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Scenario 3:  Priority Call when Lake Brownwood is below 50%

Lake Clyde Storage

0

1,000

2,000

3,000

0%10%20%30%40%50%60%70%80%90%100%

St
or

ag
e 

(

Percent of Time Equaled or Exceeded

Lake Clyde



6 000

8,000

10,000

12,000

c-
Ft

/Y
r)

Scenario 3:  Priority Call when Lake Brownwood is below 50%
Lake Clyde: Annual Inflow and Flow Passed Downstream
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Scenario 4: Priority call when Lake Brownwood storage is below 70% 
 

Simulated Reservoir Storage 
Range of Storage 

Volume of Water Passed Downstream 
 



80,000

100,000

120,000

140,000

(A
c-

Ft
)

Scenario 4: Priority call when Lake Brownwood is below 70%
Lake Brownwood Storage

0

20,000

40,000

60,000

Ja
n-

40

Ja
n-

42

Ja
n-

44

Ja
n-

46

Ja
n-

48

Ja
n-

50

Ja
n-

52

Ja
n-

54

Ja
n-

56

Ja
n-

58

Ja
n-

60

Ja
n-

62

Ja
n-

64

Ja
n-

66

Ja
n-

68

Ja
n-

70

Ja
n-

72

Ja
n-

74

Ja
n-

76

Ja
n-

78

Ja
n-

80

Ja
n-

82

Ja
n-

84

Ja
n-

86

Ja
n-

88

Ja
n-

90

Ja
n-

92

Ja
n-

94

Ja
n-

96

Ja
n-

98

St
or

ag
e 

(

Lake Brownwood



80,000

100,000

120,000

140,000

Ac
-F

t)
Scenario 4: Priority call when Lake Brownwood is below 70%

Lake Brownwood Storage

0

20,000

40,000

60,000

0%10%20%30%40%50%60%70%80%90%100%

St
or

ag
e 

(

Percent of Time Equaled or Exceeded

Lake Brownwood



300,000

350,000

400,000

450,000

500,000

Ft
/Y

r)
Scenario 4: Priority call when Lake Brownwood is below 70%

Lake Brownwood: Annual Inflow and Flow Passed 
Downstream

0

50,000

100,000

150,000

200,000

250,000

19
40

19
42

19
44

19
46

19
48

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

Fl
ow

 (A
c-

F

Year

Inflow Flow Passed Downstream



25,000

30,000

35,000

40,000

(A
c-

Ft
)
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Scenario 4: Priority call when Lake Brownwood is below 70%
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Scenario 4: Priority call when Lake Brownwood is below 70%
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Scenario 4: Priority call when Lake Brownwood is below 70%
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Scenario 4: Priority call when Lake Brownwood is below 70%
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Scenario 4: Priority call when Lake Brownwood is below 70%
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Scenario 4: Priority call when Lake Brownwood is below 70%
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Scenario 4: Priority call when Lake Brownwood is below 70%
Lake Clyde: Annual Inflow and Flow Passed Downstream
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Scenario 5: Lake Coleman passes high flows 
 

Simulated Reservoir Storage 
Range of Storage 

Volume of Water Passed Downstream 
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Scenario 5:  Lake Coleman Passes High Inflows
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Scenario 6:  Lake Coleman passes high flows when Lake Brownwood is below 50% 
 

Simulated Reservoir Storage 
Range of Storage 

Volume of Water Passed Downstream 
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 MEMORANDUM  
 
TO:  Judge Dale Spurgin, Brazos G 
Cc:  David Dunn, P.E., HDR, Inc. 
     
FROM: Jon S. Albright & Jeremy Rice, Freese and Nichols, Inc. 
 
SUBJECT: Region F Pecan Bayou Modeling 
 
DATE: February 4, 2009  
  

One of the special studies conducted for Region F during this round of regional water 

planning was the Evaluation of Supplies in the Pecan Bayou Watershed. Figure 1 is a map 

showing the study area.   This study was conducted to evaluate various operation scenarios for 

the reservoirs in the Pecan Bayou Watershed. These scenarios examined conditions under which 

Lake Coleman, Hords Creek Reservoir and Lake Clyde would pass water to Lake Brownwood, 

which has a senior water right. Lake Clyde, which is one of the reservoirs in the Pecan Bayou 

Watershed, is located in Region G.  This memorandum presents a brief synopsis of this study and 

the potential impacts on Lake Clyde. 

The study report was approved by the Region F Water Planning Group on Monday October 

27, 2008.  Region F will continue to work with the stakeholders to select the appropriate scenario 

for regional water planning purposes for the 2011 Regional Water Plans. 

Background 

One of the major recommended strategies in the 2006 Region F Water Plan is the 

Subordination of Downstream Senior Water Rights in the Lower Colorado River Basin. This 

strategy was a joint modeling effort between Regions F and K using the Texas Commission on 

Environmental Quality’s Colorado River Water Availability Model (Colorado WAM). This 

modeling effort was conducted for planning purposes only. The two most significant 

assumptions of this strategy are: 1) water rights in Region K do not make priority calls on major  
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upper basin rights located in Region F and Brazos G, and 2) these Region F rights do not make 

priority calls on each other.  These assumptions resulted in more realistic estimates of water 

availabilities for most of the major water rights in Region F, but may not have been appropriate 

for the Pecan Bayou Watershed.  

The subordination strategy assumed Lake Brownwood, which is the senior water rights 

holder in the watershed, would not make priority calls on upstream junior reservoirs.  While this 

assumption may be representative of basin operations much of the time, under drought 

conditions it is possible that Lake Brownwood would call on inflows from upstream junior 

reservoirs.  As a result the 2006 plan may have overestimated water supplies from the upstream 

reservoirs and underestimated supplies from Lake Brownwood.  Also, a comparison of historical 

inflows into Lake Coleman and Hords Creek Reservoir developed in previous studies to the 

inflows in the Colorado WAM indicates that the WAM flows may be overestimated. This study 

addresses these issues and evaluates several potential operating scenarios balancing water 

availability and use among users in the Pecan Bayou watershed.  

Lake Clyde is in the Brazos G water planning region and supplies water to the City of Clyde 

and its customers.  (The City of Clyde also purchases water from the Cities of Abilene and 

Baird.)  Lake Clyde has an authorized diversion of 1,200 acre-feet per year.  If Lake Brownwood 

fully exercises its senior priority right, Lake Clyde has no reliable supply.  According to DB07, 

the 2006 Brazos G plan used a supply of 500 acre-feet per year from Lake Clyde, which would 

assume some level of subordination. 

Study Results 
Seven scenarios were developed that examined various conditions where a priority call is 

made by Lake Brownwood: 

• Base Scenario: Strict priority. In this scenario Lake Clyde, Lake Coleman, and Hords 

Creek Reservoir continuously pass inflows to Lake Brownwood and other senior water 

rights as needed to fully satisfy diversion and storage rights.  This scenario is identical to 

the assumptions used in the original TCEQ Colorado WAM.   
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• Scenario 1: Holding All Inflow. This scenario assumes that all water rights divert in 

upstream to downstream order and do not pass water to downstream senior water rights.  

No priority calls are made by any water right. 

• Scenario 2: No priority call by Lake Brownwood. This scenario assumes that Lake Clyde, 

Lake Coleman, and Hords Creek Reservoir impound inflow that would have been passed 

only to Lake Brownwood under strict priority. (The scenario assumes that other water 

rights make priority calls on any of these reservoirs, and that these reservoirs make 

priority calls on other water rights.)  

• Scenario 3: Priority call when Lake Brownwood storage is below 50%. This scenario 

assumes that Lake Clyde, Lake Coleman, and Hords Creek Reservoir impound inflow 

that would have been passed only to Lake Brownwood under strict priority if Lake 

Brownwood is above 50% of the conservation capacity. (The scenario assumes that other 

water rights make priority calls on any of these reservoirs, and that these reservoirs make 

priority calls on other water rights.) 

• Scenario 4: Priority call when Lake Brownwood storage is below 70%.  This scenario 

assumes that Lakes Clyde, Coleman, and Hords Creek Reservoir impound inflow that 

would have been passed only to Lake Brownwood under strict priority if Lake 

Brownwood is above 70% of the conservation capacity. (The scenario assumes that other 

water rights make priority calls on any of these reservoirs, and that these reservoirs make 

priority calls on other water rights.) 

• Scenario 5: Lake Coleman passes high flows. This scenario assumes that Lake Coleman 

would pass only high flows to Lake Brownwood. A high flow is defined as a volume 

above the average monthly flow of 2,300 acre-feet. Lake Coleman retains all flows that 

are less than the average monthly flow.  Lake Clyde and Hords Creek Reservoir operate 

as in Scenario 2. 

• Scenario 6:  Lake Coleman passes high flows when Lake Brownwood is below 50%.  This 

scenario is identical to Scenario 3 except that Lake Coleman passes only high flows to 

Lake Brownwood when Lake Brownwood is less than 50% of the conservation capacity 
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capacity instead of all flows.   

The study also included a review of the hydrology used in the Colorado WAM.  The WAM 

uses naturalized flows at the Pecan Bayou near Brownwood gage to calculated inflows into the 

reservoirs.  This gage is located downstream of Lake Brownwood.  A comparison of the WAM 

flows to historical flows shows that the WAM flows are overestimated for the three upstream 

reservoirs.  In this study, new naturalized flows were developed based on the historical inflows 

into the reservoirs and naturalized flows from the Elm Creek near Ballinger gage. The 

recalculated inflows to Lake Clyde are about 28 percent lower than those used in the Colorado 

WAM.  As a result, yields are somewhat lower than previous estimates. 

Table 1 compares the firm yield and safe yields for Lake Clyde for each scenario. Table 2 

shows the percentage of the months in the 59-year simulation period (1940 to 1998) that each 

reservoir is full in the safe yield simulations.  Table 3 shows the minimum storage encountered 

in the safe yield simulations.  Scenarios 1, 2, 5 and 6 have firm yields that are more than 500 

acre-feet per year.  The safe yield is less than 500 acre-feet per year in all scenarios.  Of the 

alternative operation scenarios, Scenario 4 provides the least water for Lake Clyde. 

Table 1 
Firm Yield for Different Scenarios 

(Values are Acre-Feet per Year) 
 

Base 
Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Yield Type 
Strict 

Priority 
Holding all 

inflow 

No priority 
call by Lake 
Brownwood 

Priority call 
when Lake 
Brownwood 

storage is 
below 50% 

Priority call 
when Lake 
Brownwood 

storage is 
below 70% 

Lake 
Coleman 

passes high 
flows 

Lake 
Coleman 

passes high 
flows when 

Lake 
Brownwood 

is below 
50% 

Firm Yield 0 620 580 330 50 580 580

Safe Yield 0 400 370 200 20 350 350
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Table 2 
Percentages of Time Lake Clyde is Full in Each Safe Yield Scenario 

 
 Base 

Scenario 
Scenario 

1 
Scenario 

2 
Scenario 

3 
Scenario 

4 
Scenario 

5 
Scenario 

6 
Lake Clyde 4.2% 8.5% 6.7% 6.4% 6.1% 6.7% 6.7%

 
Table 3 

Minimum Storage in Each Safe Yield Scenario 
 

 Base Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

 Storage 
(Ac-Ft) 

% 
Full 

Storage 
(Ac-Ft) 

% 
Full 

Storage 
(Ac-Ft) 

% 
Full 

Storage 
(Ac-Ft) 

% 
Full 

Storage 
(Ac-Ft) 

% 
Full 

Storage 
(Ac-Ft) 

% 
Full 

Storage 
(Ac-Ft) 

% 
Full 

Lake Clyde 47 1% 399 7% 384 7% 245 4% 49 1% 427 8% 427 8% 
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 MEMORANDUM  
 
TO: John Burke, Chairman, Region K 
Cc: David Parkhill, TCB  
     
FROM: Jon S. Albright, Freese and Nichols, Inc. 
 
SUBJECT: Region F Pecan Bayou Modeling 
 
DATE: December 29, 2008  
  

One of the special studies conducted for Region F during this round of regional water 

planning was the Evaluation of Supplies in the Pecan Bayou Watershed. Figure 1 is a map 

showing the study area.   This study was conducted to evaluate various operation scenarios for 

the reservoirs in the Pecan Bayou Watershed. These scenarios examined conditions under which 

Lake Coleman, Hords Creek Reservoir and Lake Clyde would pass water to Lake Brownwood, 

which has a senior water right. This memorandum presents a brief synopsis of this study and the 

potential impacts on Region K. 

The study report was approved by the Region F Water Planning Group on Monday, October 

27, 2008.  Region F will continue to work with the stakeholders to select the appropriate scenario 

for regional water planning purposes for the 2011 Region F Water Plan. 

Table 1 compares average annual outflows from Lake Brownwood for the six scenarios 

identified in the study to the Colorado WAM operated in strict priority order (Base Scenario).  

The average annual flow for the entire period and for the period from 1950 to 1946 is included at 

the bottom of the table.  The scenarios are described in detail later in this memorandum.   

Under the strict priority assumptions of the Base Scenario (TCEQ-approved WAM), Lake 

Brownwood fills up and spills several times during the 1950s drought.  The operation of the 

Pecan Bayou reservoirs could change the frequency of those spills depending on the operation 

scenario elected by the Region F Water Planning Group.  This could potentially impact supplies  
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Table 1 
Comparison of Annual Outflows from Lake Brownwood 

(Values in Acre-Feet per Year) 
Year Base* Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

1940 117,946 99,870 106,109 107,629 109,429 109,046 106,745 
1941 302,986 301,115 318,806 318,806 318,806 318,248 318,806 
1942 241,241 232,855 248,004 248,007 248,009 246,622 248,005 
1943 29,796 2,716 29,195 29,195 29,195 29,195 29,195 
1944 7,165 0 7,165 7,165 7,165 7,165 7,165 
1945 80,981 61,098 61,139 61,139 79,741 68,828 61,139 
1946 13,930 0 13,930 13,930 13,930 13,930 13,930 
1947 1,951 0 1,951 1,951 1,951 1,951 1,951 
1948 15,522 0 15,522 15,522 15,522 15,522 15,522 
1949 13,159 0 13,159 13,159 13,159 13,159 13,159 
1950 12,990 0 12,990 12,990 12,990 12,990 12,990 
1951 97,248 52,170 45,771 75,859 84,852 69,883 62,260 
1952 16,153 0 16,153 16,153 16,153 16,153 16,153 
1953 26,405 0 26,405 26,405 26,405 26,405 26,405 
1954 24,784 0 9,227 9,227 19,153 9,227 9,227 
1955 73,859 35,650 16,295 31,111 48,937 53,906 23,953 
1956 131,659 109,126 130,072 124,475 124,475 129,174 124,475 
1957 326,839 357,571 361,057 357,802 357,887 337,341 359,149 
1958 44,884 33,683 45,286 45,276 45,358 45,276 45,281 
1959 106,678 92,194 96,254 96,254 98,597 100,467 96,254 
1960 34,722 27,353 33,875 35,199 36,166 34,202 34,990 
1961 78,844 74,432 89,608 89,356 89,558 83,468 89,449 
1962 64,161 37,891 55,149 56,821 57,826 57,178 56,393 
1963 60,362 36,960 54,755 54,755 54,834 56,732 54,755 
1964 59,870 45,936 47,075 47,394 52,697 50,148 47,075 
1965 137,633 114,827 134,522 134,522 134,522 134,522 134,522 
1966 62,785 33,153 21,646 29,240 35,636 37,184 24,873 
1967 19,817 0 19,817 19,817 19,817 19,817 19,817 
1968 252,316 254,712 241,139 245,152 249,765 240,492 242,740 
1969 74,179 44,451 51,917 56,069 60,413 56,450 53,483 
1970 79,530 93,661 97,098 97,822 98,826 97,817 97,354 
1971 90,113 66,036 69,961 73,214 77,480 79,370 71,337 
1972 5,402 0 5,402 5,402 5,402 5,402 5,402 
1973 1,818 0 1,818 1,818 1,818 1,768 1,768 
1974 100,129 92,400 94,750 112,012 122,183 98,883 100,106 
1975 47,884 45,085 49,425 49,601 49,764 49,648 49,498 
1976 2,551 0 2,551 2,551 2,551 2,551 2,551 
1977 3,714 0 3,714 3,714 3,714 3,714 3,714 
1978 5,555 0 5,555 5,555 5,555 5,555 5,555 
1979 19,150 0 2,025 2,025 2,025 2,025 2,025 
1980 8,236 0 8,236 8,236 8,236 8,236 8,236 
1981 30,486 0 2,435 13,951 25,571 19,050 11,870 
1982 55,390 18,219 39,579 40,418 58,849 51,726 37,228 
1983 4,720 0 4,720 4,720 4,720 4,720 4,720 
1984 23,409 0 23,409 23,409 23,409 23,409 23,409 
1985 9,109 0 9,109 9,109 9,109 9,109 9,109 
1986 140,702 122,553 113,731 115,137 115,969 121,768 112,725 
1987 111,925 123,886 136,459 136,727 136,725 128,548 136,519 
1988 30,488 14,393 29,710 29,710 29,710 29,710 29,710 
1989 33,335 15,710 30,522 30,522 30,522 30,522 30,522 
1990 238,561 218,429 215,736 215,736 216,431 223,138 215,736 
1991 335,436 336,775 338,579 345,915 355,335 345,922 342,027 
1992 415,642 413,562 418,854 418,867 418,882 418,855 418,855 
1993 22,459 8,458 20,602 20,602 20,602 20,602 20,602 
1994 94,779 64,556 80,720 80,720 80,720 86,133 80,720 
1995 92,753 66,714 78,626 82,494 87,208 88,935 80,162 
1996 20,875 0 20,875 20,875 20,875 20,875 20,875 
1997 215,313 241,689 211,934 217,152 225,449 214,230 214,398 
1998 53,263 28,592 51,055 51,055 50,940 50,994 51,055 

Average 81,756 68,110 76,122 77,957 80,534 78,608 76,909 
Average 50-56 54,728 28,135 36,702 42,317 47,567 45,391 39,352 

* TCEQ-approved WAM 
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in Region K determined with the Pecan Bayou watershed operated in strict priority order, as in 

the TCEQ WAM or the current Region K “Cutoff Model”.  The current analyses do not 

incorporate the “no call” assumptions used in either the 2006 Region F plan or the current 

Region K model, so a direct comparison to the current modeling is not possible.  However, since 

the overall modeling currently used by Region K assumes that significantly less water is passed 

out of Lake Ivie1, the difference in yield may not be significant.  Future water supply analyses 

using consistent assumptions may be required to see if there are impacts on Region K supplies.  

This analysis can be performed once the Region F Water Planning Group elects a water supply 

scenario for the next water plan. 

Background 
One of the major recommended strategies in the 2006 Region F Water Plan is the 

Subordination of Downstream Senior Water Rights in the Lower Colorado River Basin, also 

referred to as the “No Call” strategy. This strategy was a joint modeling effort between Regions 

F and K using the Texas Commission on Environmental Quality’s Colorado River Water 

Availability Model (Colorado WAM). This modeling effort was conducted for planning purposes 

only. The two most significant assumptions of this strategy are: 1) water rights in Region K do 

not make priority calls on major upper basin rights located in Region F and Brazos G, and 2) 

these Region F rights do not make priority calls on each other.  These assumptions resulted in 

more realistic estimates of water availabilities for most of the major water rights in Region F, but 

may not have been appropriate for the Pecan Bayou Watershed.  

The no call strategy assumed Lake Brownwood, which is the senior water rights holder in the 

watershed, would not make priority calls on upstream junior reservoirs.  While this assumption 

may be representative of basin operations much of the time, under drought conditions it is 

possible that Lake Brownwood would call on inflows from upstream junior reservoirs.  As a 

result the 2006 plan may have overestimated water supplies from the upstream reservoirs and 

underestimated supplies from Lake Brownwood.  Also, a comparison of historical inflows into 

Lake Coleman and Hords Creek Reservoir developed in previous studies to the inflows in the 

Colorado WAM indicates that the WAM flows may be overestimated. This study addresses these 

                                                 
1 Freese and Nichols, Inc.:  Draft Memorandum to Region F:  Region K Coordination, November 11, 2008. 
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issues and evaluates several potential operating scenarios balancing water availability and use 

among users in the Pecan Bayou watershed.  

Study Results 
Seven scenarios were developed that examined various conditions where a priority call is 

made by Lake Brownwood.  All of the following scenarios were evaluated using the TCEQ-

approved Colorado WAM with changes as noted: 

• Base Scenario: Strict priority. In this scenario Lake Clyde, Lake Coleman, and Hords 

Creek Reservoir continuously pass inflows to Lake Brownwood and other senior water 

rights as needed to fully satisfy diversion and storage rights.  This scenario is identical to 

the assumptions used in the original TCEQ Colorado WAM.   

• Scenario 1: Holding All Inflow. This scenario assumes that all water rights divert in 

upstream to downstream order and do not pass water to downstream senior water rights.  

No priority calls are made by any water right. 

• Scenario 2: No priority call by Lake Brownwood. This scenario assumes that Lake Clyde, 

Lake Coleman, and Hords Creek Reservoir impound inflow that would have been passed 

only to Lake Brownwood under strict priority. (The scenario assumes that other water 

rights make priority calls on any of these reservoirs, and that these reservoirs make 

priority calls on other water rights.)  

• Scenario 3: Priority call when Lake Brownwood storage is below 50%. This scenario 

assumes that Lake Clyde, Lake Coleman, and Hords Creek Reservoir impound inflow 

that would have been passed only to Lake Brownwood under strict priority if Lake 

Brownwood is above 50% of the conservation capacity. (The scenario assumes that other 

water rights make priority calls on any of these reservoirs, and that these reservoirs make 

priority calls on other water rights.) 

• Scenario 4: Priority call when Lake Brownwood storage is below 70%.  This scenario 

assumes that Lakes Clyde, Coleman, and Hords Creek Reservoir impound inflow that 

would have been passed only to Lake Brownwood under strict priority if Lake 

Brownwood is above 70% of the conservation capacity. (The scenario assumes that other 
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water rights make priority calls on any of these reservoirs, and that these reservoirs make 

priority calls on other water rights.) 

• Scenario 5: Lake Coleman passes high flows. This scenario assumes that Lake Coleman 

would pass only high flows to Lake Brownwood. A high flow is defined as a volume 

above the average monthly flow of 2,300 acre-feet. Lake Coleman retains all flows that 

are less than the average monthly flow.  Lake Clyde and Hords Creek Reservoir operate 

as in Scenario 2. 

• Scenario 6:  Lake Coleman passes high flows when Lake Brownwood is below 50%.  This 

scenario is identical to Scenario 3 except that Lake Coleman passes only high flows to 

Lake Brownwood when Lake Brownwood is less than 50% of the conservation capacity 

instead of all flows.   

The study also included a review of the hydrology used in the Colorado WAM.  The WAM 

uses naturalized flows at the Pecan Bayou near Brownwood gage to calculated inflows into the 

reservoirs.  This gage is located downstream of Lake Brownwood.  A comparison of the WAM 

flows to historical flows shows that the WAM flows are overestimated for the three upstream 

reservoirs.  In this study, new naturalized flows were developed based on the historical inflows 

into the reservoirs and naturalized flows from the Elm Creek near Ballinger gage. 

The modeling in this study does not include the “no call” option used in the 2006 Region F 

modeling or the recent Region K modeling.  Therefore, except for Scenario 1, all water rights, 

including the four reservoirs in the Pecan Bayou watershed, are assumed to pass water to 

downstream senior water rights at least part of the time.  (Lake Brownwood is senior to the 

Highland Lakes water rights, but is junior to most of the large run-of-the-river rights in Region 

K.  The three upstream reservoirs are all junior to the major Region K water rights.)  When water 

is retained by the three upstream reservoirs, it is simply subtracted from the storage in Lake 

Brownwood.  Since there is little unappropriated water in the Colorado River Basin, there is 

often no water left to replace the water taken from Lake Brownwood under a strict priority 

assumption. 

The potential impact on Region K would be the reduction in the frequency that Lake 

Brownwood is full and spilling during the critical drought period of the 1950s.  An analysis 

using consistent assumptions with the Region K model may be required to identify potential 
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impacts on Region K supplies (if any).  This analysis can be performed once the Region F Water 

Planning Group elects a water supply scenario for the next water plan. 




