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Introduction 

In design and construction of many facilities, it is necessary to 

know or predict the volume of runoff and the peak runoff rate from a 

given meteorological event so that drainage structures may be sized 

properly and drai~age patterns planned. Where available, runoff data 

can be compiled to provide an accurate history of these parameters. 

Generally, however, runoff data from the area of interest i s nonexistent 

and one must resort to the use of empirical methods to obtain an estimate 

of the runoff characteristics which might be expected in the area. 

Many techniques are available for use. They range from the simple 

exponential extreme flood formulaes in which the area of the watershed 

is raised to an exponent and multiplied by a coefficient, to forms con

sisting of elaborate mathematical models that incorporate many variables 

and continuous changes in relationships among the variables. Ideally, 

a method of runoff prediction should be accurate in its prediction 

capabilities, universal in application, require only minimal amounts of 

data, and utilize techniques which can be calculated with relative speed 

and ease. No such method currently exists. 

Many projects such as shopping center complexes, urban subdivisions, 

or urban watersheds may not require the use of elaborate hydrological 

models but may well require more sophistication of approach than that 

offered by the rational method. Small, general purpose engineering 

firms and municipal engineering departments may neither possess nor have 
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available in the form of consultation the expertise required to implement 

the more complex models. 

The availability of site information on a 1,499 acre watershed in 

Lubbock and flow records for a nine month period from September 1974 

through May 1975 prompted an investigation to compare the observed flow 

to that obtained from flow models (1). A review of the literature was 

made and four flow models were selected to be compared with the observed 

flows. Criteria for selection were that the model should require a 

minimum of time, money, and effort for implementation. In that study, 

only three storms were analyzed because of time limitations. 

The rational method was included in the models to be analyzed 

because of its widespread use. This method also represented the model 

type which utilizes a selection of coefficients characterizing watershed 

conditions which are subjected to a simple mathemati cal procedure that 

computes the desired result. As a complement to the rational method, 

which produces a peak runoff rate, the Viessman-Miller Model (2) 'was 

selected as a means of predicting total runoff volume. This empirical 

relationship requires only two pieces of information about the watershed 

for its use. 

The other two models from which both a peak rate of flow and the 

total flow volume could be obtained for each precipitati on event require 

more data about the watershed and more effort to obtain results. The 

Viessman, Keating, and Srini vasa Model (3), which is intermediate in 

difficulty of application, utilizes a decay relationship in the compu

tation procedure. The British Roads Research Laboratory Model (4), 

which utilizes a storage routing procedure for the runoff generated in 
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the watershed, was the most complex model utilized in the analysis. ' 

Information about the watershed characteristics required for imple

mentation of each model was derived in Gibson's study (1). In this 

phase of the project, the study purpose was extended to compare results 

from all the models used in Gibson's work to the flow ,events which had 

occurred over the nine month period. The results from the rational 

method and the Viessman-Miller Method were generated by hand, whereas 

computer programs were developed to determine the peak flow rates and 

total volumes for the other models. The study procedure and results 

are discussed in the following sections. 

Description of the Watershed 

The 1,499 acre urban watershed considered in this study drains an 

area consisting of residential, commercial, and industrial activities 

located in the center of Lubbock. More complete descriptions of the 

w~tershed characteristics are found in previous studies on this area 

(1, 5). Gentle slopes and wide, low ridges characterize the basin's 

topography. The outlet on the watershed is some 45 feet lower than the 

basin rim, which is located 4.1 miles to the northwest. Ground slopes ' 

vary from 2.5 percent to near zero along the drainage axis. 

Drainage in the basin occurs by open channel flow in the street 

gutters and through the 26th Street storm sewer -- a drainage system of 

8.8 miles of underground concrete pipe. The pipe system is not continuous 

in the area. For example, in Stumpy Hamilton Park, the storm sewer 

empties in a pl,aya lake and an outlet device at another point in the 

lake discharges into an effluent storm sewer. 
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Because of the flat slopes that characterize the area, the size and 

shape of the drainage area vary in response to the characteristics of 

storms, both in terms of surface flow and in the area served by the 

storm sewer. Since the 26th Street storm sewer is interconnected with 

other storm sewers in two places, overflow either into the area or out 

of the area may occur during periods of heavy runoff. In some instances, 

stonmwater collected in a playa lake located in Maxey Park, west of the 

drainage basin, may have been pumped into the 26th Street sewer system. 

One recording raingage and three non-recording gages were located 

in the watershed. During the first months of the study, no usable data 

were obtained from the recording raingage located on the watershed. 

Storm duration and intensity data for this period of the study were 

taken from records at the National Weather Service station located at 

. the Lubbock Regional Airport, some six miles north of the watershed. The 

data for storms occurr ing in the nine month study period are given in 

Table 1. 

The flows generated in the watershed were measured at a point just 

upstream from the drainageway's junction with Yellowhouse Canyon drainage 

channel. The flow measuring point was on the upstream side of a circular, 

8.5 foot diameter culvert passing under a railroad track. Because of a 

change in slope at the upstream end of the culvert, the flow changed 

from a subcritica l regime to a super critical regime at the control 

section. A seven inch high V-notch weir was installed at the break in 

slope and the float of a Stevens recorder was suspended within the pool 

formed by the weir. 

Model studies of the weir at the control section were used to establish 



-
· TABLE 1 - STORM DATA 5 

Total Average 
Storm Number Amount (inches) Duration (hrs) I ntens; ty (; n/hr) 

1 1 . 15 11 · 100 
2 .15 12 .0125 
3 .94 8 .1175 

4 1.20 7 · 171 
5 .30 7 .043 

6 .32 14 .023 

7 2.80 18 · 156 
8 .66 4 .165 

9 .10 10 .010 

10 1.70 12 · 142 
11 .35 5 .028 
12 · 15 4 .038 

13 .25 9 .028 

14 · 12 6 .020 

15 .96 5 .192 
16 · 10 4 .025 
17 .18 5 .036 

18 .35 4 .088 

19 · 16 3 .053 

20 .42 15 .028 

21 .26 6 .043 

22 · 15 2 .075 
23 · 10 5 .020 
24 . 15 7 .021 
25 · 10 5 .020 

26 .05 4 .0125 
27 .05 7 .007 
28 .25 12 .021 

29 · 17 5 .034 

30 .04 3 .013 
31 .04 1 .040 
32 · 10 4 .025 
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TABLE 1 (continued) 6 

Total Avera{e 
Stonn Number Amount (inches) Duration (hrs ) Intens i tyin/hr) 

33 .07 4 .018 
34 · 16 7 .023 

35 .22 12 .018 

36 .58 7 .083 

37 .04 5 .008 

38 .02 4 .005 

39 .01 2 .005 

40 · 14 4 .035 

41 .21 4 .053 

42 · 12 3 .040 

43 · 13 2 .065 

44 .14 10 .014 

45 .01 4 .003 

46 .01 1 .010 

47 .01 4 .003 

48 .01 1 .010 

49 .02 7 .003 

50 .01 6 .002 

51 .45 2 .225 

52 · 14 6 .023 

53 .09 1 .090 

54 .09 1 .090 

55 .01 .010 

56 .24 .20 1.20 

57 · 10 .0625 1.60 
58 .58 .425 1.365 

59 .29 1 .290 

60 .35 .425 .824 

61 · 10 .213 .469 

62 .32 .57 .565 

63 .45 .85 .529 

64 .30 1.70 .176 

65 .03 .125 . 004 



the depth-discharge relations. For water levels below the top of the 

V-notch~ a V-notch weir equation was used. At greater water depths, 

the control structure was considered to perform as a rectangular weir 

with a V-notch orfice. 

Description of the Flow Models Us ed in the Studies 

Rational Method 

Because of its ease of application, the rational method is one of 

the most widely used methods of runoff est imation. The basic equation 

is: 

Q = CIA ( 1 ) 

7 

where Q is the peak flow rate in cubic feet per second, C is the runoff 

coefficient~ I is the rainfall intensity in inches per hour, and A is 

the area of the watershed in acres. 

The runoff coeffici ent, C, was assigned a value of 0.50, based on 

data presented by Gibson (1). 

Vi essman-~1i 11 er Method (2) 

Viessman and Miller have develope~e fo llowing empirical relation 

to estimate the runoff volumes from small urban watersheds: 

V = 1.165 (Ai - 0.17)(P - Ia) (2) 

where V is the runoff in inches, Ai is the percent impervious area of 

the watershed, P is the total rainfa ll in inches, and Ia is the initial 

abstraction. Viessman recommends a value of Ia of 0.10 to 0.15 for 

minimum errOr~GibSOn used a value of 0.12 with a value for Ai of 

0.54 (1). 

The relation is valid for urban watersheds having impervious areas 

of from 35 percent to 80 percen t and rainfall events l~ss than two 
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inches. Using equation (2) and data supplied by Gibson, the total run

off volume, V, was calculated for each event. 

Viessman, Keating, and Srinivasa (3) 

The work done by these investigators was confined primarily to 

small urban watersheds with areas of approximately 20 acres. Basically, 

~he method ~onsists of two equations; one predicting peak runoff and 

the other predicting runoff at any time after the peak flow has been 

reached. The latter step is accomplished by using a decay relationship. 

The two equations used are: 

Q 1(1 - e- l / k) max ;:: (3) 

Q ;:: Q e- T/ k 
max (4) 

where Qmax represents the peak runoff rate; I is the effective precipi

tation; k is the theoretical lag time; Q is the runoff in inches per hour 

at any time. t and 't is the time since the rainfall has ceased.) 

Some difficulty was encountered in determining what k value should 

be used for the Lubbock watershed. In the method outlined by Viessman, 

Keating and Srinivasa, k was apparently calculated empirically. The 

time of concentration for the watershed in their work was taken as the 

initial approximation of k. An iteration technique was then applied to 

find the value of k that best predicted the runoff from the watershed. 

In Gibson's study, k was taken to be the time of concentration for the 

26th Street watershed, 1.5 hours. No attempt was made to optimize k by 

Gibson or in this report. 

Rainfall was not considered to contribute to runoff until the 

initial abstraction, in this case 0.10 inches, had been fulfilled. The 



remaining precipitation was reduced to a series of 1.5 hour events. 

Using equation (3), the maximum flow rate for the given precipitation 

amount in each 1.5 hour interval was obtained. Flow was assumed to 

increase linearly from zero at the start of the 1.5 hour interval to 

9 

the derived maximum flow rate which occurred at the end of the interval. 

Referring to Figure 1, the maximum flow rate from each interval is given 

as Ri where i designates the interval number. After Ri has been found, 

the flow rates for the following intervals were calculated using equation 

(4). These values are represented in Figure 1 as 0j,k where j designates 

the precipitation event number and k represents the number of ~t inter

vals since the cessation of precipitation event, j . To obtain the com

posite hydrograph, the calculated flow rates at each interval were summed, 

thus yielding the composite flow rate at each interva l. For the case in 

Figure 1, the composite flow rates would be: 

Qc (1st interval) = R, 
Qc (2nd interval) = R2 + °1 , 1 

Qc (3rd interval) = R3 + 01,2 + °2, 1 

Qc (4th interval) = R4 + 01,3 + 0Z,2 + °3,1 

This process was continued for 20 time intervals, which was an arbitrary 

cutoff point. In most cases, however, the composite flow rates had fallen 

to a negligible level. Theoretically, the runoff from this method never 

reaches zero and it was, therefore, necessary to establish an end pOint 

to the calculation procedure. 

After the composite hydrograph had been obtained, the volume of flow 

was calculated using a trapezoidal-type, numerical integration technique. 
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Only the impervious area of the watershed was assumed to be contributing 

to runoff, therefore the volume in inches of runoff under the curve in 

Figure 2 was mult iplied by the impervious area, 804 acres. 

A Fortran program was prepared to calculate all the flow rates as 

well as the total volume for each storm. Since the maximum flow rate 

was included in the output, the Viessman, Keating and Srinivasa Method 

predicted both peak flow rates and total runoff volumes for each storm. 

Road Research Laboratory (RRL) Method 

The fourth method utilized in this ana lysis is known as the Road 

Research Laboratory Method. The procedure used in applying this method 

is made up of five principal steps (4). Initially, the physical aspects 

of the basin drainage system are described in detail . Lengths, slopes, 

roughness, and dimensions of the impervious areas which are connected 

to the storm drain system are documented. The storm drainage area is 

then specified in terms of lengths, diameters, slopes and roughness. 

Second, hydraulic calculations are made of flow veloc i ties in the 

storm drain system including laterals, main interceptors and open 

channels. These velocities are used to construct a map showing lines of 

equal travel times, known as isochrones, to the outlet. The areas 

between the isochrones are measured and accumulated to yield a time-area 

diagram such as the one shown in Figure 3. 

Third, the rainfall pattern is described and applied to the directly 

connected impervious area. The time-area diagram and the rainfall 

pattern are then used to construct a virtual inflow hydrograph. These 

inflows are calculated by multiplying the rainfall intensities for each 

time interval by the area contributing at each time i nterva l and summing 
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the areas contributing as the time intervals progress. 

Fourth, a discharge-storage relation is developed to account for 

the effects of storage within the basin on the total runoff. This 

relation is necessary for the routing procedure. 

The final step in the RRL Method is a simplified one-step storage

routing program. Using this procedure, the shape and timing of the 

derived inflow hydrograph are altered to allow for the effects of 

temporary storage within the storm drainage system. The resulting out

put is the complete computed runoff hydrograph which would result from 

the storm rainfall specified as input. Again, a numerical integration 

technique was applied to obtain the total runoff volume for each storm. 

All of the required input listed above (time-area diagram, discharge

storage relation, etc.) were obtained from work done by Gibson (1). 

Because of the tedious nature of the calculations and the number of 

storms involved, a Fortran program was written to handle the RRL Method . 

Outflow rates at each time interval were output" from the computer program 

so the maximum flow rate as predicted by t he RRL Method, as well as the 

total runoff volume, was available for comparison. 

Generally, numerous time intervals were required for the flows to 

reach zero discharge. It was, therefore, necessary to set an arbitrary 

cut-off point for the number of time intervals to be considered in each 

storm. Since the flows decrease in such a gradual manner, this number 

was set at 45 (1 hour intervals) because using fewer intervals might 

cause considerable error. Probably, this characteristic causes an over

estimation of flows, but is an inherent characteristic of the RRL Method 

which must be dealt with. 
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Results 

The two tables on the following pages list the results obtained by 

the various methods. Table 2 compares the observed runoff volumes versus 

the volumes calculated by the various methods. Table 3 shows the observed 

peak runoff rates for each storm versus peak runoff rates calcu lated by 

the different methods. Missing data indicate that either observed data 

were not available, or rainfall amounts were less than the initial abstrac-

tion for the storms. 

To compare the accur~cy of the various methods with the observed 

values, the corre lati on coefficients for each method were calculated. 

Listed below are the correlation coefficients wh ich were obtained for the 

di. fferent methods. 

TOTAL RUNOFF VOLUMES 

Method 

Viessman-Miller 
Viessman, Keating 

and Srinivasa 
RRL 

PEAK FLOW RATES 

Method 

Rational 
Viessman, Keating 

and Srinivasa 
RRL 

Correlation Coefficient 

.844 

.91 1 

.825 

Correlation Coefficient 

.259 

.393 

.449 

For the prediction of total runoff volumes the Viessman, Keating, 

and Srinivasa Method has the best association with the observed values. 

All of the values showed a relatively high degree of positive association 



TABLE 2 - TOTAL RUNOFF VOLUMES 15 
(A 11 values are in acre-feet) 

Viessman, 
Viessman & Keating & 

Storm Number Observed t·1i 11 er Srinivasa RRL 

1 48.02 54.70 

2 4.51 1 .62 29.77 43. 10 
3 .53 44.15 .54 5.31 
4 .36 58.15 39.20 64.40 
5 .60 9.69 3.41 16.92 

6 12.21 10.77 8.53 16.81 

7 497.20 144.30 125.10 146.80 

8 .30 29.07 12.00 34.81 

9 .05 3.72 

10 85.07 74.26 90.75 

11 .30 12.38 5.43 14.37 

12 5.96 1 .62 1.35 7.74 

13 40.00 7.00 10.36 18.37 

14 19.83 20. 18 36.43 

15 .79 45.23 27.65 51.39 
16 .30 1 .71 8.49 

17 .02 3.23 2.27 9.31 

18 .08 12.38 1. 68 13.53 

19 .28 2.15 7.08 

20 .02 16.15 10.59 17.84 

21 .59 1. 61 1.62 8.42 
22 .59 7.54 .54 6.40 
23 5.75 5.27 

24 . 10 1 .61 1.46 8.05 

25 3.30 .27 5.86 

26 .02 2.96 8.75 

27 .36 3.60 

28 5.94 7.00 2.06 8.47 

29 .99 · 2.69 2.09 8.29 

30 . . 02 2.00 

.31 1.32 

32 



TABLE 2 (continued) 16 
(A 11 values are in acre-feet) 

Viessman, 
Viessman & Keating & 

Storm Number Observed Miller Srinivasa RRL 
33 

34 .16 2.15 8.54 
35 5.38 20. 19 31.88 
36 .60 24.77 31.44 
37 . 16 '1.99 
38 .04 .88 
39 .03 .33 

40 3.57 1.08 10.10 19.00 

41 .69 4.85 3.31 9.85 

42 5.32 

43 .04 .54 .87 4.75 

44 .40 1.08 1.34 7.08 
45 .02 

46 · 18 
47 .07 
48 .08 
49 .02 

50 

51 17.77 9.76 17.07 
52 · 18 1.08 7.30 7.51 
53 .60 2.97 

r. 

54 · 10 
55 .05 

56 .40 6.46 3.79 7.91 

57 · 16 3.30 

58 .60 24.77 13.00 19.11 

59 .08 9.15 5.15 9.56 

60 1.94 12.38 6.77 11.53 

61 .14 

62 .22 10.77 5.96 10.55 
63 . 18 17.77 9.48 14.83 
64 . 16 9.69 5.69 7.72 

65 .04 .99 



TABLE 3 - PEAK FLOW RATES (cfs) 17 

Viessman, 
Viessman & Keat i ng & 

Storm Number Observed Miller Srinivasa RRL 

2 70.00 9.37 . 74.90 22.90 

3 1. 10 88.07 4.90 2.97 

5 12.20 32.20 15.10 9.82 

8 .40 123.67 61.00 21.10 

9 . 10 7.49 2.06 

11 .85 20.99 31.50 8.65 

12 6.50 28.48 29.31 4.66 

15 .45 143.90 118.50 30.53 

16 .10 18.74 10.95 4.99 

17 .02 26.99 10.00 5.45 

18 22.00 65.96 12.20 8.24 

19 .40 39.72 4.40 

20 .50 21.00 21.70 8.39 

21 9.50 32.23 4.87 3.78 

23 1.80 15.00 3.14 

24 .35 15.74 7.55 4.65 

25 3.70 15.00 2.43 3.49 

26 . 10 9.37 3.65 3.93 

28 16.00 15.74 10.88 4.72 

29 10.80 25.50 11.65 4.88 

30 .02 9.74 1.22 

34 15.00 17.24 4.71 

37 .24 6.00 1. 18 

40 29.00 26.23 34.90 10.93 

44 .70 10.49 4.87 3.53 

,... 46 .50 . 7.49 

48 .30 7.49 

52 1.00 17.24 7.30 4.40 

53 .85 67.46 1.94 

..-. 54 .40 

55 .10 7.49 



TABLE 3 (continued) 18 

Viessman, 
Viessman & Keating & 

Storm Number Observed Miller Srinivasa RRL 

58 43.00 1023. 1 117.00 12.45 
59 .50 217.3 46.20 5.93 
60 10.50 618.0 60.80 7.52 
61 .40 351.5 

62 .60 423.5 53.50 6.88 
64 4.50 132.0 36.50 4.87 
65 .30 3.0 .65 
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between observed and calculated values. 

Examination of the data reveals that for most storms in the study 

period the models preditted greater volumes of runoff than were observed. 

An index number was computed to determine which of the methods was most 

conservative in use (e.g., the model that estimated the greatest volume 

of flow). The index number was computed by dividing the sum of the flows 

obtained from the three models over 30 of the 31 storm events which 

produced estimates from each of the models by the sum of the observed 

flows. The index numbers that were obtained were: 4.51 for the Viessman

Miller Method; 2.B3 for the Viessman, Keating and Srinivasa Method; and 

5.B6 for the RRL Method. 

The event that was disregarded was storm number 7 which had produced 

2.B inches of precipitation over an lB-hour period on September 2.4, 1974. 

This storm had been preceded by five storm events which had produced some 

2.91 inches of th'e rainfall over the watershed from September lB through 

the initiation of storm number 7. The observed runoff from this stann 

was over three timeS greater than the predicted volumes for all three 

models. This overage could be attributed to contributions from the 

pervious areas of the watershed which had become saturated, or to flows 

entering the watershed either through cross connected storm sewers or to 

pumpage from the playa lake in Maxey Park. 

Examination of the predicted peak flow rates from the three models 

show that there is little association between observed and calculated 

values. The RRL Method was the best predictor in this case. An index 

number was computed to compare the models used for predicting peak flows 

against the observed rates. For the 25 storms on which results for the 
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three models were available, the computed index numbers were: 12.82 for 

the Rational Method; 3.24 for the Viessman, Keating, and Srinivasa Method; 

and .86 for the RRL Method. 

The results obtained in this study show that there is a considerable 

variation between what actually happens on the watershed and what is pre

dicted to happen. There were a considerable number of possible sources 

\ of error in this study. The observed data could have been in error 

because of the fo ll owing factors: Spatial variation of rainfall over the 

watershed, use of hourly rainfall data from a station located outside the 

watershed, storage capability exhibited by the playa lake on the water

shed, transfer of fl ows generated outside the watershed to the drainage 

system within the test watershed, and finally the calculation of the 

observed values of total runoff vo lumes and peak flow rates . If the 

observed values were in error then it would be meaningless t o compare them 

to those obt~ined from the other methods. The rating curve for the gaging 

station at the 26th Street storm sewer site was based on results obtained 

with a 1/14 scale model, a 1/3.7 sca l e model, and a theoreti ca l model. It 

is possible, though highly unlikely, that the results obta ined using the 

rating curve that was derived from mode l analysis could be in error when 

compared to that which wou ld be obta ined with a rating curve derived at 

the control section of the 26th Street site. 

The sources of error associated with use in the Rational Method can 

be attributed to the value used for the runoff coefficient C and in the 

value for I. Gibson's use of the mid-range values for the runoff coeffi

cient from urban land activities aided in increasing the peak runoff 

values (1). However, if in the derivation of C the previous study had 
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used the lower range value for determining the average C value of the 

watershed~ this term would have been reduced to 0.34 from 0.5 .and the 

index number would have been reduced to 8.56 from 12.82. Considerable 

error apparently still exists in determining the C value from the water

shed. Contributions to this overestimate may be traced to some or all 

of the following characteristics: Very few homes in Lubbock are guttered 

and roof drip falls on grass areas or shrubbery rather than being col

lected in gutters and diverted to storm drains. The flat sidewalks and 

drives throughout the area allow water to drain to adjacent soil areas 

rather than into streets and then to the storm drainage systems. Unpaved 

parking areas around commercial and industrial establishments in the water

shed also tends to reduce even further the lower value shown for the range 

of runoff coefficients that appear in published works for these particular 

land use activities. 

That I value utilized was the average storm intensity in inches-per

hour rather than a point rainfall for the watershed time of concentration 

and for the frequency desired in design as is most often used in applica

tion of this method. The practice of using the average storm rainfall 

intensity rather than the highest storm intensity experienced in the 

storm period for an interval equal to the time of concentration in the 

basin should have reduced the magnitude of most peak flows obtained with 

this method over the storm events in this study. 

The Viessman- Miller Method was based on urban watersheds approximately 

20 acres in size. Applying this method to an area of 1,499 acres in 

another climatic zone could introduce error in the coefficients for this 

model. Also, the initial abstraction is subject to variation, although 
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this, in itself, would not explain a significant amount of error. 

The method developed by Viessman, Keating, and Srinivasa and modified 

by Gibson for use in this study had several possible sources of error. 

Gibson used a value of 1.5 for k. The values for k could have been varied 

until an optimal value was obtained, although it was not done in the 

study. The use of a straight line to connect the point of initial hydro

graph rise to the point where Qmax otcurred would increase the area of the 

hydrograph over that expected at a field site. Another source of error 

that would affect the results were the techniques used to determine the 

amount of rainfa ll that fell in the 1.5 hour subs torms. With recording 

raingage charts for all storm events, this problem would have been elimi

nated. Where the hourly rainfal l amounts from the National Weather Service 

storms were used, the amount that fell in the first hour was added to 

half the amount that fell during the second hour to obtain the value of 

I used in equation (3). 

The RRL Method presents several sources of possible error that were 

apparent in this study. Obtaining and preparing the information necessary 

to develop the time-area diagram provides opportunity for mistakes because 

of the numerous data points and calculations required to map the basin 

adequately. The discharge-storage relation in the s torm drainage system 

is also subject to error because of the numerous calculation steps invo l ved. 

Conclusions 

Based on the data obtained from this study of the Lubbock watershed, 

the following conclusions can be drawn. 

(1) For predicting the total runoff volume from a given precipitation 

event the Viessman, Keat ing, and Srinivasa Method yi elded the 
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best results. 

(2) All three of the mode l s used to pred ict peak flow rates showed 

little correlation between the observed f l ows and the predicted 

flows, with the British Roads Research Laboratory Method giving 

the best results . 
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