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Mr. W. R. Blackwell, City Manager 
City of Lubbock 
P. 0. Box 2000 
Lubbock, Texas 79408 

Dear Mr. Blackwell: 

Attached hereto is a copy of the Engineering Department's 
Report entitled "Urban Drainage Study City of Lubbock, Texas" 
dated 1969. 

This report investigates drainage problems within the Central 
Downtown area of Lubbock and recommends solutions to these problems. 
Preliminary cost estimates are included along with a priority listing 
for construction. 

While no effort has been made to include all the detailed 
computations that have been made in connection with this study, 
attachments hereto serve to present a brief resume of procedures utilized 
and the results of some of the computations in tabular form. 

W£lfpr''d D. Watson 
City 'Engineer 

^KJ 
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1. PURPOSE 

The City Council directed the City Engineering Department to make 

a hydrological study of the storm drainage in Lubbock's Urban Area. 

This study calculates run-off within the area, identifies problems, 

evaluates capacities of existing storm sewers and recommends possible 

solutions to drainage problems encountered. 

2. SCOPE 

The Urban Area of Lubbock included in this study is the area bounded 

on the west by Indiana Avenue, on the northwest by the Seagraves Branch 

of the Atchison, Topeka and Santa Fe Railroad, and on the northeast by 

the Farwell to Sweetwater main line of the A.T. & S.F. Railroad, and on 

the south by 34th Street. This area encompasses approximately 6 square 

miles and is under the influence of four separate drainage areas, 

concentrating drainage to four separate points. Design studies and 

calculations used are based on a ten-year rainfall intensity-frequency. 

3. INTRODUCTION 

The cost to provide adequate drainage in Urban Areas is now generally 

considered to run approximately one million dollars per square mile. 

Because of the tremendous investment required for a drainage system, it is 

vitally important that adequate drainage planning be accomplished to insure 

that the most economical overall system is provided. Adequate planning can 

also insure that the improvement be staged to precede Urban improvements 

and that the cost of the project is within the. financing capabilities of 

the city. 
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Although it is anticipated that central Lubbock County will 

eventually be urbanized and that a detailed study will be needed for 

the whole county, this study is limited to the 4 water sheds of an 

area of approximately six square miles which comprises about 107o of 

the present city area, and represents the most heavily urbanized 

area with the most Urban improvements per square mile; as well as 

the area where anticipated major developments are likely to occur. 

This study area is shown in Figure No. 2. 

The flat natural ground slopes that occur in Lubbock (generally 

1' to 2' drop per thousand feet of distance) do not provide what is 

normally considered adequate gradients for storm sewers. The thunder

storm type rainfall that occurs in Lubbock combined with flat storm 

sewer gradients, require large size storm sewers and make the provision 

of adequate storm drainage facilities one of the most difficult and 

expensive services which the city is called upon to provide. 

4. BACKGROUND AND LOCAL CLIMATOLOGICAL DAT̂ .* 

Lubbock is located on the high, level surface of the South Plains 

Region of northwest Texas, at an elevation of 3,243 feet. The South 

Plains are part of the Llano Estacado which is isolated from the 

remainder of the High Plains by the Canadian River on the north and the 

Pecos River on the west and southwest. An erosional escarpment, the 

"Break of the Plains," often referred to as the Caprock, forms the 

eastern boundary. 

The surface is featureless except for an erosional escarpment, sn-.all 

playas, small stream valleys, and low hummocks. The escarpment, from 50 

to 250 feet high, results from the headward erosion of streams to the east 

*U. S. Dept. of Commerce. 
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and southeast. Numerous shallow depressions of typically circular 

outline dot the area. During the rainy months, they form ponds and 

small lakes. These shallow depressions, or playa lakes, generally 

provide storage for run-off water, however large rains usually cause a 

chain reaction of overflow from lake to lake, and finally into normally 

dry stream beds that ultimately lead into the river drainage system. 

A few small stream valleys, tributary to the Brazos River, 

constitute the only appreciable relief due to water erosion. There 

are few surface obstructions offered to horizontal winds, except south

east, to east winds which are deflected upward by the erosional escarp

ment. The soils of the district are sandy clay loams which consist of 

limey clays, silts, and sands of reddish hue. 

The climate of the area is semi-arid, transitional between desert 

conditions on the west and hvimid climates to the east and southeast. 

The normal annual precipitation is 18.08 inches. Maximum precipitation 

usually occurs during May, June, and July when warm, moist tropical air 

is carried inland from the Gulf of Mexico. This airmass produces moderate 

to heavy afternoon and evening convective thunderstorms, sometimes with 

hail. Precipitation in the area is characterized by its erratic nature, 

varying during the period of record from as much as 40.55 inches to only 

8.73 inches annually, and from as much as 13.93 inches to zero inches in 

1 month. 

Yellowhouse Canyon is a normally dry stream bed running through and along

side of the city that ultimately carries storm water from Lubbock out of 

the area. The rim of this canyon is generally higher than the surrounding 

terrain, making it impossible to grade street systems to carry water into 
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the canyon, thus necessitating a street drainage pattern into the 

local lakes, of which there are more than 100 within the city limits of 

Lubbock. Lubbock's drainage is further hampered by a nettjork of rail

roads that generally run parallel to the canyon and act as barrier dams 

tending to concentrate run-off water in the downtown area. -Since the 

downtown area is almost fully developed, any type of open channel 

drainage system is essentially precluded because of the excessive right-

of-way costs involved with such a project. Thus the only practical 

solution of disposing of storm water is through an underground storm 

drainage system terminating in the canyon. Storm sewer construction in 

Lubbock is more expensive than in some other areas because the uplift 

of the canyon rim necessitates a deep cut, sometimes in rock; because of 

the extra expense of tunneling under railroad tracks; and because the 

extremely flat grade of the terrain dictates such a large pipe size to 

carry the water at these flat grades. 

5'. DESIGN CRITERIA 

Based upon data from U. S. Weather Bureau Records, the Texas Highway 

Department has prepared rainfall intensity - frequency curves for various 

sections of the state. These curves have proven to be a reliable source 

of design data. The rainfall intensity - frequency curve applicable to 

the Lubbock area is shown in Figure No. 3. 

An "ideal" storm sewer that will take all storm runoff water will 

normally cost more than the value of the protection it affords. As a 

practical approach to the problem, criteria for the design of storm sev;ers 

should'incorporate a varying rainfall intensity-frequency so that larger 
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and more important trunk or outfall storm sewers are designed for more 

severe storm conditions. Based upon the Design Frequency vs. Drainage 

Area Table shown in Figure No. 4, the 10 year intensity-frequency 

rainfall was selected for this study. Use of the 10 year intensity-

frequency rainfall for design of a storm sewer will not preclude storm 

flow from exceeding the capacity of the storm sewer at times, however, 

some surface drainage is normally acceptable. Thus flow in a storm 

sewer designed to take the full runoff from a 10 year intensity-

frequency rain, combined with an acceptable amount of surface drainage, 

actually will give protection from a higher intensity rainfall. As an 

example, the rainfall that flooded Quaker Avenue from South Loop to 

North Loop on July 14, 1958 has been estimated as a 50 year intensity-

frequency rainfall as gauged by bucket surveys and homeowners measurements. 

The Texas Highway Department used a 50 year rainfall to size their 

drainage facilities on Loop 289. However, a direct con^arison between 

iesign of highway drainage structures and city storm drainage structures 

lis difficult to make as the Texas Highway Department normally uses a lower 

rrunoff coefficient than should be used in design of city storm drainage 

•systems. 

With few exceptions, Lubbock's 35 plus miles of storm sewer have been 

designed with capacities to handle only rains of an intensity up to 1.5 

inches in ,1-hour or 1.75 inches in 2-hours. This corresponds to design 

for a 3^ year frequency-intensity rain using curves as shown in Figure. No. 3. 

*Texas Highway Department Rainfall Intensity - Frequency Curve. 
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6. APPLICATION OF DESIGN CRITERIA 

The Rational Method of Design is used in this study to calculate 

•storm water runoff. Drainage Area No. 1 was divided into sub-areas and 

•xunoff calculated to each point. The location of these points -s-ith 

[flow at each is shown in Figure No. 5. These flows were calculated by 

using charts and curves developed by H. N. Roberts & Associates, 

consulting Engineers, Lubbock, Texas, using the formula: 

Q =1 R A, where: 

Q = runoff in cubic feet per second 

IR = intensity ratio in cubic feet per second per acre 

A = runoff area in acres 

These figures were checked and validated bousing 'charts and curves 

published by the Texas Highway Department using the formula: 

Q = C I A, where: 

Q = runoff in cubic feet per second 

C = runoff coefficient (0.7 for residential areas, and 

0.9 for commercial areas) 

I = rainfall intensity in inches per hour 

A = runoff area in acres 

These Q's were used in determining the adequacy of existing drainage 

facilities and the design of improvements needed. 
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1. FLOODING PROBLEMS AND CAUSES 

A. Area Boundary 

The first and largest drainage area is that portion of the total 

area that is bounded on the northwest by the Seagraves Branch of the 

Atchison, Topeka and Santa Fe Railway, and on the northeast-by the Farwell 

to Sweetwater Main Line of the A.T. & S.F. Railway, and on the south by 

an east-west ridge line or breakline in the area of 16th and 17th Streets. 

Approximately 1500 acres are included in this area which is composed of 

the Texas Technological College Campus on the west, and continuing eastward, 

residential areas, commercial businesses and light industrial areas. 

(See Figure No. 2). 

B. Area Topography 

Drainage within this area is generally from west to east, with 

iinal concentration in the southeast corner of the area. Avenue Q runs 

north-south and roughly divides this area in half. The larger portion 

lies to the west of Avenue Q and has a generally uniform surface slope to 

the east of approximately 3 feet per thousand feet, and that portion to 

the east of Avenue Q has a generally uniform slope to the east of 1% feet 

per thousand feet. 

C. Area Problems 

With all streets west of Avenue Q carrying water to the east, and 

with a change to a flatter slope occurring at Avenue Q, there is a stack-up 

of water along Avenue Q with resulting flooding. After stacking up and 

overflowing Avenue Q, water continues to flow eastward through the downtown 

commercial area until it reaches the railroad barrier on the east, 

concentrating in the vicinity of,the Santa Fe Depot. The only overland 

escape routes for the storm water from this point is to move southeasterly 
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parallel to the railroad, or to overflow the south break line of this 

drainage area, or to overflow the railroad tracks and continue flowing 

eastward to Yellowhouse Canyon. During exceptionally heavy storms it 

appears that all three overflow conditions have occurred. 

As previously stated, flooding occurs all along Avenue Q, and 

since the downtown commercial area is so flat, when water reaches the 

railroad barrier on the east, there is general ponding back west almost 

to Avenue Q. This ponding, flooding of streets, underpasses and buildings 

Ln the downtown area has occurred on numerous occasions. Following is a 

list of some of the trouble spots where flooding has occurred, taken from 

flood records going back to one of the most severe storms that occurred 

in May 1949. 

Lubbock High School on 19th Street 

2100 and 2200 Blocks of 8th Street 

2200 Block of 6th Street 

Intersections of Avenue Q with Clovis Road, 3rd, 

4th, 8th, 10th,Broadway, 16th, 17th and 18th Streets 

1612-13th Street Sports Center 

1616-lOth Street 

1301 Broadway - Dunlaps 

13th Street & Avenue J - Anderson Bros. Jewelry 

1107-13th Street - Frontier Stamps 

1103-13th Street - Jo Ann Shop 

3rd Street & Avenue 0 - Moss-Gordin Lint Cleaners Co.. 

909-13th Street - Plains Electronics (basement) 

13th Street & Avenue K - Godwins 

1214 Avenue K - Lubbock Printing Co. 
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Broadway & Avenue T - Margarets 

5th Street & Avenue J 

812 Texas Avenue - Pete's Cafe 

8th Street & Avenue J - Avalanche Journal 

10th Street & Texas Avenue - City Hall 

13th Street & Avenue 0 - Sears 

1204 Broadway - Pioneer Hotel 

Main & Avenue K 

10th Street &. Avenue K - Southwestern Public Service Co. 

9th Street & Avenue J - Retail Merchants Assn. 

Broadway & Avenue N 

Underpasses on 4th Street, Avenue H, Broadway and Avenue A 

The above list is not all inclusive, but indicates the magnitude of 

flooding conditions that occur in this area. Since the elevation 

differential of this area is so small, it is reasonable to assume that 

intermediate points between the listed trouble spots also experienced 

flooding conditions. 

Since there is no lake for water storage in this area, storm water 

flow that exceeds the capacity of the existing storm sewer system must 

be stored in the streets until the storm sewer drainage system can drain 

water from the area. To prevent flooding from occurring in this area, a 

storm sevyer system will have to be designed to carry peak flows. 

D. Evaluation of Existing Storm Sewer System 

This area is served by a fairly complete storm sewer system, with 

main outfall lines from the downtown area to the canyon in Avenue K and 
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14th Street. Original construction of the main dô n̂town system was 

completed in 1924 with additional lines added in 1929 and 1940, however, 

it appears that lines were sized to take approximately 1/3 of the runoff 

from a 10 year frequency rain. Thus the effective size of the system 

will provide protection from the runoff of 2 to 3 year frequency rain. 

As noted in II, 1, C above, flooding has occurred in just about the 

entire downtown area, thus illustrating the inadequacy of the existing 

storm sewer system. 

2. CONCLUSIONS AND RECOMMENDATIONS 

A. Possible Solutions 

Existing outfall storm sewer lines in Avenue K and in 14th Street 

are properly located to serve the downtown area, but do not give protection 

because they do not have the required capacity. New outfall lines in the 

downtown area would improve the situation, but would not give any relit f 

to the flooding that occurs along Avenue Q. 

Since storm water in this area flows almost uniformly from west 

to east, a north-south interceptor/outfall line at some location to the 

west of the Avenue K outfall line and discharging into the canyon to the 

north would be effective. In order to alleviate flooding along Avenue Q, 

this interceptor line would have to be constructed in Avenue Q or to the 

west of Avenue Q. If this line was constructed in Avenue Q, some ponding 

would still have to occur in order for water to flow into the storm sc->.-c;r. 

Also any construction in Avenue Q would have to' be coordinated with probable 

re-construction of Avenue Q by the Texas Highway Department. An interceptor 

line constructed in Avenue R would have all the advantages of a line ir. 

Avenue Q, plus the added benefits of taking storm water before it could por.d 

in Avenue Q, and elimination of any coordination or conflict with the T.H.D. 

in re-construction of Avenue Q-, 
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By construction of a storm sewer in Avenue R, beginning in the 

vicinity of 18th Street and draining to the north, all the water that 

flows west to east in that portion of Area No. 1 that lies to the west 

of Avenue Q could be intercepted before it could flood Avenue Q and 

continue into the downtown area to add to the flooding problem. 

The required capacity of this new line has been calculated at approxi

mately 1200 c.f.s. based on a ten-year intensity-frequency rain. There 

is sufficient elevation differential between Avenue R and 18th Street 

and a discharge point in the canyon to carry 1200 c.f.s. by using a 

line with a maximum pipe size of 144" in diameter. With this amount of 

water removed, capability of the existing downtown storm sewer greatly 

iiq)roves. Based on taking the full runoff from a 10 year frequency rain, 

the existing Avenue K outfall line would then have some extra capacity, 

and the existing 14th Street outfall line would just reach capacity with 

the existing system of laterals. With improvement of the lateral systems 

on both downtown lines to eliminate bottlenecks, the existing downtown 

storm sewer system should handle the complete run off from a 10 year 

intensity-frequency rain without the street flow rising over one foot 

above the curb. 

B. Conclusions 

a. The existing storm sewer drainage facilities serving this 

area are inadequate as evidenced by 20 years of recorded incidents of 

flooding. This problem of flooding is not the result of devastating 

torrential rain, but just the customary "thunder-storm." 

b. There is some flooding caused by stack-up of street flow 

before it reaches existing inlets. 

C. A new interceptor/outfall storm sewer line in Avenue R to dis

charge into the canyon would be the best method of obtaining flood relief 
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to Avenue Q and to the downtown section of Area No. 1. Some re-vamping 

of lateral systems of the existing 14th Street and the Avenue K outfall 

lines would be required to get the most benefit' from these system.s. 

C. Recommendations 

rhe following recommendations of plans for improvements are made: 

a. Design and construct an interceptor/outfall storm sewer 

in Avenue R beginning at 18th Street and terminating in the Canyon to the north. 

b. Modify lateral systems of existing downtown storm sewer 

system to insure maximum efficiency of the system. 

c. Require a minimum floor elevation by setting building floors 

at a level that would be safe from flooding by a big rain. 

D. Comments 

a. This storm sewer facility would provide in advance the 

drainage needed for the paving improvements of Avenue Q and 4th Street 

by-the Texas Highway Department. 

b. This storm sewer location may allow earlier overlaying of 

aowntown streets by reducing the amount of new lines in the downtown area. 

c. Construction cost of the proposed Avenue R storm sewer system 

is estimated at $1,600,000. 
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IV. HYDROLOGY 

Table I--

Design Frequency versus Drainage Area 

Area in Acres Frequency 

2-year 
3-year 
3%-year 
4-year 
6-year 
8-year 
10-year 
18-year 
23-year 
25-year 

1, 
2 
5 
10 
15 

50 
100 
175 
250 
500 
,000 
,000 
,000 
,000 
,000 

^Turner,' Collie & Braden, Inc. Consulting Engineers, Houston 



STUDY OF D R A I N J \ G E IN URBAN LUBBOCK 

CALCULATED FL01JS AT VARIOUS POINTS THROUGHOUT THE STUDY AREA 

Point Location of Point Area Contributing to Point 

Area 

in 

AcrG3 

Time IR from H.N. 
Average of Roberts Chart IR Using Q = 

% Overland Concen- Using .7 Runoff .9 Runoff (IR Ac) 
Slope Velocity tratlon Factor Factor Q cfs 

1. 5th St. & University Ave. 

2. 7th St. & University Ave. 

3. 9th St. & University Ave. 

4. Main St. & University Ave. 

- 5. 13th St. & University Ave. 

6. 5th St. & Ave. U 

7. 7th St. & Ave. U 

8. 9th St. & Ave. D 

9. Main & Ave. V 

10. 13th St. & Ave. U 

11. 15th St. & Ave. U 

12. 17th St. & Ave. U 

13. 3rd St. & Ave. Q 

14. 5th St. & Ave. Q 

15. 7th St. & Ave. Q 

16. 9th St. & Ave. Q 

17. Main & Ave. Q 

18. 13th St. & Ave. Q 

4th St. to 6th St. University to Railroad 

4th St. to 6th St. University to Railroad 

8th St. to 10th St. University to Railroad 

10th St. to Broadway University to Railroad 

Broadway to 14th St. University to Railroad 

44 

49 

63 

76 

99 

.237, 

.237. 

.307. 

.267. 

.287. 

19. 15th St. & Ave. Q 

4th St. to 6th St. from Ave. U to Railroad 92 .27% 

6th St. to 8th St. from Ave. U to Railroad 89 .307. 

8th St. to 10th St. from Ave. U to Railroad 103 .317. 

10th St. to Broadway from Ave. U to Railroad 117 .347. 

Broadway to 14th St. from Ave. U to U. Side of Drainage Area 140 .337. 

14th St. to 16th St. from Ave. U to ridge line near University 46 .387. 

16th St. South to ridge line 18th St. to 19th St. Area from 48 .327. 

Ave. U west to ridge line 

4th St. N. to R.R. from Ave. Q to University Ave. 241 .297. 

4th St. to 6th St. from Ave. Q West to RR 124 .267. 

6th St. to 8th St.'from Ave. Q West to RR 118 .277. 

8th St. to 10th St. from Ave. Q West to RR 131 .317. 

10th St. to Broadway from Ave. Q West to RR 145 .317. 

Broadway to 14th St. from Ave. Q West to West Side of drainage 165 .30% 
Area 

14th St. to South Edge of Drainage Area West to West Side of 145 .297. 
drainage area 

57 fpm 46 min. 

57 fpm • 61 min. 

65 fpm 68 min. 

58 fpm 84 min. 

63 fpm 79 min. 

63 fpm 

65 fpm 

66 fpm 

69 fpm 

67 fpm 

73 fpm 

67 fpm 

64 fpm 

60 fpm 

62 fpm 

66 fpm 

66 fpm 

66 fpm 

76 min. 

88 min. 

106 min. 

107 min. 

112 min. 

47 min. 

37 min. 

72 min. 

123 min. 

132 min. 

136 min. 

144 min. 

142 min. 

1.56 

1.33 

1.25 

1.10 

1.18 

(44 Ac) 1.16 

(49 Ac) 1.06 

(63 Ac) 0.96 

(76 Ac) 0.96 

(99 Ac) C.93 

64 fpm 70 min. 

(50'Ac) 0.87 

(63 Ac) 0.86 

(76 Ac) 0.83 

0.84 

1 22 

69 

65 

63 

84 

117 

( 48 Ac) 1.55 125 

( 40 Ac) 1.41 108 

( 40 Ac) 1.24 110 

( 41 Ac) 1.23 123 

( 41 Ac) 1.18 140 

2.26 104 

2.62 126 

1.6 385 

1.1 136 

( 68 Ac) 1.04 114 

( 68 Ac) 1.02 124 

( 69 Ac) 0.98 131 

1.00 150 

1.64 238 

FIGURE NO. 5 



oint 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Location of Point 

5th St. & Ave. K 

7th St. & Ave. K 

9th St. & Ave. K 

Main St. & Ave. K 

13th St. & Ave. K 

Stumpy Hamilton Park 
Lake 

Mose Hood Park 
Lake 

Lake at 26th St. & Ave. A 

Area Contributing to Point 

4th St. to 6th St. Ave. K West to Railroad 

6th St. to 8th St. Ave. K West to Railroad 

8th St. to 10th St. Ave. K West to Railroad 

10th St. to Broadway from Ave. K West to W.L 

Broadway to 14th St. from Ave. K West to W.L 

(See Map) 
(Note considering smaller area) 

(See Map) 

of drain jge 

of drainage 

: 

area 

area 

Area 
in 

Acres 

1«2 

150 

163 

177 

194 

531 
450 

4S4t 

6m 

7. 
Slope 

.237. 

,247. 

.29% 

.287. 

.28% 

.43% 

.50% 

.65%, 

.28% 

Average 
Overland 
Velocity 

57 

58 

64 

63 

63 

77 
85 

97 

63 

fpm 

fpm 

fpm 

fpm 

fpm 

fpm 
fpm 

fpm 

fpm 

Time 
of 
Concen
tration 

158 

169 

169 

183 

184 

88 
47 

45 

119 

min. 

min. 

min. 

min. 

min. 

min. 
min. 

min. 

min. 

IR from 
Roberts 
Using . 

H.N. 
Chart 

7 Run-
off Factor 

(44 Ac) 

(49 Ac) 

(63 Ac) 

(76 Ac) 

(99 Ac) 

(342 Ac) 

0.75 

0.75 

0.75 

0.75 

0.75 

1.07 
1.55 

1.56 

.90 

IR Using 
.9 Runoff 
Factor 

(118 Ac) 0.85 

(101 Ac) 0.85 

(100 Ac) 0.85 

(101 Ac) 0.85 

( 95 Ac) 0.85 

(343 Ac) 1.15 

Q = 
(15 Ac) 
Q cfs 

133 

123 

132 

143 

155 

568 
698 

708 

702 

FIGURE NO. 5 
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