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ABSTRACT 

Estimating the Rainfall-Runoff Characteristics 

of Selected Small Utah Watersheds 

by 

Clive H. Walker, Master of Science 

Utah State Universiry , 1970 

Major Professor: Joel E. Fletcher 
Department: Water Resources Engineering 

Runoff and rainfall data have been taken from three high mountain 

Utah watersheds and subjected to runoff to rainfall comparisons. The 

resulting Q./P ratios have been compared to the average volumes of 

runoff curve numbers (CN) computed from this data for each watershed. 

Runo't'f curve numbers were also estimated on the basis of the soils 

and vegetation data available for the watersheds. 

An attempt has been made t o estimate the watershed lag character-

istics by computing synthetic hydrographs for successively larger 

values of time to peak estimates until the best fit comparison was 

achieved between the snythetic and the actual hydrographs. Time lag 

estimates were also made from the Kirpich method and the Mockus 

method . 

(128 pages ) 
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INTRODUCTION 

Much of the water supply for the intermountain west comes from 

sma ll, high mountain watersheds. Most of the runoff volume comes from 

melting a win t er snowpack and the nature of water use below these water 

s he ds de pends g reatly on the reliability of this supply . However, 

diversion structures, storage reservoirs , and channels must allow for 

safe passage of high rates of runoff from high intensity summe r rainfall 

events. The costs of failure of such structures from floods are more 

than the costs of the structures alone , but include the costs associated 

with lost water supplies until the structures are rebuilt , as well as 

damages to properties, crops, transportation, communication, and 

commerce . Some of these floods cause loss of life and lives tock. 

Disastrous floods occur from summer rainfall events on these 

watersheds. In Uta h , some of the more notable of these floods have 

occurred on the Farmington Creek Watershed which included the Halfway 

Creek and Morris Creek watersheds described in this thesis , on the 

Pleasant Creek Watershed which is just north of Ephraim Creek , and on 

the Manti Creek Watershed just south of Ephraim Creek. The Alpine 

Meadows waters hed described herein is part of t he Ephraim Watershed. 

For descriptions of these floods see Woolley (1946), Peterson (1954), 

and Croft and Bailey (1964). 

As po t ential flood plains become more intensively used, potential 

damages will greatly increase. New storm drainage systems and flood 

control structures will be constructed to reduce these damages. The 

U. S Forest Service has developed watershed management and land 



treatment measures that have significantly reduced flood damage 

potential on several watersheds in the state. On several watersheds 

this kind of program has been combined with federally supported 

locally sponsored Small Watershed Protection Projects through the 

work of the Soil Conservation Service that include flood and debris 

control structures near the mouth of the mountain canyons . Local 

gove rnments often find themselves in the f l ood control business and 

have constructed flood channels and control structures. Design of 

down stream flood control structures requires information about peak 

rate s of flow and volumes of runoff from rainstorms from watersheds 

with and without upstream watershed land treatment and structural 

flood control measures. 

Statis tical and regional analysis procedures for evaluating 

streamflow records have been developed and are used for predicting 

the frequency of occurrence of specified levels of flood flow for 

gaged and ungaged watersheds. When this kind of analysis can be 

made with a reasonable degree of confidence in its accuracy it should 

provide the basis for hydrolog ic design of water control structures. 

This kind of procedure has serious limitations when one must: (a) 

predict the effect of a watershed change due to land treatment or 

management measures , (b) predict runoff volumes and peak rates of 

runoff from an ungaged watershed in an area where there are very few 

runoff gages, or (c) where the existing runoff gages are affected by 

diversions and storage to the extent they are not usable for estimating 

natural runoff conditions. When any of these problems must be solved, 

some kind of synthetic hydrograph approach must be used to develo p 

design information. 



Hydrologists in the Soil Conservation Service (SCS) have 

developed a synthetic unit- graph procedure to provide for safe 

design of water supply and flood control structures for high rates of 

flow. This method requires estimates of the rainfall-runoff and 

runoff time lag characteristics of the watersheds to which it is 

applied. The purpose of this study is to develop information about 

3 

these characteristics for small high mountain watersheds in Utah. The 

watersheds have been subjected to various watershed management practices. 

Morgan and Johnson (1962) tested four synthetic unit-graph methods 

a gainst actual hydrographs from watersheds in Illinois. Serious 

deficiencies were found in each method , but the method proposed by 

the Soil Conservation Service was found to be one of the two better 

methods. Hydrologists in the Soil Conservation Service use this 

method throughout the United States. Hydrologists in the Forest 

Service use this method as part of their standard procedures. Other 

federal agencies sometimes use this method to obtain information about 

small watersheds. The Soil Conservation Service method is most recent l y 

described in the SCS National Engineering Handbook , Section 4 (Soil 

Conservation Service , 1964) in an SCS technical paper, SCS-TP-149 

(Kent , 1968), and in a handbook edited by Chow (1964) . Forest Service 

procedures for this method are found in a Forest Service handbook 

(Forest Service , 1959) , and in some unpublished information obtained 

from the regional hydrologist in Ogden , Utah, reproduced in this 

paper in Table 5 . The parts of this method adopted by the Bureau of 

Reclamation are published in another handbook (Bureau of Reclamation, 

1960) . 

Some of the data origi nall y used t o develop the Soil Conservation 



Service method are included in pub lications of the Agricultural 

Research Se rvice (1959, 1960). Other data that was used remains 

largely in unpublished form exce pt as included in reports prepared 

for other purposes by various pe rs ons and agencies, as in Croft and 

Bailey (1964). Research is continuing in projects administered by 

both the Agricultural Research Service and the Forest Service on 

several small wate rsheds throughout the nation. Reports of these 

studies may be easily found by reference to one of many recently 

publis hed bibliographies of hydrology a nd water resources research. 

The primary data obtained for this stud y are contained in 

unpublished material located in offices of the U. S. Forest Service 

Intermountain Forest and Range Experiment Station in Logan and 

Ephraim, Utah. Some soils and vegetation information was obtained 

from the office of the Sevier River Investigation Staff of the Soil 

Conservation Service in Richf i eld, Utah. 

4 



OBJECTIVES AND SCOPE OF THIS STUD Y 

Obj ectives 

There is some rainfall and runoff data available for summer 

rainstorm events from a few instrumente d small high mountain Utah 

watersheds. This data will be used to estimate summertime rainfall-

runoff characteristics of some of these watersheds. To do this 

requires reducing the primary stage hydrograph traces into di rect 

runoff volume estimates. Records from recording rain gages must be 

adjusted to estimates of average rainfall over the watersheds for the 

same events. Soils and vegetation information must also be obtained 

5 

to estimate the soil and land use effects of the rainfall-runoff 

characteristic s of the watersheds . The soil and land use effects will 

be represented by rainfall-runoff curve numbers (CN) to be developed 

with procedures used by the Soil Conservation Service (1964) as 

described in Appendix A. If rainfall and runo ff events are sufficiently 

large , CN may also be computed directly from rainfall and runoff data. 

If the CN obtained by these two methods do not a gree or do not describe 

the rainfall-runoff volume characterist ics of the watersheds with 

accuracy , an alternate method should be presented to represent these 

characteristics. An attempt will be made to approximate actual runoff 

hydrographs from rainfall data using the Soil Conservation Service 

~nythetic unit-graph method. This will provide information about the 

time lag characteristics of the watershed . 



Scope 

This stud y i s l i mited to a f€w selected high mountain watersheds 

in Utah and to measured runoff events that have occurre d during the 

summer rainfall season. The data fo r th i s study were obtained in 1966 

and 1967 and do not inc lude events more r ecent than 1965. The water

sheds used for this study have been visite d and the gaging sites 

examined . The only field work done was to obtain an estimate of general 

watershed soils classification where a so il survey was not ava ilable 

and a gene ral familiarizatio n with vegetation types and wa t e r s he d 

topogra phy. All quant ita tive information about precipitation, runoff , 

a nd watershed properties has been taken from records developed by the 

Forest Service, the U. S . Geological Survey, the U. s. Weather Bureau , 

and the So il Conservation Service. 

There are almost 100 small waters heds in Utah with dra inage area 

smaller than 400 square miles that have some gaged runoff r ecords. 

Approximately one-fourth of these have drainage areas under 12 square 

mi les, a r e l ocated in mountains and might have been suitable for thi s 

study. Most of thes e have not been included in this study because 

there is not a rain gage on or ve r y c l ose to the watershed. Another 

reas on is that runoff records a re very short and do not include 

s i gnificant summer runoff events. Many of these watersheds have very 

limited info rmation about soils and vegeta tion. 

The selected watersheds are experimental watersheds administered 

by the Forest Service. Eac h has at leas t one recording rain gage on 

o r very near the watershed . Some soils and vegetation info rmation has 

been developed by quali fied surveyors fo r each of them . However, 



because there is not sufficiently detailed or accurate dataJ no 

attempt has been made to probe deeply into the mechanics of the 

hydrologic cycle on these watersheds. 



METHODS OF PROCEDURE 

Obtaining basic data 

The physical data of shape, size and slope of the three watersheds 

have been taken from topographic maps published by the U. S. Geological 

Surve y. The watershed boundaries have been defined as the topographic 

divide above the runoff ga ging sites. Watershed areas have been 

measured by planimetry of these boundaries. The average watershed 

slope has been computed by the equation 

S = lOOMN A (1) 
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where S is the slope in per cent, M is the total length of the contour 

lines in feet) N is the chosen contour interval in feet and A is the 

total area of the watershed in square feet. Stream lengths and profiles 

have also been obtained from the topographic maps. This information is 

gi ven in Appendix B. 

Soils information is very sketchy for these watersheds . There 

is a generalized soils map for the Alpine Meadows Watershed that may be 

obtained from the Soil Conservation Service. The only soils information 

found for the Farmington Canyon watersheds was contained in vegeta tion 

surveys. These surveys include qualitative estimates of runoff and 

erosion potential of the soil based primarily on the surface evidence 

of runoff or erosion occurring before the time of the survey. A field 

reconnais s ance was performed to obtain general estimates of soil 

textures . These are expla i ned i n the descriptions of the individual 

wate r s he ds in Appendix B. Ae rial photo graphs were used as an aid in 

de f ining hydrologic soil gr oup bo undarie s on the Ha l fway Creek Watershed. 



Morris Creek and Alpine Meadows watersheds were assigned one hydro

logic soi l group for each watershed except for rocky areas. The 

watershed soils were classified into hydrologic soil groups according 

to the criteria explained in Appendix A. 

Vegetative cover data fo r the Farmington Canyon watersheds was 

obtained from surveys made for the Forest Service. The basic data is 

9 

in unpublished field survey sheets in the possession of the Intermountain 

Forest and Range Experiment Station. This data has been interpreted 

and summarized in Appendix B. There is a genera l range survey available 

in Forest Service offices that includes the Alpine Meadows Watershed 

area. This survey i dentifies important grazing and browse plants} 

but provides little information about plant cover density. Density 

has been estimated from a few unrecorded visual observations of different 

parts of the watershed. Measurements of watershed areas by major 

vegetative types on the Alpine Meadows Watershed has been taken from 

aerial photograph interpreta tion. These da t a are also summarized in 

Appendix B. 

An estimate of the ability of the soils and vegetal cover of t he 

watersheds to intercept and abstract moisture from rainfall has been 

obtained using the procedure developed by the Soil Conservation Se r vice 

and briefly outlined in Appendix A. The estimate is presented in the 

form of runoff curve number (CN) for e a ch watershed . The CN developed 

for Halfway Creek Watershed is 50 , for Morris Creek is 34, and for 

Alpine Meadows Wa tershed is 60. The tabular computations of these 

CN are in Ap pend ix B. 

The runoff data for the summertime rainfall produced runoff events 

was obtained through a search of existing stage trace hydrographs from 
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water stage recorders. The more significant runoff events were chosen 

from the trace. All three watersheds have perennial streams. Personal 

judgment was used to estimate the beginning of the rise of the hydro-

gra ph and the effective end of direct runoff for the event. Recorded 

stage information was converted to flow estimates using the weir or 

flume rating tables provided by the agency responsible for the operation 

of the runoff gaging sites. A computer program was written and used to 

compute the volume of direct runoff for each hydrograph . Base flow 

was estimated as a straight line from the beginning of rise to the end 

of direct runoff. This estimate was subtracted from the recorded 

total flow at each time-flow coordinate chosen to describe the hydro-

graph . The differences are adjusted direct flows. These flows were 

used to compute the mass curve of the volume of runoff in inches for 

each event. 

The rainfall data was obtained from recording rain gage records 

provided by the Forest Service. These records were searched to find 

the rainstorm events which most likely caused the runoff events 

studied. The rainfall and runoff data have been punched on computer 

cards and are available as computer printout. The rain gage and 

watershed locations were plotted on map overlays. Storm depths were 

plotted on these overlays and isohyetal lines were estimated. The 

average watershed storm rainfall was estimated from these charts. 

The base maps of watershed and rain gage locations are in Appendix B. 

Comparison of rain and runoff -
Linear base 

The first set of rainfall to runoff comparisons is on the basis 

of volume with straight line plots. These compar isons are given in 
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Table 1 and in Figures 1, 2 and 3. The computed CN shown in the table 

and figures were obtained from the equation 

2 
Q ~ (P + 2 - 200 I CN) I (P - 8 + 800 I CN) 

wit h repetit i ve ' cut and try' es timates of CN. The min imum poss ible 

2) 

va l ue of CN for each rainfall-runoff event was f ound f rom the equation 

CN = 200 I (P + 2) (3) 

This CN was t hen r e peatedly incremented by a value of 2 until the 

compu te d Q was equal to or greater than the actual runoff volume fo r 

the event. These CN est imates were summed and averaged for the events 

studied for each watershed. The computed ave rage CN has been reduced 

one va lue to impr ove the estimate . 

Simple linear regression ana l ysis has been performed for t he 

rainfall-runoff data . The resulting equations of best fit straight 

lines and the compute d corre l ation coefficients for these lines are 

presented in Table 1. The Q intercepts fo r Halfway Creek and Morris 

Creek watershe ds are so near zero that the lines obta ined from 

plo tting t he average QIP ra tios as s hown on Figures 1 and 2 are felt 

to be representative of the rainfall - runoff relat i onships for these 

watersheds fo r the low values of Q encountered. The best fit straight 

line is retained for t he Alpine Meadows Waters hed. The line obtained 

from plotting the average QIP ratio is al so s hown in Figure 3 for 

this watershed. The CN estimated from soi l s and vegetation data a r e 

also shown in the figures combined with runoff values computed for 

each value of P from the average QIP ratios . Refer to Appendix B 

for the deve l opment of runo ff curve numbers (CN) from soils and 

vegetation information . 
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Table 1. Rain fa 11-runoff comparisons 

Halfway Creek Watershed 

Event Date Rain Runoff Computed 
Number Inches Inches CN 

t/ 1 7/1/1940 1. 50 . 0192 65 

2 7/12/1942 1.00 .0105 / 73 ' F 

3 8/19/1945 1. 33 .0216 68 'rf.<; 

4 7/12/1951 .50 .0036 84 f- 'I 

/ 5 8/1/1952 . 80 . 0105 77 ' ... -9~ 

6 7/26/1953 .30 .0073 J 91 _4 

A 8/4/1954 l. 31 .0088 / 66 (4. 1\ 

v s 8/19/1959 . 50 .0036 84 S'l. 'I-

v v') 7/13/1962 1. 09 . 0147 v 71 'lo,<, <, 

/ 10 9/13/1963 1.00 .0035 71 'I <,f'~ 

V u 9/13/1963 .44 .0030 86 "6.- " 
v 12 7/18/1965 1. 50 .0186 65 <:, ,_<:; 

,_ 13 8/12/1965 . 44 . 0042 / 86 r /.,. c.-

v 14 8/21/1965 .58 . 0067 v 84 f.<' 

The average runoff to rain Q/P ratio is .on. 

The equation for the best fit straight line is Q = - .0012 + . 0124 P. 

The correlation coefficient fo r this line is .82. 

The average computed CN for this waters he d is 75. 

The CN estimated from soi1 and vegetation data was 49. 
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Table 1. Continued 

Morris Creek Watershed 

Even t Date Rain Runoff Computed 
Number Inches Inches CN 

15 7/1/1940 1. 50 .0050 61 

16 9/12/1942 1.00 .0022 71 

17 8/3/1945 .77 .0032 76 

18 8/19/1945 1.36 .0029 64 

19 8/13/1946 .30 .0011 89 

20 8/10/194 7 .76 .0041 76 

21 7/27/1951 .50 .0007 82 

22 8/4/1951 . 76 . 0020 76 

23 8/19/ 195 1 .95 .0028 72 

24 8/1/1952 .70 . 0027 78 

25 7/26/1953 . 40 . 0010 85 

26 8/4/1954 1. 35 . 0036 64 

27 7/11/1956 .35 .0005 87 

28 7/28/1956 .35 .0008 87 

29 8/21/1957 . 90 . 0072 75 

30 8/19/1959 .80 . 0011 73 

31 7/18/1965 1. 20 .0017 64 

The average r unoff to ra in Q/P ratio is . 0031. 

The equation for the best fit stra ight line is Q = . 0003 + .0027 P. 

The corre l ation coefficient for this line is .58 . 

The average computed CN for this watershed is 74 . 

The CN estimated from soil and vegetation data was 34. 



14 

Table 1. Continued 

Alpine Meadows Watershed 

Event Date Rain Runoff Computed 
Number Inches Inches CN 

32 " 7/16/1951 .40 .0027 87 

33 8/3/195 1 .30 . 0044 91 

34 7/28/1952 1.10 . 0969 81 

35 7/30/1952 .20 .0119 95 

36 7/10/1953 . 60 .0345 87 

37 7/28/1953 .47 .0406 91 

38 8/31/1953 .79 .0761 86 

39 8/16/1955 .61 . 0279 85 

40 8/3/1961 .77 .0486 84 

41 8/7/1961 .38 .0246 92 

The average runoff to rain Q/P ratio is . 066. 

The equation for the best fit straight line is Q = - .0216 + . 1039 P. 

The correlation coefficient for this line is . 92. 

The average computed CN for this watershed is 87. 

The CN estimated from soil and vegeta tion data was 60. 
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Comparison of rain and runoff-
Logarithmic base 
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The rainfall and runoff volume data may also be analyzed through 

logarithmic transformation . The resulting rainfall-runoff relationship 

is o( the form 

(4) 

It three events on Halfwa y Creek Watershed , July 26, 1953, August 4, 

1954, and September 13. 1963. are designated mavericks and neglected, 

the best fit curve has the formula 

1. 48 
Q~0.012P 

with a correlation coefficient of the logarithms of the volumes of 

0.98. The best fit curve for the Morris Creek Watershed with no 

mavericks excluded is 

1. 12 
Q = 0.0028 p 

and for Alpine Meadows Watershed with the event for J uly 16, 1961, 

excluded is 

Q = 0.08 1 P1 · 52 

(5) 

(6) 

(7) 

If the exponent of P is held constant at 1 . 48 and the coefficients 

a1 chosen so that the curves pass through a mean logarithm of the 

runoff volumes, the resulting formulas for the best fit curves a r e 

Q 0.012 pl. 48 
(8) 

Q = 0.003 p1.48 (9) 

Q = 0.079 pl.48 (10) 

for the three watersheds in the same order. These curves are plotted 

in Figures 4, 5 and 6. The CN obta ined from soils and vegetation data 

dre plotted on these figures as combined with equat ions (8), (9) or (10) 

as appropriate. Figure 7 is a logarithmic plot of the coefficients of 

P in equations (8). (91 and (10 ) against the CN obtained from soils and 

vegetation information. 
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Estimating watershed lag factors 
with synthetic hydrographs 

lf rainfall and runoff records were always accurately timed and 

1f rainfall came in sudden burst s, but in uniform rates, watershed 

lag time could be measured directly from plo ts of hyetographs and 

hydrographs . Neither condition is met in the basic data used for 

this study. The construction of synthetic hydrographs with the 

incremental triangular hydrograph procedure as proposed by the Soil 
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Conservarion Service (1964) allows cut and try estimation of watershed 

lag effects . 

When the rain distribution is determined or fixed, the shape of 

a synthetic hydrograph produ~ed depends on the estimate of watershed 

lag time as seen in the equation 

(11 ) 

where qpi is the peak rate of f l ow of an incremental triangular 

hydrograph, A is the watershed area in square miles, Qi is the 

generated incremental estimate of mass runoff and ~ Tp is the 

estimated time of rise of the incremental hydrograph. The relation-

ship of Tp to watershed lag is defined by the Soil Conservation 

Service (1964) to be 

.). T ~ .0. D/2+L 
p 

where ~ Dis a chosen increment of time used to divide the mass 

rainfall cu r ve into short, fairly uniform segments of developing a 

( 12) 

series of incremental t riangular hydrographs, and L is the watershed 

lag time in hours . The i ncremental hydrographs may then be combined 

by addition into a composite synthet ic hydrograph. If a natural 

ratnstorm is used for the rainfall mass di stribution curve, if the 

total volum of runoff is predicted correct l y, and if the proper 
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~ D is chosen, the resulting synthetic hydrograph should closely 

fit the actual runoff hydrograph . 

Kent (1968) proposed the use of the approximation 

AT = 3~0 
p 

(13) 

to facilitate computer solution of peak flow estimates from 

incremental triangular hydrographs. This approximation may also be 

used to develop complete hydrographs. A program written in FORTRAN 

that will do this is included in Appendix c. This program is written 

to perform the following operations; 

1. Compute a synthetic hydrograph from a natural rainstorm 

adjusted in depth to the estimated average watershed depth. 

2 . Compare this hydrograph to the actual hydrograph and compute 

the summed squares of the deviations between them. 

3 . If there is only one minimum point in curve of summed 

squared deviations , the program will search for it by 

making two adjustments: 

a. First , move the actual hydrogra ph in time to the 

position of best fit. 

b. Then, increase ~D and repeat the operation in a. 

c . Re peat steps a and b until the minimum summed squared 

deviation is found. 

Table 2 is a list of the Tp estimates computed with this procedure. 

The minimum squared deviations found and the time that the actual 

hydrograph was mo ved from the beginning of rain to the position of 

best fit are also listed in Table 2. These estimates could be 

refined somewhat by reducing the size of the C;. D increment if desired. 

Appendix D contains the plotted actua l and synthetic hydrographs for 
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Table 2. Summary of goodness of fit data for hydrograph synthesis 

Halfway Creek Watershed 

Minimum 
T 

Time 
Even t sum of p Move of 
Number Date Deviations Estimates Actual 

Squared Hydrograph 

7/1/1940 8. 1723 1.8 1.2 

2 9/12/1942 2.45 4.2 7.0 

3 8/19/1945 19.7 0 . 6 0 .8 

4 7/27/1951 1.9 1.2 1.2 

5 8/1/1952 5.5 0.6 0.2 

6 7/26/1953 5.1 0.6 0. 2 

7 8/4/1954 2.1 0.6 0.4 

8 8/19/1959 0.3 1.2 0.8 

9 7/13/1962 2.8 1.8 1.2 

10 9/13/1963 0.1 1.8 0.6 

ll 9/13/1963 0.1 1.8 1.2 

12 7/18/1965 3.6 1.8 1.8 

l3 8/21/1965 0.1 1.2 0.8 

14 8/21/1965 0.3 1.8 1.2 

Total 21.0 18. 6 

Average 1.5 l. 33 

Without Number 

Total 16.8 11.6 

Average 1.3 0.9 

Estimate of T from Kirpich procedure = 0.30 hours . 
p 

Estimate of TP from Mockus (Kent, 1968) procedure = 1.26 hours. 
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Table 2. Continued 

Mor r is Creek Waters hed 

Minimum 
T Time 

Event Sum of p Move of Number Date Deviations Estimates Actua l 
Squared Hydrograph 

15 7/1/1940 0.012 1.2 2.0 

16 9/12/1942 0.036 2 . 4 0.8 

17 8/3/1945 0.008 0.6 0.6 

18 8/19/1945 0.021 3.6 4.8 

19 8/13/1946 0.006 0.6 0.4 

20 8/10/1947 0.125 0.6 0.8 

21 7/27/1951 0.001 1.2 0.4 

22 8/4/1951 0.006 1.2 1.6 

23 8/19/1951 0.050 0.6 0.2 

24 8/1/1952 0.106 1.2 1.2 

25 7/26/1953 0.004 0.6 0.2 

26 8/4/1954 0.019 2.4 2.4 

27 7/11/1956 0.002 1.8 1.8 

28 7/28/1956 0.002 0.6 0 .6 

29 8/2 1/1957 0.437 1.2 0 . 8 

30 8/19/1959 0.002 1.2 2.4 

31 7/18/ 1965 0.014 1.8 2. 4 

Total 22 . 80 23.40 

Average 1.34 1.38 

Estimate of Tp from Kirpich procedure = 0.19 hours. 

Estimate of Tp from Mockus (Kent, 1968) procedure = 3.0 ho ur s . 
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Table 2. Continued 

Alpine Meadows Watershed 

Minimum Time 
Event Sum of T 

Move of p 
Number Da te Deviations Estimates Actual 

Squared Hydrograph 

32 7/16/1951 0.185 1.2 0.8 

33 8/3/1951 0.815 2 . 4 1.6 

34 7/28/1952 334.1 0.6 0.4 

35 7/30/1952 13.6 0.6 0.4 

36 7/ 10/ 1953 30.6 1.2 1.2 

37 7/ 28 / 1953 447.2 0.6 0.6 

38 8/31/1953 120.0 1.2 1.2 

39 8/16/1955 140.0 0.6 0.4 

40 8/J/1961 143.0 0 .6 0.2 

41 8/7/1961 11 .8 1.8 1.2 

Total 10.80 8.0 

Average 1.08 0.8 

Estimate of Tp from Kirpich procedur e = 0.34 hours . 

Estimate of Tp from Mockus (Kent, 1968) procedure =- 0 .96 hours. 



the events studied. Table 2 also lists Tp estimates obtained by 

Tp = 0.72 Tc 

where Tc is estimated from methods presented by Kirpic h (1940) and 

Mockus (Kent, 1968). 

Estimat ing sources of runoff 

28 

(14) 

The volumes of runof f measured from these watersheds are important 

in that they may contribute to serious floods when combined with runoff 

from other watersheds. They also provide a supplemental water supply 

to depleted summert i me streamflows. When conver ted to inches of 

runoff from the watershed, however , they are very small. Only two 

of the even ts studied a pp roached one tenth of one inch of runoff. 

These were both on the Al pi ne Meadows Watershed. There was one event 

during the study period on Halfway Creek that may have approached 

this amount of runoff , but it caused a mud flow which submerged the 

runoff gage. This occurred on August 10, 1947. Other mud flows have 

occurred from this watershed. 

The low volumes of runoff suggest tha t no significant amount of 

direct surface over land flow may have occurred from any rain 

event studied. Suppose all of the runoff occurs from effectively 

impervious areas. Now estimate the impervious surface area required 

to produce the amount of runoff to result in the Q/P ratios found 

in the rainfall-runoff comparisons. This is simply t he product of 

the Q/P ratio and the total area of the watershed. The results are 

5.1 acres for Halfway Creek, 0.47 acres for Morris Creek, and 24.8 

acres for Alpine Meadows . The Alpine Meadows Watershed has an area 

of 20 acres or more of snow drift fields and barren areas adjacent 

to streams. There is also a small wet meadow area just above the 



runoff gage that would first take rain and runoff to replenish its 

depletions and then provide almost 100 per cent runoff. This may be 

the reason for the P axis interce pt of best fit regression line in 

Figure 3. If this area i s subtracted from 24.8 acres we still have 

4 . 8 impervious acres. 

All three watersheds have perennial streams. Nearly all of the 

rain that falls on these open streams must leave the watershed as 

direct flow . Open streams may be detected on aerial photographs. 

These stream lines may be transferred to the topographic maps and 

their lengths estimated. The estimates are 16,000 feet for Halfway 

Creek, 6,000 feet for Morris Creek , and 24,000 feet for Alpine 

Meadows. If we convert the areas listed above to square feet and 

divide by the estimated stream lengths, we obtain the estimated 

average stream widths required to produce the runoff volumes 

experienced .during the period of study. These stream widths are 

13.7 feet for Halfway Creek , 3.4 feet for Morris Creek , and 8.7 feet 

for Al pine Meadows. These figu res are too high as estimates of 

average stream widths) but they are in the correct order of magnitude. 

The flowing streams tend to keep an area of soil and rocks saturated 

on their banks. There are rocky and barren areas very close to the 

streams that will contribute high percentages of rainfall to direct 

surface runoff or to 'quick return 1 subsurface flow. This kind of 

flow is often called interflow and may produce runoff very quickly 

through an interplay of static and kinetic flows. If these areas 

are included in the width estimates above they seem to be very 

realistic. 

However, the fairly long lag times experienced and the apparent 

29 
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re lationship s hown in Figure 7 between soils and vegetation and the 

rainfall-runoff relationships may provide addit iona l clues as to the 

~0urces of runoff. These factors indicate that the interflow from 

sma ll source areas may supply more vo lume than runoff from stream 

surfaces. The slow lag times es timated for these steep watersheds 

indicate considerable resistance t o flow . This is probably the 

re sult of flow through cracks in r ocks, over boulders, through 

porous soils and perhaps, in some areas through humus and litter. 

The r e l ations hip shown in Figure 7 suggests that the CN deve l oped 

from soi l s and cover information may indicate the size of small 

source areas on these high mountain watersheds that have high percent-

ages of runoff. The combination of this r e lationship with the 

r e lationships shown in Figures 4, 5 and 6 might provide a basis for 
I 

changing the rainfall-runoff curves (CN ) s hown in Figure 9 in Appendix 

A to improve est imate s of potential runoff from similar watersheds. 

Further research is needed to confirm these curves or to improve and 

extend them. 
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OBSERVATIONS AND RECOMMENDATIONS 

Ob se rvations 

The very low volumes of runoff listed in Table 1 strongly indicate 

that only small parts of the watersheds have contributed runoff for the 

events studied. The standard runoff curve number (CN) developed as 

part of the Soil Conservation Service methods for estimating rainfall 

runoff relationships appears to be a poor estimator of these low 

volumes of runoff when it is developed as a weighted average CN for 

the entire watershed either from soils and vegetation information or 

from rainfall -runoff comparisons. 

The high estimates of lag time obtained from t he procedures used 

in this thesis suggest quite high resistance to water flow. This 

suggests that more water comes from overland and subsurface flow 

than from rain fallin g directly on stream surfaces. This water may 

be flowing t hrough cracks in rocks , through very porous soils very 

near the flowing streams, through wet humus or living vegetal matter 

such as moss and lichens along stream banks , or through litter on the 

soil surface. Rock outcrops and talus slopes lying close to the 

stream tributaries are suspected of providing the major source of 

runoff from the summer rainstorms on these well vegetated small high 

mountain watersheds. 

Figure 7 suggests that the CN obtained from soils and vegetation 

information for the whole watershed may be an indicator of the size of 

the small portion of the watershed that actually produces runoff from 

summer rainstorms . Further research is needed to determine whether 



this ev idence may become the basis for improving the runoff curve 

number as an estimator of runoff volumes from summer rains on small 

high mountain watersheds . One possible form these CN might take is 

shown for each watershed on Figures 4, 5 and 6 as the combined curve. 

The consistent underestimates of peak rates of flow by the 

synthetic hydrograph procedure used in this study suggests a need to 

change or improve estimates of watershed lag time from the formula 

given as equation (13) to some shorte r time relationship. Holtan and 

Overton (1963) suggest an 11m" value derived from recession curve 

analysis as an estimator of watershed lag effects. Somewha t more 

sophisticated programming would be required for computer generation 

of the synthetic hydrographs to test this value, but its use s hould 

be further investigated. Field measurements would also provide a 

check on lag time estimates. 

The exce llent agreement of Tp estimate s between t hose obtained 
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by this study and those obtained from the Mockus procedure for Halfway 

Creek and Alpine Meadows is most interesting. The fairly poor 

comparison for the Morris Creek watershed is just as significant. 

Had the estimate of watershed curve number for Morris Creek also been 

about 50, the Tp estimate from t he Mockus procedure would have been 

much closer to the 1.34 hours obtained from the synthetic hydrograph 

est imate . This suggests that the variations of CN may not be 

responsible for changing watershed lag characteri stics when the 

volumes of runoff are very low. This finding is consistent with 

the earlier suggestions made about runoff volumes. The very poor 

comparison of Kirpich method estimates of Tp leads to serious doubts 

as to its usefulness for watersheds and conditions such a s those 



studied in this thesis. 

Though not presented in this thesis, the isohyetal plotting of 

summer rainfall events led the writer to the following tentative 

observations. Summer rainstorms in the high mountains are highly 

variable. Recorded amounts of rain for the same stor m could vary 

from ze r o at one rain gage to almost an inch at another rain ga ge 

less than 3000 feet away. The storm patterns seem to be more 

significant than orographic effects for these storms. Rain gage 

catches differ between nearby gages at similar elevations as much 

as between nearby gages at different elevations. The lower elevation 

gages catc h more rain than the higher gages almost as often as the 

inverse is true. The data obtained for this study are not sufficient 

for a true statistical test of these observations. 

Recommendations 
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Serious deficiencies have been encountered in records of rainfall 

and runoff. These are partly a result of human errors, but are more 

often the result of instrument malfunction. Clocks stop or gain or 

lose time. Ink traces are lost while the pen is apparently still 

inked. Ink traces sometimes trace over and over at diminishing 

levels until some records are obliterated. Clocks between different 

gages are almost never properl y synchronized. I mproved instruments 

and procedures are seriously needed. 

The present methods of measurement or sampling of hydrologic 

data need to be improved. Areal distribution of rain is a lmost an 

unknown factor , even when several rain gages exist in a fairly small 

area. Weirs and flume and sediment traps may significantly disturb 

time lag factors in runoff measurement . Recent developments in such 



remote sensing devices as radar offer great promise in re ducing areal 

measurement errors. This kind of measurement s hould be deve loped on 

the expe r imenta l watersheds of the Agricultural Research Service and 

the Forest Se rvice . This would facilitate further study of summer 

rainsto rm pa t terns in the high mountains . 

Range a nd forest surveys often provide little information about 

the actual total plant density or the horizonta l pe r cent of area 

covered with plants . This cover estimate s hould be develope d and 

r e late d to site condition or othe r c ommonl y surveyed factors. Soils 

information obtained with these surveys needs to be improved to allow 

better estimates of the hydrologic effects of t he soil -plant complex . 

Field studies of the hydrau lic propert i es of the watersheds 

included in this study might provide additional valuable information. 

This study can be expanded with other est imates of rainfa ll-runoff 

c harac t e ri st ic s and l ag times to improve these comparisons. 
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Appendix A 
The SCS synthetic unit- gr a ph method 

Theory of direct surface runoff volume . As seen in Figure 8 , 

the general water balance equation for any watershed when ice and 

snow are not present can be expressed 

(15) 

where P is precipitation . Q1 is channel inflow or surface inflow into 

the watershed and Q2 is surface ou tflow or channel outflow from the 

watershed . z l is condensation and z2 is evapotranspiration . wl and 

Wz are horizon tal underground inflow and outflow. The quantity 

(U2 -u1) is the change in both underground and surface storage during 

the s pecified time interval (Chebotarev, 1966). 

For the case of direct surface runoff from a headwater watershed 

during a s hort duration storm , some of the variables may be combined 

or neglected in equation 15 ). Q1 is eliminated when the boundary is 

defined unless artificial importation occurs. z
1 

may be considered 

a part of P as it occurs during a storm. z
2 

will include evaporation 

and transpiration during and shortly after the storm and will account 

for part of the initial abstraction (Ia) from P that must occur before 

any overland runof f takes place . w
1 

and w
2 

will usually be neglected 

during a short duration direct runoff event . The storage factor 

u2-u
1

) as it pertains to underground water can change only as 

supplie d by infiltration or depleted by base flow . Temporary 

storage on the surface of the watershed during a storm contributes 

to the effects of lag in time of outflow and supplies water for 

evapora.tion and infiltration . r
2 

is the sour ce of base flow at the 

water s hed outlet and i s est ima ted separately from the direct runoff 
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Fi g.>< e 8. Wa ter balan ce model of a small wa t e rshed 



estima tes . r
1 

is i nfilt r ation t hrough the wa t e r s hed sur face . r
1

, 

w
1

, w2 . u2 and z2 when combined comprise t he total a bst ract i ons (S ) 

4lJ 

from P. Part of S i s considered to be initial abstraction ( Ia) and 

a remainder (F). Equation (1 5 ) may now be expressed 

( 16) 

Rearranging and dr opping t he s ubscript 

(17) 

(P - Ia) is defined as effect i ve rainfal l , the r efor e 

( 18) 

The SCS method assume s that f o r a ny time during the storm af ter direct 

runoff begins 

F I s ~ Q I Pe 

Equations (1 8) a nd (19) combined give 

2 
Q ~ Pe I (Pe + S) 

( 19) 

(20) 

Studies of many small watersheds have led to an average estimate that 

Ia ~ 0 . 2 s. Resubstituting Pe ~ (P - 0.2 S) 

Q ~ (P - 0.2 S) 2 I (P + 0 .8 S) (21) 

Now de f ine a rainfal l -runoff curve numbe r (CN) i n t e rms o f S a s 

CN ~ 1000 I (S + 10) (22) 

Equations (18) and (19) combined produce a se cond deg r ee e quation for 

the solution o f runoff in terms of precipitation and a rainfall-runoff 

curve numbe r . 

2 
Q ~ [ P - (200 I CN - 2) l I (P + 800 I CN - 8) (23) 

Th i s equation has a distinct min imum point when Q equals zero for each 

value of CN whe r e 

P ~ ( 200 I CN) - 2 (24) 

Equation (23) is meaningl ess f o r all values of P les s t han that 



computed in equation (24 ) . l<hen this is true there is assumed to be 

no overland runoff. Equation (2 1) can be solved fo r several values 

of CN and a chart may be ma de suc h as in Figure 9 for ready graphical 

solution of th~ tqua tion. 

Obl di ning factPr~ 11 · t the r unoff e quation. The use of equation 

,~J ) or Figur e 9 presuppos e s some reasonable estimate or meas urement 
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of CN and P. P ma y be obtained from act ual sto r m data or from charts 

of expected rainfall va lues for var ious durations a nd likelihood of 

occurre nce . One source for this in f o r mation is a set of precipita tion 

frequency maps for Utah (U. S . Weather Bureau, 1968). Precipitation 

data used in t his study is foun d in Appendix c. 

If precipitation a nd runoff are both measured quantities) for 

several events of sufficient magnitud e for a smal l watershed, a value 

o f CN may be estimate d fo r that waters hed using equation (23) or 

Figure 9 . CN e stimated by this method may be correlated to soil and 

vegetation information about the waters hed. When this i s done CN may 

be estimate d fo r un gaged h'Bt:e r shL d s on t he basis of soil and vegetation 

ln(ormd.t:iun . 

The Forest Se r vice has cooperated with the Soil Conse r vation 

~~ rvice in develo pi ng CN values to r western fo res t and range complexes 

for small lva te r s heds on Lhe basis of infortnB.tion about soils , vege 

tati on, and intensity of land use. CN may be estimated f r om Figures 

LO , 11 , 12 and 13 which have been adapted from information presented 

by the Soi l Con servation Service (1964). A value for CN fo r a small 

watershed is usua lly estima ted as an areally weighted composite o f 

CN values for subdivisions of the watershed. The CN is a practical 

estimate of the combined i n rPrception a nd i n filtration effects in the 

rainfall - runoff c harac terislics of a waters hed. 
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Soils in the watershed . From the point of view of the problem 

di scussed in this paper , the most important property of soil is it s 

infi ltrat ion or water intake ra te. Logic tells us that a soil with 

a high intake rate will produce l ess direct runoff than a soil with 

a low intake rate . The intake rate may be limited by the trans

mission rate of the saturated soil. The property is called soil 

pe rmeability . 

An exact quant itative analysis of t he intake rates and trans

mission rates of wate rshe d soi l s would be very difficult, if not 

impo ssible. There are many factors tha t can influence or radically 

change the intake rate of a soil. A saturated or frozen soil will 

gene rally have a lower intake rate than a moist, warm soil. Chemical 

change s in a soil may affect this property. Biological agents change 

soil composition , structure, texture and po sition. However, some 

approximate analysi s of soil properties in the watershed must be made 

a s the basis for runoff prediction from precipi tation information. 

The SCS method proposes the use of a limit condition of t he 

minimum rate of infiltra tion obtained for a bare soil when comple tely 

wet ted for a long time. The determinat ion of this index is empirical 

and approximate. On this basis, four rather broad hydrologic 

groupings are given to classify soils. These are simply A, B, C and 

D. The Forest Service in Utah has also defined groups AB, BC , and 

CD as hydrologic soil groupings whose characteristics fall between 

the pr imary groupings. A descr iption of these groups is given in 

Table 3, a s taken from the SCS handbook, and in Table 4, as taken 

from an unpublished information sheet obtained from the regional 

hydro logist ' s office of the For est Ser vice in Ogden, Utah . 
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Table 3. Hydrologic soilS groups as defined in the SCS handbook 

Hydrologic 
Soil 
Group 

Description 

A (Low runoff potentia l) Soils having high infiltration 
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rates even when thoroughly wetted and consisting chiefly 

of de e p ; well to excessively drained sands or gravels. 

These soils have a high rate of water transmis s ion. 

B Soils hav ing mod e rate infilt ra tion rates when thoroughly 

wetted and consisting chiefly of moderately deep to deep, 

moderate l y we ll to well drained with moderately 

fine to moderately coarse textures . These soils have a 

moderate rate of water transmission. 

C Soils havin g slow infiltration rates when thoroughly 

we tted and consist ing chiefly of soils with a layer 

that impedes downward movement of water, or soils with 

mode rately fine to f ine texture. These soils have a 

slow rate of water transmission. 

D (High r unoff potential) Soils have very slow infil -

t ration rates when t horoughl y wetted and consisting 

chiefl y of clay soils with a high swelling potential , 

soil s with a permanent high water table , soils with a 

claypan or clay layer at or near the surface 1 and 

shallow soils over nearly impervious material. These 

soils have a very slow rate of water t ransmission. 



Table 4 . Hydrologic soils groups as defined by the Forest Service 

Hydrologic 
Soil 
Group 

Description 
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A Soils having high infiltration rates even when thoroughly 
wetted, consisting chiefly of deep (~ 3 feet) well to 
excessively drained sandsJ loamy sands , sandy learns , or 
gravels . These soils have a hi gh rate of water trans
mission and a low runoff potential (3.00 inches of 
infiltration per hour or more). 

Paralithic soils - granitic soils more than 20 inches 
deep with a deep decompose d contact zone . 

B Soils having moderate infiltration rates consisting 
chiefly of moderately dee p (20 inches) moderately well 
to well drained soils with moderate l y fine to moderately 
coarse textures. These soils have a moderate rate of 
water transmission (1.25 to 3.00 inches per hour). 

Paralithic soils - granitic soils less than 20 inches 
deep with a decomposed contact zone. 

C Soils having slow infiltration rates consisting chiefly 
of soils with a layer that impedes the downward move 
ment of water and soils moderate l y fine to fine texture 
and a slow in filt ration rate. These soils have a slow 
rate of water transmission (0.5 to 1 . 25 inches per hour). 

1. A Change of one or two percolation classes within 
10 inches of the surface, depending on roots and 
structures. 

2. Moderately fractured limestone at less than 20 
inches. 

3. The change in permeability is at less than 20 
inches. 

4. Soils having moderate compaction in the upper 
8 inches of profile . 

D Soils having very slow infiltration rates consisting 
cheifly of clay soils with a high swelling potential, 
soils with a high permanent water table , soils with a 
claypan or clay layer near the surface, and shallow 
soils over nearly impervious materials. These soils 
have a slow rate of water transmission (less than 0.50 
inches per hour). 



Table 4. Continued 

Hydrologic 
Soil 
Group 

Description 

D Continued 1. Less than 12 inches of soil over flat lying 
sandstones, limestones, etc. 

2 . Lithosols - generally averaging less than 1 
inch per hour infiltration. 

3. Clay layer or shallow over shale. 

4 . A change of two or more percolation classes 
in the profile. 

5. Non-wetting soils , dry silt, sand, etc. 

AB Hydrologic soil group whose characteristics fall 
be t\.Jeen pr imar y so il g ro ups. 

BC Same as above. 

GD Same as above. 

The Soil Conservation Service and other agencies of the u. S. 

Department of Agriculture have been conducting soil surveys for many 

years. Much of the agricultural land and some of the public land in 

this country has been soil surveyed . The minimum infiltration rate 
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of a soil type can be inferred approximately from the soil descr i ption 

written from the soil survey data. A list of over 4000 soil type 

name s with their hydrologic group classification is given in the SCS 

handbook . This is not a list of all soils , but the local soil 

scientist can compare the properties of unlisted soils with listed 

soils with which he is familiar . The soils of the local watershed 

may be classified from this information. When the watershed soils 

have not been surveyed , a field reconnaisance ma y be pe rformed by 
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experienced personnel. Local Forest Service and SCS personnel may 

be sufficiently familiar with the watershed to make a tentative 

classification of the soils . The hydrologic soil groups are then 

ou tlined on a base map of the watershed and their areas determined 

by a dot or grid method or they may be planimetered. Impervious 

areas are kept as separa te units. Small areas of differing soils 

may be included in larger areas if they cover less than three per cent 

of the combined area. 

Watershed vegetation. The following statement can be found in 

the context of the "Hydrology Handbook". 

Of the natural agencies affecting soil structure and its 
permeability to water none is more important than the impact of 
rain ... The conditions at the soil surface are often the critical 
ones that govern infiltration. The arrangement of soil particles 
in the surface layer may either permit a high rate of intake or 
cause a very low rate , and is sensitive to great readjustment by 
either man or nature. An aggregated, porous structure usually is 
found where a considerable quantity of organic matter is in the 
soil, where tillage has not been excessive, and where sod forming 
crops have been included . However, such favorable surface 
structure may be largely destroyed if the soil, when bare , 
receives high intensity rains ... The presence of vegetative 
cover , either as a canopy or as a mulch of dead vegetation , has 
. .. pronounced effects upon the rate of infiltration. The 
character of surface cover , therefore, is a matter of prime 
importance. The de gree of protection provided is a bout propor
tional to its density. (American Society of Civil Engineers, 1949, 
p 34-37) 

Figures 10, 11, 12 and 13 provide estimates of CN according to 

hydrologic soil group and vegetative cover type and density. Cover 

density includes litter if present. Adjustments have been made in 

the basic data to conform to the assumption that Ia 0.2 Sand that 

average moisture conditons prevail . 

Ve getation cover t ypes and density ma y be estimated from field 

reconnaissance or from ve getat ion survey maps and data. On public 

forest and range land where priva te use for grazing is permitted , the 
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Forest Service or the Bureau of Land Management may have range 

vegetation surveys on file . These are usually maps with the appropriate 

symbo ls and ke ys at a scale of 2 inches per mile. Where commercial 

timber is available on public lands there may be a timber survey. 

Much of the state of Utah has been map ped under one of these surveys . 

Sample data for these surveys is taken from field transect lines or 

area p lots. This sample data is extended with the interpretation of 

aerial photographs and the judgment of the technician in the field. 

Some specific watersheds involved in projects authorized under the 

Small Watersheds Act (Public Law 566) may have quite de t ailed 

hydrologic analysis surveys in the files of local , regional, or state 

offices of the Forest Service or the Soil Conservation Service. There 

are a number of such watersheds in Utah, but generally these watersheds 

have very limited prec ipi tation or runoff data. Some general vege 

tation maps are also on file at the office of the Sevier Basin Study 

of the Soil Conservation Service, now located in Sa lt Lake City, Utah. 

Where surveys have been made they give informa tion concerning 

vegetation s pecies , density of cover, canopy and litter, and other 

information taken from visual measurement or observation , such as slope , 

aspect , evidence of erosion , surface soil texture, and evidence of 

grazing and wildlife. Other information may inc lude r ange site , name 

and condition or forest site class and index. 

From the information gathered in these surveys and the requisite 

soils information, the watershed can be subdivided into hydrologic 

complexes so that the soils-cover relationship within each complex is 

relativel y homogeneous . A CN can then be estimated for each complex 

and these can be combined by weighting by areas into a CN estimate 

for the watershed . 
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Antecedent soil moisture. The CN de termined from Figures 10, 11, 

12 and 13 are given for the average moisture existing for the soils 

and vegetation or land use conditions described . If soil moisture 

conditions on the watershed are normally wetter or drier than the 

average of similar lands in the United States, an adjustment in CN 

should be made. Tables 5 and 6 (So il Conservation Service, 1964) 

give suggested adjustments for three levels of antecedent moisture 

conditions . AMC II is the average level, AMC III is for the wetter 

level and AMC I is for the drier level. These adjustments are 

usually applied after the watershed CN is estimated, but may be 

applied to watershed soil-vegetation complexes if desired. 

Table 5. Seasonal rainfall limits for AMC 

AMC group 

I 

II 

III 

Total 5-day antecedent rainfall 

Dormant season 

Less than 0.5 

0. 5 to 1. 1 

Over 1. 1 

Growing season 

Less than 1. 4 

1. 4 to 2. 1 

Over 2.1 

The triangular hydrograph . The method for using watershed soils, 

soil moisture and vegetation information to estimate a rainfall-runoff 

volume relationship for that watershed has been discussed. The runoff 

volume, however , may tell ve r y little about its rate of flow. The 

design of spillways or flood control storage requires an estimate of 

probable peak flows. This may sometimes be obtained from a frequency 

analysis as previous l y mentioned, or from some kind of routing 



Table 6. Curve numbers (CN) adjustments for wet or dry antecedent 
moisture conditions 

CN for conditions 

II I III 

100 100 100 

95 87 98 

90 78 96 

85 70 94 

80 63 91 

75 57 88 

70 51 85 

65 46 82 

60 40 78 

55 35 74 

50 31 70 

45 26 65 

40 22 60 

35 18 55 

30 15 50 

54 
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procedure on larger watersheds or river basins. On smaller watersheds 

the estimate may be made through some kind of hydrograph analysis. 

A basic tool for estimating runoff hydrographs for storm of 

different amounts and intensities on a watershed is the unit hydrograph . 

Since many watershed characteristics, such as shape, size and slope are 

relatively constant from year to year , if two storms are similar in 

dura tion and amount , the two runoff hydrographs should be quite 

similar as well . 

The theory of the unit hydrograph as now conceived, is 
based on the observation that, at a given point on a given 
stream , not only is the base of the hydrograph of direct 
runoff resulting from a storm of unit duration constant, 
regardless of the volumes of rainfall or runoff , but also 
the ordinates of the hydrograph vary directly as the volume 
of runoff .... The unit hydrograph ... may be defined as 
the discharge hydrograph resulting from one inch of direct 
runoff generated uniformly over the tributary area at a 
uniform rate during a specified period of time. (American 
Society of Civil Engineers, 1949, p . 105) 

The unit hydrograph is curvilinear. The SCS method approximates 

a short duration single peaked runoff hydrograph with a triangular 

hydrograph according to the principle of the unit hydrograph . 

Complex runoff hydrographs can be constructed from combining several 

short duration triangular hydrographs computed for corresponding 

portions of a rainstorm . This procedure has proven to be reasonably 

accurate when used on small agricultural watersheds. Useful 

relationships have been developed for estimating the dimensions of 

a triangular hydrograph . Figure 14 shows these dimensions. 

The volume of runoff is the area under the hydrograph in acre 

inches per acre or simple inches. Time is in hours, and the rate of 

flow is in inches per hour. From Figure 14 we obtain 

(25) 



~Excqss ra infall or inflow --

Figur e 14 . The tria ngu l a r hydrograph . 
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F igure 15. Development of a composite hydrograph by summing increme· tal 
triangular hydrographs. 



From evaluating many actual hydrographs the average relationship is 

devised (Kent , 1968) 

Combining, we have 

1.67 T 
p 

qi = Q I 1 . 335 TP 
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(26) 

(27) 

Converting qi in inches per hour to qp to cubic feet per second (c .f.s.) 

we have 

(28) 

when A is drainage area in square miles. When equation (26) is not 

correct , 484 will not be the correct coefficient for equation (28). 

This coefficient depends on the shape of the hydrograph. From Figure 

9 we find that 

T = D I 2 + L 
p 

where D is the duration of excess rainfall that produces the runoff 

hydrograph and L is defined as lag time. The relationship 

(29) 

L = 0.6 Tc (30) 

is an average taken from the study of a large number of watersheds. 

Tc is the time of concentration or the average travel time of a 

particle of direct runoff from the hydraulically most distant point 

in a watershed to the watershed outlet. If a complex hydrograph 

is to be constructed from combining incremental hydrographs the 

portions of an event, the ~ D chosen should be less than Tc and 

preferably about 0.2 of Tp . Figure 15 presents a visual concept of 

the procedure to be followed to obtain a composite synthetic 

hydrograph from incremental hydrographs . 

There are several methods for estimating Tc. Perhaps the most 

accurate is to estimate channel hydraulics, for various leve ls of flow, 

from channel reaches surveyed in the field. Two approximate methods 



described in the Soil Conservation Service literature have been 

developed by Kirpich (1940) and Mockus (Kent, 1968) . Figures 16 and 

17 are se l f explanator y nomographs deve loped fo r t hese methods. In 

Figure 17 watershed s l ope (S ) may be estimated from direc t measure
w 

m nt ln the fiel d, or the equation 

Sw = 100 MN / A (31) 

may be used where N is the total length of the contours in the 

watershed in feet, N is the contour interval in feet and A is the 

area of the watershe d in square feet. If t he wa t e r s hed is very 

small , Sw may be computed as the ratio of the difference in e l evat i on 

between the waters hed outlet and the most di stant ridge to the 

approximate average length of the watershed . 
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Appendix B 
General description of watersheds 

General description. Three small watersheds in two areas have 

be en selected for this study . Table 7 lists their names, planimetered 

drainage areas , and the stream to which they are a tributary watershed. 

Each of these larger streams has the same name as the town near its 

mouth. These are all small high mountain watersheds. Figures 18 and 

19 are small maps of these watersheds . All develop an appreciable 

snowpack with drifts that usually last through May and early June. 

In some years remnants of larger drifts last through the summer 

season . Rainfall on these drifts probably contributes nearly 100 per 

cent of its volume to runoff, but evaluation of the effects of these 

drifts is very difficult un l ess information is available about their 

areal extent , water holding capacity, melting rates and frequency of 

occurrence. Part of the base flow from a watershed will be melt 

from these drifts when they exist. All of these streams normally 

have perennial flow. All of these watersheds are located in the 

north to south l ying chain of the Wasatch Mountains that form the 

eastern rim of the Great Basin. These mountains supply most of the 

water for Utah ' s 11 fertile cresent . " 

These watersheds were selected for this study because they are 

small , located in Utah , high in elevation, have been fairly well 

instrumen ted for several years , and are not serious ly affected by 

artificial importation of water. If differences from other studies 

are not i ced in watershed areas , lengths , or other proper ties , they are 

the r e sult of independent measurement with tools of limited accuracy. 

Hal fway Creek Watershed . This watershed is on the lower north 

slope of Farmington Canyon . It has an average watershed slope of 



Table 7. List of selected watersheds 

Name of Tributary Drainage Dra inage 
Watershed to Area Area 

Miles 2 Acres 

Alpine Meadows Ephraim Cr eek 0.57 366 

Halfway Creek Farmington Creek o. 72 464 

Morris Creek Farmington Creek 0 . 24 156 

Watershed Upper 
Length Eleva tion 
Feet Feet 

5,320 10,444 

7,040 9 , 160 

4,600 8,307 

Lower 
Elevation 

Feet 

9 , 850 

6 , 200 

6,080 

Average 
Channel 

Slope 
Ft /F t 

0.112 

0.420 

0.484 

o
w 
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Figure 18. Farmington Canyon Watersheds. Estimate of average elevation: 

Halfway Creek - 7600 ft. Morris Creek - 7200 ft . 
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Figure 19. Alpine Meadows Watershed, east of Ephraim Utah . 
Average elevation - 10 , 000 ft. 



about 58 per cent and an average channel slope of 0.42 feet drop per 

foot of horizontal length. The main channel essentially bisects the 

wate r shed from t op to south and forms the intersection of two steeply 

angled planes . The stream flows in a south-southwes terly direction. 

The extreme upper end of the watershed is more densely vegetated 

than the west and has less of its area in rocky outcrops. The west 

side has more area in rock outcrops and talus slopes . This is 

apparently the result of erosion of the upper ends of gran ite 

formations that dip westward. 

The hydrologic soil groups on this watershed range from B to C. 

Most of the wate r shed is classified in the BC soil group . Much of 
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the lower west side of the waters hed has a C soi l group and the lower 

east end of the watershed has a B hydrologic soils group classification. 

Figure 20 is a map showing estimated hydrologic soils groups and 

cover types. 

The vegetative cover informatio~ is from a survey obtained 

from the Intermountain Forest and Range Experiment Station in Logan , 

Utah. As far as the writer is aware , this survey is unpublished and 

untitled. The vegetation varies from a snowbush, s agebrus h , grass and 

weed complex at the upper end to a beautiful tall dense grove of oak 

and maple at the lower east end of the watershed. Most of the west 

side is gambel scrub oak with various kinds of brush such as sc rub 

maple, sagebrus h , chokecherry and snowbush. The east side is more 

densely covered with similar vegetation with the tall groves at the 

lower end and some mapped areas of aspen groves. Table 8 is the 

computation of the runoff curve number for the watershed from soils 

and vegetation information for the areas shown i n Figure 20. 
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Table 8. Halfway Creek Watershed CN estimation 

Area Cover Hydrologic Drainage Sum of Number Vegetation Density Soil CN Area Products 
7. Group Acres 

Terraced sage - Grass weed 25 BC 70 28.7 

2 Terraced low brush - Sagebrush 55 BC 56 2.9 

3 Sage - Gras s - Weed 25 BC 70 12 . 9 

4 Low brush - Sagebrush 55 BC 56 84.7 

5 Brush 68 BC 44 28.8 

6 Brush 68 c 48 4 . 0 

As pen - Maple 47 BC 54 13 .8 

8 Aspen - Maple 47 c 57 7 . 6 

9 Brush - Map le 88 BC 34 19.7 

10 Oak - Maple 76 BC 40 42.3 

ll Oak - Maple 76 c 44 12.5 

12 Oak 76 BC 40 2.9 

l3 Aspen 50 BC 52 2.6 

14 As pen - Br ush 70 c 47 0.8 

"' 00 



Table 8 . Continued 

Area Cover Hydrologic 
Number Vegetation Density Soil 

% Group 

15 Oak - Sage 51 c 

16 Oak - Sage 51 BC 

17 Oakbrush 70 BC 

18 Brush with Oak and Map le 91 BC 

19 Oakbrush - Scrub Maple - Sage 67 c 

20 Oakbrush - Scrub Maple 67 B 

21 Tall Oak and Maple 66 B 

Tota l 

Es t imated CN 

No t e : Withou t t he terraced ar ea CN would be 49. 

CN 

55 

52 

43 

33 

48 

38 

54 

Drainage 
Area 
Acres 

56.0 

25.4 

13.1 

31.4 

24.6 

4.2 

45.9 

464 . 8 

Sum of 
Products 

23 ,475 

50 
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The earliest runoff event used for this study occurred July 1 , 

1940. The latest used occurred August 21 , 1965. There are 12 other 

events used in t he study as shown in Append ix c. The highest summer 

rainfall produced peak flow for these events was 7.9 cubic feet per 

second above base f l ow on August 19, 1965. However, there wa s a mud 

f low flood on August 10, 1947 , that is not included because the 

runoff gage was c overed with debris and sediment . 

The location of nearby rain gages are shown in Figure 18 , excep t 

for t he Farmington Warehouse gage located downstream i n the town of 

Farmington. The rai n events and data used for this study are listed 

in Appendi~: c. The normal precipitation extends from an estimated 

25 i nc hes at the mouth to as h igh as 40 inches at the upper end of 

t he watershed (U. s. Weather Bureau, 1962). 

Morris Creek Watershed. This watershe d is located on the lowe r 

sout h slope of Farmington Canyon. I t is the steepest of the three 

watersheds with an average watershe d slope of about 60 per cent and 

an average channel slope of 0 . 48 foot drop per foot of horizontal 

length. It is narrow at both ends and wide in the middle. The 

stream has cut a V s hape d canyon. The main stream fl ows in a north

northwes t e rly direction. Two tributar ies meet the main stream low in 

t he canyon and extend upward into the wide center part of the water

s he d . The soils on the waters he d are fairly unifor m and are given a 

hydro l ogic soil gr oup classification of BC based on field observation 

that bare s po t s wi ll produce a moderately high de gree of runoff. 

At the extreme upper end of the wate rshed whe r e drifting occurs 

the vegetation is sagebrush , snowberry and snowbush , with weeds and 

wild flowers. This kind of low vegetation extends down t he left and 
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right ridges for some distance. Below this and between the upper 

r idges scrub oak and maple surround groves of fir and aspen. In the 

upper center section of the watershed there are extensive fir covered 

areas mixed with aspen groves. Below this and on the steeper slopes 

above the fir is more sparse with tall growths of oak , aspen , and 

maple filling between. A vegetative study in 1953 (Pe terson, 1954) 
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found the average plant cover over the watershed to be about 55 per cent. 

Litter was found to cover about 84 per cent of the watershed. The 

watershed has shown an increase in vegetative and litter cover since 

1939. 

Figure 21 is adapted from a vegetative survey map provided by the 

Intermountain Forest and Range Experiment Station at Logan , Utah. 

Table 9 is the compu tation of the runoff curve number (CN) estimate 

based on the soils and vegetation information. 

The earliest runoff event used in this study occurred July 10, 

1936. The latest happened on July 18, 1965. The highest summer 

rainfall produced peak flow during the period was 0.93 cubic feet 

per second above base flow on August 10, 1947. This was the same 

event that caused the mud flow which covered the Halfway Creek gaging 

site. Probable reasons for this low flood record include low grazing 

use and the north aspect of the watershed which permits a more evenly 

distributed water supply to the watershed vegetation. 

The Halfway Creek and Morris Creek watersheds have been treated 

as one in plotting isohyetal maps for estimating average watershed 

rainfall amounts. Figure 18 shows nearby rain ga ge locations. The 

rain gage records used for this study are given in Appendix c . Average 

annual rainfall amounts are similar to those for Halfway Creek , excep t 
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Figure 21. Vege tative survey map, Morris Creek Watershed 



Table 9. Morris Creek Watershed CN estimation 

Area Cover 
Number Vegetation Density 

% 

Sage - Snowberry 58 

2 Fir - Aspen - Mixed Browse 90 

3 Large Aspen - Mixed Browse 93 

4 Sage - Weed 69 

5 Brush - Weed 30 

6 Small As pen 95 

Fir - Mixed Browse 90 

Total 

Estimated CN 

Hydrologic 
Soil CN 
Group 

BC 54 

BC 33 

BC 32 

BC 49 

BC 67 

BC 31 

BC 33 

Drainage 
Are a 
Acres 

2.5 

20.2 

19.4 

5 . 0 

2.1 

3.5 

114.0 

166 . 7 

Sum of 
Pr oducts 

5 , 678 

34 

.._, 
w 
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that this is a lower watershed and will not extend to 40 inches of rain 

at the upper end of the watershed. 

Alpine Meadows Watershed. This watershed is located at the upper 

sout heast end of the Ephraim Creek drainage area. It is highest of 

the three watersheds with an average elevation of about 10 , 100 feet 

above sea level. Snow drifts persist later into the season than on 

the other two watersheds. It is the flattest of these watersheds with 

an average watershed slope of about 17 per cent a nd an average channel 

slope of about 0.11 foot drop per horizontal foot of length. The main 

stream has many tributaries extending in a radial pattern to the 

upper ridges. The watershed is shaped like a cut of pie. Figure 19 

is a small map of the watershed showing its location by township ~B 

section numbers and showing the locations of nearby rain ga ges. The 

estimated mean annual precipitation is 35 inches. 

The soils on this watershed are fairly uniform and are classified 

as in hydrologic soil group CD based on field observations that bare 

spots will produce a high de gree of runoff. The predominant soil 

is tentatively classified by texture as a silty clay loam. 

Figure 22 is a vegetation overlay pre pared from aerial photo

graph interpretation. The approximation of per cent of aerial 

photograph area was used instead of map area to prepare the runoff 

curve number estimate found in Table 10. 

The rainfall and runoff data used for the study of this watershed 

are listed in Appendix C. 
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A- Bru~h -Grass 

B -conihr Stands 

c Brush Conihr Compl~x 

D N qar ly Ba rrqn 

figu re 22. Vege ta tion overlay, Alpine Meadows Watershed 



Table 10 . Ephraim Creek-Alpine Meadows- Watershed CN estimation 

Area Cover Hydrologic 
Number Vegetation Density Soil 

% Group 

A Brush - Grass 60 CD 

B Conifer stands 90 CD 

c Brush - Conifer complex 70 CD 

D Nearly barren - Herbaceous 5 CD 

Totals 

Estimated CN 

Aerial 
CN Photograp2 

Area - In 

62 6.67 

42 1.34 

51 0.57 

92 0 . 46 

9.04 

Area 
% 

73.7 

14.8 

6 . 3 

5 . 1 

100 . 0 

Sum of 
Products 

5 , 980 

60 

..., 
"' 
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Appendix C 
Computer program and basic data 
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Appendix D 
Graphical comparisons of hydrographs 
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