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INTRODUCTION 1.0 

During the last 35 years, stream flow on the North Concho River has decreased to less than 
22% of that of the previous 35 years, even though average annual rainfall has increased slightly 
in the same period. 

Records and historical accounts indicate that the North Concho River and its main tributaries 

generally experienced continuous perennial flows from 1925 to 1959 . Official USGS stream 

measuring stations immediately north of San Angelo recorded a total of 1,351,593 acre feet of 
water stream flow during that period for an average of 38,617 acre feet of water per year. 
Annual average rainfall at the measuring station was 19.48 inches for that same period. 

From 1960 through 1996 a total of 309,255 acre feet of water stream flow was recorded (or an 
average of 8,358 acre feet per year). Average annual rainfall from 1960 through 1996 was 
20.31 inches. The North Concho River and its tributaries have ceased to have perennial 
continuous flow. The river and its tributaries have evolved into small areas of water 
impoundments replenished solely by major storm events and minor sporadic stream flow. 

There may be several factors contributing to the decrease in stream flow during this comparison 

period. Infestation of noxious brush, which has robbed and is continuing to degrade the 

underground aquifers, may account for a major portion of the decreased flow on the North 
Concho River watershed. This study has been executed to document the role of brush control 
in watershed restoration. 

The watershed of the North Concho River and its main tributaries consists of approximatley 
950,000 acres, much of which has become infested with brush. It is believed that brush has 
robbed the underground aquifers of their once prolific outcrop springs. This has resulted in a 
drastic reduction in average annual stream flow in the river and subsequently into the only 

reservoir on the watershed--O.C. Fisher. As a consequence of the diminished North Concho 
River stream flow, landowners in the watershed have experienced water shortages, major 
degradation of underground aquifers (causing irrigation practices to be limited), deteriorated 
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water quality, annihilated aquatic habitats and steadily decreased public water supplies for a 

reservoir intended to sustain a major metropolitan center of Texas. 

In an effort to determine the exact damage noxious brush caused on the North Concho River 

watershed, as well as to evaluate methods and procedures for eradication or removal of certain 

areas of heavily infested brush, several entities have united into a compact. These entities have 

been assisted by additional state and federal agencies to undertake this comprehensive study. 

This assessment will provide the Texas Water Development Board and the people of Texas with 

means, procedures, and recommendations of how to recapture and utilize water, now being 

stolen, for increased public benefit on an entire watershed. 
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XECUTIVE SUMMARY 2.0 

The rapid depletion of water resources in Texas due to urban growth, agriculture, industrial and 
other increased uses requires and demands that state government take immediate and decisive 
steps toward developing, saving, enhancement and utilization of existing known water sources 
that are now being robbed from the people of Texas by non- productive and noxious brush. 

Nowhere is that thievery more apparent than in an already water poor West Texas ..... and 
specifically the North Concho River watershed, which encompasses more than 950,000 acres. 

There are more than 130 million mesquite trees and 100 million juniper trees which have 
tentacle roots serving as straws sucking water from the North Concho River watershed. The 
potential transpiration by mesquite and juniper on this watershed is to rob almost 2 million acre 
feet of water annually from productive use. By way of contrast, mesquite and juniper on the 
North Concho watershed use 1 00 times more water than the City of San Angelo uses annually. 

Therefore, the objective of this study is to recapture some of this water which is being needlessly 
wasted. The North Concho River Watershed Brush Control Study is the result of a year-long 
cooperative study of the watershed, detailing its history, hydrology, geology, land use, past and 
present characteristics. It makes dynamic and conclusive recommendations which call for 
immediate action from state government, political subdivisions and landowners to initiate an 
action program which will result in removal of mesquite and juniper and restore underground 
aquifers and natural stream flow for public benefit. 

The study was accomplished through a partnership composed of the Upper Colorado River 
Authority, Texas A&M Research & Extension Center and The Texas State Soil & Water 
Conservation Board through a grant obtained through the Texas Water Development Board. 
In addition, other participants include the Texas Parks & Wildlife Department, U.S.D.A. Natural 
Resources Conservation Service, Blackland Research Center, and Soil & Water Conservation 
Districts from Tom Green, Coke, Sterling and Glasscock County. 

The following pages of this executive summary outline the study and program, its effects, costs, 
implementation and administration. The text and graphics show the detail, methodology and 
procedures utilized in finalizing recommendations and conclusions. 

However, the paramount conclusion flowing through the report is that with successful brush 
control on the watershed, stream flow in the North Concho river can increase five times over the 
current amount, underground aquifers can be recharged and water for the people of Texas 
made available at a cost to the state a fraction of the cost of what a West Texas city or 
individual pays for water. 
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•----------------------------------------Estimated-Effects-otBrush-£-ontrol-cn-Water-Yfeld-

Prior to simulation of stream flow in the North Concho River, a Geographic Information System 

(GIS) was developed to characterize the area and provide inputs for the simulation model. Data 

layers in the GIS included soils, topography, climate and vegetation type. The present amount 

of land in different vegetation types was determined using satellite imagery that was ground 
truthed for accuracy. The vegetation types and amounts of acreage of primary interest to this 

study were heavy cedar- 110,508 acres; heavy mesquite- 155,896 acres; moderate mesquite-
92, 735 acres; and light brush- 73,346 acres. Thus a total of 432,485 acres or 45% of the 
watershed should be considered for some form of a brush control program to restore stream flow 
in this river. 

The amount of additional water expected as a result of controlling brush in the North Concho 

River Watershed was estimated using the Soil and Water Assessment Tool (SWAT). SWAT 

is a simulation model that predicts the impact of management (climate and vegetative changes, 

reservoir management, groundwater withdrawals, and water transfer) on water sediment and 

agricultural chemical yields in large un-gauged basins. 

The model was calibrated to predict historical discr'.''C:"' r.-,. · ·~~e watershed using precipitation 

records from 11 weather stations located in or near the watershed. Calibration is the process 

of adjusting model input parameters so that simulated output tracks measured flows accurately. 
Although discharge records exist as early as 1925 for some gauge locations on the North 
Concho River, complete weather and discharge data are only available beginning in 1949. 
Because measured stream flow changed drastically around 1961. The model was calibrated for 

two periods, 1949 - 61 and 1962 -96. Both amounts of land in different vegetation types and 

stream channel transmission efficiencies were altered between the two periods so that simulated 

flows matched measured flows. Because quantitative information was not available during the 

pre-1962 period, brush cover was reduced by categorizing the heavy mesquite areas (as 

determined from the satellite imagery), as moderate mesquite and all other areas with natural 

vegetation cover were classified as open rangelands in poor condition. In addition to 
differences in the vegetation cover, the condition of the stream channel of the river and its major 

tributaries was parameterized to reflect the loss of their perennial nature after 1961. Prior to 

1962 ground water levels in the Quaternary Alluvium deposits (shallow aquifers) that surround 
the stream bed were assumed to be sufficiently recharged so that they contribute to the flow of 
the river and to its perennial nature. Thus stream channel transmission losses were minimized 
for calibration during this period. However, after 1961 it was assumed that the water table 
dropped and no longer contributed to stream flow and direct irrigation withdrawals from the river 

were set at 10 cubic feet per second. Prior to that time irrigation withdrawals were zero. The 
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different assumption concerning change in conditions of the watershed over time were based 
on historical accounts, personal interviews of long-term residsnts of this area and irrigation 
records. 

Based on these assumptions the simulated flow accounted for 46% of the variation in the 
measured discharge rate at Carlsbad, Texas during the pre-1962 period and 76% of the 

variation at that location in the post 1962 period. The agreement between actual and simulated 
flow was considered accurate enough to use the model to estimate the effect of various brush 
management scenarios on water yield. For the simulation of different brush management 
scenarios, it was assumed that the underground aquifer was replenished to pre -1962 levels. 
Thus the simulated increases would not be expected to occur until some future time following 
the initiation of a watershed scale brush control program when the underground aquifers would 
be replenished. 

Four Brush Control alternatives were simulated: 

1) Removal of all brush from areas classed as moderate mesquite, heavy mesquite 
and heavy cedar brush canopy, and replacement with open rangeland. 

2) Removal of all brush from areas classed as moderate mesquite and replacement 
with open rangeland. 

3) Removal of all brush from areas classed as heavy mesquite and replacement with 
open rangeland. 

4) Removal of all brush from areas classed as heavy cedar and replacement with 

open rangeland. 

Greatest reduction in evapotranspiration resulted from the removal of heavy cedar. However, 
this did not yield the greatest increase in flow to the river because cedar is located further from 
the stream bed. Following recharge of the shallow aquifer, reduction of brush cover on all 
eligible lands to a 5% canopy which would increase the North Concho River flow at Carlsbad 
by 33,515 acre feet above the current discharge rate. This represents over a five-fold increase 
in stream flow and in more water annually than the City of San Angelo uses. 

Percentages of simulated annual increases in stream flow after recharge of shallow aquifer to 
pre-19621evels associated with clearing each of the three brush categories were; heavy cedar-
31%, heavy mesquite- 46% and moderate mesquite- 23%. 
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-~--------------------------------------------------------------------------~~~~~~~~6 

Economic analysis of the different brush control alternatives was based on estimating control 

costs of the different options and comparing them to the rancher estimated benefits of brush 

control. Control costs include initial and follow-up treatment required to reduce brush canopy 

to 5% or less and maintaining it at the reduced level for at least 1 0 years. Obviously, the costs 
will vary with brush type categories. Present values of control programs are used for 
comparison because some of the treatment will be required in the first and second years of the 
program, whereas others will not be needed until year 6 or 7. Present values of total control 
costs per acre range from $75 for heavy cedar- that must be initially controlled with tree dozing, 
to $20 for moderate mesquite that can be initially controlled with individual plant herbicide 
treatments. The estimated present cost of controlling heavy mesquite with an initial aerial 

herbicide application and two follow up individual plant treatments was $53 per acre. 

The rancher benefits are based on the present value of improved net returns to the ranching 

operation for livestock and wildlife enterprises that would occur because of increased forage 

production and quail hunting opportunities. Present values of these benefits differ by location 

within the basin. In the portion northwest of Sterling City (NW), they range from $19 per acre 

for control of heavy cedar tn <tn "·' ""'ltrol of moderate mesquite. Southeast of Sterling City (SE) 

they range from $17 per acre for control of heavy cedar to $7 for control of moderate cedar. 

The state cost share is estimated as the difference between the present value of the total cost 
per acre of the control program and the present value of the rancher benefits. Present values 

of the state cost share per acre of the brush control in the southeast range from $56 for control 

of heavy cedar with tree dozing to $9 for control of heavy cedar with two way chaining and 

burning. In the northwest, the state cost share ranges from $58 to $11 for the same control 

practices. Present value of state cost share for control of heavy mesquite was estimated at $39 

per acre. 

Based on these analyses, $12 million in state funding is required for state cost share of 
brush control on all of the qualifying acreage in the watershed. Of this total $6 million 
should be appropriated in 2000-2001 biennium and the remaining 6 million over the 
following three bienniums. 

The total cost of additional water was determined by dividing the total state cost share if all 
eligible acreage was enrolled in the program by the total added water estimated to result from 
the brush control program over the assumed ten year I ife of the program. An adjustment for the 
differences in time of water availability and time of cost share expenditures would be made. The 
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brush control program water yields and the estimated acreage eligible for enrolling in the 
program discussed above are used to estimate the average annual added water yields for each 
brush type density category. 

Likewise, the total state cost share is estimated by multiplying the per acre state cost share for 
each brush type density category by the eligible acreage in each category. The cost of added 

water resulting from the control of each brush type density category is then estimated by 
adjusting the water yields for the delay in time of availability over the 10 year period, summing 
and dividing into the total state cost share. 

Brush control costs of added water averages $53 per acre foot for the 10 year contract period 
used in the economic analysis. Even without follow-up treatment after the contract period the 
benefits of brush control would provide additional water for 1 0 more years. Therefore this cost 
would be cut in half or equal to $27 per acre foot. 

By contrast, Lake lvie Water delivered to contact cities costs $160 per acre foot per year and 
includes all debt, supply and transmission costs. 

~------------------------------------------------------------------------------~~~At~tHl-

Given the size of this project and the narrow time window of ideal conditions for herbicide 

application, it is recommended that initial treatments be spread over a minimum of 4 years. 
Because follow-up treatments will be required to obtain the necessary level of brush control for 
the length of time required to recharge the aquifer and increase the stream flow in the North 
Concho River, a long term funding commitment by the state must be made for this program to 
succeed. The North Concho Brush Management Program should be administered at the state 
level through the Texas State Soil and Water Conservation Board under the Texas Brush 
Control Plan, developed in accordance with Chapter 203 of the Agricultural Code. This code 
should be amended to allow greater flexibility in cost share to accomodate the North Concho 
as well as other projects to come throughout Texas. Funds for implementation should be 
deposited in the State Brush Control Fund. Cost share funds will be administered at the local 
level by those Soil and Water Conservation Districts (SWCD's) participating in the program 
based on allocations from TSSWCB. The SWCD's should contract with individual landowners 
for developing and implementing individual brush control plans. However, TSWCB and Texas 
A & M should initiate quality control measures to insure proper herbicide mix and applications. 
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Because of this desperate need for water in this region of the state and San Angelo in particular, 

it would be desirable to minimize as many restrictions as possible on cost share contracts and 

maximize the cost share rate in order to maximize enrollment of eligible acreage in the program. 

Therefore, it would be desirable to minimize deferments and other requirements that place 

undue burdens on the landowners. Likewise, it is recommended that the cost share limitation 
in Secion 203.153 of the Agricultural Code be increased to reflect the cost share rates 
suggested in this study and to allow landowners to receive an additional 5% statewide share if 
a grazing deferment is incorporated during initial chemical treatment phases. Deferment will be 

required on all prescribed burns or dense tree grubbing mechanical applications. Local Soil & 

Water Conservation Districts in conjunction with the landowner, will determine deferment needs . 

. a.-------------------------------------------------------Follow.Up.Monitoring.and-Research 

If the proposed project is funded, it will provide a unique opportunity to enhance the tools used 

to perform other feasibility studies. Because of the size and complexity of watersheds, the 

estimation of the effect of brush control on water yield is dependent upon simulation models. 

The current project represents a landmark for the computer model" SWAT" in evaluating the 

effect of brush control on water yield. It will be important to monitor the effect of this program 
on water yield and to determine if the simulated increases in stream flow were acct !rqtF-

The evaluation costs of the North Concho Brush Control Project is estimated to require $1 

million over a six year period to be conducted by Texas A & M, UCRA and the Texas State Soil 

and Water Conservation Board. In addition, the opportunity should be taken to evaluate and/or 

develop better simulation models for determining priority areas for brush control in Texas. It is 

proposed that as an outgrowth of the experience gained on the North Concho River Project, 

feasibility studies should be done on other watersheds. Other areas or river basins deemed 

appropriate to consider for study include, the Frio, Edwards Aquifer, Nueces, Pedernales, 

Wichita, Canadian and Middle Concho Rivers. 

In addition to efforts to monitor and extend the present study to other watershed areas in the 
State, it is recommended that empirical studies be conducted to provide information necessary 
to enhance future brush control projects. Study topics could include: 
• Quantification of effects of environmental conditions on efficiency of herbicide 

applications. 

• Quantification of the effect of brush control on upland spring flow 

• Determination of factors that influence landowner participation in brush control programs 

• Quantification of wildlife response to varying levels of brush control 

• Quantification of the effect of brush reduction on livestock production systems 
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The cost of conducting these other proposed basin studies is $1.4 million. 

In addition to the research aspects associated with this project, a significant educational 

component should be included. This would provide landowners the information they will need 

to plan brush control projects appropriately to enhance watershed function, wildlife populations 
and livestock enterprises. It is recommended that these extension activities be funded in the 

amount of $500,000 annually. 
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HYDROLOGIC EVALUATION 3.0 

... 3.1 Description of the Watershed 

The North Concho River watershed is located in West Central Texas within Tom Green, 
Sterling, Glasscock and Coke Counties (see Plates 1 and 2 for location and watershed map). 
West Central Texas has a sub-tropical climate; dry in winter and warm and humid in summer. 
Average annual rainfall varies from approximately 19 inches in Tom Green County to 

approximately 16 inches in Glasscock County. Most of the precipitation is received from 

thunderstorms during the period of May through October. Thunderstorm rainfall in West Texas 

is extremely variable. Large differences in rainfall amounts exist from year to year within small 

geographical areas. The North Concho River watershed actually originates in Southern 

Howard County, however, no significant watercourse or perennial stream flows are encountered 

until the stream enters northwestern Sterling County. The stream terminates within the City of 
San Angelo as the North and South fork of the Concho's confluence becomes what is commonly 
called the "Main" Concho or simply the Concho River. 0 ; '. ~ .... ~,. . -.:eservoir was constructed 
in the early 1950's immediately above San Angelo for flood protection and as San Angelo's 
primary water supply. Since construction, O.C. Fisher Reservoir has performed below 
expectations as a water supply. In the 50 year history of the reservoir, municipal water has been 
available for only short and sporadic periods of time. The watershed is primarily utilized for 

ranch pasture with the propagation of cattle and sheep being the major land use. Some 

cultivation exists, but with the exception of portions in Glasscock County and minor areas in Tom 

Green County, farming consists of small grain production in support of livestock operations. 

Except for oil and gas production, no major industries are located on the watershed. 

For the purposes of this study, the watershed has been assumed to terminate at O.C. Fisher 
Reservoir. This assumption results in placing the City of San Angelo, as the largest 
metropolitan area with approximately 100,000 persons in the watershed, out of the study area. 
Other communities that lie within the watershed study area include Grape Creek, Carlsbad, 
Water Valley, Sterling City and Garden City. There is a substantial rural subdivision 
development in the lower portion of the watershed primarily in Tom Green County. 

Elevations within the watershed range from near 2700 Ft. MSL on the western side to near 1800 

Ft. MSL near San Angelo. Topographically, the area generally consists of broad valleys near 
the river and tributaries consisting primarily of geologically recent terrace deposits flanked by 
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hills, buttes and plateaus of Edwards Limestone. Much of the hills and plateaus are covered 
with Juniper, Liveoaks and small brush, while the valleys are typified by dense mesquite 
thickets. 

As "Plate 1" illustrates, the watershed is subdivided into hydrologic units for the purpose of this 
study. The hydrologic units have generally been defined by sub-watersheds associated with 
major tributaries. These tributaries include Lacy Creek (which is the largest in the area), Willow 
Creek, Sterling Creek, Mulberry Creek, Walnut Creek, (upper) Dry Creek, Chalk Creek, Liveoak 
Creek, Grape Creek and (lower) Dry Creek. Other Hydrologic units were identified based on 
topographic or hydrologic critical features. 

3.2 Historical Considerations 

.. 3.21 Ecological History 
A significant reference used in the preparation of this ecological study is a 
dissertation by Terry Clyde Maxwell entitled "Avifauna of the Concho Valley of 

West-Central Texas with Special Reference to Historical Change", submitted to 

the Graduate College of Texas A&M University in May of 1979. Though the 
observations cited in the dissertation are in general of West Central Texas , the 
conditions ofthese areas are considered to be representative of the region actually 
within the watershed. Other sources used are, Personal Narrative of Explorations 

and Incidents in Texas, New Mexico, California, Sonora and Chihuahua, 1850-
1853, by John Russell Bartlett (also cited by Maxwell) and interviews conducted 
with local residents. 

The sources of the information provided in this section can be divided into three 
time periods: Prior to 1849, 1849 to 1885 and 1885 to 1950. This allows for a 
chronological evaluation of the course of brush infestation, as well as a means of 

comparing past conditions with present conditions. 

P - r --- - i - - -- -o -- r · · ·· ······· · t o · 1 8 · ·· · - 4-· - 9 

Accounts from a Mendoza expedition in 1683 describes the Concho Valley at the 
mouth of Kiowa Creek. Kiowa Creek is located in southern Sterling County 
approximately ten miles south of the head of Mulberry Creek. One entry in the 
record of the expedition states: 

"In this place were the first pecan trees we saw, for its bottoms have many 

groves of them; many nuts were gathered .. ... it also has shells, a variety 
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offish, and very lofty Liveoaks, so large that carts and other bulky things an oo 
made of them. There is a great variety of plants and of wild hens which make 

noise at dawn. The river bottoms are very extensive and fertile, in its groves are 

many grape vines and springs, and many prickly pear patches; and all of the 
foregoing are on both sides of the river." 

Maxwell makes note of the fact that Mendoza makes no mention of mesquite, and 

that the expedition would have passed the river bottom with difficulty if mesquite 
were present in the density that it is currently found. Another entry reads: 

"The place is in a plaza which has several great groves of very tall 

pecan and live oak trees. There are a number of wild hens and other kinds 

of game." 

This area currently looks much as described by Mendoza, except for the dense 

mesquite woodland that now occupies it. Maxwell points out that the wild hens, 

referred to by Mendoza, preferred a habitat of tall grasses and short shrubs. An 
area of dense mesquite woodland would not be a suitable habitat for these birds. 

··9·· 1···· ·····8···········8·- ········5 

One of the references used by Maxwell for this time period was a 1849 report by 

Lt. F.T. Bryan of the U.S. Army Topographical Engineers. The march from the 

South Fork of Brady Creek to the head of Brady Creek was described: " ... 

marched through a beautiful country to the headwaters . . . through a prairie 

covered with scattered mesquite and mesquite grass. There is abundance of wood 

for culinary purposes and the grass is abundant and good for grazing." Bryan 

went on to describe the route to Kickapoo Creek as being " ... over an open, level, 

mesquite prairie requiring nothing but traveling to make a road in any direction." 

Maxwell's study of the area during the 1970's showed dense mesquite growth 

approaching woodlands, except for areas being cultivated. 

From Kickapoo Creek, Bryan traveled to Lipan Creek. Bryan described the area 
as open grassland, with pecan and Liveoak trees being "very heavy" along the 

creek. Maxwell described the area currently as having dense mesquite, live oak 
and juniper. Toward Pecan Creek, Bryan observed the vegetation to consist of 

mesquite grass in the valleys. He noted that timber on the banks of Pecan Creek 

to be "pretty large." 
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Describing the journey from Pecan Creek, past the South Concho River and to 

Dove Creek, Bryan wrote: 

"There is an almost total absence of timber. Now and then there is a solitary 

Liveoak and to the right (north toward Lipan Flat) may be seen some scattering of 
mesquite (at South Concho) ... crossed here easily after cleaning the brush from 
the banks. (at Dove Creek) ... crossing effected without any difficulty after cutting 
out the brush from its banks. Both of these streams have heavy timber 
immediately on their banks but no farther ... grazing is only tolerable, the grass 
being old and dry. Pecan timber of large size is found." 

As Bryan traveled toward the Middle Concho River, crossed Spring Creek and 

passed Lopez Creek, he noted the area to be rolling prairies. Maxwell compares 

the area currently as juniper savannah. 

Another source used by Maxwell was an 1853 description by John R. Bartlett, 

United States Commissioner of the United States-Mexican Boundary Survey. Of 

the land between Brady Creek and Kickapoo Creek, he wrote: "The country today 

has been flat .. .few trees except the mesquite now and then a little mot (sic) of 
Liveoaks was to be seen. "Traveling west past Kickapoo Creek, Bartlett noted that 

the hills were entirely barren of trees and shrubs. 

As Bartlett passed the South Concho River and continued in the direction of Dove 

Creek, he described the area as being a "flat prairie interspersed with stunted 
mesquite." He wrote of the land between Spring Creek and Lopez Peaks and west 

of Kiowa Creek as barren and having only stunted mesquite, though Maxwell now 

finds the land to be covered with juniper. 

Another of Maxwell's sources was an 1867 army topographical map that contained 

vegetation notations. It noted the Middle Concho River bottoms to be grassland. 

Maxwell points out that mesquite was probably uncommon, because areas where 

mesquite was found were specifically noted on the map. The Grape Creek area 

was noted to have grass, with small mesquite in a small area, some scrubby oak, 

and juniper. The area is currently covered with very dense stands of mesquite 

trees and shrubs that blended with juniper. 

Maxwell summarized the vegetation of the Concho Valley during the 1849-1885 
time period as predominantly grassland. The prairies of Lipan Flat and the High 
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Plains were grasslands with scattered old mesquite trees and low mesquite 

bushes. He wrote that the "undulating hills of the Eldorado and Colorado divides 
had scattered growth of Uveoaks and mesquite in some locations, and only 
'barren' grassland in others." Juniper was uncommon. Large pecan trees and 
Liveoaks with dense undergrowth lined the stream banks. 

-1------ -8-------8 --------5-----------------------------------1-------9-------5-------0 

Several references describing the vegetation during this time period were used by 
Maxwell. Harvard wrote of dense thickets of mesquite in 1885, and Lloyd wrote, 
in 1887, " ... it was once treeless, but now is being rapidly covered with dwarf 
mesquite ... " Maxwell also made reference to an 1899 writing of Vernon Bailey, a 

biologist with the Bureau of Biological Survey. He described much of the land from 

San Angelo to Big Spring as being covered with a scattered growth of small 

mesquites. Bailey also described the buttes near Water Valley and Sterling City 

as being covered with shin oak and some juniper. In 1901, Harry Oberholser, with 

the Bureau of Biological Survey, observed chaparral around San Angelo, and the 

hills between San Angelo and Sherwood to be covered with oak and juniper. He 

noted the abundance of mesquite "everywhere." 

During his study in the 1970's, Maxwell interviewed residents of the Concho 
Valley. Percy Turner, a Water Valley rancher, recalled that mesquite was common 
in draws near the North Concho River before 1920, and that dense mesquite 
developed in the late 1940's and early 1950's. Alvin Counts said when he moved 
to a ranch at the top of the Colorado Divide in 1903, he could count the individual 

mesquite trees, which were large, old trees. The density of the mesquite increased 

in the early 1950's. 

Interviews conducted specifically for this study in May 1998 yielded similar 

information. Ralph Davis, a resident of Sterling City who moved to the area in the 

early 1920's, recalled a definite increase in the density of mesquite since moving 
to the area. He stated that the brush had spread from the banks of creeks to the 

plains. James Weddell, Sr., who owns a ranch near Water Valley, described 
having to clear mesquite from approximately 900 acres on his ranch in the late 
1950's. This mesquite had developed since his father obtained ownership of the 
ranch, around the beginning of the 1900's. The area cleared of mesquite in the 
late 1950's has since been inundated by dense mesquite growth. 
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Maxwell also interviewed people who recalled the spread of juniper in the late 
1800's and early 1900's. Drew Mclnteer, who moved to Mertzon in 1911, 
remembered juniper as being confined to ravines along the Middle Concho River. 
Henry Linley said that in 1912 the juniper on his ranch just west of Mertzon was 
confined to heads of draws. After a period of drought between 1916 and 1918, the 
junipers began to spread rapidly. 

It can be concluded that the vegetation surrounding and within the North Concho 

River watershed has changed significantly since the time of the first recorded 
observations of the area. Before 1849, there were no noticeable growths of 

mesquite, juniper or other noxious brush. Between 1849 and 1885, the area was 
dominantly grassland, with some growths of mesquite. From 1885 to the beginning 
of the twentieth century, however, mesquite began to infest the plains. It spread 
from the banks of streams and rivers to the grasslands, growing most rapidly 
during the late 1940's and early 1950's. 

3.22 Hydrological History 
Prior to installation and continuous maintenance of the United States Geological 
Survey flow monitoring station No 08134000 near Carlsbad in 1925, little hard data 
was provided to document the hydrologic history of the watershed. The best 

source of information regarding earlier history comes from personal accounts. A 

review of the previous section concerning ecological history of the region (3.21) 
reveals numerous accounts of prolific springs and flowing streams. 

An early government publication entitled "Major Texas Floods of 1936", reported 
flood marks from a record flood on the North Concho in June, 1853. The 
publication was written by Mr. Tate Dalrymple of the Federal Emergency 
Administration, Dept. of the Interior and published in 1937. Ironic a II y, the 
publication was written prior to the 1936 San Angelo Flood. Reportedly, the 1853 
flood deposited a very large pecan tree near the site of the previous Tom Green 
County Court House (several blocks south and west of the current site). The tree 

was reportedly removed in the 1930's. The report also documented several large 

floods on the river in the late 1800's and early 1900's. From reported flood marks 
it is likely that the 1853 flood was the flood of record for the watershed. A large 
flood in September of 1936 is the largest recorded flood on the watershed. That 
flood produced flows at the Carlsbad station of 94,600 cubic feet per second 
(CFS) and in combination with flood flows on the South Concho River caused 
considerable flood damage in San Angelo. 
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It is absolutely apparent that major changes in the hydrologic characteristics of 
the watershed have occurred through time, with the most dramatic change 
occurring in the decade of the 1950's. The changes in hydrologic conditions have 
effected both the frequency, duration and yield of flood flows and it has effected 
the perennial base flows of the springs, tributaries and river. At the present time, 
spring and tributary flow is infrequent and at best seasonal and dependent upon 
timely rainfall. Some surface flows are experienced at numerous locations within 

the watershed as seeps and springs during annual periods of low 

evapotranspiration (winter months) provided rainfall occurs in the fall and winter. 

During the process of this investigation, no tributary to the North Concho River 

was discovered that has been capable of sustaining a fishery within the last 35 
years. This has not always been true. An interview with Mrs. Maxwell Turner, 
whose husband and family are early area residents and ranch near Carlsbad 
revealed that Liveoak Creek historically was a perennial stream fed by springs 
primarily located on what is now the Munn Ranch. The creek reportedly would 
experience low flows during summer months but sustained a viable permanent fish 
population. Mrs. Turner stated that, "Carlsbad children used to like to sneak 
across the river to fish in Liveoak Creek". By 1960, Liveoak creek was intermittent 
ana no 1onger provided fish habitat. 

Fred Teagarden, who is a resident of San Angelo, first saw Grape Creek, (a major 

tributary in the lower watershed), in 1925 at the age of seven. He later resided 

for a short time as an early teen near the creek. His recollections of the creek 

were vivid due to a necessity to cross the creek in order to get to the ranch house. 

He reported that at that time stream flows were perennial and a viable fish 

population was maintained in the creek. Except for a short period in the mid-
1980's, Grape Creek has not experienced perennial flows since the 1950's. 

A long time resident and rancher on the Walnut Creek near Water Valley, Frank 
Demere, reported that the creek "used to run all the time" until after the drought 
of the 1950's. Walnut Creek flows originated at a place known locally as 
"Shelving Rock" which is a historical spring site. 

Chalk Creek which is also near Water Valley has been reported by several long 

time residents as a historically perennial stream. An early resident that lived on 

the east fork of Chalk Creek (the Harrington Family) reportedly utilized the creek 

for most all domestic purposes on a continuous basis until the 1950's when the 
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creek went dry. Since that time, the creek has been sporadic in flow and only 
during winter months when rainfall is above normal. 

The following accounts were taken from a 1967 U.S. Department of Agriculture, 
Soil Conservation Service publication (TEX-47-157) entitled "Grassland 

Restoration, Effect on Water Yield and Supply" under the sub-title, "Reservoirs 
Can't Store Water That Never Reaches Them". The report states the following: 

"The North Concho River story is happening all over the state to some 
degree. It is worthy of a real good look. 

Three centuries ago the first Spanish explorers on the Concho were 

delighted at the abundance of water, fish, and game, and proclaimed this 
to be the richest region in all New Spain. One hundred years ago when the 

Texans began to settle in the region, it hadn't changed much. The North 

Concho River was a running stream, fed by numerous springs and lined by 

pecan groves. Waterman Ormsby, reporter for the New York Herald, 

crossed the river on the first west bound trip of the Butterfield Overland Mail 

in 1848. He described the river as a flowing stream of considerable size. 
A concrete culvert had to be constructed for the stage crossing. Ormsby 

a/so described Grape Creek, a major tributary of the North Concho, as a 

flowing stream full of fish and the channel lined with grapevine-covered 

trees. 

John A. March, who ranches on the headwaters of Grape Creek, told Soil 
Conservation Service employees that in the early 1900's, Grape Creek was 

fed mostly by three permanent springs. Each of them flowed into deep 
pools of clear water which were favorite fishing and swimming holes for the 

ranch residents. 

The late J.R. Mims of Water Valley worked on Grape Creek and North 

Concho River ranges as a cowboy, wagonboss, and rancher since about 

1890. He had a vivid memory of the region and remembered that Grape 

Creek was the site of their first night stop when traveling via horseback or 

wagon from San Angelo. There was a deep hole at the campsite, a 
welcome fishing and swimming place. Mims once caught an 18-pound 

catfish in the hole on an overnight camp. 
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The springs on the North Concho River have failed because the aquifers 
are no longer being recharged. 

With a thick cover of grass that originally grew on the Concho River 
watershed, most of the rainfall was absorbed. A portion of it percolated 
downward into the aquifers which fed the springs. 

Heavy grazing, uncontrolled prairie fires, and drought removed the 

protective grass cover. Mesquite, lotebush, catclaw and other undesirable 
woody plants moved in and now dominate much of the watershed. Some 
of the rainfall from heavy rains runs off to produce flash floods. Most of the 

water that is absorbed by the soil is lost by evaporation from the bare 

surfaces, or is used by the woody plants. The deep-rooted shrubs reach 
deeply into the soil to intercept percolation waters. Little or no water 
succeeds in moving downward into the aquifers. 

Failing springs, not only in the North Concho watershed, but all over the 
state are a tragic and evil omen. The dying springs and streams indicate 
a decline in our water balance in the bank - the '·'"'"'·:·::_· ·· · ·7d reservoirs 
from which the springs flow. 

The infestation of brush and wastage of water on Texas rangelands is 

affecting every citizen of the state who is interested in conserving its most 

valuable resource - water!" 

Personal accounts abound as to how the river and tributaries appeared and 

performed in years past. No one interviewed, who has lived along and around the 

North Concho River during the seventy year record of available stream flows 
(since 1925), would acknowledge that there have not been dramatic changes in 
the river. Available stream flow records also indicate dramatic changes in the 
hydrologic characteristics of the river. Initial examination of the data indicated a 
clear delineation of change in the hydrologic characteristics of the river following 

the decade of the 1950's. This time period also experienced two other well 
recognized events, general completion of the mesquite infestation of the 

watershed to the conditions we now recognize as "normal" and a historical 

drought. 
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Some of the most valuable hydrologic records to this study have proven to be the 
United States Geological Survey (USGS) stream flow records for Station No. 

08134000 near Carlsbad, Texas and groundwater elevation data collected by the 
Texas Water Development Board. The stream flow data record spans from 1925 
through the present and the groundwater measurement records began in the late 
1930's and early 1940's. 

The surface water records have been analyzed by the project staff through several 
different techniques. "Table 1" indicates the total annual stream discharge by year 

of the record period in acre feet of water per year and also the annual rainfall for 

the year at San Angelo. A careful review of "Table 1" reveals that the period of 

record hydraulically can be divided into two distinct approximate 35 year periods. 

Total stream discharge in the first period (1925-1959) of 1,351,593 acre feet 

(38,617 acre feet per year) declined to 309,255 acre feet (8,358 acre feet per 

year) during the second period (1960-1996), while rainfall conditions remained 
nearly unchanged. 

"Table 2" indicates the mean daily discharge in cubic feet per second (CFS) at the 
station for the months indicated during the period from 1925-1959. "Table 3" 

represents the identical hydraulic representation for the period from 1960-1996. 

"Figure 1" shows a graphic representation of the data on Tables 2 and 3. The 
changes in the hydraulic characteristics of the stream flow from the first 35 year 

period to the second period is apparent. The 1925-59 period experienced a mean 

daily flow of over 48 CFS while the 1960-96 period experienced a mean daily flow 

of near 12 CFS. The mean daily stream flow for the entire period of record is 

approximately 30 CFS. 

Examination of the monthly mean daily stream flows from each period indicates 
that every month of the year experienced greater flows during the first period 
(1925-59) although many months of the year do not normally experience flood 
flows. This data would indicate that perennial flows as well as flood flows have 
been effected by watershed changes. 

On Tables 2 and 3, mean monthly daily flows in excess of the period of record 

mean stream flow (30CFS) have been bracketed for identification. Of the 420 

months contained within the first period ( 1925-59), 67 months experienced daily 

mean flows in excess of the record mean. During the second period (444 months) 

only 34 months experienced daily flows greater than 30 CFS. Also during each 
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NORTII CONGIO RIVER @CARLSBAD 
RAINFAll* AND S1REAM DISCHARGE** 

Year Rainfall Total Flow Year Rainfall Total Flow 
(IN.) (AC.Ff.) (IN.) (ACF.1) 

1925 27.09 133278 1960 14.74 15658 
1926 31.19 33438 1961 21.39 31723 
1927 21.19 13056 1962 10.53 521 
1928 22.69 28496 1963 13.95 3400 
1929 16.56 11482 1964 12.18 9215 
1930 19.21 24153 1965 16.25 8297 
1931 15.96 5148 1966 15.82 9458 
1932 32.57 60904 1967 19.98 908 
1933 8.57 5907 1968 23.30 2563 
1934 16.40 11441 1969 30.04 2174 
1935 27.91 79529 1970 12.88 0 
1936 40.40 245650 1971 24.25 6955 
1937 24.17 25065 1972 22.93 2260 
1938 17.42 27623 1973 18.41 3829 
1939 17.45 4861 1974 25.10 47360 
1940 25.21 10339 1975 21.58 8077 
1941 15.79 41918 1976 21.80 2040 
1942 25.82 9689 1977 12.95 3833 
1943 14.61 4600 1978 14.67 9682 
1944 19.51 3934 .. _.,k. 16.16 1822 
1945 18.97 52365 1980 30.09 25996 
1946 10.84 2198 1981 30.17 4321 
1947 13.46 21166 1982 18.18 6295 
1948 12.51 79895 1983 15.26 1945 
1949 24.51 37878 1984 19.14 3221 
1950 15.27 14474 1985 21.83 1250 
1951 12.00 5259 1986 32.93 25810 
1952 9.01 1210 1987 31.90 32464 
1953 21.06 28441 1988 14.06 6763 
1954 9.92 23272 1989 17.64 3372 
1955 12.87 4966 1990 27.20 1738 
1956 7.41 10218 1991 24.29 4019 
1957 22.16 70156 1992 21.03 14289 
1958 18.35 94867 1993 15.63 4372 
1959 33.86 8468 1994 19.40 3629 

1995 21.15 933 
1996 22.50 9063 

_TOTALS 1,351,593 TOI'ALS 309,255 
AVERAGE 19.48 38,617 AVERAGE 20.31 8,358 

*Rainfall records from San Angelo weather station. 
**Flow records from United States Departirent of Interior - Geological Survey - Texas District, Station 

No. 08134000, North Concho River@ Carlsbad. 

Table I 



Water Year Oct. Nov. Dec. 
1925 5.00 5.00 5.00 
1926 6.03 17.80 11.60 
1927 10.60 12.20 12.90 
1928 4.60 1.81 4.04 
1929 1.94 5.70 7.08 
1930 I 11s.oo I 7.90 3.91 
1931 15.10 1.97 20.10 
1932 I 43.30 1 4.78 3.69 
1933 9.66 12.30 18.10 
1934 0.00 0.00 0.98 
1935 o.oo 1 65.2o 1 1.26 
1936 4.24 4.73 5.78 
1937 I 43.10 1 2o.6o 19.70 
1938 0.57 1.64 3.75 
1939 3.64 5.62 5.96 
1940 0.00 0.22 2.69 
1941 0.10 0.92 3.66 
1942 I 37.9o 1 11.30 12.80 
1943 5.40 4.99 6.09 
1944 0.10 0.65 4.74 
1945 1.34 1.75 3.43 
1946 5.80 4.61 4.62 
1947 3.31 0.71 12.50 
1948 0.00 0.00 7.47 
1949 1.27 1.72 2.41 
1950 0.53 1.60 3.72 
1951 3.67 3.45 3.94 
1952 0.00 0.00 0.33 
1953 0.00 0.00 0.00 
1954 I 32.8o 1 0.46 0.88 
1955 0.00 0.00 0.00 
1956 2.74 0.00 0.00 
1957 1.07 10.40 
1958 2.81 1.7!1 
1959 0.071 0.!0 0.85 

Monthly Mean* 53.257 5.817 5.890 

North Concho River Flow Data (1925-1959) 
Station No. 08134000 @ Carlsbad 

Mean Daily Discharge (cfs) 
Jan. Feb. Mar. Aor. Mav J -- -- - -- - ---- Jul. 
7.60 5.65 ··-- I 631.00 I 355.00 49.30 I 6.12 

15.00 11.00 
10.80 12.10 
4.82 5.91 
6.47 8.17 

4.63 
38.20 

353.00 
0.70 

I 307.00 76.00 21.20 18.80 
7.76 I 69.50 24.80 6.221 
7.19 9.19 48.00 I 13.00 

I 41.7o I 12.80 59.10 I 2.35 
4.08 3.95 3.60 4.34 145.00 242.0Qj 0.54 
5.09 10.20 5.51 5.56 18.00 3.32 0.084 
4.62 9.51 6.1o I 4o.oo 637.oo 13J.oo I 15.60 

14.00 11.90 12.00 9.55 6.15 1.25 0.00 
2.50 3.80 
1.45 I 8s.oo 1 

o.oo 1 
37.10 

4.04 6.96 2.96 
4.13 1 4J.5o 1,oo1.oo 

6.45 6.63 
16.00 15.30 

10.40 5.69 25.70 ..-----=:..:...:..::...., 
22.40 12.20 9.35 

7.1!2 12.90 IJ.9o I 21o.oo 1 11.00 
7.03 6.02 6.20 6.50 
2.98 3.88 2.51 3.12 
2.50 7.25 36.10 189.00 

12.30 12.10 11.60 13.10 3.92 
7.09 6.74 8.33 6.43 2.41 
4.62 3.99 
3.90 3.75 

3.83 2.99 32.70 I 
3.91 21.70 0.59 

5.07 5.16 4.88 3.07 0.20 
1.85 3.34 4.05 
4.52 7.44 9.32 
3.79 3.69 3.48 
4.24 4.67 4.08 0.10 
4.20 4.35 3.97 0.10 
1.37 !.50 1.65 
0.00 0.00 0.00 
1.56 1.26 1.04 
0.00 0.00 2.40 
0.00 0.00 0.00 
0.!0 0.014 5.86 0.087 
1.69 2.17 2.56 0.59 

.Lil 1.68 128 lli _69.10 I 
5.047 8.029 16.065 65.240 147.374 45.280 79.404 

Outline indicates mean flow greater than 30 cfs; 73 months outlined. 
Table 2 

155.oo 1 

15.40 
38.60 
20.60 
21.70 
0.20 
3.99 
3.79 
0.00 
0.34 
1.05 
1.13 

16.8o I 
8.33 
0.00 

255.oo 1 
0.00 
4.15 
0.00 
o.oo I 

14.30 
0.12 

20.080 

10.80 

0.083 
55.70 
9.16 

13.00 
0.16 
4.77 
!.10 
1.93 
0.10 

19.10 
0.37 

95.3o 1 
0.043 

0.00 
0.15 
0.00 
6.51 
0.47 

161.oo 1 
5.66 

29.90 

134.133 

Annual Daily Mean* 
182.548 

45.798 
18.061 
38.685 
15.818 
44.443 
7.078 

83.348 
8.162 

15.587 
109.564 
3-11.023 

34.859 
311.399 

6.664 
14.331 
57.999 
13.327 
6.328 
5.473 

71.094 
3.046 

28.744 
108.551 
52.463 
20.086 
6.379 
1.686 

38.593 
31.946 

6.750 
13.929 
96.894 

1211.729 
11.666 

48.801 



North Concho River Flow Data (1960-1996) 
Station No. 08134000 @ Carlsbad 

Mean Daily Discharge (cfs) 

Water Year Oct. Nov. Dec. Jan. Feb. Mar. Apr. Jul. Aug. Sept. Annual Daily Mean 

1960 I 225.oo 1 2.83 2.19 2.58 2.44 2.09 7.63 8.64 0.003 0.00 21.308 

1961 18.50 0.00 0.00 o.oo I 42.70 1 0.96 o.14 I 118.oo 1 1.25 9.65 43.483 

1962 1.44 1.21 1.39 1.27 1.10 1.17 1.03 0.00 0.00 0.00 0.722 

1963 0.00 0.00 0.00 0.00 0.00 0.00 o.oo I 0.00 2.53 0.00 4.253 

1964 0.042 4.49 0.00 0.00 0.00 0.00 0.00 0.00 2.s2 I 135.oo 1 12.899 

1965 0.12 6.30 0.013 0.00 0.00 0.00 0.00 2.26 1.54 11.386 

. 1966 I 35.4o I 0.12 0.00 0.00 0.00 1.64 0.00 18.30 5.73 13.078 

1967 5.44 0.072 0.044 0.044 0.018 0.012 0.00 9.16 0.00 1.233 

1968 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.483 

1969 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.58 9.97 2.979 

1970 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 

1971 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.80 8.81 0.00 15.70~ 9.668 

1972 0.86 0.017 0.00 0.00 0.00 0.00 0.00 3.08 1.92 0.007 0.00 32.00 3.157 

1973 O.o! 0.00 0.00 0.00 o.oo I 55.5o I 5.58 0.44 0.007 1.00 0.00 0.00 5.211 

1974 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.oo I 79s.oo 1 66.417 

1975 I 69.oo 1 12.30 7.19 4.89 4.97 3.15 2.90 26.20 1.38 0.093 0.52 0.00 11.049 

1976 0.00 1.94 2.40 2.57 2.10 1.85 1.89 2.48 0.12 0.93 0.001 17.80 2.840 

1977 2.05 2.60 2.48 3.36 3.94 4.40 5.24 3.671 34.7o 1 1.75 0.002 0.00 5.349 

1978 0.00 0.00 0.00 0.95 2.57 2.19 5.92 I 51.10 : 7.01 o.oo1 I 88.6o 1 0.024 13.198 

1979 0.05 2.59 2.25 3.56 3.56 4.06 7.76 2.41 3.01 0.015 1.20 0.00 2.539 

1980 0.00 0.00 0.29 1.86 2.62 2.50 1.74 1.89 0.41 o.oo I 73.10 1 35J.oo 1 36.284 

1981 6.74 6.80 6.03 6.96 5.47 6.00 8.40 16.00 6.22 2.830 0.037 0.16 5.971 

1982 27.30 7.77 5.63 5.75 4.84 5.32 5.29 21.40 14.60 5.49 0.56 0.00 8.663 

1983 0.09 2.22 4.02 4.45 4.16 3.4b 3.79 3.27 6.78 0.24 0.00 0.00 2.708 

1984 I 35.90 1 1.34 3.12 3.11 3.18 2.97 2.44 0.78 0.00 0.00 0.00 0.00 4.403 

1985 0.55 0.35 3.27 2.80 3.96 3.07 5.79 1.16 0.004 0.00 0.00 0.00 1.746 

1986 14.20 000 0.23 2.11 3.64 2.5~ 1.48 I 32.70 173.oo 1 o.o48 I 163.oo 1 34.3o 1 35.607 

1987 I 374.oo 1 13.80 13.80 13.00 27.60 24.90 20.00 19.70 13.90 5.68 2.48 4.38 44.437 

1988 3.91 4.60 6.90 9.03 8.81 8.42 9.12 8.94 3.85 6.67 o.32 1 42.to 1 9.389 

1989 1.79 2.41 5.35 5.27 5.44 5.84 5.90 2.86 21.50 0.087 0.007 O.ot1 4.705 

1990 0.005 0.20 2.48 2.69 3.48 5.36 4.73 3.80 0.38 3.19 0.16 2.44 2.410 

1991 2.25 3.59 4.27 5.20 4.80 4.95 4.11 13.10 11.50 1.28 1.24 10.60 5.574 

1992 3.80 5.37 9.72 12.oo I 35.9o 1 t8.to I 38.60 46.50 42.10 1 10.90 8.45 6.74 19.848 

1993 5.67 6.96 9.22 10.30 10.90 10.90 9.34 6.60 2.95 0.022 0.001 0.00 6.072 

1994 0.00 0.70 3.71 5.58 5.38 5.18 4.17 I 33.30 I 1.85 0.014 0.00 0.00 4.990 

1995 0.00 0.00 1.32 3.24 2.71 2.31 4.61 1.16 0.28 0.00 0.00 0.00 1.303 

1996 000 000 0.00 0.57 lJ..1 Ui 2.84 0.16 0.00 o.oo I 11o.oo 1 32 9o 1 .!1.:m 

Monthly !\lean 22.544 2.448 2.630 3.058 5.341 5.145 6.844 21.051 11.633 6.132 13.864 42.271 11.914 

Outline indicates mean flow greater than 30 cfs; 35 months outlined. 
70 year mean = 30.3575 cfs 

Tahle 3 
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period, the bracketed flows allow the identification of multiple month episodes 

during which the period mean was exceeded. During the first period, 15 multiple 

month episodes can be identified, while during the second period only 3 episodes 

are found. 

"Table 4" and "Figure 2" are representations of the number of days per year in 
which the daily average stream flow exceeded the period of record mean flow 
(30CFS). During the period from 1925 through 1959,695 days experienced daily 
flow rates above the mean for an average of near 20 days per year. In the second 
period (1960-96), 270 days experienced daily flow rates above the mean for an 
average of 7.3 days per year. 

In examination of the flow record, an attempt has been made to evaluate the 

historical changes in the perennial stream flow, or those periods in which direct 

rainfall runoff is not manifested. These periods are characterized by low flows 

comparatively and originate primarily from de-watering of the groundwater aquifer 

(springs and seeps) both in the river and in the tributaries. Evaluation of these 
periods can be misleading if one uses arbitrary flow rates to identify base flow. 
The base flow is whatever it is due to the existing hydrogeologir .. , .• ~;~; .• · . Also, 

the stream flow monitoring station at Carlsbad, due to local hydrogeologic 
conditions, can and does indicate low flows while in reality the stream bed both 
above and below the station is dry. "Table 5" and "Figures 3 and 4" have been 

prepared to illustrate the existence and extent of very low stream flow periods. 

These graphics show that between 1925 and 1959 there were 4130 days in which 

the average daily flow rate was 1.0 CFS or less. During the 1959-1996 period 

7252 days experienced flow rates 1.0 CFS or less. In addition, Figure 5 was 

prepared to illustrate the proportion of days each year in percentage during which 

stream flows were 2.0 CFS or greater. During the 1925-1959 period, stream flows 

were greater than 2.0 CFS 60.5% of the time. During the second period, stream 
flows were greater than 2.0 CFS 36.3% of the time. The record clearly indicates 

a greater and more perennial stream flow during the first 35 year period of record. 
The USGS stream flow station at Sterling City has a shorter period of record than 
the Carlsbad site, but an examination of the available data results in the discovery 
of hydraulic characteristic very similar to the lower river site. "Tables 6 and 7" and 
"Figure 6" are graphic presentations of the available data. 

"Table 8 and Figure 7" have been prepared to illustrate the distribution of rainfall 

runoff storm events during the period of record. A rainfall runoff storm event is 
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North Concho River Flow Data 
Station No. 08134000 (aJ Carlsbad 

Water Year #Days I Year Water Year #Days I Year 
Flow> 30 cfs Flow> 30 cfs 

1925 38 1960 10 
1926 25 1961 27 
1927 17 1962 0 
1928 21 1963 8 
1929 28 1964 9 
1930 13 1965 13 
1931 11 1966 15 
1932 46 1967 4 
1933 5 1968 3 
1934 8 1969 7 
1935 40 1970 0 
1936 24 1971 10 
1937 30 1972 3 
1938 36 1973 4 
1939 9 1974 11 
1940 11 1975 15 
1941 39 1976 3 
1942 13 1977 4 
1943 5 1978 8 
1944 6 1979 0 
1945 18 1980 13 
1946 2 1981 2 
1947 14 1982 4 
1948 15 1983 0 
1949 34 1984 2 
1950 23 1985 1 
1951 5 1986 19 
1952 3 1987 16 
1953 17 1988 4 
1954 32 1989 4 
1955 9 1990 2 
1956 20 1991 3 
1957 48 1992 26 
1958 19 1993 0 
1959 11 1994 4 

1995 0 
1996 16 

Totals 695 Totals 270 
Average 19.86 Average 7.30 

Note: 30 cfs is the 70 year mean. 

Table 4 
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North Concho River Flow Data 
Station No. 08134000 (a} Carlsbad 

Water Year #Days Flow WaterY ear #Days Flow 
< 1.0 cfs < 1.0 cfs 

1925 21 1960 116 
1926 37 1961 243 
1927 48 1962 199 
1928 45 1963 350 
1929 78 1964 346 
1930 85 1965 328 
1931 118 1966 310 
1932 28 1967 358 
1933 106 1968 358 
1934 186 1969 358 
1935 56 1970 365 
1936 82 1971 343 
1937 56 1972 354 
1938 21 1973 319 
1939 101 1974 319 
1940 116 1975 103 
1941 53 1976 135 
1942 51 1977 106 
1943 86 1978 205• 
1944 145 1979 133 
1945 65 !980 199 
1946 128 1981 74 
1947 124 1982 59 
1948 146 1983 127 
1949 57 1984 172 
1950 89 1985 98 
1951 107 1986 143 
1952 225 1987 0 
1953 337 1988 43 
1954 171 1989 100 
1955 321 1990 168 
1956 307 1991 44, 
1957 245 1992 0 
1958 76 1993 95 
1959 203 1994 162 

1995 204 
1996 233 

Totals 4130 Totals 7252 -

Table 5 
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Water Year Oct. Nov. Dec. 
1940 0.00 0.00 0.00 
1941 0.61 0.00 0.50 
1942 I 21.oo 1 2.99 3.36 
1943 0.40 0.82 1.44 

1944 0.00 0.00 0.23 
1945 0.00 0.00 0.00 
1946 0.18 0.27 0.83 
1947 7.18 0.00 0.00 
1948 1.05 0.00 0.00 
1949 0.00 0.00 0.00 
1950 0.00 0.07 0.69 
1951 0.01 0.17 2.25 
1952 0.00 0.00 0.00 
1953 0.00 0.00 0.00 
1954 0.00 0.00 0.00 
1955 0.00 0.00 0.00 
1956 2.20 0.00 0.00 
1957 ~ 0.10 0.81 
!958 0 0.81 0.40 
1959 0.00 0.00 0.00 

Monthly Mean 10.93 0.26 0.53 

North Concho River Flow Data (1940- 1959) 
Station No. 08133500 at Sterling City 

Jan. 
0.65 
0.69 
3.19 
1.40 
0.18 
0.00 
1.47 
0.05 
0.00 
0.50 
1.22 
0.62 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.92 
0.00 

0.54 

Mean Daily Discharge (cfs) 
Jul. Feb. Mar. Apr. May r-....:o.,::=c;_, 

0. 96 I. 0 I 0. 73 0.22 t----,:.:~..L..._--=-::.:..::7. 
1.171 39.30 15.ool 6.74.__....::;.::~--=.:..:-::-' 
3.13 2.73 6.28 1.75 - --

1.29 1.76 0.74 1.88 -··-
1.13 o.11 o.35 o.I5I 17.9o 1 -·--
o.oo 0.00 0.J3 0.00 - -- . I 

1.46 0.91 0.60 0.08 
0.11 
1.18 
0.66 
1.66 

v.- ... 

9.34 
0.79 
1.00 

...,,...,_, 

0.01 
80.10 
76.20 

1.49 0.78 0.49 0.75 
0.00 0.00 5.981 8.831 
0.00 0.00 0.00 0.20 
0.00 0.00 L 1o.oo 186.00 
0.00 0.00 0.001 22.101 
0.00 0.00 o.ool 25.101 
0.00 0.00 I 166.oo 201.00 
1.10 0.99 I 8.751 1.651 
0.00 0.00 0.00 0.49 

0.77 2.99 21.57 31.18 

0.08 
1.87 
3.50 

20.90 
0.03 
2.92 

94.40 
12.20 
2...ll 

0.00 
0.00 
0.48 

-·--
24.70] 
0.02 
0.01 

70.IQI 

14.96 46.37 

Outline indicates mean flow greater than 8 cfs; 35 months outlined. 

Table 6 

Aug. Sept. 
0.29 7.12 
0.88 3.74 
0.01 0.59 
0.00 0.00 
1.96 0.00 
0.49 0.03 
0.00 3.77 
0.00 0.00 
0.161 17.101 
0.02 0.02 
o.211 2o.oo 1 
0.00 0.00 
0.00 0.00 
2.07 0.00 
0.00 0.00 
0.00 1.24 
0.26 0.00 
o.oo I 64.4o I 
6.28 0.00 
0.10 1.03 

0.64 5.95 

Annual Daily Mean 
4.37 

10.66 
3.80 
1.10 
1.89 

33.97 
0.80 
4.50 

37.29 
19.00 
9.08 
0.55 
1.39 
0.52 

23.12 
2.63 
4.60 

44.65 
17.51 
6.41 

11.39 



North Concho River Flow Data (1960 -1985) 
Station No. 08133500 at Sterling City 

Mean Daily Discharge (cfs) 

Water Year Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Aug. Sept. Annual Daily Mean 

1960 1.61 1.32 1.46 1.33 1.25 0.99 0.03 0.00 0.00 0.00 16.54 

1961 0.00 0.00 0.00 0.14 0.13 0.021 179.001 1.77 1.86 3.37 38.00 

1962 0.89 1.17 1.23 1.01 1.06 1.16 0.29 0.00 0.00 0.03 0.56 0.64 

1963 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.40 0.04 0.00 0.00 0.00 0.79 

1964 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.60 6.231 102.oo 1 9.15 

1965 0.00 1.41 0.00 0.00 0.00 0.00 0.13 40.80 33.60 0.00 0.00 0.31 6.35 

1966 I 22.201 0.10 0.00 0.00 0.00 3.90 37.20 0.42 0.00 0.00 0.00 0.02 5.32 

1967 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 1.29 0.00 0.11 

1968 0.00 0.00 0.00 0.00 0.00 0 .;) o.oorn 0.14 0.00 0.00 0.00 4.96 

1969 0.00 0.00 0.00 0.00 0.00 0)) 0.00 20.90 0.00 0.00 0.00 4.49 2.12 

1970 0.00 0.00 0.00 0.00 0.00 0 l) 0.00 0.00 0.00 0.00 0.00 0.83 0.07 

1971 0.00 0.00 0.00 0.00 0.00 0.· i,) o.ool 19.60 14.201 o.ool 8.851 52.301 7.91 

1972 0.00 0.00 0.00 0.00 0.00 0.)) 0.00 0.00 2.44 0.00 1.83 5.19 0.79 

1973 0.00 0.00 0.00 0.00 o.ool 72.5Q] 7.42 0.24 0.00 0.00 0.00 0.00 6.68 

1974 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.37 0.00 0.031 115.oo 1 9.66 

1975 I 19.001 1.10 0.59 0.65 1.69 0.57 0.14 7.34 0.06 0.45 0.00 0.00 2.63 

1976 0.00 0.07 0.08 0.08 0.63 0.24 0.01 0.221 3t.4o I 3.64 

1977 1.52 1.48 1.39 1.35 1.24 1.27 1.02 0.411 24.801 0.54 0.02 0.00 2.92 

1978 0.00 0.00 0.04 0.32 0.75 0.52 0.40 2.13 3.44 0.00 0.00 0.00 0.63 

1979 0.00 0.00 0.00 0.00 0.19 0.76 0.30 0.03 0.27 0.00 0.00 0.00 0.13 

1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.94 0.21 0.00 o.ool 202.001 17.01 

1981 2.21 0.40 0.79 1.02 0.74 0.94 3.22 2.80 0.77 2.01 0.00 0.00 1.24 

1982 0.00 0.08 0.21 1.08 3.28 0.65 0.30 3.301 1o.so I 0.47 0.00 0.00 1.66 

1983 0.00 0.00 0.00 0.22 0.51 1.22 0.52 0.04 4.05 0.00 0.00 0.60 

1984 3.66 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.32 

1985 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.93 0.00 0.00 0.00 0.08 

Monthly Mean 9.463 0.272 0.220 0.285 0.421 3.263 2.056 13.423 3.757 11.565 0.783 19.903 5.38 

Outline indicates mean flow greater than 8 cfs; 23 months outlined. 

Table 7 
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defined as a period of time, usually days, during which a typical storm flow 
hydrograph is manifested in the flow record. Storm flow hydrographs are 
described and examined in detail in the following portions of this report section. 
Approximately 363 rainfall runoff storm events have been identified from the flow 

records. Of these events, 256 occurred during the first period (1925-1959) while 
107 occurred after ( 1960-1996). During the first period approximately 7.3 rainfall 
runoff storm events occurred on average each year while during the latter period 

only 2.9 events occurred on average each year. In addition, the yield on average 
of each event declined during the period. Prior to 1960, each event produced 
approximately 5,200 ac. ft. while after 1960 less than 3,000 ac. ft. was produced. 

Storm flow event frequency after 1960 was approximately 35% of the frequency 

before 1960 and the water yield per storm event was approximately 65% of the 
pre-1960 storms. 

A storm flow hydrograph is the graphic representation of the hydraulic 
characteristics of storm water (rainfall runoff) within a drainage way. The 
hydrograph is composed of two elements: 1) Stream flow rates (usually measured 
in cubic feet per second) and; 2) Units of time. A storm flow hydrograph is 

typified by a curve beginning at "0" or base flow conditions with a rapidly 
,~.,\.4l""'·~.·; ~-<~·!~'-• 

increasing flow rate to the peaK. and tnen a decreasing flow rate to the return to 

"0" or a base condition. The increasing portion of the curve is generally much 

steeper than the declining portion of the curve. In order to evaluate storm flow 

conditions to determine any historical changes during the period of record, every 
storm event was identified as to date of occurrence and assigned a number ( 1-
363). Following this, 1 0% of the total number of events (37) were generated as 
random numbers. These numbers now represented 37 individual storm events. 
A typical or composite storm flow hydrograph was prepared for these events 
falling within the period of 1925-1959 and composite hydrograph prepared for the 
period of 1960-1996. These hydrographs are shown on Figure 8. 

Examination of Figure 8 reveals that a change in the stormwater flow 

characteristic has occurred during the period of record. After 1960, the storm 

water hydrographs tended to be steeper during the inclining portion of the curve 

and also steeper during the declining portion of the curve. This phenomena is 
likely due to an accelerated time of accumulation resulting from an increasing 

runoff coefficient value after 1960, or the effect represents the absence of 
stormwater in the upper portions of the watershed reaching the stream flow station 

22 
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North Concho River Flow Data 
Station No. 08134000 (til Carlsbad 

Water Year # Rainfall Runoff Water Year #Rainfall Runoff 
Events I Year Events I Year 

1925 8 1960 4 
1926 10 1961 8 
1927 10 1962 2 
1928 10 1963 4 
1929 5 1964 5 
1930 7 1965 6 
1931 5 1966 7 
1932 12 1967 2 
1933 2 1968 1 
1934 4 1969 4 
1935 12 1970 0 
1936 7 1971 4 
1937 3 1972 4 
1938 12 1973 3 
1939 6 1974 4 
1940 8 1975 4 
1941 9 1976 3 
1942 4 1977 1 
1943 3 1978 3 
1944 3 1979 0 
1945 5 1980 5 
1946 3 1981 2 

. ··, .. ·I !U"':, , 7 1982 2 
1948 8 1983 1 
1949 9 1984 1 
1950 9 1985 1 
1951 2 1986 7 
1952 2 1987 3 
1953 7 1988 2 
1954 12 1989 1 
1955 7 1990 2 
1956 10 1991 2 
1957 18 1992 4 
1958 10 1993 0 
1959 7 1994 1 

1995 0 
1996 4 

Totals 256 Totals 107 
Aver~e 7.31 Average 2.89 

Note: Rainfall runoff event is defined as an event in which stream 
flow displays typical storm flow hydrograph. 

Table 8 



at Carlsbad. The time of travel of rainfall runoff entering the river at Sterling City 
and then passing the flow station at Carlsbad is approximately 24 hours. 

Examination of "Figure 8" also reveals that the composite hydrographs for the 
period yield very close to the calculated storm water average yields. This 
observation tends to verify that the composite hydrographs prepared were 
statistically representative of each period storm events. The dates of each storm 
event and the 37 randomly generated numbers are included in the appendix to this 
report. 

One interesting phenomenon regarding stormwater runoff was noted from the 

available record. This phenomena involves the total lack of runoff events during 

the month of July after 1961. Prior to this, July flood flows were common and 
occurred at least every four years. This phenomena is likely due to the change 
in perennial stream flows resulting in "dry" stream beds during summer months. 

It would appear from the available records and personal recollections that there 
have been significant changes in the surface water hydrology of the North Concho 
River watershed during this century and particularly since 1960. The question 

now remains regarding corresponding changes in the groundwater environment 
of the area during the period. These changes would best be demonstrated by 
increases or decreases in the static (un-pumped) water levels within area water 

wells. A Texas Water Development Board (TWDB) publication entitled "Water 
Well and Groundwater Chemical Analysis Data, Sterling County, Texas", Report 
No. 148, appears to be one of the best sources of documented change. 

The TWDB document contains water level records for hundreds of water wells in 
Sterling County. Eighty-one of the water wells had water levels measured in the 
early 1940's and the same wells monitored in the 1960's. This comparative data 
is shown on "Table 9". Of the water wells measured at both periods, 78% showed 
a decline in water levels from the 1940's readings. The average loss per water 
well that declined was 26.7 ft. Of the wells remaining static or increasing in water 
level during the period, the average gain was 4.2 ft. Except for municipal uses, 
there is no major irrigation or other significant groundwater users in Sterling 
County. For this reason, it would be anticipated that only minor variations in static 
water well levels as primarily related to climatic conditions would be the normal 
condition. It appears that the observed water well level decline from the 1940's 
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Sterling County Groundwater Elevations 
Historical Changes 

Well Measurement Date 1 Measurement Date2 Elevation 
Number Date 1 Elevations Date 2 Elevation Change 

+28-62-606 04/25/41 2,535.00 09/01/66 2,494.00 -41.00 
+28-62-908 04/25/41 2,560.53 09/13/66 2,511.30 -49.23 
+28-62-909 03/18/37 2,523.30 09/13/66 2,519.10 -4.20 
+28-63-505 05/14/41 2,476.95 04/08/69 2,476.10 -0.85 
+28-63-506 05/14/41 2,477.40 07/27/61 2,474.99 -2.41 
+28-63-603 05/13/41 2,359.36 04/04/69 2,366.00 6.64 
+28-63-806 05/13/41 2,464.30 04/08/69 2,464.20 -0.10 
+28-63-901 05/14/41 2,441.60 04107169 2,440.70 -0.90 
+28-63-903 05/13/41 2,400.50 04/07/69 2,403.00 2.50 
+43-1-305 06/13/41 2,421.00 04/24/69 2,414.90 -6.10 
+43-1-604 06/12/41 2,406.18 04/24/69 2,374.50 -31.68 
+43-1-701 05/22/41 2,402.05 05/25/69 2,379.50 -22.55 
+43-1-801 05/23/41 2,356.00 03125169 2,357.50 1.50 
+43-1-802 05/23/41 2,523.40 03/26/69 2,424.30 -99.10 
+43-1-904 05/23/41 2,442.30 03/26/69 2,416.10 -26.20 
+43-1-907 04/01/41 2,375.63 04123169 2,375.70 0.07 
+43-2-101 05/29/41 2,152.75 04/22/69 2,145.80 -6.95 
+43-2-402 06/11/41 2,277.50 05/23/61 2,271.70 -5.80 
+43-2-713 06/11141 2,407.75 04/22/69 2,342.60 -65.15 
+43-2-717 06/11/41 2,410.80 04123169 2,398.00 -12.80 
+43-9-106 05/22/41 2,265.00 04124169 2,251.20 -13.80 
+43-9-107 05/22/41 2,360.00 03/24/69 2,364.70 4.70 
+43-9-109 05/23/41 2,345.50 03/25/69 2,343.90 -1.60 
+43-9-110 05/23/41 2,348.90 03/25/69 2,348.00 -0.90 
+43-9-202 05/23/41 2,332.60 03/26/69 2,329.10 -3.50 
+43-9-503 06/18/41 2,221.60 02/12/68 2,218.40 -3.20 
+43-9-504 05/23/41 2,313.90 03/26/69 2,312.20 -1.70 

+43-10-405 04/01141 2,213.00 03/18/69 2,206.22 -6.78 
+43-10-709 05/31/41 2,140.54 03/20/69 2,139.50 -1.04 
+43-17-401 04/02/41 2,318.00 02/07/68 2,283.60 -34.40 
+43-17-502 07/14/41 2,336.00 04/30/69 2,270.60 -65.40 
+43-17-504 07/14/41 2,234.00 05/02/69 2,216.30 -17.70 
+43-17-702 07/14/41 2,290.00 04/30/69 2,272.80 -17.20 
+43-17-903 07/14/41 2,214.00 05/02/69 2,190.60 -23.40 
+43-25-402 07/08/41 2,410.70 01/25/68 2,397.90 -12.80 
+44-6-316 06/22/45 2,437.70 09/14/66 2,443.90 6.20 
+44-6-904 04/30/41 2,480.00 I 0/10/66 2,486.00 6.00 
+44-7-104 04/25/41 2,418.00 09/13/66 2,426.00 8.00 
+44-7-201 05/14/41 2,435.13 07/27/61 2,427.75 -7.38 
+44-7-209 05/14/41 2,470.94 07/27/61 2,447.90 -23.04 
+44-7-401 04/30/41 2,435.20 07/29/61 2,445.38 10.18 
+44-7-403 04/30/41 2,430.00 09/20/66 2,432.60 2.60 
+44-7-404 04/30/41 2,406.82 09/14/66 2,409.90 3.08 
+44-7-504 04/30/41 2,441.15 10/10/66 2,434.50 -6.65 
+44-7-505 06/30/41 2,424.90 07/28/61 2,418.20 -6.70 
+44-7-701 04/30/41 2,487.00 03/14/68 2,481.70 -5.30 
+44-8-103 06/21/41 2,428.60 05/28/69 2,433.90 5.30 
+44-8-202 06/22/41 2,439.85 05/26/69 2,423.50 -16.35 
+44-8-301 06/27/41 2,436.00 05/15/61 2,431.40 -4.60 
+44-8-305 06/27/41 2,533.50 05123169 2,539.70 6.20 
+44-8-306 06/27/41 2,384.95 05/26/69 2,393.24 8.29 
+44-8-503 05/16/41 2,385.20 03/21/69 2,384.00 -1.20 
+44-8-504 05/16/41 2,388.20 03/21/69 2,390.30 2.10 
+44-8-505 05/16/41 2,411.90 07/27/61 2,410.70 -1.20 
+44-8-506 05/16/41 2,363.55 03/21/69 2,361.30 -2.25 
+44-8-601 05/16/41 2 469.54 03/21/69 ~464.20 -5.34 
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Number Date 1 Elevations Date 2 
+44 8 602 05/16/41 2 435 25 031"1169 - - ' ! -
+44-8-706 06/20/41 2,353.85 07117/61 
+44-8-801 06/10/41 2,327.30 07/20/61 
+44-8-901 06/20/41 2,457.80 03/24/69 

+44-14-601 04/17/41 2,456.46 07/06/61 
+44-15-201 12/08/54 2,373.72 12/01/64 
+44-15-202 04/14/41 2,443.00 02/20/68 
+44-15-204 04/14/41 2,428.00 02/20/68 
+44-15-702 04/17/41 2,445.00 01/16/68 
+44-15-901 04/18/41 2,448.08 03/13/68 
+44-16-201 12/01153 2,296.28 12/01/69 
+44-16-202 12/01/53 2,293.82 12/01/69 
+44-16-203 12/01/53 2,293.96 12/06/69 
+44-16-310 05/22/41 2,247.75 04/29/69 
+44-16-604 04/10/41 2,279.78 04/29/69 
+44-16-606 04/02/41 2,266.92 04/29/69 
+44-16-901 05/20/41 2,320.30 07/07/61 
+44-23-102 04117/41 2,469.78 01/16/68 
+44-23-501 04/03/41 2,438.26 08/02/61 
+44-23-802 04/04/41 2,488.75 04/08/68 
+44-24-205 04/03/41 2,353.84 05126/69 
+44-24-206 04/03/41 2,367.00 05126/69 
+44-24-301 04/03/41 2,314.50 05/29/68 
+44-24-805 04/04/41 2,381.00 05/21/69 
+44-32-201 05126/41 2,424.00 02/08/68 

Total number of wells: ll 
Number of wells declining: Q1. Average loss per " " '" ., • ..... _ 
Percentage of wells declining: ~ 

_ 1.·:.c .. 

Elevation 
2 411 '0 ' ' -~ I 2.350.70 
2,325.84 
2,447.90 
2,427.40 
2,366.60 
2,438.90 
2,430.70 
2,446.00 
2,401.80 
2,295.69 
2,292.20 
2,293.14 
2,242.90 
2,277.80 
2,266.50 
2,329.39 
2,467.10 
2,424.15 
2,453.10 
2,347.30 
2,352.10 
2,304.60 
2,364.50 
2,419.50 
Average 

Number of wells unchanged or increasing: 1Jl.. Average gain per well= 4.2 feet. 
Percentage of wells unchanged or increasing: ~ 

Table 9 

I 

: .. .,(~~· .2. t:.o r.J 

Change. 
-"4 0" ._ ' ...-I 

-3.15 
-1.46 
-9.90 

-29.06 
-7.12 
-4.10 
2.70 
1.00 

-46.28 
-0.59 
-1.62 
-0.82 
-4.85 
-1.98 
-0.42 
9.09 

-2.68 
-14.11 
-35.65 
-6.54 

-14.90 
-9.90 

-16.50 
-4.50 

-10.03 



to the 1960's is indicative of a major long term change in the groundwater 

environment. 

3.3 Geological Considerations 

A total offour (4) geological profiles were prepared to illustrate the geology of the North Concho 

River Basin. Three (3) of these are tangential to the North Concho River and are oriented 

essentially north to south. These profiles are labeled 1A-1A' & 1B-1 B', 2A-2A' & 2B-2B', and 3A-
3A' & 3B-3B'. The other profile (4A-4A') is aligned in a northwest-southeast orientation, along 
the path of the North Concho River. It not only illustrates the subsurface geology but also the 
topographic relief and geology of the outcrops located within the flood plain valley. These 

profiles and a map illustrating their locations are included herein as Plates 3- 7. 

The San Angelo sheet and the Big Spring sheet of the Bureau of Economic Geology's Geologic 

Atlas of Texas, Texas Water Well Driller's logs, and USGS Quadrangle Maps (topographic 

maps) were used in the development of these geological profiles. Well logs were chosen based 

on the location of the well relative to the line of profile and by the usefulness of the lithologic 

descriptions. In some cases, because wells were not located directly along the lines of profile, 

they were "pulled into" their respective lines from a significant distance. However, care was 

exercised to position the "pulled in" wells at locations along the line of profile that were 
analogous in elevation and geomorphological expression. 

Because of the large area involved and the relatively small number of well drillers logs used, 
these profiles have to be considered as generalized representations. However, enough data 

was located and analyzed to provide useful geological information. 

The North Concho River heads out in southeastern Howard County at the northern limit of the 

Edwards Plateau. It is situated at the margins of the Edwards Plateau and the Llano Estacada 

or High Plains. The small tributaries that come together to form the North Concho River head 

out in Cretaceous limestones of the Edwards Group. The river traverses a large alluvial valley 

that it has cut into the Cretaceous limestones that mantle the Edwards Plateau. Its course 

includes portions of Howard, Glasscock, Sterling, Coke, and Tom Green Counties. Southeast 

of O.C. Fisher Reservoir in San Angelo, it joins with the South Concho River and the Middle 
Concho River to form the Concho River. Throughout the North Concho River's course, the river 
and tributary valleys get progressively wider with distance from their points of origin. 

At the upper reaches of the North Concho River, the Cretaceous limestones are underlain by 
the Dockum Group ofTriassicAge. The Dockum Group noncomformably underlies Cretaceous 
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rocks and Permian deposits unconformably underlie the Dockum Group. The Dockum Group 
is absent in the subsurface east of approximately Sterling City. East of this point, Cretaceous 
rocks are unconformably underlain by Permian aged rocks. The Permian deposits dip to the 

west into the Midland Basin. At the eastern limit of the river's course, Permian rocks are exposed 

in the river bed. Alluvial deposits are present throughout the entire North Concho River Valley. 

Abbreviated lithological descriptions of the geologic formations that significantly affect 
hydrogeological conditions in the North Concho River watershed are presented below in 

descending order: 

• QUATERNARY 
Alluvium 

• CRETACEOUS 
Edwards 

Antlers 

• TRIASSIC 
Dockum Group 

• PERMIAN 
Quartermaster 

Floodplain and terrace deposits comprised predominantly of 
sand, silt, caliche, gravel, and conglomerate. Well-cemented 

to unconsolidated. 

Cherty, dolomitic, and argillaceous porous limestones that are 

irregularly to massively bedded with thin interbedded shales. 

Coloration is white, yellow, gray, and brownish. 

Sand, sandstone, siltstone, conglomerate. Locally 
argillaceous, poorly bedded and moderately indurated to 
friable. Coloration is white, brown, light gray, grayish yellow, 
and pale purple. Chert in basal conglomerate is black. 

These rocks are composed of sandstones, clays, shales, and 

conglomerates. The predominant coloration of this group is 

reddish brown. Sands are fine to coarse grained and are thin 

bedded to massive. 

Interbedded shale, siltstone, sandstone, gypsum and 
dolomite. Coloration is predominantly various shades of red. 
Sandstones are mostly fine grained and indistinctly bedded 

to massive. 
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;: 
I 

Whitehorse 

Blaine 

San Angelo 

Interbedded sandstone, sand, shale, conglomerate, gypsum, 
and dolomite. The coloration of the clastic deposits consists 

of various shades of red and brown. The gypsum and 

dolomite beds are various shades of white, gray, and pink. 

Interbedded shale, sandstone, gypsum and dolomite. Shale 
is calcareous in part. Sands are mostly fine grained, thin 
bedded to massive. The coloration of clastic deposits is red, 
yellow, brown, orange. Dolomite is calcitic and argillaceous 
and thinly bedded. Its coloration is various shades of gray 
with purple and pink streaks. 

Sandstone, shale, and conglomerate. Sand is fine grained, 
thin bedded to massive, friable. Coloration is red, gray, 

yellow, and brown. Shale is indistinctly bedded, sandy, and 

red to bluish green in color. A basal quartz conglomerate is 
present. 

In a permeable media, ground water flows in the direction of the hydraulic gradient. The same 
holds true in a geologic setting, i.e. the groundwater flow is from areas of recharge at higher 

elevations to areas of discharge at lower elevations. Also contributing to the direction of 

groundwater flow is the structural attitude of the aquifer. On a regional scale the groundwater 

flow direction of the Edwards-Trinity Plateau aquifer is to the south and southeast, which follows 

the south to southeast dipping base of the Cretaceous rocks. The groundwater flow direction 

of the North Concho River watershed, which is located at the northern edge of the Edwards

Trinity Plateau aquifer, also flows primarily to the southeast. 

Based on the static groundwater elevations reported in Texas Water Development Board 
monitor wells and the private water well records reviewed, it is apparent that the Quaternary 
Alluvium, the Edwards Limestones, and the Antlers Sandstone are hydraulically connected. On 

a local scale, perched groundwater at shallow depths was observed to exist near surface 
waterways. However, on a basin wide scale, little or no discernable difference, other than 
expected regional dip, was noted in the measured hydrostatic groundwater levels from widely 
spaced wells. This observation held true regardless of the geological formation in which the 
wells were completed. Because these geological formations are hydraulically connected, they 

essentially function as a single aquifer and on a basin wide scale, can be viewed as such. 
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However, because of the complexity of the flow paths in geological media, the aquifer should 
not be thought of as a conduit through which groundwater readily flows. 

From a hydrogeological perspective, groundwater movement in the North Concho River 
watershed is comprised of two components. One is the previously mentioned regional 
component in which groundwater moves to the southeast, in the same direction as the dip 

direction of the base of the Antlers Sandstone. The other component is comprised of 

groundwater movement from the higher limestone deposits (the recharge areas located on either 

side of the river) toward the river (the discharge area). This groundwater is stored in the porous 

alluvial deposits situated along its course. Alluvial deposits are typically comprised of flood plain 

deposits characterized by channels and clay lenses, which can locally reduce permeability. 
Because of this attribute, the alluvial deposits likely provide a more effective storage media for 
the groundwater than the Edwards limestones and Antlers Sandstone. 

During periods of high rates of recharge the hydrostatic water elevation rises, groundwater 
storage increases, and natural discharge increases. Where erosion has incised the Cretaceous 
rocks to an elevation that intersects the water table, springs issue forth. The major rivers and 
tributaries located within the boundaries of the Edwards-Trinity Plateau aquifer, are headed by 

such springs. As evidenced by historical accounts, the number and prevalence of spring fed 

creeks in the North Concho River watershed, through time, have decreased. This condition is 

presumed to be due to excessive groundwater discharge through evapotranspiration. 

The previously referenced geological profiles illustrate the increased width and thickness of the 

alluvial deposits with increased distance from the head of the river valley. This is the typical 
geometric expression of alluvium deposited in an erosional river valley. This means that aquifer 
storage capacity increases as distance from the head of the river increases. However, it also 
means that the surface area of the aquifer increases, the depth to groundwater decreases, and 
thus, natural discharge through evapotranspiration increases. 

The largest aquifer storage capacity and the largest evapotranspiration withdrawals occur at the 

same location, i.e. at the "mouth" of the river and/or tributaries. Because of this, it is considered 

likely that the greatest and fastest positive influence from brush control can be realized by 

beginning brush control efforts at the lower portions of the river and/or tributaries and moving 
toward the head of the watercourse. Initiating the program at these locations should provide the 
quickest and greatest relief from evapotranspiration withdrawals at the locations where, 

geologically, the most groundwater storage capacity is available. 
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3.4 Existing Surface Water Hydrology 

The existing surface water environment now typically found within the North Concho River 

watershed has been generally described in Section 3.22 of this report related to Hydrological 
history. During the conduct of this study, no tributary to the North Concho River was discovered 
that is capable of maintaining a long term aquatic habitat. As a general rule, the extreme upper 

portions of tributaries will experience temporary spring flow and seeps during wet weather and 

during winter months when evapotranspiration is low. It is extremely rare, even during wet 
years, that perennial tributary flow would reach the river. 

Portions of the North Concho River can be expected to experience measurable stream f I ow 
during winter months and often extending into late spring. During February, 1998 the study staff 
in cooperation with the United States Geological Survey Water Resource Staff in San Angelo 
conducted a stream flow survey of the river. The results of this study appear to be very typical 

of the existing condition and are shown as follows: 

LOCATION FLOW MEASURED 

LAT/ LONG DESCR!PTION CFS GPM 
~--- ·- . ----·--

31 °54'0"/101 ?19.73" "U"Ranch, Initial Spring Area 0.04 18 

31 °53'56"/1 01 °6'43.69" "U"Ranch, Below Springs 0.41 184 

31 °51'22.58"/101 °3'10.22" S-4.158 Bridge above S.C. 0.39 175 

31 °50'18.46/101 °29'3.9" Hunt Rd. above S.C. O.OO(dry) 0 

31 °49'48.03/100°59'35.96" USGS Sta@ S.C. O.OO(dry) 0 

31 °48'10.67/100°56'36.63" Sherwood Lane Bridge 0.49 220 

31 °45'15.91"/100°51'27.58" Rawlings Ranch (Sterling Co.) 0.07 31.4 

31 °40'34.84"/100°46'52.51" Rawlings Ranch (Tom Green) 2.36 1059 

31 °39'38.91 "/1 00°44'28.54" F.M. 2034 (Water Valley Park) 4.21 1890 

30°37'15.7 4"/100°40'43.69" Post Oak Rd 4.31 1934 

31 °35'33.94"/100°38'14.01" USGS Station @ Carlsbad 2.64 1185 

30°34'47 .26"/1 00°36'32.51" Jones crossing( E. Carlsbad loop) 2.82 1266 

31 °32'34.96"/1 00°32'20.29" F.M. 2288 2.15 965 
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As can be seen from the data cited on the previous page (which is listed sequentially from 
upstream to downstream), the river displays both gaining (increasing flow downstream) stream 
characteristics and loosing (decreasing flow downstream) stream characteristics. This condition 
is apparently "normal" within recent years, particularly since some brush control activities have 

occurred along the river, primarily in Sterling County. The historic source springs located on the 
"U" Ranch northwest of Sterling City began to flow in recent years following brush control work 

within a narrow band adjacent to the river. 

By June, 1998 stream flow at the above cited locations had generally ceased, which is the 
"normal" summer condition. Also, long stretches of the stream bed was dry, which is also the 
"normal" summer condition. The ability of the stream to display stream flow is dependent upon 
the static water level or location of the saturated zone within the Quaternary Alluvium deposits 
which are adjacent to and underlie the stream bed. This factor also determines which stream 
condition the river will display a "gaining" situation or a "loosing" condition. 

The existing stormwater flow characteristics are also generally shown in Section 3.22 of this 

report. The existing frequency, duration and total water yields of runoff events are greatly 
reduced from historic and previous periods. The "normal" condition since 1960 produces less 

than three rainfall runoff events per year and less than 3, 000 acre feet of water per event. Also, 

the storm flow rate at the Carlsbad USGS station will peak within 24 hours of the onset of the 

event with the highest mean daily flow rate at less than 900 CFS. 

Due to the existing surface water hydrology, water quality is impacted both above and below 
O.C. Fisher Reservoir. The ultimate impact on an aquatic environment is a dry stream bed. 
This phenomena is a reality during portions of the year for significant segments of the stream 
and for most of the tributaries during most of the year. In addition, low or no stream flow results 
in the absence of the natural process involved in the type of aquatic environment responsible 

for re-aeration and consumption of nutrients. As a result, eutrophic characteristics are often 

displayed within the isolated pools during summer months. The changes in the frequency, 

duration and intensity of scouring flood flows are also impacting water quality. 

Below O.C. Fisher Reservoir through San Angelo, the North Concho River has become one of 

the state's most heavily impacted stream segments from non-point source urban runoff water 

pollution. This is due primarily to the lack of downstream flows from the reservoir. These 
releases are not generally possible due to current and historic lake levels. 
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,.. 3.5 Existing Groundwater Hydrogeology 

As stated previously in this report, the principal water bearing formations within the watershed 

are the Quaternary Alluvium deposits, the Antlers Sand and to a lesser degree, the Edwards and 
associated limestones. Plotting of water level data converted to mean sea level (MSL) confirms 
the existence of regional groundwater movement trends.(See "Plate 8" for water well locations 
within the watershed). Hydraulic gradients throughout the watershed indicate groundwater 

movement down slope and at right angles to surface drainage features. Also as stated 
previously, there is an intimate relation in existence between the groundwater environment and 
the surface water environment. At the present time, wet weather and winter months when 

evapotranspiration is low often produce a groundwater level that intercepts the surface drainage 

and produces a dewatering of the aquifer, or seeps and springs. This phenomena is most often 
observed in the extreme upper portions of the tributaries and is most often temporary. As the 
surface flows of these tributaries move down slope they encounter dry alluvial deposits and are 
lost into these deposits. 

There are stream bed elevations that encounter groundwater during portions of the year 
primarily in the lower portions of the watershed that are dependent upon climate conditions that 

will produce localized stream flow. 

The North Concho River watershed, including the tributaries, contains approximately 394,000 

acres with the Quaternary alluvial deposits exposed at the land surface (see Plate 9). The 

thickness of the Quaternary deposits range from a few feet at the higher elevation to 50-60 feet 
in the lower portions. A portion of these deposits and the underlying limestone or antlers 
generally comprise the aquifer. The most prolific water wells in the watershed will be producing 
from the Quaternary deposits as these deposits are also in the most intimate contact with the 
river and tributaries. Assuming average existing and historical depths of the saturated zone and 
average formations porosity, it is estimated that within the boundaries of the quaternary 
deposits, the "natural" or "native" condition groundwater volume was near 6 million acre feet of 

water. The existing groundwater volume is likely near 4 million acre feet of water which is the 

normal volume with the existing brush cover over the Quarternary deposits. 

,.. 3.6 Description of the Watershed Hydrologic System 

The hydrologic system described in this report section is reflective of the "native" conditions 
encountered by the first settlers to the region. This condition is typified by a groundwater 
potentiometric surface that generally interacts positively with surface water drainage. The river 
proper (from head springs) and most tributaries display "gaining" stream characteristics or 
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stream flow generally increasing as you proceed downstream. Source springs, due to the 
existing hydraulic gradient and aquifer storage capacity, may diminish during summer months 
and during dry periods, but are generally perennial. For this reason, any rainfall that produces 
runoff entering the stream or perennial tributaries anywhere within the watershed will result in 
the delivery of that runoff to downstream receptors. One could expect the USGS flow monitoring 
station at Carlsbad to experience a rainfall runoff event 7.31 times per year on average. This 
event would result in approximately 4560 acre feet of water flowing past the station over a 5 day 

period. The peak flow period for the event would most likely occur during the second day of the 

event. Flood flows would be expected during any month of the year (even summer months) but 
is least likely in December and most likely in May of each year. 

The perennial or base flow at the Carlsbad USGS flow station can be expected to be greater 

than 2.0 CFS 60.5% of the time and an annual mean flow near 48 CFS. During approximately 
20 days per year we can expect stream flows in excess of 30CFS. 

Utilizing the 35 year average annual rainfall (1960-1996) amount experienced in the lower 
watershed (20.31 in./yr.) to calculate the total available water within the watershed, we find that 
an average of over 1.5 million acre feet of water is available per year. Existing known water 

users have been estimated and are shown on Tables 10 through 14. Use categories include 

domestic water consumption, surface water evaporation losses, livestock and wildlife users, 

surface runoff and irrigation uses. All of this data is summarized on "Table 15". It has been 

determined that all known water losses exclusive of evapotranspiration can account for only 

slightly over 0.2 acre inches of water which is approximately 16,000 acre feet of water annually. 

These calculations result in conclusions that 99% of all of the available water in the watershed 

cannot be accounted for except from losses due to evapotranspiration processes. Water yields 

from the watershed in the form of rainfall runoff presently amounts to less than 0.6% as an 

annual average. Historically, water yields in the form of rainfall runoff (prior to 1 960) amounted 
to approximately 2.4% annually or approximately 38,000 acre feet per year average. 

.. 3.7 Hydrologic Evaluation, Summary and Conclusions 

Based on the evaluation of the North Concho River Watershed including the analysis of all 
available climatic, ecological, hydrologic, hydrogeologic and geologic data, the following 
conclusions have been prepared to summarize study findings: 

1) There have been no significant historical changes in rainfall frequency, duration 
or intensity within the watershed. 
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2) Ecological changes within the watershed though time have been significant. The 

major change has been a transformation from prairie grasslands to brush infested 
valleys (primarily mesquite) and hills (primarily juniper). 

3) The ecological transformation was completed during the decade of the 1950's. 

4) There are good stream flow records for the lower stream area for an approximate 
70 year period. 

5) The available stream flow record indicates a major hydrologic change in stream 
characteristics occurring in the decade of the 1950's. 

6) Numerous "old time" residents confirm the perennial flow characteristics of the 
river and most major tributaries finally ending during the decade of the 1950's. 

7) No tributaries to the river are presently capable of maintaining a permanent 

aquatic habitat. This is also true of several segments of the North Concho River 

proper. 

8) After tne 1950's, the frequency, duration and total yield of the rainfall runoff events 
on the watershed greatly diminished. 

9) After the 1950's the rainfall runoff event characteristic (storm hydrograph) changed 
significantly from pre-1960 events. Flood flow peaks occurred more quickly in the 

event and flood flows diminished sooner. 

1 0) Following a July 1961 flood flow event, no storm runoff flow events occurred during 

July up to the present time. Prior to that, July flood flows were common. 

11) 78% of the water wells monitored in Sterling County by the Texas Water 
Development Board during the early 1940's and again in the early 1960's declined 
in water level by an average loss of more than 25 feet. 

12) The "native" hydrologic characteristics of the river and most tributaries is 
sustainable "gaining" or increasing downstream flows due to de-watering of the 
groundwater aquifer, primarily within the Quaternary deposits. 
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Direct Surface Water 
Evaporation Losses 
North Concho River Watershed 

:~c:.~}~~:l/: tiydrologJcunlt ....... ~~····· Tot~ .. )~~~I~ta'f"'but~?llASt:3~ea!n~?li"':S::: 
1:. }.: : Na!M': · .·.·· · Area · < .!lnrf..-•4•--

.• :::. ::·• ····:::•:·:··I· ~{~?fr{~; ).• .~:~::~~a >t ~;Jt 
145 7.98 

2 JLacyCreek_.~ 1191,300 ac.[ __ 1891 10.4 
3.4 IWillowCreek I 58.148 ac.l 57.51 3.16 
5 I Sterling City USGS I 10,481 ac.l 10.41 0.57 
6 Creek 125.5 6.9 
7 n ~~ 

8 66 3.63 
9,10 47.3 2.6 
11 I Drv Creek I 26.634 ac.l 26.41 1.45 
12 Chalk Creek 30.1 1.66 
13 Carlsbad USGS 6.9 0.38 
14 I Live Oak Creek I 25,876 ac.l 25.61 1.4 
15 IGrapeCreek I 7V'48 ac.l 721 3.96 

16,17 ILowerDryCreek I 15,431 ac.l 15.31 0.84 

-·- ·ac· · ····::::Afinilal:.K:Aft..········· 
2.26 0.0243 
2.94[ 58.11 ___ 71.44[ 387.2L o.0243 
o:a91 ---17.71 21.751 117.91 0.0243 

0.161 3.21 3.931 ___ 21.31 0.~-43 
1.951 38.51 47.351 256.61 0.0243 
1.21 24 ~.5 159.9 0.0243 

1.03! 20 I 24.66! 133.7! 0.0243 
0.74 14.5 17.84 ~- ~.7 0.0243 
0.411 8.11 9.961 541 0.0243 

0.471 9.21 11.331 61.41 0.0243 
0.11 _1.1_ 2.59 14 0.0243 

0.41 7.861 9.661 __ §2.4[ 0.0243 
1~JlJ 22.11 27.181 147.31 0.0243 
0.241 4.71 5.481 ~.71 0.0243 

~~ 18 . f.C. Fi~er 
[.Totals. 8951 49.221 13;931 'J7;LRR --'" 3~3T.n! .1829.3) o.0243 

2 [ Calculated tributary (stream bed) length muttiplied by 1 0 ft. average width 
3 i Percentage of exposure time 20 days/yr to estimate annual exposed surface 

1 365 days 
4 i Groundwater storage, estimated at 853 facilities at 30 ft. diameter for total watershed and calculated 

I as sq. ft. /ac total watershed to estimate sub-watershed exposed sq. ftlacre 
5 1 Perennial Stream bed length X 50 ft. average width to estimate total watershed exposed area. Sub-watershed areas estimate at exposed ft. 2/acre 
6 Calculated as 2 + 3 + 4 to estimate total surface areas exposed 
7 AC.!Ft. evaporation losses at 65/yr (5.42 ft.) 6 X 5.42 

8 7 X 12 in. 
1 sub-watershed & 

watershed area 

Table 10 



Livestock & Wildlife 
Water Consumption 
North Concho River Watershed 

Number a Hydrolovic Unit,, . 
:Hamel ' 
·. 

1 Upper RIVet' 

2 LacvCreek 
34 Willow Creek 

5 Stertino CitV USGS 

6 Stertino Creek 
7 Broome/Middle Rivet' 

8 Mulberry Creek 

910 Walnut Creek 

11 Dry Creek 

12 Chalk Creek 
13 Cartat>.d USGS 

14 Live oak Creek 
15 Grape Creek 

1617 Lower Dry Creek 

18 O.C. Fisher 

'totiiii:: ~~;;:jm~~;g;;~:ismggjl~~l~!:~il~l~:a: 

1 2 . 3 4 
., Total!'' I· Gai/Dat" Annual•·' · Total Annual . · . ArM: : ·' cC)Riumplil:.n . , cohaunqrtion wataiatMcl Water ; : . 

'T" · 1.2 ilaUac;. •' ac. rt..:. LosM&aclln; 
146740 ac. 178 088 197.3 O.D18 
191 300 a c. 229 560 257.2 0.016 

56146 ac. 69778 78.2 O.D16 
10 461 ac. 12 577 14.1 O.D16 

128 812 ac. 152 174 170.5 O.D16 
78828 ac. 94594 108 0,016 
66765 ac. 80118 89.8 0.016 
47 810 ac. 57372 84.3 0.018 
26834 ac. 31960 35.8 0.016 
30420 ac. 36504 41 0.018 
6933 ac. 8 320 9.3 0.016 

25 876 ac. 31 051 35 0.016 
72746 ac. 87298 97.8 0.016 

15 431 ac. 18517 21 0.016 

'804 926 g;;::: >··;:,:::·'foas·afi· ' '::' :' .':12'17.3 0.016 

2 Livestock Calculated as ( 1) animal unil/20 acrea and 12 gaVday/animal unit 
12120 = 0.6 gaVacre. Wildlife consumption eatimated to be approx. 
equal to livestock use, thua total consumption in gaVacre 
equals 0.6 + 0.6 " 1 .2 gaVacre/day 

3 bc:-=:::::-!-...,.--::-
325,800 gaVacre ft. 

4 2X121n. 

X365 

Sub-watershed & watershed area (ac) 

Table 11 



Water Losses as Surface Runoff Discharged From Watershed 
North Concho River Watershed 

1 Total Area 
2 Non-Producing {runoff) area 
3 1 -2 
4 35 year average runoff@ Carlsbad USGS= 8358 ac ft. for 779,964 acre watershed 

8 358 equals 0.0107 ac. ft./ac./yr., then 3 X 0.0107 =annual runoff {ac.ft./yr. 
779,464 

5 4X12in. 
-watershed area {ac) 

Table 12 



Water Losses from Crop Irrigation * 

Ground & Surface Waters 
North Concho River Watershed 

1 

Numbers Hydrologic Unit Total 
Name Area . 

1 Upper River 146,740 

2 LacvCreek 191 300 
3,4 Willow Creek 58.148 

5 Sterling City USGS 10.481 

6 Sterling Creek 126,812 

7 Broome/Middle River 78,828 

8 Mulberry Creek 66,765 

9,10 Walnut Creek 47,810 

11 Drv Creek 26,634 

12 Chalk Creek 30.420 

13 Carlsbad USGS 6,933 

14 Live Oak Creek 25,876 

15 Grape Creek 72,748 

16,17 Lower Dry Creek 15,431 

18 O.C. Fisher 
:·::H:::~rrotalsi''El'::;: j:'::;; ,:'::·,;;;.\;· •. · .. :·f:i\::··::-.:,- ,,., .. 904,926"' 

2 3 

.Irrigation Use ·Average Total 
at 0.0034 Watershed 
ac.ft./ac. Consumption 

a c. 499 0.041 
a c. 650 0.041 
a c. 198 0.041 
a c. 36 0.041 
a c. 431 0.041 

a c. 268 0.041 

a c. 227 0.041 

a c. 163 0.041 
a c. 91 0.041 
a c. 103 0.041 

a c. 24 0.041 

a c. 88 0.041 
a c. 247 0.041 
a c. 52 0.041 

~ .. -· ··- ···--·· --
·1+':-..······ .•:.·'·:::''':!:3 .. 077.; ','•':'''.0.041·"'·::'ii·i; 

2 Irrigation use rate in Sterling Co. has been assumed to be typical for entire 
watershed. Sterling Co. 35 yr. avg. irrigation consumption is 1975 ac. fl./yr. 
and Sterling Co. contains 584,960 acres. 

1------::1'-::9'77~5-.::a;.;::c.:... fl"'·---- equals 0.0034 a c. fl./a c./yr. 
584.960 ac. 

3~~~~~~-=2~X~1~2~in~·-------
sub-watershed & watershed area 

* Data Source: Report 347 (Jan. '96} "Surveys of Irrigation in Texas", TWOS 
I 
l 
' 

Table 13 



Domestic Water Consumption 
North Concho River Watershed 

Numbers Hydrologic Unit 

Name .. 
. ' .· 

--

1 Upper River 

2 Lacy Creek 

3,4 Willow Creek 

5 Sterling City USGS 

6 Sterling Creek 

7 Broome/Middle River 

8 Mulberry Creek 
910 Walnut Creek 
11 Dry Creek 

12 Chalk Creek 

13 Carlsbad USGS 

14 Live Oak Creek 

15 Grape Creek 

16,17 Lower Dry Creek 

18 O.C. Fisher 
1 ···rotals ' .... : .. 

- · .. . - . .:· ······: _-: ... --- . . 1 2 3 4 5 6 

1- Total Municipal/ Es~, RIJral Population~, Water Use Total Water .. Use 

1 
Area Institutional -- ~op, Density Total Pm~. '_ .. _ at.ll5frrigiyr I' 

. ' -- . 

,._ . ' ' 

1: '· Use MG/\fr, . '·· pn./acr'e I:·-•_ 'Ma ,,,_,·--_•- ···G .. U i AC/Ft! _-._ ., ·'+ : 

146,740 ac. 0.001 147 7.644 7.664 23.5 

191 ,300 ac. 6 0.001 191 9.932 15.932 48.9 

58,148 ac. 0.001 58 3.016 3.016 9.3 

10,481 a c. 69.635 0.0015 16 0.832 70.467 216.3 

126,812 ac. 0.001 127 6.604 6.604 20.3 

78,828 ac. 0.001 79 4.108 4.108 12.6 

66 765 ac. 0.001 67 3.484 3.484 10.7 
47 810 ac. 0.001 48 2.496 2.496 7.7 

26,634 ac. 0.001 27 1.404 1.404 4.3 

30,420 ac. 0.001 30 1.56 1.56 4.8 

6,933 ac. 68.164 0.0045 31 1.612 69.776 214.2 

25,876 ac. 0.004 103 5.356 5.356 16.4 

72,748 ac. 0.0045 327 17.004 17.004 52.2 

15,431 a c. 0.0035 54 2.808 2.808 8.7 

904 926. ,;.: . ' : 143.79!1 I'' •:·:L; . : _,-. : . ;,_:_;.:1305 '''"• :·:::'i67:86 :• ;.::m::!21··t:s7s }64!1:9 

2 I Reported usage from municipal and institutional entities within the watershed 
3 Estimated from 1990 U.S. Census Data 
4 1 X 3 
5 Calculated from average domestic use within organized systems 
6 2 + 5 
7 7 X 12 in. 

1 (Sub)watershed & watershed area (ac) 

Table 14 

7 -. 

-Totai\N(ltersh~~ 
Annuat,V'I((lter Use 

Aclln. '-

0.0019 
0.0031 

0.0019 

0.2476 
0.0019 
0.0019 

0.0019 
0.0019 
0.0019 

0.0019 

0.3707 

0.0076 
0.0086 

0.0068 
' 

:.c:: 0.0086 



Water Losses & AvallabiiHy 
Annual Water Budget 
North Concno River Watershed 

H)'drolcglc Unit 'T:! 
:-:, ... -........ 

No'• Name 
ac. ft.. Wlllarshad .c. Wl. 

Upper River 
- ------~----

____ 235 --- 0.0019 

lacy Creek .8.9 0.0031 
3,4 Willow Creek 9.3 0.0019 
5 sterling City USGS 216.3 0.2476 
6 sterling Creek 20.3 0.0019 

Broome/Middle River 12.6 0.0019 
8 Mulberry Creek 10.7 0.0019 

9,10 Walnut Creek 7.7 0.0019 
11 Dry Creek 4.3 0.0019 
12 Chalk Creek 4.8 0.0019 
13 Carlsbad USGS 214.2 0.3707 
14 ltve Oak Creek 16 4 0 0076 
15 Grape Creek 52.2 ooo8~1 

16,17 Lower Dry Creek 8 7 0006~ 
18 0 C Fisher 

Totals 849.9 0.0096 

ltflgMlon U&age Total •• 

Weltr losses lltatlon Waler Loss•s 

" . ...,,,.,,h•d ac. in ac ft . .,...tershe d ac in 

499 0 041 245810 20 0984 

650 0.041 320028 7 20.1116 

198 0 041 97389 6 20 0984 

36 0.041 17339.3 19.8527 

431 0 041 212509 6 20.0984 

268 0 041 132026.5 20 09841 

227 0.041 116824 8 20.0984 

163 0 041 80108.3 20.0984 

91 0.041 H607 9 20.0984 

103 0 041 50950 8 20 0984 

24 0.041 11398.5 19 7296 

88 0.041 43326.2 20.0927 

247 0 041 121803.7 20.0917 

52 0 041 25840.6 20 0935 

3077 0.041 1519964.5 20.0542 

;·:aUrtac'e · Waier:,- · · 
l!:wapor.Cion Losses 

oc.fl w.ta,st..d ac. in. 

297 2 0 0243 

387.2 0 0243 

117.9 0.0243 

21.3 0.0243 

256.6 0.0243 

159.9 00243 

133.7 00243 

96.7 0.0243 

54 0.0243 

61.4 0.0243 

14 0.0243 

52.4 0 0243 

147.3 0 0243 

29.7 0 0243 

1829.31 0.0243 

Total Water Available.-

ac. ft ..... ! 'shad ac. Wl. -·---
248 357 - - ___1Qd.! 
323,775 - ___1Qd1 

98 415 . ___1Qd1 
17 739 _ ___1Qd1 

214,629 20.31 

133416 20.31 

118 000 20.31 

80 918 20.31 

45,078 20 31 

51 486 20.31 

11 734 20.31 

43 795 20.31 

123,126 20.31 

26 117 20.31 

I 

1.536.585 20.311 

,., All of the water loss categories calculated have been assumed to represent 100% water loss 

Wa4er Cont""'Dtion 

ac. ft. w.tarshed ac. k'l. 

197.3 0.016 ·------ ---
257.2 0.016 

78 2 0.016 

14.1 0.016 

170.5 0.016 

106 0.016 

89.8 0.016 

64.3 0.016 

35.8 0.016 

41 0.016 

9.3 0.016 

35 0.016 

97.8 0.016 

21 0.016 

H)'drologlc Unll 

Name No's 

Upper River 1 

Lacy Creek 2 
Willow Creek 3,4 

Sterling City USGS 5 

Sterling Creek. 6 
Broome/Middle River 7 

Mulberry Creek 8 

Walnut Creek 9,10 

Dry Creek 11 

Chalk Creek 12 

Carlsbad USGS 13 

Live Oak Creek 14 

Grape Creek 15 

Lower Dry Creek 16,17 

O.C. Fisher 18 --
Totals 

In actual conditions. many of the categories represent only usage and a portion of the water used Is returned . 

.. Calculated by dlf1erence between known water uses and total water available 

..- P,;:~c;ed on 35 year avaerage rainfall~ San Angelo N\\1S of 20 31 Inches 

. wac" Lo•••• 
K.ft. ...ca~d ac. in 

___ _J,530 0.1284 ---
1 803 0.1284 

622 0.1284 

112 0.1284 

1,241 0.1284 

843 0.1284 

714 0.1284 

478 0.1284 

285 0.1284 

325 0.1284 

74 0.1284 

277 0.1284 

778 0.1284 

165 0.1284 

0.1284 

TABLE 15 



13) It is estimated that the net groundwater deficit for the watershed areas with 
exposed Quaternary deposits is near 2 million acre feet of water. It is assumed 
that the deficit has resulted from brush infestation. 

14) It is assumed that a successful brush control program will result through time in 
restoration of the watershed aquifer and restoration of stream and tributary 
perennial and flood flows to pre - 1960 characteristics. 

15) Brush Control activities will have the greatest impact on the watershed hydrologic 
system when conducted on the areas comprising the surface outcrops of the 
Quaternary deposits. The area of these outcrops is approximately 394,000 acres. 

16) Brush Control activities will have the greatest impact on the watershed hydrologic 
system when conducted on a downstream to upstream basis, whether on the 

watershed as a whole or on sub-watersheds or tributary systems. 
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D ATABASE & GIS DEVELOMENT 
ANALYSIS OF WATERSHED MODELING 4.0 

Average annual stream flow in the North Concho River from 1962 through present day has been 
dramatically tess than the annual flow prior to 1962. As a result, the storage volume in O.C. 

Fisher Reservoir (constructed in 1952), which is situated at the outlet of the North Concho, has 

been much lower than anticipated (Figure 9). The storage volume exceeded the planned 

conservation pool during only one short period in 1957. Since 1964 the storage volume has 

exceeded 40,000 acre-feet (about 33% of the conservation pool) for only three months. There 

is adequate capacity in O.C. Fisher for increased inflows. 

There was a dramatic reduction in stream flow during the period 1958 to 1962 (Figures 10 and 

11 ). From discussions with local landowners and others, mesquite and juniper brush began 

encroaching much of the previously open rangeland in the watershed during the drought of the 
1950's, and the propagation, expansion and growth of this brush continues to present day. The 
brush infestation may be one factor that is contributing to the decrease in stream flow because 

'" .. ;, ..... .,..4.,.,,ed ET (evapotranspiration) from rangeland dominated by brush versu~ : ~-- .:.;:::'C: .J 

dominated by native grasses (Dugas eta/., 1998). 

In this study, we have used a surface hydrology computer model to determine if removal of 

certain areas of brush will increase the surface water yield in the North Concho River 

Watershed. Any gain in water yield would provide increased public benefit for the watershed. 

,.. 4.1 Hydrology & Methods 

The analysis was performed using a GIS (Geographic Information System) integrated with the 

SWAT (Soil and Water Assessment Tool) (Arnold eta/., 1998) computer model. We examined 
the effects of brush removal on ET and the resulting stream flow to O.C. Fisher Reservoir. 

Databases and GIS layers were an integral part of the North Concho River Watershed overall 
study. All available databases at the highest level of detail possible were assembled in order 

to define the physical characteristics of the watershed ecosystem. 

The GIS is integrated with the SWAT computer hydrologic model to automatically provide input 

parameters to SWAT. The public domain raster GIS associated with the current version of 

SWAT is known as GRASS (Geographical Resources Analysis Support System) and was 
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ACCUMULATED MONTHLY AVERAGE DISCHARGE, STREAM GAUGE 08133500 (Sterling City) 
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FIGURE 10 
Measured Flow (Accumulated Monthly Average) at Gage 08133500 (Sterling City), Sept. 1939 through Sept. 1986 
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developed by the Environmental Division of the U.S. Army Construction Engineering Research 
Laboratory (U.S. Army, 1988). GRASS and SWAT operate in the UNIX operating system. The 
integration of GIS to SWAT also allows visualization and analysis of the input and output of the 
computer model. 

Numerous federal, state and local agencies and private consultants use GRASS. Most GRASS 

coverages can be easily converted to other common GIS formats. The major GIS data layers 

assembled for this study are discussed in detail in the following narrative. 

e SOILS: 

The soils database describes the surface and upper subsurface of a watershed. The 

SWAT model uses information about each soil horizon. Parameters describing horizon 

thickness, depth, texture, water holding capacity, dispersion, etc. must be available to the 
model. These parameters are used to determine a water budget for the soil profile, daily 

runoff and erosion. 

The NRCS (USDA-Natural Resources Conservation Service) soils database used for this 

project was a grid cell digital map created from 1 :24,000 scale soil sheets with a cell 

resolution of 250 meters. This datahase is known as the Computer Based Mapping 

System (CBMS) or Map 1mormat1on Assembly Display System (MIADS) (Nichols, 1975) 

soils data. SWAT uses the soils series name as the data link between the soils GIS layer 

and the soils properties tabular database. Figure 12 shows the soils layer for the North 
Concho Watershed. The apparent change in soil types across county lines reflects 

different map codes and does not reflect different soils. This increased the number of 

different colors on the map. 

• CLIMATE: 

Historical climatic data was obtained from the NRCS Water and Climate Center in 

Portland, Oregon (Figure 13). The data originated from United States National Weather 
Service but was processed by NRCS to make it available in a format usable for computer 
models. The SWAT model uses daily precipitation and maximum and minimum 

temperatures. The available period of record for most of the stations in the North Concho 

watershed begins between 1946 and 1953 and runs through present day. Only the 

Garden City and Sterling City stations contain data prior to 1946. 
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Most of the climate stations also have at least some days of missing data for the 
simulation periods. For these periods weather data was generated by SWAT to fill in the 
missing data. 

• lAND UsE/LAND COVER 

Land use and cover affect surface erosion and water runoff in a watershed. The NRCS 
1:24,000 scale CBMS land use/land cover database is the most detailed data presently 
available. However, for the North Concho project much more detail was needed in the 
rangeland category of land use. The CBMS data does not identify varying densities of 
brush or species of brush - only the categories of open range versus brushy range. 

Landsat-5 Remotely Sensed Data 

Development of more detailed land use/land cover information for the North 
Concho River watershed was accomplished by classifying Landsat-5 Thematic 

Mapper (TM) data. The TM scene from August 22, 1992 was classified using the 

NRCS NRI (National Resources Inventory) of 1992 (USDA NRCS, 1992) to ground 
truth the image. The Landsat-5 satellite was equipped with a TM1 0 sensor and 

the resulting imagery had a spatial resolution of 30 meters and a spectral 

resolution of six channels (the thermal band had been stripped from the image). 

The classification was performed using Arclnfo™, Imagine™, and lnformix™. The 
Landsat-5 image was imported into Arclnfo (GIS software). The Census Bureau's 
TIGER (Topologically Integrated Geographic Encoding and Referencing system) 
road layers were used to insure that the imagery was correctly gao-referenced. 
An lnformix database was developed to select and further define the NRI points 
used in the initial classification and verification of the satellite imagery. Each point 

defined the land use/land cover that existed at that location (and a surrounding 

two-acre circle) in 1992. ERDAS's Imagine was used for imagery classification. 
Major divisions of the image's spectral properties were separated utilizing an 

unsupervised classification process. The NRI points were then employed to 
instruct the software to recognize differing land uses based on their spectral 
properties. A supervised classification of the image was then performed with the 
spectral signatures for various land use classes. The NRI data was used to 
perform an accuracy assessment of the resulting image. 

A sampling of the initial classification was plotted and taken to the field for further 
verification of land use/land cover. Supplementary ground-truth areas were 
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observed at this time. These additional data were then used to further refine the 
land use layer. 

The use of remote sensed data and the process of classifying it with ground 
truthing has resulted in a current land use/land cover GIS map that includes more 
detailed divisions of land use/land cover. Rangeland areas have been separated 
into four classes as follows: 

Heavy Cedar: 

Heavy Brush: 

Mostly pure stands of juniper (cedar) with average canopy 

cover greater than 25 percent. 

Mixture of brush species, but mostly mesquite, with average 

canopy cover greater than 25 percent. 

Moderate Brush: Mixture of brush species, but mostly mesquite, with a canopy 
cover of 1 0 to 25 percent. 

Light Brush: Mixture of species with canopy cover of less than 1 0 percent. 

It was assumed thi" +,~ ,. did not presently need treatment, 

but will need some amount of maintenance in the future to 

prevent further invasion of brush. 

The assessment of the classified image (utilizing the additional ground control 

points) indicates an accuracy of approximately 70%. The land use/land cover map 

created from the classified image is shown in Figure 14. Table 16 (A-F) 
summarizes land use/land cover categories for each subbasin in North Concho 

River Watershed. 

A very small area of the CBMS land use/land cover GIS layer was patched to the 
detailed land use/land cover map developed using remotely sensed data for the 
western-most portion of the watershed, which was not included in the satellite 

scene. 

e TOPOGRAHPY 

The United States Geological Survey (USGS) database known as a OEM (Digital 

Elevation Model) describes the surface of a watershed as a topographical database. The 

only OEM available for the North Concho watershed is the 1:250,000 scale map (U.S. 
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LAND USE BY SUBBASIN- NORTH CONCHO RIVER WATERSHED 

1-----------------------------------------------------------------------------l 
I Category Information I I ~ I 
I #!description I acres! cover! 
1-----------------------------------------------------------------------------l 
I 1 Upper River 1123,629.071 12.971 
I --------------------------------------------------------1---------- ------
1 1iheavy brush. . I 10,388.08 8.40 
I 2iheavy=:cedar. . I 14,064.93 11.38 
1 3imoderate brush I 18,344.70 14.84 
1 41light_brush. 1 16,743.50 13.54 
I 51open range I 8678.15 7.02 
I 6iopen-shrub I 22,693.66 18.36 
1 71grass. . . 1 8668.27 7.01 
1 81crop . . . I 4724.55 3.82 
I 101open stony rng I 8124.65 6.57 
1 lllbarren .. -. . 1 4586.18 3.71 
I 121roads. . . . . I 6157.73 4.98 
I i15IHIGHWAYS... I 9.88 0.01 
I 1321RANGELAND,BRUSHY I 444.78 0.36 
1-----------------------------------------------------------l---------- ------
1 21Lacy Creek 1190,444.91 19.981 
I 1-------------------------------------------------------- ---------- ------1 
1 1 11heavy_brush. . 17,672.59 9.281 
1 I 21heavy_cedar. . 20,272.08 10.641 
1 1 31moderate_brush 24,077.42 12.641 
1 1 4llight_brush. 16,338.25 8.581 
1 I 51open range 24,739.65 12.991 
1 1 61open-shrub 19,847.07 10.421 
1 1 71grass. . . 15,428.92 8.101 
I I 81crop . . . 11,020.66 5.791 
1 ilOiopen stony rng 18,502.85 9.721 
1 llllbarren .. -. . 9735.74 5.111 
I 1121roads. . . . . 8648.50 4.541 
I 114IOTHER LAND.. 59.30 0.031 
I 1321RANGELAND,BRUSHY 4101.86 2.151 
1-----------------------------------------------------------l---------- ------1 
1 31Concho 1 I 1650.63 0.171 
I 1--------------------------------------------------------l---------- ------1 
1 I 11heavy_brush. 1 98.84 5.991 
I I 21heavy_cedar. I 79.07 4.791 
1 1 41light_brush. 1 29.65 1.801 
1 I 51open range I 4l5.13 25.151 
1 I 61open-shrub I 59.30 3.591 
1 1 71grass. . . 1 276.75 16.771 
I I 81crop . . . I 296.521 17.961 
I 1101open_stony_rng I 197.681 11.981 
I llllbarren . . . . I 118.611 7.191 
1 1121roads. . . . . I 79.071 4.791 
1-----------------------------------------------------------------------------l 

TABLE16A 
Landuse by Subbasin From Satellite Imagery for North Concho River Watershed 



LAND USE BY SUBBASIN- NORTH CONCHO RIVER WATERSHED 

l-----------------------------------------------------------
1 41Willow Creek 
I 1--------------------------------------------------------
l I llheavy brush .. 
I I 21heavy=cedar .. 
I I 31moderate_brush 
I I 41light_brush. 
I I 51 open range 
I I 61open=shrub 

I 71 grass .. . 
I 81crop .. . 
1101open_stony_rng 
1111barren ... . 
1121roads .... . 
1321RANGELAND,BRUSHY 

51Concho 2 
1--------------------------------------------------------
l llheavy brush .. 
I 21heavy-cedar .. 
I 3fmoderate_brush 
I 41light brush. 
I Slopen range 
I 61open=shrub 
I 71grass .. . 
I 81crop .. . 
l101open_stony_rng 
l111barren ... . 
1121roads .... . 

61Sterling Creek 

----------1------
55,646.92 5.84 

---------- ------
7511.84 13.50 
8539.78 15.35 
5337.36 9.59 
5426.32 9.75 

11,238.11 20.20 
3489.05 6.27 
4605.94 8.28 
1551.79 2.79 
3795.46 6.82 
1512.25 2. 72 
2421.58 4.35 

217.45 0.39 
---------- ------

10,338.66 1. 08 
---------- ------

1739.58 16.83 
1156.43 11.19 

869.79 8.41 
840.14 8.13 
879.68 8.51 
929.10 8.99 
859.91 8. 32 
266.87 2.58 

1532.02 14.82 
612.81 5.93 
652.34 6.31 

---------- ------
126,287.87 13.25 
---------- ------

11heavy_brush. . 9617.13 7.62 
21heavy cedar. . 8994.44 7.12 
31moderate_brush 13,274.21 10.51 
41light_brush. 5485.62 4.34 
Slopen range 19,728.46 15.62 
61open=shrub 19,945.91 15.79 
71grass. . . 8045.58 6.37 
81crop . . . 3498.94 2.77 
9jwater. . . 9.88 0.01 

101 open_stony_rng 18,621.46 14.751 
11!barren. . . . 12,206.74 9.671 
121roads. . . . . 6711.24 5.311 
32!RANGELAND,BRUSHY 148.26 0.121 

-----------------------------------------------------------------------------1 

TABLE 168 
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LAND USE BY SUBBASIN- NORTH CONCHO RIVER WATERSHED 

l-----------------------------------------------------------1----------l------l 
I 71Broome/Middle River I 78,439.421 8.231 
I 1--------------------------------------------------------l----------l------l 
I I 1lheavy_brush. . I 8806.641 11.231 
I I 21heavy_cedar. . I 11,821.261 15.071 
I I 3lmoderate_brush I 6622.281 8.441 
I I 411ight_brush. I 13,422.471 17.111 
I I 51 open range I 6997. 871 8. 921 
I I 61open:::shrub I 7126.361 9.091 
I I 71grass. . . I 8717.691 11.111 
I I 81crop . . . I 3528.591 4.501 
I 1101open_stony_rng I 5614.111 7.16 
I llllbarren. . . . I 1976.801 2.52 
I 1121roads. . . . . I 3795.461 4.84 
I 1321 RANGELAND, BRUSHY I 9. 88 I 0. 01 
1-----------------------------------------------------------l----------l------
l 81Mulberry Creek I 65,965.821 6.92 
I 1-------------------------------------------------------- ----------1------
1 I 11heavy_brush. . 8737.461 13.25 
I I 21heavy cedar. . 5940.281 9.01 
1 1 31moderate_brush 10,822.981 16.41 
1 I 41light_brush. 5001.301 7.58 
1 I 51open range 5446.081 8.26 
1 I 61open:::shrub 9884.001 14.98 
I I 71grass... 3232.071 4.90 
I I 81 crop . . . 602. 921 0. 91 

,·n· tJen_stony_rng 10,625.30' '•·. 
llllbarren.... 3123.341 q,dl 
1121roads..... 2451.231 3.721 
1151HIGHWAYS. . . 9.881 0.011 

I 1321RANGELAND,BRUSHY 88.961 0.131 
1----------------------------------------------------------- ---------- ------1 
I 91Walnut Creek 44,636.14 4.681 

1-------------------------------------------------------- ---------- ------1 
I 11heavy_brush. . 10,071.80 22.561 
1 21heavy_cedar.. 7096.71 15.901 
I 31moderate_brush 3370.44 7.551 
1 41light_brush. 2243.67 5.031 
I 51open range 10,220.06 22.901 
I 61open:::shrub 1097.12 2.461 
I 71grass. . . 3904.18 8.751 
I 81crop . . . 2273.32 5.091 
l101open_stony_rng 1690.16 3.791 
llllbarren. . . . 1097.121 2.461 
1121roads. . . . . 1541.901 3.451 
1321 RANGELAND, BRUSHY I 29.651 0. 071 

-----------------------------------------------------------------------------1 

TABLE16C 
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LAND USE BY SUBBASIN- NORTH CONCHO RIVER WATERSHED 

--------------------------------------------------------l----------l------1 
10 Concho 3 I 3014.621 0.321 

-------------------------------------------------------- ----------1------1 
11heavy_brush. . 1393.64 46.231 
21heavy_cedar. . 9.88 0.331 
31moderate brush 177.91 5.901 
41light brush. 9.88 0.331 
51open_range 454.66 15.08 
61open shrub 9.88 0.33 
71grass. 286.64 9.51 
81crop . 464.55 15.41 

111barren 19.77 0.66 
121roads. 187.80 6.23 

11 Dry Creek 

11heavy_brush .. 
21 heavy_ cedar. . 
31moderate brush 
41light brush. 
51open range 
61open-shrub 
71grass .. . 
81crop .. . 

101open_stony_rng 
111barren ... . 
121 roads .... . 
321RANGELAND,BRUSHY 

12 Chalk Creek 

11 heavy brush. . 
21 heavy:= cedar. . 
31moderate brush 
41light_brush. 
51open range 
6lopen:=shrub 
71grass .. . 
81crop .. . 

101open_stony_rng 
111barren ... . 
121roads .... . 

TABLE 160 

---------- ------
26,528.66 2.78 

---------- ------
5317.59 20.04 
2214.02 8.35 

998.28 3.76 
1245.38 4.69 
7353.70 27.72 

444.78 1. 68 
2342.51 8.83 

385.48 1. 45 
3459.40 13.04 
1443.06 5.44 
1314.57 4.961 

9.88 0.04 
---------- ------

30,175.85 3.17 
----------1------

10,338.661 34.26 
5060.611 16.77 
2589.611 8.58 

474.431 1.5·7 
5228.641 17.33 

217.451 0.72 
1759.351 5.83 
1700.051 5.63 

800.601 2.65 
889.561 2.95 

1116.891 3.70 

Landuse by Subbasin From Satellite Imagery for North Concho River Watershed 



LAND USE BY SUBBASIN- NORTH CONCHO RIVERWATERSHED 

131Concho 4 6928.68 0.13 
1-------------------------------------------------------- ---------- ------
1 llheavy_brush. . 2134.94 30.81 
I 21heavy_cedar. . 221.33 3.28 
I 31moderate_brush 266.81 3.85 
I 4llight_brush. 108.12 1.51 
I 51open_range 1255.21 18.12 
I 61open_shrub 148.26 2.14 
I 11grass. . . 161.01 10.98 
I 81crop . . . 1314.51 18.91 
1101open stony rng 29.65 0.43 
1111barren .. -.. 181.80 2.11 
1121roads. . . . . 494.20 1.13 

-----------------------------------------------------------1---------- ------
14 Live Oak Creek 25,108.28 2.101 

-------------------------------------------------------- ---------- ------1 
1lheavy_brush. . 4220.411 16.421 
21heavy_cedar.. 4180.931 16.261 
31moderate_brush 1008.111 3.921 
41light_brush. 2530.301 9.841 
51open_range 6404.831 24.911 
61open_shrub 573.271 2.231 
71grass. . . 1848.311 7.191 
81crop . . . 355.821 1.381 

101open_stony_rng 2253.551 8.111 
111 barren . . . . 968.631 3.111 
121roads..... 1314.511 5.111 

1321RANGELAND,BRUSHY 49.421 0.191 
----------------------------------------------------------- ----------1------1 
151Grape Creek I 12,390.421 7.591 

l--------------------------------------------------------l----------l------
1 11heavy brush. . I 25,167.591 35.60 
I 21heavy=:cedar.. I 15,033.561 20.17 
1 31moderate_brush I 4536.161 6.21 
1 41light brush. I 1116.201 1.62 
1 51open range I 10,516.581 14.53 
1 61 open_shrub I 563. 391 0. 78 
1 11grass... I 4665.251 6.44 
1 81crop. . . I 5989.101 8.27 
110 I open stony rng I 800. 60 I 1. 11 
111lbarren .. -.. 1 869.791 1.20 
1121roads. . . . . I 2283.201 3.15 

I 1321RANGELAND,BRUSHY . I 187.801 0.26 

1-----------------------------------------------------------------------------

TABLE16E 
Landuse by Subbasin From Satellite Imagery for North Concho River Watershed 



Geological Survey, 1993). The OEM (Figure 15) was used as a base map to manually 

digitize subbasin boundaries within the GRASS GIS for use in the SWAT model. 

• OWNERSHIP 

A GIS map of ownership boundaries is being prepared to aid in the implementation of 

brush management in the watershed. USGS quad sheets (1 :24,000) containing original 
land survey data were purchased to aid in this task. Local personnel of NRCS and soil 
and water conservation districts updated the quad sheets to indicate current ownership 
(data not shown). These data will be scanned into a digital GIS format. 

e SUB-BASIN BOUNDARY 

Subbasin boundaries used in SWAT modeling (Figure 16) were hand digitized in GRASS 

GIS as close as possible to published map delineation of tributaries to the North Concho 

River. Additional small subbasins were added on the main stem of the North Concho 

River to accommodate proper stream routing within the SWAT computer model and to 

match a subbasin outlet with all USGS stream flow gauge locations for flow calibration. 
The extent of the North Concho River Watershed Brush Control study does not include 

Subbasin Number 18 (the farthermost downstream subbasin). This subbasin was added 

for purposes described ''"w'~ ~r'''"'•ad to hydrologic modeling. 

Miscellaneous Layers and Data Bases 
.. Range Sites 

The NRCS soils GIS layer was reclassified using county NRCS technical guide 

information to develop a map indicating range sites within the watershed (Figure 

17). This GIS map is useful in determining coincidence of brush type and density 

with range sites for use in the economic analysis. 

.. Irrigation Data 

Summaries of past irrigation surveys conducted jointly every five years (Texas 

Water Development Board, 1996) were tabulated by county (Table 17). This data 

was used to estimate withdrawals from the North Concho River and the shallow 

aquifer near the river. 

MODEL DESCRIPTION 

The Soil and Water Assessment Tool (SWAT) model is the continuation of a long-term 

effort of nonpoint source pollution modeling with the USDA-Agricultural Research Service 

(ARS) including development of CREAMS (Knisel, 1980), SWRRB (Williams et al., 1985; 

Arnold et al., 1990), and ROTO (Arnold et al., 1995). 
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NORTH CONCHO RIVER WATERSHED - IRRIGATION DATA 
Data is Countywide- Not Limited to Watershed Boundaries 

COUNTY TOTAL SURFACE H20 GROUND H20 SURF & GRJ'>.Il) No. of 
or AREA Year Acres Ac-Ft Acres Ac-Ft Acres Ac-Ft Acres Ac-Ft lrr.Wells 
Coke 1958 173 219 141 176 32 43 0 0 3 

1964 639 931 639 931 0 0 0 0 2 
1969 718 1306 555 1128 163 178 0 0 3 
1974 497 766 477 746 20 20 0 0 5 
1979 316 554 88 132 228 422 0 0 7 
1984 310 513 0 0 310 513 0 0 7 
1989 390 571 77 102 313 469 0 0 9 
1994 390 572 77 102 313 470 0 0 9 

Glasscock 1958 10800 11597 0 0 10800 11597 0 0 94 
1964 17540 24577 0 0 17540 24577 0 0 327 
1969 23139 34185 0 0 23139 34185 0 0 468 
1974 28186 55103 0 0 28186 55103 0 0 873 
1979 33614 38956 0 0 33614 38956 0 0 950 
1984 31854 41647 0 0 31854 41647 0 0 1150 
1989 26535 31108 0 0 26535 31108 0 0 1350 
1994 49999 58028 0 0 49999 58028 0 0 1650 

Sterling 1958 215 224 0 0 145 163 70 61 0 
1964 1356 2336 0 0 1099 1819 257 517 1027 
1969 2081 4824 95 190 1986 4634 0 0 368 
1974 2252 4169 0 0 2252 4169 0 0 2227 
1979 633 146::;, -. 0 633 1468 0 0 633 
1984 505 1206 0 0 505 1206 0 0 499 
1989 580 935 0 0 580 935 0 0 580 
1994 580 637 0 0 580 637 0 0 580 

Tom Green 1958 10775 12415 5324 6746 4511 4582 940 1087 88 
1964 16858 28551 4694 10139 11414 17065 750 1347 241 
1969 13820 1~464 5463 6715 8257 6604 100 145 248 
1974 26316 234-19 12773 12476 10923 R306 2620 2667 318 
1979 30560 50495 15900 33188 13500 15880 1160 1427 525 
1984 33600 49085 7100 17938 26500 31146 0 0 800 
1989 38790 587-11 14390 25888 22750 30378 1650 2475 1000 
1994 48050 105546 15450 39571 30300 60300 2300 5675 1300 

N.CONCHO 1958 21963 24-155 5465 6922 15488 16385 1010 1148 185 
Sum of 1964 36393 56395 5333 11070 30053 43461 1007 1864 1597 

All 1969 39758 53779 6113 8033 33545 45601 100 145 1087 
Counties 1974 57251 83487 13250 13222 41381 67598 2620 2667 3423 

1979 65123 91-173 15988 33320 47975 56726 1160 1427 2115 
1984 66269 92451 7100 17938 59169 74512 0 0 2456 
1989 66295 91355 14467 25990 50178 62890 1650 2475 2939 
1994 99019 164783 15527 39673 81192 119435 2300 5675 3539 

Data Source: Texas Water Development Board 

TABLE 17 
Summary of Irrigation Reports for Counties 



SWAT is a result of the merging of the SWRRB and ROTO models into one basin scale 
model. The objective in model development was to predict the impact of management 
(climate and vegetative changes, reservoir management, groundwater withdrawals, and 
water transfer) on water, sediment, and agricultural chemical yields in large ungauged 

basins. To satisfy the objective, the model (a) is physically based (calibration is not 
possible on ungauged basins); (b) uses readily available inputs; (c) is computationally 

efficient to operate on large basins in a reasonable time; and (d) is continuous time and 

capable of simulating long periods for computing the effects of management changes. 

SWAT allows a basin to be divided into hundreds or thousands of grid cells or 

subwatersheds. It is still a continuous time model (daily time step) that is required to look 

at long-term impacts of management (i.e., reservoir sedimentation over 50-100 years) 

and also timing of agricultural practices within a year (i.e., crop rotations, planting and 
harvest dates, irrigation, fertilizer, and pesticide application rates and timing). 

Major enhancements from SWRRB include the following: 

New Input File Structure -The previous SWRRB file structure consisted of one 

large file with data for all subbasins on weather, soils, land use, topography and 

management. SWAT files are split into separate files by subbasin and data type. 

This facilitates more subbasins and simplifies GIS linkages. 

Reach Routing Structure - SWRRB routed from subbasin outlets directly to the 

basin outlet for simplicity. The new routing structure allows large basins to be 
simulated, providing more realistic routing. More subbasins can be easily added 

and GIS linkages and data base management are simplified. A set of commands 

is used to control the routing. These commands route and add flows through the 
watershed through reaches and reservoirs. The model reads each command and 

performs the given hydrologic command. 

Groundwater Component- Total stream flow from large basins is the sum of 

surface runoff and groundwater flow. Groundwater flow volumes and timing must 

be simulated to accurately predict stream flow, sediment concentrations, and 
chemical concentrations in the stream flow. Water percolating past the root zone 

is assumed to recharge the shallow aquifer. Shallow aquifer components include 

recharge, revap, flow to the stream, percolation to the deep aquifer, and pumping 

withdrawals. The shallow aquifer interacts with the stream- channel transmission 
losses and pond/reservoir seepage replenish it. Once water reaches the deep 

aquifer it cannot return to the stream. 
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Revised Management - SWRRB management files were awkward and only 

allowed for a three crop rotation. Also, irrigation, nutrient and pesticide application 
data were in three separate files making crosschecking difficult. Tillage in 
SWRRB was simplified to handle only four possible options that all occurred at 
harvest. In SWAT a specific date and specific tillage implement can be selected. 
SWAT can have an unlimited number of years of rotation. 

Irrigation Water Transfer - SWRRB did not simulate water transfer within a 

watershed, however, for the large basins simulated by SWAT there may be a need 
to simulate water transfer. Given the reach routing command structure, it is 
relatively easy to trar:sferwaterwithin a basin. This can account for irrigation flow 
paths and could provide a management tool for irrigation management districts 
and other agencies concerned with irrigation water rights. The algorithm 

developed here will allow water to be transferred from any reach or reservoir to 
any other reach or reservoir in the watershed. It will also allow water to be 
diverted and applied directly to irrigate a subwatershed. 

In recent years, there has been considerable effort devoted to utilizing GIS to extract 
inpt.·l~ (~nil!': l~r.d use, and topography) for comprehensive simulation models and 
spatially display model outputs. Much of the initial research was devoted to linking 

single-event, grid models with raster-based GIS ( 1991 Srinivasan and Engel, Rewerts and 
Engel, 1991 ). An interface was developed for SWAT (Srinivasan and Arnold, 1993) 

using the Graphical Resources Analysis Support System (GRASS) (U.S. Army, 1988 ). 
The input interface will extract model input data from map layers and associated 

relational databases for each subbasin. Soils, land use, weather, management, and 

topographic data are collected and written to appropriate model input files. The output 

interface allows the user to display output maps and graph output data by selecting a 

subbasin from a GIS map. 

CAUBRATION- GENERAL 

The North Concho River watershed contains one small reservoir and two inventory sized 
ponds. Physical data for ponds and reservoirs in the watershed were obtained from 
NRCS and TNRCC (Texas Natural Resources Conservation Commission) records. 

Required inputs for each subbasin (e.g. soils, land use/land cover, topography, and 

climate) were extracted and formatted using the SWAT/GRASS input interface. The input 
interface divided each of the 18 subbasins into a maximum of 30 virtual subbasins. A 
single land use and soil were selected for each virtual subbasin. The number of virtual 
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subbasins within a subbasin was determined by: (1) creating a virtual subbasin for each 
land use that equaled or exceeded 5 percent of the area of a subbasin; and (2) creating 
a virtual subbasin for each soil type that equaled or exceeded 10 percent of any of the 
land uses selected in (1 ). Consequently, the interface created over 200 virtual 
subbasins. The soil properties for each of the selected soils were automatically extracted 
from the model-supported soils database. 

The SWAT model was calibrated to measured flow at two USGS stream gauging stations: 
Sterling City (Gauge 08133500) and Carlsbad (Gauge 08134000) (Figure 18). Both 
weather data and stream gauge data were available for the period 1949 through 1996. 
Two periods of time, 1949 through 1961 and 1962 through 1996 were chosen for 

calibration of the SWAT model for stream flow (Figures 9 and 10) because historical 

measured stream flow record trends changed drastically in 1961-62. The runoff curve 
number, revap coefficient, evaporation compensation factor, shallow aquifer minimum 
storage, available water content of the soil, transmission loss and soil flow length were 
model parameters adjusted to give the best results for the time periods. A description of 
plant growth parameters and other inputs for the various SWAT simulations is given in 
Table 18. 

Flow Calibration: 1949 Through 1961 

For the 1949 through 1961 simulation, the land use/land cover map prepared from the 
1992 satellite imagery was reclassified in order to approximate the assumed land 
use/land cover conditions in the watershed prior to 1962. It was assumed that all of the 
existing heavy cedar and heavy brush was poor condition moderate brush, and the 
existing moderate brush category was poor condition open rangeland with no brush. It 

also was assumed the shallow aquifer in the North Concho River watershed was full and 

that transmission loss in the stream channels and required minimum shallow aquifer 
storage before ground water flow could occur were minimal; the portion of shallow 
aquifer that could be re-evaporated was assumed to be low (0.2); and there were no 

direct withdrawals from the river for irrigation. 

With these inputs the SWAT model was calibrated for flow by adjusting the runoff curve 
number and available soil water capacity until the predicted flow matched the measured 
flow at the two USGS stream gauges. Flow calibration was accomplished with a curve 
number reduction of 8 and an increase in available soil water capacity(%) of 0.06. The 
results of this simulation are shown in Figures 19 through 22. For the 1949 to 1961 
period, average monthly predicted and measured flows were within 1 0% of each other 
for both Carlsbad and Sterling City. At both locations, the model over- or under-
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SWAT INPUT DATA AND WATER YIELD FOR NORTH CONCHO 
• W Y\ .... 1 f .......... OWl ......... I o ................ o , .... ~ " .................. '-'' 1 .... 1 ll I ..... I Lllio41 ...... I 11 ....... 1 .... 1 t ........... 

SIMULATION PERIOD 1949- 1961 1962- 1996 1962-1996 1962- 1996 1962- 1996 1962- 1996 

SCENARIO 
L T-MOD BRUSH HVY BRUSH/CEDAR REMOVE REMOVE ONLY REMOVE ONLY REMOVE ONLY 

(calibration) (calibration) ALL BRUSH HEAVY CEDAR HEAVY BRUSH MOD. BRUSH 
RUNOFF CURVE NUMBER (adjustment -8, -7 -8 -8 -8 -8 -8 

poor cond. range fair cond range fair cond. range fair cond range fair cond range fair cond range 
and brush and brush and brush and brush and brush 

EVAP. COMP. FACTOR (soil) 0.1 0.1 0.1 0.1 0.1 0.1 
IRR WITHDRAWAL (cfs per day) NONE 10 10 10 10 10 
MIN. AQ. STORAGE (mm) 1 100 1 1 1 15 
CHANNEL LOSS (mm/h) 1 40, 150 1 10,38 4, 15 10,38 
MAX. LEAF AREA INDEX: RANGE 0.5 1.0 1.5 1.5 1.5 1.5 

HEAVY CEDAR 5.0 5.0 5.0 
HEAVY BRUSH (MESQUITE) 4.0 4.0 4.0 

MOD. BRUSH (MESQUITE) 2.5 2.5 2.5 2.5 
MAX. CROP HEIGHT (m): RANGE 0.1 1.0 1.0 1.0 1.0 1.0 

HEAVY CEDAR 3.0 3.0 3.0 
HEAVY BRUSH (MESQUITE) 5.0 5.0 5.0 

MOD. BRUSH (MESQUITE' 2.0 2.0 2.0 2.0 
RAIN INTERCEPT (mm): CEDAR 20 20 20 

MESQUITE & RANGE NONE NONE NONE NONE NONE NONE 
REVAP COEF (shallow aQuifer) 0.2 0.4 0.1 0.2 0.2-0.1 0.2 
POT. HEAT UNITS: RANGE 2000 2000 2000 2000 2000 2000 

HEAVY CEDAR 3000 3000 3000 
HEAVY BRUSH (MESQUITE) 2600 2600 2600 

MODERATE BRUSH (MESQUITE\ 2600 2600 2600 2600 
SOIL FLOW LENGTH (m): RANGE 91 - 122 91 - 122 91 - 122 91 - 122 91 - 122 91 - 122 

HEAVY CEDAR/BRUSH 400 400 400 400 
MODERATE BRUSH (MESQUITE' 200 200 200 200 

ROOT DEPTH (m): RANGE 2 2 2 2 2 2 
HEAVY CEDAR 2 2 2 

HEAVY /MOD. BRUSH (MESQUITE) 3.5 3.5 3.5 3.5 3.5 
WATER YIELD (mm/yr) 12.16 10.47 17.53 13.81 13.27 11.87 
WATER YIELD (ac-ft/l"i_ 

... -
38,036 32,750 54,833 43,197 41,508 

. 
37,129 

-

TABLE 18 
SWAT Input Data and Water Yield for North Concho River Watershed. 
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NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 
Monthly Average Predicted and Measured Flow at Stream Gauge 08133500 

1949 through 1961 
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NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 
Cumulative Monthly Average Predicted and Measured Flow at Stream Gauge 08133500 

1949 through 1961 
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FIGURE 20 Cumulative Monthly Average Predicted and Measured Flow at Gage 08133500 (Sterling City), 1949 through 1961 
for North Concho River Watershed. 



NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 
Monthly Average Predicted and Measured Flow at Stream Gauge 08134000 

1949 through 1961 
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FIGURE 21 Monthly Average Predicted and Measured Flow at Gage 08134000 (Carlsbad), 1949 through 1961, 
for North Concho River Watershed. 



predicted several storm events (likely due to spatial variability of actual precipitation 
totals within the watershed compared to measured precipitation at the various gauges). 

As expected, predicted and measured flows were considerably greater at Carlsbad. 

Flow Calibration: 1962 Through 1996 

The current land use/land cover map from the satellite imagery was used for this 

simulation. The following assumptions were made: the open rangeland and brush were 
in fair condition, the shallow aquifer was severely depleted, channel transmission Joss 

and required minimum shallow aquifer storage were high, and the re-evaporation from 
the shallow aquifer was high (coefficient = 0.4, representing the withdrawal of water by 

deep-rooted mesquite). Flow calibration for this period was accomplished with the same 
adjustments in runoff curve number and soil available water capacity as the 1949-1962 
simulation. Ten cubic feet per second of water was withdrawn from the river for irrigation 

when available. 

The transmission loss and minimum shallow aquifer storage were adjusted until the 

predicted flow matched the measured flow at the two stream gauges. The resulting 

adjustments for transmission loss were 40 mm/hr above Sterling City (gauge 08133500) 
and 150 mm/hr for the remainder of the watershed. These values are appropriate for 
clean sand and gravel under field conditions (high loss rate). The minimum shallow 
aquifer storage was set at 100 millimeters for the entire watershed, which reduced ground 

water flow to a minimal amount. 

The results of this simulation are shown on Figures 22 through 26. Predicted and 

measured flows compared reasonably well, with R2 values of 0.53 for gauge 08133500 
and 0.76 for gauge 08134000. Predicted and measured averages flows were essentially 

equal, and were both considerably smaller than flows from the 1949 to 1961 period. 

At gauge 08134000, SWAT under-predicted flow for about the first eight years. This may 

be because of the transmission loss and minimum shallow aquifer storage used in the 
simulation were too high for this period (Figure 26). As invading brush became more 
prominent, the water level in the aquifer likely declined gradually over several years and 

the related transmission loss and minimum required shallow aquifer storage gradually 

increased over the same period. After the first eight years, predicted flow matches the 

measured flow very well. 
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NORTH CONCHO RIVERWATEHSHED SWAT SIMULATION 
Cumulative Monthly Average Predicted and Measured Flow at Stream Gauge 08134000 

1949 through 1961 
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NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 
Monthly Average Predicted and Measured Flow at Stream Gauge 08133500 

1962 through 1996 
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FIGURE · 23- Monthly Average Predicted and Measured Flow at Gage 08133500 (Sterling City), 1962 through 1996, 
for North Concho River Watershed. 
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DEVELOPMENT OF ALTERNATIVES 

The alternative scenarios for the period 1962 to 1996 simulated with SWAT were: 

.. Present land use/land cover 

Removal of all brush from areas classed as moderate, heavy and heavy 

cedar brush canopy with a resulting open rangeland cover condition. 

Removal of all brush from areas classed as moderate brush canopy with 
a resulting open rangeland cover condition. 

Removal of all brush from areas classed as heavy brush canopy with a 
resulting open rangeland cover condition. 

.. Removal of all brush from areas classed as heavy cedar canopy with a 
resulting open rangeland cover condition. 

The incremental removal of brush allowed an economic evaluation on the 
scenario that was most cost effective relative to increased water yields. 

,. The 1962 through 1996 flow calibration represented the present condition 
of the watershed. 

For the "removal of all brush" simulation the following was assumed: the 
underground aquifer has been replenished to pre-1962 levels, the transmission 
loss and minimum shallow aquifer storage had also returned to the pre-1962 
values, the re-evaporation from the shallow aquifer had returned to a minimal 
amount (coefficient= 0.1 ), and irrigation withdrawals of 1 0 cfs were still occurring. 
These parameters were adjusted as shown in Table 18 for the three remaining 
scenarios (partial removal of brush). 

• 4.2 Results 
Simulated average annual flow (1962-1996) to 0. C. Fisher Reservoir was about 7,873 acre-feet 
for the present condition (with brush)(Figure 27). If all heavy brush, heavy cedar, and moderate 
brush were removed from the watershed, the average annual flow to the reservoir was about 
41,388 acre-feet, or an increase of about 33,515 acre-feet. However, this amount of increase 

would not occur until the underground aquifer is refilled to pre-1962 levels. Removal of 
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heavy cedar increased annual flow by 8,421 acre-feet, and removal of heavy brush increased 
annual flow by 12,684 acre-feet. Removal of moderate brush increased flow by 6,262 acre-feet. 

A summary of the water yield and flow volume into 0. C. Fisher for the entire watershed is shown 

in Table 19. Water yield does not include channel transmission loss. The flow to O.C. Fisher 
includes transmission and other losses. The increase in flow is shown for each scenario 
relative to the present condition. 

Figure 28 shows a comparison of the average monthly precipitation, evapo-transpiration and 
water yield (transmission loss not included) for the present condition and the removal of all 

brush condition. In all months, there was a small decrease in ETwith all brush removed. These 

ET rates are similar to those measured by Dugas et al. (1998) in the Seco Creek watershed. 

Water yield was increase with brush removal in all months, and the largest increased water 

yields occurred in September through November. 

Figure 29 shows a relationship between subbasin area/area of brush removed and the average 
annual increase in flow volume for each of the 18 subbasins. Subbasins with large increases 
in water yields were also the subbasins where a large area of brush was removed. 

The increase in flow volume by subbasin for each of the four brush removal scenarios is shown 
in Tables 20 through 23. The average annual increase for each subbasin is calculated from 

the unit increase given in Table 19 (for the entire watershed) and the area of each brush 

category within individual subbasins. 

~ 4.3 Summary & Conclusions: 

The bar graph in Figure 29 displays the "bottom line" of the hydrologic modeling exercise. 

These results are strictly based on hydrologic modeling; the economic analysis will determine 

which scenario is most feasible from an economic and practical viewpoint. The hydrologic 

modeling scenarios assumed total removal of each category of brush and it is acknowledged 

that this will not be implemented. Economics and consideration of wildlife habitat will be the 
major considerations on specific amounts and locations of brush removal. Each of the scenarios 

of brush removal will provide an average annual increase in surface water yield at the watershed 

outlet. 

Response of the surface water hydrology is directly dependent on receiving precipitation/rainfall 
events in the future that provide an opportunity for surface runoff. Data review for this project 

revealed that a majority of the historic flow passing stream flow gauges occurred in high intensity 
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NORTH CONCHO RIVER WATERSHED SWAT SIMULATIONS 

AVERAGE ANNUAL VALUES 1962-1996 
SCENARIO RAINFALL ET DEEP WATER CHANNEl OTHER •• FLOW TO INCREASE 

PERC. YIELD LOSS LOSSES O.C.FISHER IN FLOW 
(inches) (inches) (acre-feet) (acre-feet) (acre-feet) i (acre-feet) (acre-feet) (acre-feet) 

Present 
19.97 19.60 407 32,750 -24805 -72 7,873 0 

Condition 
Remove All 

19.97 18.80 1,189 54,833 - 10291 - 3154 41,388 33,515 
Brush 

Remove Only 
19.97 18.84 751 43,197 -24054 -2849 16,294 8,421 

Hvy.Cedar 
Remove Only 

19.97 19.50 751 41,508 - 19331 - 1620 20,557 12,684 
Hvy.Brush 

Remove Only 19.97 19.59 813 37,129 -21677 - 1317 14,135 6,262 
Mod.Brush 

---- L__ 

··other losses includes difference between beginning and ending soil water/shallow aquifer storage, loss to snow 
sublimation, loss to surface evaporation in streams and rivers, etc) 

" 
TABLE 19 

AREA OF 
BRUSH REMOVED 

(sq. mile) 

0 

571.40 

172.06 

244.86 

154.47 

Summary of Water Yield and Flow Volume for the Five Scenarios, North Concho River Watershed. 

'."J 

UNIT FLOW 
INCREASE 

(ac-Wsq.mi.) 

0.00 
i 

58.65 
I 

48.94 I 

51.80 

40.54 



-- -- -------- --------- -- - ------ ----

400 

JOO F-1 
i200~ 

I 00 1---------

0 

2 3 4 5 

[NorthC~;cho River Watershed 
I Average Annual Increase in Flow 1962-1996 

. -

~ r\ I 
----

6 7 8 9 10 11 
Subbusin Number 

12 13 14 15 16 17 18 

'I- low Volunk! Prl!d-.:1ious rrom SWAT MoJd - l/SLJA NRCS 1998 

---- --- ------

8000 

1-
I·~ 

---l 2000 

0 

FIGURE 29 - Average Annual Flow Increase by Subbasin 

-- ------ . --- - ---- -- - - - - -I 

.:;:: 
0 
< 
' LLJ 

Cll 
< 
~ 
u 
2: 
::t 
0 
,_I 
u. 

f ;.·-s~b~si~ A~-
I -+ Area of Brush Removed 

I • A vg. Annual Flow Increase 

I 

J 

I 



TABLE 20 
AVERAGE ANNUAL INCREASE IN FLOW VOLUME FOR REMOVAL OF ALL BRUSH 

NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 

SUBBASIN ALL BRUSH PERCENT INCREASE PER UNIT AVE. ANNUAL 
SUBBASIN AREA AREA ALL BRUSH OF ALL BRUSH INCREASE 

(sq. miles) (square miles) (%) (acre-feet'square mile) (acre-feet) 
1 193.17 67.57 35 58.65 3,963 
2 297.57 103.32 35 58.65 6,060 
3 2.58 0.28 11 58.65 16 
4 86.95 33.76 39 58.65 1,980 
5 16.15 5.88 36 58.65 345 
6 197.33 50.05 25 58.65 2,936 
7 122.56 42.59 35 58.65 2,498 
8 103.07 39.98 39 58.65 2,345 
9 69.74 32.14 46 58.65 1,885 
10 4.71 2.47 52 58.65 145 
11 41.45 13.34 32 58.65 783 
12 47.15 28.11 60 58.65 1,649 
13 10.83 4.11 38 58.65 241 
14 40.17 14.78 37 58.65 867 
15 113.11 71.14 63 58.65 4,172 
16 5.02 0.96 19 58.65 56 
17 19.00 6.61 35 58.65 388 
18 119.10 54.30 46 58.65 3,185 

TOTALS 1490 571 38 -- 33,514 

TABLE 21 
AVERAGE ANNUAL INCREASE IN FLOW VOLUME FOR REMOVAL OF HEAVY CEDAR 

NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 

SUBBASIN HVY. CEDAR PERCENT INCREASE PER UNIT AVE. ANNUAL 
SUBBASIN AREA AREA HVY.CEDAF OF HEAVY CEDAR INCREASE 

(sq. miles) (square miles) (%) (acre-feet'square mile) (acre-feet) 
1 193.17 21.98 11.4 48.94 1,076 
2 297.57 31.68 10.6 48.94 1,550 
3 2.58 0.12 4.8 48.94 6 
4 86.95 13.34 15.3 48.94 653 
5 16.15 1.81 11.2 48.94 88 
6 197.33 14.05 7.1 48.94 688 
7 122.56 18.47 15.1 48.94 904 
8 103.07 9.28 9.0 48.94 454 
9 69.74 11.09 15.9 48.94 543 
10 4.71 0.02 0.3 48.94 1 
11 41.45 3.46 8.3 48.94 169 
12 47.15 7.91 16.8 48.94 387 
13 10.83 0.35 3.3 48.94 17 
14 40.17 6.53 16.3 48.94 320 
15 113.11 23.49 20.8 48.94 1,150 
16 5.02 0.06 1.2 48.94 3 
17 19.00 2.10 11.1 48.94 103 
18 119.10 6.32 5.3 48.94 309 

TOTALS 1490 172 11.6 -- 8,421 

TABLES 2 o & 2 .r Increase in Flow Volume by Subbasin for Brush Removal Scenarios, 
North Concho River Watershed. 



TABLE 22 
AVERAGE ANNUAL INCREASE IN FLOW VOLUME FOR REMOVAL OF HEAVY BRUSH 

NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 

SUBBASIN HVY. BRUSH PERCENT INCREASE PER UNIT AVE. ANNUAL 
SUBBASIN AREA AREA HVY.BRUSH OF HEAVY BRUSH INCREASE 

(sq. miles) (square miles) (%) (acre-feet/square mile) (acre-feet) 
1 193.17 16.23 8.4 51.80 841 
2 297.57 27.61 9.3 51.80 1.430 
3 2.58 0.15 6.0 51.80 8 
4 86.95 11.74 13.5 51.80 608 
5 16.15 2.72 16.8 51.80 141 
6 197.33 15.03 7.6 51.80 778 
7 122.56 13.76 11.2 51.80 713 
8 103.07 13.65 13.2 51.80 707 
9 69.74 15.74 22.6 51.80 815 
10 4.71 2.18 46.2 51.80 113 
11 41.45 8.31 20.0 51.80 430 
12 47.15 16.15 34.3 51.80 837 
13 10.83 3.34 30.8 51.80 173 
14 40.17 6.59 16.4 51.80 342 
15 113.11 40.26 35.6 51.80 2.086 
16 5.02 0.82 16.3 51.80 42 
17 19.00 3.95 20.8 51.80 205 
18 119.10 46.63 39.1 51.80 2,415 

TOTALS !4CJ(\ 245 16.4 .. 12,684 --- -- -···------·-· 

TABLE. 23 
AVERAGE ANNUAL INCREASE IN FLOW VOLUME FOR REMOVAL OF MODERATE BRUSH 

NORTH CONCHO RIVER WATERSHED SWAT SIMULATION 

SUBBASIN MOD. BRUSH PERCENT INCREASE PER UNIT AVE. ANNUAL 
SUBBASIN AREA AREA MOD. BRUSH OF MODERATE BRUSH INCREASE 

(sq. miles) (square miles) (%) (acre-feet/square mile) (acre-feet) 

1 193.17 29.36 15.2 40.54 1,190 
2 297.57 44.03 14.8 40.54 1.785 
3 2.58 0.00 0.0 40.54 0 
4 86.95 8.68 10.0 40.54 352 
5 16.15 1.36 8.4 40.54 55 
6 197.33 20.97 10.6 40.54 850 
7 122.56 10.36 8.5 40.54 420 
8 103.07 17.05 16.5 40.54 691 
9 69.74 5.31 7.6 40.54 215 
10 4.71 0.28 5.9 40.54 11 
11 41.45 1.58 3.8 40.54 64 
12 47.15 4.05 8.6 40.54 164 
13 10.83 0.42 3.9 40.54 17 
14 40.17 1.65 4.1 40.54 67 
15 113.11 7.38 6.5 40.54 299 
16 5.02 0.08 1.5 40.54 3 
17 19.00 0.56 2.9 40.54 23 
18 119.10 1.36 1.1 40.54 55 

TOTALS 1490 154 10.4 -- 6.262 

TABLES 2 2 I 2 3- Increase in Flow Volume by Subbasin for Brush Removal Scenarios, 
North Concho River Watershed. 



storm events with a very long recurrent interval. Thus, a series of years with average rainfall 
will produce much less runoff than would come from a year with a hurricane generated rainfall 

event passing through the watershed. In addition, the increase in flow will not match 
modeling results until the underground aquifer is refilled to pre-1962 levels. 

Developing a land use/land cover map by classification of satellite imagery appears to be a 
practical methodology for basin scale assessments. The costs and resources utilized to classify 
the imagery was very reasonable for the quality of final product. Selection of the dates the 
satellite scenes were developed along with possibly using multiple scenes for classification 
should enhance the accuracy of the final product. Digital orthophotography is not yet available 
for this portion of the State. Having good recent photo images would also help in assessing land 
use/land cover data layers. 

This modeling exercise is a landmark for using the SWAT computer model in evaluating a 
watershed with focus on detailed rangeland and brush species. This is also the first attempt at 
classification of land use/land cover from Landsat-5 imagery to yield various rangeland 
categories such as open range, light brush canopy, moderate brush canopy, heavy brush 

canopy and heavy cedar/juniper canopy. 
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---------------------------4~4--------GI:OSSAR¥-eF-sWAl-fNPUT-5---------------------------

Channel Transmission Loss This is the effective hydraulic conductivity (mm/hr) in channel 
alluvium. The values range from greater than 127 for clean 
gravel and large sand (d50>2 mm) to less than 1 for 
consolidated bed material with high silt-clay content. 

Evaporation Compensation Factor 

Leaf Area Index 

_ .... ·-------~J!.rdmum Aquifer Storage 

Potential Heat Units 

Rain Interception 

Re-Evaporation Coefficient 

This factor allows the soil evaporation routine in SWAT to 
compensate for moisture deficits in the soil surface layer by 
extracting additional moisture from lower layers. A low value 
(0.1) represents maximum allowable compensation from 
lower layers, and a value of 1.0 represents no compensation 
(normal evaporation from lower layers). 

The surface area of leaves of a plant divided by ground area 
of the plant canopy. 

The shallow aquifer storage must e>c;';'.;"~j.'~.~-~-'.inimum 

Aquifer Storage before ground water flow can begin. A low 
value (1.0 mm) represents an aquifer that is full, resulting in 
immediate groundwater flow when percolation occurs from 
the soil profile to the shallow aquifer. 

The heat units required by a growing plant to reach maturity. 

The amount of initial rainfall that is intercepted by plant 
canopy or litter under the plant, and does not reach the soil 
surface. 

This coefficient controls the amount of evaporation from the 
shallow aquifer. The amount is determined by multiplying 
potential evapo-transpiration (ET) by the re-evaporation 
coefficient. 
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Runoff Curve Number 

Soil Flow Length (m) 

Soil Available Water Content(%) 

The runoff curve number is the SCS antecedent moisture 
condition 2 curve number. SWAT adjusts the curve number 
up or down depending on soil moisture content at the time 
precipitation occurs. 

The length over which lateral sub-surface soil flow must 

occur before flow enters the surface runoff. 

Maximum water content that each layer of the soil profile is 

capable of storing for use by plants. 
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E CONOMICANALYSIS 5.0 

Land cover determination and categorization through use of Landsat imagery and the estimation 

of increased water yield from control of the different brush type-density categories using the 

SWAT simulation model are discussed in other sections of this report. The data created by 

these categorizations are the basis for this economic analysis. This section is devoted to 

explaining how brush control costs and benefits were calculated for the different brush type

densities and provides for their use in determining total project costs, benefits, and cost-share 
amounts for private landowners-ranchers and the State of Texas. 

It should be noted that public benefit in the form of additional water in the North Concho 

watershed depends on landowner participation and proper implementation of the brush control 

practices outlined in this project. It is also important to understand that rancher participation in 

a brush control program to increase water yield will, to a large degree, depend on the economic 

consequences resulting from participation. With this in mind, the analyses described in this 

section are predicated on the ORie(:tive of limiting rancher costs associated with participation in 
the program to no more than the benefits that would be expected to accrue to the rancher as a 

result of his participation in the brush control program. 

It is explicitly assumed that the difference between the total cost of the brush control practices 
and the value of landowner-rancher participation would have to be contributed by the state in 

order to encourage implementation of the brush control practices which result in public benefits 

in the form of water for public use. Administrative costs (state costs) which would be incurred 

in implementing, administering and monitoring a brush control project or program in the North 

Concho watershed are not included in this analysis. 

BRUSH CONTROL PRACTICES 

Land cover categories identified and quantified in other sections of this study report included 

four brush type-density categories: heavy mesquite, heavy cedar Uuniper), moderate (mixed) 

brush, and light (mixed) brush. Increases in water yield that would be expected with brush 
control were, however, only estimated for the heavy and moderate categories. For purposes 

of estimating total costs, rancher participation, and the amount of cost-share that would be 
required of the state, a total of six type-density categories are considered herein: heavy 
mesquite, heavy cedar, moderate mesquite, moderate cedar, light mesquite and light cedar. 
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Brush control practices include initial and follow-up treatments required to reduce brush canopy 
to a target range of 3-8% and maintain it at the reduced level for at least 1 0 years. These 
practices, or brush control treatments, are outlined in Table 24. The control practices and their 
impacts on plant communities and herbacious growth represent a consensus of expert opinion 

obtained through discussions with Texas Agricultural Experiment Station and Extension Service 
Scientists and USDA-NRCS Range Specialists with extensive brush control experience in the 

project area. 

Year 0 in Table 24 is the year that the initial practice is applied while years 1 - 9 refer to the 

number of years following the initial practice. Light mesquite and cedar control practices are 

included because it is expected that without control, these categories of brush would continue 

to expand so that within 1 0 years they would reach higher density categories. 

CONTROL COSTS 
Costs and the present value of costs for the brush control practices (assuming an 8% discount 
rate-opportunity cost for rancher investment capital} are displayed in Table 25. Obviously, the 

costs vary with brush type-density categories. Present values of control programs are used for 

comparison since some of the treatments will be required in the first year to initiate the program 

while others will not be needed until year 6 or 7. Present values of total per acre control costs 
range from $20.42 for moderate mesquite that can be initially controlled with individual plant 

herbicide treatments to 75.42 for heavy cedar that must be initially controlled with mechanical 

tree bulldozing. 

RANCHER BENEFITS FROM BRUSH CONTROL 
As was mentioned above, one objective of the analysis is to equate rancher benefits with 

rancher costs, therefore, the task was reduced to estimating the benefits that would be expected 
to accrue to a rancher participating in the program. These benefits are based on the present 

value of the improved net returns made available to the ranching operation through increases 
or expansions of the typical cattle, sheep and wildlife enterprises that would be reasonably 

expected to result from implementation of the brush control program. For the livestock 

enterprises, an improvement in net returns would result from increased amounts of usable 

forage produced by controlling the brush and thus eliminating much of the competition for water 

and nutrients within the plant communities on which the enterprise is based. The differences 

in grazing capacity with and without brush control for each of the brush type-density categories 

are shown in Table 26. 

As with the brush control practices, the grazing capacity estimates represent a consensus of 

expert opinion obtained through discussions with Texas Agricultural Experiment Station and 
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Brush Control Practices 

A. Hrny Mes 'tel Ul 

Year Canopy Cover (%) Treatment Description Kill(%) Forage lncreuc (%) 

0 3S% Aerial Herbicides SO% 

2 or 3 7%' Chemical lPT 80% 2S"' 
7 S% Prescribed Bum 80" 

' C-..1 ~: lailiol T.-: Aeriol bcri>icidc opplicoliaa. R.clreo-= Cbaaica1 IPT (BNilo -n) 111111 praeribal ........... 
No mech•nO' tr.amca11 wcna vi.blc for ac.vy .:aaqu.i&e. 

' All efficocy (kill) of 50ll wiU yield,,_ lbaD a 50ll- cover ndll<lioe. All lOll - «~Ycr ndll<lioe- ...... 
' Wdboul bNill coa&rol, 1bc c:anyiD& capo<:ily of lbill lite - 10 dimiDioh wilh u iD<taoiD& bNill cover. Tho pu<cat looo ia carry;., 

copoc;ily wilhoot1bc iacuioa ofbNill ..-viii .,._...,otO.,ll pcryeor. 

B. Hrny Juniper- Alternative "I" 

·-

Year Canopy Cover(%) Treatment Description KiU (%) Forage lncrea10 I") 

0 3S% Tree Doze and Bum 90% 
SO"' 

6 6% Mechanical lPT or Prescrilted Bum 80% 

' Coa&rol Melbodo: lailiol T- Troo Doziaa wilh GNbbor 0< &lldouor, followed by buriDt of piloo. - Meo:boaic:allPT.,-
........... No dlealicol- an <WTelllly ovailollle for <ODin>l of bcovy <Cdu. 

' w.- bnM -~ lho c:anyiD& capo<:i&y of lbill .... - "'dimiDilh wilh ... iac.-... bNill cover. Tho,.,..... .... ia carry;., 
capo<:ity wi-lho iacuioa of bNill -• io .,._...,It 0., ll per yeor. 

C H ravy J URI i)ef' - Alt rrna 1vr 

Year Canopy Cover (%) Treatment Description Kill(%) ForaRe lncrea10 (") 

0 3S% Two-Way Chain 7S" 

1-2 9" Prescribed Bum' SO% so"' 
7 7% Mechanical lPT or Prescribed Bum 80" 

• Coa&rol Mc:d>odo: W1io1 T- Tw .. woy <:boiDiDi wbicb 1DU1t 1oo followed by a rue for oloolo ndll<lioe. R.clreo-= Meo:boaic:allPT ot 

prea<ribed 
bumiac· No dlealicol -an <WTelllly ovailohlo f« coa&rol of looavy <Cdu. 

l Wi&boul brwb ~l. lbe Q.tf)'iq c:apKicy of tbil aice coa&mua to dimiaiab widl aa. iacrcuiAf: brwb cover. Tbe pcn;cat b. ill ,;:anyiac 
capocily w-..lho iacluoioa ofbnM c-..1 io .......,.otO.,ll per year. 

TABLE 24 



(Continued) 

D Mod erate M esqu 

Year Canopy Cover (%} Treatment Description Kill(%) Fora2e Increase I%) 

0 1S% ChemicalJPT 80% 
S%2 

6 8% ChemicallPT or Prescribed Bum 80% 

' Cootrol Mdbodo: laitiol Treolmcnl: CbcmicoliPT by 8nloh -n metbodo. Rdn:atmeat: CbcmicoliPT or pracnl>cd bunliDJ. No _._icwl 

--io "''lc:olod for control of modenle meoquite. 
' Wdboul bnloh coalro~ the conym, copocity of dUo oite ooadnuea to diminiob wid> m iacrcoaiDt bruob coveT. The pen:eat lou iD carryiD.a 

copocity without the ia<:luoioa ofbnloh coatrol io OOIIIIIonloii.O% pCT year. 

E. Moderate Juniper' 

Year Canopy Cover (%) Treatment Description Kill(%) Fora2e Increase (%} 

0 1S% Chemical IPT, Power Grubber, or Tree Shearing 80% 
10%3 

6 8% IPT or Prescribed Bum 80% 

' Control Mdbodo: laitiol T,...tmmt: CbcmicoliPT by Bruob Buolen, power srubber or 1ree dcno, or 1ree abearlns. Rdn:alment: Cbemico.l IPT 
or pmocnl>cd buminf. 

' IPT- for moderate juniper ue combiDod ODd -ipod an aven1o price. Cbemical by Bruab Buolen metbodo c:ooll $15.00. Power 1rubbiDt 
coat io $28.80 oc:eonlm, to Chapter 8 iD thel997 JUDiper Sympoaium (TAES Tech. RpL 97·1). Tree aheorin1 coat io $14 occonliDt to Dow 
Rue• & -.,"-Vol. 7 13. Moy, 1995. 

~ Without btulh coatrol, tbe canyilla captteity of thil •ite continue~ to dimiftiab with m incrcuin, bfUib cover. The pcreeo.tlou in carryiD.a 
copocity without the ia<:luoioa ofbruob coolrol io coaotoDI oti.O% pCT year. 

'h M • I F. Li21 t esqutte 

Year Canopy Cover(%) Treatment Description Kill(%} Forage Increase 1%) 

0 7-8% Chemical IPT 90% 
0%2 

6 7% Chemical IPT or Prescribed Bum SO% 

' Cootrol Medloda: laitiol T .... tmmt: CbcmicoliPT by Bruob Buolen. Retteabnent: CbemicaiiPT or preocn'bod buminf. 
1 No iDc:reue iD stoc:k.int nte occun with bruah rahactio01 Jtartina at lea than 10~ caaopy cover. However, wilhout bnllh control. 

cony iDs copociliea for oitea wid> liJbt bruob d=- rapidly (I. 0 !I per year). Prsc:ticeo are implemeotod in the liJht bruob coteaorieo to ...,;,;, conym, 
copocitieo. 

G. Li2ht Juni!M r1 

Year Canopy Cover (%) Treatment Description Kill(%) Forage Increase (%) 

0 7-8% IPT (Chemical or Mechanical) 9S% 
0%2 

6 7% IPT or Prescribed Bum SO% 

' Control Mdbodo: 1aitio1 T.........,t: ChemicoliPT by Bruob Buoten or mocbonkal IPT. Retteatmmt: Cbeonical/mocbankooiiPT or pnoocnl>cd buminf. 
2 No iDcreMe iD dockina rate occurs with bruah rcduc:tioalllartin.l at leu than 10~ caaopy cover. However, without 1maah coattol. 

conym, copocitieo for oitea wid> Haht bruob d..,_ rapidly (1.0% pCT year). Prsc:ticeo""' implemeotod in tbc Habt bnloh c:aleaorieo to .....UU..U. conym, 
COf*'ilieo. 

TABLE 24 
cont. 



North Concho Water Yield Brush Control Programs Cost and Present Value 
in Dollars per Acre by Type - Density Category 

A. Heavy Mesqui 

Year Treatment Description Treatment Cost (Acre) 

0 Aerial Herbicides $38.00 

2 or 3 Chemical IPT SIS.OO 

7 Prescribed Bum 1 $8.60 

~ Totals: $S9.60 

Present Value 

$36.00 

$12.86 

SS.02 

SS3.88 

' Preocribed .......... ex-.""' $2.00 (NRCS pidcliDo """'f« fitdiao -) + $3.00 fa<~ IIDdlohot $1.10 fa< dcf- fot tuolloodior 
($1.50/AUM I 30 ACIAUY • $.30 per AUM 111111 ou IDOIIIho for • defenDCIIl period). 

B. Heavy Juniper - Ah "I" ernattve 

Year Treatment Description Treatment Cost (Acre) Present Value 

0 Tree Doze and Bum $70.00 $70.00 

6 Mechanical IPT or Prescribed Bum1 $8.60 SS.42 

II Total: $78:60 $7S.42 .. 

' Preocribal ............... ""'$2.00 (NRCS pideU... """'for fon:liDo ......anoctioa) + $3.00 for equipmem 111111 labor + $1.10 for def..
for fuolloodiac ($1.50/AUM I 30 ACIAUY • S.lO per AUM 111111 oix 1D0111bo for • defermea& period). 

C. Heavy J unlper - AI "2" ternattve 

Year Treatment Description Treatment Cost (Acre) Present V aluc 

0 Two-Way Chain SlS.OO SlS.OO 

1-2 Prescribed Bum' $8.60 $7.96 

7 MechanicaiiPT or Prescribed Bum1 $8.60 SS.02 

II Total: $32.20 $27.98 

• Preocribed bunUac eoo1o""' S2.00 (NRCS pid<U..."""' for fitdiao ......anoctioa) + $3.00 for oquipcaca& 111111 lohot + SI.IO for dcf..
fa< fuolloodiDI ($1.50/AUM I 30 ACIAUY • $.30 per AUM 111111 oix moalbo for • defermea& period). 

TABLE 25 



(Continued) 

D Mod M erate esqmte 

Year Treatment Description Treatment Cost (Acre) Present Value 

0 Chemical IPT $15.00 $15.00 

6 Chemical IPT or Prescribed Bum' $8.60 $5.42 

II Total: $23.60 $20.42 

' Proocn'bed bumiDa coola ""'$2.00 (NRCS JUidcliDe coot for fin:liac coaotrw:tion) + $3.00 for equipmmt ODd lobor + $1.80 for dcfcrmcut 
for fuelloodin& ($1.50/AUM I 30 AC/AUY = $.30 pu AUM ODd oix moolbo for a defermc~~t period). 

E Mod J . erate umper 

Year Treatment Description Treatment Cost (Acre) Present Value 

0 Chemical IPT, Power Grubber, or Tree Shearing $20.00 $20.00 

6 IPT or Prescribed Bum 1 $8.60 $5.42 

II Total: $28.60 $25.42 

' Proocn'bed burnioJ coo1a ""'$2.00 (NRCS JUideliac coot for fin:liac COI1IInlctioo) + $3.00 for cquipmcol ODd lobor + $!.80 for defcrmcul for fuel 
loodina ($8.50/AUM /30 ACIAUY = $.30 pu AUM and oix moolho for a deferment period). 

F L' h M es~mte -121 t 

Year Treatment Description Treatment Cost (Acre) Present Value 

0 chemical IPT $7.50 $7.50 

6 Chemical IPT or Prescribed Bum' $8.60 $5.42 

II Total: $16.10 $12.92 

' Proocn'bed bumin1 coo1a""' $2.00 (NRCS 111ideliac coot for firclinc COI1IInlctioo) + $3.00 for cquipm<Dt ODd labor + $!.80 for defcrmcut for fuel 
loodina ($8.501AUM I 30 ACIAUY = $.30 pu AUM and oix moolbo foro deferment period). 

G L' h J . -121 t umper 

Year Treatment Description Treatment Cost_iAcre) Present Value 

0 IPT (Chemical or Mechanical) $10.00 $10.00 

6 IPT or Prescribed Bum' $8.60 $5.42 

II Total: $18.60 $15.42 

' Pnocn'bed bumiDa coo1a""' $2.00 (NRCS JUideliac coot for fircliac co .. lruclioo) + $3.00 for cquipm<Dt ODd lobor + St.IO for defcrmcut for fuel 
loodina ($8.50/AUM I 30 AC/AUY = $.30 per AUM and oix moolho for a deferment period). 

TABLE 25 
cont. 



Annual npected grazing capacity Ia animal units per section with and without brush control by type-
density brush category for tbe Northwest and Southeast sections of the North Concbo IUver Basin. 

YEAR 0 2 3 4 5 6 7 8 9 

NORTHWEST 

Heavy Mesquite 
Controlled 20 22 24 25 25 25 2S 2S 2S 2S 
No Control 20 19.9 19.S 19.7 19.6 19.S 19.4 19.2 19.1 19 
Heavy Cedar 
Controlled 14.2 17.1 19.9 21.3 21.3 21.3 21.3 21.3 21.3 21.3 
No Control 14.2 14.2 14.1 14 13.9 13.8 13.7 13.7 13.6 l3.S 
Moderate Mesquite 
Controlled 23.7 24.6 2S 2S 2S 2S 2S 25 2S 2S 
No Control 23.7 23.S 23.3 23.1 22.8 22.S 22.2 21.9 21.6 21.3 
Moderate Cedar 
Controlled 19.4 20 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 
No Control 19.4 19.2 19 18.8 18.6 18.3 18.1 17.9 17.7 17.S 
Light Mesquite 
Controlled 2S 2S 25 2S 2S 2S 2S 2S 2S 2S 
No Control 25 24.7 24.4 24.1 23.8 23.S 23.2 22.9 22.7 22.S 
Light Cedar 
Controlled 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 
No Control 21.3 21.1 20.9 20.7 20.S 20.3 20.1 19.8 19.S 19.2 

SOUTHEAST 

Heavy Mesquite 
Controlled 27.8 30.6 33.4 34.8 34.8 34.8 34.8 34.8 34.8 34.8 
No Control 27.8 27.7 21.S 27.4 27.2 27.1 26.9 26.8 26.6 26.4 
Heavy Cedar 
Controlled 18.3 22.1 2S.6 27.8 27.8 27.8 27.8 27.8 27.8 27.8 
No Control 18.3 18.2 18.1 18 17.9 17.8 17.7 17.6 17.S 17.4 
Moderate Mesquite 
Controlled 32 33 33.6 33.6 33.6 33.6 33.6 33.6 33.6 33.6 
No Control 32 31.6 31.2 30.8 30.4 30 29.6 29.2 28.8 28.8 
Moderate Cedar 
Controlled 2S.3 26.2 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8 
No Control 2S.3 2S 24.7 24.4 24.1 23.8 23.S 23.2 22.9 22.8 
Light Mesquite 
Controlled 33.6 33.6 33.6 33.6 33.6 33.6 33.6 33.6 33.6 33.6 
No Control 33.6 33.3 33 32.7 32.4 32.1 31.7 31.3 31 30.6 
Light Cedar 
Controlled 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8 
No Control 27.8 27.S 27.3 27 26.7 26.4 26.1 2S.8 2S.4 2S 

1. Year 0 is the initial year of application of a brush control practice, years 1 - 9 refer to the years following the initial 
application. 
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Extension Service Scientists and USDA-NRCS Range Specialists with brush control experience 
in the North Concho area. Because of differences in soils and climate, livestock grazing 
capacities differ by location within the basin. In the portion northwest of Sterling City (NW) (sub
basins 1-6) they range from about 14 animal units per section for land infested with heavy cedar 
to about 25 for land on which mesquite is controlled. Southeast of Sterling City (SE), the 
grazing capacities range from about 18 animal units per section for land infested with heavy 
cedar to about 34 for land on which mesquite has been controlled. 

Livestock production practices, revenues, and costs representative of the NW and SE portions 
of the basin were obtained from personal interviews with focus groups of local ranchers. 

Estimates of the variable costs and returns associated with the livestock and wildlife enterprises 

typical of each area were then developed from this information into production investment 

analysis budgets. This information is shown by enterprise and area in Table 27. The data are 
reported per animal unit for the livestock enterprises. From these budgets, baseline data was 
entered into the investment analysis model. This baseline information is provided in Table 28 
for both the NW and SE North Concho areas. 

Rancher benefits were also calculated for changes in existing wildlife operations. Most of these 
operations were determined to be simple hunting leases with deer, turkeys, and quail being the 

most commonly hunted species. Therefore, wildlife costs and revenues were entered into the 
model as simple entries in the project period. For control of heavy mesquite and cedar, wildlife 
revenues are expected to increase by about $0.50 per acre due principally to the resulting 

improvement in quail habitat. Wildlife revenues would not be expected to change with 
implementation of brush control for the other four brush type-density categories. 

For ranchers to benefit from the improved forage production resulting from brush control, 

livestock numbers must be changed as grazing capacity changes. In this study, it was assumed 
that ranchers would adjust livestock numbers to match grazing capacity changes on an annual 
basis. Annual benefits that result from brush control were measured as the net differences in 
annual revenue (added annual revenues minus added annualized costs) that would be expected 

with brush control as compared to without brush control. These annual estimates of net revenue 
differences were discounted (8%) and summed to get an estimate of the net present value of 
rancher benefits over the ten-year planning period for each brush category type for both areas 
of the basin. An example of this process is shown in Table 29 for the control of heavy mesquite 
in the NW portion of the North Concho watershed. 

This analysis was done assuming a theoretical 1,000 acre management unit which was to 
represent a standard for the economic analysis. Therefore to get per acre benefits, the 
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Investment AnaJys~ Budgets 

Cow-Calf Production - Northwest North Coocbo Area' 

R ' 
ProdiK:tion l~m Marketed Pen:enllge Quantity Unit $Per Unit $ Relllm 

Bee( Cull Bull 0.01 (Head) 19.50 Cwt 0.50 0' 
Beef Cull Cow 0.105 (Head) 11.00 Cwt 0.40 0' 

Calvea 0.90 (Head) 5.75 Cwt 0.15 388.13 

TOll\: $388.13 

Partial Variable Costs' 

Variable Coli Oeacription Quanlitv Unit $ oer Unit $COil 

Ranao Cubea 0.18 Ton 188.00 32.40 

Canle Marketina • All Canle - Head of Cow - 11.16 

Protein I Villmin I Salt I Mineral 60.0 Pound 0.183 11.00 

Vet Medicine 1.0 Head 12.50 12.50 

Net Coli for Pun:haaed Reolacemenl Cowa1 - Head 700.00 37.80 

Net Coli for Pun:hued Replacomenl Bulla' - Head 1500.00 3.50 
No chaaJc la labor. equipment, or facilitie~ co.aa due to inve~tmcnt dccilioa. 

II TOll I: $115.36 

Nou: This budr•t Is /DT pn11lfllltloll ofiM llif~• uSid llllh• umunulll "lllllysls ollly. 
N.t reiiU7U c"""OI b. calculaud fro• thb budgtt,for 1tOIIIII ,,,_s "ltd •llrillbU com h4•• b••• U.cllulld. 

r..,..-.. •a ~ are buod OD 1 per ....._. uait. bMil. Tbil bw11ct il tepa m•••ive ola typical noc:b iD lba 
• • • ·•wcoiUD portioa of 1bc No nil Coocbo River buill. The cleoda J<. for cowo il 1.5 ". Thc cuW..a p<I'CCIIIal< 
for cowo ia 10.5". CalC cnJIIO 1111 90". F....t colla wen~ DO& iDcluclocl iD tbc 1110lyoia. 

1 RcYcaua were UICid iD. &be iavCIIIDC:al aaaiy1il '-' fi1ure the 1t.team of bcacfill available to &be nacber baed OD 
tbc iocluoioa of brwb coallol • imp..........,.. for opecifJC bnub lype-cleaaity eo~caotieo. 

1 No nrveDUG an li.lal for citbcr cowa or buUI. for &be ia.vc:abDca& aaalyail model wte11 1 DCt rcplac:CIDCD& coe& for 
rq~laccmall breoclilla ........,_ 

• Varioblo colla llotocl ben iDcludo Ollly ikma wbicla cboqo u a ......Jt of imp........U.., a brwb eoollol proaram 111111 
adjuatiq livca&oclt IWIIIben 10 meet cbutc:a iD. anziaa cap.eiry. 

TABLE 27 



(Continued) 

Sheep Production -Northeast North Concho Area1 

Rev ....... 
Production llem Marketed Quantity Unit S Per Unit S Retum 

Percenlage 

Cull Ram 0.01 (Head) 4.8S Poundo 0.1S 0' 
Cull Ewe 0.1S (Head) 82.S Pound a 0.15 0' 

Weaned Lambs 0.95 (Head) 4.75 Head 60.0 285.00 

Wool - 48.0 Poundo 1.00 48.00 

Tolal: $333.00 

Partial Variable Costs• 
Variable Coot Deocription Ouantitv Unit $ J>Or Unit $Coot 

Range Cubes 300.0 Poundo .1175 35.25 

Sheeo Marketin2 - AU Sheep - AU - 8.92 

Shearin2 1.0 AU 11.25 11.25 

Wool Marketing 48.0 Pound 0.08 3.34 

Protein I Vilamin I Salt/ Mineral 60.0 Pound 0.133 11.00 

Vet Medicine 1.0 Head 4.00 4.00 

Net Coot for Purchaaed Replacement Eweo' 1.0 Head 70.00 57.65 

Net Coot for Purchaaed Replacement Rams' 0.03 Head 200.00 5.35 
No cbanJe in labor, ~~ent. or facilitiea coetl due to inveatment decision. 

II Tolal: $137.76 

Not~: 71rJs budgttls for pnmrtatlmt of 1M blforiMiiolt und bt 1M lnrtslmtlll alltllysls otrly. 
Net ntunu ca1111ot bt calculattd /rolll this budgtt,for 11ot all rtrtltWs altd varlabk costs h4re bttlt Included. 

' coa. and rdUnll ace hued oa. • per an.imaJ unit buil. Thia budaet il representative of a typical ranch io the 
oorthweotem portion of 1bc North Concbo River buin. The dealh kMo for abeep io S~. The cullinr per<eo!OJe 
for ewes io IS". Lomb cropo are 9S ~. F'ued co1t11 were - included in lbc analyoU.. 

2 RcveaUCI wen:. uaed in the investmeat malysia to firure the stream of beoefitl avait.ble 10 the nacber baed oa. 
the incluliou of brush control a implcmcatcd for tpeeif~e b1111h type-dcmity c:ateaoriea. 

, No reveaUCI arc li8ted for eilher ewa 01' rwn~. fM the invatment~maly•• model Ulel a DCt replacement coo for 
replacement breedinJ oaimaloo. 

' Voru.ble c- limd here include ocJy ilcmo whi<b cboare u o reou1t of implemenlinr o bn11b control pro1nm ODd 
.tjultina livestock oumben to meet cbaDa:et i:a snzina cap.ci1;y. 

TABLE 27 
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(Continued) 

Cow-Calf Production· Southeast North Coacbo Area' 

Rn nul'!' 

Production l~m Marketed Pen:enlalle Quanlity Unit S Per Unit S Rctura 

Beef Cull Bull 0.01 (Head) 19.$0 Cwt 0.$0 0' 
Beef Cull Cow 0.10 (Head) 10.00 Cwt 0.40 0' 

Calvoa 0.90 (Head) U2 Cwt 0.7$ 372.60 

Total: $372.60 

Partial Variable Costs' 

Variable Coli Deocription Quanlity Unit S per Unit sc-
R.ann Cuboa 0.17$ Ton 188.00 3UO 

Conic Marlcetina • All Caalo - Hood of Cow - 11.16 
Prolein I Vitamin I Salt/ Mineral 60.0 Pound 0.183 11.00 

Vet Medieino 1.0 Head 12.$0 12.$0 
Net Coat for Purehaaed Replacement Cow.-' - Head 700.00 40.$0 

Net Coat for Pun:haacd Replacement Bulla' - Head lSOO.OO S.l$ 
No cbanoe ia labor, , or fiM::iliUc. COI&I d&M:I 10 i:Dve:mn.t deciatoa. 

II Total: $118.91 

Nou: T1tb budga lr /01' pnrcllllliiD• ofiM Uifomvulo• und IIIIM lllrcrtmclll Glflliyrlr ollly. 
Na niiii'M CIJIJIIDt H calcuiiJud /roM lhb budrtl,/01' ltDt all rcrt_, IJNI rtJrlilbl4 COIU hGrc biiiJ illcludtd. 

' Coo& IIIII n:1un11 an buool .. a per OAimaJ llllil buio. 1llia bud1ct io rep........U...e of a typical ruocb iD tbo 
•ontbnn:na por'lioD of d.a Nortb Coadao River buill. 1be dear.b &a. for cowt il J • .SI. Tbo aal1iac pcn;:caaqc 
for cowo io lOS. Call Cn>poan 90S. Fwod _.. wue- iacludacl ill tbo aaa!y_oio. • -' - wcro- ia tbo iDv-OMiyaio lafipN tbo- ofbeMflla availablo Ia tbo --.. 
tbo ... ....._ of bnloll -•• implcaMaleol for opecilic bnlllo t.ype-4-i&y <Otqorioo. 

, No revaau. an 1ilkd for eidler cowa or buill, for lbe iav-.& aaalylil. model UICII 1 Ml rcp~Kc:mea& COl& for 
..... -.-bnaliquaimalo. 

' Variable COlli liotal bcre iacludc ooly ioaaa wbic:b <baac• • a .-11 of implcmeotiac a bnloll coa&nll pro1ram IIIII 
odjuoliq- Dlllllben .. - ......... ill ....... -i&y. 

TABLE 27 cont. 
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(Continued) 

Sheep Production - Southeast North Concho Area' 

Rennoes' 

I Production Item Marketed Quantity Unit S Per Unit S Return 
Pen:entage 

Cull Ram 0.01 (Head) 4.85 Pounds 0.15 o' 
Cull Ewe 0.20 (Head) 110.0 Pounds 0.15 o' 

Weaned Lambs 0.92 (Head) 4.6 Head 60.0 276.00 
Wool - 46.0 Pounds i.OO 46.00 

I Total: $322.00 

Partial Variable Costs' 

Variable Cost Description Quantity Unit $per Unit S Cost 

Ran2e Cubea 520.0 Pounds .1175 61.32 
Sheep Marketing - All Sheep - AU - 8.78 

Shearing 1.0 AU 11.25 11.25 

Wool Marketin2 46.0 Pound 0.08 3.68 
Protein I Vitamin I Salt I Mineral 60.0 Pound 0.183 11.00 

Vet Medicine 1.0 Head 4.00 4.00 
Net Cost for Pun:haaed Replacement Ewes' 1.0 Head 70.00 71.00 
Net Cool for Pun:hased Replacement Rama' 0,03 Head 200.00 5.30 

No change in labor, equipment. or facilities cottl due to investment decision. 

IL Total: $176.33 

Nol" This budget is for pnstii/IJIWtt of 1M bt/ormaJwtt used Itt tht lttrestmtnl analysis ottly. 
Net rtturttS cattttol bt calcultJitd from this budgrt, for ttol all rtrenues and •arWble costs hare btttt lttcludtd. 

1 COlt and retuml an: hued on a per animal unit buill. This bud~~:ct ill repretentativc of a typtcal ranch in lhe 
aoutheutc:m portion of the North Concbo River buin. The death lou for ahccp is S%. The culling percentage 
for ewe~ ill 20%. Lamb cropa are 92%. Fixed COIJtfl were not included in the an.alysis. 

2 Revenuca were Uled in the inveatmcol analyst. to fisun: the stream of bencfill available to the rancher buod on 
the inclusioa of brush control u implcmc:ated for apccific bruM type-demity categories. 

' No revenue~ arc lilted for either ewes or rmn~. for the investment analyaia model U8C:8 a net replacement cOlt for 
replacement brecdinr mimall. 

• Variable cOtrtl lilted here include only itc:ma whk:b change u a n:suh. of implementing a bJUllb control program and 
adjuatina liveatock numbenato meet cbanaes in arazina capacity. 

TABLE 27 
Cont. 
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North Concho Baseline Economic Infonnation1 

General Economic Information 

Production Information CattllOI'T Unit Southeast I 
Plannim! Horizon Yean 10 

DiJacount Rate Percent 8.00 

Cattle Baseline Information 

Production Information CateJlOI"J Unit Southeast 

COWl Dollar/Head 700.00 

Bulls Dollar/Head 1500.00 

Cows per Bull Head 20 

Herd Composition Percent so 
Animal Unit Equivalency AUE 1.00 

Catr Prices Dollars/Pound 0.75 

CatrCrop Percent 90 

Calf Selling Weight2 Pounds 552 

Variable Costs Dollars 118.91 

Sh B r I f< een ase ane n ormation 

Production Information CateJlOry Unit ·::autheast 

Ewes Dollar/Head 70.00 

Rams Dollar/Head 200.00 

Ewes per Ram Head 33 

Lamb Price Dollars/Pound 0.80 

Wool Price Dollars/Pound 1.00 

Herd Composition Percent 50 

Animal Unit Equivalency AUE 0.20 

Lamb Prices Dollars/Pound 0.80 

Lamb Crop Percent 92 

Lamb Sellin~ Weight2 Pounds 75 

Annual Wool Production Pounds 9.2 

Variable Costs Dollars 176.33 

Wildlife Baseline Information 

Production Information CateJlory Unit Southeast 

Year 0-2 Revenue Dollars 2500 

Year 3-9 Revenues Dollars 3000 

Variable Costs Dollars 500 

1 Only tboM ~ thai. c:baaao with cbaaca m t.bc DUIDbcn of lbc bcrd wen iDc::Wdcd. io. DO variab• co.aa 
(Of • 3/4 10a. pl.;:kup or e&or:k trai'" weN ~Deluded. for lbc c:baaao i:a bcrd aumbcn • DOt •iaaifK:UIIl c:aouab foe 
c: ...... a 110 be DCCCMU')' D:t. &hac lypea of v..n.b&a oe»&l. 

1 Call lind laiM aclliac wciabla were •vcrqo wciabll for both malcl t.Dd fcaalca. 

Table 28 
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Year 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Net Present Value -Northeast North Concho for Control of Heavy Mesquite 

Added Unita Due to Investment in Brush Control 

Animal Unita Salea Investment Coata Wildlife Cash Flow Annual NPV Accumulated NPV 
(AU) ($) ($) ($) Revenues ($) ($) 

($) 

0.2 0 0 0 0 0 0 

3.5 1312 1890 424 0 -1002 -928 

6.9 2690 1260 759 0 671 575 

8.8 3413 980 985 500 1948 1546 

9.1 3413 0 985 500 2928 2152 

9.3 3480 0 985 500 2995 2038 

9.6 3547 0 985 500 3062 1929 

9.9 3541 0 985 500 3062 1787 

10.1 3614 0 985 500 3129 1690 

10.4 3681 0 985 500 3196 1599 

Salvage Value: $4,130 $2,066 

1 Rt:au1ll include canyins capacity cbangea rauhina from the lnve~tment decision. Analysil wu performed on a 1,000 acre 
buil, makiJla the per acre accumulated NFV for thi. inveatment deciaion. $14.455. 

TABLE 29 

($) 

0 

-928 

-353 

1194 

3346 

5384 

7313 

9100 

10790 

12389 

$14,455 



accumulated net present value of $14,455 shown in Table 29 must be divided by 1 ,000, which 
results in $14.46 as the estimated present value of the per acre net benefit to a rancher. The 

resulting net benefit estimates for all of the type-density categories for the NW and SE portions 
of the basin are shown in Table30. Present values of these benefits differ by location within the 
basin. In theSE portion they range from $5.62 per acre for control of light mesquite to $19.40 
per acre for control of heavy cedar. In the NW portion they range from $4.58 per acre for control 

of light cedar to $17.08 per acre for control of heavy cedar. 

STATE COST SHARE 
If ranchers are not to benefit from the state's portion of the control cost, they must invest in the 
implementation of the brush control program an amount equal to their total net benefits. The 
total benefits that are expected to accrue to the rancher from implementation of a brush control 
program are equal to the maximum amount that a profit maximizing rancher could be expected 
to spend on a brush control program (for a specific brush density category). Using this logic, the 
state cost share is estimated as the difference between the present value of the total cost per 

acre of the control program and the present value of the rancher participation. Present values 

of the state cost share per acre of brush controlled in the SE range from $8.58 for control of 

heavy cedar with 2-way chaining and burning to $56.02 for control of heavy cedar with tree 
dozing. In the NW, the state cost share ranges from $10.90 to $58.34 for the same control 

practices. Total treatmeni cost, rancher participation or cost-share, and state cost-share for all 
brush type-density categories are shown in Table 30. 

The costs to the state include only the cost for the state's cost share for brush control. Costs 
that are not accounted for, but which must be incurred, include costs for administering the 
program. Under current law, this task will be the responsibility of the Texas State Soil and 
Water Conservation Board. 

COST OF ADDITIONAL WATER 

The total cost of additional water is determined by dividing the total state cost share (if all 

eligible acreage were enrolled in the program) by the total added water estimated to result from 

the brush control program over the assumed ten-year life of the program. This figure is adjusted 
for the differences in time of water availability and time of cost share expenditures. As was 
mentioned above, added water from brush control was only estimated for the heavy and 
moderate categories. The water yields resulting from the brush control program and the 
estimated acreage eligible for enrolling in the program discussed above are used to estimate 
the average annual added water yields for each brush type-density category. Likewise, the total 
state cost share for these two categories is estimated by multiplying the per acre state cost 
share for each brush type-density category by the eligible acreage in each category. 
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. Present Value of Costs for Brmh Control Investment in Dollars per Acre 

Southeastern Part • North Concho River 

Brush Rancher Cost 
Percent State Percent Total 

(Type and Density) Share Cost Share Cost 

Heavy Mesquite 16.06 29.81 37.82 70.19 53.88 

Heavv Cedar _(11))1 19.40 25.72 56.02 74.28 75.42 

Heavy Cedar (2CB)2 19.40 69.34 8.58 30.66 27.98 

Moderate Mesquite 8.35 38.15 12.07 61.85 20.42 

Modera2e Cedar 10.06 39.58 15.36 6Q.42 25.42 

Li2ht Mesquite 5.62 43.50 7.30 56.50 12.92 

Li!ht Cedar 5.87 38.07 9.55 61.93 15.42 

II Average: 40.60% Average: 59.40% 

Northwestern Part - North Concho River 

Brush Rancher Cost Percent State 
Percent 

Total 
(Type and Density) Share Cost Share Cost 

Heavy Mesquite 14.46 26.84 39.42 73.16 53.88 

Heavy Cedar (TD)1 17.08 22.65 58.34 77.35 15.42 

Heavy Cedar (2CB)' 17.08 61.04 10.90 38.96 27.98 

Moderate Mesquite 7.55 36.97 12.87 63.03 20.42 

Moderaae Cedar 7.53 29.62 17.89 70.38 25.42 

Liabt Mesquite 4.97 38.47 7.95 61.53 12.92 

Liltht Cedar 4.58 29.10 10.84 70.30 15.42 

II Avef'liKI!: 35.04% A•erage: 64.96% 

TABLE 30 



The cost of added water resulting from the control of each brush type-density category is then 

estimated by adjusting the water yields for the delay in time of availability over the 10 year 

period, summing them, and then dividing them into the total state cost. By this technique, the 

cost of added water averages $49.75 per acre foot for the entire North Concho basin and ranges 

from $47.29 per acre foot for the NW portion to $51.72 per acre foot for the SE portion. Details 

of the costs of added water for the different brush type-density categories and different sections 

of the basin are shown in Table 31. 

Again, the costs discussed in the previous paragraph only include cost sharing for brush control 
of the heavy and moderate type-density categories. It could be argued that if the light brush 

type-density categories are not also controlled, that the estimated 1 0 year added water yields 

will not be achieved because the light brush will increase in density and be expected to be in 

either of the two higher categories by the end of the ten-year period. If the light brush were 

included in the cost share program and all of the light brush eligible acres were enrolled, it 

would add another $654,000 to the state's total cost and make the cost of an added acre foot 

of water cost $52.65, which is only $2.90 more per acre foot. 

CONCLUSIONS 

~;,., cot"!t13's 1 0-year average cost of added water (per acre foot) does not includ~ ~~- ··- ·' :Jf 

purification and distribution as would be needed if the water were to be used by a municipality 

like San Angelo, Midland, or Abilene. To compare this cost to the current cost of similar existing 

water supplies, one can calculate their annual cost per acre foot from the investment in their 

procurement. According to Stephen Brown of the Upper Colorado River Authority (UCRA), the 

cost of an acre foot of O.H. lvie Reservoir water (available at Lake lvie) is $80. An additional 

$80 per acre foot is needed for transmission of lvie water to the city of San Angelo, where it 

must still undergo a similar treatment as would water from O.C. Fisher on the North Concho. 

Again, according to the UCRA, the city of San Angelo incurs an expense of $.47 per 1,000 

gallons for water to be available from Lake lvie. This cost does not include a cost for treatment 

or for the energy to pump the water to the city of San Angelo. At the per acre foot price found 

for additional available water in the North Concho River, the per 1,000 gallon price of Concho 

water would be $.15. Given these figures for alternative water supplies, the North Concho brush 

control program appears to be an economically attractive alternative. 

ADDITIONAL CONSIDERATIONS 

Total state cost and total possible added water discussed above are based on the assumption 

that 1 00% of the eligible acres in each type-density category would be enrolled in the program. 

There are several reasons why this will not likely occur. Foremost, there are wildlife 
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Estimated cost to state of brush control and total added water yield per year; with 100o/o 
enrollment of eligible acres. 

Southeastern (SE' jlart of N. Concho Basin. 

Brush type- Total acres Pres. Val. of 
density State cost share 

I acre($) 

HeavyMesq. 109,773 37.82 

Heavy Cedar 56,973 32.301 

Mod. Brush 31,744 13.722 

Total (SE) 198,490 32.393 

I 0-Year Avg. Cost/ Ac.ft. = 

Northwestern (NW) part of N. Concho Basin. 

Brush type- Total acres Pres. Val. of 
density State cost share 

HeavyMesq. 47,027 

Heavy Cedar 53,107 

Mod. Brush 66,816 

Total (NW) 166,950 

10-Year Avg. Cost/Ac.ft. = 

Total acres 

Total Basin 365,440 

I acre($) 

39.42 

28.273 

Pres. Val. of 
State cost share 

I acre($) 

30.513 

Pres. Val. of Ac.ft. added 
total cost if all water I ac. I yr. 

enrolled (mil.$) 

4.15 .081 

1.84 .076 

0.44 .067 

6.43 .0773 

$51.724 

Pres. Val. of Ac.ft. added 
total cost if all water I ac. I yr. 

enrolled (mil.$) 

1.85 .081 

1.84 .076 

1.03 .067 

4.72 .0743 

$47.294 

Pres. Val. of 
total cost if all 

enrolled (mil.$) 

11.15 

Ac.ft. added 
water I ac. I yr. 

.0763 

Total possible 
added water I 

yr. 

8,892 

4,330 

2,127 

15,349 

Total possible 
added water I 

yr. 

3,809 

4,036 

4,477 

12,322 

Total possible 
added water I 

yr. 

27,671 

10-Year Avg. Cost/Ac.ft. = $49.75 Table 1. Treatment Scenarios and Ecological Response 
Information (Continued, Page2) • 

1 Cost hued on assumption that 501%of cecW is cleared with tree dozing and 50011 with 2-way chaining and bwning. 
2 Cost based on· assumption that 5D-.4of each part cleared is moderate cedar and 5()6!. is modenate mesquite. 
' Wci@hlod (by brush lype acruge) avenge. 
• Assuming a 4% discount rate and a prop1llll life of 10 yean. 

TABLE 31 



Cost or including light brush control in the state c:ost share program 

Location Light brush P. V. of state P.V. of total P. V. of total 10-yr. Avg. 
acres cost share cost cost for heavy Co&t/Ac.ft.. 

($/ac.)l (mil.$) and moderate added water 
brush control with light brush 

(mil.$) control 

NW 44,863 9.40 0.422 

SE 27,576 8.42 0.232 

Total Basin 72,440 9.03 0.654 11.15 $52.65 

TABLE 32 



considerations. Ranchers will want to leave some brush in strategic locations to provide escape 

cover and travel lanes for wildlife, especially white tailed deer. It has been suggested that no 

more than 75 -85% of the brush should be cleared from a given management unit in order to 

insure maintenance of good wildlife habitat. 

Another reason that less than 100% of the brush will be enrolled is that many of the tracts where 
a particular type-density category are located will be so small that it will be infeasible to enroll 

them in the control program for many different reasons. An additional consideration is found in 

research work by Thurow, et.al. that indicated that only about 66% of ranchers surveyed were 
willing to enroll their land in a similarly characterized program. Based on these considerations, 

it is reasonable to expect that less than 1 00% of the eligible land will be enrolled, and, therefore, 

less water will be added each year than is projected. However, it is likewise reasonable that 

participation can be encouraged by designing the project to include the concerns of the eligible 

landowners-ranchers. 
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pROGRAM IMPLEMENTATION 6.0 

Given the size of this project and the narrow time window of ideal conditions for herbicide 
application, it is recommended that initial treatments be spread over a minimum of 4 years. 

Because follow up treatments will be required to obtain the necessary level of brush control for 

the length of time required to recharge the aquifer and begin increasing the stream flow in the 
North Concho River, a long-term funding commitment by the state must be made for this 
program to succeed. 

"" Quality Control 
To insure the best possible efficacy of aerial herbicide applications inspection and monitoring 
of quality control should be performed by the appropriate state agencies. The following items 

should be considered in inspection/monitoring programs: 

• Trained inspectors should be on site to properly mix the herbicides, water, adjuvants, and 
other spray ingredients A lpc::c: desirable alternative would be to train the landowners 

to perform this duty. 

• If the herbicide, water, adjuvants, and other spray ingredients are measured through flow 
meters on commercial applicators= mixing rigs, then these flow meters should be 
inspected and proven accurate by inspectors of the Texas Department of Agriculture. 

• The speed of aircraft being used to make broadcast applications of herbicides for 

mesquite control should be monitored by GPS equipment on the aircraft and trained 

inspectors should verify that air speed does not exceed the maximum deemed acceptable 

for achieving the appropriate droplet size pattern. The total volume (in gallons per acre) 

of spray applied to each target area should be monitored by both Geographical 

Positioning Systems (GPS) output data and direct calculation [(number of loads X 
gallons/load)/ acres covered) to assure adequate coverage of mesquite by the spray and 
to assure compliance with the contract and spray Aprescription@. This monitoring 
should be done by trained inspectors who are on site during herbicide applications. 

• On site inspectors should collect information on conditions at the time of application to 
such as shrub phenology, air and soil temperature, soil moisture. 
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• All aircraft should be equipped with GPS and a standard download format should be 
required. A trained inspector should carefully examine the download from each target 
area. The download should be maintained for a period of three (3) years to facilitate 
correlating mesquite kill with the application data. 

• The efficacy (mesquite root kill) on each target area should be monitored at the end of 
two (2) full growing seasons after treatment by trained inspectors. 

,. Administration 

The North Concho Brush Management Program will be administered and implemented at the 
state level by the Texas State Soil and Water Conservation Board as outlined the Texas Brush 
Control Plan, developed in accordance with Chapter 203 of the Texas Agricultural Code. Cost 
share funds will be administered at the local level by soil and water conservation districts based 
on allocations made by the State Board. Districts will work with individual landowners for 

developing individual brush control plans, and will enter into cost-share agreements to 
implement them. 

,. Prioritization 

Implementation priorities will be based on the potential for water yield enhancement determined 

in this feasibility study. Priorities will be established by the local SWCD as requests are 
received from landowners. Before areas are considered, eligibility determinations will be made 
by the district to determine if and how much of the area for which assistance has been requested 
is actually in an identified priority area. Brush density and other necessary on site 
determinations will also be made by the district or its designee. 

,. Cost Share Program 

Cost share funding for this program will be administered by the State Board. Although the Board 
has rules for cost share programs in place, they do not address the needs for a brush control 
program. The State Board with input from districts and landowner will adopt rules necessary for 

implementation of the program prior to September 1, 1999. 

The districts that encompass all or portions of the priority areas will have responsibility for 
implementing the program in those areas within their jurisdiction. The districts involved will be 
Glasscock County SWCD (251 ), North Concho River SWCD (252), Coke County SWCD (219), 

and Tom Green SWCD (248). 

The State Board will allocate cost share funds to the responsible districts. Allocations will be 
based on anticipated amounts of work needed in each district. The districts will then enter into 
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cost-share agreements with individual landowners in the priority areas. Cost share rates will be 

as set by law and consistent with findings of this study. 

Cost share payments will be made by the State Board directly to the landowner upon completion 
of an identifiable unit of the practice and certification by the local district that the practice has 

been implemented consistent with specifications. Processing of cost share payments under 
existing programs requires about fourteen days after the certification is received in the State 

office in Temple. It is anticipated that processing cost share payment for brush control will take 
about the same time. 

,. Brush Management Plans 

The responsible district will, with any needed technical assistance provided by the NRCS field 

office and/or State Board, assist landowners with development of individual plans for brush 

management for the purposes of increasing watershed water yield. The extent and methods of 

brush management included in each plan will be determined in accordance with specifications 

in the Field Office Technical Guide, as approved by the local district. Each plan will include 

implementation of sound grazing management following treatment. Based on these plans, the 

district will enter into Cost-share agreements with landowners for the application of brush 

management in appropriate areas. 

The neea tor grazing deferment is part of the planning process and will be determined by the 
local district in conjunction with the producer. Cost-share rates determined in this study reflect 
the cost to the producer for deferment following all practices except chemical brush control. 

Cost-share rates which include the cost of deferment after chemical treatment will by developed 
and will be used in cases where such deferment is used. 

,. Quality Control 

All applications of brush management will be in accordance with the Standards and 

Specifications contained in the Field Office Technical Guide. Certification of the acreage treated 

and adherence to practice standards will be made by the SWCD upon completion of each 

practice. Districts or their designees will make spot checks of chemical applicators and 

application practices during chemical application. The Natural Resources Conservation Service 

maintains a list of licensed applicators in each district. This list can be made available to 
producers to help them select reputable applicators. All chemical application will be in 
accordance with State regulations and by applicators licensed by the Texas Department of 

Agriculture. 
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,.. Maintenance 

Each Cost-share agreement will include a maintenance agreement by which the landowner 

agrees to maintain the brush management practice for a period of ten years after implementing 

the plan. Cost share rates determined in this study include the present value of future 

maintenance costs over a ten-year period. 

,.. Program Evaluation 

The State Board in conjunction with soil and water conservation districts will work with other 
entities such as Texas A & M University Agriculture Program to determine the effectiveness of 
the brush control program as it relates to increasing water yield with in the North Concho 
Watershed. 
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------------------------------------L~1"-()~1"~lJLf:~-------------------------------------------

1. North Concho River@ Carlsbad, Rainfall and Stream Discharge. 

2. North Concho River Flow Data (1925-1959), Station No. 08134000@ Carlsbad. 

3. North Concho River Flow Data (1960-1996), Station No. 08134000@ Carlsbad. 

4. North Concho River Flow Data, Station No. 08134000 @ Carlsbad (No. days/yr. flow > 
30 CFS). 

5. North Concho River Flow Data, Station No. 08134000@ Carlsbad (No. dayslyr flow< 1. 0 
CFS). 

6. North Concho River Flow Data (1940-1959) Station No. 08133500@ Sterling City. 

7. North Concho River Flow Data (1960-1985) Station No. 08133500@ Sterling City. 

B. North Concho River Flow Data, Station No. 08134000@ Carlsbad, (No. Rainfall Runoff 
events/yr.) 

9. Sterling County Groundwater Elevations, Historical changes. 

10. Direct Surface Water Evaporation Leases, North Concho River Watershed. 

11. Livestock & Wildlife Water Consumption, North Concho River Watershed. 

12. Water Losses as Surface Runoff Discharged From Watershed, North Concho River 
Watershed. 

13. Water Losses from crop Irrigation, Ground and Surface Waters, North Concho River 
Watershed. 

60 



14. Domestic Water Consumption, North Concho River Watershed. 

15. Water Losses and Availability, annual Water Budget, North Concho River Watershed. 

16. Land use by Sub-Basin from satellite imagery for North Concho River Watershed. 

17. Summary of irrigation reports for counties. 

18. SWAT input data and water yield for North Concho River Watershed. 

19. Summary of water yield and flow volume for the five scenarios, North Concho River 
Watershed. 

20. Average annual increase inflow volume for removal of all brush. 

21. Average annual increase in flow volume for removal of heavy cedar. 

22. Average annual increase in flow volume for removal of heavy brush. 

23. Average annual increase in flow volume for removal of moderate brush. 

24. Brush Control Practices 

25. North Concho water yield Brush Control Programs- cost and present value in dollars per 
acre by type/density category. 

26. Annual expected grazing capacity in animal units per section with and without brush 
control by type density brush category for the northwest & southeast sections of the North 
Concho River Basin. 

27. Investment Analysis Budget. 
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28. North Concho Baseline Economic Information. 

29. Net present value, Northeast North Concho for control of heavy mesquite. 

30. Present value of costs for brush control investment in dollars per acre. 

31. Estimated cost to state of brush control and total added water yield per year; without 
100% enrollment of eligible acres. 

32. Cost of including light brush control in the state cost share program. 
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----------------------------------------LJ5r1"-()l=-~~~~---------------------------------------

1. Norlh Concho River Flow Data, Station No. 08134000 @ Carlsbad, Mean Daily Flow by 
month. 

2. Norlh Concho River Flow Data, Station No. 08134000@ Carlsbad, No. Days/year flow 
> 30 CFS. 

3. Norlh Concho River Flow Data, 1925-1959, Station 08134000@ Carlsbad, No Days flow 
< 1.0 CFS. 

4. Norlh ConchoRiverFiowData, 1960-1996, Station08134000@ Carlsbad, No. Days flow 
< 1.0 CFS. 

5. Norlh Concho River Flow Data, Station No. 08137000@ Carlsbad, %flow> 2.0 CFS by 
year. 

6. Norlh Concho River Flow Data, Station No. 08133500@ Sterling City, Daily Flow by 
month. 

7. Norlh Concho River Flow Data, Station No. 08134000@ Carlsbad, Rainfall Runoff 
Events/year. 

8. Typical Storm Water Hydrographs. 

9. O.C. Fisher measured storage volume by month, 1952- 1997. 

10. Accumulated monthly average measured flow at gage 08133500 (Sterling City), 
September 1939- September 1986. 

11. Accumulated monthly average measured flow at gage 081340000 (Carlsbad), April1924 
- January 1998 
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12. CBMS Soils GIS Map 

13. Location of climate data stations. 

14. GIS map of Land use form classified landsat imagery. 

15. GIS map of digital elevation map. 

16. Map of numbered sub-basins 

17. GIS map of range sites. 

18. Location of stream flow gauges. 

19. Monthly average predicted and measured flow at gage 081335000 (Sterling City) 1949-
tf\~ : : . .. ,.: . .. rh Concho River Watershed. 

20. Cumulative monthly average predicted and measured flow at gage 08133500 (Sterling 
City) 1949-1961, for North Concho River Watershed. 

21. Monthly average predicted and measured flow at gage 08134000 (Carlsbad), 1949-
1961, for North Concho River Watershed. 

22. Cumulative monthly average predicted and measured flow at gage 08134000 (Carlsbad), 
1949- 1961, for North Concho River Watershed. 

23. Monthly average predicted and measured flow at gage 08133500 (Sterling 
City) 1962-1996, for North Concho River Watershed. 

24. Cumulative monthly average predicted and measured flow at gage 08133500 (Sterling 
City) 1962-1996, for North Concho River Watershed. 

25. Monthly average predicted and measured flow at gage 08134000 (Carlsbad), 1962-
1996, for North Concho River Watershed. 
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26. Cumulative monthly average predicted and measured flow at gage 08134000 (Carlsbad), 
1962- 1996, for North Concho River Watershed. 

27. Average annual flow volume predictions from SWAT model. 

28. Average monthly precipitation, evapotranspiration and water yield. 

29. Average annual flow increase by sub-basin. 
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----------------------------------------L/5-"F-fJF-PL:A::rES----------------------------------------

1. Project Location. 

2. Base Map with Hydrologic Unit Locations. 

3. Geological Profile Locations. 

4. Geological Profile No. 1. 

5. Geological Profile No. 2. 

6. Geological Profile No. 3. 

7. Geological Profile No. 4. 

B. Water Well Locations. 

9. Base Map with outcrop quaternary deposit locations. 
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