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     The Water Resources Center (WRC) annually supports small research projects, primarily aimed at solving specifc
problems or developing concepts for extramural support.  This year the WRC is funding two projects which will be
summarized in this newsletter:  Groundwater Balances for Recharge Estimation & Treatment of Perchlorate Contami-
nated Water
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by Drs. Ken Rainwater and David Thompson by Dr. Andrew Jackson and Audra Morse

Background
      Researchers affiliated with the WRC recently com-
pleted a regional modeling study of the High Plains Aqui-
fer system in the Southern High Plains of Texas and New
Mexico.  A major effort in that study was calibration of
the estimated contribution of recharge and irrigation re-
turn flow across the region, based on observed water
levels and reported groundwater withdrawals for the pe-
riod 1985-95.  The calibrated values for the total vertical
inflow rate to the aquifer were typically 1 to 5 in/yr,
much greater than previous estimates used by other
modelers.  The time allowed for that work did not permit
detailed evaluation of the local dis-
tributions of soil type, crop selec-
tion, irrigation withdrawals, or pre-
cipitation to further substantiate the
validity of the calibrated values.
Objectives
     This project is intended as a first
step in using modern mapping and
mathematical tools to better quantify
the estimates of actual vertical inflow
rates in the Southern High Plains.
The specific objectives of the
project may be summarized as the

Background
     Perchlorate (ClO

4
 or PC) contamination of groundwater

has recently become a major concern across the nation.
The EPA placed PC on the Contaminate Candidate List in
1998 and may develop a Health Advisory in the short term.
The State of California has established a current advisory
action level of 18 ppb in water.  Manufacturing or process-
ing of compounds such as ammonium perchlorate, a com-
ponent of solid rocket fuel, has taken place in some states,
and groundwater and surface water contamination by PC
has been reported in 14 states (Damian and Pontius 1999).
Texas has two major sites with extensive PC contamination.

Both of these sites discharge
groundwater and surface water to
large drinking water reservoirs, in-
cluding Caddo Lake, Lake Belton
and Lake Waco, and PC has re-
cently been detected in some of
these bodies.  In addition, PC has
been identified in the perched
aquifer at the Pantex Plant, which
makes perchlorate a High Plains
issue as well..
     Treatment of perchlorate con-
taminated water at water treat-

** continued on page 3 ** ** continued on page 4 **
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Explosives contamination is a major topic of concern
today.  There are hundreds of sites in need of
remediation.  One such site is the Department of
Energy's Pantex Plant in Amarillo, Texas.  The Pantex
Plant has asked TTUWRC to do research in conjunc-
tion with the Idaho National Engineering and Environ-
mental Laboratory (INEEL) in the area of explosives
remediation in soil.

This past summer Greg Crabtree, a graduate
research assistant at Texas
Tech, went to INEEL to aid
in the research effort.
Throughout the summer,
experiements were con-
ducted on gaseous carbon
source addition to enhance
the in situbioremediation
process.  The researchers
think that the carbon source
will act as a co-metabolite,
speeding up the rate of ex-
plosives degradation.  Sev-
eral studies were performed
on carbon source addition
and its effect on explosives remediation.

The studies that were conducted included both
batch and column studies.  The first batch study con-
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The WRC will continue its research efforts on long-term
wastewater recycling sponsored through NASA with the
award of a second year of funding.  Funding for this initiative
has increased by 25 percent.  The WRC investigators will
continue to examine reactor configurations for possible use
in space flight as well as the transfer potential of this
technology to terrestrial applications.  Other major thrusts
include the fate of pharmacological agents in wastewater
applications, basic research on surfactants and their degra-
dation and membranes reactors.  This year will also include
a field demonstration project in south Texas in a colonia
utilizing culturally appropriate technology pioneered by
NASA.  Students from the colonias will be involved in

Greg shares his thoughts on his summer experience:
"I meet many different people who came from all over

the country to work.  This provided a network of friends
to do things with over the weekends.  Some of the

weekend activities included hiking, fishing, white-water
rafting, rock climbing, camping and even a trip to

Yellowstone National Park.  The experience for me was
very rewarding and I would not hesitate to go again."

Greg Crabtree is a 5-year Masters of
Environmental Engineering Student from

Farmington, NM

monitoring the system and environmental data collection.
The research team currently has an operating model of the
waste treatment system in use at Johnson Space Center
(JSC).  The JSC reactor system will be expanded to include
post-processing units such as reverse osmosis and ion
exchange.  The research team has expanded this year to
include 4 undergraduate researchers all of which not only
perform regular duties but also pursue research asked related
to the project.  During the summer more advanced students
had the opportunity to work at JSC aiding in the JSC effort
to develop a system robust enough for use in space.  (See
related stories in Vol. XVI No. 2, January 2001 & Vol. XVI
No. 1, October 2001 of the WRC Newsletter).

ducted was carbon source addition to explosives-con-
taminated soil to determine if the addition of the carbon
source would increase the degradation rate of the explo-
sives.  Another batch experiment was conducted to de-
termine the respiration rates at different depths in the soil.
This experiment was performed to see if the soils nearer
the surface had a higher respiration rate.  It was noticed
that the explosives near the surface degraded at a higher
rate than did soils at the greater depths.

The last experi-
ment that was per-
formed was a column
experiment.  This ex-
periment consisted of
six different columns
packed with explo-
sives-contaminated soil,
each receiving a differ-
ent treatment gas.  The
treatment gases utilized
were air, 1% oxygen,
0.1% oxygen, itrogen,
and the other two gases
consisted of a carbon

source with the make-up being nitrogen.  This experiment

** Continued on page 3 **



withdrawal is for irrigated agriculture, and the future of that
industry is dependent on the life of the groundwater supply.
The Region O Water Plan listed 27 groundwater-depen-
dent municipalities that might not meet their projected water
demands within the next few decades.  While individual
irrigated farmers primarily plan on annual irrigation sched-
ules, municipalities and industrial users must make long-
term water supply decisions based on at least 20-year hori-
zons.  All consumers are dependent on the storage, ease of
flow, and replenishment in the shared aquifer system.  Pre-
vious estimates of regional average recharge have ranged
from 0.02 to 0.50 in/yr, but most of these estimates did not
consider the effects of cultivation and irrigation practices in
farmland that increase vertical infiltration.  Obviously, pro-
jections of groundwater availability based on low natural
recharge numbers were quite conservative.  Better ac-
counting for natural recharge plus the increased infiltration
caused by cultivation and irrigation return flow can lead to
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following:
* Select three counties with acceptable amounts  of avail-
able data for water levels, groundwater pumpage, soils,
and crop patterns,
*  Convert the spatial information into a geographic infor-
mation system (GIS) for each county, allowing display of
well locations, soil types, and irrigated farmland,
*  Develop annual contour maps of groundwater levels,
estimated groundwater withdrawals, and other appropri-
ate hydrologic variables for the selected period of record,
*  Estimate the local distributions of the sum of recharge
and irrigation return flow within each count.
Relevance
     The "mystery" of recharge and irrigation return flow
must be solved to support improved water resources
planning and management in the Southern High Plains.
Currently there is no significant surface water source
within the Southern High Plains, while the major municipal
drinking water source is Lake Meredith, which is outside
the region.  Approximately 95 percent of the groundwater
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will help determine if carbon source addition will speed up
the degradation process when compared to the degrada-
tion rate under anaerobic conditions.  The 0.1 and 1.0%
oxygen treated gases were chosen to see if the degradation
of explosives would proceed at a similar rate with the
presence of small quantities of oxygen, and to determine
how low of an oxygen concentration will be needed in the
field.  If oxygen can be present in higher amounts, the
treatment cost could be lowering the quantity of treatment
gas injected.

Even with all the work that had to be done, there
was still plenty of  things to do outside of work. Participat-
ing in a summer fellowship at INEEL was an excellent way
to earn valuable knowledge for the future.  INEEL pro-
vides several-hundred fellowship opportunities for college
students each year.

The Texas Tech research project Greg is working
on is In-Situ Bioremediation of Explosives in the Vadose
Zone under the Co-PI's Drs. Ken Rainwater, Caryl
Heintz, and Tony Mollhagen.  While at INEEL Greg
worked under Principal Scientist Corey Radtke.
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more optimistic and hopefully realistic projections.  The
principal outcome of this project will be to demonstrate the
means to perform the improved accounting for recharge,
and should then therefore be of interest to other groundwa-
ter conservation districts and the Texas Water Develop-
ment Board.  For more information contact Drs. Ken Rain-
water or David Thompson at the Water Resources Center
at (806) 742-3497.
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ment plants is currently confined to the use of specialized
ion exchange resins which are expensive to operate.  Bio-
logical treatment of perchlorate contaminated water is both
imply and highly effective with numerous anaerobic fluid-
ized bed reactors treating ppm level perchlorate contami-
nated groundwater to <18 ppb.  However, due to the
large amount of biomass generated , these reactors are not
considered appropriate for pretreatment of drinking water.
There is a need to develop a bioreactor capable of treating
drinking water supplies with minimum effect on organic
content and bacterial concentrations.
Objectives
     A relatively recent advancement in municipal and in-
dustrial wastewater treatment consists of combining mem-
brane aeration technology and biological reactors.  Even
though most membrane technology research has focused
on the aeration of wastewater, membrane technology can
be used to develop anaerobic conditions for PC degrada-
tion.  Instead of using oxygen, H

2
 gas can pass through the

silicone membranes ensuring an anaerobic environment
and the substrate necessary for PC degradation.  Dead-
end module operation ensures a 100 percent H

2
 gas trans-

fer efficiency.  Additional benefits of biofilm reactors  in-
clude minimized sloughing, which reduces the effect of
biofilm reactor may have on the organic content and bac-
terial populations in drinking water supplies.
     Tasks to be accomplished include:  1) Determine the
potential and optimum operating conditions of membrane
reactors to treat perchlorate contaminated water; and 2)

Estimate biomass quantity and the quantity of biomass.
Relevance of Proposed Research
     Texas lakes contaminated with PC supply water for
over 400,000 citizens.  Treating perchlorate-contaminated
water to the probable action level (18 ppb) is currently
extremely difficult and expensive with reverse osmosis and
ion exchange as the only viable technologies.  Biological
reduction of perchlorate to chloride and bicarbonate is
possible under anaerobic conditions.  However, anaerobic
fluidized beds have not been an appropriate choice die to
the generation of excessive biomass.  Thus, a biofilm reac-
tor could be used to overcome the limitations of the
anaerobic fluidized beds and be a cost effective alternative
to physical and chemical treatment processes.
     For more information contact Dr. Andrew Jackson or
Audra Morse at the Water Resouces Center (806) 742-
3597.


