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WRC RELOCATED 
IN TEMPORARY QUARTERS 

The Water Resources Center 
has been relocated in the 
Textile Research Center 
facility until completion 
of a renovation of the old 
portion of the Civil 
and Mechanical Engineering 
Building. 

The new location is just 
northwest of the old one. To 
reach the WRC proceed under 
the arcade along the south 
face of the newly-remodeled 
Industrial Engineering Build
ing to the arched passageway 
leading to a central court, 
then turn right to enter the 
building proper; once inside, 
the door immediately to the 
left opens into the WRC and 
the Harold Hinn Conference 
Room. WRC Secretary Raynell 
Keller is now located nearby 
in Room 137 and Acting 
Director Lloyd V. Urban is in 
Room 139. Address and 
telephone numbers for the 
Center remain the same. 

A DO-IT-YOURSELF WATER 
RESOURCES AUDIT FOR 
SMALL MUNICIPALITIES 

Planning for the future 
in a small community is fre
quently a haphazard task. 
This may be attributed to (a) 
lack of personnel with time, r· initiative, ability, respon
sibility and/or authority; 
(b) lack of data on past and 
present conditions on which 
to base future projections; 
(c) lack of perception of 

the community's needs; and 
( d) lack of success in pre
vious planning efforts due to 
changing community leader
ship. A sound plan should be 
based on current and pro
jected needs, should be 
workable, should be flexible, 
and should be capable of 
execution by the successive 
occupants of city hall. 

While the technical prob
lems of facility design will 
normally be handled by a con
sulting engineer, his ser
vices can be rendered far 
more efficient if the com
munity has prepared a clear 
and accurate summary of its 
current status and probable 
future needs. 

A universally applicable 
questionnaire, accompanied by 
instructions for aiding the 
preparer in locating informa
tion that may not be on hand, 
on which a community can base 
its pre-engineering studies 
was prepared by Kathleen 
Marie Trauth and included as 
pages 58-204 of her thesis 
for the degree of Master of 
Science in Civil Engineering 
granted in August 1985. The 
study was directed by Dr. 
Urban and valuable input to 
it was provided by the High 
Plains Underground Water 
Conservation District No.1; 
the City of Levelland, Texas, 
which helped in the prepara
tion of the audit; and the 
City of Wolfforth, Texas, 
which validated the questions 
of the audit and provided 
comments and suggestions 
based on a field test. 

This audit proceeds through 
the three phases of gaining 
an overview of the water re
sources of the community, 
identifying the problem 
areas, and setting goals and 
devising plans and management 
strategies to meet them. 

There are five specific 
goals to be attained through 
the implementation of the 
audit. The first of these is 
to identify the conservation 
potential, both in the opera
tion of the water system and 
in the habits of its custom
ers. 

T he next goal is to red uce 
the volumetric demand. This 
may be accomplished by de
creasing the amount of un
accounted-for water, adjust
ing water rates to reflect 
true costs, and emphasizing 
water-saving appliances and 
practices. 

The third goal is to reduce 
peak demand in order to delay 
expansions of the water sup
ply system. 

The fourth goal is to real
ize the potential uses of 
wastewater and stormwater for 
park and other irrigation, 
power plant and other cooling 
water requirements, recrea
tional lakes, sale to irri
gators of agricultural land, 
and other possible purposes. 
I n many cases, treating - for 
discharge may be more expen
sive than treating for reuse. 

The fifth goal is to pro
mote the responsible manage
ment of water resources. 
This involves understanding 
the value of water and 



operating the system 
accordingly, considering 
long-term effects when 
setting policy, and studying 
many alternatives, even un
orthodox ones, before making 
management decisions. Pro
visions for coping with 
system failures, droughts, 
and fire fighting require
ments must be included. 

The most important attri
bute of the audit is its 
"self-help" format. By 
providing a series of ques
tions, ~he audit helps a 
community that is interested 
in assessing its water 
resources, but that may not 
know where to begin or 
exactly what questions to 
ask. The audit itself is a 
complete package. Specific 
questions are asked, and 
instructions aid the audit 
preparer in locating informa
tion that may not be on 
hand. 

Some of the information 
collected by using the audit 
may form· a4ata base for the 
city. Other information 
could be assembled with a 
view towards making changes 
in the management and/or 
operation of the water 
systems. The evaluation 
guide included with the audit 
will assist the city in 
determining where problems 
exist in the systems. It 
will also offer some possible 
solutions and direct the user 
to the portions of the audit 
that provide the information 
to help make decisions. 

The next step in the study 
is to perform further field 
testing of the audit. Three 
cities ranging in population 
from 1,000 to 2,000, from 
5,000 to 10,000, and over 
10,000 are being sought to 
cooperate in the test. 
Cities or towns in the High 
Plains area that are 
interested in participating 
with the WRC in the study 
are encouraged to contact 
Dr~' Lloyd V. Urban, Acting 

Director, Water Resources 
Center, Texas Tech Univer
sity, P.O. Box 4630, Lubbock, 
TX 79409, or telephone 806-
742-3597. 

A VAILABILITY OF THESES 

Theses are seldom published 
in quantities sufficient for 
general circulation. For 
those written at Texas Tech, 
however, one or more copies 
are always placed in the Uni
versity Library where they 
are shelved in the southeast 
corner of the first level of 
the stacks under the general 
call number AC 805 T3. They 
are arranged alphabetically 
under the author's name by 
years. Thus, Ms. Trauth's 
thesis would be found at its 
appropriate place in the 1985 
series. 

Access to the stacks may be 
had from the Periodicals 
Department on the second 
floor of the Library. On 
leaving the elevator, turn 
rig.ht and enter. the .. xerox 
room a few feet away; the 
other door of this room opens 
into the thesis area. If you 
have any questions, you will 
find the librarians friendly 
and helpful. 

Circulation of library 
material is restricted to 
students and faculty of Texas 
Tech, and to members of 
either of two supporting 
groups: the Friends of the 
Library and the Ex-Student~ 
Association. In addition, 
library material may be 
borrowed by any public or 
school library on inter
library loan. The xerox 
facilities mentioned earlier 
are available for your use 
(10 cents per sheet with 
discounts for large num
bers) • 

RECENt WRC PUBLICATIONS 

During recent months the 
WRC has published two re
ports: 

CLABORN, B • J .; URBAN, 

Lloyd V: and OPPEL, Sharon 
E.: Frequency of Significant 
Recharge to the Ogallala 
Aquifer from Playa Lakes. 24 
p., July 1985. (Financed in?"\ 
part by the U.S. Geological 
Survey through the Texas 
Water Resources Institute). 

URBAN, Lloyd V.; CLA
BORN, B.J.; and RAMSEY, 
R. H.: Aq uifer Rechar ge from 
Playa Lakes: Research Status 
-Fall, 1985. 65 p., November 
1985. 

If interested, please con
tact the WRC for avail
ability. 

THE IDENTIFICATION OF 
ANA TOMICAL FEATURES 
THAT INSTILL DROUGHT 
RESISTANCE IN CROP 

PLANTS 

Among the activities of the 
Water Resources Center one of 
the more effective for bring-
ing a wide base of expertise 
to bear on the solution of 
problems in water conserva-.-.... 

. tlOlL an.d_<l.eveloR.mellt i.sthe I 
management of a state-funded "
research grant program. For 
the 1985-86 school year 
twenty faculty members sub
mitted proposals for re
search to be conducted by 
graduate students working 
toward advanced degrees 
under their supervision. 
Due to budget constraints, 
it was possible to fund only 
nine of these. The follow
ing summary of one of last 
year's projects by Dr. Jerry 
Berlin, Acting Chairman, 
Department of Biological 
Sciences, gives a glimpse of 
the potential for reducing 
drought risks in crops while 
simultaneously decreasing 
the amount of water required 
for their irrigation. 

For a host of reasons, many 
crops on this planet are."1 
grown under marginal con- '-.... 
ditions. Without irrigation, 
much of West Texas agricul
ture would certainly fall 
into such a category. In all 



likelihood, the use of irri
gation for agricultural 
purposes will decline in the 
future due to the depletion 
of the Ogallala Aquifer, in
creasing competition for 
irrigation water by municipal 
and industrial users, and the 
increased costs of irrigation 
water. There are several 
possible solutions to this 
problem. For example, one 
could attempt to change crops 
and there has been consider
able investigative interest 
in "pote-ntial" crops. The 
conversion of agriculture 
from a crop such as cotton to 
a potential, but unproven, 
crop would req uire new 
methods for cultivation, 
harvesting, and marketing 
and would appear to be 
unlikely to happen. Other 
possible solutions would be 
to bring in new sources of 
water or to reallocate exist
ing water supplies. Although 
water diversion can be envi
sioned, there are strong po
litical pressures that must 
be overcome to manipulate 
water that "belongs" to 
someone else. An attractive 
solution would be to improve 
the drought tolerance of 
existing crops and this is 
the approach that we have 
chosen. Today, this would be 
accomplished by conventional 
plant breeding; however, it 
may be possible in the near 
future to use techniques from 
the rapidly emerging field of 
Biotechnology, e. g. , the 
technique of recombinant 
deoxyribonucleic acid (DNA) 
to incorporate a piece of 
foreign genetic material, 
DNA, into plants to make them 
more drought tolerant. A 
major problem in either of 
these approaches is the 
identification of drought 
tolerant traits. 

It is unquestioned that 
plants have evolved numerous 
anatomical features to 
prevent desiccation and to 
ensure the survival of the 

species. Survival is not 
always related to crop pro
ductivity or yield. Thus, 
for the past several years, 
I have been interested in 
identifying structures that 
would enhance the water use 
efficiency of cotton. For 
example, this past year, in a 
project funded by the Water 
Resources Center, my labora
tory identified a structure 
called an "internal cuticle" 
in electron micrographs of 
leaves from certain cotton 
strains that appeared to 
exhibit drought resistance. 
Leaves are typically covered 
with an external cuticle 
which is well known to 
prevent water loss by 
reducing evaporation at the 
leaf surface. A vast amount 
of water exits the leaves 
through stomata (tiny pores) 
that open and close depending 
upon various environmental 
conditions. One possibility 
for reducing the loss of 
water from plant leaves would 
thus be to decrease stomatal 
frequency and/or pore size. 
Unfortunately, not only does 
water exit the leaf through 
stomata, but these pores are 
the only path for carbon 
dioxide to enter the leaf. 
Without photosynthetic carbon 
dioxide fixation, and the 
subsequent formation of 
sugars, there would be no 
plant growth or crop yield. 
Thus, there is seemingly 
little that one can do with 
stomata. 

On the other hand, the in
ternal cuticle, which is 
found predominantly in the 
substomatal chambers, may 
turn out to be a structure 
that will permit reduction 
in water loss· without 
adversely affecting the rate 
of carbon dioxide fixation. 
This is because water loss 
and carbon dioxide uptake 
occur at different places 
within the interior of 
leaves. There is now good 
evidence that most of the 

water (93¥0) evaporates from 
the cell surfaces immediately 
underneath the stomata in the 
region called the substomatal 
chamber. In contrast, carbon 
dioxide absorption occurs 
throughout the interior of 
the leaf at all the cell 
surfaces. Therefore, our 
finding of an internal 
cuticle that could retard 
water loss without affecting 
carbon dioxide absorption 
could well provide a means we 
could exploit to enhance the 
water use efficiency of 
cotton on the High Plains of 
We!3t Texas. We are currently 
working with Dr. Jerry 
Quisenberry, a Research 
Geneticist with the USDA, to 
identify those cotton strains 
that have a thick internal 
cuticle in the substomatal 
region and to correlate its 
presence with a reduction in 
water loss from the leaf. 

WATER QUALITY AS A 
DETERMINANT OF RECRE
A TIONAL POTENTIAL IN 
MACKENZIE STATE PARK 

Following a feasibility re
port in October 1968 by 
Freese, Nichols, and Endress, 
the City of Lubbock created 
four small man .. made lakes in 
Yellowhouse Canyon on a 
usually-dry tri,butary of the 
Brazos River which flows 
from northwest to southeast 
through the City. MacKenzie 
Lagoon, an earlier pond with 
a maximum. depth of about 
three feet, a width of 30 to 
130 feet, and a length of 
about a quarter of a mile 
was left largely untouched 
between two of these lakes. 
The Canyon Lake System is 
suppUed by reclaimed waste
water pumped from a mound 
under Gray's farm a few miles 
downstream, and from storm
water runoff. 

Brian J. Fuerst submitted 
a thesis for his degree of 
Master of Science in Civil 
Engineering in December 1985 



reporting on field and, labo
ratory studies to determine 
the sultab111ty of the water 
quality in MacKenzie Lagoon 
for recreational purposes and 
the means of improving any 
substandard conditions found 
to exist. The thesis and its 
supporting research were 
prepared and conducted under 
the supervision of Dr. Robert 
M. Sweazy, former Director of 
WRC. 

While it was determined 
that the lagoon was in com
.pliance ,with standards for 
secondary contact (boating) 
most of the time, even dur
; fng heavy rainfall in July, 
it was found that bacterial 
densities increased dramati
cally shortly after rainfall 
events. The large duck pop
ulation in MacKenzie Park 
and the potential effect of 
,cottonseed processing wastes 
were suspected, but found not 
to be major causes. Human 
pollution, perhaps from an 
undetected sewer leak and 

certainly from storm sewers, 
is .the basic source. The 
effluent from Gray's farm 
makes no significant contri
bution. 

"The chemical quality of 
the lagoon water [1n contrast 
to the bacteriological] was 
surprisingly good consider
ing the wide variety of 
sources of contaminants. 
Many of the chemical constit
uents often found in water 
supplies in West Texas were 
in lower quantities in the 
lagoon than in Lubbock's 
municipal water." 

Corrective actions, all of 
which may require rather 
large costs with probably 
only limited benefits, were 
analyzed. These included 
street cleaning, particu-
larly in the watershed of the 
lagaoon; treatment of storm
water flows; diversion of 
storm sewers now discharging 
to the canyon to new outlets 
below MacKenzie Park; dredg
ing (the most cost-effective 
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method) to secure the in
creased aesthetics associated 
with deeper water and to 
limit the resuspension of 
bacteria from the sedimentl'"\ 
when it is disturbed by 
recreational acti vities; 
creation of wetlands or de
tention basins in Yellowhouse 
Canyon do.wn stream of, major 
storm sewer outlets to ac
complish nutrient reduction 
through plant uptake as well 
as to cause additional bac
terial die-off by increasing 
the detention time; use of 
algicides; flushing by hi
creasing the flow from Gray's 
farm; and intensifying shore
line sanitation. It was 
recommended that several of 
these be studied in detail 
and that an optimum combina
tion of them be determined. 

e .. 


