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This document is a product of the Trans–Texas Water Program: Southeast Area. The pro-
gram’s mission is to propose the best economically and environmentally beneficial methods
to meet water needs in Texas for the long term. The program’s three planning areas are the
Southeast Area, which includes the Houston-Galveston metropolitan area, the South-Central
Area (including Corpus Christi), North-Central Area (including Austin) and the West-
Central Area (including San Antonio).

The Southeast Area of the Trans–Texas Water Program draws perspectives from many or-
ganizations and citizens. The Policy Management Committee and its Southeast Area sub-
committee guide the program; the Southeast Area Technical Advisory Committee serves as
program advisor. Local sponsors are the Sabine River Authority of Texas, the Lower Neches
Valley Authority, the San Jacinto River Authority, the City of Houston and the Brazos River
Authority.

The Texas Water Development Board is the lead Texas agency for the Trans–Texas Water
Program. The Board, along with the Texas Natural Resource Conservation Commission, the
Texas Parks & Wildlife Department and the Texas General Land Office, set goals and poli-
cies for the program pertaining to water resources management and are members of the
Policy Management Committee.

This is the final version of this document.

Brown & Root and Freese & Nichols are consulting engineers for the Trans–Texas Water
Program: Southeast Area. Blackburn & Carter and Ekistics provide technical support. This
document was written by:

Brown & Root, Inc. Jeff Taylor
Phong Hoang
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The Trans-Texas Water Program
(TTWP) Southeast Area Phase I

Report identified seven water management
alternatives for possible inclusion in its
TTWP Southeast Water Management Plan.
This current memorandum analyzes the
viability of implementing one of these al-
ternatives, water conservation.

In traditional water supply planning, pro-
jections of future water needs are used to
determine the size of future water supply
development options such as new reser-
voirs or groundwater well fields.  Demand
management analyses techniques are in-
tended to manipulate water usage charac-
teristics that alter the computed water need
projections. Successful demand manage-
ment strategies facilitate more efficient use
of existing water supplies, allow existing
supply sources to serve demands for a
longer period of time, and delay the need to
develop new supply options.

The specific management technique under
consideration in this study is water conser-
vation.  The analysis develops assumptions
about the implementation of specific con-
servation measures on total water demand
and on specific water use types.  The an-
ticipated demand reduction associated with
these measures is calculated as the volume
of conservation “savings”.   The revised
water demand projections reflecting con-
servation efforts are then evaluated against
the originally projected water demand de-
fined within the TTWP Planning Informa-
tion Update.  The value of advanced con-
servation as a demand management strat-
egy in the Southeast Area is illustrated
through an analysis of its impact on the
area’s future demand projections.

It should be noted that the water demand
projections in the Planning Information
Update are derived from a demand sce-
nario that contains an “expected” amount
of water conservation.  These projections
assume a per capita reduction in long-term
water demand resulting from the imple-
mentation of the 1991 State of Texas Wa-
ter Efficiency Plumbing Act.  This Act
mandates the exclusive use of low-flow
plumbing fixtures in all new construction.

The water conservation management strat-
egy defined in this study assesses the vi-
ability of an “advanced” degree of water
conservation. “Advanced” water conserva-
tion is defined as the implementation of
conservation measures sooner and in addi-
tion to the “expected” conservation sce-
narios. These measures are intended to
strive aggressively for increased levels of
water use reduction.  Advanced conserva-
tion produces a larger quantity of water
savings than the expected water conserva-
tion scenarios used in the Consensus State
Water Plan and in the TTWP Phase II
Planning Information Update  document.

The Water Conservation memorandum is
structured to discuss the following:

• Expected Conservation

• Advanced Conservation

• Water supply and availability with Ad-
vanced Conservation

• Environmental impacts

• Implementation costs

1. Introduction
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To assess the potential opportu-
nity for advanced levels of con-

servation, we must review the analytical
basis of the existing TTWP water demand
projections. The TTWP Planning Infor-
mation Update (September 1997) pre-
sented future water demand projections for
the Southeast Area of the TTWP.  Six wa-
ter use classifications were defined for
planning purposes: municipal, manufac-
turing, irrigation, livestock, mining, and
power.  Each category has specific vari-
ables affecting its demand projections.

2.1 Water Use Projections

The municipal water use projections are
based upon assumptions regarding three
components: population projections, per
capita (or unit) water use, and forecasts of
the efficiency of conservation measures.
Municipal demands include both residen-
tial and commercial sector uses.  A “Most
Likely” municipal water use scenario was
created for planning purposes.   This sce-
nario reflects the following parameters:

• “Most Likely” Population Migration,

• Per Capita Water Use associated with
Below Normal Rainfall, and

• Expected or Advanced Conservation
Savings.

The current TTWP municipal projections
are based on an “expected” level of con-
servation.  “Expected” conservation proj-

ects the potential water savings anticipated
from both market forces and regulatory
requirements, particularly the 1991 State
of Texas Water Efficiency Plumbing Act.
Table 1 defines the “expected” conserva-
tion factors embedded within the municipal
use projections.  A more detailed descrip-
tion of expected conservation scenarios
and on the computation of the base level of
conservation incorporated in TTWP water
demand projections is included in both the
Planning Information Update  and the
Texas Water Development Board’s Con-
sensus Planning documents.

Future demand projections for the manu-
facturing and irrigation use categories also
have expected levels of water conservation
defined.  Conservation in these categories
is a function of industry type, industry
specific water use efficiencies, and the
potential for improved efficiencies in irri-
gation.  The remaining water use catego-
ries, steam power, livestock, and mining,
do not have an associated quantity of con-
servation included within the projections.

2.2 Projected Water Demands

Demand projections within the Planning
Information Update  grow from 2,555,300
acre-feet per year in 1990 to 3,839,600
acre-feet per year in year 2050. The eight-
county Houston region represents over 70
percent of the total water demand for the
entire 32 county TTWP Southeast study

2. Expected Conservation

Table 1: Components of Municipal Water Conservation Savings

Area of Savings Potential Expected Conservation Savings

      Indoor Plumbing Savings                       20.5 gal./capita/day
      Seasonal Water Savings                       7% of total seasonal use
      Dry-Year Irrigation Savings                       10.5% of dry-year seasonal use
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area. The eight counties of the Houston
region are Brazoria, Chambers, Fort Bend,
Galveston, Harris, Liberty, Montgomery,
and Waller. These counties occupy all or
part of the Trinity, San Jacinto and Brazos
River basins as well as the Neches-Trinity,
Trinity-San Jacinto and San Jacinto-
Brazos coastal basins. The San Jacinto
River basin, which includes Harris and
Montgomery counties, represents over 30
percent of the total study area demand.
The TTWP Southeast Area boundary di-
vides Brazoria and Fort Bend Counties,
therefore only the data corresponding to
the TTWP region within those two counties
is considered in this analysis.  Figure 1
shows the TTWP Southeast Area and the
eight-county Houston region.  Within the
Southeast Area, the counties with the larg-
est total demand projections are Harris,
Montgomery and Fort Bend.

Appendix A has further detail on popula-
tion and water demand projections for
counties within the TTWP Southeast Area.
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Figure 1:  Trans-Texas Water Program Southeast Area





Trans–Texas Water Program Page 7

An “Advanced” water conserva-
tion strategy is designed to pro-

duce reductions in water use greater than
those produced under the “expected con-
servation” scenarios. The existing TTWP
water demand projections, as defined in the
Planning Information Update , do not in-
corporate any of the “advanced” conserva-
tion scenarios developed by TWDB in the
Consensus Planning process.  Developing a
strategy for advanced conservation for the
Southeast Area requires an analysis of the
current water demand patterns and the po-
tential impacts on demand as a result of
implementing additional conservation
measures.

3.1 Defining a Water Conservation
Strategy

Water demand patterns in TTWP Southeast
Area are characterized by a number of
factors that help define an appropriate
water conservation management strategy.
These factors include the area’s total water
demand, the percentage of each type of
water use demand within the total, the
growth of specific water use demands, the
ability of local governments to control
water use, the cost of implementing con-
servation measures, and other locally spe-
cific issues.   In the Southeast Area the
following conditions must be considered.

• Less than 15 percent of total Southeast
Area demand is used for irrigation,
livestock, steam power generation and
mining uses.  In addition to the rela-
tively low projected water use, these
uses predominately occur in the water-
rich, eastern part of the study area. A
conservation strategy aimed at these

use categories would yield very low
levels of water savings.

• Irrigation demands in the Southeast
Area are projected to decrease from
721,092 acre-feet per year in year
1990 to 469,917 acre-feet per year in
year 2050.  This represents a 35 per-
cent decline in irrigation water use
principally brought about by market
forces reducing agriculture in southeast
Texas. Even within the highly urban-
ized Houston Metro Area, water use in
the irrigation category is projected to
decrease.  With irrigation uses declin-
ing in the area there is little impetus to
implement conservation measures
within this use category. Table 3 from
the Planning Information Update  (in-
cluded in Appendix A) provides detail
on the declining irrigation demand in
the Southeast Area.

• Increases in the manufacturing use de-
mands across the Southeast Area indi-
cate an opportunity for demand savings
through conservation. The implemen-
tation of conservation measures within
the manufacturing category, while war-
ranted, are more difficult to mandate.
In addition, developing effective manu-
facturing conservation measures re-
quires detailed knowledge of specific
industrial processes and the techno-
logical opportunities for water effi-
ciencies within each industry.  Public
water suppliers and regulatory agencies
establish conservation guidelines for
the manufacturing industry but it is
market forces associated with reduced
cost of production that provide the

3. Advanced Conservation
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greatest incentive for industrial conser-
vation nation-wide.

 The “expected” level of conservation in-
cluded in the current demand projec-
tions is based on industry’s implemen-
tation of more water efficient processes
as a reaction to cost competitive
forces. This “expected” level of con-
servation is realistic for the Southeast
Area and is recommended as the ap-
propriate manufacturing use projection
for TTWP.

• The greatest potential for water sav-
ings from advanced conservation lies
within the municipal use category.
This category includes water uses, gen-
erally within cities, that include resi-
dential, commercial, retail, institu-
tional, and light manufacturing.  State
and local governments and regional
water suppliers have a wide range of
alternative approaches available to im-
plement advanced levels of conserva-
tion within this water use category.
These approaches include legislation,
pricing policies, building code re-
quirement, and landscaping ordinances.

Conservation savings resulting from the
implementation of the 1991 State of
Texas water-efficient plumbing fixture
legislation vary across the Southeast
Area.  In general, rural areas with
lower commercial retail institutions,
and manufacturing demand, use less
municipal water than urban areas and
will not therefore realize the same lev-
els of “expected” conservation savings.
Anticipated water savings will also not
accrue as quickly in rural areas.

Based on the distribution of total demand
throughout the study area, an Advanced
Conservation demand management strategy

should be targeted to address those por-
tions of the Southeast study area which
exhibit the largest municipal water de-
mands, and the greatest rates of growth.
The implementation of advanced conserva-
tion measures in these areas has the great-
est potential to yield significant water
savings where they are most needed.  The
levels of savings produced under the “ex-
pected” conservation scenarios in low wa-
ter demand areas, such as the East Texas
regions within the Sabine and Neches
River basins, are appropriate. These re-
gions are projected to have a large quantity
of surplus available water supply through-
out the 60-year planning period as shown
in the Planning Information Update data.

An advanced conservation management
strategy designed to reduce water use in
the high demand section of the study area
is indicated. Therefore, an advanced wa-
ter conservation strategy consisting of
water reduction measures specific to the
municipal uses in the Houston Metro
area is recommended.

3.2 Expected vs. Advanced Con-
servation

The primary differences between the ex-
pected and advanced conservation savings
scenarios are timing and the selection of
appropriate conservation measures.  The
majority of additional savings reflected in
the advanced conservation cases developed
in the TWDB Consensus Planning  pro-
gram result from accelerating the imple-
mentation of the Texas Water Efficiency
Plumbing Act and from water suppliers
implementing other programs which en-
courage or require increased water effi-
ciency from end-users.
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The Consensus Planning process developed
independent forecasts of unique advanced
conservation patterns for each county in
the Houston Metro area.   These conserva-
tion patterns are incorporated into the ad-
vanced conservation scenario projections
of municipal water use at the county level
for each decade in the planning time frame.

To determine the amount of water demand
specifically related to advanced water con-
servation, a comparison of water use pro-
jections between the expected and ad-
vanced conservation demand scenarios was
made. The reduction in total water demand
resulting from advanced conservation
measures is computed by subtracting the
projected municipal demand from the Ad-
vanced Conservation Scenario from the
“Most Likely” municipal demand for each
projected decade. Figure 2 illustrates the
relationship of the expected versus the ad-
vanced conservation municipal demand
projections for the Houston Metro Area.
Appendix B contains several tables that
detail the difference between the expected
and advanced scenarios for each Houston

Metro county and river basin.  Table 2
contains the projected conservation savings
resulting from an advanced level of con-
servation for counties within the Houston
Metro area by basin.

The total quantity of conservation savings
directly attributable to the advanced con-
servation measures varies from 23,880
acre-feet per year in year 2000 to a maxi-
mum level of 64,773 acre-feet per year in
year 2020. The quantity of conserved sav-
ings decreases slightly from year 2020 to
63,626 acre-feet per year in year 2050.
The total quantity of water savings for the
entire planning period is approximately
2,657,000 acre-feet. The rate of conserva-
tion savings follows the same pattern with
the maximum percentage of water savings
from advanced conservation occurring
around year 2020 and the rate of maximum
of about 6.3 percent in year 2020.  Ad-
vanced level savings as a percentage of
total demand decrease from year 2020 to
approximately 4.7 percent of water de-
mand in year 2050.
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Figure 2:  Comparison of Projected Municipal Water Demand with Conservation
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Table 3 defines the projected water demand
for the Advanced Conservation Scenario
by basin, in the Houston Metro area.

3.3 Advanced Water Conservation
Measures

The City of Houston recently completed
their water conservation program.  The
final report, City of Houston Water Con-
servation Plan, March 1997 , projected an
annual average net water savings reduction
of  approximately 22 million gallons per
day (24,700 acre-feet per year) through the
year 2050 planning period.  This repre-
sents an annual reduction in projected wa-
ter demand of approximately 7 percent.
This would represent approximately 40
percent of the amount projected in TTWP’s
advanced conservation scenario for the to-
tal Houston Metro area water conservation
savings.

The City of Houston program savings  are
projected to result from implementation of
a set of 12 specific conservation measures.
These measures affect several water usage
categories including: residential, commer-
cial, public, and other programs.  The
Other category includes unaccounted-for
water leak detection, rehabilitation, and
educational programs for both the public
and in schools.  In general, the identified

measures consist of water audits, appli-
ance labeling, institutional water facility
rehabilitation, and educational programs.
Appendix C contains a listing of these
measures.

These 12 programs were selected from an
initial list of over 200 potential conserva-
tion measures using the computer simula-
tion program, Water Plan 2.0 . Determina-
tion of the most suitable measures was
based on criteria including an acceptable
benefit-cost ratio, reasonable cost, signifi-
cance of water savings, and acceptable
non-quantifiable impacts.

Based on the level of projected water sav-
ings, each measure was evaluated on its
viability for achieving the TTWP advanced
conservation goals.  The measures selected
for the City of Houston program should be
considered typical of the types of measures
necessary to achieve the TTWP advanced
conservation goals for total Houston Metro
area’s water demands.

Table 2: Houston Metro Advanced Conservation Savings on Municipal Demand

WATER  SAVINGS  (acre-foot / year)
COUNTY 1990 2000 2010 2020 2030 2040 2050

BRAZORIA n/a 972 1,945 2,551 2,415 2,139 2,616
CHAMBERS n/a 123 259 339 337 307 325
FORT BEND n/a 1,841 3,801 6,181 7,058 7,717 9,381
GALVESTON n/a 1,312 2,737 3,447 3,406 3,133 3,353

HARRIS n/a 17,887 36,150 46,891 45,209 38,805 41,031
LIBERTY n/a 274 605 736 712 599 663

MONTGOMERY n/a 1,309 2,664 4,054 4,454 4,677 5,539
WALLER n/a 162 398 574 591 611 718
TOTAL 0 23,880 48,559 64,773 64,182 57,988 63,626
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Table 3:  Projected Metro Area Municipal Water Demand with Advanced Conservation

BASIN / COUNTY 1990 2000 2010 2020 2030 2040 2050
Brazos Basin 15,590 19,595 22,728 26,730 32,858 39,682 47,067
    Brazoria 1,678 2,160 2,142 2,205 2,461 2,657 3,012
    Fort Bend 9,937 12,953 15,558 18,860 23,911 29,597 35,467
    Waller 3,975 4,482 5,028 5,665 6,486 7,428 8,588

NechesBasin/ Liberty Co. 287 280 280 286 308 336 355

Neches-Trinity Basin 1,883 1,787 2,001 2,334 2,572 2,702 2,703
    Chambers 925 1,180 1,402 1,680 1,875 2,015 2,131
    Galveston 935 596 588 642 684 673 557
    Liberty 23 11 11 12 13 14 15

San Jacinto Basin 483,803 606,032 653,300 724,062 783,659 859,433 917,765
    Fort Bend 12,117 12,855 16,097 20,159 25,817 32,249 40,327
    Harris 441,790 552,559 589,858 648,252 690,348 747,024 783,369
    Liberty 2,133 2,284 2,403 2,550 2,873 3,028 3,195
    Montgomery 26,851 37,086 43,457 51,420 62,642 74,831 88,164
    Waller 912 1,248 1,485 1,681 1,979 2,301 2,710

San Jacinto - Brazos Basin 106,896 140,936 155,509 175,874 202,454 230,743 256,562
    Brazoria 22,046 25,131 26,723 29,022 33,599 37,432 42,749
    Fort Bend 14,987 26,546 32,965 40,873 52,331 65,329 79,082
    Galveston 32,752 38,716 40,572 44,079 49,436 53,464 56,651
    Harris 37,111 50,543 55,249 61,900 67,088 74,518 78,080

Trinity Basin 5,671 5,929 6,040 6,476 7,212 7,791 8,403
    Chambers 656 644 728 877 991 1,074 1,132
    Liberty 5,015 5,285 5,312 5,599 6,221 6,717 7,271

Trinity-San Jacinto Basin 14,292 19,510 20,744 22,697 24,173 26,516 28,195
    Chambers 1,264 1,620 1,699 1,871 2,010 2,142 2,232
    Harris 12,951 17,806 18,962 20,739 22,067 24,269 25,849
    Liberty 77 84 83 87 96 105 114

Metro Area Total 628,422 794,069 860,602 958,459 1,053,236 1,167,203 1,261,050
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The TTWP Planning Informa-
tion Update determined the

period of time for which existing water
supplies (groundwater and surface water)
within the Southeast Area can satisfy fu-
ture projected water demands.  This analy-
sis was conducted for each river basin and
shown in Table 12 of that report.  Table 13
of that report then assessed the availability
of existing Southeast Area water supplies
to meet the future projected water demands
for the state-wide TTWP region. These
tables are included in Appendix D.  Tables
12 and 13 support the following general
conclusions:

• Current existing Southeast Area water
supplies can meet all projected South-
east Area demands through year 2010.

• The Brazos river basin will experience
the earliest water supply shortfalls
within the Southeast Area by year
2020.

• The San Jacinto River basins (San
Jacinto, San Jacinto-Brazos and Trin-
ity-San Jacinto) within the Houston
Metro area will experience initial water
supply shortages by year 2030 and
these shortfalls will become increas-
ingly significant thereafter.

• East Texas river basins retain signifi-
cant quantities of available supply
through the 2050 planning period.

• The Southeast Area has sufficient ex-
isting water supplies to serve the state-
wide TTWP region.

The value of the advanced water conserva-
tion strategy can be measured by assessing
its ability to extend the length of time that

existing available water supplies can serve
projected demands.  The advanced water
conservation strategy is evaluated by in-
serting basin level reduced water demands,
as determined in Section 3, into the above
referenced water supply availability tables.
The revised tables reflect the reduced de-
mands associated with an Advanced Con-
servation Scenario for the municipal de-
mand of counties in the Houston Metro
area. Table 4 and Table 5 illustrate the im-
pact of accelerated conservation in the
Houston Metro region on the Southeast
Area and state-wide TTWP water avail-
ability.

A comparison of Table 12 and Table 4 in-
dicates that many of the conclusions sup-
ported by Table 12 of the Planning Infor-
mation Update remain valid in the Ad-
vanced Conservation Scenario. The excep-
tion is with regard to supply shortfalls in
the San Jacinto River and Coastal basins.
Conservation savings are dispersed
throughout the Houston Metro area.  Ex-
isting supply can satisfy projected demand
in the San Jacinto River basin through
2030 and meet demand in the coastal ba-
sins through 2040.

Table 5 computes the impact of the ad-
vanced conservation water demands for the
entire TTWP region.  It indicates that un-
der Scenario 1, the worst case scenario, an
excess of 134,000 acre-feet per year will
be available in year 2050.  This is ap-
proximately 63,600 acre-feet per year
more than was available in year 2050 un-
der the Expected Conservation Scenario.

4. Water Supply and Availability
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1 Adapted from Trans-Texas Water Program
Southeast Area Planning Information Report .
Table 12:  Southeast Area Water Supply
Availability: 2000-2050. Brown & Root, Inc.
September 1996.

Table 4: Southeast Area Water Availability with Advanced Conservation Strategy1

Amount (Thousands of Acre/Feet-Year)
Trinity- San

Neches- San San Jacinto- Total
Category Sabine Neches Trinity Trinity Jacinto  Jacinto Brazos Brazos Southeast

2000
In-Basin Demands 86.0 261.4 329.8 138.3 142.5 932.1 459.5 426.6 2776.3
In-Basin Supplies    
   Groundwater 23.3 110.5 7.5 34.3 26.6 451.7 74.9 130.5 859.3
   Surface Water 1190.4 846.9 0.0 1356.4 0.0 257.7 57.8 488.2 4197.4
   TOTAL 1213.7 957.4 7.5 1390.7 26.6 709.4 132.7 618.7 5056.7
Surface Water Transfers        
   Imported Supplies 0.9 1.4 322.3 0.0 115.9 282.7 326.8 0.0 1050.1
   Export Demands 1.4 280.7 0.0 559.2 0.0 60.0 0.0 148.694 1050.0
In-Basin Reserves 282.9 209.1 0.0 0.0 0.0 0.0 0.0 0.0 492.0
Net Surface Water Availability 844.3 207.6 0.0 693.2 0.0 0.0 0.0 43.4 1788.5

 
2010  
In-Basin Demands 93.9 275.4 316.5 140.5 146.6 995.4 488.0 462.0 2918.3
In-Basin Supplies  
   Supplied by Groundwater 23.3 111.6 7.9 36.6 25.7 292.3 80.9 141.9 720.2
   Supplied by Surface Water 1190.4 846.9 0.0 1356.4 0.0 257.7 57.8 487.6 4196.8
   TOTAL 1213.7 958.5 7.9 1393.0 25.7 550.0 138.7 629.5 4917.0
Surface Water Transfers     
   Imported Supplies 1.0 2.0 308.6 0.0 120.9 505.4 349.3 0.0 1287.2
   Export Demands 2.0 279.6 0.0 792.4 0.0 60.0 0.0 153.2 1287.1
In-Basin Reserves 282.9 209.1 0.0 0.0 0.0 0.0 0.0 0.0 492.0
Net Surface Water Availability 835.9 196.4 0.0 460.1 0.0 0.0 0.0 14.3 1506.7

 
2020  
In-Basin Demands 102.4 287.3 304.3 143.4 150.9 1081.9 516.2 490.6 3077.0
In-Basin Supplies
   Groundwater 23.3 112.8 8.3 38.7 31.1 251.1 87.1 156.1 708.5
   Surface Water 1190.4 846.9 0.0 1356.4 0.0 257.7 57.8 487.1 4196.3
   TOTAL 1213.7 959.7 8.3 1395.1 31.1 508.8 144.9 643.2 4904.8
Surface Water Transfers    
   Imported Supplies 1.0 2.6 296.0 0.0 119.8 633.1 371.3 0.0 1423.9
   Export Demands 2.6 267.0 0.0 931.9 0.0 60.0 0.0 162.3 1423.8
In-Basin Reserves 282.9 209.1 0.0 0.0 0.0 0.0 0.0 0.0 492.0
Net Surface Water Availability 826.8 199.0 0.0 319.8 0.0 0.0 0.0 -9.7 1335.8
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Table 4: Southeast Area Water Availability with Advanced Conservation Strategy Continued

Amount (Thousands of Acre/Feet-Year)
Trinity- San

Neches- San San Jacinto- Total
Category Sabine Neches Trinity Trinity Jacinto  Jacinto Brazos Brazos Southeast

2030  
In-Basin Demands 111.0 299.4 302.9 147.6 155.3 1155.6 554.0 526.8 3252.5
In-Basin Supplies
   Groundwater 23.4 114.6 8.7 41.2 27.9 266.3 87.8 169.4 739.3
   Surface Water 1190.4 846.9 0.0 1356.4 0.0 257.7 57.8 486.6 4195.8
   TOTAL 1213.8 961.5 8.7 1397.6 27.9 524.0 145.6 656.0 4935.1
Surface Water Transfers      
   Imported Supplies 1.0 4.1 294.2 0.0 127.4 691.6 408.4 0.0 1526.7
   Export Demands 4.1 265.2 0.0 1023.7 0.0 60.0 0.0 173.7 1526.7
In-Basin Reserves 282.9 209.1 0.0 0.0 0.0 0.0 0.0 0.0 492.0
Net Surface Water Availability 816.8 191.9 0.0 226.3 0.0 0.0 0.0 -44.5 1190.5

 
2040  
In-Basin Demands 123.1 321.7 306.6 158.8 165.6 1258.2 604.5 580.7 3519.2
In-Basin Supplies
   Groundwater 23.5 116.3 8.8 43.8 29.6 280.5 88.8 181.1 772.4
   Surface Water 1190.4 846.9 0.0 1356.4 0.0 257.7 57.8 486.0 4195.2
   TOTAL 1213.9 963.2 8.8 1400.2 29.6 538.2 146.6 667.1 4967.6
Surface Water Transfers     
   Imported Supplies 1.0 4.6 297.8 0.0 136.0 698.0 457.9 0.0 1595.3
   Export Demands 4.6 268.8 0.0 1072.6 0.0 60.0 0.0 189.3 1595.3
In-Basin Reserves 282.9 209.1 0.0 0.0 0.0 0.0 0.0 0.0 492.0
Net Surface Water Availability 804.3 168.3 0.0 168.8 0.0 -82.0 0.0 -103.0 956.4

 
2050  
In-Basin Demands 135.8 344.8 310.5 174.0 178.3 1343.2 653.2 636.2 3776.0
In-Basin Supplies
   Groundwater 23.6 118.3 9.0 46.7 31.0 291.8 89.7 197.3 807.4
   Surface Water 1190.4 846.9 0.0 1356.4 0.0 257.7 57.8 485.4 4194.6
   TOTAL 1214.0 965.2 9.0 1403.1 31.0 549.5 147.5 682.7 5002.0
Surface Water Transfers   
   Imported Supplies 1.1 4.9 301.5 0.0 136.0 698.0 473.1 0.0 1614.6
   Export Demands 4.9 272.6 0.0 1072.6 0.0 60.0 0.0 204.5 1614.5
In-Basin Reserves 282.9 209.1 0.0 0.0 0.0 0.0 0.0 0.0 492.0
Net Surface Water Availability 791.5 143.7 0.0 156.5 -11.3 -155.7 -32.6 -158.0 734.0
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2 Adapted from Trans-Texas Water Program
Southeast Area Planning Information Report.
Table 13: Trans-Texas Water Program Supply
Availability: 2000 - 2050. Brown & Root,
Inc. September 1996.

Table 5: Trans-Texas Water Program Supply Availability with Advanced Conservation Strategy2

Amount (Thousands of Acre-Feet/Year)
Scenario  2000 2010 2020 2030 2040 2050

Scenario 1
Available Southeast Supply 1788.5 1506.7 1335.8 1190.5 956.4 734
West-Central Demand 150 300 450 600
Net Surface Water Availability 1788.5 1506.7 1185.8 890.5 506.4 134

Scenario 2
Available Southeast Supply 1788.5 1506.7 1335.8 1190.5 956.4 734
West-Central Demand 100 200 300
Net Surface Water Availability 1788.5 1506.7 1335.8 1090.5 756.4 434

Scenario 3
Available Southeast Supply 1788.5 1506.7 1335.8 1190.5 956.4 734
West-Central Demand 0 0 0 0 0 0
Net Surface Water Availability 1788.5 1506.7 1335.8 1190.5 956.4 734
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Demand management strate-
gies are designed to affect the

patterns and characteristics of water use.
These types of water resource management
strategies generally require little or no
construction and are not associated with
the environmental disruption brought about
by traditional supply development activi-
ties. There are however potential environ-
mental impacts as a result of conservation
activities.

The types of anticipated environmental im-
pacts resulting from a water conservation
strategy can be seen by using the City of
Houston Water Conservation Program as a
model. The City of Houston program con-
tains 12 conservation measures. Only three
of the measures, Public Fountain/Pool
Audit and Repair, Standards for New
Fountains/Pools, and Unaccounted-For
Water, involve structural rehabilitation of
water system facilities.  Construction re-
lated activities associated with these types
of measures will be limited to existing
public rights-of-way and utility easements,
generally located within the urban envi-
ronment of the city.  Compliance with cur-
rent construction related environmental
protection regulations (i.e. National Pol-
lutant Discharge Elimination System
(NPDES) stormwater, etc.)  will limit the
potential for environmental disruption.

Other potential types of environmental im-
pacts relate to water quantity reduction
within rivers, streams, bays and estuaries.
While conservation reduces the quantity of
flow entering receiving streams, the rela-
tive rate of reduction is minimal. The
quantity of conserved water is small rela-
tive to the total amounts of flow within the

Houston Metro water systems.  As such,
the anticipated impact to flow volumes
within receiving streams will be very mi-
nor.

A potential social impact is related to the
cost of water to residents.  Water conser-
vation has the potential to increase water
rates to compensate for a loss of revenue
from water sales by the utility.  The  City
of Houston Water Conservation Plan  dis-
cussed this issue and concluded that the
rate of reduced water use from water con-
servation would have a minimal impact
(1.5 percent) on the price of water to the
customer.  That report documented that the
price impact from reduced water sales is
offset from the positive impact of deferred
capital cost expenditures of water and
wastewater treatment facilities that would
have been required at a sooner date with-
out water conservation3.  See Sections 6
and 7 from that report for a complete dis-
cussion of this issue.

                                                  

3City of Houston Final Draft Water Conser-
vation Plan . March 1997.

5. Environmental Impacts
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The cost of implementing the
recommended advanced con-

servation strategy is based on the cost of
implementing each of the various conser-
vation measures. A detailed cost analysis
of the City of Houston conservation meas-
ures was used as a basis to develop an ad-
vanced conservation strategy program cost
for the Houston Metro area of the TTWP.

The cost of implementing the various con-
servation measures varies significantly.
Appendix D of the City of Houston Con-
servation Plan, contains projected imple-
mentation costs and resultant quantities of
water savings for each of the recommended
conservation measures for each year
through the planning period.  This TTWP
analysis uses the same cost basis for each
measure as was used within the City of
Houston study.  As shown, many of the
measures require a short-term initial cost
investment that then produces a long-term
water savings. This data is shown in Ap-
pendix E of this report.  To determine the
cost of implementing the advanced conser-
vation management strategy for the entire
Houston Metro area, the total annual pro-
gram cost was applied to the projected
conservation savings for the entire region.

Table 6 shows that the total cost of imple-
menting an advanced conservation strategy
for the TTWP Southeast Area for the 50
year planning period is approximately
$319 million.  This equates to an average
water cost of approximately $120 per acre-
foot of water.  As shown, the annual cost
varies from $3.5 million during the decade
from year 2000 through year 2009, to $7.6
million during the decade from year 2030
through year 2039.

A life cycle cost analysis was performed to
illustrate the present worth cost of this
strategy.  The following financial factors
were used in the life cycle cost analysis:

• Program implementation was assumed
to begin in year 2000 and to continue
through the planning period until year
2050.

• Capital costs were assumed to be fi-
nanced over 50 years at an interest rate
of 8.5 percent per year.

• The discount rate was set at 4.5 per-
cent.

• The inflation rate was set at 4.5 per-
cent.

Table 6 shows that the total present worth
of the entire 50-year conservation program
is approximately $97 million.  As shown,
the computed annual present worth cost
ranges from $3.1 million in year 2000  to
$686,000 in year 2049.  Financing of a
conservation program however functions
differently than most of the other potential
TTWP water management strategies.  Wa-
ter conservation can be implemented on an
annual basis with resultant costs financed
at the time of implementation of each
measure.  Other management strategies
require the total financing of the capital
improvement at the time of construction of
that improvement.  A conservation strategy
allows more flexibility concerning the use
of available funds.  An additional benefit
occurs with water conservation should the
entire 50-year program be financed in year
one of the program.  The total cost of the
program is significantly reduced.

6. Implementation Costs
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Table 6:  Houston Metro Area - Advanced Conservation Savings  Life Cycle Cost Analysis

Savings     Annual Conservation Present Value
Year Acre-feet per year Implementation Cost of A.C.I.C. (1997 $)
2000 23,880 3,505,508 3,071,865
2001 23,880 3,505,508 2,939,584
2002 23,880 3,505,508 2,812,999
2003 23,880 3,505,508 2,691,865
2004 23,880 3,505,508 2,575,947
2005 23,880 3,505,508 2,465,021
2006 23,880 3,505,508 2,358,872
2007 23,880 3,505,508 2,257,294
2008 23,880 3,505,508 2,160,090
2009 23,880 3,505,508 2,067,072
2010 48,559 5,482,441 3,093,586
2011 48,559 5,482,441 2,960,369
2012 48,559 5,482,441 2,832,889
2013 48,559 5,482,441 2,710,899
2014 48,559 5,482,441 2,594,162
2015 48,559 5,482,441 2,482,451
2016 48,559 5,482,441 2,375,552
2017 48,559 5,482,441 2,273,255
2018 48,559 5,482,441 2,175,364
2019 48,559 5,482,441 2,081,688
2020 64,773 7,500,524 2,725,316
2021 64,773 7,500,524 2,607,958
2022 64,773 7,500,524 2,495,654
2023 64,773 7,500,524 2,388,186
2024 64,773 7,500,524 2,285,345
2025 64,773 7,500,524 2,186,933
2026 64,773 7,500,524 2,092,759
2027 64,773 7,500,524 2,002,640
2028 64,773 7,500,524 1,916,402
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Table 6:  Houston Metro Area - Advanced Conservation Savings Life Cycle Cost Analysis -
Continued

Savings     Annual Conservation Present Value
Year Acre-feet per year Implementation Cost of A.C.I.C. (1997 $)
2029 64,773 7,500,524 1,833,877
2030 64,182 7,572,345 1,771,711
2031 64,182 7,572,345 1,695,417
2032 64,182 7,572,345 1,622,409
2033 64,182 7,572,345 1,552,544
2034 64,182 7,572,345 1,485,688
2035 64,182 7,572,345 1,421,711
2036 64,182 7,572,345 1,360,489
2037 64,182 7,572,345 1,301,903
2038 64,182 7,572,345 1,245,841
2039 64,182 7,572,345 1,192,192
2040 57,988 7,072,640 1,019,682
2041 57,988 7,072,640 975,772
2042 57,988 7,072,640 933,753
2043 57,988 7,072,640 893,544
2044 57,988 7,072,640 855,066
2045 57,988 7,072,640 818,245
2046 57,988 7,072,640 783,009
2047 57,988 7,072,640 749,291
2048 57,988 7,072,640 717,025
2049 57,988 7,072,640 686,149
2050 63,626 7,760,291 720,441

TOTAL 2,657,446 319,094,875 97,317,777
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The key findings of the water
conservation management

strategy analysis consist of the following:

• The recommended “advanced” water
conservation strategy consists of an
aggressive program of conservation
measures focused on the municipal
water use category for the eight county
Houston Metro area.

• The proposed City of Houston water
conservation measures will produce
water reductions compatible with the
level of  reductions defined within this
TTWP water conservation management
strategy.  Potential conservation meas-
ures include education, water audits,
unaccounted-for water system reha-
bilitation, and appliance labeling.

• The projected level of reduced munici-
pal water demand for the entire Hous-
ton Metro area ranges from 23,880 to
64,773 acre-feet per year.  This repre-
sents a savings of approximately 2.9 to
6.3 percent of the total projected
Houston Metro water demand. The to-
tal quantity of water savings for the
50-year planning period is approxi-
mately 2,657,000 acre-feet.

• The recommended conservation man-
agement strategy will reduce the short-
term water demand shortfalls projected
within the Brazos basin in decades
2020 and 2030, and will meet the San
Jacinto basin shortfall in year 2030.
Existing water supplies and the rec-
ommended conservation management
strategy will satisfy long-term South-
east Area water demand projections in

all other basins through approximately
year 2040.

• Existing water supplies coupled with
the conservation management strategy
can theoretically satisfy all of the wa-
ter demands for the state-wide TTWP
study area through year 2050 and re-
tain an excess of over 134,000 acre-
feet per year within the Southeast Area
river basins.

• The environmental impacts associated
with a water conservation strategy ap-
pear to be minimal.  Construction re-
lated impacts will be limited to loca-
tions within the interiors of buildings
and within the existing urban street-
scape.  Social impacts may result in
the form of potential short-term price
increases, but the rate of introduction
of conservation water use change ap-
pears small enough to minimize cus-
tomer rate impacts.

• The total capital cost of implementing
the advanced water conservation strat-
egy for the entire Houston Metro area
is approximately $319 million.  This
equates to a per unit water cost of ap-
proximately $120 per acre-foot.

7. Conclusion
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Appendix A Population and Water Requirements

Appendix B Houston Metro Conservation Data

Appendix C Expected Conservation Alternatives

Appendix D Water Supply Availability

Appendix E City of Houston’s Recommended Conservation Plan

8. Appendices


