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WR~ FUNDS EIGHT 
RESEARCH PR01ECTS 

When the Texas Tech Uni
versity Water Resources 
Center was established in the 
1960's one of its basic pur
poses was to provide funding 
for faculty and student 
research in water-related 
problems with particular 
emphasis on those most 
pertinent to West Texas. 
Many significant contri-

0butions to groundwater 
. management, crop and 

livestock practices under 
semiarid conditions, water 
reuse, minimization of 
pollution risks, management 
of surface waters, etc. have 
resulted. The program has 
made it possible for many 
graduate students to finance 
their education while working 
on real-life problems near 
the frontier of research to 
satisfy the thesis require
ments for an advanced degree. 
The State of Texas, the stu
dents, and Texas Tech have 
benefitted significantly from 
the program. 

Despite the present serious 
financial limitations funding 
has been made available for 
eight projects for the cur
rent school year. 

Summaries of the individual 
("-projects should appear in 

future newsletters as work on 
them progresses. 

FY 87 - Projects Funded 

1. Irrigation Yield Response 
for Cotton. 

2. A Continuation of Quality 
Characteristics of Lake 
and Recharge Water in 
Playa Lake Basins. 

3. Air Injection for Removal 
of Contaminants in the 
Unsaturated Zone. 

4. Optimizing Under-Utilized 
Water Resources for the 
Irrigation of High-Value 
Crops. 

5. Maximizing Water Use 
Efficiency in Cotton 
Production on the 
Southern High Plains 
of Texas. 

6. Continuation of Municipal 
Water Resources Audit. 

7. Chemical In Situ Oxida
tion for Rehabilitation 
of Aquifers--Laboratory 
Demonstration of Feasi
bility. 

8. Rising Ground Water in 
West Texas Municipali
ties--Economic Potential 
for Development. 

Principal 
Investigator/ 
Department 

A.L. Stoecker/ 
Agricultural 
Economics 

R. H. Ramsey/ 
Civil 
Engineering 

B.l. Claborn 
and Ken Rain
water /Civil 
Engineering 

Clifford Fedler 
and lames Grego
ry / Agricultural 
Engineering 

Dan Krieg/Plant 
and Soil Science 

L. V. Urban/Civil 
Engineering 

Harry W. Parker 
and Ken Rain
water /Chemical 
and Civil Engi
neering 

Ken Rai nwater , 
R.H. Ramsey and 
M. 1. Dvoracek/ 
Civil and Agri
cultural Engi
neering 



COST OPTIMIZATION IN WELL 
FIELD MANAGEMENT 

Many cities throughout the 
world depend on groundwater 
for all or a major portion of 
their municipal water supply. 
From modest beginnings with a 
well or two, such systems 
grow by the addition of wells 
as demand dictates. The 
total supply situation is 
often even more complex. New 
well fields and impoundments 
of surface water are often 
added in" an effort to keep 
the quantity of available 
water greater than the anti
cipated demand. 

T he rate at which water may 
be obtained from a well 
depends on many factors --
the capability of the aquifer 
in the vicinity of the well, 
the performance characteris
tics of the pump, the flow 
properties of the pipe net
work gathering the pumped 
water and conveying it to 
~l:eServoir s, etc. Seldom are 
any of these constant or even 
expressible by simple func
tional relations. 

With the higher energy 
costs of recent years manage
ment programs have been 
initiated to select the wells 
to be employed for appropri
ate ranges of water demand. 
In a typical "tree" layout 
of a well field a drop of 
water pumped has only one 
possible route to a storage 
tank. Even here, however, 
the pumping energy required 
is very seriously affected by 
flows in the gathering system 
from all other wells being 
pumped at the same time. 
tOr. B.l. Claborn, Dr. Ken 
Rainwater, Dr. Lloyd V. Urban 
and 1. S. Taylor, project 
engineer of Southwest Engi-
neers, Inc., Gonzales, Texas, 
are developing a program 
designed to provide the 
operator of a well field with 
a means of generating a list 
of wells ordered by in
creasing unit production 

costs. This list also 
indicates the cumulative 
production capacity of the 
wells. Both cost and output 
are based on computer
generated data on the current 
status of the well field. 
The list is intended to aid 
the operator in choosing the 
wells topump during the next 
8 to 24 hours.· During this 
interval, both the demand on 
the well field and the 
condition of the well field 
wlll change and it will be 
appropriate to update the 
list. 

In establishing such a list 
a "chicken and egg" situation 
confronts the compiler. The 
energy used by a particular 
pump depends on the length of 
time the pump has been in 
operation, the static water 
level; and the flow rate to 
the storage tank. But the 
flow rate to the storage tank 
depends on the choice that 
has been made of wells to be 
pumped. To solYiLtha problem 
dynamic programming which 
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considers every feasible 
combination of wells can be 
us~d. 

When it is realized that in 
a field with 20 wells. morel"""'\ 
than a million possible 
combination of 1 to 20, wells 
exist --- and that there is 
no way to know a priori which 
combination to exclude --- it 
can be seen that trial and 
error is inherently ineffi
cient. 

The authors presented a 
paper at the fall meeting of 
the Texas Section of the 
American Society of Civil 
Engineers at San Antonio in 
early October describing 
t heir research. 

A computer program de
signed for use by the city 
staff in operating Midland's 
Paul Davis Well Field is 
nearing completion. The well 
field, some thirty miles 
north of the city, presently 
contains 26 operational wells 

:!~I~O: ;~~I~n~~~1iJ!y.Of F~!'" 
the program to be fully'-
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A. TYPICAL "TREE" LAYOUT 01' WELL 'IELD ~ 
8. DETAIL OF CONNECTION OF WELL TO 

GATHERING SYST£M 
GATHERING 
SYSTEM 
PIPE 



effecti ve it will be neces
sary to update performance 
data on several of the 
pumps. 

"... Midland is presently ex
panding the well field to 
keep pace with increasing 
demands on a supply system 
consisting of two surface 
reservoirs (Lake E.V. Spence 
and Lake J. B. Thomas of the 
Colorado River Municipal 
Water District) in which the 
city has an allowable daily 
maximum of 13.5 mgd, the Paul 
Davis WeB Field, and the 
older McMillen Well Field 
which is recharged with up to 
5 mgd from the Paul Davis 
from November through April 
and then pumped to supply 
peaks during the months of 
higher demand. 

QUALITY CHARACTERISTICS 
OF LAKE AND RECHARGE 
WA TER IN PLAYA BASINS 

contact time with the and turbidity observed in 
physical, chemical and the filtrate obtained 
biological treatment pro- immediately after the lake 
cesses that are inherent in filled in May 1985. Values 
the soil matrix. from these tests were also 

The quality of the playa observed to increase for 
lake wa;er used for arti- filtrate in the aftermath of 
ficial recharge through runoff events that occurred 
injection wells is of con- after the initial filling of 
cern for two reasons. The the playa; their effects 
first is that suspended varied among the filter 
solids and biological growths configurations. 
cause clogging of the aquifer Conductivity of the 
anp thus reduce the rates of filtrates was higher than 
recharge with time. The that observed in the lake 
second is that the quality of water and it increased with 
the groundwater will time. This increase was 
deteriorate with time if a paralleled by the increases 
deleterious water recharges observed in the bicarbonate 
the aquifer through either which doubled or tripled. The 
artificial or natural means. levels of Ca2+ and Mg2+ also 

Studies being conducted by generally doubled in value 
personnel of the WRC to from the 'lowest levels 
circumvent problems with observed in the initial 
suspended solids by embed- sampling period. Chlorides 
ding filter units consisting and sulfates in the filtrate 
of various geotextiles were observed to decrease 
arranged in different with time from the start of 

Continued development of configurations in the soils sampling. Odors and bio-
~techniq~~~ ~~h_~~=, can be.9(~t&e ,,:i1~a,--laMb()ttOIJl'sl.tlgicalg~owth-s were- noted. in-
. t:ffI1n~<f . ----ro ~frrerany-- have been reported in the effluent pipelines from 

recharge playa lake water in previous news-letters. In some filters during the 
the West Texas area will be them playa lake waters sampling period. 
dependent on the quality percolate through a layer of As an aid in evaluating 
differences that exist soil and into the filter unit health effects if this re
between waters that are before flowing to the charge were to be used as a 
naturally recharged and injection well. Operation of source of municipal water, a 
those that are artificially the various filter units has lake water sample and a 
recharged. The annual amount demonstrated that per-colate composite filtrate sample 
of natural recharge to the could be produced in large were sent to the Texas 
Ogallala aquifer is low amounts through some of the Department of Health 
because of the small configurations that were laboratory in Austin for 
quantities of precipitation installed. evaluation. With the ex-
that occur normally in the Quality tests on both the ception of the hardness 
region, an annual rate of lake water and the percolate level of the filtrate sample 
potential evapotranspiration from the, fabric filters have (361 mg!l of CaC03), the 
that is three or four times been made. Differences were water samples met the EPA 
as large as the precipita- observed between the filtrate primary drinking water 
tion, torturous flow paths samples and the lake water. standards for inorganic 
that the percolating water is Runoff events that filled and chemicals and fluorlde and 
thought to follow through the refilled the playa were the exceeded the proposed 
small interstices that exist major determinants of the guidelines for secondary 
between the soil particles, quality characteristics of drinking standards only in 
and the great depth of soil both the playa lake water and iron and manganese content. 
through which percolating the percolate from the fabric In the aftermath of the 

~aters must flow before filters. filter runs during the summer 
intercepting the depleted Cracks in the soil above of 1985, three additional 
regional water table. The the filters may have caused filter systems using dif
quality of the naturaL the high levels of total ferent materials and con
recharge is assumed to be suspended material, total figurations were installed at 
high because of the increased volatile suspended material, the test site for evaluation 



of their percolate production 
potential. The areas covered 
by these filters were much 
larger than those in the 
original system. Therefore, 
a screened and gravel packed 
recharge well was installed 
next to the percolate 
collection point. 

Runoff filled the playa on 
August 4, 1986 and recharge 
operations occurred inter
mittently until the 
playa basin emptied October 
10, ,1986. Quality data were 
obtained. for percolate 
collected from the new filter 
units, lake waters and the 
recharge well. Suspended 
solids (SS) and turbidity 
results showed that the new 
filters were able to remove 
suspended solids. The 
geometric mean of the SS in 
the lake water was 172 mg/l 
for the period from August 4 
through September 25, 1986 
whereas the values for SS in 
the percolate from the 3 
filters were less than 5 

mg/l. Total dissolved solids 
(TDS) during the 1986 event 
showed an increase of over 
100 mg/l as the lake water 
percolated through the soil 
and the filter units. The 
analysis of the inorganic 
constituents during this 
event showed that the playa 
lake water and the filtrate 
were suitable for potable 
supplies. However, there is 
some concern about the 
quality of the groundwater. 
The 10 mg/l of fluoride 
measured in the groundwater 
sample prior to recharge 
exceeds the primary standards 
for this substance set forth 
by the EPA. 

The continued development 
of filter systems for 
recharge of playa lake 
water will be dependent not 
only on percolate production 
performance but also on the 
results obtained in filtrate 
and playa lake quality 
determinations. Additional 
information is needed to 
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determine if organic chemi
cals are present which might 
violate the drinking water 
standards. Future lake fills 
and the consequent filtrate 1"""\ 
production will continue to 
be monitored to determine if 
recharge quality is 
satisfactory for intended use 
as well as to aid in system 
operations. If sample 
analysis shows that filtrate 
of poor quality is being 
produced, the system can be 
shut down thus reducing the 
impact on the groundwater. 

.... 


