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WRC IN NEW HOME 

After a two-year wait, the 
WRC has returned to the Civil 
and Agricultural Engineering 
Building in which it now 
occupies offices in the 
north end of the second 
floor. It can be reached 
most conveniently by enter
ing the doors near the east 
center of the building 
(adjacent to a parking lot 
having limited visitor 
parking) , and taking the 
elevator. The Agricultural 

~Engineering Department is 
. housed to the north of the 

entrance lobby on the first 
floor and the Civil Engi
neering Department is housed 
to the south. 

Small conferences (8 to 10 
participants) can be held in 
the library room of the 
center. Lar ger rooms are 
also available in the 
building. 

The environmental suite of 
laboratories, offices, and 
storage rooms occupies most 
of the southern half of the 
basement with access from the 
same elevator mentioned as 
serving the WRC. It is also 
accessible from the older 
portion of the building by 
means of an elevator opening 
to the south lobby of the 
building. 
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DR. TONY MOLLHAGEN 
NAMED DIRECTOR OF 

ENVIRONMENTAL SCIENCE 
LABORATORY 

The Water Resources Center 
(WRC) is pleased to announce 
the appointment of Dr. Tony 
Mollhagen as Direccor of the 
Civil Engineering Depart
ment's Environmental Science 
Laboratory (ESL). A trans
planted Kansan, he received 
B.S. and M.S. degrees from 
Fort Hays State University 
where he was broadly trained 
in Field Biology and Ecology. 
He received his Ph.D. from 
Texas Tech University in 
1976. 

Dr. Moilhagen )OIOS the 
faculty after serving in the 
Department of Preventive 
Medicine and Community 
Health of the Texas Tech 
University Health Sciences 
Center (TTUHSC) in which 
he served ten year) at the 
Pesticide Hazard Assessment 
Project, a contract research 
extension laboratory of the 
TTUHSC in San Benito, in the 
Lower Rio Grande Valley of 
Texas. As Director of that 
facility for the past five 
years, Dr. Mollhagen per
formed studies of ground
water and soil contamina
tion, air monitoring, and 
human exposure assessment on 
behalf of the U.S. Depart
ment of Health and Human 
Services, the U. S. Envi
ronmental Protection Agency, 
and the U. S. Geological 
Survey. 

Dr. Mollhagen's initial 



duties include the sub
stantial task of overseeing 
the relocation of the ESL 
into newly-renovated space 
in the Civil and Agricul
tural Engineering Building. 
He reports that this is "not 
an entirely unpleasant job 
since there is substantial 
work and storage space, and 
that the laboratory was 
clearly designed to accom
modate not only cur rent, 
but also developing tech
nologies associated with 
environmental testing. It's 
a rare circumstance, but as 
yet there has been no need 
to modify any of the utili
ties to get the first of our 
instruments up and running." 

According to Dr. Mollhagen, 
"the objective of the ESL is 
the performance of, and the 
training in, efficient 
production of high quality 
data." This effort will 
ultimately serve the three 
distinct but not unrelated 
interests of the Department 
of Civil --£ngineef'ing --fC~ 
and the WRC: research, 
teaching, and service. 

"At the outset we must 
revalidate the laboratory 
procedures currently used 
in water resources research. 
Before new projects are 
undertaken, we must verify 
that there has been no loss 
of preCision and accuracy in 
any of our analytical methods 
resulting from the moving of 
the equipment. Then we must 
move on to adapting and 
perfecting procedures for 
new studies. 

"The faculty teaches a 
number of courses involving 
groundwater, drinking water, 
and wastewater issues. 
Virtually every course in
cludes a section on evalu
ating chemical measurements. 
While many are standard 
methods, the performing of 
the test, or the training on 
the instrumentation required, 
is so long that it has beeh 
difficult to work more than 
just the simplest procedures 
into the teaching· process. 
We want to change this 
situation and we are going 
to make a supreme effort to 
put more of this technology 
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at the fingertips of our 
students. Since the stu
dents are not going to have 
more time, we must stream-
line the training process. ~ 
And, we will soon begin 
developing Simplified test-
ing manuals adapted to our 
laboratory. In the not too 
distant future we expect to 
integrate these methods onto 
interactive videodiscs to 
speed up training even more. 

"Finally, between the 
faculty in various depart
ments at Texas Tech and the 
laboratory, the WRC now has 
ready access to the exper
tise and facilities to 
address an even greater 
range of water quality 
issues on behalf of the 
citizens of West Texas and 
the rest of the state. The 
laboratory will eventually 
provide routine testing 
service for those analyses 
that cannot be obtained 
elsewhere. " 

LEE'S THESIS AIDS· --,-t1 
GROUNDWATER STUDIES 

Tehfang Lee completed his 
thesis for the degree of 
Master of Science in Civil 
Engineering in September 
1987 by presented "A Mathe
matical Model for Estimation 
of Vertical Air Permeability 
in the Unsaturated Zone. " 
This study was supervised 
by a faculty committee of 
which K. A. Rainwater was 
chairman and B. J. Claborn 
and R. H. Ramsey were 
members. 

In general, a zone exists 
between the ground surface 
and the water table 
(a surface below which all 
voids between solid part
icles are fully saturated 
with water) in which the 
voids contain air and water 
in amounts which vary ~ 
with time and location. The 
flow of water into and within 
this unsaturated zone is 
of prime concern in under
standing groundwater re-



charge (natural or arti
ficial) and the transport 
of pollutants. 

The problems inherent in 
",such phenomena have been 
, studied over many years. 

For a situation in which the 
soil particles could be 
idealized into a matrix of 
properly packed spheres, 
mathematical models have been 
created which give consistent 
resuUs. These have been 
generalized and applied to 
the less homogeneous matrix 
of soils as" they often occur 
naturally to obtain results 
which often can be used to 
obtain satisfactory indi
cation of the behavior of air 
and water in the unsaturated 
zone. 

Lee's contribution to this 
field of investigation 
consists of the development 
of a mathematical model for 
the estimation of -the 
vertical air permeability in 
a layered unsaturated system. 

,,-... T he model is based on the 
, relationships between baro

metric pressure fluctuations 
in the atmosphere and the air 
pressure within the un
saturated pores below the 
ground surface. 

T he estimation of vertical 
air permeability by means of 
such a model has advantages 
over laboratory analyses 
which inevitably involve a 
disturbance of the natural 
state and are limited by 
considerations of cost and 
time to relatively small 
samples. A knowledge of air 
permeability is basic to the 
estimation of both air and 
water flow. 

The equations and computing 
routines developed by Lee 
were applied to a model of 
the unsaturated zone 
overlying the OgaUala 
aquifer near Wolfforth, 

,-.,Texas, which had been 
" '- developed in a joint study 

of the feasibility of the 
secondary recovery of water 
in that vicinity by the High 

Plains Underground Water 
District No.1, the Texas 
Tech University Water 
Resources Center and the City 
of Wolfforth in 1984. 

The model, when used to 
predict the pressure changes 
in the unsaturated zone 
caused by barometric pressure 
variation, or, inversely, 
when used to estimate air 
permeabilities of the soil 
using a given pressure 
record, gave satisfactory 
results for three of the 
four selected test sites. 
Knowledge of the number and 
thickness of the unsaturated 
layers is critical for 
accurate use of the model. 

MIKE DING INVESTIGATES 
THE IMPACT OF ACID 

SOLUTIONS ON 
WINDOW GLASS 

In recent years, consider
able publicity has been 
focused on acid rain. Con
cern has been particularly 
strong in the northeastern 
United States and eastern 
Canada where increased 
aCidification of lakes has 
resulted in the decline 
of plant and animal 
populations. 

The objective of ongoing 
research in the Water 
Resources Center is to 
evaluate the effects of acid 
solutions with a pH value of 
3 on the strength of window 
glass. The acid solutions 
used in this study are 
sulfuric acid, nitric acid, 
hydrochloric acid and various 
combinations of these acids. 
In an experiment undertaken 
by Mike Ding in his thesis 
research 1680 pieces of glass 
(7" x 7") were exposed to 
daily application of acid for 
a 90-day weathering period. 
The ring-on-ring tester was 
applied to determine the 
strength . characteristics of 
the window glass plate 
samples. The next procedure 
to be employed will be the 

use of statistical methods to 
analyze the variation of 
strength between the window 
glass samples treated by 
acids and original ones. 

SA THIYAKUMAR COMPLETES 
DOCTORATE 

Dr. Neelakandan Sathiya
kumar's dissertation, ac
cepted in December 1987 and 
entitled Secondary Recovery 
of Groundwater by Air In-
jection--A Finite Element 
Model, describes the 
continuing effort of the 
Water Resources Center to 
develop the mathematics 
necessary to model the 
effects of air injection 
into the unsaturated zone 
for the purpose of recover
ing water which is retained 
against the force of gravity 
by capillary forces. Data 
collected during the six-day 
air injection test near 
Idalou, Texas, during June 
1982 were used to measure 
the validity of the radial 
flow model. The variation 
in water content, air 
pressure, and water levels 
predicted by the model were 
similar to those measured. 
The model is computer 
resource intensive; the next 
step is to formulate a three 
dimensional model which will 
require access to a super 
computer for implementation. 
As a result of this work, 
Dr. Rainwater and Dr. 
Claborn have submitted a 
proposal to the Texas Water 
Resources Institute (USGS 
funding) to investigate 
using air injection to 
contain the movement of 
a plume of contaminated 
groundwater. 

After graduation in 
December, Dr. Sathiyakumar 
accepted a pOSition with an 
environmental consulting firm 
in New York state. 



, 
WRC CO-SPONSORS SEMINAR 

ON THE SAFE DRINKING 
WATER ACT 

The Water Resources Center 
at Texas Tech joined the 
High Plains Underground 
Water Conservation District 
No. 1 (HPUWCD); HDR Engi
neering, Inc. of Dallas; 
and the High Plains Branch 
of the American Society of 
Civil Engineers in pre
senting a seminar on the 
new Federal Safe Water Act 
at TTU on January 28. The 
comprehensive one-day semi
nar concerned itself with 
such questions as the intent 
of Congress, the imple
mentation of the Act by 
EPA and the States, the 
Act's legal implications, 
its impacts on water 
utilities, the technologies 
that will be required, and 
the preparation utilities 
should make now for the 
future. 

WATER RESOURCES CENTER; 
TEXRS TECH UNNERSrrY; 

P.O. BOX 4630 

lUBBOCK, 1X 79409 

Dr. Lloyd Urban, Director 
of the WRC, opened the 
session and led the panel 
discussion that followed 
t he six presentations: 

- .Importance of Safe 
Drinking Water Act (A. Wayne 
Wyatt, Manager, HPUWCD); 

- Summary of Major Re
quirements . of Federal Safe 
Drinking Water Act Amend
ments 1986 (Gordon L. 
Culp, P.E., Executive Vice 
Prsident, HDR Engineering, 
Inc.); 

- Legal Implications of 
the Safe Drinking Water Act 
(Robert H. Lloyd, Attorney; 
Lloyd, Gosselink, Ryan and 
Fowler) ; 

- Alternatives/Solutions to 
Comply With the Safe Drinking 
Water Act (William B. Hagood, 
P.E., Vice President, HDR 
Engineering, Inc.); 

- Re,gulatory Age~cy Status 
on Implementing Safe Drink
ing Water Act (Linda B. 
Wyatt, P.E., Regional Engi
neer, Texas Department of 
Health); and ~ 

- State Finance Assistance 
for Municipal Water Supply 
Systems (Sonny Kretzschmar, 
P .E., Deputy Administrator, 
Texas Water Development 
Board) • 

Dr. Ernst W. Kiesling, 
Chairman, Department of 
Civil Engineering, TTU, was 
host for lunch. 
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