 56396.6%
SKEW § -.84% -.81% -.64%
+*+*TOTAL INFLOW TO THE BAY**

PER % ¢ .037% .027% .011%
MAX § 276399.% 337492.% 154992.%
MIN § 650.% 650.% 650.%
MEAN 3§ 13209.3 9611.% 4143 %
GMEAN § 1246.% 1025.% 901.%
MEDIANS 650.% 650.% 650.%
STDDEV$ 45112.2% 45722.3% 20538.7%
SKEW § .848% .59% .51%
**SUPPLY DELIVERED TO CALALLEN**

PER % § .072% . 0664 .080%
MAX § 9412.% 8632.% 10465.%
MIN $ 9412.% 8632.% 10465.%
MEAN § 9412.% 8632.% 10465.%
GMEAN § 9412.% 8632.% 10465.%
MEDIANS 9412 .4 8632.4 1e4e5.%
STDDEVS .08 .0% .08
SKEW § .10% .10% .1es

APR$

.077%
237473.%
23204.%
171955.%
1583459.%
179434.%
55498.5%

-. 408

.@39%
244257.%
650.%
14033 .3
1260.%
650.%
42676, 8%
.94%

.84s
10959.%
1€959.%
10959.4
10959.4%
19959.%

.03
.1e4

BASE1 ** FINAL RUN **

MAYS$ JUNS JuLs

------ L I ks BT |
.083% .087% .086%
237473.% 237473.% 237473.%
23463.%  23111.%  23179.%
185846.% 194772.% 191238.%
170043.% 179687.% 175434.%
207087.% 230918.% 217564.%
56777.6% 59453.3% 59672.1%
-1.07% -1.82¢ -1.32%
.123% .199% .095%
470532.% 1456700.% 457948.%
650.% 650.% 650.%
44346.% 71668.% 34267.%
3767.% 4941.% 2785.%
650.% 650.% 650.%
90205.5% 208104.3% 80175.0%
1.45% 1.02% 1.26%
.087% .090% .103%
11336.$ 11765.%  13338.%
11336.% 11765.% 13338.%
11336.% 11765.% 13338.%
11336.% 11765.% 13338.%
11336.$ 11765.%  13338.%
.0% .23 .03
.10% .1e% .les

AUGY

.083%
237473.%
29471.%
185010.%
168659.%
210100.%
59977.7%
-1.25%

.049%
474190.%
652.%
17672.%
1424.%
650.%
71395.4%
.72%

.1e2%
13325.%
13325.%
13325.%
13325.%
13325.%

.03
.1e%

SEP$ 0CTS
------ $ ------%
.087% .287%
237473.% 237473.%
27179.%  43427.%
192863.% 194400.%
179322.% 182476.%
215055.% 214527.%
56214.0% 54944 .2%
-1.18% -1.10%
.198% .166%
1180042.4% 838248.%
650.% 650.%
71546.% 59827.%
3387.% 3551.%
659.% 65@.%
188608.5% 142749.8%
1.13% 1.24%
.084% .081%
10894.%  10582.%
10894.3% 10582.%
10894.% 10582.%
18394.3 10582.%
10894.% 10582.%
.0% .0%

.1eg .10%

NOv$

.085%
237473.%
54398.%
189868.%
177951.%
2107734
55509.2%
-1.13%

.044%
241615.%
650.%
15974.%
1845.%
650.%
41599.5%
1.11%

.075%
9685.%
9685.%
9685, §
9685. %
9685.%

.0%
.10%

DECS

.083%
237473.%
49606. $
185667.%
173955.%
200984.%
54292.7%

~.85%

.@13%
97585.%
650.%
4641.%
1105.%
650.%
14598.0%
.82%

.074%
9607.%
9607.%
9607. %
9607. %
9607.%

.03
.103

ANNUAL

2831179.%
717560.3%
2226843.%
2122234.%
2390326.%
562614.1%
-.87%

2243721.%
7800.%
360939.%
117740.%
162001.%
489016.4%
1.22%

130000.%
130000, 3
130000.%
130000. %
130000.%

.08

.10%



CONDITIONAL PROBABILITY MODELING  BASE1 ** FINAL RUN **
FOR LCC & CCR
ANNUAL SUMMARY$

MR TR CHOKE CANYON RESERVOIR-~------ I T LAKE CORPUS CHRISTI-------=-----o--moooo--- ¥--
YEARS INFLOWS EVAPS CCRRELS EOM$ INFLOWS DEMMS EVAPS LCCRELS RETURNS SPILLS
K S R S R  —— S R . § e § oo $
19344 94138.% 75379.% 34139.% 659511.% 3237e3.% 139785.% 49220.% e.} 7800.% 168837.%
1935% 899837.% 18687.% 598496.% 689314.% 1971228.% 139785.% 28245.% 0.3 7800.% 2404216.%
1936% 282578.% 46375.% 166050.% 689314.% 749398.% 139785.% 25485.% 0.% 7800.% 747657.%
1937% 66555.% 84683.% 16872.% 647186.% 128035.§ 139785.% 52805.% 0.3 7800.% 0.4
1938% 95147.% 102978.% 26824.% 601198.% 325114.% 139785.% 64843.% 0.3 7800.% 166254.%
1939% 76749.3% 84067.% 16872.% 569880.% 269616.% 139785.% 65952.% 2.3 7800.% 39001.%
19404 208894.% 65068.3% 19836.% 685499.% 779933.% 139785.4% 46917.4 0.3 7800.3 588250.%
1941% 446252.% 34042.% 294766.% 6784@83.% 994963.% 139785.% 18543.% 0.% 7800.% 1154018.%
1942% 342179.% 55379.% 205439.3% 672971.3% 945113.% 139785.% 32151.% 2.3 7800.% 978598.%
1943% 71937.% 88250.% 16872.% 632658.% 161056. % 139785.% 54081.9% 0.3 7800.% 0.3
19443% 131110.% 74297.3% 16872.% 665471.% 630193.% 139785.% 47284.3% 0.4 7800.% 448330.%
1945% 107492.3% 90681.% 16872.% 658282.% 447692.% 139785.% 59256.% 0.3 780@.% 265757.%
19464 323@39.% 57769.% 172631.% 677989.% 1010103.% 139785.% 34057.% 0.4 7800.% 1000392.%
19473 36172.% 88033.% 16872.% 602128.3% 279647.% 139785.% 54069.% 0.1 7800.% 138175.%
1948% 42129.% 87942.% 16872.% 5§32295.% 115220.% 139785.% 51309.% 0.3 7800.% 2.3
1949% 218812.% 59865.% 16872.3% 667242.% 757726.% 139785.% 43861.% 2.3 7800.% 487021.%
1950% 20676.% 103012 .% 16872.9 560906.% 188694.% 139785.% 76280.% 0.3 7800.% 59382.%
1951% 153199.% 85119.% 16872.% 604986.%  338469.% 139785.% 63831.% 0.3 7800.% 98716.%
19524 32784.3 87554.% 16872.% 526216.% 143335.¢% 139785.% 5887@.% 2.3 7800.% 0.4
1953¢ 256286.% 79714.% 20332.% 673866.%  468874.% 139785.% 51260.3% e.3 7800.3  245588.%
1954% 34820.% 117866.% 16872.% S566819.% 226784.% 139785.4% 75075.3% 2.1 7800.% 75459.%
1955% 39869.% 120821.% 16872.% 461867.% 116167.% 139785.% 72973.% 0.3 7800.% 0.1
1956% 53601.% 102721.% 16872.9% 388748.% 123426.% 139785.% 36929.% 0.3 7800.% 0.3
1957% 423638.% 73072.% 37977.% 685293.4% 1248395.% 139785.% 43626.% 2.3 7800.%  938469.3%
1958% 465123.% 52630.% 287156.% 689314.% 1254231.% 139785.% 26288.3% 0.3 7800.% 1365078.%
19593 129998.% 89201.% 34437.% 681125.% 357269.% 139785.% 57935.% 2.3 7800.% 199874.%
1960% 92022.% 60132.% 16872.% 689015.§  415631.% 139785.% 31212.% 0.3 7800.% 255617.%
1961% 120225.3% 76502.% 66490.9 638152.% 243964.% 139785.% 57438.% 0.3 7800.% 149299.%
1962% 9206.% 99359.% 16872.% 523998.% 55431.% 139785.% 63386.% 0.3 7800.% 0.3
1963% 29202.% 86029.% 16872.3 443172.%  144897.% 139785.% 42914.% 0.3 7800.% 0.3
1964% 24178 .% 69255.3% 61900.% 310044 .% 431593.% 139785.% 24865.% 0.% 7800.% 163198.%
1965% 87626.% 44963.3% 16872.% 328707.% 231794.% 139785.% 57617.% 0.4 7800.% 120240.%
1966% 79291.% 40096.% 16872.% 343901.% 3067657.% 139785.% 31027.% 0.3 7800.% 124115.%
1967% 393605.% 51560.% 16872.% 661946.% 1678502.% 139785.% 41238.% 0.3 7800.% 1452756.%
1968% 259911.% 59205.% 150438.% 648658, 489310.% 139785.% 45012.% 2.3 7800.%  496292.%
1969% 76660.3% 78313.% 16872.% 623005.% 269846.% 139785.% 45476.% 0.4 7800.% 60117.%
1970% 89373.% 69992.% 16872.% 618386.% 310579.% 139785.% 52855.% 0.3 7800.§ 193702.%
1971% 462165.% 77786.% 220356.% 689314.% 2266411.% 139785.% 28100.% 2.3 780@.% 2259991.%
1972% 65740.% 71706.% 17274.4 658775.% 254041.% 139785.% 41137.% 0.% 7800.% 128528.%
1973% 333411.% 64095.% 169145.% ©687486.% B36351.% 139785.% 5746.% 0.3 7800.% 821831.%

237473.%
234952.%
237473.%
189790.%
170846.%
212596.%
237473.4
214856.%
214874 .%
198936. %
210602 . %
210369.%
218869, %
183358.%
124357.%
228288.%
1584@7.%
211416.3%
172969.%
225542.%
178879.%
99160.§
62744.3%
227237.%
237473.%
231584.%
237473.%
201404.%
70536.%
49606.%
215251.%
146276.%
175878.%
237473.%
196133.%
237473.%
178582.%
237473.%
199339.%
237473.%

CALALLENS

164819.%
2243721.%
703121.3%
7802.%
162416.%
44071.%
554873.%
1081037.%
917896.%
7800.%
424747.%
254954, %
938165.%
136303.%
7800.%
460729.%
63026.%
99606. %
7800.%
236197.%
77977.%
7800.%
7800.%
880576.%
1277322.%
193683.%
245524.%
146648.%
7800.%
78092.%
159574.%
119623.%
123227.%
1358863.%
469351.%
63709.%
187943.%
21@9592.%
127331.%
772103.%




1974% 169235.% 82307.% 59825.% 689314.% 306638.% 139785.% 42139.% 2.3 7800.% 188042.% 233970.% 182679.%
1975% 150332.% 86776.% 64887.§ 660569.% 306447.%  139785.% 62320.% 0.3 7800.4 205984,% 197215.%  199365.%
1976% 281523.% 72149.% 126982.% 689314.% 759640.3% 139785.% 16340.4 a.% 7800.% 69@239.% 237473.% 649722.%
1977% 235577.% 100841.% 130690.% 638147.% 388753.% 139785.% 65318.% 0.3 7800.% 397581.% 154232.% 377551.%
1978% 164323.% 84707.% 29488.% 675817.% 184383.% 139785.% 52164.% 2.4 7800.% 0.9 176160.% 7800.%
1979% 159602.% 82187.% 81715.% 636993.% 250277.§ 139785.% 41049.4 0.3 7820.% 16536@0.% 161958.%  161585.%
1980% 174992.% 100245.% 25333.¢ 675705.% S504273.% 139785.% 55763.% 2.4 7800.% 293713.% 202103.% 28@953.%
1981% 307468.4 70621.4 159405.% 685802.3 877447.¢ 139785.% 23880.% 2.3 7800.% 840919.% 234372.% 789854.%
1982% 60229.% 89837.% 17389.§ 631459.% 18@736.% 139785.% 73935.% 2.3 7800.% 67178.%  151599.% 70276.%
19834 34523.% 77230.% 16872.% 564752.% 115821.%  139785.% 40988.% 0.3 7800.% .4 103519.% 7800.%
1984% 59702.% 94117.% 16872.4 506338.4 102088.% 139785.% 32664.% 0.% 7800.% 0.3 50031.% 7800.%
1985% 159109.% 43237.% 16872.8 598209.% 476023.% 139785.% 31316.% @.3 7800.% 134352.% 237473.%  132747.%
1986% 153623.% 68758.% 16872.%  659074.% 94116.%  139785.% 58267.% 0.3 7800.% 9.3 150409.% 7800.%
1987% 676877.% 76981, 405317.§ 682417.% 305473.3% 139785.% 34690.% 0.% 7800.% 486159.% 200565.%  459928.%
1988% 71622.% 102878.% 16872.4 627161.% 52356.% 139785.% 51650.% 0.3 7800.% 2.3 78358.% 7800.3%
1989% 58472.%  103580.% 16872.% 558@52.% 182899.§ 139785.% 61340.% 0.% 7800.% 0.3 77004.% 7800.%



YEAR

1934%
1935%
19364
1937%
1938%
1939%
19403
19414
19424
1943%
19444
1945%
19463
1947%
1948%
19494
19504
1951%
1952%
1953%
19544
1955%
1956%
1957%
19584
1959%
1960%
1961%
1962%
19634
19644
1965%
19664
1967%
19684
1969%
1970%
1971%
1972%
1973%
1974%

CONDITIONAL PROBABILITY MODELING

FOR LCC & CCR
TOTAL FLOW TO THE BAY IN ACRE-FEET

JANS
90132.%
650.%
650.%
650.%
77248.%
650.%
650.%
1389.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
276399.%
11467.%
65¢.%
32658.%
650.%
650.%
650.%
650.%
650.%
650.%
175117.%
650.%
1986.%
650. %
7252.%
650.%
650.%

FEB$

65@.%
69115.%
652.%
652.%
650.%
652.%
650.%
6502.%
650.%
650.%
650.%
650.%
650. %
650.%
650.%
650.%
650.%
65@.%
337492.%
650.4
650.%
51187.%
650.%
652.%
650.%
65@.%
652.%
650.%
25768.%
650§
650.%
650.%
650.%
650.%
650.%

MARS
650.%
10183.%
65¢.%
650.%
650.%
650.%
65@.%
6473.%
6502.%
65¢.%
650.%
65¢.%
650.%
65¢.%
650.%
652.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
154992.%
6502.%
652.%
650.%
650.4
650.%
650.%
650.%
650.%
650.%
1975.%
650.%
5837.%
650.%
650.%
650.%
18815.%

APRS
11304.%
44439.%

650.%
650.%
55557.%
650.%
40814.%
151082.%
650.%
650.%
650.%
70518.%
650.%
65¢.%
650.%
136700, %
650.%
65¢.%
650.%
650.%
65¢.4
650.%
650.%
650.%
650.%
650.%
652.%
650.4
650.%
650.%
652.%
650.%
650.%
65¢.%
650.%
650.%
650.%
650.%
650.%
650.4
650.%

BASE1

** FI

MAYS
650.%
171065.%
83705.%
650.%
23761.%
650.%
58570.%
470532.%
652.%
650.4
650¢.%
19308.%
96867.%
93287.%
650.%
185473.%
65¢.%
650.%
65¢.%
650.4
650.%
650.%
650.%
367222.%
7394.%
650.%
650.%
652.%
650.%
650.%
650.%
90501.%
94424.%
65@.%
248523.%
650.%
40399.%
650.%
113579.%
650.%
650.%

NAL RUN **

JUNS
650.%
1456700, %
37827.%
650.%
650.%
15656.%
174620.%
116804.%
650.%
650.%
136489.%
18310.%
98534.%
a865.%
650.%
58073.%
55876.%
650.%
650.%
650.%
650. %
650.%
650.%
362058.%
12046.%
650.%
650.%
46027.%
650.3%
650.4
650.%
22622.%
22302.%
650.%
12519.%
650.%
134521.%
650.%
650.%
172897.4
650.%

JuLs

306094.%
650.%
65¢.%

6896. %

211293.9%

66688.%

457948.%
650.%
650.%
650.%
650.%

20539.%
650.%
61958.4
650.%
650.%
650.4
650.%
70827.%
650.%
650.%
65¢.%
70576.%
650.3%
650.%
1996.%
650.%
650.%
650.%
650.%
650.%
650.%
1550.%
650.%
650.%

127665.%
650.%

66766.%
650.%

AUGS
650.%
97647.%
650.%
650.%
652.%
650.%
30081.%
650.%
4633.%
650.%
650.%
650.%
11003.%
7473.%
650.4
13975.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
65¢.%
650.%
10230. %
650.%
650.%
650.%
650.%
65@.%
650.%
65¢.%
650.%
650.%
474190.%
650.%
6143.4%
19231.%

SEPS
650.%
331201.%
104081.%
650.%
650.%

186202,
419537,
650.
281758.
650.
241832.%
650.%
652.%
650.%
650.%
92456.%
650.%
167826.%
650.%
650.%
650.%
39249.%
15156. %
650.%
1536.%
650.%
650.%
650.%
650.%
650.%
650.%
1180042.%
650.%
650.%
650.%
590572.%
650.%
53899, %
138111.%

OCTS
659.4
39318.%
155835.4
652.4
650.%
8404.%
945.%
10802.%
39578.%
65¢.%
650.%
141618.%
485380.%
650.%
65@.%
650.%
650.%
650.%
650.%
43778.%
650.%
650.%
650. %
72627.%
229176.%
174329.%
128025.%
650.%
650.%
650.%
152424.%
650.%
650.%
160221.%
650.%
650.%
650.%
838248.%
650.%
419680.%
650.%

NOV$
51646.%
650.%
9198.%
650.%
650.%
650.%
17606.%
650.%
650.%
650.%
650.1
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
18743.%
650.%
650.%
650.%
34870.%
166871.%
2046.%
64241.%
650.%
650.%
650.%
650.%
658.%

" 650.%
2925.%
65¢.%
38519.%
650.%
60671.%
650.%
45102.%
1321.%

ANNUAL

DECS
1670.% 164819,
650.% 2243721.
3132.% 703121.
650.% 7800.
650.4 162416.
650.%  44071.
18344.% 554873,
650.4 1081037.
650.% 917896.
650.% 7800,
65@.% 424747.
650.% 254954.
650.% 938165.
650.% 136303.
650.% 7800,
650.%
650.%
650.%
650.%
650.%
650.%

LR R F N R R K LR R K

77977.
650.§ 7800.
650.% 7800.
650.% 880576.

5920.% 1277322.
650.% 193683.

46522.$ 245524.
650.% 146648.%
650.% 7800.%
650.% 7800.%
650.% 159574.%
650.¢ 119623.%
650.% 123227.%

10474.% 1358863.%
65@.% 469351.%

26689.% 63709.%
650.% 187943.%

14348.% 2109592.%
650.% 127331.%

4365.% 772103.%
650.$ 182679.%

Lol oK o ol R ol o X




1975%
1976%
1977%
1978%
19794
19803
1981%
1982%
1983%
1984%
1985%
19863
1987%
1088%
1983%

650.%
650.3%
36163.%
650.%
650.%
650.%
650.4
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%

650.%
650.%
14974.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%

650.%
650.%
1880.%
650.%
650.%
650.%
650.%
650.%
650.4
650.%
650.%
650.%
650.%
650.%
650.%

650.%
650.%
244257.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%

57287.%
659.%
66253.%
650.%
650.%
3116.%
106251.%
63126.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%

93121.%  43107.%
650.% 66833.%
10124.% 650.%
650.% 650.4%
154435.% 650.%
5180.% 650.%
491903.% 126339.%
650.% 650.%
650.% 650.%
65@.% 650.%
650.% 10376.%
650.% 650.%
364836, B8S92.%
650.% 650.%
650.% 650.%

650.%
29861.%
650.%
650.%
650. %
256567.%
650.4%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%

650.%
76012.%
650.%
650.%
650.%
10891.%
44270.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%

650.% 650.%
133918.% 241615.%
650.% 650.%
650.% 650.%

650.% 650.%
650.% 650.%
79784.% 27408.%
650.% 650.%
650.% 650.%
650.% 650.%
21828.% 93750.%
650.% 650.%
650.% 650.%
650.% 650.%
650.% 650.%

650.%
97585.4%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
650.%
1593.%
650.%
650.%
650.%
650.%

199365.%
649722.%
377551.%
7800.%
161585.%
280953.%
789854.%
70276.%
7800.%
7800.%
132747.%
7800.3%
459928.%
7800.%
7800.%



CONDITIONAL PROBABILITY MODELING  BASE1 ** FINAL RUN **
FOR LCC & CCR
TOTAL SUPPLY DELIVERED TO CALALLEN

P e e e 4 e e 4 e e e m s e e m e e e e a e e e e e e e e e e e e
[P WY FE VR RS R R R R R o R R R R T R R R T A

FEBS

=]
(=]
[58)
~
A P N R B R N B N R O TN O R W O O N O W R D R O R R R O P R Y R

MARS

APRS MAYS
------- $ -————-%

10959.%  11336.%
10959.% 11336.%
10959.% 11336.%
10959.%  11336.%
10959.% 11336.%
10959.% 11336.%
10959.%  11336.%
19959.% 11336.%
10959.% 11336.%
10959.%  11336.%
10959.% 11336.%
10959.% 11336.3%
10959.% 11336.%
18959.% 11336.%
10959.4% 11336.%
10959.%  11336.%
10959.% 11336.%
10959.% 11336.%
10959.%  11336.3%
10959.% 11336.%
1€959.% 11336.%
10959.%  11336.%
10959.% 11336.%
10959.% 11336.%
10959.%  11336.3%
12959.% 11336.%
10959.4% 11336.%
10959.%  11336.%

18959.4% 11336.%
12959.% 11336.%
10959.% 11336.%
12959.% 11336.%
10959.%  11336.%
18959.% 11336.%
1@959.% 11336.%
10959.% 11336.%
10959.% 11336.%
10959.% 11336.%
10959.% 11336.%
12959.% 11336.%
10959.% 11336.%

JUNS

11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.
11765.%

LS X R R R N R oK R R R R R KR o R R SRR R R R R RN R R N T R S

JuLs

13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%

e
[¥Y]
W
(V]
oo
oo

13338.
13338.
13338,
13338.
13338.
13338.
13338.
13338,
13338,
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%
13338.%

4 B LR oA R B0 PR oS

AUGY

13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%
13325.%

SEP$

10894.%
10894.%
10894.%
12894.%
10894.%
10894.%
10894.%
10894.%
10894.%
12894 .%
10894.%
10894.%
10824 .%
108%4.%
10894.%
10894.%
10894 .
19894,
10894 .
10894.
10894,
10894 .
10894,
18894,
10894.
10894,
10894,
10894.
10894.
18894.
10894,
10894.
10894.%
10894.%
10894.%
10894.%
10894 .%
10894.%
10894.%
16894.%
10894.%

O S S R S N A DR OR R R OR R Y A U

ocTs

10582 .%
10582.%
12582.%
10582.%
10582.%
10582.%
10582 .%
18582.%
10582 .%
10582 .4
10582.%
10582.%
10582 .%
10582.%
16582.%
12582.%
18582.%
10582.%
10582.%
10582.%
10582.%
10582 .%
10582.%
10582.%
10582.%
10582.%
10582.%
10582 .%
10582.%
10582.%
10582 .%
10582.%
10582.%
10582.%
10582.%
10582.%
10582.%
10582.%
10582.%
10582.%
10582.%

DECS

(P R R R R N R X R R R RN R R R R R R R R R I R S A SR N R

ANNUAL

130000.%
130000, %
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000. %
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000. %
130000.%
130000.4%
130000, %
130000.1
130000.%
130000. %
130000. %
130000. %
136000.%
130000. $
130000.$
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%
130000.%



1975%
1976%
1977%
1978%
19794
1980%
1981%
1982%
1983%
19844
1985%
1986%
1987%
19883
19893

9412.
9412.
9412.
9412.
9412.
94]12.
9412.
9412.
9412.
9412.
9412,
9412.
9412.
9412.
9412.

T O oS OO OO PR OR R OR R ON oM OB O OO

8632.
8632.
8632.
8632.
8632.
8632,
8632.
8632.
8632.
8632.
8632,
8632.
8632.
8632.
8632.

$

Lo ol LR R R R R K R X

10465.
10465,
10465.
10465.
10465.
10465.
10465,
10465 .
10465.
10465.
19465.
10465,
10465.
10465.
10465,

W R D 0 M S T WD R G0 A N P R S

10959.%
10959, %
19959.%
1@959.%
10959. 4%
10959, %
10959.%
10959, %
10959.%
12959.%
10959.%
10959.%
10959.%
10959.%
10959.%

11336.%
1133