
Mr. Joe Rumann 
Hydrologist 

GEORGE v. SAROL Ph.D .. P.K 

CONSULTING F:NGINEER 

135 1 EA T 141st AVF:NUE 

BRIGHT N, CO LORADO 80601 

(303) 457-0989 

Flood Control District of Maricopa County 
3335 West Durango Street 
Phoenix, Arizona 85009 

Subject : Documentation Manual 

Dear Joe: 

19 June 1990 

Enclosed is a copy of Part 2 and Part 3 of the Documentation Manual. I 
also made a copy of this for myself so that I can have the same on record 
here. The District may wish to have the original records tor its files when 
we are finished with this project. I will maintain the originals until such 
time that you request them, if desired. 

Please review these and provide me comments, suggestion, or remind me of 
missing parts, if necessary. 

Attached to this letter is a copy of my outline for the Documentation 
Manual that I conveyed to you last December. I found it interesting that I 
had estimated 50 hours to prepare Parts 2 and 3 and that my records indicate 
that I spent 49 hours. Lucky guess! 

Do you want me to prepare a draft of Part 1 (Design Rainfall Criteria)? 
If so, I could prepare a draft and then you and Davar could review and supple
ment my draft. It seems that much of what we developed and adopted is based 
upon our visit with the LA Corps last year. Please call me and let me know 
what you want me to do in this area. 

I will begin a section (Part 5) on correspondence, review, and comments 
regarding the development of the manual. We may want a separate section (Part 
6) on correspondence, review, and comments concerning the adoption of the 
manual. It may be best to keep these two separate. 

~~ 
George V. Sabol 
George V. Sabol Consulting Engineers, Inc. 



PART 2 

RAINFALL LOSSES 

Development of Procedures 

From the inception of the research f or and development of t he Mari copa 

County Hydrologic Design Manual, there was a general consensus among the 

authors that the adopted loss rate method would be the SCS CN me t hod. 

Although the developers of the manual recognized the deficiencies of this 

method, it was initially to be adopted because of the wide use in Maricopa 

County and the general familiarity with the method by the ant i cipated users. 

In July 1988 there arose a concern by the staff of the Flood Control 

District over the use of the CN method because of the high losses during high 

intensity rainfall periods using this method (see Interoffice Memorandum 18 

July 1988, Appendix 2- A). It was recommended that other loss rate methods be 

considered, and that the uniform loss rate seemed appropriate . 

Efforts started shortly after this to investigate use of the Initial Loss 

plus Uniform Loss Rate (IL+ULR) . Preliminary investigations indicated that 

references were available for selecting the uniform loss ra t e (CNSTL) based on 

hydrologic soil group, however very little information was available to select 

the value of the initial loss (STRTL). Dr. David Woolhiser suggested that the 

Green and Ampt infiltration equation could be used to estimate the initial 

infiltration loss that precedes the uniform loss period. Si nce the initial 

loss is a function of the antecedent soil moisture, this led t o the question 

of what soil moisture should be considered for the various soils and land uses 

in Maricopa County. A letter was written t o Dr. Herman Bouwer (Appendix 2- B) 

describing the potential use of the Green and Ampt equation to estimate the 

initial loss and asking for information regarding antecedent soil moisture 
conditions in Maricopa County. Dr. Bouwer responded that such information is 

not available and the standard practice is to irrigate when one half of the 

available soil moisture (difference between field capacity and wil t ing poi nt) 

has been used. 



Ava ilable information on IL+ULR parameter values was compiled (Appendix 

2- C) . This included published values of CNSTL , estimates of CNSTL and STRTL 
from the previous reconstitution of 48 rainfall - runoff events for unit hydro

graph development, and the estimate of STRTL from CN. These values were used 

as an initial guide in the selection and development of loss rate parameters. 

A BASIC program , RAINX, was used to estimate STRTL for the 11 soil tex

ture classes based on Green and Ampt equation parameter values from Rawls, 

Brakensiek and Miller (1983) (Appendix 2- D) . This was performed by 

calculating the rainfall loss for each of the soil texture classes using the 

published values of Green and Ampt equation parameters (XKSAT and PSIF) and 

estimates of soil moisture deficit (DTHETA). The 100- year rainfall (3.22 

inches) distributed according to Pattern No. 1 was used . The rainfall loss 

was accumulated up to the start of rainfall excess and this was used as a 

first estimate of STRTL . The output from the RAINX program is shown in Appen

dix 2- E. The RAINX program was then used with the IL+ULR method and the 

initial estimates of STRTL to estimate rainfall losses as was previously done 

using the Green and Ampt equation . This resulted in some adjustment to the 

values of STRTL. The final values of parameter and RAINX output are shown in 

Appendix 2- F. 

A verification that both the Green and Ampt equation and the IL+ULR 

method gave similar results was performed by modeling a single- basin, 0.126 

square mile watershed and running HEC- 1 with the same input except using the 

Green and Ampt equation in one case and the derived values of IL+ULR parame

ters in the other. The HEC- 1 computer output and a summary sheet of results 

is contained in Appendix 2- G. 

During this period of development of the IL+ULR parameters, the U.S. Army 

Corps of Engineers, Hydrologic Engineering Center released the June 1988 ver

sion of HEC- 1. This version contains the Green and Ampt equation as one of 

five options in calculating rainfall losses . Therefore, the decision was made 

to explore the use of the Green and Ampt equation as a viable method to 

estimate rainfall losses in Maricopa County. 
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The Green and Ampt equation as coded i nto HEC- 1 requires three parameter 

values; hydraulic conductivity (XKSAT), capillary suction (PSIF), and soil 

moisture deficit (DTHETA) . Values of XKSAT and PSIF can be obtained from 

Appendix 2- D. Values of DTHETA as functions of Dry, Normal, or Saturated 

soil, as defined in the Hydrologic Design Manual, were developed from informa

tion presented by Rawls and Brakensiek (1988) (Appendix 2- H). The work sheets 

used to develop the DTHETA "Dry" and the DTHETA "Normal" figures in the Manual 

are presented in Appendix 2- I. 

Figure 4- 11 of the Manual was derived from information in Brakensiek, 

Rawls and Stephenson (1984) (Appendix 2- J) . The work sheet used to develop 

that figure is also shown in Appendix 2- J. 

The effect of ground cover on infiltration rate was investigated. The 

equations presented by Rawls, Brakensiek and Savabi (1989) (Appendix 2- K) were 

investigated (discussion and results in Appendix 2- L). Those equations were 

not accepted because they yielded inconsistent results across the range of 

soil textures. Attempts were made to develop a functional relation for 

hydraulic conductivity as a function of ground cover and canopy cover. Dr. 

Leonard Lane assisted with the analysis of data that has been published by 

various researchers. The results of Dr. Lane's work are contained i n Appendix 

2-M. No satisfactory results were obtained and the lack of an adequately 

developed and verified procedure for adjusting bare soil infiltration rates 

for the effects of ground cover and canopy cover remains a major deficiency. 

Dr. Tim Ward assisted in providing infiltration data , reviewing work, and 

as an advisor. Resent research by Ward and others at New Mexico State Univer

sity and elsewhere indicates that canopy cover can greatly increase the infil 

tration rate. As a result of those published research results and 

communication with Dr. Ward, a simplified relation was developed to adjust the 

bare ground hydraulic conductivity for vegetation cover (Figure 4.10 of the 

manual) . 

Reviews 

The following individuals have been instrumental in the technical review 

and/or advising in regard to the rainfall losses section: 
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Leonard J. Lane, Ph.D., P.E., Arid Lands Watershed Management Research Unit, 

Agricultural Research Service, U.S. Department of Agriculture, Tucson, Ari 

zona. 

Robin McArthur (deceased), Soil Conservation Service, U.S. Department of Agri 

culture, Phoenix, Arizona. 

Walter J. Rawls, Ph.D., Agricultural Research Service, U.S . Department of 

Agriculture, Beltsville, Maryland. 

Kenneth G. Renard, Ph.D., P.E., Arid Lands Watershed Management Research Unit, 

Agricultural Research Service, U.S. Department of Agriculture , Tucson, Ari 

zona. 

Tim J. Ward, Ph.D . , P.E., Civil, Agriculture, and Geologic Engineering Depart 

ment, New Mexico State University, Las Cruces. 

David Woolhiser, Ph.D., Ar i d Lands Watershed Management Research Unit, Agri 

cultural Research Service, U.S. Department of Agriculture, Tucson, Arizona. 
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APPENDICES 

PART 2 - RAINFALL LQSSES 

2- A - FCDMC Memorandum, 18 July 1988, on SCS curve numbers vs. Initial and 
Uniform Loss Rate for estimation of rainfall excess. 

2- B - Letter to Dr. Herman Bouwer, 27 August 1988, on Initial Loss plus Uni 
form Loss Rate parameters derived from the Green and Ampt equation 

2- C - Letter to Mr. Joe Rumann, 29 August 1988, on Initial Loss plus Uniform 
Loss Rate parameters. 

2- D - Green- Arnot Infiltration Parameters from Soils Data, Rawls, W.J., Br a
kensiek, D.L., and Miller, N., ASCE Journal of Hydraul i c Eng i neering, 
Vol. 109, No. 1, Jan. 1983, p. 62 - 70. 

2- E - Computer output on estimation of initial loss for Init i al Loss plus 
Uniform Loss Rate method by use of t he Green and Ampt equa t ion . 

2- F - Computer output of tests of initial loss values. 

2- G - HEC- 1 output of verification that the Green and Ampt equation method 
and the IL+ULR method result in similar estimates of rainfall excess . 

2- H - A Procedure to Predict Green and Ampt Infiltration Parameters, Rawls, 
W.J., and Brakensiek, D.L., Proceedings of ASAE Conference on Advances 
in Infiltration, Chicago, IL, 1988, p. 102- 112. 

2- I - Work sheets for the development of the DTHETA figures. 

2- J - Modifying SCS Hydrologic Soil Grouos and Curve Numbers for Ranaeland 
~. Brakensiek, D.L., Rawls, W.J., and Stephenson, G.R., Proceedings 
of ASAE 1984 Annual Meeting, Kennewick, WA. 

2-K- Infiltration parameters for Rangeland Soils, Rawls, W.J., Brakensiek, 
D.L., and Savabi, M.R., Journal of Range management, Vol. 42, No. 2, 
March 1989, p. 139- 142. 

2- L - Notes on APplicability of Infiltration Parameters for Rangeland Soils. 

2- M - Correspondence and reports from Dr. Leonard J. Lane on effec t of vege
tation on hydraulic conductivity (diskette included). 
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APPENDTX 2- A 

FCDMC Memorandum, 18 July 1988, on SCS curve numbers vs. 

Initial and Unjform Loss Rat e for estimation of rainfall excess 



• 

FLOOO CONTROL DISTRICT Of MARicn='A C((INTY 

Interoffice l1e11Joranclu111 

SU&JECT: ~:cs curve numbt?r s vs-Initi.al 
and Uniform Lo s s Rat~, for ~st imat ion 
of rainfall e xcess. 

TO: DF.:.J 
,J,JT
,JMR 

FROt1: [I,Jp 

FILF: 

OATF: 7-lB-Bt: 

Th~ use of :::cs Curve Nu mbers in calculating rainfall .;. x c ess ht~s b.;.en widely 
•Js;,d in flood hydrology studi~s- This m~thod has gained ao:r:~ptan•: e d•J~ to th~ 
wealth of docur11entation on curve number sf'ledic•n leading to easy af·plication. 

In the on going Gilbert-Chandler Flood insurance study, a cono:o:~rn arose rJVer 
seemingly unreasonable voluw:s of runoff be-ing gt?nerated from the study area. 
Due to the e x istence of C soils. curve numb~rs forth~ dominantly agricultural 
area e xceeded those normally used for dE-so?rt and urban conditions within the 
valley. This result c.Jused additional resear•: h to be initiated "'t the District 
as to the apf·rof•riateness of curve nurntoer r•lt?thodology, and the possibility of 
using an alternative method in estimating rainfal I e x c ess. 

This research led to findings in part related to the Gilbert-Chandler FI S , but 
more directly impacting those studies wher~ estimation af peak disch"'rge is th~ 
primary point of the study. 

Initially a review of excess methods in HE:C-1 was completed . Three alternativE' 
methods were Holtans Method, the Corps Ex ponential loss method, "'nd the Initial 
and Uniform Loss Method. Each method e x amined, attempts to sirnul ate the 
condition of initial infiltration r"'tes that ar~ relatively high , follow~d hy a 
decay in infiltration rate to some "constant" infiltration rate. 

LOSS tETHOOS 

Holtans Method, and the Ex ponential me thod c an bl? considt?red as the same "type" 
of model in that both methods simulate -l continuous infiltration curve. 
Holtans Method calculates a continuous infiltration curve, attempting to 
account for soil moisture allnwing sam~ recnvery of infiltratinn rate diJ~ t11 
deeF· percolation. The input for this mc•del are somo:>what obscure, espHially in 
the soil moisture/cover rel"'tionships. For simulations that occur over sevo'!ral 
days with hyetographs with po:oriods of low or nc1 rainfall and sf'veral pE-aks this 
method would be worth futuro'! consideration. 

The Ex ponential Method c alculates a c ontinuous loss rate curvE- based on 
c•H•lUiative r"'infall "!nd an e x ponential de c "!y in the initial loss rate. 
Following this initial loss a I inear df' c ay in loss rat e is simulated. Tho? 
Corps has developeri several c•Jrves for the Phoeni x area f•1r general •Jse. but 
due to their general nature are best suited for I arge basin mc•dE-1 ing • 



The Initial and Unif or m l oss fll C•d.:- 1, like th.:- :::c::: f11eth Pd as s umes a n initial lo ss 
or "initial ab s tr adion " of r ainfall priilr tn rainfall I'! X•: "!s 'i · Thi s l oss i. s a 
direct inf·ut tD th e method, and wuuld apf·ear to be rea~. Dnahle wh e never r11 C•de l ing 
a s i t u at ion wh e r e i n i t i a I r a i n f a I I i n t e n s i t i ~ s ar I'! I •lW r e I at i VI'! t o i n i. t i a I so i. I 
infiltration rat t-S · In t-ither r11et hod if the rainfall intensities e xceed 
infiltration rates during this initial pe riod , e xcess will n•lt he simulat~oi· 

FDIIowing the initial IDss a con s tant los s rate is ac hievecl, that will I imit 
infiltratinn to thi s ma x imur11 rate, b1Jt will n•Jt e :>;ce ed rainf a ll intensity. 
I':Hently the SCS ha s published ArizDna Irrigation Guide pc<rt t.~n Soils, whi c h 
i n c I u de s t a b I e s for m a n y so i I s n n r e com me n d I'! d m a:>( i mum s p r i n k l I'! r r at e -;. 8 a s e o1 
on dis c ussions by Juhn Sc hmeltzer with Mr. Lee Hardy Df the SCS, it was 
determin e d that these rates wer l'! estimated fnr long term wetting , that would 
not e ;<ceed the infiltration capacity of the soil· In gt-neral ar1 appropriate 
assumption for se l ec ti 8 n of a lo ss rate functinn in flood studie s . 

The SCS curve number following the filling of th e init i al al• stract i o n will 
simulate e xc ess based o n the net rlifferen o:e in e xo:ess hetween tho'! current and 
f•reviou s c omputati on period. The formula applied in each time f·O:"ri od f o r 
calculating e xcess i s the standard equation; Q= CP-. 2S l**2/CP+.8SJ. The SCS 
method does not r e late rainfall excess to rainfall into:onsity. It sim~·ly 

calculates e x•:ess base d on total rainfall at the time of o:omputatinn· 
Therefore based on the SCS r11ethod if unit rainfall X were to occur over I hDur 
or were to occur over 24 hours, the method would estimat~ the sa me rainfal I 
e>(cess for a given curve number. Following the initial abstraction the n10del 
simulates a decaying infiltratinn rat e based nn total rainfall. 

ttOOEL TESTING 

As a test of sensitivity a single sub-b asin of the Gilbert -Cha ndler S tudy was 
tested using the SCS method and the Initial and Uniform method. The basin was 
0-42 square miles in size with a lag time of 0-35 hDurs. A curve numLer of 84 
was modeled in the :::c::: method, with an initial loss of 0.3:3 and .0·3 cnnst>1nt 
loss used in the Initial and Uniform method. This selection of lc•ss rates was 
made so as to be within a reasonable range for the study >lrea , the Veknl Clay 
falls into this category, yet simulate the same VDiume of runoff from each 
method. 

The first simulation u se d a standard Type II distribution, 3-77 inchPs of 
rainfall· At 12 hours, the peak intensity for th~ storm, a rainfall intensity 
of 4·1 inches per hour is simulated. The curve number mPthDd simulated an 
infiltration capacity 8f 1. ·2 4 inches per hour, nr nearly 14 tim~s the estim-1ted 
infiltration capacity f o r this sDil. The e s timated F·e-ak dis c harge was 391 
CFS . The Initial and Uniform method u s ed the estimated infiltrati~n rate of 
-09 inches per hour for a peak discharge of 558 c fs or roughly a 40% increase 
in peak discharge. 

Subsequent simulations were completed on the same data set howev>?r the Type II 
rainfall was modified to peak at 6 hours and 18 hours. This variati~n i.n the 
rainfall did not alter the ba sic results frm1 the Initial and Unif o rm rnettwd. 
However for the SCS methad at 6 hours the infiltration rate was estimated tn ho'! 
1.5 inches per hour and pe ak disc harge of 3~.0 c fs, and at 18 hc•u rs the 
estimated infiltration was 1.04 inches/hour with peak disc harge at 423 c f s . 

OISCUSSI~ 



The :;::c::: c urve n u ro1lo e r me t hod appe ar· s t o un de r e s t i ro1 a t e r a in fa I I e >::c e s s f fl r 
p~riods of high rainfall int~n s ity l~ading tn pnt ~ ntially lo1w p~ak di sc harg ~ 

est imat es - In r e gions wh e re ve ge tative c anoF·y s F·lay a s ignifi c ant rfllt- in 
int ~ r u~ pting and s lowing th~ act•Jal rainfall int ~ nsity at tho'! soil, thi .; 
ob se rvation may no t be as significant- H8wever, the intensities simulat e d in a 
flood study wnuld v~ry I ik e ly ~ x~ e>!rl th~ capacity nf th e v~g~tatinn to 
e ffectvely inter ce F·t rainfall r e gardless flf locati o n- Fflr eve nts of lt-s s .;-r 
int~nsity this short c oming would tend to he less criti c al , but still inhert'!nt 
to the methodology- Th o? :::cs equation u~. ed in calculatifln flf e xcess is based on 
c alibration of c •Jrvt'! numbers to daily total precipitation/e :>:: o:~ss as f•l"!as•Jr~d nn 
agri c ultural fields- There i s nothing to suggest that estimatE's C"•f total 
~ :=<:c ~s s is in serious ~rr•1r prnviding th~ •:urv~ n•Jmb ~ r used is apprnpriate fnr 
the so il tYF·e and land u s e c ondition-

Th e Initial anrl Uniform Lnss methnd do>!s appear tfJ satisfao:tfJrly simulat >< 
rainfall e x c es s for the soils of this area- Dut- teo sparce vegetatior,, 
interceptifJn fJf rainfall is CfJn s ider>!d nfJn-significant- Unlike the sc:3 method 
there is no recommended method f8r adjusting the loss rates for a soil based on 
•: ompa c t ifJn and nfJn - o:onne c ted inlpervio•Js <1reas due to •Jrbani z at ion- However it 
would seem to be reasonable tfl account for the non-connected imper~ious areas 
along with the directly connected impervious areas as a total percent 
ir11pervious- A slight redu c tion in soil infiltration capacities might also bo:o 
warranted specifically in the initial abstract inn, due to soil compact inn-
An advantage of the Initial and Uniform loss method over the other methods 
discussed is that onsite retention c an h>! effectively simulated in the initial 
loss- This is due to the fact that in this method, that or.ce the initial loss 
is filled, e:x:cess is independent of this initial lfJss, and dependent •Jn the 
c onstant loss rate and rainfall intensity. In the sc::: method e xcess is 
dependent on the initi-1l loss -1nd tot-11 r-1inf-1ll, but independent nf intensity, 
thus effecting either infiltration or e xcess if retention is assumed in the 
initi-1l abstraction-

RECOI9E.M:fiTI ON 

I believe aro1ple evidence e x ists that we should consider alternative IC1ss rate 
functions for o•Jr studies- Fnr general use the Init-11 and Uniform loss metho1d 
would appear to be appropriate. 

At this time I have not made copies of output for this r,leftl8, lout will bring a 
s-1mple to review when we pursue further discussion- At that time we c-1n 
determine what r118dificatior.s if any that we may wish to p1.•rsue-



APPENDIX ?. B 

Letter to Dr. Herman Bouwer, 27 August 1988, on Initial Loss plus Uniform Loss 

Rate parameters derived from Lhe Green and Ampt equation 



Dr. Herman Bouwer 

GEoRGE V. SABoL Ph .D., P.E. 

1351 EAST I 41st AVENUE 

BRIGHTON, COLORADO 80601 

(303) 457-0989 

27 August 1988 

u.s. Water Conservation Laboratory 
4331 E. Broadway 
Phoenix, Arizona 85040 

Dear Herman: 

I am working with the staff of the Flood Control District of Maricopa 
County In the development of a Maricopa County Hydrology Manual. The 
Intent of the manual wl I I be to define the criteria and recommended 
procedures to be used within Maricopa County for the purpose of estimating 
flood discharges from ralnfal I. We are presently evaluating alternatives 
for estimating ralntal I losses and attempting to define the values of the 
loss rate parameters tor whatever method Is selected. 

We have selected the HEC-1, Flood Hydrology Program of the Corps of 
Engineers, as the preferred model for several reasons Including; ready 
aval labl I tty to alI users, history of acceptance within the community, 
user support by HEC at Davis, and technical adequacy of the program 
content for our purposes. Regarding the calculation of ralnfal I excess we 
have four options In HEC-1 <Which, I believe, Is a considerable limitation 
for our use In Arizona): 

1. SCS CN method, 
2. Initial loss plus uniform loss rate, 
3. Exponential loss rate, and 
4. Holtan's equation for lnfl ltratlon. 

We have previously considered and evaluated the CN method but we objected 
to the high losses that occur during the short period of high intensity 
ralnfal I for which we should be designing In Arizona. The Holtan and 
Exponential methods are generally unacceptable at this time tor a variety 
of reasons. This leaves the lnltal Loss plus Uniform Loss Rate method 
<IL+ULR) which, In fact, has not been a default by el lminatlng the other 
alternatives, but rather Is a viable method that Is often successfully 
used for flood hydrology purposes. We are presently trying to define the 
criteria by which the Initial loss <STRTL, according to HEC-1 
nomenclature) and the uniform loss rate <CNSTL) shal I be selected. We 
have some guidance, such as Musgrave (1955) for which CNSTL Is related to 
the four hydrologic sol I groups A, B, C and D, and the SCS Irrigation 
Guide for Arizona that I lsts estimated sprinkler Intake rates tor 
agricultural sol Is. The Irrigation Guide Is I lmltlng because It Is only 



Dr. H. Bouwer 
27 August 1988 
Page 2 

appl !cable to agricultural sol Is and the sprinkler rate Is not necessarl ly 
the CNSTL that should be used. I also would I ike to be a I lttle more 
flexible than having to define all rainfall losses according to only four 
hydrologic sol I groups. We also have the problem of quantifying the 
"mysterious" Initial loss . 

Previous thoughts and dabbl lngs In this area had lead me to the Green-Ampt 
equation because of Its appeal I lng representation of the physical 
process . The recent work by Brakenslek and Rawls makes It attractive 
because the parameters can be related to so l I texture and therefore It Is 
very flexible and not I lmlted to broad sol I classifications . Rawls has 
also recently expanded his work to consider surface conditions , which 
makes the technique even more appeal I lng . The drawback Is that the Green
Ampt equation Is presently not an option In HEC- 1. However, In a 
conversation with Dave Woolhlser he suggested that I use the Green-Ampt 
equation to estimate the Initial loss, and this be set equal to STRTL In 
the IL+ULR method . The Green-Ampt hydraul lc conductivity would be set 
equal to CNSTL . I have tried this and the results are pleasing . a 
question that arose Is, what should be used for the Initial sol I moisture 
content? This seems particular ly Important In Maricopa County where so l I 
moisture could easl ly range from wl ltlng point or less to field capacity 
and even near saturation for Irrigated land . 

I would like your opinion and suggestions concerning the Initial sol I 
moisture that should be used, and also your comments and suggestions 
concerning this approach . What are your thoughts In this area of ralnfal I 
losses? 

I have enclosed two pages of computer output that show the calculated 
losses for loamy sand sol I by both the Green-Ampt equation , and the IL+ULR 
method for a synthetic, 6-hour, 100-year rainfall . I repeated this for 
each of the 11 sol I texture classes and the results are I lsted In Table A. 

In Table A, Column (2) Is the assumed Initial sol I moisture content 
(volumetric); Column (3) Is the final sol I moisture content that I assumed 
equal to the effective porosity; Columns (4) and (5) are the capl I lary 
pressure and hydraul lc conductivity, respectively . The values for Columns 
(3) through (5) are taken from Table 2 of Rawls , Brakenslek, and Ml I ler 
(1983) and a copy Is enclosed for your convenience. For the IL+ULR method 
the STRTL, Column {6), was calculated from the results by the Green- Ampt 
method and the CNSTL, Column (7), Is equal to the hydraulic conductivity, 
Column (5) . Could you follow alI of that! 

The resu Its for the 11 so I I c I asses are shown In Co I umns ( 8) through 
(11 ). As I I lustrated, both the ralnfal I excess depths and peak 
Intensities are comparable for the two methods <How nice!). Again, a 
question that I need resolved Is how appropriate Is my assumption of 



Dr. H. Bouwer 
27 August 1988 
Page 3 

Initial sol I moisture content. You wl I I notice that I have simply assumed 
that Initial sol I mosture equals one-half of final sol I moisture. I 
bel I eve that I should consider the wl ltlng point for each sol I class and 
maybe also vegetation type and land-use, such as Irrigated lawns, In 
making this determination. I don't have the data that Is necessary for 
this. Can you help? 

I hope that you can follow this rather long letter. I wl I I cal I you 
during the week of 29 August to talk to you about this, and I appreciate 
any assistance that you can offer. I am In Phoenix often and I could come 
to your office to talk about this. 

I hope a I I Is we I I wIth you. 

Sincerely yours, 

George V. Sabol 

GVS/jr 

Enclosures: 1. Two pages of computer output for calculation of losses by 
the Green-Ampt equation and IL+ULR method for loamy sand 

2. Table A 
3. Copy of ASCE paper by Rawls, Brakhenslek, and Mi I ler (1983) 

Copies: Joe Rumann, FCDMC w/ enclosures 



Ri1iNI-I1U_ EXCESS BY RfdNX PHOGRAi·l t·lODIFl~D r1PRIL 1986 

Tii·1E 

INITIAL LOSS PLUS GREEN- nMPl EQ'N 

llldNFnLL Dtl l l1 f- 11 f:.NI11·1F I S FC1)6. 1)i\1 

IrHTlAL LOS S IS 0 INCHES -"" 

INITIAL SOIL MOISTURE CUNfENT JS . 2 
SATURATED SOIL MOISTURE CONTENT IS .4 
SOIL SUCTION HEAD IS £ . 41 INCHES 
HYDRAULIC CONDUCTIVITY IS J .18 INCHES PER 

IiHERVAL Rt1INFALL EXCESS INFILTRATION 
t'iiNUTE S INCHES J I~CHES I t~CHE S 

0 - 15 0 . 0300 0.0000 0 . 0300 
15 - 30 0.0300 0 . 0000 0 . 0300 
30 - 45 0.0300 0.0000 0 . 0300 
45 - 60 0 . 0300 0.0000 0 . 0300 
60 - 75 0 . 0300 0.0000 0 . 0300 
75 - 90 0.0300 Qi.V10Vl0 0 . 0300 
90 - 1VJ5 0 . 0300 0.0000 0.0300 

10~ - 120 0 . 0400 0 . 0000 0.0400 
120 - 135 0.0400 vJ. 0000 vJ. 04 00 
1:)5 - 150 0 . 0400 V1. 00V1V) 0.0400 
150 - 165 0. 2700 0 . 0000 0. 2700 
165 - 180 0 . 5600 0.192tl ., 0 0.3676 
180 - i95 1 . 4600 i. l15l vJ.3449 
J 95 - 2 10 0 . 2700 0.0000 0 . 2700 
210 - 225 0 . 0400 0.0000 0 . 0400 
L:L:::J - 240 0 . 0400 0 . 0000 0 . 0400 
240 - 255 vJ. 0400 0. 0vJ00 0 . 0400 
· ··c~ - 270 0 . 0400 0 . 0000 0.0400 L:J~ 

t:70 - ? ~~ 0 . 0300 0 . 00~10 0.0300 ~tJ::J 

285 - 300 0 . 0300 0 . 00vJvJ 0 . 0?ivJ0 
300 ·- 315 vl . 0300 0. \')00~1 vJ. 0300 
315 - 330 0 . 0300 0 . 0000 0 . 0300 
3~0 - 345 0 . 0300 0. 001'10 0.0300 
345 - 360 0.0300 0.0000 0 . 0300 

---
3.2300 1 . 3075 1 . 9225 

OB-25-1987 10:29:09 

INITIAL LOSS 
INCHES 

0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
v) . t-1000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
v) . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 

0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

c:~~~~~~ 
RAINFALL DATA FILENA ME IS FCD6.DAT 

S Ddr"#.~J>?r ,!'., r .s INITIAL LOSS IS . 6 INCHES r- · 
UNIFORM LOSS RATE IS 1.18 INCHES PER HOUR 

Tit·1E INCREt1ENTAL I NCREt1ENTAL I NCREt1ENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

tHNUTES INCHES INCHES INCHES 

0 - 15 0.0300 0.0000 0.0300 
15 - 30 0.0300 0 . 0000 0 . 0300 
30 - 45 0.0300 0.0000 0.0300 
45 - 60 0 . 0300 0 . 0000 0.0300 
60 - 75 0.0300 0.0000 0 . 0300 
75 - 90 0 . 0300 0.0000 0 . 0300 
90 - 105 0 . 0300 0.0000 0 . 0300 

105 - 120 0.0400 0.0000 0 . 0400 
120 - 135 0 . 0400 0.0000 0 . 0400 
135 - 150 0 . 0400 0 . 0000 0 . 0400 
150 - 165 0. 2700 0 . 0000 0.2700 
165 180 0 . 5600 0.2650 0 . 2950 
180 - 195 1 . 4600 1 . 1650 0.2950 
195 - 210 0. 2700 0 . 0000 0.2700 
210 - 225 0 . 040(r) 0 . 0000 0 . 0400 
225 - 240 0.0400 0 . 0000 0.0400 
240 - 255 0 . 0400 0.0000 0 . 0400 
255 - 270 0 . 0400 0.0000 0.0400 
270 - 285 0.0300 0.0000 0 . 0300 
285 - 300 0 . 0300 0.0000 0 . 0300 
300 - 315 0 . 0300 0 . 0000 0.0300 
315 - 330 0.0300 0 . 0000 0.0300 
330 - 345 0 . 0300 0 . 0000 0 . 0300 
345 - 360 0.0300 0 . 0000 0.0300 

3.2300 1.4300 1.8000 

08-25-1987 10:3l:H 
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APPENDIX 2- C 

Letter to Mr. Joe Rumann, 29 August 1988, on Initial Loss plus Uniform Loss 

Rate parameters. 



GEORGE v SABOL Ph.D., P.E. 

1351 EAST 141st AVENUE 

BRIGHTON, COLORADO 80601 
(303) 457-0989 

Mr. Joe Rumann 
Hydrologist 
Flood Control District of Maricopa County 
3335 W. Durango Street 
Phoenix, Arizona 85009 

29 August 1988 

Subject : Hydrology Manual, rainfall losses 

Dear Joe: 

I've been looking at Information and procedures that we can use to define 
rainfall loss parameters for the Initial loss plus uniform loss rate 
(IL+ULR) method and I want to Inform you of my findings. 

Uniform Loss Rate <CNSTL) 

In regard to the uniform loss rate, that I' I I cal I CNSTL according to HEC-
1 nomenclature, we have the following: 
1. Musgrave (1955), according to hydrologic sol I group: 

A .30-.45 Inch/hour 
B • 1 5-.30 
c .05-.15 
D 0-.05 

2. U.S. Bureau of Reclamation, Design of Small Dams, Second Edition, 
1975, Appendix A. The flood hydrology method was based on the SCS CN 
methodology with an adjustment for minimum loss rate to be used along 
with CN: 

A .40 inch/hour 
B • 24 
c .1 2 
D . 08 

3. U.S. Bureau of Reclamation, Design of Smal I Dams, Third Edition, 
1988. The flood hydrology procedure Is not as rigidly defined as In 
the Second Edition. Much more discretionary judgement Is left to the 
hydrologist, and It Is expected that the hydrologist Is experienced 
and qual If led to do dam flood hydrology. Therefore only very general 
guidance Is provided. Suggested loss rat es are: 

A .30-.50 Inch/hour 
B • 1 5-.30 
c .05-.15 
D 0-.05 



Mr. J. Rumann 
29 August 1988 
Page 2 

References 1 through 3 above, alI provide about the same values and 
certainly do not contradict each other. The problem that I see Is that 
a I I so I Is are rather broad I y set Into four c I asses. 

4 . SCS, Irrigation Guide for Arizona . An Intake rate for sprinkler 
Irrigation Is provided for agricultural sol Is . This rate varies from 
0. 2 to 0 . 4 Inch/hour, which would be expected for A and B sol Is. 
Although this Is certainly good Information I would hesitate to 
equate Irrigation sprinkler rates with Inti ltratlon rate . This 
pub I !cation also leaves us without guidance for non-agricultural 
so I Is. 

5. In performing the flood reconstitutions for the unlt-hydrograph study 
I used the IL+UL I~ method and I have tabulated these results (Table 1 ). 
In general the value of CNSTL seems reasonable although they are 
lnconslstant which Is probably due more to the Inaccuracy of the 
recorded data. I wouldn't want to try to develop general criteria 
from these values. 

Initial Loss (STRTL) 

Estimating the Initial loss (STRTL) Is even more uncertain. One method 
that can be used Is to equate the Initial abstraction (I ) from the CN 

a 
method to STRTL. 
empir ical basis . 

result of a very 

This Is based on virtually no 
The relation I = . 2S where S 

a 
gross data fitting procedure . 

theoretical or sound 
= (1000/CN) - 10 was the 

Table 2 shows I for CN, 
a 

and I'm surprised (maybe disappointed, knowing my predisposition against 
the CN method!) that I Is a reasonable estimate for STRTL . The STRTL for a 
the flood reconstitu t ions and corresponding CN for STRTL = .2S are shown 
In Table 1. Again, these seem very reasonable. 

STRTL and CNSTL from Green-Ampt equation 

This Is explained In my letter to Dr . Herman Bouwer (copy enclosed) . 
Several advantages exist In using this technique. First, we can use the 
Green- Ampt equation to define STRTL and CNSTL for each of the 11 sol I 
classes which provides more flexlbl I tty than I lmltlng the criteria to four 
hydrologic sol I groups . Second, the Green-Ampt equation wl I I be added as 
an option to HEC-1 In the near future and we would only need to update the 
Hydrology Manual with the appropriate Green-Ampt parameter selection 
guidance . When Green-Ampt comes on-1 lne In HEC-1, the "new" method would 
give results that would be consistent with the "old" method. Third, the 
method would be theoretically sound and be representative of state- of-the
art. Fourth, depending on what Information I can get from Herman Bouwer 
and Walter Rawls, th e losses could be tal lored to sol Is, vegetation, and 
land-use In Maricopa County and be representative of local conditions and 



Mr. J. Rumann 
29 August 1988 
Page 3 

not an adoption of someone else's method and parameters. I think that the 
fourth advantage may be particularly Important for the desert and 
Irrigated lands that we must address. 

We' I I have time to talk about this when we're In Los Angeles. I' I I be 
cal I lng you to confirm our LA trip . There Is a nice hotel a couple of 
blocks from the Corps office that has a reasonable price. 

Sincerely yours, 

George v. Sabol 

GVS/jr 

Enclosure: 1. Table 1 -Rainfall losses from HEC-1 optimization of flood 
reconstitutions for unlt-hydrograph study 

2. Table 2- Estimation of Initial loss according to Initial 
abstraction by CN method 

3. Letter to Dr. Herman Bouwer dated 27 August 1988 . 



TABLE 1 

Rainfall Losses from HEC-1 optimizations 

Code Initial Loss Loss Rate CN for 
STRTL CNSTL STRTL = • 2S 
Inches I n/hr 

( 1) ( 2) ( 3) ( 4) 

Tucson 
THS1 .48 .57 81 
THS2 .48 .28 81 
TAR1 • 91 .42 69 
TAR2 1.00 .52 67 
TAR3 .83 .44 71 
TAR4 .62 .32 76 1" antecedent rain 
TRR1 .24 .05 98 .6 11 antecedent rain 
TRR2 . 52 .26 79 
TAT1 . 1 7 .33 92 

Denver 
01161 .61 .23 77 
DVI1 .74 • 1 5 73 
DCD1 1.62 .46 55 
DGC1 .61 .04 77 
DSC1 .74 1.33 73 
DSC2 .95 .55 68 

Albuquerque 
AVD01 .33 .27 86 
AVD02 . 56 1.32 78 
AAA1 .44 • 11 82 
AAA2 • 20 .35 91 
ATR1 .33 .49 86 
ALA1 .69 .47 74 
ALA2 , 55 .26 78 
ALA3 ,59 .49 77 
ACA1 .36 .35 85 
ACA2 . 62 • 1 5 76 
ANCA1 2.15 1. 50 48 long duration ralnfal I 
ANCA2 . 36 .15 85 

Walnut Gulch 
4-1 . 70 .40 74 
4-2 1.13 .76 64 
8-1 .43 • 41 82 
8-2 1. 29 1.21 61 
11-1 .50 .50 80 
11-2 .90 .62 69 
15-1 .57 .49 78 
103-1 .17 1.08 92 
103-2 .09 1.12 96 
111-1 .64 .33 76 
111-2 .93 .30 68 
111-3 • 41 .27 83 



TABLE 1 (continued) 

Rainfa l l Losses from HEC- 1 optimizations 

Code Initial Loss Loss Rate CN for 
STRTL CNSTL STRTL . 2S 
Inches ln/hr 

( 1 ) (2) ( 3) ( 4) 

WyomIng 
WCU1 . 62 . 07 76 
WCU2 . 48 . 12 81 
WC1 . 56 • 13 78 
WC2 . 80 • 12 72 
WDH1 .08 . 06 96 
WET1 . 88 • 1 2 70 
WD1 . 27 .07 88 
WHD1 .97 • 1 2 67 
WMB1 .65 .04 75 



TABLE 2 

Es t imation of In It I a I Loss according to 
I nltl al abstraction by CN method 

I = .2S a 

s = ( 1 000/CN l 10 

CN s I = • 2S CN s I = . 2S 
( 1 ) (2) a(3) ( 1 ) ( 2) a(3) 

100 o.o o.o 64 5 . 63 1.13 
99 • 1 . 02 63 5 . 87 1.17 
98 . 2 . 04 62 6 . 13 1. 23 
97 • 31 . 06 61 6.39 1.28 
96 . 42 . 08 60 6 . 67 1.33 
95 . 53 . 11 59 6 . 95 1. 39 
94 .64 . 13 58 7.24 1. 45 
93 • 75 • 15 57 7 . 54 1.51 
92 . 87 . 17 56 7 .86 1.57 
91 . 99 • 20 55 8 . 18 1.64 
90 1.11 . 22 54 8 . 52 1. 70 
89 1. 24 . 25 53 8 .87 1. 77 
88 1. 36 . 27 52 9 . 23 1.85 
87 1.49 . 30 51 9 . 61 1.92 
86 1.63 . 33 50 10 . 00 2.00 
85 1, 76 . 35 49 10 . 41 2. 08 
84 1. 90 . 38 48 10 . 83 2 . 17 
83 2. 05 • 41 47 11 • 28 2. 26 
82 2.20 .44 46 11 • 7 4 2.35 
81 2 . 35 . 47 45 12 . 22 2. 44 
80 2 . 50 • 50 44 12.73 2 . 55 
79 2 .66 . 53 43 13 . 26 ,2 . 65 
78 2 . 82 .56 42 13 . 81 2 . 76 
77 2 . 99 . 60 41 14 . 39 2 .88 
76 3 . 16 . 63 40 15 .oo 3. 00 
75 3 . 33 . 67 
74 3 . 51 . 70 35 18 . 57 3 . 71 
73 3 . 70 . 74 
72 3 . 89 . 78 30 23 . 33 4 . 67 
71 4 . 08 .82 
70 4 . 29 . 86 25 30 . 00 6 . 00 
69 4 . 49 . 90 
68 4 . 71 . 94 
67 4 . 93 . 99 
66 5 . 15 1 . 03 
65 5.38 1.08 
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APPENDIX 2-D 

Green- Arnot Infiltration Parameters from Soils Data, Rawls, W.J., Brakensiek, 

D.L., and Miller, N., ASCE Journal of Hydraulic Engineering, Vol. 109, No. 1, 

Jan. 1983, p. 62- 70. 
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APPENDIX 2- E 

Computer output on estimation of initial loss for Initial Loss plus Uniform 

l~ss Rate method by use of the Green and Ampl equation. 



DL - RAIN PROGRAM MODIFI~D SEPTEMBER 1905 

FILENAME IS PNl . OAT 
TITLE IS FCDMC 6-HR PATTERN #1 
START OF RAINFALL , IN DECIMAL HOUR IS 0 
TIME INCREMENT , IN MINUTES IS 15 
NUMBER OF RAINFALL INPUTS IS 24 
INCREMENT RAINFALL 

1 .02 
2 . 02 
3 . 01 
4 .04 
5 .03 
6 . 03 
7 . 03 
8 .04 
9 .02 
10 .04 
11 .04 
12 .04 
13 . 04 
14 . 27 
15 . 57 
16 .l.49 
17 . 27 
18 .05 
19 . 03 
20 . 04 
21 .04 
22 .01 
23 . 02 
24 .03 



e 

RAINFALL EXCESS BY RAINX PROGRAM MOOIFI~O APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SAND DRY 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .05 
SATURATED SOIL MOISTURE CONTENT IS .4 
SOIL SUCTION HEAD IS 1.9 INCHES 
HYDRAULIC CONDUC TIVITY IS 4,6 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
f1INU TES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0.0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 - 45 0 . 0100 0 . 0000 0.0100 
45 - 60 0.0 400 0.0000 0 . 0400 
60 - 75 0 . 0300 0 . 0000 0 . 0300 
75 - 90 0.0300 0.0000 0 . 0300 
90 - 105 0 . 0300 0.0000 0 . 0300 

105 - 120 0 . 0400 0.0000 0.0400 
120 - 135 0 . 0200 0 . 0000 0 . 0200 
135 - 150 0 . 0400 0.0000 0 . 0400 
150 - 165 0.0400 0 . 0000 0 . 0400 
165 - 180 0 . 0400 0 . 0000 0.0400 
180 - 195 0 . 0400 0 . 0000 0.0400 
195 - 2 10 0. 2700 0.0000 0 . 2700 
210 - 225 0 . 5700 0 . 0000 0.5700 
2.25 - 240 1 .4900 0 . 1786 1 . 311 4 
240 - 255 0 . 2700 0.0000 0 . 2700 
255 - 270 0 . 0500 0.0000 0.0500 
270 - 285 0.0300 0.0000 0 . 0300 
285 - 300 0.0400 0.0000 0.0400 
300 - 315 0.0400 0.0000 0.0400 
315 - 330 0 . 0100 0 . 0000 0.0100 
330 - 345 0 . 0200 0 . 0000 0 . 0200 
345 - 360 0 . 0300 0.0000 0.0300 

3 . 2200 0 . 1786 3.0414 

12-29-1988 08:31:57 

INITIAL LOSS 
INCHES 

0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 .0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 .0000 
0.0000 
0 . 0000 
0 .0000 
0.0000 
0.0000 
0 . 0000 

0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SAND NORMAL 

RAINFALL DATA FILENAME IS PN1 . DAT ~~·~"' 
INITIAL LOSS IS 0 INCHES 

5 "' 

INITIAL SOIL MOISTURE CONTENT IS . 1 
SATURATED SOIL MOISTURE CONTENT IS . 4 
SOIL SUCTION HEAD IS 1 . 9 INCHES 
HYDRAULIC CONDUCTIVITY IS 4 . 6 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LOSS 
MINUTES INCHES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0.0200 0 . 0000 
15 - 30 0 . 0200 0.0000 0 . 0200 0.0000 
30 - 45 0 . 0100 0 . 0000 0 . 0100 0 . 0000 
45 - 60 0 . 0400 0 . 0000 0 . 0400 0.0000 
60 - 75 0 . 0300 0 . 0000 0 . 0300 0 . 0000 
75 - 90 0 . 0300 0 . 0000 0.0300 0 . 0000 
90 - 105 0 . 0300 0.0000 0.0300 0 .0000 

105 - 120 0 . 0400 0 . 0000 0 . 0400 0.0000 
120 - 135 0 . 0200 0 . 0000 0 . 0200 0 . 0000 
135 - 150 0.0400 0.0000 0. 0400 0 . 0000 
150 - 165 0 . 0400 0 . 0000 0 . 0400 0 . 0000 
165 - 180 0 . 0400 0 . 0000 0 . 0400 0 . 0000 
180 - 195 0 . 0400 0.0000 0 . 0400 0 . 0000 
195 - 210 0 . 2700 0.0000 0 . 2700 0.0000 
2Hl -- 22 5 0 . 5700_ 0.0000 0.5700 0 . 0000 
225 - 240 1.4900 0.2009 1.2891 0 . 0000 
240 - 255 0 . 2700 0.0000 0.2700 0.0000 
255 - 270 0 . 0500 0.0000 0 . 0500 0.0000 
270 - 285 0.0300 0.0000 0 . 0300 0 . 0000 
285 - 300 0 . 0400 0 . 0000 0 . 0400 0 . 0000 
300 - 315 0 . 0400 0 . 0000 0 . 0400 0.0000 
315 - 330 0.0100 0 . 0000 0.0100 0 . 0000 
330 - 345 0.0200 0 . 0000 0 . 0200 0 . 0000 
345 - 360 0 . 0300 0.0000 0 . 0300 0 . 0000 

3 . 2200 0.2009 3.0191 0.0000 

12-29-1988 08:3~:08 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EO ' N 

SAND 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS 0 INCHE S 

INITIAL SOIL MOISTURE CONTENT IS .4 
SATURATED SOIL MOISTURE CONTENT IS .4 
SOIL SUCTION HEAD IS 1 . 9 INCHES 
HYDRAULIC CONDUCTIVITY IS 4.6 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - .15 0 . 0200 0 . 0000 0 . 0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 - 45 0 . 0100 0.0000 0 . 0100 
45 - 60 0.0400 0 . 0000 0 . 0400 
60 - 75 0 . 0300 0.0000 0 . 0300 
75 - 90 0.0300 0.0000 0.0300 
80 -- 105 0 . 0300 0.0000 0.0300 

105 - 120 0 . 0400 0 . 0000 0.0400 
120 - 135 0.0200 0.0000 0 . 0200 
135 - 150 0 . 0400 0.0000 0 . 0400 
150 - 165 0 . 0400 0 . 0000 0 . 0400 
165 - 180 0.0400 0.0000 0.0400 
180 - 195 0.0400 0 . 0000 0.0400 
195 - 210 0 . 2700 0.0000 0.2700 
210 - 225 0.5700 0.0000 0 . 5700 
225 - 240 1.4900 0 . 3400 1 . 1500 
240 - :~55 0 . 2700 0 . 0000 0.2700 
255 - 270 0 . 0500 0.0000 0 . 0500 
270 - 285 0.0300 0 . 0000 0.0300 
285 - 300 0 .0400 0.0000 0.0400 
300 - 315 0.0400 0.0000 0 . 0400 
315 - 330 0 .0 100 0.0000 0 . 0100 
330 - 345 0 . 0200 0.0000 0.0200 
345 - 360 0.0300 0.0000 0.0300 

- --
3.2200 0. 3400 2 .8800 

!Z-29-1988 08:32:57 

INITIAL LOSS 
INCHES 

0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 

0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN- AMPT EQ'N 

LOAMY SAND DRY 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 05 
SATURATED SOIL MOISTURE CONTENT IS .4 
SOIL SUCTION HEAD IS 2 . 4 INCHES 
HYDRAULIC CONDUCTIVITY IS 1.2 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0 . 0200 
15 - 30 0.0200 0 . 0000 0.0200 
30 - 45 0 . 0100 0.0000 0 . 0100 
45 - 60 0.0400 0.0000 0.0400 
60 - 75 0 . 0300 0.0000 0.0300 
75 - 90 0.0300 0 . 0000 0 . 0300 
90 - 105 0 . 0300 0 . 0000 0.0300 

105 - 120 0 . 0400 0 . 0000 0 . 0400 
120 - 135 0.0200 0 . 0000 0.0200 
135 - 150 0.0400 0 . 0000 0 . 0400 
150 - 165 0 . 0400 0 . 0000 0.0400 
165 - 180 0.0400 0 . 0000 0 . 0400 
180 - 195 0 . 0400 0 . 0000 0.0400 
195 - 210 0 . 2700 0 . 0000 0.2700 
210 - 225 0.5700 0 . 1551 0.4149 
225 -· 240 1. 4900 1 . 1109 0.3791 
240 - 255 0. 2700 0 . 0000 0 . 2700 
255 - 270 0.0500 0 . 0000 0.0500 
270 - 285 0.0300 0.0000 0.0300 
285 - 300 0 . 0400 0 . 0000 0 . 0400 
300 - 315 0.0400 0.0000 0 . 0400 
315 - 330 0 . 0100 0.0000 0 . 0100 
330 - 345 0.0200 0.0000 0.0200 
345 - 360 0 . 0300 0 . 0000 0.0300 

----
3 . 2200 1.2560 1.9540 

12-29-1988 08:51:11 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 

0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

LOAMY SAND NORMAL 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .1 
SATURATED SOIL MOISTURE CONTENT IS .4 
SOIL SUCTION HEAD IS 2.4 INCHES 
HYDRAULI C CONDUCTIVITY IS 1.2 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0.0200 
15 - 30 0.0200 0.0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0.0400 0 . 0000 0 . 0400 
60 - 75 0 . 0300 0.0000 0.0300 
75 - 90 0.0300 0.0000 0 . 0300 
90 - 105 0 . 0300 0.0000 0.0300 

105 - 120 0.0400 0.0000 0.0400 
120 - 135 0 . 0200 0.0000 0 . 0200 
135 - 150 0 . 0400 0 . 0000 ~.0400 
150 - 165 0.0400 0.0000 0 . 0400 
165 - 180 0 . 0400 0.0000 0.0400 
180 - 195 0.0400 0 . 0000 0,0400 
195 - 21 0 0. 2700 0.0000 0.2700 
210 - 225 0.5700- 0 . 1707 0 . 3993 
225 - 240 1. 4900 1 . 1211 0 . 3689 
240 - 255 0 . 2700 0 . 0000 0. 2700 
255 - 270 0.0500 0 . 0000 0.0500 
270 - 285 0 . 0300 0 . 0000 0.0300 
285 - 300 0 . 0400 0.0000 0.0400 
300 - 315 0.0400 0.0000 0.0400 
3 15 - 330 0.0100 0.0000 0.0100 
330 - 345 0,0200 0.0000 0.0200 
345 - 360 0.0300 0.0000 0.0300 

--- ---
3 . 2200 1.2817 1. 9283 

17· ?q-J?B6 08:~7:77 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 

0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

LOAMY SAND SATURATED 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .4 
SATURATED SOIL MOISTURE CONTENT IS .4 
SOIL SUCTION HEAD IS 2 .4 INCHES 
HYDRAULIC CO NDUCTIVIT Y I S 1 . 2 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0.0000 0.0200 
15 - 30 0.0200 0.0000 0 . 0200 
30 - 45 0.0100 0 . 0000 0 . 0100 
45 - 60 0 . 0400 0.0000 0 . 0400 
60 - 75 0.0300 0.0000 0 . 0300 
75 - 90 0.0300 0 . 0000 0.0300 
90 - H'l5 0.0300 0 . 0000 0.0300 

105 - 120 0 . 0400 0 . 0000 0.0400 
120 - 135 0 . 0200 0.0000 0.0200 
135 - 150 0.0400 0 . 0000 0 . 0400 
1.50 - .165 0.0400 0 . 0000 0 . 0400 
165 - 180 0.0400 0.0000 0 . 0400 
180 - 195 0.0400 0 . 0000 0.0400 
195 - 210 0 . 2700 0 . 0000 0. 2700 
210 - 225 0 . 5700 0 . 2700 0.3000 
225 - 240 1.4900 1. 1900 0.3000 
240 - 255 0 . 2700 0 . 0000 0.2700 
255 - 270 0.0500 0 . 0000 0 . 0500 
270- 285 0.0300 0.0000 0.0300 
285 - 300 0 . 0400 0 . 0000 0 . 0400 
300 - 315 0.0400 0.0000 0 . 0400 
315 - 330 0.0100 0.0000 0.0100 
330 - 345 0 . 0200 0.0000 0 . 0200 
345 - 360 0.0300 0.0000 0.0300 

·---
3 . 2200 1.4600 1.7600 

12-29-1988 OR:53:46 

IN ITIAL LOSS 
INCHES 

0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 

0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

SANOY LOAM DRY 

RAINFALL DATA FILENAME IS PN!.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CON TENf IS . 1 
SATURATED SOIL MOISTURE CONTENT IS . 45 
SOIL SUCTION HEAD IS 4.3 INCHES 
HYDRAULIC CONDUCTIVITY IS .4 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0.0200 
15 - 30 0.0200 0.0000 0.0200 
30 - 45 0.0100 0 . 0000 0.0100 
45 - 60 0.0400 0.0000 0.0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0.0300 0 . 0000 0.0300 
90 - H'JS 0.0300 0.0000 0.0300 

105 - 120 0.0400 0 . 0000 0 . 0400 
120 - 135 0.0200 0.0000 0.0200 
135 - 150 0.0400 0.0000 0.0400 
150 - 165 0.0400 0 . 0000 0 . 0400 
165 - 180 0.0400 0.0000 0 . 0400 
180 - 195 0.040L 0.0000 0 . 0400 
195 - 210 0 . 2700 0 . 0387 0.2313 
210 - 225 0.5700 0 . 3770 0 . 1930 
225 - 240 1 . 4900 1 . 3157 0 . 1743 
240 - 255 0.2700 (i) .1073 0. 1627 
255 - 270 0.0500 0 . 0000 0.0500 
270 - 285 0.0300 0 . 0000 0.0300 
285 - 300 0 . 0400 0.0000 0.0400 
300 - 315 0 . 0400 0 . 0000 0 . 0400 
315 - 330 0.0100 0.0000 0.0100 
330 - 345 0.0200 0.0000 0.0200 
345 - 360 0 . 0300 0.0000 0.0300 

----
3.2200 1.8386 1. 3814 

12-29-1988 08:55:13 

INITIAL LOSS 
INCHES 

0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 .. 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SANDY LOAM NORMAL 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 2 
SATURATED SOIL MOISTURE CONTENT IS .45 
SOIL SUCTION HEAD IS 4. 3 INCHES 
HYDRAULIC CON DUCTIVITY IS . 4 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0 . 0200 
15 - 30 0 . 0200 0 . 0000 0.0200 
30 - 45 0.0100 0 . 0000 0.0100 
45 - 60 0.0400 0 . 0000 0.0400 
60 - 75 0 . 0300 0.0000 0 . 0300 
75 - 90 0.0300 0 . 0000 0.0300 
90 - 105 0.0300 0.0000 0.0300 

105 - 120 0.0400 0.0000 0.0400 
120 - 135 0 . 0200 0.0000 0 . 0200 
135 - 150 0.0400 0 . 0000 0.0400 
150 - 165 0 . 0400 0 . 0000 0.0400 
165 - 180 0.0400 0 . 0000 0 .0400 
180 - 195 0.04-00 0.0000 0.0400 
1.95 - 210 0.2700 0.0730 0.1970 
210 - 225 0 . 5700 0. 3991 0.1709 
225 - 240 1.4900 1.3329 0.1571 
240 - 255 0. 2700 0 . 1216 0 .1 484 
255 - 270 0.0500 0.0000 0.0500 
270 - 285 0.0300 0.0000 0.0300 
285 - 300 0.0400 0.0000 0.0400 
300 - 315 0.0400 0.0000 0.0400 
315 - 330 0.0100 0.0000 0.0100 
330 - 345 0.0200 0.0000 0.0200 
345 - 360 0 . 0300 0.0000 0 . 0300 

----
3.2200 1 . 9265 1. 2935 

12-29-1988 08:56:03 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 

0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SAND Y LOAM SATURATED 

RAINFALL DATA FILENAME IS PN1 . DAT 

INI TIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 45 
SATURATED SOIL MOISTURE CONTENT IS .4 5 
SOIL SUCTION HEAD IS 4. 3 INCHES 
HYDRAULIC CONDUCTIVITY IS . 4 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0 . 0200 
15 - 30 0 . 0200 0 . 0000 0.0200 
30 - 45 0 . 0100 0 . 0000 0.0100 
45 - 60 0 . 0400 0 . 0000 0.0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0 . 0300 0 . 0000 0 . 0300 
90 - 105 0.0300 0 . 0000 0 . 0300 

105 - 120 0.0400 0 . 0000 0 . 0400 
120 - 135 0 . 0200 0 . 0000 0 . 0200 
135 - 150 0.0400 0 . 0000 0 . 0400 
150 - 165 0.0400 0.0000 0.0400 
165 - 180 0.0400 0.0000 0 . 0400 
180 -· 195 0 . 0400 0 . 0000 0 . 0400 
195 - 210 0 . 2700 0 . 1700 0. 1000 
210 - 225 0 . 5700 0 . 4700 0. 1000 
225 - 240 1. 4900 1. 3900 0. 1000 
240 - 255 0.2700 0. 1 700 0.1000 
255 - 270 0 . 0500 0.0000 0.0500 
270 - 285 0 . 0300 0 . 0000 0 . 0300 
285 - 300 0 . 0400 0.0000 0.0400 
300 - 315 0 . 0400 0 . 0000 0.0400 
315 - 330 0 . 0100 0 . 0000 0.0100 
330 - 345 0.0200 0.0000 0 . 0200 
345 - 360 0.0300 0.0000 0.0300 

----
3.2200 2.2000 1 . 0200 

12-79-1988 on:s~:Sl 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 .0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 .0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 

----
0 . 0000 



RAINFALL EXCESS BY RAIN X PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

LOAM DRY 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .15 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 3 .5 INCHES 
HYDRAULIC CONDUCTIVITY IS .15 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES IN CHES INCHES 

0 - 15 0 . 0200 0 . 0000 0.0200 
15 - 30 0.0200 0.0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 -- 60 0.0400 0.0000 0.0400 
60 - 75 0 . 0300 0.0000 0.0300 
75 - 90 0.0300 0.0000 0.0300 
90 - 105 0.0300 0 . 0000 0.0300 

105 - 120 0.0400 0 . 0000 0 .0400 
120 - 135 0.0200 0 . 0000 0.0200 
135 - 150 0.0400 0 . 0000 0 . 0400 
150 - 165 0.0400 0.0000 0 . 0400 
165 - 180 0.0400 0 . 0000 0.0400 
180 - 195 0 . 0400 0 . 0000 0.0400 
195 - 210 0 . 2700- 0.1808 0 . 0892 
210 - 225 0 . 5700 0.4891 0 . 0809 
225 - 240 1.4900 1 . 4147 0.0753 
240 - 255 0.2700 0.1988 0 . 0712 
255 - 270 0.0500 0.0000 0 . 0500 
270 - 285 0.0300 0.0000 0.0300 
285 - 300 0.0400 0.0000 0 . 0400 
300 - 315 0.0400 0 . 0000 0.0400 
315 - 330 0 . 0100 0 . 0000 0.0100 
330 - 345 0 . 0200 0 . 0000 0.0200 
345 - 360 0.0300 0.0000 0.0300 

----
3.2200 2.2834 0.9366 

12-29-1988 08:57:39 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 

0.0000 



--- - -- --~~-----

RAINFALL EXCESS BY RAIN X PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN- AMPT EQ'N 

LOAf1 NORMAL 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 25 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 3 . 5 INCHES 
HYDRAULIC CONDUCTIVITY IS .15 INCHES PER HOUR 

TIME INTERVAL 
mNUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1998 08:58:~5 

RAINFALL 
INCHES 

0.0200 
0.0200 
0.0100 
0. 0400 
0 . 0300 
0.0300 
0.0300 
0.0400 
0 . 0200 
0 . 0400 
0 . 0400 
0.0400 
0 . 0400 
0 . 2700 
0.5700 
1 . 4900 
0 . 2700 
0.0500 
0.0300 
0 . 0400 
0 .0400 
0.0100 
0 . 0200 
0.0300 

3.2200 

EXCESS 
INCHES 

0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 1950 
0.5003 
1.4241 
0 . 2069 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 

2 . 3264 

INFILTRATION 
INCHES 

0.0200 
0.0200 
0 . 0100 
0 . 0400 
0.0300 
0.0300 
0 . 0300 
0.0400 
0.0200 
0.0400 
0.0400 
0 . 0400 
0.0400 
0.0750 
0.0697 
0.0659 
0.0631 
0.0500 
0.0300 
0.0400 
0 . 0400 
0.0100 
0 .0200 
0.0300 

0.8936 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 .0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 

0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN- AMPT EQ'N 

LOAM SATURATED 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES :tiJ~O, 0 

INITIAL SOIL MOISTURE CONTENT IS . 5 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 3 . 5 INCHES 
HYDRAULIC CONDUCTIVITY IS . 15 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITI AL LO SS 
MINUTES INCHES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0 . 0200 0 .0000 
.15 - 30 0 .0200 0.0000 0.0200 0.0000 
30 - 45 0 . 0100 0 . 0000 0 . 0H?J0 0 . 0000 
45 - 60 0 . 0400 0 . 0025 0.0375 0.0000 
60 - 75 0.0300 0.0000 0 . 0300 0 .0000 
75 -- 90 0 . 0300 0.0000 0 . 0300 0.0000 
90 - 105 0 . 0300 0.0000 0 . 0300 0 . 0000 

105 - 120 0.0400 0.0025 0 . 0375 0.0000 
120 - 135 0 . 0200 0 . 0000 0 . 0200 0.0000 
135 - 150 0 . 0400 0 . 0025 0 . 0375 0 . 0000 
150 - 165 0 . 0400 0 . 0025 0.0375 0 . 0000 
165 - 180 0 .0400 0 . 0025 0.0375 0 .0000 
180 - 195 0 . 0400 0.0025 0.0375 0.0000 
195 - 210 0.2700 0.2325 0 . 0375 0 .0000 
210 - 225 0.5700 0 . 5325 0.0375 0 . 0000 
225 - 240 1 . 4900 1 . 4525 0.0375 0 .0000 
240 - 255 0 . 2700 0 . 2325 0 . 0375 0 . 0000 
255 - 270 0 . 0500 0.0125 0 . 0375 0 . 0000 
270 - 285 0.0300 0.0000 0 . 0300 0.0000 
285 - 300 0 . 0400 0 . 0025 0 . 0375 0 . 0000 
300 - 315 0 . 0400 0.0025 0.0375 0 . 0000 
315 - 330 0.0100 0 . 0000 0 . 0100 0 . 0000 
330 - 345 0 . 0200 0 . 0000 0 . 0200 0 . 0000 
345 - 360 0 . 0300 0 . 0v)00 0.0300 0.0000 

--- ----
3 . 2200 2. 4825 0.7375 0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SILTY ~ LOAM DRY 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .1 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 6.6 IN CHES 
HYDRAULIC CONDUCTIVITY IS .25 INCHES PER HOUR 

TIME INTERVAL 
MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 ·- 150 
150 - 165 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1988 09:00:26 

RAINFALL 
INCHES 

0.0200 
0.0200 
0.0100 
0.0400 
0.0300 
0.0300 
0 . 0300 
0.0400 
0.0200 
0 . 0400 
0.0400 
0.0400 
0. 040~-
0.2700 
0.5700 
1.4900 
0.2700 
0.0500 
0.0300 
0.0400 
0.0400 
0.0100 
0.0200 
0.0300 

3.2200 

EXCESS 
INCHES 

0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0463 
0.3918 
1.3338 
0.1274 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 

1. 8992 

INFILTRATION 
INCHES 

0.0200 
0.0200 
0 . 0100 
0.0400 
0.0300 
0.0300 
0.0300 
0.0400 
0.0200 
0.0400 
0.0400 
0.0400 
0.0400 
0.2237 
0 . 1782 
0 . 1562 
0. 1426 
0 . 0500 
0.0300 
0.0400 
0.0400 
0.0100 
0.0200 
0.0300 

1.3208 

INITIAL LO SS 
INCHES 

0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 

-0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

- 0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SILYT LOAM NORMAL 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES :Jft-;:; .~ 

INITIAL SOIL MOISTURE CONTENT IS .25 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 6 . 6 INCHES 
HYDRAULIC CONDUCTIVITY IS . 25 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LOSS 
MINUTES INCHES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0 . 0200 0 . 0000 
15 - 30 0.0200 0 . 0000 0.0200 0 .0000 
30 - 45 0.0100 0.0000 0 . 0100 0.0000 
45 - 60 0.0400 0.0000 0.0400 0.0000 
60 - 75 0.0300 0.0000 0 . 0300 0 . 0000 
75 90 0.0300 0 . 0000 0.0300 0.0000 
90 - 105 0.0300 0.0000 0.0300 0.0000 

105 - 120 0 . 0400 0.0000 0.0400 0.0000 
120 - 135 0.0200 0 . 0000 0.0200 0.0000 
135 ·- 150 0 . 0400 0.0000 0 . 0400 0 . 0000 
150 - 165 0.0400 0 . 0000 0.0400 0 . 0000 
165 - 180 0.0400 0 . 0000 0 . 0400 0.0000 
180 - 195 0.0400 0 . 0000 0.0400 0 . 0000 
195 - 210 0.2700 0.1011 0 . 1689 0 . 0000 
210 - 225 0.5700 0 . 4270 0 . 1430 0.0000 
225 .. 240 1.4900 J. 3611 0 . 1Z89 0 . 0000 
240 - 255 0. 2700 0 . 1503 0 . 1197 0.0000 
255 - 270 0 . 0500 0 . 0000 0.0500 0 . 0000 
270- 285 0.0300 0.0000 0.0300 0.0000 
285 - 300 0 . 0400 0 . 0000 0.0400 0.0000 
300 - 315 0.0400 0 . 0000 0.0400 0.0000 

e 315 - 330 0 . 0100 0.0000 0 . 0100 0.0000 
330 - 345 0.0200 0.0000 0.0200 0.0000 
345 - 360 0.0300 0.0000 0.0300 0 . 0000 

---
3.2200 2.0394 1. 1806 0 . 0000 

l2-Z9-1988 09:01118 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GR EEN - AMPT EQ'N 

SILTY LOAM SATURATED 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 5 
SATURATED SOIL MOISTURE CONTENT IS . 5 
SOIL SUCTION HEAD IS 6 . 6 INCHES 
HYDRAULIC CONDUCTIVITY IS . 25 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0.0200 
15 - 30 0 . 0200 0 . 0000 0.0200 
30 - 45 0.0100 0 . 0000 0 . 0100 
45 - 60 0 . 0400 0.0000 0.0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0 . 0300 0 . 0000 0.0300 
90 - 105 0.0300 0 . 0000 0 . 0300 

105 - 120 0 . 0400 0.0000 0 . 0400 
120 - 135 0.0200 0 . 0000 0 . 0200 
135 - 150 0.0400 0 . 0000 0 . 0400 
150 - 165 0. 0400 0 . 0000 0 . 0400 
165 - 180 0.0400 0 . 0000 0 . 0400 
180 - 195 0 . 0400 0 . 0000 0.0400 
195 - 210 0.2700 0 . 2075 0.0625 
210 - 225 0 . 5700 0 . 5075 0 . 0625 
225 - 240 1.4900 1 .4275 0 . 0625 
240 - 255 0 . 2700 0. 2075 0.0625 
255 - ~...7 0 0 . 0500 0.0000 0.0500 
270- 285 0.0300 0 . 0000 0.0300 
285 - 300 0 . 0400 0.0000 0 . 0400 
300 - 315 0 . 0400 0.0000 0.0400 
315 - 330 0 . 0100 0 . 0000 0.0100 
330 - 345 0 . 0200 0.0000 0 . 0200 
345 -· 360 0 . 0300 0 . 0000 0.0300 

---- ·--- ---~ 

3 . 2200 2.3500 0 . 8700 

INITIAL LOSS 
INCHES 

0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 .0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 .0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 

0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

SANDY CLAY LOAM DRY 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHE S :;tfr~'4-0 

INITIAL SOIL MOISTURE CONTENT IS .15 
SATURATED SOIL MOISTURE CONTENT IS . 4 
SOIL SUCTION HEAD IS 8 . 600001 INCHES 
HYDRAULIC CONDUCTIVITY IS .06 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LO SS 
MINUTES INCHES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0 . 0200 0.0000 
15 - 30 0.0200 0 . 0000 0.0200 0.0000 
30 - 45 0 . 0100 0.0000 0 . 0100 0.0000 
45 - 60 0.0400 0 . 0000 0.0400 0 . 0000 
60 - 75 0.0300 0.0000 0 . 0300 0.0000 
75 - 80 0 . 0300 0 . 0000 0 . 0300 0.0000 
90 - 105 0.0300 0.0000 0.0300 0.0000 

105 - 120 0 . 0400 0 . 0000 0 . 0400 0.0000 
120 - 135 0.0200 0 . 0000 0 . 0200 0.0000 
135 - 150 0.0400 0.0000 0.0400 0 . 0000 
150 - 165 0.0400 0.0000 0 . 0400 0 . 0000 
165 - 180 0.0400 0 . 0000 0 . 0400 0.0000 
180 - 195 0.0400 0 . 0000 0 . 0400 0 . 0000 
195 - 210 0.2700 0 . 2245 0 . 0455 0 . 0000 
210 - 225 0 . 5700 0 . 5274 0.0426 -0 .0000 
225 - 240 1.4900 1.4496 0 . 0404 - 0 . 0000 
240 -- 255 0.2700 0.2 3 l5 0.0385 0 . 0000 
255 - 270 0 . 0500 0 . 0.130 0 . 0370 0.0000 
27 0 - 285 0.0300 0 . 0000 0 . 0300 0.0000 
285 - 300 0 . 0400 0.0052 0.0348 0 . 0000 
300 - 315 0 . 0400 0 . 0062 0 . 0338 0.0000 
315 - 330 0.0100 0 . 0000 0 . 0100 0 . 0000 
330 - 345 0.0200 0.0000 0.0200 0 . 0000 
345 - 360 0.0300 0.0000 0.0300 0.0000 

---
3.2200 2.4573 0.7627 . . 0000 

12-29-1988 09:03:53 



RAINFALL EXCESS BY RAlNX PROGRAM MODIFIED APRIL 1986 

IN I TIAL LOSS PLUS GREEN- AMPT EQ ' N 

SANDY CLAY LOAM NORMAL 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS 0 INCHES -:j/l ::: ,J :J-

INITIAL SOIL MOISTURE CONTENT IS . 25 
SATURATED SOIL MOISTURE CONTENT IS .4 
SO IL SUCTION HEAD IS 8 . 60000 1 INCHES 
HYDRAULIC CONDUCTIVITY IS .06 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0 . 0200 
15 - 30 0.0200 0.0000 0.0200 
30 - 45 0 . 0100 0 . 0000 0 . 0100 
45 - 60 0 . 0400 0 . 0000 0 . 0400 
60 - 75 0 . 0300 0.0000 0 . 0300 
75 - 90 0 . 0300 0 . 0000 0 . 0300 
90 -- 105 0 . 0300 0.0000 0 . 0300 

105 - 120 0.0400 0.0000 0.0400 
120 - 135 0.0200 0 . 0000 0 . 0200 
135 - 150 0.0400 0.0000 0 . 0400 
150 - 165 0 . 0400 0 . 0000 0.0400 
165 - 180 0.0400 0 . 0022 0 . 0378 
180 - 195 0 . 0400 0.0044 0 . 0356 
195 - 210 0. 2700 0 . 2361 0.0339 
210 - 225 0 . 5700 0.5375 0 . 0325 
225 - 240 1.4900 1 . 4587 0 . 0313 
240 -- 255 0 . 2700 0.2397 0 . 0303 
255 - 270 0 . 0500 0 . 0206 0.0294 
270 - 285 0 . 0300 0.0013 0 . 0287 
285 - .300 0.0400 0 . 0120 0 . 0280 
300 - 315 0.0400 0 . 0125 0.0275 
315 - 330 0 . 0100 0 . 0000 0 . 0100 
330 - 345 0 . 0200 0 . 0000 0 . 0200 
345 - 360 0.0300 0 . 0036 0.0264 

--- -----
3 . 2200 2.5286 0 . 6914 

12-29-1999 09:01:32 

INITIAL LOSS 
INCHES 

0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

----
0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SANOY CLAY LOAM SATURATED 

RAINFALL DATA FILENAME IS PN1 . 0AT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .4 
SATURATED SOIL MOISTURE CONTENT IS . 4 
SOIL SUCTION HEAD IS 8 . 600001 INCHES 
HYDRAULIC CONDUCTIVITY IS .06 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0050 0.0!50 
15 - 30 0 . 0200 0 . 0050 0.0150 
30 -· 45 0 . 0100 0 . 0000 0 . 0100 
45 - 60 0 . 0400 0.0250 0.0150 
60 - 75 0.0300 0.0150 0.0150 
75 - 90 0.0300 0.0150 0.0150 
90 - 105 0 . 0300 0 . 0150 0.0150 

105 - 120 0.0400 0.0250 0 . 0150 
120 - 135 0 . 0200 0 . 0050 0.0150 
135 - 150 0 . 0400 0 . 0250 0 . 0150 
150 - 165 0.0400 0.0250 0 . 0150 
165 - 180 0.0400 0.0250 0.0150 
180 - 195 0.0400 0.0250 0.0150 
195 - 2H'l 0.2700 0,2550 0.0150 
2 10 - 225 0.5700 0.5550 0.0150 
225 - 240 1.4900 1. 4 750 0.0150 
240 - 255 0.2700 0.2550 0.0150 
255 - 270 0 . 0500 0 . 0350 0 . 0150 
270 - 285 0 . 0300 0 . 0150 0.0150 
285 - 300 0.0400 0 . 0250 0 . 0150 
300 - 315 0.0400 0 . 0250 0.0150 
315 - 330 0.0100 0 . 0000 0.0100 
330 - 345 0.0200 0.0050 0.0150 
345 - 360 0 . 0300 0.0150 0.0150 

---- ----
3 . 2200 2 . 8700 0.3500 

lZ-79-1988 oq:OS:ll 

INITIAL LOSS 
INCHES 

0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 

- 0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 

---
0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

CLAY LOAM DRY 

RAINFALL DATA FILENAME IS PNl . OAT 

INITIAL LOSS IS 0 INCHES ;;/1:;:::.,:32. 

INITIAL SOIL MOISTURE CONTENT IS . 2 
SATURATED SOIL MOISTURE CONTENT IS .45 
SOIL SUCTION HEAD IS 8.2 INCHES 
HYDRAULIC CONDUCTIVITY IS .04 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LOSS 
MINUTES INCHES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0.0200 0.0000 
15 - 30 0 . 0200 0.0000 0.0200 0.0000 
30 - 45 0 . 0100 0.0000 0.0100 0 . 0000 
45 - 60 0.0400 0.0000 0 . 0400 0 .0000 
60 - 75 0 . 0300 0.0000 0 . 0300 0 .0000 
75 - 90 0.0300 0 . 0000 0.0300 0.0000 
90. - 105 0 . 0300 0.0000 0.0300 0.0000 

105 - 120 0 . 0400 0.0000 0 . 0400 0 . 0000 
120 - 135 0.0200 0.0000 0.0200 0.0000 
135 - 150 0 . 0400 0 . 0000 0.0400 0.0000 
150 - 165 0.0400 __]. 0000 0 . 0400 0 . 0000 
165 - 180 0.0400 0.0028 0. 0372 0 . 0000 
180 - 195 0.0400 0.0054 0.0346 0.0000 
195 - 210 0 . 2700 0. 2374 0.0326 0 . 0000 
210 - 225 0 . 5700 0 . 5390 0.0310 0 . 0000 
225 - 240 1. 4900 1.4604 0.0296 0.0000 
240 - 255 0 . 2700 0.2415 0 . 0285 0 . 00QH!J 
255 - 270 0 . 0500 0 . 0225 0 . 0275 0 . 0000 
270 - 285 0.0300 0 . 0034 0.0266 0.0000 
285 - 300 0.0400 0.0141. 0.0259 0 . 0000 
300 -· 315 0.0400 0.0148 0.0252 0 . 0000 
315 - 330 0 . 0100 0.0000 0.0100 0 . 0000 
330 - 345 0.0200 0.0000 0 . 0200 0 . 0000 
345 - 36 0 0 . 0300 0.0060 0.0240 0 . 0000 

---- ---· 
3 . 2200 2 . 5473 0. 6727 0 . 0000 

12-29-1980 09:05:51 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

CLAY LOAM NORMAL 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS 0 INCHES 

IN I TIAL SOIL MOISTURE CONTENT IS .3 
SATURATED SOIL MOISTURE CONTENT IS . 45 
SOIL SUCTION HEAD IS 8 . 2 INCHES 
HYDRAULIC CONDUCTIVITY IS .04 INCHES PER HOUR 

TI ME I NTERVAL RAINFALL EXCESS INFILTRfHION 
f"'INUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0.0000 0.0200 
15 - 30 0 . 0200 0 . 0000 0.0200 
30 - 45 0 . 0100 0 . 0000 0.0100 
45 - 60 0.0400 0 . 0000 0 . 0400 
60 - 75 0.0300 0 . 0000 0 . 0300 
75 - 90 0 . 0300 0.0000 0 . 0300 
90 - 105 0 . 0300 0 . 0000 0.0300 

105 - 120 0 . 0400 0.0022 0 . 0378 
120 - 135 0.0200 0.0000 0 . 0200 -135 - 150 0 . 0400 0 . 0082 0.0318 
150 - 165 0 . 0400 0.0105 0 . 0295 
165 - 180 0.0400 0.0123 0 . 0277 
180 - 195 0.0400 0 . 0137 0 . 0263 
195 - 210 0.2700 0.2449 0 . 0251 
210 - 225 0.5700 0 . 5458 0.0242 
22 5 - 24-0 1 . 4900 1 . 4666 0 . 0234 
240 - 255 0.2700 0 . 2473 0 . 0227 
255 - 270 0 . 0500 0 . 0280 0 . 0220 
270 - 285 0 . 0300 0 . 0085 0 . 0215 
285 - 300 0.0400 0.0190 0 . 0210 
300 - 315 0 . 0400 0 . 0194 0 . 0206 
315 - 330 0.0100 0.0000 0 . 0100 
330 - 345 0 . 0200 0 . 0000 0 . 0200 
345 - 360 0.0300 0 . 0103 0 . 0197 

----
3 . 2200 2.6368 0 . 5832 

17.-29-1988 09:06:32 

INITIAL LOSS 
INCHES 

0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0,0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 

----
0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

CLAY LOAM SATURATED 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .45 
SATURATED SOIL MOISTURE CONTENT IS . 45 
SOIL SUCTION HEAD IS 8.2 INCHES 
HYDRAULIC CONDUCTIVITY I S .04 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFIL. TRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0100 0 . 0100 
15 - 30 0.0200 0 . 0100 0.0100 
30 - 45 0 . 0100 0 . 0000 0.0100 
45 - 60 0 . 0400 0 . 0300 0.0100 
60 - 75 0 . 0300 0.0200 0.0100 
75 - 90 0.0300 0 . 0200 0 . 0100 
90 - 105 0.0300 0 . 0200 0.0100 

105 - 120 0 .0400 0.0300 0.0100 
120 - 135 0.0200 0.0100 0 . 0100 
135 - 150 0.0400 0.0300 0.0100 
150 - 165 0.0400 0.0300 0.0100 
165 - 180 0.0400 0 . 0300 0.0100 
180 - 195 0.0400 0.0300 0.0100 
195 - 210 0.2700 0.2600 0.0100 
210 - 225 0 . 5700 0.5600 0.0100 
22 5 - 240 1.4900 1 . 4800 0.0100 
240 - 255 0.2700 0.2600 0.0100 
255 - 270 0.0500 0 . 0400 0 . 0100 
270 - 285 0.0300 0.0200 0.0100 
285 -- 300 0.0400 0 . 0300 0 . 0100 
300 - 315 0.0400 0 . 0300 0.0100 
315 - 330 0 . 0100 0.0000 0 . 0100 
330 - 345 0.0200 0.0100 0.0100 
345 - 360 0.0300 0 . 0200 0 . 0100 

----- ----
3.2200 2 . 9800 0.2400 

t2-Z9-19BB oq:o?:to 

INITIAL LOSS 
INCHES 

0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 .. 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 

-0 .0000 
-0 . 0000 

0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 

-·- 0. 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SI LTY CLAY LOAM DRY 
,4-0 :;A:: RAINFALL DATA FILENAME ISPNl . OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS ., 
. L 

SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 10 . 8 INCHES 
HYDRAULIC CONDUCTIVITY IS .04 INCHES PER HOUR 

e TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LOSS 
MINUTES INCHES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0 . 0200 0.0000 
15 -- 30 0.0200 0 . 0000 0 . 0200 0 . 0000 
30 - 45 0 . 0100 0.0000 0.0100 0 . 0000 
45 - 60 0.0400 0.0000 0 . 0400 0 . 0000 
60 - 75 0 . 0300 0 . 0000 0 . 0300 0.0000 
75 - 90 0.0300 0 . 0000 0 . 0300 0 . 0000 
90 - 105 0 . 0300 0.0000 0.0300 0 . 0000 

105 - 120 0 . 0400 0 . 0000 0.0400 0 . 0000 
120 - 135 0 . 0200 0 . 0000 0 . 0200 0 . 0000 
135 - 150 0.0400 0 . 0000 0.0400 0 . 0000 
150 - 165 0 . 0400 0 . 0000 0 . 0400 0 . 0000 
165 - 180 0.0400 0.0000 0 . 0400 0.0000 
180 - 195 0.040~-- 0.0000 0.0400 0.0000 
195 - 210 0 . 2700 0 . 2218 0 . 0482 0 . 0000 
210 - 225 0 . 5700 0.5256 0.0444 -0 . 0000 
225 - 240 1.4900 1 . 4484 0 . 0416 -0 . 0000 
240 - 255 0 . 2700 0.2307 0 . 0393 0 . 0000 
255 - 270 0 . 0500 0 . 0126 0 . 0374 0 . 0000 
270 - 285 0.0300 0 . 0000 0 . 0300 0.0000 
285 - 300 0 . 0400 0 . 0054 0 . 0346 0.0000 
300 - 315 0.0400 0 . 0066 0 . 0334 0 . 0000 
315 - 330 0 . 0100 0.0000 0 . 0100 0 _0000 
330 - 345 0.0200 0.0000 0.0200 0 . 0000 
345 - 360 0. 0.300 0 . 0000 0 . 0300 0 . 0000 

·-----
3 . 2200 2 . 4512 0.7688 - 0 . 0000 

12-29- 988 09:28:52 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

4 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOS S IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .35 
SATURATED SOIL MOISTURE CONTENT IS . 5 
SOIL SUCTION HEAD IS 10 . 8 INCHES 
HYDRAULIC CONDUCTIVITY IS .04 INCHES PER HOUR 

Tl t1E INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 -· 15 0.0200 0 . 0000 0.0200 
15 - 30 0.0200 0.0000 0.0200 
30 -· 45 0.0100 0 . 0000 0 . 0100 
45 - 60 0.0400 0.0000 0 . 0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0 . 0300 0.0000 0.0300 
90 - 105 0.0300 0 . 0000 0 . 0300 

105 - 120 0 . 0400 0 . 0000 0 . 0400 
120 - 135 0 . 0200 0 . 0000 0.0200 
135 - 150 0.0400 0 . 0000 0 . 0400 -150 - 165 0 . 0400 0 . 0029 0.0371 
165 - 180 0 . 0400 0.0058 0 . 0342 
180 -- 195 0.0400 0 . 0080 0.0320 
195 - 210 0 . 2700 0 . 2397 0.0303 
210 - 22 5 0.5700 0.5411 0 . 0289 
225 - 240 1. 4 900 1.4623 0.0277 
240 - 255 0. 2700 0 . 2433 0 . 0267 
255 - 270 0.0500 0 . 0241 0.0259 
270 - 285 0 . 0300 0 . 0049 0.0251 
285 - 300 0 . 0400 0.0155 0.0245 
300 - 315 0 . 0400 0 . 0161 0 . 0239 
315 - 330 0.0100 0 . 0000 0 . 0100 
330 - 345 0 . 0200 0 . 0000 0 . 0200 
345 - 360 0.0300 0 . 0073 0 . 0227 

---- --- ---
3.2200 2 .5708 0.6492 

12-29-1988 09:29:38 

INIT IAL LOSS 
INCHES 

0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 .. 0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 

---
0 .0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SILTY CLAY LOAM SATURATED 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS 0 INCHE S ;f~o,O 

INITIAL SOIL MOISTURE CONTENT JS .5 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 10.8 INCHES 
HYDRAULIC CONDUCTIVITY IS .04 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LOSS 
t1INUTES INCHES INCHES INCHES INCHES 

0 - 15 0.0200 0.0100 0.0100 0.0000 
15 - 30 0 . 0200 0 . 0100 0 . 0100 0 . 0000 
30 - 45 0.0100 0.0000 0 . 0100 0 . 0000 
45 - 60 0.0400 0 . 0300 0.0100 0 . 0000 
60 - 75 0 . 0300 0 . 0200 0.0100 0.0000 
75 - 90 0 . 0300 0 . 0200 0.0100 0 . 0000 
90 - 105 0 . 0300 0 . 0200 0 . 0100 0 . 0000 

105 - 120 0.0400 0 . 0300 0 . 0100 0 . 0000 
120 - 135 0 . 0200 0 . 0100 0 . 0100 0 . 0000 
135 - 150 0.0400 0 . 0300 0.0100 0 . 0000 
150 - 165 0 . 0400 0.0300 0.0100 0 . 0000 
165 ·- 180 0 . 0400 0 . 0300 0.0100 0.0000 
180 - 195 0 . 0400 0.0300 0 . 0100 0.0000 
195 - 210 0 . 2700 0.2600 0.0100 - 0 . 0000 
210 - 225 0 . 5700 0.5600 0 . 0100 -0.0000 
225 - 240 1 . 4800 1.4800 0.0100 0 . 0000 
240 - 255 0 . 2700 0.2600 0.0100 0 . 0000 
255 ·- 270 0 . 0500 0 . 0400 0 . 0100 0 . 0000 
270 - 285 0.0300 0 . 0200 0.0100 0.0000 
285 - 300 0 . 0400 0 . 0300 0.0100 0 . 0000 
300 - 315 0 . 0400 0 . 0300 0 . 0100 0 . 0000 
315 - 330 0.0100 0.0000 0 . 0100 0 . 0000 
330 - 345 0.0200 0 . 0100 0.0100 0 . 0000 
345 - 360 0 . 0300 0.0 200 0 . 0100 0 . 0000 

----
3 . 2200 2.9800 0.2400 ·-0 . 0000 

12-29-1988 09:30:15 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SANDY CLAY DRY 

RAINFALL DATA FILENAME IS PN1.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 25 
SATURATED SOIL MOISTURE CONTENT IS . 45 
SOIL SUCTION HEAD IS 9.399999 INCHES 
HYDRAULIC CONDUCTIVITY IS . 02 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0.0000 0.0200 
15 - 30 0.0200 0.0000 0 . 0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0 . 0400 0.0000 0 . 0400 
60 - 75 0.0300 0.0000 0 . 0300 
75 - 90 0 . 0300 0 . 0000 0.0300 
90 - 105 0 . 0300 0.0000 0 . 0300 

105 - 120 0. 0400- 0.0131 0 . 0269 
120 - 135 0.0200 0.0000 0.0200 
135 - 150 0 . 0400 0,0172 0.0228 
150 - 165 0.0400 0 . 0187 0.0213 
165 - 180 0 . 0400 0 . 0199 0.0201 
180 - 195 0.0400 0.0209 0.0191 
195 - 210 0.2700 0.251'7 0.0183 
210 - 225 0.5700 0 . 5524 0 . 0176 
225 - 240 1.4900 1. 4731 0 . 0169 
240 - 255 0 . 2700 0.2536 0.0164 
255 - 270 0.0500 0.0341 0 . 0159 
270 - 285 0.0300 0 . 0145 0 . 0155 
285 - 300 0.0400 0.0249 0.0151 
300 - 315 0.0400 0.0252 0.0148 
315 - 330 0 . 0100 0.0000 0 . 0100 
330 - 345 0.0200 0.0eJ58 0 . 0142 
345 - 360 0 . 0300 0.0160 0.0140 

---
3 . 2200 2.7413 0.4787 

12-29-1988 09:30:50 

INITIAL LOSS 
INCHES 

0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 

0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SANOY CLAY NORMAL 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 35 
SATURATED SOIL MOISTURE CONTENT IS .45 
SOIL SUCTION HEAD IS 9.399999 INCHES 
HYDRAULIC CONDUCTIVITY IS .02 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
t1INUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0.0200 
15 - 30 0 . 0200 0 . 0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0 . 0400 0.0039 0 . 0361 
60 - 75 0.0300 0 . 0037 0.0263 
75 - 90 0 . 0300 0 . 0079 0 . 0221 
90 - 105 0 . 0300 0 . 0103 0 . 0197 

105 - 120 0.0400 0.0220 0 . 0180 
120 -- 135 0.0200 0.0033 0 .0167 
135 - 150 0.0400 0 . 0242 0.0158 
150 - 165 0.0400 0.0250 0.0150 
165 - 180 0.0400 0 . 0257 0 . 0143 
180 ·- 195 0 . 0400 0 . 0262 0. 0138 
195 - 210 0.2700 0.2567 0 . 0133 
210 - 225 0 . 5700 0.5571 0 . 0129 
225 - 240 1.4900 1 . 4775 0 . 0125 
240 - 255 0.2700 0. 2578 0.0122 
255 ·- 270 0 .0500 0 . 0381 0.0119 
270 - 285 0 . 0300 0 . 0183 0.0117 
285 - 300 0 . 0400 0 . 0286 0.0114 
300 - 315 0 . 0400 0.0288 0 . 0112 
315 - 330 0 . 0100 0.0000 0 . 0100 
330 - 345 0 . 0200 0.009! 0 . 0109 
345 - 360 0 . 0300 0.0193 0 . 0107 

---- -
3 . 2200 2 . 8434 0.3766 

12-29-1988 09:31131 

INITI AL LOSS 
INCHES 

0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 

-0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 .0000 
0 . 0000 
0 . 0000 
0 . 0000 

- 0 . 0000 



RAINFALL EX CESS BY RA I NX PROGRAM MODIFIED APRIL 1986 

INITIAL LO SS PLUS GREEN-AMPT EQ'N 

SANDY CLAY SATURATED 

RAINFALL DATA FILENAME I S PNl.OAT 

INITIAL LOS S IS 0 INCHES 

INITIAL SOIL MOI STURE CONTENT IS . 45 
SATURATED SOIL MOISTURE CON TENT IS .45 
SOIL SUCTION HEAD IS 9 . 399999 INCHES 
HYDRAULIC CONDUCTIVITY IS . 02 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0150 0 . 0050 
15 - 30 0 . 0200 0 . 0150 0.0050 
30 - 45 0.0100 0 . 0050 0.0050 
45 - 60 0 . 0400 0 . 0350 0.0050 
60 - 75 0.0300 0 . 0250 0.0050 
75 - 90 0.0300 0.0250 0 . 0050 
90 - 105 0 . 0300 0 . 0250 0.0050 

105 - 1.20 0.0400 0.0350 0.0050 
120 - 135 0 . 0200 0 . 0150 0 . 0050 
135 - 150 0.0400 0.0350 0 . 0050 
150 - 165 0.0400 0 . 0350 0 . 0050 
165 - 180 0.0400 0 . 0350 0.0050 
180 195 0 . 0400 0.0350 0.0050 
195 - 210 0 . 2700 0 . 2650 0.0050 
210 - 225 0 . 5700 0.5650 0 . 0050 
225 - 240 1.. 4900 1 . 4850 0 . 0050 
240 - 255 0 . 2700 0.2650 0 . 0050 
255 - 270 0.050(7) 0 . 0450 0.0050 
270 - 285 0 . 0300 0.0250 0.0050 
285 - 300 0.0400 0.0350 0.0050 
300 - 315 0 . 0400 0 . 0350 0.0050 
315 - 330 0 . 0100 0.0050 0.0050 
330 - 345 0.0200 0.0150 0 . 0050 
345 - 360 0.0300 0 . 0250 0 . 0050 

----
3 . 2200 3. 1000 0. 1200 

lZ-29-1980 09:32:7.1 

INITIAL LOSS 
INCHES 

0 .0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
.0. 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 

-0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 

---
- 0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

SILTY CLAT DRY 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .3 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 11 . 5 INCHES 
HYDRAULIC CONDUCTIVITY IS .02 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0.0000 0 . 0200 
15 - 30 0.0200 0 . 0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - G0 0.0400 0 . 0000 0.0400 
60 - 75 0.0300 0.0000 0 . 0300 
75 - 90 0.0300 0 . 0000 0.0300 
90 - 105 0 . 0300 0.0000 0.0300 

105 - 120 0. 0400- 0 . 0058 0 . 0342 
120 - 135 0 . 0200 0. 0QHZJ0 0.0200 
135 - 150 0 . 0400 0.0118 0.0282 
150 - 165 0.0400 0 . 0141 0 . 0259 
165 - 1.80 0.0400 0 . 0159 0.0241 
180 - 195 0.0400 0 . 0172 0 . 0228 
195 - 210 0.2700 0 . 2484 0.0216 
210 - 225 0.5700 0 . 5493 0.020'7 
225 - 240 1 . 4900 1. 4 702 0.0198 
240 - 255 0.2700 0 . 2508 0 . 0191 
255 - 270 0 . 0500 0.0315 0.0185 
270 - 285 0 . 0300 0.0120 0.0180 
285 - 300 0.0400 0.0225 0.0175 
300 - 315 0.0400 0.0230 0.0170 
315 - 330 0 . 0100 0.0000 0 . 0100 
330 - 345 0,0200 0 . 0036 0.0164 
345 - 360 0.0300 0.0140 0.0160 

3.2200 2 .6903 0 . 5297 

12-29-1988 09:32:57 

INITIAL LOSS 
INCHES 

0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 

-0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 

- 0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

SILTY CLAY NORMAL 

RAINFALL DATA FILENAME IS PNl . OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .4 
SATURATED SOIL MOISTURE CONTENT IS . 5 
SOIL SUCTl ON HEAD' IS 11 . 5 INCHES 
HYDRAULI C CONDUCTIV ITY IS .02 INCHES PER HOUR 

TIME I NTER\JAL RAINFALL EXCESS INFJL TRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0.0200 
15 - 30 0 . 0200 0 . 0000 0.0200 
30 - 45 0.0100 0 . 0000 0.0100 
45 - 60 0 . 0400 0.0000 0. 0400 
60 - 75 0.030~ 0.0000 0 . 0300 
75 - 90 0.0300 0 . 0034 0.0266 
90 - 105 0.0300 0 . 0068 0.0232 

105 - 120 0.0400 0 . 0190 0 . 0210 
120 - 135 0.0200 0 . 0007 0.0193 
135 - 150 0 . 0400 0.0219 0.0181 
150 - 165 0.0400 0.0229 0 . 0171 
165 - 180 0.0400 0.0237 0.0163 
180 - 195 0.0400 0.024.3 0 . 0157 
1'35 - 210 0.2700 0 . 254'3 0.0151 
210 - 225 0 . 5700 0.5554 0 . 0146 
225 - 240 1.4900 1 . 4758 0.0142 
240 - 255 0.2700 0 . 2562 0 . 0138 
255 - 270 0.0500 0.0366 0 . 0134 
270 - 285 0.0300 0.0169 0.0131 
285 - 300 0 . 0400 0.0272 0.0128 
300 - 315 0.0400 0.0274 0.0126 
315 - 330 0 . 0100 0 . 0000 0.0.100 
330 - 345 0 . 0200 0 . 0079 0.0121 
345 - 360 0 . 0300 0.0181 0.0119 

3.2200 2.7991 0 . 4209 

12-29-1988 09:33131 

INITIAL LOSS 
INCHES 

0.0000 
0 . 0000 
0.00\!10 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 

-0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0 .0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

SILTY CLAY SATURATED 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 5 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 11.5 INCHES 
HYDRAULIC CONDUCTIVITY IS .02 INCHES PER HOUR 

TIME INTERVAL 
MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 185 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

RAINFALL 
INCHES 

0.0200 
0.0200 
0 . 0100 
0 . 0400 
0 . 0300 
0.0300 
0 . 0300 
0 . 0400 
0.0200 
0.040~ 

0.0400 
0.0400 
0 . 0400 
0 . 2700 
0.5700 
1. 4900 
0.2700 
0.0500 
0 . 0300 
0.0400 
0 . 0400 
0 . 0100 
0.0200 
0 . 0300 

3.2200 

EXCESS 
INCHES 

0 . 0150 
0.0150 
0.0050 
0 . 0350 
0 . 0250 
0 . 0250 
0.0250 
0.0350 
0 . 0150 
0 . 0350 
0 . 0350 
0 . 0350 
0 . 0350 
0 . 2650 
0.5650 
1 . 4850 
0.2650 
0 . 0450 
0.0250 
0 . 0350 
0.0350 
0 . 0050 
0.0150 
0.0250 

3. l(?JQJ0 

INFILTRATION 
INCHES 

0 . 0050 
0.0050 
0 . 0050 
0 . 0050 
0.0050 
0 . 0050 
0 . 0050 
0.0050 
0.0050 
0.0050 
0 . 0050 
0 . 0050 
0.0050 
0 . 0050 
0 . 0050 
0 . 0050 
0 . 0050 
0 . 0050 
0 . 0050 
0.0050 
0 . 0050 
0 . 0050 
0 . 0050 
0.0050 

0. 1200 

INITIAL LOSS 
INCHES 

0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 

-0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 

- 0 . 0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN- AMPT EQ'N 

CLAY DRY 

RAINFALL DATA FILENAME IS PNl . OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .35 
SATURATED SO IL MOISTURE CON TENT IS .5 
SOIL SUCTION HEAD IS 12.4 INCHES 
HYDRAULIC CONDUCTIVITY IS . 01 INCHES PER HOUR 

TIME INTERVAL 
MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 75 
75 - 90 
90 - 105 

105 - 120 
.l20 - 135 
135 - 150 
150 - 165 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1988 09:31:39 

RAINFALL 
INCHES 

0 . 0200 
0.0200 
0 . 0100 
0 . 0400 
0 . 0300 
0.0300 
0.0300 
0 . 0400 
0.0200 
0 . 0400 
0.0400 
0.0400 
0.0400 
0. 2700 
0.5700 
1.4900 
0.2700 
0.0500 
0 . 0300 
0.0400 
0.0400 
0.0100 
0.0200 
0.0300 

3 . 2200 

EXCESS 
INCHES 

0.0000 
0.0000 
0.0000 
0.0034 
0.0041 
0.0086 
0 . 0113 
0.0231 
0 . 0044 
0 . 0254 
0 . 0262 
0.0269 
0 . 0275 
0.2580 
0.5584 
1. 4 788 
0 . 2592 
0.0395 
0 . 0198 
0 . 0300 
0.0302 
0.0005 
0 . 0106 
0.0208 

2 . 8669 

INFILTRATION 
INCHES 

0 . 0200 
0.0200 
0 . 0100 
0.0366 
0.0259 
0 . 0214 
0.0187 
0.0169 
0 . 0156 
0 . 0146 
0.0138 
0 . 0131 
0 . 0125 
0.0120 
0.0116 
0.0112 
0 . 0108 
0.0105 
0.0102 
0.0100 
0.0098 
0.0085 
0.0094 
0.0092 

0. 3531 

INITIAL LOSS 
INCHES 

0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 

.0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 

-0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 00QHll 
0 . 0000 

-0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ ' N 

CLAY NOR11AL 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS . 45 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 12 . 4 INCHES 
HYDRAULIC CONDUCTIVITY IS .01 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0.0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 -- 45 0 . 0100 - 0.0000 0.0100 
45 - 60 0.0400 0 . 0241 0 . 0159 
60 - 75 0 . 0300 0 . 0168 0.0132 
75 - 90 0.0300 0 . 0184 0 . 0116 
90 - 105 0.0300 0.0194 0 . 0106 

105 - 120 0 . 0400 0.0302 0.0098 
120 -- 135 0 . 0200 0.0108 0.0092 
135 - 150 0.0400 0 . 0313 0 . 0087 
150 - 165 0 . 0400 0.0317 0 . 0083 
165 - 180 0 . 0400 0.0320 0.0080 
180 - 195 0.0400 0 . 0323 0 . 0077 
195 - 210 0 . 2700 0 . 2626 0.0074 
2 10 - 225 0 . 5700 0 . 5628 0 . 0072 
225 - 240 1.4900 1. 4830 0.0070 
240 - 255 0 . 2700 0 . 2631 0.0069 
255 - 270 0 . 05QJ0 0 . 0433 0 . 0067 
270 - 285 0.0300 0 . 0235 0.0065 
285 - 300 0.0400 0.0336 0 . 0064 
300 - 315 0 . 0400 0 . 0337 0.0083 
315 - 330 0 . 0100 0 . 0038 0 . 0062 
330 - 345 0 . 0200 0 . 0139 0.0061 
345 - 360 0 . 0300 liL 0240 0.0060 

---- -----
3 . 2200 2.9943 0.2257 

12-Z9-l988 09:35:08 

INITIAL LOSS 
INCHES 

0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 

--0.0000 
-0 . 0000 

0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 

-0.0000 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS GREEN-AMPT EQ'N 

CLAY SATURATED 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS 0 INCHES 

INITIAL SOIL MOISTURE CONTENT IS .5 
SATURATED SOIL MOISTURE CONTENT IS .5 
SOIL SUCTION HEAD IS 12.4 INCHES 
HYDRAULIC CONDUCT I VITY IS . 01 INCHES PER HOUR 

TIME INTERVAL RAINFALL EXCESS INFILTRATION 
MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0175 0.0025 
15 - 30 0 . 0200 0. 0175 0.0025 
30 - 45 0.0100 0 . 0075 0.0025 
45 - 60 0 . 0400 0 . 0375 0.0025 
60 - 75 0 . 0300 0 . 0275 0 . 0025 
75 - 90 0 . 0300 0.0275 0 . 0025 
90 - 105 0.0300 0. 0275 0 . 0025 

105 - 120 0.0400 0 . 0375 0.0025 
120 - 135 0 . 0200 0 . 0t75 0 . 0025 
135 - 150 0 . 0400 0.0375 0 . 0025 
150 165 0 . 0400 0.0375 0 . 0025 
165 - 180 0 . 0400 0.0375 0 . 0025 
180 - 195 0 . 0400 0 . 0375 0 . 0025 
195 - 210 0.2700 0.2675 0.0025 
210 - 225 0 . 5700 0 . 5675 0.0025 
22 5 - 240 1.4900 1,4875 0.0025 
240 - 255 0.2700 0.2675 0 . 0025 
255 - 270 0.0500 0.0475 0.0025 
270 - 285 0.0300 0.0275 0.0025 
285 - 300 0.0400 0.0375 0.0025 
300 - 315 0.0400 0.0375 0 . 0025 
315 - 330 0 . 0100 0 . 0075 0 . 0025 
330 - 345 0.0200 0.0175 0.0025 
345 - 360 0 . 0300 0.0275 0 . 0025 

----
3.2200 3 . 1600 0.0600 

INITIAL LOSS 
INCHES 

-0.0000 
-0 . 0000 
-0 .0000 

0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 

--0 .0000 
0.0000 
0 . 0000 
0 . 0000 

--0 . 0000 
0.0000 
0.0000 

-0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 

0.0000 



1\PPENO[X ?. F' 

Computer output of tests of initial loss values. 
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RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SAND DRY AND NORMAL 

RAINFALL DATA FILENM1E IS PN1 . OAT 

INITIAL LOSS IS 1 . 3 INCHES 
UNIFORM LOSS RATE IS 4 . 6 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTER'JAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 -- 15 0 . 0200 0 . 0000 0.0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0 . 0400 0.0000 0 . 0400 
60 - 75 0 . 0300 0.0000 0.0300 
75 - 80 0 . 0300 0.0000 0.0300 
90 - 105 0 . 0300 0.0000 0.0300 

105 - 120 0.04eJ0 0.0000 0 . 0400 
120 - 135 0.0200 0 . 0000 0.0200 
135 - 150 0 . 0400 0.0000 0 . 0400 
150 - 165 0 . 0400 0 . 0000 0.0400 
165 - 180 0.0400 0.0000 0.0400 
180 - 185 0.0400 0 . 0000 0.0400 
195 - 210 0 . 2700 0 . 0000 0 . 2700 
210 - 22 5 0 . 5700 0.0000 0 . 5700 
225 - 240 1 . 4900 0.2800 1. 2100 
240 - 255 0 . 2700 0.0000 0.2700 
255 - 270 0.0500 0.0000 0.0500 
270 - 285 0.0300 0.0000 0.0300 
285 - 300 0 . 0400 0.0000 0.0400 
300 - 315 0.0400 0 . 0000 0 . 0400 
315 -- 330 0 . 0100 0 . 0000 0.0100 
330 - 345 0.0200 0 . 0000 0 . 0200 
345 - 360 0 . 0300 0 . 0000 0.0300 

3.2200 0.2800 2.9400 

12-29--1988 10:27:26 



RAINFALL EXCESS BY RAIN X PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

LOAMY SAND DRY AND NORMAL 

RAINFALL DATA FILENAME I S PNl.OAT 

INITIAL LO SS I S . 8 INCHES 
UNIFORM LO SS RATE IS 1 . 2 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0 . 0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 - 45 0 . 0100 0.0000 0 . 0100 
45 - 60 0 . 0400 0 . 0000 0.0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0.0300 0.0000 0.0300 
80 - 105 0.0300 0 . 0000 0 . 0300 

105 - 120 0.0400 0 . 0000 0.0400 
120 - 135 0 . 0200 0.0000 0 . 0200 
135 - 150 0.0400 0.0000 0 . 0400 
150 - 165 0.0400 0.0000 0 . 0400 
165 - 180 0 . 0400 0 . 0000 0.0400 
.180 - 195 0.0400 0.0000 0 . 0400 
1.95 - 210 0 . 2700 0 . 0000 0.2700 
2.10 - 225 0.5700 0.1400 0.4300 
225 - 240 1. 4900 1. 1900 0.3000 
240 - 255 0. 2700 0.0000 0. 2700 
255 - 270 0 . 0500 0.0000 0.0500 
270 - 285 0 . 0300 0 . 0000 0.0300 
285 - 300 0 . 0400 0.0000 0 . 0400 
300 - 315 0.0400 0.0000 0.0400 
315 - 330 0.0100 0.0000 0.0100 
330 - 345 0 . 0200 0 . 0000 0 . 0200 
345 - 360 0.0300 0 . 0000 0 . 0300 

---- ----
3.2200 1.3300 1 . 8900 

e 
12-29-1988 10:28:03 



RAINFALL EXCES S BY RAIN X PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SAN DY LOAM DRY 

RAINFALL DATA FILENAME IS PN1.DAT 

INIT I AL LOSS I S . 7 INCHES 
UNIFORM LOSS RATE IS . 4 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENT AL 
INTERVAL RAINFALL RUNOFF LO SS 

MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0 . 0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 - 45 0.0100 0 . 0000 0 . 0100 
45 - 60 0 . 0400 0 . 0000 0 . 0400 
60 - 75 0 . 0300 0 . 0000 0 . 0300 
75 - 90 0.0300 0 . 0000 0.0300 
90 - 105 0 . 0300 0.0000 0.0300 

105 - 120 0 . 0400 0 . 0000 0 . 0400 
120 - 135 0.0200 0 . 0000 0 . 0200 
135 - 150 0 . 0400 0 . 0000 0 . 0400 
150 - 165 0 . 0400 0.0000 0 . 0400 
165 - 180 0 . 0400 0. 0000 0 . 0400 
180 - 195 0 . 04-00 0 . 0000 0.0400 
195 - 210 0 . 2700 0 . 0000 0 . 2700 
210 - 225 0 . 5700 0 . 4400 0. 1300 
225 - 240 1. 4900 1.3900 0. 1000 
240 - 255 0 . 2700 0.1700 0. 1000 
255 - 270 0 . 0500 0 . 0000 0 . 0500 
270 - 285 0.0300 0 . 0000 0 . 0300 
285 - 300 0 . 0400 0 . 0000 0.0400 
300 - 315 0.0400 0.0000 0 . 0400 
315 - 330 0 . 0100 0 . 0000 0 . 0100 
330 - 345 0 . 0200 0.0000 0 . 0200 
345 - 360 0.0300 0 . 0000 0 . 030 0 

3 . 2200 2 . 0000 1 . 2200 

12-29-1988 10:28:35 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SANDY LOAM NORMAL 

RAINFALL DATA FILENAME IS PN1 . 0AT 

INITIAL LOSS IS .6 INCHES 
UNIFORM LOSS RATE IS . 4 INCHE S PER HOUR 

TIME 
INTERVAL 
t1INUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 -- 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1988 10:29:08 

TNCREI"IENTAL 
RAINFALL 

INCHES 

0.0200 
0.0200 
0.0100 
0 . 0400 
0.0300 
0 . 0300 
0 . 0300 
0.0400 
0.0200 
0 . 0400 
0. 0400 
0 . 0400 
0.0400 
0.2700 
0.5700 
1. 4900 
0 . 2700 
0.0500 
0 . 0300 
0.0400 
0.0400 
0.0100 
0 . 0200 
0 . 0300 

3.2200 

INCREMENTAL 
RUNOFF 
INCHES 

0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.4700 
1.3900 
0.1700 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 

2 . 0300 

INCREMENTAL. 
LOSS 

INCHES 

0 . 0200 
0.0200 
0.0100 
0.0400 
0 . 0300 
0 . 0300 
0.0300 
0 . 0400 
0 . 0200 
0. 0400 
0 . 0400 
0.0400 
0.0400 
0.2700 
0. 1000 
0.1000 
0.1000 
0.0500 
0.0300 
0.0400 
0.0400 
0 . 0100 
0.0200 
0 . 0300 

1. 1900 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

LOAM DRY 

RAINFALL DATA FILENAME IS PNl . OAT 

INITIAL LOSS IS .6 INCHES 
UNIFORM LOSS RATE IS .15 INCHES PER HOUR 

TIME 
INTERVAL 

MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 ·- 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
165 - 180 
180 - 195 
195 -· 210 
210 - 225 
225 - 240 
240 - 255 
255 -· 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 ·- 360 

12-29-1988 10:29:32 

INCREMENTAL 
RAINFALL 

INCHES 

0.0100 
0.0200 
0.0100 
0 . 0400 
0 . 0300 
0 . 0300 
0 . 0300 
0.0400 
0.0200 
0 . 0400 
0.0400 
0.0400 
0 . 0400 
0. 2700 
0 . 5700 
1. 4900 
0.2700 
0 . 0500 
0.0300 
0 . 0400 
0 . 0400 
0 . 0100 
0.0200 
0.0300 

3 . 2200 

INCREMENTAL 
RUNOFF 
INCHES 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0325 
0.5325 
1.4525 
0.2325 
0 . 0125 
0 . 0000 
0.0025 
0.0025 
0.0000 
0 . 0000 
0 . 0000 

2 . 2675 

INCREMENTAL 
LOSS 

INCHES 

0.0200 
0 . 0200 
0.0100 
0. 0400 
0 . 0300 
0.0300 
0 . 0300 
0. 0400 
0.0200 
0 . 0400 
0 . 0400 
0.0400 
0.0400 
0.2375 
0.0375 
0 . 0375 
0.0375 
0.0375 
0.0300 
0 . 0375 
0.0375 
0 . 0100 
0.0200 
0.0300 

0.9525 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

LOAM NORMAL 

RAINFALL DATA FILENAME IS PN1.DAT 

INITIAL LOSS IS .5 INCHES 
UNIFORM LOSS RATE IS . 15 INCHES PER HOUR 

TIME 
INTERVAL 

MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
165 - 180 
180 -· 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

lZ-29-1988 10:29:57 

INCREMENTAL 
RAINFALL 

INCHES 

0 . 0200 
0 . 0200 
0.0100 
0. 0400 
0.0300 
0.0300 
0 . 0300 
0 . 0400 
0 . 0200 
0 . 0400 
0.0400 
0.0400 
0.0400 
0. 2700 
0 . 5700 
1. 4900 
0 . 2700 
0.0500 
0 . 0300 
0 . 0400 
0 . 0400 
0 . 0100 
0 . 0200 
0.0300 

3 . 2200 

INCREMENTAL 
RUNOFF 
INCHES 

0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 1325 
0 . 5325 
1.4525 
0.2325 
0 . 0125 
0.0000 
0.00<:.5 
0 . 0025 
0 . 0000 
0.0000 
0.0000 

2 . 3675 

I NCRn1ENT AL 
LOSS 

INCHES 

0 . 0200 
0.0200 
0.0100 
0.0400 
0.0300 
0.0300 
0 . 0300 
0. 0400 
0.0200 
0.0400 
0 . 0400 
0 . 0400 
0 . 0400 
0 . 1375 
0.0375 
0.0375 
0.0375 
0 . 0375 
0.0300 
0.0375 
0.0375 
0.0100 
0 . 0200 
0 . 0300 

0 . 8525 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SILTY LOAM DRY 

RAINFALL. DATA FILENAME IS PNl .DAT 

INITIAL LOSS IS . 8 INCHES 
UNIFORM LOSS RATE IS . 25 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0 . 0000 0 . 0200 
15 - 30 0.0200 0 . 0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0.0400 0 . 0000 0.0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0.0300 0.0000 0.0300 
90 - 105 0.0300 0.0000 0.0300 

105 - 120 0. 0400 0.0000 0.0400 
120 - 135 0.0200 0.0000 0.0200 
135 -- 150 0.0400 0.0000 0.0400 
150 - 165 0.0400 0.0000 0.0400 
165 - 180 Q). eJ400 0.0000 0.0400 
180 - 195 0 . 0400 0.0000 0 . 0400 
195 - 210 0.2700 0.0000 0.2700 
210 - 225 0.5700 0. 3775 0.1925 
225 - 240 1.4900 1.4275 0.0625 
240 - 255 0.2700 0.2075 0.0625 
255 - 270 0.0500 0.0000 0.0500 
270 - 285 0.0300 0.0000 0 . 0300 
285 - 300 0.0400 0.0000 0. 0400 
300 - 315 0.0400 0.0000 0.0400 
315 - 330 0.0l00 0.0000 0 . 0100 
330 - 345 0.0200 0.0000 0.0200 
345 - 360 0.0300 0.0000 0.0300 

3 . 2200 2 . 0125 1.2075 

lZ-29-1988 10:30:37 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SILTY LOAM NORMAL 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS .7 INCHES 
UNIFORM LOSS RATE IS . 25 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0.0200 
15 - 30 0 . 0200 0.0000 0 . 0200 
30 - 45 0 . 0100 0.00el0 0.0100 
45 - 60 0.0400 0.0000 0 . 0400 
60 - 75 0.0300 0 . 0000 0.0300 
75 - 90 0 . 0300 0.0000 0 . 0300 
90 - 105 0 . 0300 0.0000 0 . 0300 

105 - 120 0 . 0400 0.0000 0.0400 
120 - 135 0.0200 0.0000 0 . 0200 
135 - 150 0.0400 0.0000 0 . 0400 
150 - 165 0.0400 0.0000 0.0400 
165 - 180 0 . 0400 0.0000 0 . 0400 
180 - 195 0 . 0400 0.0000 0 . 0400 
195 - 210 0 . 2700 0.0000 0.2700 
210 - 225 0.5700 0 . 4775 0. 925 
225 - 240 1. 4900 1. 4275 0 . 0625 
240 - 255 0 . 2700 0.2075 0 . 0625 
255 - 270 0.0500 0.0000 0 . 0500 
270- 285 0 . 0300 0.0000 0 . 0300 
285 - 300 0 . 0400 0 . 0000 0.0400 
300 - 315 0 . 0400 0.0000 0.0400 
315 - 330 0.0100 0 . 0000 0.0100 
330 - 345 0.0200 0 . 0000 0 . 0200 
345 - 360 0.0300 0.0000 0 . 0300 

--- ----
3.2200 2.1125 1 . .tel75 

12-29-1998 10:31:01 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SANOY CLAY LOAM DRY 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS . 6 INCHES 
UNIFORM LOSS RATE IS .06 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 - 15 0.0200 0.0000 0.0200 
15 - 30 0 . 0200 0.0000 0 . 0200 
30 - 45 0.0100 0 . 0000 0.0100 
45 - 60 0 . 0400 0 . 0000 0.0400 
60 - 75 0 . 0300 0 . 0000 0.0300 
75 - 90 0.0300 0 . 0000 0 . 0300 
90 - 105 0.0300 0 . 0000 0.0300 

105 - 120 0 . 0400 0.0000 0.0400 
120 - 135 0 . 0200 0 . 0000 0.0200 
135 - 150 0 . 04.00 0 . 0000 0.0400 
150 - 165 0 . 0400 0.0000 0.0400 
165 - 180 0.0400 0.0000 0. 0400 
180 - 195 0 . 0400 0.0000 0.0400 
195 - 210 0 . 2700 0.0550 0 . 2150 
210 - 225 0 . 5700 0 . 5550 0.0150 
225 - 240 1 . 4900 1.4750 0.0150 
240 - 255 0.2700 0.2550 0.0150 
255 - 270 0.0500 0.0350 0.0150 
270 - 285 0.0300 0.0150 0 . 0150 
285 - 300 0.0400 0.0250 0.0150 
300 - 315 0 . 0400 0.0250 0.0150 
315 - 330 0.01.00 0.0000 0.0100 
330 - 345 0 . 0200 0 . 0050 0.0150 
345 - 360 0 . 0300 0 . 0l50 0.0150 

3.2200 2 .4600 0 . 7600 

12-29-1988 10:31 :31 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APR.IL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SANDY CL AY LOAM NORMAL 

RAINFALL DATA FILENAME IS PN 1 . OAT 

INITIAL LOSS IS . 5 INCHES 
UNIFORM LOSS RATE IS . 06 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL I NCRE~1ENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 -- 15 0 . 0200 0.0000 0.0200 
15 - 30 0.0200 0 . 0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0.0400 0 . 0000 0.0400 
60 - 75 0.0300 0.0000 0.0300 
75 - 90 0 .0300 0.0000 0.0300 
90 - 105 0.0300 0.0000 0 . 0300 

105 - 120 0 . 0400 0 . 0000 0 . 0400 
120 - 135 0.0200 0.0000 0.0200 
135 - 150 0.0400 0 .0000 0 . 0400 
150 - 165 0 . 0400 0.0000 0 . 0400 
165 - 180 0. 0400 0.0000 0.0400 
180 - 195 0 . 0400 0.0000 0.0400 
195 - 210 0 . 2700 0. 1550 0 . 1150 
2 H:'J -- 225 0.5700 0 . 5550 0.0150 
225 - 240 1.4900 1 . 4750 0 . 0150 
240 - 255 0 . 2700 0 . 2550 0 . 0150 
255 - 270 0 . 0500 0 . 0350 0 . 0150 
270- 285 0.0300 0 . 0150 0.0150 
285 - 300 0.0400 0 . 0250 0 . 0150 
300 - 3 15 0. 0400 0.0250 0.0150 
315 - 330 0 . 0100 0.0000 0 . 0100 
330 - 345 0.0200 0 . 0050 0.0150 
345 -- 360 0.0300 0 . 0150 0.0150 

--- ----
3.2200 2 . 5600 0 . 6600 

12-29-1908 10:32:03 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

CLAY LOAM DRY 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS . 5 INCHES 
UNIFORM LOSS RATE IS . 04 INCHES PER HOUR 

TIME 
INTERVAL 

MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
J.50 - 165 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 -· 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

1Z-Z9-1988 10:32:31 

INCREMENTAL 
RAINFALL 

INCHES 

0.0200 
0.0200 
0.0100 
0 . 0400 
0 . 0300 
0.0300 
0.0300 
0 . 0400 
0.0200 
0 . 0400 
0 . 0400 
0 . 0400 
0 . 0400 
0 . 2700 
0 . 5700 
1 . 4900 
0.2700 
0.0500 
0 . 0300 
0 . 0400 
0 . 0400 
0.0100 
0 . 0200 
0.0300 

3.2200 

INCREMENTAL 
RUNOFF 
INCHES 

0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0. 1600 
0.5600 
1 . 4800 
0.2600 
0.0400 
0 .0200 
0.0300 
0 . 0300 
0 . 0000 
0.0100 
0 . 0200 

2 .6100 

INCREMENTAL 
LOSS 

INCHES 

0 . 0200 
0 . 0200 
0 . 0100 
0 . 0400 
0 . 0300 
0 . 0300 
0 . 0300 
0.0400 
0 . 0200 
0.0400 
0 . 0400 
0 . 0400 
0.0400 
0 . 1.100 
0.0100 
0 . 0100 
0.0100 
0.0Hl0 
0.0100 
0 . 0100 
0 . 0100 
0.0100 
0.0100 
0 . 0100 

0.6100 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

CLAY LOAM NORMAL 

RAINFALL DATA FILENAME IS PN1 . OAT 

INITIAL LOSS IS .4 INCHES 
UNIFORM LOSS RATE IS . 04 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 -- 15 0.0200 0.0000 0.0200 
15 - 30 0.0200 0.0000 0 . 0200 
30 - 45 0.0100 0.0000 0. 0H'J0 
45 - 60 0.0400 0.0000 0.0400 
60 - 75 0.0300 0.0000 0 . 0300 
75 - 80 0.0300 0.0000 0.0300 
80 - 105 0.0300 0.0000 0 . 0300 

105 -· 120 0.0400 0.0000 0.0400 
120 - 135 0.0200 0 . 0000 0 . 0200 
135 - 150 0.0400 0.0000 0 . 0400 
150 - 165 0 . 0400 0 . 0000 0 . 0400 
165 - 180 0.0400 0.0000 1.1.0400 
180 - 195 0.0400 0.0000 0.0400 
195 - 210 0.2700 0 . 2600 0 . 0100 
210 - 225 0.5700 0.5600 0.0100 
225 - 240 1.4900 1 . 4800 0.0100 
240 - 255 0 . 2700 0.2600 0.0100 
255 - 270 0.0500 0.0400 0 . 0100 
270 - 285 0.0300 0.0200 0.0100 
285 - 300 0.0400 0 . 0300 0.0100 
300 - 315 0.0400 0.0300 0.0100 
315 - 330 0.0100 0.0000 0.0100 
330 - 345 0.0200 0.0100 0.0100 
345 - 360 0.0300 0.0200 0.0100 

----
3.2200 2.7100 0.5100 

1Z-Z9-1980 10:32:55 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLU S UNIFORM RATE METHOD 

SILTY CLAY LOAM DRY 

RAINFALL DATA FILENAME IS PNl . OAT 

INITIAL LOSS IS .6 INCHES 
UNIFORM LOSS RATE IS .04 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCRHlENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

f1 IN UTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0 . 0000 0.0200 
15 - 30 0.0200 0.0000 0.0200 
30 - 45 0.0100 0.0000 0.0100 
45 - 60 0.0400 0.0000 0 . 0400 
60 - 75 0 . 0300 0.0000 0.0300 
75 - 90 0 . 0300 0 .0000 0.0300 
90 - 105 0.0 00 0.0000 0.0300 

105 - 120 0.0400 0 . 0000 0.0400 
120 - 135 0.0200 0.0000 0 . 02 00 
135 - 150 0 . 0400 0.0000 0.0400 
150 - 165 0 . 0400 0.0000 0 . 0400 
165 - 180 0 . 0400 0.0000 0. 0400 
180 - 195 0 . 0400 0 . 0000 0 . 0400 
195 - 210 0.2700 0.0600 0.2100 
2Hl - 225 0.5700 0 .56 00 0 . 0100 
225 -- 240 1 . 4900 l . 4800 0.0100 
240 - 255 0 . 2700 0.2600 0.0100 
255 - 270 0.0500 0.0400 0.0100 
270 - 285 0 . 0300 0 . 0200 0.01.00 
285 - 300 0 . 0400 0.0300 0.0100 
300 - 315 0.0400 0.0300 0.0100 
315 - 330 0.0100 0.0000 0 . 0100 
330 - 345 0.0200 0 .0100 0.0100 
345 - 360 0.0300 0.0200 0 . 0100 

----
3.2200 2.5100 0.7100 

12-29-1980 10t33:32 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SILTY CLAY LOAM NORMAL 

RAINFALL DATA FILENAME IS PNl . DAT 

INITIAL LOSS IS . 5 INCHES 
UNIFORM LOSS RATE IS . 04 INCHES PER HOUR 

TIME INCREI"IENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

0 - 15 0 . 0200 0.0000 0 . 0200 
15 - 30 0.0200 0 . 0000 0.0200 
30 -· 45 0.0100 0 . 0000 0 . 0100 
45 - 60 0 . 0400 0.0000 0 . 0400 
60 - 75 0 . 0300 0.0000 0.0300 
75 - 90 0.0300 0 . 0000 0.0300 
90 - 105 0 . 0300 0 . 0000 0.0300 

105 - 120 0.0400 0.0000 0.0400 
120 - 135 0 . 0200 0.0000 0.0200 
135 - 150 0 . 0400 0.0000 0.0400 
150 - 165 0 . 0400 0.0000 0 . 0400 
165 - 180 0.0400 0.0000 0.0400 
180 - 195 0. 0400 0.0000 0.0400 
195 ·- 210 0. 2700 0.1600 0.1100 
210 - 225 0.5700 0.5600 0 . 0100 
225 - 240 1. 4900 1 . 4800 0.0100 
240 - 255 0.2700 0 . 2600 0.0100 
255 - 270 0 . 0500 0.0400 0.0100 
270 - 285 0 . 0300 0.0200 0.0100 
285 - 300 0 . 0400 0 . 0300 0.0100 
300 - 315 0 . 0400 0.0300 0.0100 
315 ·- 330 0 . 0100 0 . 0000 0 . 0100 
330 - 345 0 . 0200 0 . 0100 0 . 0100 
345 - 360 0. ~B00 0 . 0200 0.0100 

3.2200 2 .6100 0.6100 

12-29-1988 10:31:01 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SANOY CLAY & SILTY CLAY DRY 

RAINFALL DATA FILENAME IS PN1.0AT 

INITIAL LOSS IS .4 INCHES 
UNIFORM LOSS RATE IS .02 INCHES PER HOUR 

TIME 
INTERVAL 

MINUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
165 - 180 
180 - 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1988 10:31:36 

INCREMENTAL 
RAINFALL 

INCHES 

0 . 0200 
0.0200 
0.0100 
0.0400 
0.0300 
0.0300 
0.0300 
0.0400 
0 . 0200 
0 . 0400 
0.0400 
0.0400 
0.1ll400 
0.2700 
0.5700 
1. 4900 
0. 2700 
0 . 0!300 
0.0300 
0.0400 
0 . 0400 
0.0100 
0 . 0200 
0.0300 

3.2200 

INCREMENTAL 
RUNOFF 
INCHES 

0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.2650 
0.5650 
1.4850 
0.2650 
0.0450 
0.0250 
0.0350 
0.0350 
0 . 0050 
0.0150 
0.0250 

2 . 7650 

INCREMENTAL 
LOSS 

INCHES 

0.0200 
0.0200 
0.0100 
0.0400 
0.0300 
0.0300 
0 . 0300 
0.0400 
0 . 0200 
0.0400 
0.0400 
0.0400 
0.0400 
0.0050 
0 . 0050 
0.0050 
0.0050 
0 . 0050 
0.0050 
0.0050 
0.0050 
0 . 0050 
0 . 0050 
0 . 0050 

0.4550 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

SANDY CLAY & SILTY CLAY NORMAL 

RAINFALL DATA FILENAME IS PNl.OAT 

INITIAL LOSS IS . 3 INCHES 
UNIFORM LOSS RATE I S . 02 INCHES PER HOUR 

TIME 
INTERVAL 

mNUTES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
.165 - 180 
180 - 195 
195 - 210 
210 ·- 225 
225 - 240 
240 - 255 
255 -- 270 
270 - 285 
285 - 300 
300 -- 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1988 10:35:23 

INCREMENTAL 
RAINFALL 

INCHES 

0 . 0200 
0 . 0200 
0 . 0100 
0.0400 
0 . 0300 
0.0300 
0.0300 
0.0400 
0 . 0200 
0 . 0400 
0 . 0400 
0 . 0400 
0.0400 
0 . 2700 
0 . 5700 
1.4900 
0 . 2700 
0.0500 
0 . 0300 
0.0400 
0 . 0400 
0 . 0100 
0 . 0200 
0.0300 

3 . 2200 

INCREMENTAL 
RUNOFF 
INCHES 

0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0 . 0000 
0.0150 
0.0350 
0 . 0350 
0.2650 
0 . 5650 
1.4850 
0 . 2650 
0.0450 
0.0250 
0.0350 
0.0350 
0.0050 
0.0150 
0 . 0250 

2 . 8500 

INCREMENTAL 
LOSS 

INCHES 

0 . 0200 
0.0200 
0 . 0100 
0 . 0400 
0 . 0300 
0 . 0300 
0 . 0300 
0 . 0400 
0.0200 
0.0400 
0.0250 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0 . 0050 
0.0050 
0.0050 
0.0050 
0 . 0050 
0 . 0050 

0.3700 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

CLAY DRY 

RAINFALL DATA FILENAME IS PNl.DAT 

INITIAL LOSS IS .3 INCHES 
UNIFORM LOSS RATE IS .01 INCHES PER HOUR 

TIME INCREMENTAL INCREMENTAL INCREMENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

MINUTES INCHES INCHES INCHES 

ClJ - 15 QJ . 0200 0.0000 0 . 0200 
15 - 30 0 . 0200 0.0000 0.0200 
30 - 45 0 . 0100 0 . 0000 0.0100 
45 - 60 0 . 0400 0.0000 0 . 0400 
60 - 75 0 . 0300 0 . 0000 0 . 0300 
75 - 90 0.0300 0 . 0000 0.0300 
80 - 105 0.0300 0.0000 0,0300 

105 - 120 0.0400 0.0000 0 . 0400 
120 - 135 0 . 0200 0.0000 0.0200 
135 - 150 0.0400 0 . 0000 0 . 0400 
150 - 165 0 . 0400 0.0175 0.0225 
165 - 180 0 . 0400 0 . 0375 0.0025 
180 - 195 0.0400 0.0375 0.0025 
195 - 210 0 . 2700 0.2675 0 . 0025 
210 - 225 0.5700 0.5675 0.0025 
225 - 240 I . 4900 1 . 4875 0.0025 
2 40 - 255 0 . 2700 0.2675 0 . 0025 
255 - 270 0.0500 0 . 0475 0.0025 
270 - 285 0 . 0300 0 . 0275 0 . 0025 
285 300 0.0400 0 . 0375 0.0025 
300 - 315 0.0400 0 . 0375 0 . 0025 
315 - 330 0 . 0100 0.0075 0.0025 
330 - 345 0 . 0200 0. 0175 0.0025 
345 - 360 0 . 0300 0.0275 0.0025 

3.2200 2 .8850 0.3350 

12-29-1988 10:35:17 



RAINFALL EXCESS BY RAINX PROGRAM MODIFIED APRIL 1986 

INITIAL LOSS PLUS UNIFORM RATE METHOD 

CLAY NORMAL 

RAINFALL DATA FILENAME IS PN1 . DAT 

INITIAL LOSS IS . 2 INCHES 
UNIFORM LOSS RATE IS .01 INCHES PER HOUR 

TIME 
INTERVAL 

MINU TES 

0 - 15 
15 - 30 
30 - 45 
45 - 60 
60 - 75 
75 - 90 
90 - 105 

105 - 120 
120 - 135 
135 - 150 
150 - 165 
165 - 180 
180 .. 195 
195 - 210 
210 - 225 
225 - 240 
240 - 255 
255 - 270 
270 - 285 
285 - 300 
300 - 315 
315 - 330 
330 - 345 
345 - 360 

12-29-1980 10:36:12 

INCREMENTAL 
RAINFALL 

INCHES 

0 . 0200 
0.0200 
0.0100 
0 . 0400 
0 . 0300 
0.0300 
0 . 0300 
0 . 0400 
0 . 0200 
0 . 0400 
0 . 0400 
0 . 0400 
0 . 0400 
0 . 2700 
0 . 5700 
1. 4900 
0 . 2700 
0.0500 
0 . 0300 
0 . 0400 
0.0400 
0 . 0100 
0.0200 
0.0300 

3.2200 

INCREMENTAL 
RUNOFF 
INCHES 

0.0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0 . 0175 
0 . 0175 
0 . 0375 
0 . 0375 
0 . 0375 
0.0375 
0 . 2675 
0.5675 
1 . 4875 
0.2675 
0.0475 
0 . 0275 
0.0375 
0 . 0375 
0.0075 
0.0175 
0 . 0275 

2 . 9775 

INCREMENTAL 
LOSS 

INCHES 

0 . 0200 
0 . 0200 
0.0100 
0 . 0400 
0.0300 
0.0]00 
0 . 0300 
0 . 0225 
0.0025 
0 . 0025 
0.0025 
0 . 0025 
0.0025 
0.0025 
0 . 0025 
0 . 0025 
0 . 0025 
0 . 0025 
0 . 0025 
0.0025 
0 . 0025 
0 . 0025 
0.002 
0 . 0025 

0.2425 
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* 
* fLOOO HYOROG~RPH PACKAGE <HEC-1) * U.S. ARMV CORPS Of E116IHEERS 

fEBRUARY 1981 * 
* REUI 5(0 01 JUH 88 

* * 
* RUH DATE D9tZ3t1988 liME 15:01:10 J 

X X xxxxxxx 
X X X 

X X X X 
xxxxxxx xxxx X 

X X X 
X X X X 

X X xxxxxxx 

XXKXX 

X 

XXX XX 

X 
XXX XX 

X 

XX 
X 

X 

X 
X 

XXX 

* THE HYDROLOGIC EHGIHEERIHG CEHTER w 

* 

609 SECOHO STRHT 
OAUIS, CALifORHIA 95616 

<916) 551-1718 

!HIS PROGRRH RE PLACES All PREUIOUS UERSiotfS Of HEC-1 KHllJH RS HECl (JAN 73>, HEC165, HEC!OB, RHO HEClKU . 

THE DEfiHI!IOIIS Of UARIABLES -RTIHP- AIID -RTIOR· HAUE CHRHGED fR~ THOSE USED UI!H THE 1973-S!Vl[ ItiPUT ST RUCTURE. 
THE DEfiNITION Of -fi1SKK- ON RM-CARO UAS CHAHGEO UI!H REUISIOIIS DATED 28 SEP 81 . !HIS IS THE fORTRAH77 UERSIOH 
HEU OPTIOIIS: ORHBREAK OUlflOU SUBHERGEHCE , SINGLE EUEHT 0At1AGE CALCULATION, OSS:URITE STAGE fREOUEHCV, 
OSS:REAO liME SERJ[S A! OESIR£0 CALCULA!IOtl IH!ERUAL LOSS RA!E:GRE£11 RHO fi1Pl IHfll!RATIOH 
KitfEMATIC UAU£: HEU fiHI!E Oiff[R(NCE ALGORITHM 



HEC -1 It!PUT PAGE 1 

LitlE IO . . ... . .1 ..... .. 2 ...... .3 .. ..... 4 ....... 5 .. ..... 6 ....... 7 . ...... 8 ... .. .. 9 ... .. .10 

IO I-1 7 SUB-DASIH 10 
ro ltHfRL LOSS + UH!f"ORM LOSS RAIE 
IO IJALUES fRm1 GREEIH!MPT RHAL'ISIS 
IO SAtlO -5 IO RAINfAll DISTRIBUTION = 6-HR HEST£0 

6 IO POINT PRECIPifATIOH = 3 .zz 
'l IO ARCA PRECIPITATION • 3.22 
8 10 O£PTH-AREA RATIO = 1.0 
9 IT 15 30 

lO IO 0 0 

11 KK SUB-10 I-17 SUB-BASIN 10 
12 BA .126 
13 Kl1 6-HR OISTRIBUTIOH 
11 IH 15 
15 PB 3.22 
16 PC .01 .02 
17 PC .188 .361 
18 PC .972 .9B2 
19 l.U 1.55 1.6~ 
20 UA 0 3 
21 UA 100 
22 uc .18 .19 
23 zz 

* 
• flOOO H'IOROGRAPH PACKAGE <HEC -ll * 

fEBRURRV 1981 
REUISEO 01 JUH 8B 

* 
* RUM OATE 09123/198B TINE 1S:01d0 * 
If 

*********•**********»*********"********* 

.03 

.814 

.932 

5 

. 0~ 

.897 
1.0 

.OS 

.909 

12 

.058 .07 .081 .093 .lOS 

.921 .932 . 944 .952 .962 

20 13 75 90 96 

• U .5. ARMY CORPS Of ENGINEERS * 
* TH£ HYDROLOGIC ENGIHEEP.IHG CENTER • 

609 SECOHO S 1 RErl 
DAUI 5, CALI fORtii H 95616 

<916) SSH 718 



l-17 SUB-BASIN 10 
INIIAL LOSS ' UNifORM LOSS RATE 
UALUES fRON GREEH-At1PT RHRLVSIS 

SAMO 
RAIHfALL OIS!RIBUIIOtl " 6-HR HESTEO 
POINT PRECJPITAIIOH " 3.22 
AREA PRECIPITATION = 3.22 
OEPTH-RREA RAllO = 1.0 

10 IO OUTPUT COUTROL UARIABLES 

IT 

IPRHI 0 PRIHf CONTROL 
IPLOI 0 PLOT COHTROL 
OSCAL 0. HVOROGRAPH PLOI SCALE 

HYOROGRAPH liME OATA 
H11IH 15 MINUTES IH COI1PUIATIOH IHTERUAL 

IOAlE 1 0 SIAR!fHG DATE 
ITIME 0000 SIARTitiG TIME 

HQ 30 HUMBER Of HVOROGRAPH ORDINATES 
HOOAIE 0 EHOIMG OAIE 
HOTIME 0715 EHOIH6 liME 
I CENT 19 CEH 1 URV MARK 

CONPUTATIOH IHTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UUITS 
ORAIHRGE AREA 
PRECIPITRTIOM DEPTH 
LEHGTH, ELEUATIOH 
flllU 
STORAGE UOLUME 
SURfACE AREA 
TEMPERATURE 

SQUARE MILES 
lHCHES 
f([f 
CUBIC f([) PER SECOHO 
ACRE-fEET 
ACRES 
DEGREES fAHRENHEIT 



* 
11 KK SUB-10 • H 7 SUB-BASIH 1 0 

6-HR OISTRIBUTIOK 

11 IN TIM[ DATA fOR ItlPUT TIME SERIES 
JXMitl 15 liME IHTERUAL IH MIHUIES 

JXOATC 0 STARTtH6 OATE 
JXTIME 0 STAR!ItlG TIME 

SUBBASIN RUHOff URTR 

12 BR SUBBASIN CHARACTERISTICS 
TRREA .13 SUBBASitl AREA 

PRECIPITATIOII O!HA 

15 PB STORM 3.22 RASJN TOTAL PRECIPI!AT!Otl 

16 PI IHCREMEIH AL PRECIPIIRTIOH PATT[RH 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 

.1'1 .45 .08 .01 .01 .01 .01 .01 .01 .01 

.01 .01 .01 

I9 LU UHifORtl LOSS RATE 
STRTL 1.55 IHI!IAL LOSS 
CHSTL 1.6~ UNifORN LOSS RATE 
RTIMP .00 PERCENT IMPERUIOUS AREA 

22 uc CLARK UNIIGRAPH 
TC .48 TIME Of COHCEMTRATIOH 

. 49 STORAGE COEffiCIEHI 

19 UR ACCUMULATEO-ARER US . TIME, 11 OROIHHIES 
.0 3.0 5.0 B.O 12 .0 ZO .O 13 .0 75.0 90 .0 96 .0 

100.0 

*** 
UIHl HVOROGRRPH PARRNE I ERS 

CLARK TC= .18 HR, R= .19 HR 
SHVOER TP= .SZ HR, CP• .65 

UNit HVOROGRAPH 
1 Z rHO-Of -PERI 00 ORO! HATES 

16 . "/6. 95 . 56. 33 . 20. 12. 7. 1. 2. 

1. 1. 



ttJttt'1tft11t11t1t11t1tK11Mtft'fr11tfl"lltWJI'ttiMt1'ttt1'1:1lt"'lt'fl"''lt'Jt lll'll'llfW"W'"""'W1MII"" '"'"'""Jnlt'Wllfi'C"llf'X""" "'"' "" ~111 '""" "111' """"'"."'f'l""'"'" ""'"If,.""""""""'" 11t" ft "',.."' "'"' "' "-,.,." ".,,. ",." ,.,. ., ,.,. "'" " "'"" •",.,..,,.,. 

HYOROGRRPH AT STATIOH SUB-10 

WWKIHIWWHUUWWU*WWWWWWHWWWHJI(.UWHIWUWWWWWWHWHWIHIWWWIWHHWIIJIWUWIWIUWIIHIWWIHIHWHUUUWIUWWUHWWUUWUIUHUUWH 

* 
OR MOH HRMH ORO RAIH LOSS EXCESS Cll1P Q OA NOH HRMtl ORO RRitl LOSS EXCESS COOP Q 

0000 .00 . 00 .00 0 . * om 16 .04 .04 .00 13 . 
0015 2 .03 . 03 .00 0 . 0~00 17 .01 . 0~ .00 8. 
0030 3 .03 . 03 .00 0. 0115 18 .04 . 0~ .00 1 . 
0045 4 .03 .03 . 00 0 . 0130 19 . 03 .03 .00 3 . 
0100 s .03 . 03 .00 0 . 0115 20 .03 .03 .00 2. 
0115 .03 . 03 .00 0 . 0500 21 .03 .03 .00 1. 
0130 7 .01 . 04 .00 0 . 0515 22 .03 .03 .00 1. 
OHS 8 . 04 .01 .00 0. 0530 23 .03 .03 .00 0 . 
0200 9 .04 .01 . 00 0 . om 21 .03 .03 .00 0. 

0215 10 .01 .01 .00 0. 0600 25 .00 . 00 .00 0 . 
0230 11 .27 .27 .00 0. • 0615 26 .00 .00 .00 0. 
0215 12 .56 . 56 .00 0 . * 0630 27 .00 .00 .00 0. 
0300 13 1.4"1 1.25 .23 1. 0615 28 .00 .00 .00 0. 
0315 H .2'1 .27 . 00 17 . 0"100 29 .00 .00 .00 0. 
0330 15 .04 .04 .00 Zl. 0715 30 .00 .00 .00 0. 

HUHHHUUHWUHWH*UHflOlf!flUII;UliUHUIUHUWIWHH!fHWHUUIHIIIHfHUUHUH·IHIHUUUUWOIHUIHHUUJ.HWUHUUW 

TOTAL RAIIIfALL = 3 .22, TOTAL LOSS = 

PEAK flO\J TIME 
6-HR 

<CfS) <HR> 
<CfS) 

7.1. 3.50 3. - <INCHES> .226 
<AC-fT) 7.. 

CUMULATIVE AREA = 

PEAK 
OPERATIOH STAliOH fLOU 

HYOROGRAPH AT 

SUB-10 21. 

m IIORHAL Et!O Of H£C -1 *** 

C>U 
[*WHUUUMKUUWUH*WHJ.JHHUHJNMl** 

* 
* tlOOO HVOROGRRPH PACKAGE <HEC -1> * 

fEBRUARY 1901 * 
* REVISED 01 JUH 88 

* 
* RUM OAT£ 09123/1988 TIME 15:06:16 * 
* 
*Hll!UH*lHHHIUl!~Uli*JHIHHJ*IfUI* 

Z . 99 , TOTAL EXCESS = .23 -
MRXIMLW1 AUERAGE fWJ 

ZHR 72-HR 7. ZS-HR 

3. 3. 3. 
.226 .226 .226 

2. 2. 7. . 

. 13 SQ Nl 

RUNOff SUI111JHIV 
fUXJ l H CUBIC fEET PER SEC OliO 

TIME IH HOURS, AREA IK SQUARE HILES 

I IM£ Of AVERAGE fLOIJ fOR MHXIM!m PERIOD BASIH MAXIMUM TIME Of 
PERK AREA STAGE MAX STAG£ 

&-HOUR 21-HOIJR 72-HOUR 

3.50 3. 3. 3. .13 

* 
* U. 5. A~/ CORPS Of EHGitiEERS 
* IH[ HYDROLOGIC EH6IIlE[RJtiG CEH!ER * 
* 609 SECOHO mm * 
* OAUIS, CRLifORHJA 95616 * 
* (916) 551-1 718 



X xxxxxxx xxxxx X 

X X X XX 

X X X X X 

xxxxxxx xxxx XXX XX X 

X X X X 

X X X X 

X X xxxxxxx Y.XXXX XXX 

THIS PROGRRH REPLACES ALL PREUIOUS U£RSIOIIS Or HEC-1 KtiOUH AS HEC1 <JAH 73>, HEC!GS, HEC!OB, RHO HECIKIJ . 

THE OEnHITIOHS Of UARIABLES -RTJHP- RHO -R!lOR- HAUE CHAHGEO fRIJ1 THOSE USED UITH THE 1973-STYLE IHPUI STRUCTURE. 
TH[ O[flHITIOH or -RHSKK- OH RM-CARO UAS CHAHG£0 UITH REUISIOHS ORTEO 28 SEP 91. THIS IS THE rORIRAH77 UERSTOll 
HEW OPTIOtiS! OAHBREA~ OUTflOO SUBMERGENCE , SitiGLE £UEHT OAMAGE CALCULATIOH, OSS:URIIE STAGE fREUUEHCV, 
OSSlREAO TIME SERIES AT Of.SIREO CALCULATION IHTERUAL LOSS RATE:GREEH RHO AHPl IHriLTRATlOH 
KIIIEMATIC UAUE: HEU fiHITE UifrEREHCE ALGORITHM 

UEC-1 ItiPUl 

LINE IO ...... .l ..... .. Z . . . ... . 3 ....... 1 ...... . 5 ... . ... 6 . . . . . . . 7 .. . .... 9 ....... 9 .. . .. .10 

10 HI SUB-BRSIH 10 
IO IHITAL LOSS ' UHifORM LOSS RATE 
IO URLUES fROM GREEH-RMPT AHALVSIS 
10 LORHY SAHO 

1 
2 
3 
1 
5 
6 
7 

10 RA!IIfALL OISTRIBUIIOH = 6-HR HESTEO 

9 
10 

11 
12 
13 
11 
15 
16 
17 
18 
19 
20 
7.1 
22 
23 

10 
IO 
IO 
Il 
10 

KK 
BA 
KM 
Ill 
PB 
PC 
PC 
PC 
LU 
UA 
UA 
uc 
zz 

POIIIT PRECIPITATIOtl = 3.22 
AREA PRECIPITATION " 3.22 
OEPTH··ARER RATIO = 1.0 

15 30 
0 

SUB-tO I-17 5UB-8ASIH 10 
.126 

6-HR OISTRIBUTIOH 
15 

3 .zz 
.01 .02 .03 .01 
.18\l .361 .811 .997 
.972 .982 .992 1.0 
.SO 1.18 

0 3 8 
100 
.18 .19 

1UMII'.-lf,,I!HH!UUlfUIHHIIlUUilHIIIHHifUI 

* 

.05 

.909 

12 

.058 .07 .OBI .093 .105 

.921 . 932 .911 .952 .96Z 

20 13 75 90 96 

PAGE 1 

U.S. ARMV CORPS or EHGIHEERS * fLOOO HVOR06RAPH PACKAGE (H£[ -1> * 
fEBRUARY 1981 * THE HYDROLOGIC EtlGIHEERIHG C£HJ[R !f 

* REU!SEO 01 JUII 88 

* RUH OATE 0912311988 TINE 15:06:16 * 

609 SECOHO STR£f.T 
OAUIS, CALifORHIA 95616 

(916) SSH 718 
* 

I· 

IUIHUHIMUIIUUH'OIUUHIUIUII 



I -17 SUB-BASil! 10 
IHITRL LOSS t UtHfORI1 LOSS RATE 
UALUES fRot1 GREEH-friPT RHALVSlS 

LOAMV SAND 
RRIHfALl. OISTRIBIJTIOII = 6-·HR NESTED 
POitiT PRECIPITATION = 3 .27. 
AREA PRECIPJ!ATIOII = 3.22 
OEPIH-AR£R Rfll IO = 1.0 

10 10 OUTPUT COHTROL UARIABLES 
IPRHT 0 PRIHl CotllROL 
IPLOT 0 PLOT CONTROl. 
QSCAL 0 . HVOROGRAPH PLOT SCALE 

I1 H'll)ROGRAPH liME OATA 
li1Itl 15 MINUTES JN COMPUTATION JtllERURL 

IOAT[ 1 0 STARTING OATE 
Ill HE 0000 51 ARll NG HME 

NQ 30 NUMBER Of HVOROGRAPH OROIHATES 
NOOATE 1 U EHOIHG OAJE 
tiOTIME 0715 EIIOIHG TIME 
I WIT 19 CEHl URV NR~K 

COMPUTATION IHTERURL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

Et!GLISH UNITS 
ORHiliRGE AREA SQUARE MILES 
PRECIPITATION OEPIH INCHES 
LENGTH, ELEUATIOH 
fLOO 
STORAGE UOLUI1E 
SlJRf'RCE AREA 
TEMPERATURE 

fEET 
CUBIC fEET PER SECOHO 
ACRE-f£El 
ACRES 
omEES fAHREHHfiT 



* 
11 KK 

11 Ttl 

12 BR 

15 PO 

16 PI 

1.9 LU 

22 uc 

19 UA 

SUB-10 ' I-17 SUB-BASltl 10 

6-HR OISTRIBIJTIOH 

TIME DATA fOR IIIPUI TIME SERIES 
Jxt1Itl 15 TIME IHIERUAL IH NIMUIES 

JXOATE 0 STARliNG DATE 
JXTIME 0 STARTING TINE 

SUBBASI U RUNOff OAT A 

SUBBASIN CHARACTERISIICS 
!AREA .13 SUBBRSIH AREA 

PRECIPITATION DATA 

STORM 3 .7.2 BASIN TOTAL PRECIPIIA110H 

IHCREl1EHIAL PR£ClPI!AliOH PAIIERH 
.01 .01 .01 .01 .01 .01 .01 
.17 . 45 .08 .01 .01 .01 .01 
.01 .01 .01 

UHifORN LOSS RATE 
SIRTL .sa ltHHAL LOSS 
Ct!SIL 1.18 UtlifORM LOSS RATE 

RTIMP .00 PERCENT IMPERUIOUS AREA 

CLARK UHITSRRPH 
TC . 48 TIME Of COHCEHIRATI ON 
R .19 STORAGE comrcmr 

ACCUMULATED-AREA US . TIME, 11 ORDINATES 
.0 3.0 5.0 8.0 12 .0 20 .0 43 .0 

100.0 

HI 

UH!I INOROGRAPH PARAMETERS 
CLARK JC= .19 HR, R• . ~9 HR 

16. 
1. 

'/6 . 
1. 

95 . 

SNYDER TP= .SZ HR, CP• .65 

UHIT HYOROGRAPH 
12 EHO-Of -PERIOD ORO! HATES 

56. 33 . 20. 12. 

.01 .01 .08 

.01 .01 .01 

75.0 90.0 96 .0 

7. 



HYOR06RAPH AT SlAT.!OH SUH -J O 

OA NOH HRMtl ORO RR!H LOSS EXCESS COMP 0 OR NOH HRMH ORO RAIH LOSS EXCESS CIR1P Q 

0000 .00 .00 . 00 0 . 0315 16 .01 .01 .00 75 . 
0015 .03 .03 . 00 0 . * 0100 17 . 01 .01 .00 4S . 
0030 .03 .03 . 00 0 . 0115 18 .01 .01 .00 26 . 
0015 1 .03 .03 . 00 0 . * 0130 19 . 03 .03 .00 16 . 
0100 5 . 03 .03 .00 0. om zo .03 .03 .00 9 . 
0115 6 .03 .03 . 00 0 . 0500 21 .03 .03 .00 6. 
0130 . 01 .01 . 00 0 . 0515 zz .03 .03 .00 3 . 
0115 . 01 .01 .00 0. 0530 23 .03 .03 .00 Z . 
ozoo 9 .01 .01 . 00 0 . 0515 21 .03 .03 .00 1. 
0215 10 .01 .01 .00 0 . 0600 25 .00 .00 .00 0. 
0230 11 . 27 .2'1 .00 0 . 0615 26 .00 .00 .00 0. 
om 12 . 56 .30 . 27 1 . * 0630 27 .00 .00 .00 0. 
0300 13 1.1~ .29 l.l8 10 . om ZB .00 .00 .00 0. 
0315 14 .2'1 .27 . 00 115 . 0'100 29 .00 .00 .00 0 . 
0330 15 . 04 .01 .00 127 . * 0715 30 .00 .00 .00 0. 

HIHilHl~WUUUU*HKKIHUIUIHilfKfJKfl~JUHf,ff~KKHKIUfHKfKHKKHlUUfiHI~UlfKfiHfiHIHUUIKUUfflfK~*HH•IHUWUHHfl 

TOTAL RAJ HfALL = 3 .22, TOTAL LOSS = 

PEAK rLOU 1 INE 
6-HR 

<CfS) <HR) 
<CfS) 

127. 3.50 20 . - <IHCH£5) 1.110 
<AC-m 10 . 

CUMULAIIU[ AREA = 

P[AK 
OPERATIOII STATION fLOU 

HYOROGRAPH AT 
SUB-10 127 . 

m HORMAL EHO Of HEC-1 m 

1~~HHUQWUUl~U~~UfUUUU*MH•I*U 

* 
* fLOOO HVOROGRAPH PACKAGE <HEC -1) * 

fEBRUARY 1981 * 
* REIJI S£0 01 .IUH 88 • 

* RUH DATE 09123/1988 liM( 15t09:22 * 

1. 77, TOTAL EXCESS = 1.15 

MAXINIM1 AUERAGE rLOU 
24-HR 72-HR 7.25 ·HR 

16 . 16 . 16 . 
1.110 1.110 1.110 

10 . 10 . 10 . 

.13 SQ MI 

RIJHOff Slf1t1AR'{ 
fLOU ltl CUBJ C fEET PER SECOHO 

liME Ill HOURS, AREA IH SQUARE MlLES 

TINE Or AUERRGE flO\J fOR MAXIMUM PERIOO 
PEAK 

6-HOUR ZHOUR 7Z-HOUR 

3.50 20. 16 . 16 . 

HASIH MAXIMUM TINE Of 
AREA STAGE tiRX STAGE 

.1.3 

* 
tJ . S . ARHV CORP or EHGI HEERS 

* THE HVOROLOGJC EtlGIHfERIIIG CEHTER , 

* 
609 SECOHO S T R[[T 

OAUIS, CRLirORtHA 95616 
<916) 5.1·1718 



I 

X X X XXX XXX xxxxx X 
X X X X X XX 

X 
xxxxxxx xxxx X XX XXX X 

X X X X X 

X X X X 
X xxxxxxx XX XXX XXX 

THIS PROGR~ REPLACES All. PREVIOUS UERSIOHS Of HEC-1 KHOOH AS H[(l <JAil 73> , HEClGS, HEClOB, RHO Hf:ClKU . 

THE OEfiiUJIOHS Of UHRIABI.ES -RTIMP- RHO -RTIOR- HRU[ CHA IIG[O fR()l THOSE US£0 UITH THE 1973-SIVLE IHPIJI SIP.UCTURE. 
lHE OEfiHITIOH Of -~SKK- OH RM-CRRO URS CHAHG£0 UITH REUISIOHS OAIEO 28 SEP 81 . THIS IS IHE fORIRAH77 UERSIOH 
liEU OPHOHS: OAI10REAK OUTfUXJ SU~ER6EHCE , SlHGLE EUEHI OAMR6E CALCULATION, OSS:IJRITE STAGE fREQUENCY, 
OSS:RERO TIME SERIES AT OESIREO r.At.CULATIOII INIERUAL LOSS RATE:GREEII ANO !V1PI IHfiLTRATIOII 
KIHEMATIC IJAUE: KEU riHIT£ OiffEREHCE ALGUR!lHM 

HEC ·I ltlPU T PAGE 1 

LINE IO ...... .l ....... Z ....... 3 ....... L .... . S ....... 6 ....... 7 ....... 8 ....... 9 . .... .10 

IU H 1 SUB-BASIII 10 
ID IHITRL LOSS • UNifORM LOSS RATE 
rn URLIIES fROM GRE~H -AMPT AIIRI.'ISIS 

4 IO SAHOY LOt!j 
5 10 RAitlfALL OISI~IBUTIOH = 6-HR HEST[O 
6 ro PO! HI PR£CIPIIATIOII = 3.22 
7 IO AR£A PRECIPITATION , 3 .2Z 
8 IO OEPIH-ARER RATIO = 1.0 
9 IT 15 30 

10 IO 0 0 

11 KK SUB-10 H 1 SUB-BASIN 10 
lZ BA .17.6 
13 KM 6-HR OISTRIBUTIOII 
11 Ill 15 
15 PB 3 .ZZ 
16 PC .01 .02 .03 .01 .05 .058 .07 .081 .093 .lOS 
1'1 PC .188 .361 .811 .aq7 j09 . 921 .932 . 911 .952 .962 
18 PC .972 .982 .99Z 1.0 
19 LU .65 .13 
zo UA 0 3 IZ 20 13 '/5 90 96 
21 UR 100 
n uc .18 .19 
Z3 zz 

I ~W*********~H~**********nuu*****H***** 

* 
* fLOOO HVOROGRAPH PACKAGE (HEC -ll * * U.S . ARMY CORPS Of EIIGIHEERS 

fEBRUARY 1981 • THE H't'OROLOGIC Eti61HEERIH6 CENTER * 
REUIS£0 01 JUH 88 * 609 SECOHO STREET 

* ORUIS, f.AllfORHIR 95616 
* RIIH OA![ 0912311988 TIME 15:09:22 * (916) 551-1718 * 



I -17 SUB ·BASIH 10 
ItiiTAL LOSS + IJtHr0Rt1 LOSS RATE 
UALUES fROM GREEH-Rt1PT AHAL'ISI S 

SRHUV 1.0Rt1 
RRIHfALL OISTRlBUTIOH = 6-HR HESTEO 
POINT PRECIPITRTIOH = 3 .?.7. 
AREA PREClPITATlOH = 3.22 
OEPTH·ARER RATIO = 1.0 

10 10 OUTPUT CONT ROL UARIABLES 

IT 

IPRHT 0 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYOROGRAPH PLOT SCALE 

HYOROGRRPH liME DATA 
tU1iH 15 MtHUl ES IH COMPUT All OH IttTERUAL 

IDA IE 1 0 STARTI.HG OAT£ 
IT! ME 0000 51 ARTIHG TIME 

HQ 30 HIR1BER Of HYOROGRAPH OROIHATES 
Hll!IA"fE 0 EtlOHIG OAIE 
HOTIH£ 0715 [HOING flHE 

ICEHl 19 WITURV MARK 

COMPUTATION IHTERUAL .25 HOURS 
TOJAL fiNE BASf 7.25 HOURS 

EHSLISH UHITS 
ORA!tiAGE RREA 
PRECIPITATION OEPTH 
Lf.HGTH, ELEUATION 
fLOU 
Sf OR AGE UOLIR1E 
SURfACE AREA 
TEMPERATURE 

UIHI****•-nu 
* 

SQUARE NILES 
IHCHES 
f([f 

CUBIC fEET PER SECUtm 
ACRE -fEET 
ACRES 
DEGREES fAHRENHEIT 

11 KK * SUB-10 * H 7 SUB-BASTM 10 

* * 
U*O*U*HHlf 



6-HR OISWBUTION 

H IN TIME DATA f'OR ltiPUT lltl( SERIES 
JXNIH 15 TINE ltHERUAL JH NIHUI[S 

JXOAT[ 0 51 ARTJ 116 OAI [ 
.lXI IN£ 51 RRTIHG TINE 

SUBBASIN RUNOff' OAIA 

12 DR SUBBASIN CHARACTERISTICS 
!AREA .13 SUBBASIH AREA 

PRECIPITATION OA!R 

15 P8 STORM 3.22 BRSIH TOTAL PRECIPITATION 

16 PI IHCREHEIHAL PRECIPITRTIDtl PATIERH 
.01 .01 .01 .01 .01 .01 .01 .01 .Dl .OS .1 '1 .15 .08 .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

19 l.U UHifORM LOSS RATE 
STRTL .65 HlfTIAL LOSS 
CHSTL .13 UtllfORM LOSS P.ATE 
RIIMP .00 PERCENT IMPERUJOUS AREA 

7.2 uc CLARK UHITGRRPH 
rc .19 riME Of CotlCEHTRATIOH 
R .19 S fORAGE COEffiCIEtll 

19 UA HCCIJMULATEO-AREA US . TIME , 11 ORO I NATES 
.0 3.0 5.0 8.0 12 .0 ZO .O 13 .0 75 .0 90 .0 96 .0 

100 .0 

... 
UHIT HVOROGRAPH PARAMflf.RS 

CLARK TC= .18 HR, R= .19 HR 
SHVOER TP= .SZ HR, CP= .65 

UHIT H\'OROGRRPH 
12 ENO-Ilf -PERIOD OROIIIATES 

16 . 56 . 33 . 20 . 12 . Z. 76 . 95 . 7. 1. 
1. 1. 



HYOP.OGRAPH AT SlATIOH SUB-10 

Oil MOH HRMH ORO RAIH LOSS EXCESS COMP U OA MOH HRMtl ORO RAIH LOSS EXCESS COMP Q 

0000 .00 .00 . 00 0 . 0315 16 .01 .04 .00 105_ 
0015 .03 .03 . 00 0 . 0100 17 .01 . 04 .00 63 . 
0030 .03 .03 . 00 0 . om 18 .01 .01 .00 37. 
0015 1 .03 .03 .00 0. ~ 0130 19 .03 .03 .00 zz. 
0100 5 .03 .03 . 00 0 . 0115 20 .03 .03 .00 13. 
0115 6 .03 .03 .no 0. 0500 21 .03 .03 .00 8. 
0130 . 01 .04 .00 0 . om 22 .03 .03 .00 5. 
0115 8 .01 .01 . 00 0 . 0530 23 .03 .03 .00 3. 
ozoo .04 .01 . 00 0 . 0515 21 .03 .03 .00 1. 
0215 10 .01 . 01 .00 0 . ~ 0600 25 .00 .00 .on 0. 
0230 11 .Z7 .27 . 00 0 . J 11615 26 .00 .00 .00 0. 
0245 12 .56 .16 .10 7. 11630 27 .00 .00 .00 0. 
0300 13 117 . 11 J .37 53 . 0615 28 .00 .00 .00 0. 
0315 11 .27 .11 .16 H1. 0700 7.9 .00 .00 .00 0. 
0330 15 .01 .04 . 00 161 . 0715 30 .00 .00 .00 0. 

lWJHllW •• *JJHHUUfWllHJWlfWlllHH~lllHWWWlHJUUUJlllllll*IWIW,KIWlllHIWU~WJWW~l*I*UKlWWIUIJlK•WMUi!MI~*lUlUUi!JIHWW 

TOTAL RAitlrALL = 3 .22, TOTAL LOSS = 

P£AK fLOU TIME 
6-HR 

<CfS) (HR> 
(CfS) 

161 . 3.50 26 . 
OtlCHESl 1. 919 
(A£-rn B. 

CUMULATI UE AREA = 

PERK 
OPERAriON SIAIIOH rwJ 

HVOROGRRPH AT 
SUB-10 161. 

*** NORMAL EHD or HEC -1 *** 

• fLOOO HVOROGRAPH PACKAGE <HEC-1> • 
fEBRUARY 1981 * 

* P.EUISED 01 JUt! 88 • 

* RUH DAlE 09123/1988 TIME 15:17.:17 * 
* 

1.29, TOTAL EXCESS = 1.93 

MA~IMUM AUERAGE rl.OU 
21-HR 72-HR '1.25-HR 

22 . 22. Z2 . 
1. 919 1.919 1.919 

13 . 13 . 13. 

.13 SQ MI 

RUtiOrf SUMMARY 
fLOIJ Ill f.UBIC fEEl PER SECOIUI 

1 IME IN HOURS , ARfA f H SQUARE N!l.ES 

1 rH£ or AUERAGE flOU fOR MAXIMLI'1 PERlOO 
PEAK 

b-HUUR Zi-HOUR 72-HOUR 

3 .SO 26. 22 . 22 . 

BASlN MAXIMUM TIME Of 
AREA STASf MAX lAG£ 

.13 

* U.S. RR!ft CORPS or ENGINEERS 
* THE HYDROLOGIC £tiGIIIEERIHG CENTER * 
• 609 SEC OliO Sl PEEl 

OAU!S, CALifORN R ~1616 
(916} 551-l 18 * 



X X xxxxxxx XX XXX X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X XX XXX X 
X X X X 
X X X X 
X X xxxxxxx XXX XX XXX 

THIS PROGP.fll1 REPLACES All PREUlOUS UERSIOtiS Of HEC -1 KHOUtl AS HEC1 UHtl 73), HEC!GS, HEC!OB, RHO HEC1KU . 

THE OErltiiTIOHS Of VARIABLES -RTINP- HMO -Rl!OR- HAUE CHANGED fR!X1 THOSE USED UITH THE 1973-STVLE ItiPUT STRUCTURE. 
THE OEflHITTOH Of -AI1SKK- Otl RM-CARO UAS CHANGED UITH REUISIOHS OATEO 28 SEP 81. THIS IS THE fORIRAt177 VERSION 
tlEU OPTIONS: ORMBREAK OUlflOU SUBMERGENCE , SltlGLE fUfHI Ofli1AGE CALCULAT!OH, OSS:URITE STAGE fREQUENCY, 
DSS:READ liME SERIES AI OESIR£0 CALCULATION IHIERUAl. LOSS RAl[:6RWl At!O A/1Pf ltifiLIRATIOH 
KltlEMRIIC UAUE: tlEU riHif( OTffEREtlC£ Al60Rinll1 

HEC -1 I tiP Ill PAGE 1 

LINE IO . .. . . . .l .. . .... Z . . .... .3 . ... ... 1 .... . .. 5 .. . . . .. 6 ...... . 7 ....... 8 . . .. . .. 9 . .. .. .10 

IO I -1'1 SUB-BASIH 10 
IO INITAL LOSS ' UtHfORN LOSS RATE 

3 IO UALUES fR~ GREEH-ANPT RtlHL YSI S 
1 ID JQBtL 
s ID RAINfAll DISTRIBUTION = 6-HR HESTEO 

ro POI HI PRECIP!TRTloti = 3 .2Z 
7 !0 AREA PRECIPITAI!Otl = 3.22 
8 ID OEPIH-ARER RATIO= 1.0 
9 IT 15 30 

10 10 0 

11 KK SUB-10 1-17 SUB-BAS!tl 10 
12 SA .126 
13 KM 6-HR DISTRIBUTION 
11 Ill 15 
IS PR 3.22 
16 PC .01 .02 
17 PC .188 .361 
18 PC .972 .982 
19 LU .50 .13 
ZG IJA 0 3 
21 UR 100 
22 uc .18 .19 
23 Zl 

1 ****HKHUI!HtHU*U*H*lHIUWMlHflUUH 

• 
* flOOO HYOROGRAPH PACKAGE <HEC-1) * 

fEBRUARY 1981 
* REUIS£0 01 JUH 88 • 

* 
* RUN DATE 09123/1988 TIM£ 15! 12:17 • 
• 
***H¥.0******'*HilUli*HHUHUlllUk 

.03 

.811 

.992 

.01 

.897 
1.0 

B 

.05 

.909 

12 

.058 .07 .081 

.92! .932 .911 

20 H 75 

.093 .105 

.952 .962 

90 96 

****HlHIUHA**IHWWH*'**~ *' ********** 

• U.S . ARN'I CORPS Of EHGTtifERS • 
* THE HYDROLOGIC ENGINEER! G WHER * 

609 SECOHO STR[(J 
• ORUIS, CRLifORHIA 95616 

<916> 551-ma 



I -!7 SUB-BASIN l 0 
J HI I AL LOSS • UHirORN LOSS RATE 
URl.UES fROM 6RE£H-At1P1 AHAl.VSlS 

LOAI1 
RA!Hf'ALL OISTR JBUTTON = 6-HR HEST£0 
PO !tiT PRECIPITATION = 3 .22 
AREA PRECIPITAT [OH = 3.22 
OEPTII-AREA RATIO = 1.0 

10 IO OUTPIJI COHTROL UARTABL£5 

IT 

IPRHT 0 PRitt! COt!TROL 
TPLOT 0 PLOT COHIROL 
QSCAL 0. HYOROGP.APH PLOT SCALE 

H'/DROGRAPH TIME DATA 
NMitl !5 NIHUTES IN COMPUIAIIOH III!ERUAL 

IOAIE 1 0 S 1 ARTIHG IJAJ ( 

Ill HE 0000 51 ARlltiG fiN£ 
tiQ 30 IIUMB£R Of HYOROGRAPH OP.IIIHA fES 

IIOORIE U EIIOIHG OAf[ 
tlDIIME 0715 EtlOltiG TINE 
ICEHi 19 CEHI URY NARK 

CONPUTAIIOH IHIERUfll .25 HOURS 
l OTAL liNE RASE 7 .25 HOURS 

ENGLISH UHITS 
ORRitiAGE AREA 
PRECIPITATIOtl OEPIH 
LENGTH, ELEUATIOH 
fLQ!.l 

51 OR AGE UOLIJI1E 
SURfACE AREA 
llNPEP.ATURE 

SQUARE NILES 
IHCHES 
fEET 
CUBIC f[[T PER SECOtiO 
ACRE -f[El 

ACRES 
OE6RE£5 fAHREtiiiEIT 



11 KK SUB-10 * I-1 7 SIJB-BASIII 10 

6·HR OJSIRlRIJflON 

11 It! TIME DATA fOR lt!PUT TIME mrrs 
JXtntl lS liME Jf!TERUHL JH Nlt!IJTf'S 

JXOAT£ 0 STARTING OAI E 
JXTIME 0 STfiRTIHG TINE 

SUBBASIII RUNOff DATA 

12 BA SUOOASIH CHARACTERISTICS 

15 PB 

16 PI 

19 lll 

zz uc 

19 UA 

TAREA .13 SUBBASIN AREA 

PREClf'ITATIOH DATA 

SI"ORN 3.22 BASIIIIOIAL PRECIPIIAIIOtl 

THCRENENIAL PREClPITATIOH PAmRH 
.01 .01 .OJ .01 
.17 .15 .08 .01 
.01 .01 .01 

UNifORM LOSS RATE 
STRTL .50 It!ITIAL LOSS 
CHSTL .13 UNifORM LOSS RAJ E 

.01 

.OJ 

RTIMP .00 PERCEHT INPERUIOUS AREA 

CLARK UN!TGRAPH 
TC .1S JlNE Of COHCEtiT RAIIOII 
R .19 STORAGE COEff!CIEHI 

RCCIR'IULATEO-A~EA US. liNE, 11 OROIIIAIES 
.0 3.0 5.0 8.0 12 .0 

100 .0 

.Ot 

.01 

7.0 .0 

UtUT H'/OROGRAPH PARPtl[[[RS 

.m 

.01 

13 .0 

CLARK TC= .18 HR, .49 HR 

16 . 
1. 

76 . 
1. 

95 . 

SINOER TP= .52 HR, CP= .65 

UIHT HVOROGRAPH 
12 EHO-Of -PERIOO ORO! NATES 

56 . 33 . 20 . 1 z . 7. 

.01 

.01 

75 .0 

1. 

.OJ 

.01 
.OB 
.01 

90 .0 96.0 

2. 



HYOROGRAPH AI 51 Al!OH SUB-10 

HKHHWklfHHHli*Hili*lfUIIlHIHHI~>•~KIIIUIIIIHIHIHW•IIIIUUIIIIIHIMIIJHKUJUHlUIU*'lOIUfHIKII~IIIJkUUHkiJ141JH 

DR MON HRMH DRIJ RAitt LOSS EXC[SS COMP Q OA MOH HRMH ORO RAIH LOSS EXC£SS COI1P Q 

* 
0000 .00 .00 . 00 0 . 0345 \6 .01 .03 .01 123 . 
0015 .03 .03 . 00 0. 0100 17 . 01 .03 .00 71 . 
0030 3 .n3 .03 .00 0. om 18 .01 .03 . 01 15 . 
0015 1 .03 .03 .00 fl . 0130 19 .03 . 03 .00 27 . 
0100 5 .03 .03 .00 0. * 0115 20 .03 .03 .00 16 . 
0115 b .03 .03 .00 0. 0500 21 .03 .03 .00 10 . 
0130 7 .01 .01 .00 0. 0515 22 .03 . 03 . 00 6 . 
0115 9 .01 .01 .00 0. 0530 23 .03 . 03 .00 3 . 
0200 9 .01 .01 .00 0. 0515 21 .03 . 03 .00 2 . 
om 10 .01 .01 .00 0. 0600 25 .00 .00 .00 0 . 
0230 11 .27 . 20 . 07 1 . 0615 26 .00 .00 . 00 0 . 
0215 12 .56 .03 .53 11 . 0630 27 .00 .00 .00 0 . 
0300 13 1.17 • 03 1.11 70 . * 0615 28 .00 .00 .00 0. 
om 11 .7.7 .03 .7.1 167 . * 0700 29 .00 .00 . flO 0 . 
0330 15 .01 .03 . 01 187 . 0715 30 .00 . 00 .00 0 . 

*******'II~JIIIIUIIIHUIUIUIMWJUUIIIIIIIIII*UIU•H•IIIIIIIIIIIIIJMJU•IIIJIUIUIJIIIIIII'.IJJJIIHUIIIII*HJJUUJUWHWWW 

IOTA!. RAIHfALL = 3 .22, TOIRL LOSS " .92, IOIAL EXCESS = 2.30 

Pf:AK flOU TIME MAXINU/1 AUERAG( fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

(CfS) (HR> 
(CfS> e 197 . 3.50 31. 26. 26 . 26 . 

<INCHES> 2.292 2.292 2.292 2 .292 
<AC-fl) 15. 15 . 15 . 15 . 

CUMULAIIUE AREA = .13 sa Mr 

RUNOff SUMMARY 
fLOU HI CUR!C f[(f PER SECOHO 

II11E I H HOURS , AREA IH SQUARE MILES 

PEAK nNE or nUERHGE fLOU fOR MAX1Mt!1 PERIOO BASIH HAX!MlJ1 TIME Of 
OPERA I! ott SIAIIOtt FL!XJ P[AK AREA STAGE MAX STAGE 

6-HOUR 2i· HOUR 72-HOUR 

HYOROGRAPH AT 

SUB-10 187 . 3.50 31. 26 . 26 . .13 

m HORMAL EHO Of HEC -1 *** 

1 JUUUJUU******"*UUUUUIIHIUJI* AU 

• FLOOO HVOROGRAPH PACKAGE <HEC -1> * * U .5. ARMY CORPS Of EttGitiEERS 
* ftBRUARV 1981 • Itt£ fiYOROLOGIC EHGIHEERIHG C[NJ[R * 

REU!SEO 01 JUtt 88 "' * 609 SECOHO 51 RfET 
IIAUIS, CALifORHJA 95616 

* RUN OATE 0912311988 liME 15:15:15 * (916) 551 -P18 * 
·~ * 



X X xxxxxxx xxxxx X 

X X X X X XX 

X X X 

xxxxxxx xxxx X XX XXX X 

X X X 

X X X X 

xxxxxxx KXXXX XXX 

THIS PROGRAM REPLAC[S All. PREUlOtJS OERSIOHS Of ll[C-1 KtiOUtl AS HECl <JAil ?3), HEC!GS , HEClOB, fltiO HEC!KU . 

THE OErrtHTIOHS Of UARIAALES -RfiMP- RHO -RTIOR- HAUE CHAHG£0 fRil1 THOSE USt.O UilH THE 1973-STYU IHPUI STRUCTURE . 
THE UEfiHITiotl Of -AI1SKK- otl RM-CARIJ URS CHAtlGEO UITH REUISIOHS OATEO 2B SEP 81. THIS IS THE fORTRAH77 IJERSiotl 
liEU OP!lOtlS: 0Al1RREAK OUTfLOW SUHMERG[t{CE , SIHGLf EUEHT OAI1RGE CALf.ULATIOH, OSS:URI![ STAGE fREQIJEtlCY, 
USS:REAO TIME SERIES AT OE51REO CALCULRTIOtl ItHERUAL LOSS RATE :6REEH f1HO AMPT ltlfll.lRATIOH 
KltlEMAfiC UAUE: HEU f!HITE OiffEREt!CE ALGORITHM 

HEC -1 INPUT PAGE 1 

LIHE IO ..... .. l .. .. .. .Z . ...... 3.. .. ... L ..... 5 . ..... . 6 ..... .. 7 .. . .... 8 ....... 9 ..... .10 

IO I -17 SIJS--BASIH 10 
IO IHI!Rl LOSS • llHirORM LOSS RATE 
IO OAl.UES fROM GREEH-IlMPl AIIAI.'/515 

4 IO SIL 1 LOAM 

5 10 RAIHfALL OISTRIBU!IOH = 6-HR KES!EO 

6 IO POrtH PRECIPITAilotl = 3.7.2 
IO AREA PRECIP!TATIOH = 3.22 

B IO OEPTH-AREA RATIO = 1 .0 
IT 15 30 

10 10 0 

11 KK SUB-10 I-1'1 SUB-BASIH 10 

12 OA .126 

13 KM 6-HR OISTR!BUTIOH 

1 ~ IN 15 

15 PR 3.22 
16 PC .01 .02 .03 .04 .05 .058 .0'1 .091 .093 .105 

1'1 PC .lBB .361 .81 ~ .917 .909 .97.1 .m .9H .952 .962 

lH PC .972 .982 .992 1.0 

19 LU .85 .26 
zo UA 0 3 8 lZ 20 13 75 90 9& 

21 UA 100 
22 uc .48 .49 
23 Zl 

1 IHIUlJIHIJHUHHlUHlfllHl!lHIUJUJ lH!Hl! 
JlHllUUUlUHll*UllUXlUllllUHUJ 

* * * fLOOD HYOROGRAPH PACKAGE <HEC-1) * U . S . ARMY CORPS or Eti6INEERS 

• fEBRUARY 1991 • THE HYOROLOGIC [HGltlEERIHG crtmR * 
* REUISEO 01 JUt! BS * 609 $[(0110 STR[[l 

* OAUIS, CALirORtt!R %616 * 
* RUN OAT£ 09/2311988 TIME i5:15:15 * (916) 551 ·1749 

* * * 



10 IO 

IT 

H 7 SUB··BASHI 1 [) 
Illl!RL LOSS t Utllf0RI1 LOSS RAlf. 
IJALUES fRON 6RWHlNPT AHAI.VSIS 

SILT LO RN 
RA!IlfRLL 0!51RIIJIJTIOII = &-HR HESTf.U 
PO! HI PREC!PITAIIOtl = 3 .22 
AREA PREC!PilATIOH = 3.22 
DEPTH-AREA RATIO = 1.0 

OUTPUT COHTROL UARIABLES 
IPRNT 0 PRltH CONTROL 
IPLOT PLOT COIHROL 
QSCAL 0. HVOROGRAPH PLOT SCALE 

HVOR06RAPH nm: OAT A 

tiN HI 15 MltiUTES Itl COM PUTATIOH ItiTERUAL 
IOA!E 1 0 SIARTHIG OATE 
ITIHE 0000 S TARTIMG TIME 

tiQ 30 NIJHBER Of HVOROGRAPH OROitiATES 
HOOATE 1 0 ENOIHG DATE 
tiOTIHE 0715 EHOIHG liNE 
ICEHT 19 CEIHUP.V MARK 

COMPUTATION IIITERUAL .£5 HOURS 
TUfAL TIME BASE 7.25 HOURS 

EtlGLI SH Uti ITS 
ORAIHAGE AREA SQUARE NILES 
PRECIPilATIOtl DEPTH INCHES 
l.EHGTH, ELEUATiotl fEET 
flOCJ CUBIC fliT PER SECOHO 
STORAGE IJOLIR1£ ACRE -f[(l 
SURfACE AREA ACRES 
TEMPERATURE DEGREES fAHREIIHEif 

* * 
11 KK * SUB-10 * H 7 SUB-BASIH 10 

6-HR OJSTRIBUT!Otf 

14 Itl TIME OATA fOR ItiPUT TIME SERIES 
J~.MIN 15 TIME INTERUAL Ill MIHUIES 

JXORT£ 0 STARTING OAIE 
JXTINE 0 STRRTIIIG TIME 

SUBBASitl RUtWff OATR 

17. BA SUBBASltl CHARRf.IERISTICS 
T AREA .13 SUBBASIN AREA 

PRECIPITATIOH ORTA 

15 PB STORM 3 .7.?. BASIN IOIRL PRECIPITAI lOti 

16 PI IHCREHEtiT AL PRECIPITATIOH PAITERtl 
.01 
.17 
.01 

.01 

.15 

.01 

.01 

.08 

.01 

.01 

.01 
.01 
.01 

.01 

.01 
.01 

.01 
.01 
.01 

.01 

.01 
.00 
01 



19 LU UtHfORM LOSS RATE 

7.2 uc 

19 UA 

STRTl. .85 ltlrTIAL LOSS 
CHSTL .26 IJtllfiiRM LOSS RATE 
RTlMP .00 PERCENT IMPERUI OUS AREA 

CLARK UtUIGRAPH 
rc 
R 

. 48 fiNE Of COtiWHRAI!Otl 

.1q STORAGE CO£frif.[[tll 

ACCUI1ULATEO-AREA US. fiN£, 11 ORDINATES 
.0 3.0 5.0 8.0 12 .0 20.0 H.O 

16. 

1. 

OR MOll HRMtl 

0000 
0015 
0030 
0015 
0100 
om 
0130 
OH5 
0200 
0215 
0230 
0215 
0300 
0315 
0330 

TOTRL RAitlfALL = 

PEAK fLOU TJM[ 

<C fS) (fiR) 

163 . 3.50 

100 .0 

76. 
1. 

95 . 

UHIT HYOROGRAPH PAR~( l ERS 
CLARK lC= .10 HR, R= . 1~ HR 

5HVOER TP= .52 HR, CP= .65 

UN II H'IO~OGRAPH 

1 Z EHO-Of -PERIOD OROJHAIES 
SG. 33. 20. 12 . 7. 

HYOROGRAPH AT Sf AI fOH SUB-10 

ORO RAil! LOSS EXCESS CONP Q OA Motl HRMH ORO 

.00 .00 . 00 u . 0315 16 

.03 .03 . 00 0 . 0100 17 

.03 .03 . 00 0 . om 18 

.03 .03 . 00 0 . 0130 19 
5 . 03 .03 .00 0 . 0115 20 
6 .03 .03 .00 0. 0500 21 
7 .01 .01 .00 0. 0515 zz 
B .01 . 01 .00 0 . 0530 23 
9 . 01 .01 .00 u . * om 21 

10 .01 .01 . 00 0. 0600 25 
11 .27 .l7 .00 0 . 0615 Zll 
12 .56 .30 .26 1. 0630 27 
13 1.47 . 06 1.1J. 13 . om 2S 
11 .27 . On .ZO 135 . 0700 l9 
15 .01 .01 . on 163 . 0715 30 

3 .22, TOTAL LOSS = 1.35, TOTAL EXCESS = 1.87 

MAXIMIN1 AVERAGE fLOU 
6-HR 21-HR '/2-H 7 .25-HR 

((f5) 

zr· 0. Zl. 21. 21. 
W!CHES> 1.B61 1.861 1.861 1.861 
<AG-f]) 13 . 13 . 13. 13 . 

CUMULATIVE AP.EA = .13 SO Nl 

75.0 90.0 96 .0 

1. z. 

RAitl LOSS EXCESS COMP 0 

.01 . 01 .00 107 . 

. 01 .01 .00 61 . 

. 01 .01 .00 38 . 

. 03 .03 .00 zz . 

.03 . 03 .00 13 . 

. 03 .03 .00 a . 

.03 .03 .00 S. 

. 03 .03 .00 3 . 

. 03 .03 .00 Z . 

.00 .00 .00 0 . 

. 00 .00 .00 0 . 

.00 .00 .00 0. 

.00 .00 .00 0. 

.00 .00 .00 0 . 

. 00 .00 .00 0 . 



PEftK 
OPERAIIOtl STATION TlOO 

HVOROGRAPH AT 
SUB-10 163 . 

m NORMAL £NO or H£C -1 ·~~ 

C> 
Bad cot't1and or file na~~e 

1••uHMUUHlfl!•uwuw u•u-..wuw•wuuu 

* 
• fLOOO HVOROGRAPH PACKAGE <HEC-1) • 

fEHRUARV 1981 
REUIS£0 01 JUH 88 

• RUII UATE 09/7.3/1988 TIME 15dM4 • 

RUHOrf 5111MARV 
rl!JI.J Ill CUBl C fffl PfR SECOIUJ 

IJME Ill HUURS, AREA !H SQUARE MILES 

I IME Or RUERA6E fLOU fOR NAXJMut1 PERI 00 BASI~ MAXIM~ TIME Of 
PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR ?l.-HOUR 

3 .SO 25. 21. 21. .13 

U.S. ARIW CORPS Of EtiG!tlEERS * 
* lfiE HYORIJLOGTC EHGIHEERING C[HI[R • 

609 SECOIIO STR([l * 
OAUIS, CAUfORHIA 95616 

(916) 55!-1718 

!HIS PR06Rft1 REPLAC[S ALL PREVIOUS UERSIOHS Of HEC-1 KIIIMI AS HECl (JAH 73)1 HECI6S 1 HEC10BI RHO HECIKU . 

THE OEfiiHTIOtl5 Of URRIABL£5 -RTIMP- AIIO -RTIOR- HAVE CHAHGEO fR~ THOSE USEO UITH THE 1973-STVLE I~PUT STRUCTURE. 
THE OEfifllliOH Of -m1SKK·· OH RH-CARO UAS CHAHGEIJ UITH REU!SIOHS OAI[O 28 Sf.P 81. THIS IS THE fORTRRII77 UERSIOII 
liEU OPrlONS: DAMBRERK OUTflOW SUBI1ERGEIICE 1 SIIIGLE f.UENT OANHGE CALCULATI0tl 1 OSS :UR[l[ STAGE fREQUENCY 1 

OSS:REAO IJHE S[RI£5 AT OESIR[O CALCULATIOH IHTERUAL LOSS P.AIE:GREEtl RHO ANPT IHfiLTRATIOH 
KINEMATIC UAUE: HEU f!NllT OiffERDiCE RLGORITIIM 



HEC-t INPUT PAGf 1 

Llll[ 10 ...... .1 ..... . . 2 .. . . . . .3 . ...... 1.. . . . .. 5 ..... . . 6 ... ... . 7 .... . .. 8 . . ..... 9 . . ... .10 

IO l-17 SUB-BASJM 10 

IO INITAL LOSS 1 UHifORM LOSS RATE 
lO UALUES fROM GRE[H-AMPT ANALYSIS 
lU SAHOV CLAY LOAM 

s 10 RAitlfALL OISTRIBUIIOH = 6-HR NESTED 
6 IO POHH PRECIPITAliON = 3.22 
7 ID ARfA PRECIPITATIDII = 3 .ZZ 

IU OEPIH-AREA RATIO = 1.0 
q II 15 

10 IO D 

11 KK SUR-10 I-1 7 SUB-BASI H 10 

17. BA .1Z6 
13 KM 6-HR OlSTRIBUTION 
11 Ill 15 
15 PB 3.22 
16 PC .01 .02 
17 PC .108 .361 
18 PC .972 .9BZ 
19 LU .3Z .06 
20 UA 0 

21 UA 100 
7.2 uc .18 .19 
23 zz 

* fLOOD H'IOROGRAPH PACKAGE <HEC -1) * 
* fEBRUARY 1981 • 

* 
* 

REUISEO 01 JUH 88 

* RUt! DATE 09123/1988 TIME 15:17:51 * 
* 

.03 

.811 

.992 

30 

.01 

.997 
1.0 

8 

.05 

.909 

12 

.058 .01 .081 .093 .105 

.921 .932 .911 .952 .96l 

20 13 75 90 96 

* 
U . 5 . RRMV CORPS Of EtiGI«HRS * 

* THE HYDROLOGIC EI16IHEERIN6 CEHI(R ~ 

609 SECOHO STREET 
OAUIS, CALlfO~HlR 95616 * 

* (916) 551 -1748 * 
* '* 



1-17 !iUH-UHSlM J.U 

HHIAL LOSS t UNirURM LOSS RATE 
UALUES fROM GREEH-ANPI AIIALVSIS 

SANOY CLAY LOAN 
RAiflfAl.l. OfSTmUTION • 6-HR tiESTEO 
POINT PRECIPUATIOH • 3 .ZZ 
AREA PRECIPITATION = 3.2l 
DEPTH-AREA RHIIO = 1.0 

10 IO OUTPUT CONTROL URP.IA8l.fS 
IPRHT 0 PRINT COIH ROL 
!PLOT 0 PLOT CO I!TROL 
QSCAL 0. 11YOROGRAPH PLOT SCnLE 

II HYOROGRAPH TIME OATA 
NNW 15 NII!UTES IH CONPUfATIOH INTERUAl. 

I OAT£ 1 0 STRRTrtiG DATE 
ITINE 0000 ST ARTHIG T It1£ 

NQ 30 IU~BER Of HVOROGRAPH OROIHATES 
NOOATE 0 EllOIIIG OIHE 
t!OTINE om EHOitiG TIM£ 
ICEHT 1.9 C£HTURY HARK 

COMPUTAfiOH IIHERliAL .ZS flOURS 
TOTAL TIME BASE 7.25 HOURS 

UIGLI SH UHITS 
DRAINAGE AR£A 
PRECIPIIATIOtl DEPTH 
LEHGT HI El.EURTIOtl 
fLOU 
STORAGE UOLUNE 
SURfACE AREA 
TEMPERATURE 

SQUARE NILES 
It!CHES 
fEn 
CUBIC f([[ PER 5ECOIIO 
ACRE -fEET 
ACRES 
DEGREES fAHREtiHEIT 

1i r.K ·~ SIJB-·10 * I -17 SIJB··BA5IN 10 

6-HR OISTRIBUI I Oil 

11 IN TinE OA!A fOR .INPUT TIME SERIES 
.lXMIN 15 TINE IHlERUAL IN MIHUJES 

JXOATE STARTIHti DATE 
JXTIME 0 STARTING riME 

SUBBASIN RUt!Off ORTA 

12 BA SUBBASIH CHARACllRISIICS 

15 PB 

16 PI 

!AREA .13 SUBBASIII ARfA 

PRECIPITAT IOH OATA 

STORM 3.22 BH5111 TOTAl. PREClPirAflDN 

INCREMEHTAL PR£CIPITRTIOH PATTERN 
.01 .01 .01 .01 
.17 .15 .09 .01 
.01 .01 .01 

.01 

.01 
.01 
.01 

.01 

.01 
.01 
.01 

.01 

.01 
.08 
.OJ 



19 LU 

22 uc 

.19 UA 

UHifORM LOSS RATE 
STRTL 
Cll5TL 
RTINP 

CLARK UNITilRAPH 
TC 

R 

.32 ftiifJAL LOSS 

.06 lltHfO N LOSS RAIE 

.00 PHC£MT INPE~UJOUS AREA 

. 40 TIME Of tOt!CEtHRATIOtl 

.19 STORAGE COEfrlCTEfll 

ACCUMULATEO··RREA US . TIM£, 11 O~OI NAT£5 

16 . 
1. 

.0 3.0 5.0 B.O 12.0 20.0 13.0 
!OG .O 

UNIT HI'OROGRAPH PARAM[![RS 
CLARK TC= .18 HR , R= .19 HR 

SHVO[R TP= .52 HR, CP= .65 

UHL I HVOROGRAPH 

1 Z Ulll ·Of -PfRl 00 ORO! HAlES 
76 . 95. 56. 33. 7.0 . 12 . 
I. 

75.0 90 .0 96.0 

7. 1. 2. 

k~UHII-UfUUHUII-UUfU~II-~UHfiWlJ-HfiWMUHMHUW•u~···~UWMIIWfHWWll'l!IWII-KHWUWlHIOH****'*****I*MU~H-llHWHHWIHII-HIWKI 

INOROGRAPH AT SJATIOf! SUB-10 

HKHHHK.lWHII U~liiH*·WlHII-11-HU II- WUIIWUfllii-*WKWUlUIHHKMKIWIII-HIUHff!U f*UfWni-IIHUII-HII-UUUWUKHHII-HHWII-UUHUHM 

OR NON HR!1t! ORO RAIH LOSS EXCESS COOP Q * OR NOH HRMN ORO ~AIH LOSS EXCESS COI1P Q 

* 
0000 .00 .00 . 00 0. 0315 16 .01 .OZ .OZ 131 . 
0015 .03 . 03 .00 0 . 0100 17 .0~ .02 .02 81. 
0030 .03 . 03 .00 0 . * 0115 18 .01 .02 .OZ 51. 
0045 . 03 .03 .00 0 . 0130 19 .03 .01 .01 33 . 
0100 .03 .03 .00 0. OH5 zo . 03 .OZ .OZ 27.. 
Ol!S .33 .03 . 00 0 . 0500 21 .03 .02 .Ol 15 . 
0130 .01 . 01 .00 0. om 22 .03 .02 .02 11. 
om .01 .04 . 00 0 . 0530 23 .03 .02 .02 9 . 
0200 .01 . 04 . 00 0 . * om 21 .03 .01 .01 7. 
0215 10 .01 . 0~ . 00 0. ~ 0600 25 .00 .00 .00 5 . 
OZ30 11 .27 .03 .21 1. 0615 26 .00 .00 .00 3. 
0215 12 .56 .Ol . 55 28 . 0630 t/ .00 .UO .00 2. 
0300 13 1.17 .01 1.16 89 . 0615 28 .00 .00 .00 1. 
0315 11 2" . I .01 .25 lBO . * 0'100 29 .00 .00 .00 1. 
0330 15 .01 .02 . 02 197 . * 0715 30 .UO .00 .00 0. 

HHUUUlUUl*l~*UHUIIlfOUII-WUUW H**MHHHIKIH*IUiffUUll** I~Uifl*U*I-HlllUUU*HUKIIH*Kf*UHUU • Kllll*UUU* 

TOTAL RAJHfALL = 3.22, TOTAL LOSS ~ .53 , TOTAL EXCESS = z .69 

PEAK flOU TIME MAXIMUM AUERA6E fUXJ 
6-HR 21-HR 72-HR 7 .25-HR 

<CfS) <HR> 
(Cf5) 

197 . 3.50 36. 30. 30. 30 . 
<It!CHES) 2.679 2 .6'18 2.678 7..678 
<Ac-rD 18 . 18 . lB . 18. 

CUI1ULATIIJE AREA = . 13 50 NI 



RUt!Off Stn!ARV 
fLOU IH CUBIC rm PH SECOtiO 

TIME IH HOURS , AREA JH SQUARE MILES 

PEAK TINE or AU£RA6E fl!Kl fOR MAH1Ml~ 1 PERIOO BAS It! MAXIMUM liME Of 
OPERATIOH STATIOtl fLIJU PERK AREA SlAGE MAX 51A6E 

6-HOIJR 21-HOIJR 72-HOUR 

HVOR06RAPH AT 
SUB-10 197 . 3.50 36 . 30 . 30 . .13 

m l!ORMAL Et!O Of HEC-1 *** 

* * 
* fLOOD HYOR06RAPH PACKAGE <HEC-1) * U .5. ARMY CORPS Of [NGHIEERS 
* fEBRUARY 1981 

REUISEO 01 JUH 88 
* THE HVOROLOGTC EHGit!EERIHG CENTER * 

609 SECOHO 51 REET 
OAUTS, CRLifORHIA 95616 

, RUN DATE 0912311988 TINE 15:20,28 • (916) 551-1718 

* 

X xxxxxxx xxxxx 
X X X X XX 

X X X X 

xxxxxxx xxxx X XXX XX X 

X X X X 

X X X X 

X X xxxxxxx xxxxx XXX 

TIIIS PROGRRH REPLACES ALL PREVIOUS UERSIOHS Of IIEC-1 KHrnJH AS HECl (JAH 73), HEClGS, HECIOB, At!O HEC1KU . 

THE liEfit!ITIOIIS Of URRlABl£5 ··RTINP- AtfO -RTIOR· HAUE CHAIIGEO fROM THOSE USED UITH THE 1973-STVLE INPUT STRUCTURE. 
THE OEfitiiTION Of -ANSKK- Otl RtHARJJ UAS CHAt!G£0 UITH ~EUISIOHS OAT£0 28 SEP 81 . THIS IS THE f0RTRAH77 UERSIOH 
t!EU OPTIONS: 0At1BREAK OUTflOU SU[JI1ER6EliCE , Sit!GLE EUEtH DAMAGE CRLCU1.ATIOll, OSS:URITE STAGE fREQUENCY, 
OSS:REAO TIME SERIES AT DESIRED CALCULAIIOtl ItilERUAl LOSS RATE:GR[[H RHO ANPT IHfiLIRRTIOH 
KIHEMATIC UAUE: tiEU fiHIT£ OI ffEREMCE ALGORITHH 

HEC·l INPUT PAGf 1 

LINE !0 .... .. . 1 ....... 2 ..... . .3 . ...... 1 .. . .... 5 ....... 6 ....... ? .. .. .. . 8 ..... . . 9 ..... .10 

10 I -17 SUB-BASIH 10 
10 IIII!AL LOSS + UtHfORM LOSS RAlE 

3 IO UALUES fR[JI1 GREEN ·AMP! At!ALYSIS 
1 IO CLAY LOAM 

5 lO RRitlfALL OISTRIBUTIOH = 6-HR tiESTEO 
6 ro POIIIT PRECIPITATIOH = 3 .ZZ 

IO AREA PRECIPITATIOII = 3.22 
s IO OEPTH··AREA RATIO = 1.0 
9 IT 15 30 

10 ro 0 0 

* 



11 KK SUB-! 0 I-fl SUB-BASIH 10 
12 OR .126 
13 KM 6-UR DISTRIBUTION 
H IH 15 
15 PB 3.22 
16 PC .01 .02 .03 .01 
17 PC .108 .361 .BH .89'1 
18 PC .972 .98Z . 992 1.0 
19 Lll .15 .D1 
20 UA 0 
21 UA 100 
22 uc .18 .19 
23 Zl 

!***'**************-************'********* 
* 
* fLOOD HYOROGRRPH PACKAGE <HEC -1) ~ 

fEBRUARY 1901 
* REUISEO 01 JUH 88 * 
* 
I RUH OAT[ 0912311999 TIME 15:20:29 I 

H 7 SUO-OASIH 10 
ItH !AL LOSS + UNifORM LOSS RATE 
UAl.UES fROM GREEH· AMPr AtiALVSIS 

CLAY LOAI1 
RAitlfALL DISTRIBUTIOtl • 6-H~ HESTEO 
POI HI PRECIPI!Al JOH ~ 3.22 
AREA PRECIPITATIOH = 3 .ZZ 
OEPIH-AREA RA!IO = l.O 

1D IO OUTPUT CO HTROL UARIAOLES 
IPRtiT 0 PRIH! CONTROL 
IPLOI PLOI CotiTROL 
OSCAL 0. H'IOROGRAPH PLOT SCALE 

IT HYOROGRAPH TINE OAJR 

.OS 

.909 

IZ 

tii1Itl 15 HINUIES IH COMPUIATIOH HITERUAL 
IOAIE 0 STARliNG DATE 
ITIHE 0000 SIARIHIG liNE 

NQ 30 tii.N1BER Of HYDROGRAPH ORO I HATES 
tiOOATE 0 EtiOltiG DATE 
tiOIIN[ 0715 Et!OIHG TINE 
rmr 19 CEHIURV NARK 

COMPU !ATTOtl INTERUAL .25 HOURS 
TOIAI. TINE BASE 7.25 HOURS 

Eti6LISH UNITS 
DRAINAGE AREA SQUARE NILES 
PRECIPITAT.IOH OEPIH INCHES 
LENGTH, ELEUATIOH 
flOU 
S!ORAGE UOLUHE 
SURfACE AREA 
1 EHPERAfURE 

fEE[ 

CUBIC fEET PER SECOND 
ACRE -f[£T 

AC~ES 

DEGREES fRilREHHEIT 

.058 .07 .081 .01,1 .lOS 

.921 .932 . 9i1 .952 .962 

zo 13 75 90 96 

IHHUI!HIUifUIUOUJl!WWKWUUUUU* 

* 
U.S. ARMY CORPS Of ENGitiEERS * 

* THE HVOROLOGif. rHGTHEER!HG CENTER * 
609 SECOIIO STR[[J * 

OAUIS, CALffORHIA 95616 * 
(916) 551-1718 



* 
11 KK * SU0-10 * I -17 SUO-BASitl 10 

11 IN 

12 BA 

15 PB 

16 PI 

19 l.U 

22 uc 

19 UA 

6-HR IJIST P.IllUTIOH 

TIME OA!A fOR IHPUI liME SERm 
JXHIH 15 JIM[ IHTERURL IN HIIIUIES 

JXOAIE 0 STARiiHG OAIE 
JXIIME 0 START IHG TIME 

SUBBASIN RUHOfr OATA 

SUBBASit! CHARACTERISTICS 
!AREA .13 SUBBASiN AREA 

PR[CIPITHTIOII OAIH 

STORM 3.22 BASH! TOTAL PRECIPl!Allot! 

It!CRIJ1£HTAL PP.ECIPITAIIOH PAmRH 
.01 .01 .01 .01 .01 .01 .01 
.17 .15 .08 . 01 .01 .Ol .01 
.01 .01 .01 

Ut!lfORM LOSS RATE 
STRTL .15 IHIIIAL LOSS 
CHSTL .01 UNifORM LOSS RATE 
RTIMP .00 PERW!I lMPUUI OIJS AREA 

CLARK UNITGRAPH 
TC .18 liME Of COI!WHRA!IOt! 
R . 49 sTORAGE comrcmr 

ACCIX11JLATEO-AREA US . TIME, ll ORDINATES 
.0 3.0 s .0 8.0 12 .0 20 .0 H.O 

100 .0 

... 
UNIT HVO~OGRAPH PARAM[f(RS 

CLARK TC= .18 HR, R= .19 HR 

16. 
1. 

76 . 
l. 

95 . 

StiYOER TP= .52 H~, CP= .65 

IJHI! HVOROGRAPH 
12 EHO-Of -PERIOO OROIHATES 

56 . 33 . 20 . 17. . 

.01 .01 .08 

.01 .01 .01 

75 .0 91) .0 %.0 

7. 1. z. 



INOROGRRPH AI SIAT!OH SUB-10 

Ali!Ulfliii!UUUHUIIHIHIHIHiiUi!UIUii!HIIIIHUH-HIII~I!lliUI!Ulllli!UilUillUIUIIIIIIIIIKKHUIII-ltiKIIIUlfiUIIUlHIKIUUAAA 

DA HOH HRMH ORO RAIH LOSS EXC£55 COMP Q OR MOH HRMH ORO RAIII LOSS EXCESS CDMP Q 

0000 .00 .00 .00 0. 0315 16 . 01 .01 .03 130 . 
0015 .03 .03 .00 0. 0100 17 .01 .01 .03 81. 
0030 .03 .03 .00 0. * om 13 .01 .01 .03 52 . 
0015 .03 . 03 .00 0 . 0130 19 .03 .01 .02 31. 
0100 .03 . 03 .00 0. 0115 20 .03 .01 .02 23 . 
0115 .03 . 03 . 00 0 . 0500 21 .03 .01 .02 16 . 

1 0130 .04 . 01 .00 0. 0515 zz .03 .01 .02 13 . 
0115 .01 . 01 .00 0. 0530 23 .03 .01 .02 10 . 
0200 9 .01 . 01 .00 0. om 21 .03 .01 .02 9 . 
0215 10 .01 . 01 .00 0. * 0600 25 .00 .00 .00 7 . 
0230 1.1 .27 .15 .12 2. 0615 26 .00 .00 .DO 5. 
om 12 .56 .01 .55 lB . * 0630 27 .00 .00 .00 3. 
0300 13 1.17 .01 H6 79 . 0645 2B .00 .00 .00 2. 
0315 11 .27 .01 .26 175. * 0700 29 .00 .00 .00 1. 
0330 15 .01 .01 .03 191 . 0715 30 .00 .00 .00 1. 

* 
IUUAIAUIUAIUIIUIIIHIUIIlHfllUIHWU•IIIIOIHIIM*HIIIIWIIKIIIflllHI**I*IUUWIKIUIUI*-ltAA*IIKIKI - WHIUIIHliHIUilllHIIH 

IOJAL RAltlfALL = 3 .22, TOTAL LOSS = .58, TOIAL EXCESS = 2. 64 

PEAK fUXJ liNE MAXIMUM AVERAGE fW.J 
b-fiR 21 -HR '12-HR 7 .25-HR 

(CfS) <HR) 
<CfS) 

191 . 3.50 36 . 29. 29 . 29. - <ItlCHES) 2.622 2.622 z .627. 2.622 
<AC - ff) 18 . 16 . lB . 18. 

CUMULATIUE AREA = .13 SQ MI 

RUIIOff SIR1MARY 
fLOU Ill CUBIC fEET PER SfCONO 

TINE Ill HOURS, AREA IH SQUARE MILES 

PEAK TIME Of AUERA6E fLOU fOR MAXIM~i1 PERIOD BASlH MAXINIJI1 TIME Of 
OPEP.ATiotl STATION fLOU PEAK AREA SIAGE MAX SIAGE 

6-HUUR l1-HOUR '/2-HOUR 

HVOROGRAPH AI 
SUB-10 1.94 . 3.50 36. 29 . 29. .! 3 

**~ tiURMAL EHO Of HEH m 

C) 

* flOOO HYORUGRAPH PACKAGE <H(C -1) * U.S. ARM'/ f.ORPS Of [t!GIHEERS 
• f£BRUAR'{ 1981 • THE INOROLOGIC EIIGIHEER!HG WHER • 

REVISED 01 JUII 88 • 609 SECOHD STREET 
* OAUIS, CALifORIHA 95616 

* RUN OAJ[ 09123/1988 TIME 15:22 :19 * <916) 551·1 ?48 



X xxxxxxx XX XXX X 
X X X X XX 

X X X 
xxxxxxx xxxx xxxxx X 

X X X X 

X H X X X 
X X xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS UERSIO~S Of HEC-1 KtiOUtl AS HEC1 (JAil 73), HECl65, HECtUD, AIID HEC1KU . 

I HE OEFIIHT IONS Of VARIABLES -RfiMP- RtlO -RI IOR- HAUE CHAHC.EO fROM THOSE USED UIIH THE 1973-STVLE INPUT S TRUCfURE. 
THE OEfiNITIOH Of -AMSKK- otl 1111-CAP.O URS CHRHGEO UITH REUlSiotiS ORIEO 28 SEP 81. THIS IS THE fORIRAH77 UERSIOH 
llfU OPTIOtiS: OAI1BRERK OUTrl.llJ SUB11ER6EHCE , SIH6LE EUEHT nAMAG£ CALCULAI I Otl, 055:URI I [ S I AG[ fREQUENCY, 
OSS :R£RO TIME SERIES AT OESIRED CALCULATION IIIIERUAL LOSS RATE:GREEtl AtiO AMPT IHfiLTRATIOM 
KHIEMRTIC URUE: HEU fiNITE OlffEREHCE ALGORITHM 

IIEC-L IHPIJI PAGE 1 

UHr 10 ...... .1.. ..... 2 ...... .3 ....... 4.. . . ... 5 ....... 6 ....... 7 .. . . ... 8 . ... .. . 9 ..... .10 

rn H 7 SUR-RASIH 10 
ID IfUIAL LOSS + UNifORH LOSS RATE 

' IO UALUES fROM GREEH-AMPT AHAL VSIS J 

IO SILlY CLAY LOAM 
r· 
J . 10 RAHifRLL OISTRIBUliOtl = 6-HR HESTEO 

IO POINT PRECIPITAf!Otl = 3 .2Z 
IO AREA PRECIPITATIOII = 3.22 

8 IO DEPTH-AREA RATIO ' 1.0 
9 IT l.S 30 

10 10 0 0 

11 KK SUB-10 I ·17 SUB-BASIN 10 
12 SA .126 
13 KN 6-HR OISTRIBUfJOH 
11 IH IS 
15 PB 3.22 
16 PC .01 .02 
17 PC . 199 .361 
18 PC _9'/2 .982 
19 LU .37 .01 
20 UA 0 3 
21 UA 100 
22 uc .19 .19 
Z3 zz 

Jl!un•••**~~******u•na•uu**u••unu 

* 
* fl.OOO HVOROGRRPH PACKAGE <HEC-1) •· 

fEBRUARY 1981 
* REUISED 01 JUH 89 * 

* RUH OAJE 09123/1988 TINE 15:7.2 :19 * 

.n3 

.811 

.992 

5 

.01 

.997 
1.0 

8 

.05 

.90q 

12 

.058 .07 .081 

. 921 .932 . 911 

20 13 75 

.093 .lOS 

.952 .962 

90 96 

* 
tJ .S. AR.11V CORPS Of DIGTtiE£RS 

* THE HVOROLOGIC EHGIHEERfH6 CfHTER * 
609 SECOIIO $ T RrrJ 

DAUIS, CALifORtiiA 95616 
<916) SSH 718 



I -rt SUB-BRSIH 10 
ltlliAL LOSS • UNifORM LOSS P.RIE 
VALUES fROM GRWI-RMPT AHRLYSTS 

SILlY CLAY LOAN 
RAIHfRll OISIRIBUriOH = 6-HR llESIEO 
POIMI PRECIPITRIIUtl = 3.22 
AREA PRECIPITAIIOH = 3 .ZZ 
OEP!H-ARER RAI IO = 1.0 

l 0 IO OUIPUT COHTP.OL UHRIRBLES 

II 

IPRIH 0 PRIHI COIHROL 
!PLOT 0 PLOl COHIROL 
QSCAL 0. H'IO OGRAPH PLOT SCALE 

HYOROGRAPH liME OATA 
tlMitl 15 MIHUl ES IH COMPUIATIOH INIERUAL 

IDAJE l 0 STAR! IHG OAT[ 
Ill ME 0000 STARIItiG IIHE 

t!U 30 HUMBER Of HVOROGRAPH OROIHATES 
IIOOATE 1 0 EHOIIf(i OATE 
tmllnE 0715 EHOitiG liME 
ICE HI 19 C£HIURY MARK 

Cllt1PUIATIOtl INT£RUAL 
IO!AL TIME BASE 

.25 HOURS 
7.25 HOURS 

ENGL lSH UHITS 
ORAIHAGE AREA 
PRECIPITAIIOH UEPTH 
LEHGIH, ELEUA!IOH 
fl.OU 
STORAGE UOLUME 
SURfACE AREA 
TEMPERATURE 

SQUARE NILES 
IHCHES 
fEET 
CUBIC fEEl PER SECOHO 
ACRE-fEET 
ACRES 
DEGREES fAHREHH[[f 



11 KK * SUB -10 * I-1 7 SUB-BASIN 10 

6-HR OISTRIBUT!otl 

14 IH TIME DATA fOR IHPIJT TINE SEm:s 
JXMitl 15 TIME JHTERURL IN MINUTES 

JXOATE 0 STARTltiG DATE 
JHIIME 0 STRRTIH6 liME 

SUBBASIN RUNOff DATA 

12 BA SUBBASIN CHARAClERISilCS 
!AREA .13 SUBBASIN AREA 

PRECIPI!Al!ON OHTR 

15 PO STORM 3.22 BASil! TOiRL PRECIPIIRTIOH 

16 PI INCREMENl AI. PR£CIPITATI0tl PAilERN 
.01 .01 .01 .Ol .01 .01 .01 .01 .01 .08 
.1 '/ . 45 .OB .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

19 LU UtHfORM LOSS RATE 
STRTL .37 INITIAL LOSS 
CtiSlL .01 Ut1If0Rt1 LOSS RAJ[ 
RTINP .00 P£RWIT IMPERUI OUS AREA 

22 uc CI.ARK UHITGP.APH 
TC .48 TIN[ Of CotiCENTRATIOtl 
R . 49 STORAGE COEffiCHHT 

19UR ACCI»1ULAIEO-AREA US . TINE, 11 ORDINATES 
.0 3.0 s .0 B .0 12 .0 20 .0 13 .0 75.0 90 .0 96 .0 

100 .0 

*** 

UNIT HYUROGRAPH PARAMETERS 
CLARK TC= . 48 HR, R= .19 HR 

SNYOER TP= .52 HR, CP= .&5 

UNIT lfYOROGRHPH 
12 EtiO-Of -PERIOO ORO! HAlES 

16. 76. 95 . 56 . 33 . zo. 12 . 7. t 2. 
1. I . 



*****HlH*liWHMU~W,liUWWHJIU.JMlliMWU WWUHUWWOlWMMHIHIH*UMIUUI~HHilW'.IlHUUlUUI*MliMH*UllliH*MHllllWIUHJIUUMH 

HVDR06RAPH AT STATIOH SUB-10 

MWUWW$WXJIIHWIIli iWIIHMIWW*****IMIMIWIIIM*I******OIIlW*III JIIUJWll*lllll f*U ~ IMl*IHU*MMIWfl fW~HllUIIUllllliiHWWWXli-Mllll*U 

OA MOH HRN~ ORO RAIN LOSS EXCESS CIX1P Q OR NOH HRMH ORO 

0000 . no .00 
0015 .03 .03 
0030 3 .03 .03 
0015 1 .03 .03 
0100 5 .03 .03 
0115 6 .03 . 03 
0130 7 .01 .01 
0115 8 . 01 .01 
0200 9 . 01 .01 
0215 10 . 01 .01 
0230 11 . 27 .07 
0215 12 .56 .01 
0300 13 1.17 .01 
0315 11 B .01 
0330 15 .01 .01 

TOTAL RAINfALL = 3 .22 , TOTAL LOSS = 

PEAK fLOU liME 
6-HR 

<CfS) (HRl 
<Cf5) 

197 . 3 .SO 37 . 
<INCHES) z .699 
<AC -fD 18 . 

CUMULATIVE AREA = 

PERl: 
OPERATIOH STATIOU fl.OIJ 

HVDROGRAPH AT 
SIJB-10 197 . 

m HOR11AI. EtlO Of HEC -1 m 

1 WWUllliH~*******"**'****************OlU 

* * fLOOO H'/OP.OGRAPH PACKAGE <HEC -1) 
~ fEBRUARY 1981 

REUISEO 01 JUH 88 * 

• RUH DATE 09/2311988 TIME 15:25 :10 * 
* 

00 0 . 0315 lG 
. 00 0 . 0100 17 
.00 0. 0115 18 
.00 0. 0130 19 
.00 0. 0115 20 
.00 0 . 0500 21 
.00 0. 0515 22 
.00 0. 0530 23 
.00 0 . 0515 24 
.00 0 . 0600 25 
.20 3 . •· 0615 26 
.55 21. 0630 27 

1.16 85. 0615 28 
.26 179 . 0700 29 
.03 197. om 30 

.51, TOTAL EXCESS = 2.71 

MAXIMUM RUERAGE !lOU 
21-HR 72-HR 7 .25-HR 

30. 30 . 30 . 
2. 699 2.699 7. .691 

lB. 18. 13 . 

.13 SQ MT 

RU~Off SlJ111ARV 
f LOU I H CUB! C fE£ T PER SECOHO 

liNE Itl HOURS, AREA Itl SQUARE MILES 

TINE Of RUERRG£ fLOU fOR MAXIMlRI PERIOIJ 
PEAK 

6-HOUR 2HIOUR 72-HOUR 

3.50 37 . 30. 30 . 

RAIN I.OSS EXCESS COI1P Q 

.01 .01 .03 132 . 

.01 .01 .03 32. 

.01 .01 . 03 52 . 

.03 .01 .02 35. 

.03 .01 .02 23. 

.03 .01 .02 17. 

.03 .01 .02 13 . 

.03 .01 .02 10. 

.03 .01 .02 9. 

.00 .00 .00 7. 

.00 .00 .00 5. 

.00 .00 .00 3. 

. 00 .00 .00 2 . 

.00 .00 .00 1. 

.00 .00 .00 1. 

BASIN MRXIMUt1 TIME Of 
AREA STAGE MAX STAGE 

.13 

***********•*****"**"**"*'*"*********** 

IJ .S. ARMY CORPS Of [t1GTMEER5 * 
• THE fiVOROLOGIC EHG JHEFRIII6 CEHTER * 

609 S£COHO STREET * 
OAUIS, CALifORNI A 95616 * 

* (916) 551-1718 

* 



* 

X xxxxxxx XXX XX 

X X X X XX 
X X X X 

xxxxxxx xxxx X XXX XX X 

H X X 

X X X 

xxxxxxx XX XXX XXX 

THIS PROGRAM REPLACES All PREUIOIJS UERSIOHS Of HEC-1 KHIXJN AS H£C1 <.JAil 73>, HEC!GS, HEC108, RHO HECJKU. 

THE OEfiHITIUNS Of UARIABLES -RTI MP- RNO -RTIOR- HAUE CHANGED f~IX1 IHOSE USED UITH THE 1973-STYLE INPUT STRUCTURf. 
THE OEfitUTiotl Of -ll1SKK- ON RM-CARO UAS CHAHGEO UITH REUISIOHS OATEO ZS S[P Bl. THIS IS THE fORTRAtl77 UERSIOH 
liEU OPTIONS: OAMBRERK OUTfW.J SUBMERGENCE , SIHGLE EUEHT Oll1AGE CALCULAllotl, OSS:URITE SIRGE fREQUENCY , 
OSS:REAO TIME SERIES AT DESIRED CALCULATION IHIERUAL LOSS RAIE:GREEN RHO AMPT IHflt.TRATIOH 
KINEMATIC UAUE: HEU fiNITE DUTEREHCE ALGORITIJI 

HEC -1 lHPUI PAGE l 

LINE IO ...... . l.. .... .Z ... .... 3 ....... 1 . ...... 5 ....... 6 .. . ... . 7 ....... 8 .... ... 9 ..... .10 

IO I-17 SUO-BASI H l 0 
ro Hill AL LOSS ' Uti I fORM LOSS RATE 
IO OALUEfi fROM GREEH-RMPI ANALYSIS 
IO SAHUV CLAY 
IO RAINfALL OISTRIBUTIOH = 6-HR HESTEO 

6 10 POIHT PRECIPIIRTIOH = 3.22 
7 lO AREA PRECIPITATIOH = 3 .Z2 
8 IO DEPTH-AREA RAllO = 1.0 

IT 15 30 
10 IO 0 

11 KK SUB-10 1-17 SUB-BASIN 10 
12 BR .126 
B KN 6-HR OISTRIBUTIOH 
11 It! 15 
15 PO 3.ZZ 
16 PC .01 .02 .03 .01 .OS .058 .O'l .081 .093 .105 
17 PC .188 .361 .811 .897 . qog . 921 .932 . 9i1 .95l .962 
18 PC .m .982 .992 1.0 
19 LU .37 .02 
zo UR 0 12 20 43 75 90 96 
21 UA 100 
22 uc .48 .19 
23 zz 

* * * * fLOOU HVOROGRRPH PACKAGE <HEC -1) * * U.S. AR/1'1 CORPS Of fHGIHEERS * 
* THE HYDROLOGIC EHGIHEERIHG CEHlER • fEBRUARY 1981 • 

REUISEO 01 JUtl 88 * 

* RUH OAIE 09/2311988 TIME 15c 25 :10 * 

609 SECOIIO SmET 
OAUIS , CALifORHIA 95616 

<916l 551-ma * 

• 

l 



H 7 SUB-BASIH 10 
ItliTAL LOSS • UIHfORI1 LOSS RATE 
URI.UES fROH GREEN-Pl1PT RHAL'{S IS 

SAHOV CLAY 
RAIHfALL OISTRIBUTIOH = 6-HR t!fSTEO 
POIHT PRECIPITR!!Otl = 3 .2Z 
AREA PRECIPITAIION = 3 .2Z 
OEPIIi-AREA RflTJO = 1.0 

10 10 OUTPUT CGNTROL VARIABLES 
IPRHT 0 PRIHT CONTROL 
1 PLOT 0 PLOT COHT ROL 
USCAL 0. HYOROSRAPH PLOT SCALE 

IT HYOROGRAPH T !ME OR I A 
tf1ltl 15 MIHUTES IH COMPUIAllOH ItHERUAL 

IOATE 0 SIARIIHG ORlT 
IIIME 0000 STAR!ItlG TIME 

t!Q 30 H~BER Of HYOROGRAPH OROitiATES 
t!OOHTE EHOitiG ORTE 
tlDTIME 0715 fHOltiG TIME 

ICEIH 19 CEIHUR'{ t\RRK 

C!l1PUTATIOH ItliERUAL .ZS HOURS 
TOTAL TIME BASE 7 .25 HOURS 

ENGLISH UtiiTS 
ORRIHAGE AREA 
PRECIP.!IATIOII DEPTH 
\.EHGTH, ELEUATIOH 
fLOIJ 
STORAGE VOLUME 
SURfACE AREA 
HMPEF.Al URE 

SQUARE HILES 
IHCHES 
fEET 
CUBIC fEEl PER SECotlO 
ACRE -f[[[ 
ACRES 
DEGREES fRHREHHE!l 



* 
11 KK • SUB-10 • 1-17 SUB-BASIN 10 

* 

H IN 

12 BA 

IS PB 

16 PI 

19 LU 

22 uc 

19 UA 

6-HR OISTRIBUTIOH 

T lME DATA fOR INPUT I INE SERIES 
JHMIH 15 TINE INTERUAL Ill MIHUIES 

JXOAI( 0 STAR! IHG ORTE 
JXTIME 0 5 I ART!tl6 TIME 

SUBBASIN RUNOff OAIA 

SUBBASIII CHHRRCTERISTJCS 
l'AR£A .13 SUBBASIN AREA 

PRECIPITATIOif DATA 

STORM 3.22 DASIII TOTAL PRECIPITAflOH 

IIICREMEHIRL PRECIPI!A!IOII PA!lERH 
.01 .01 .01 .01 .01 .01 .01 
.17 .15 .OB .01 .01 .01 .01 
.01 .01 .01 

UNifORM LOSS RATE 
SIRTL .37 ltiiTIAL LOSS 
CHSTL .02 UHJfORM LOSS RATE 
RIIMP .00 PERCEtH IMPERliiOUS AREA 

CLARK UHITGRAPH 
Tc .18 TIME Of COtiCEHTRATIOtl 
R .19 SHIRASE comrcrm 

ACCUMULATED-AREA US . TINE, 11 ORDINATES 
.0 3.0 5.0 9.0 12 .0 20 .0 H.O 

100 .0 

*'* 

UIHT HYOROGRAPH PARA!1ET£RS 
CLARK TC= .18 HR, R= .19 HR 

16. 
1. 

76 . 
1. 

95 . 

SHYOER IP= .52 HR, f.P= .65 

UHII INOROGRAPH 
12 EtiO-Of -PERIOD OROitiRTES 

56 . 33 . 20 . 12 . 

.01 .01 .08 

.01 .01 .01 

75 .0 90 .0 96 .0 

7. 2. 



INOROGRRPH AT 51 AT I Oil SUB-1 0 

OA MOM BRHH ORO RAIM LOSS £XCESS COHP Q l OR NOH HRHH ORO RAIN LOSS EKCESS Cl)lP 0 

* 
0000 . 00 . 00 .00 0 . 0315 16 .01 .00 .03 133 . 
0015 2 . 03 .03 .00 0 . OiOO 1'/ .01 .00 .03 81 . 
0030 3 .03 . 03 .00 0 0 om 18 .01 .00 .03 51 . 
00~5 .03 .03 .00 0. 0130 19 .03 .00 .OZ 36 0 

0100 .03 .03 .00 0 0 * 0415 20 .03 .00 .03 25. 
0115 6 . 03 .03 .00 0 . 0500 21 .03 .00 .03 18 . 
0130 .01 .01 .00 0 0 0515 22 .03 .00 .03 11 . 
0115 .01 . 01 .00 0. * 0530 23 .03 .00 .03 12 0 

ozoo 9 .01 . 01 .00 0 . om 21 .03 .00 .02 10 0 

0215 10 .01 . IJ1 .00 0 . * 0600 25 .00 .00 .00 8. 
0230 11 .2? .06 .21 3 0 0615 26 .00 .00 .00 6 . 
0215 12 .56 . 00 .56 25 0 063[) 27 .00 .00 .00 3. 
0300 13 1.17 .00 l.fl 86 0 0615 ZB .00 .00 .00 Z. 
0315 11 . 2'/ .00 .26 180 . 0700 29 .00 .00 .00 1 . 
0330 15 .01 .00 . 03 198 0 0?15 30 .00 .00 .00 1. 

UIHIHUUHH*WHK-fiiJIKIIJnHI-IJHUIHKJIKH~IUl<"**"**IIHfUJfUIHIIJHifUUI-IJf*fiJIJIIIJUJIIIU"UJUHUIJUIIHltiHI 

TOTAL RAIHrALL = 3 .22, TOTAL LOSS = 

PEAK fLOU TIME 
6-HR 

(CfSl <HR) 
(CfS) 

198 . 3.50 37. 
OtiCHESl 7. .767 

<AC-ffl 19. 

ClfiULATIUE AREA = 

PEAK 
OPERATION SIAfiOH fLOIJ 

HYOR06RAPH AT 
SUB-10 198 0 

u~ HORMAL EIIO Of HEC -1 m 

00 
lli-KfHlt!fU!fUHUUai*WH!flfh~lJifiUlU 

* 
• flOOO HVOROGRAPH PACKAGE (H(C -1) • 

fEBRUAR't 1981 * 
REUISEO 01 JUH 88 * 

* * 
* P.UH OAT£ 09123/1980 TIME 15:27:38 * 
* * 

.11, TOTAL EXCESS= 2.78 
~ 

MAXIMIJ1 RUERAGE flOU 
2HR 72-HR 7 .ZS·HR 

31. 31. 31. 
2.767 2. 767 2.767 

19. 19 0 19 0 

.13 SQ MI 

RUNOff SU~RRV 
fl!XJ HI CUBIC fEfl PER SECOHO 

TIME Ill HOURS, AREA IH SQUARE NILES 

TINE Of AUERAGE flOU fOR MAXIMUM PERIGO 
PEAK 

6-HOUR 21 -HOUR 72-HOUR 

3.50 37 0 31. 31. 

BASIH MAXIMUM TIME Of 
AREA STAGE MRX STAGE 

.13 

* 
U.S . RRMV CORPS Of EHGIHEERS 

* THE INOROI.OGIC EHGINE£RIH6 CENTER * 
• 609 SECOtiO SIP.EET 

ORVIS , CALifORtHA 95616 
(916) 551· 1713 

* 

* 



X xxxxxxx XX XXX X 
X X X X XX 

X X 
xxxxxxx xxxx X XXX XX 
X X X X X 
X X X X 
X xxxxxxx XXX XX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS UERSIOHS Of HEC-1 KHO\JH AS HECl (JAM 73> 1 HEC165 1 HEC108
1 

RHO HECIKU . 

THE OErltiiTIOHS Of URRIABLES -RTIMP - RHO -WOR- HRUE CHAtfGEO fRI11 THOSE USED UIJH THE 19'13-STVLE IHPUT STRUCTURE . 
THE OEriNITIOtl Of -AMSKK- Otl RIHARO UAS CHRHGEO UITH REVISJOIIS DAlEO 28 SEP 81. !HIS IS THE fORTRAN'l7 VERSlotl 
HEU OPTIONS: OHMB~EAK OUTfLOU SUill1ER6EHCE 1 SIHGLE EVEtH Ofi1AG£ CALCULATIOH 1 OSS:URITE STAGE rREQUEtiCV 

1 

OSS:REAO TINE SERIES AT DESIRED CALCULATION ItHERUAL LOSS RATE:6RWI RHO AMPT ItlfiLTRATIOH 
KIHENATIC UAUE: HEU fli!If[ OiffER£NCE ALGORITHM 

HEC-1 IHPUT PAGE 1 

LIHE !0 .... .. .1 . . ... . . 2 ... ... .3 .. . .. .. 1. .. . ... 5 ....... 6 . . .. . .. 7 . .... . . 8 ..... . . 9 .. .. . . 10 

10 I -17 SUB-BASIH 10 

10 IN! TAL LOSS • UNifORM LOSS RATE 
IO UALUES fROM GRWI-AMPJ ANALYSIS 
IO SILTY CLAY 

2 
3 
1 
5 
6 
7 
9 
9 

IO RAINfALL OIS!RIRUTION = 6-HR NESTED 
IO POINT PRECIPITR!IOtl = 3.22 
IO AREA PRECIPITATIUtl = 3.22 
IO O£PTK-AR£A RATIO = 1.0 
Il 15 30 

10 IO 0 0 

11 
12 
13 
11 
15 
16 
17 
18 
19 
zo 
21 
2Z 
23 

~K SUB-10 I -17 SUB-BRSIH 10 
RA .126 
KM 6-HR OISTRIBUIIOH 
IN 15 
PB 3 .27. 
PC .01 .02 
PC .188 .361 
PC .972 .982 
LU .za oz 
UR 0 3 
UA 100 
uc .19 .19 
ll 

• fl.OOO HVOROGRRPH PACKAGE <HEC-1) * 
fEBRUARY 1981 * 

* REVISED 01 JUH 88 * 

• Rut! ORTE 09123/1998 TIME 15:27:38 • 

* 
UUUHUUlUllflUUUJUlfUUUUHUlf 

.03 

.BH 

.992 

.01 

.897 
1.0 

.05 

.909 

12 

.058 .07 .OBl .093 .105 

.921 .932 . 944 .952 .962 

20 43 75 90 96 

U.S. ARt1Y CORPS Of EHGIIIEERS 
* THE HVOROLOGIC EHGIHEER!NG CEHIER ~ 

• 609 SECOtiO STREET 
* OAUI5 1 CALifORHIA 95616 * 

(916) 551-1718 * 

lllllflfUU*lfUIHIUUIHIIUUUU!fiU 



I -17 SUB-BASitl 10 
INITAL LOSS ~ utl!fORM LOSS ~ATE 
UALUES fROO GREEH-IlMPT AIIALYSI 5 

SILTY CLAY 
RAitlfALL OISTRIBUliON = 6-HR HESTEO 
POIHT PRECIPITATIOII = 3 .22 
AREA PRECIPIT AT! Oil = 3. 22 
OEP!H-RRER RATIO = 1.0 

10 IO OUTPUT CONTROL VARIABLES 

IT 

IPRHT 0 PRINT CONTROL 
!PLOT PLOT COHTROL 
QSCRL 0. HVOROGRRPH PLOT SCALE 

HYOROGRAPH TIME DATA 
H11fH 15 MINUl£5 Ill W1PUTRTIOII IHT ERURL 

I OR![ 0 STARTIH6 DATE 
ITIME 0000 STARTING TIME 

NO 30 HU1BER Of HYOROGRRPH OROIIIAl ES 
HOOATE 0 EHOIHG ORl£ 
HOT IHE 0715 EHUIHG llt1E 

ICEtll 19 CEHIURY MARK 

Cll1PUTATlotl ItHERUAL .25 HOURS 
TOTAL liME BASE 7.25 HOURS 

ENGLISH UNITS 
ORAltiAGE AREA 
PRECIPITRTIOH DEPTH 
LEHGTH, ELEUATIOH 
fLOIJ 
STORAGE UOLUME 
SURfACE AREA 
f EMPERA T URE 

SQUARE MILES 
IHCHES 
fEET 
CUBIC f[[l PER 5£COHO 
ACRE -fEET 
ACRES 
DEGREES fAHREtiHEIT 



11 KK SUB-10 " I-1 7 SUB-BASIN 10 

6-HR OISTRIBUTIOtl 

11 IH liN£ OAJA fOR INPUT TIM£ SERIES 
JXMI H 15 TIME rtH ERUAL JH MJ.HIJJ ES 

JXOATE 0 STARTING DATE 
JXT IME STARTfHG TIME 

SUBBASIN RUNOff OAJA 

12 BA SlJBBASitl CHARACT[RISTICS 

15 PB 

16 PI 

19 I.U 

22 uc 

19 UA 

TAREA .13 SUBBASIN AREA 

PRECIPITATIOH DATA 

STORM 3.22 BASIN TOTAL PRECIPITAJ !UH 

IttCREMEIHAL PRECIPIIATI.OH PATTERN 
.01 .01 .01 .01 .01 .01 
.17 . ~5 .08 .01 .01 .01 
.01 .01 .01 

UNifORM LOSS RATE 
STRTL .28 ItHTIRL LOSS 
CNSTL .02 UNifORM LOSS RATE 
RTIMP .00 PERCENT IMPERUTOUS AREA 

CLARK Utili GRAPH 
!C .18 TIH£ Of COHCEtll RA ll OH 
R .19 STO AGE COEfflCIDH 

ACCIJ1ULRTEO-AREA US. TINE, l1 OROIHATES 

16 . 
1. 

.0 
100.0 

76. 
1. 

3.0 

95 . 

5.0 8.0 12.0 20 .0 

*** 

Um HYDROGRAPH PARAMETERS 
CLARK TC= .18 HR, R= 

SHVDER TP= .SZ fiR, cr= 

UtHf HYOROGRAPH 
12 ENO-Of ·PERI 00 OROI HATES 

56. 33 . 20 . 12 . 

.01 .01 .01 .08 

.01 .01 .01 .01 

13 .0 75 .0 90 .0 96 .0 

.19 HR 

.65 

7. 4. 2. 



IH*MUMiflfHUUIHIHU******Hif*HIUUJUHUHUJUJIUUI*>*lltH*********"*****'**~~-***********UH*•**U**U*lHO*IUlH*UUIHI 

H'/OROGRAPH AT STATIOil SUB-10 

UUJUIHii!HU.UUUMJUUHlHUUIHUUUWliHIUUUJUUUJOMUWUUIUII!U*UIUIHUHHUUIHUliUIUUUUUUIHifH-!1* 

OA 110H HRI1tl ORO RAIH LOSS EXCESS CONP a OA HOt! HI1!1N ORO 

0000 .00 . 00 
0015 .03 .03 
0030 .03 .03 
0015 .03 .03 
0100 ' . 03 .03 
0115 .03 .03 
0130 7 .01 . 01 
01.15 9 .01 . 01 
0200 .01 .01 
om 10 . 01 .01 
0230 11 .27 .00 
0215 12 .56 . 00 
0300 13 1.17 .00 
0315 11 .Z7 . 00 
0330 15 .01 .00 

TOTAL RAi tlfALL = 3 .22 , TOTAL LOSS = 

PEAK ru~ TIME 
6-HR 

(CfS) <HR) 
<CfS) 

200 . 3.50 39. - <INCHES> z .952 
(AC-fl) 19. 

CUI1ULATIU£ AREA ~ 

PEAK 
OPERRTIOtl STATION fLOU 

HVOP.OGRAPH AT 
SUB-10 zoo . 

m HORMAL EUO Of HEC -1 *** 

00 
1 *************l<*****UHH***********UIU 

* 
* fLOOO HVOROGRRPH PACKAGE <HEC -1) * 
* fEBRUARY 19Bl 

* 
* 

REUISEO 01 JUH 98 * 

* RUII OATE 09/23/1988 TINE 15129:58 * 
* 

.00 0 . 0315 16 

. 00 0 . * 0100 17 

. 00 0 . 0115 18 

. 00 0 . OHO 19 

.00 0 . • 0115 20 

. 00 0 . 0500 21 

.00 0 . * 0515 22 

.00 0 . 0530 23 

. 00 0 . 0515 21 

.03 0 . * 0600 25 

.26 6 . * 0615 26 

.56 32 . * 0630 27 
l.fl 93. 0615 ZB 
.26 101 . 0700 29 
. 03 200 . 0715 30 

.35, TOTAL £XCESS = 2. 87 

MRXIM~ AUE~AGE fUllJ 
7.1-HR 7Z-HR 7 .25-HR 

3Z . 32. 32 . 
2.852 2.952 2.852 

19 . 19 . 19. 

.13 SO Ml 

RUNOff Sut111ARY 
fLOU lH CUBIC fEET P£R SECOHO 

TINE IN HOU~S , AREA IH SQUARE MILES 

TIME Of AUERAGE fLOO fOR MRXIMI11 PERIOD 
PERK 

6-HOIJR 21-HOUR 72-HOUR 

3 .SO 39 . 32 . 3Z. 

RAIH LOSS £XC (55 COMP a 

.01 .00 . 03 135 . 

.01 .00 . 03 95 . 

.01 .00 .03 54. 

.03 .00 . 02 36 . 

.03 . 00 .03 25 . 

.03 . 00 .03 1R . 

.03 . 00 .03 H . 

.03 .00 .03 12 . 

.03 .00 . 02 10 . 

.00 .00 .00 8. 

.00 .00 .00 6. 

.00 .00 . 00 3 . 

.00 .00 . 00 z . 

.00 .00 .00 1. 

.00 .00 .00 1. 

BAS It! MAXINI11 1!11E Of 
AREA STAGE MAX STAGE 

.13 

* U.S. Rllt1V CORPS Of EHGIIIEERS • 
* THE HYDROLOGIC EHGIHEERIHG CEIHER * 
* 609 SECOND ST REET 
* ORUIS, CRLIFORHIA 95616 * 
* (916) 551-1718 

* 



- - - -
X X xxxxxxx xxxxx X 

X X X XX 

X X X X 

xxxxxxx xxxx X XXX XX X 
X X X X X 

X X X X X 

X xxxxxxx XXX XX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS UERSIOHS Of HEC-1 KtlOUH AS HEC1 <JAH 73>, HEClGS, HEClOB, AHO HEC1KU . 

TH£ OEfTHIIIOHS Of UARIABLES -RllMP· RHO -RTIUR- HRUE CHANGED fRlK1 THOSE USEO UllH THE 1973-S!YLE INPUT STRUCTURE. 
THE OEFIHITIOH Of -AMSKK- OH RIHARO UAS CHAHGEO UITH REUISIOHS ORT£0 28 SEP 81 . THIS IS THE f0RTRAH77 UERSIOH 
t!EU OPTIONS: ORMBRERK OUTrLOU SUBM£RGEHCE , SIHGLE EUEHT DAMAGE CALCULRllotl, OSS:URITE STAGE fREQlJEHCV, 
OSS :REAO TIME SERIES AT O£SIREO CALCULAliOtl IN!ERURL LOSS RATE:GREEH AHO ANPT IHfiLTRATIOtl 
KIHEHATIC UAU£: HEU fii!JfE OiffEREHCE ALGORIHD1 

HEC-1 INPUT PAGE 1 

LIIlE IO .. . ... .l .. ..... Z ... . .. .3 .... ... 1 ... . ... 5 .. ..... 6 ....... 7 . ...... 8 ....... 9 ... . . .10 

1 
2 
3 
1 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
zz 
23 

IO 
IO 
IO 
IO 
ro 
ID 
m 
IO 
IT 
IO 

KK 
BA 
KM 
IH 
PB 
PC 
PC 
PC 
LU 
UR 
UA 
uc 
zz 

I-1 7 SUB-BASitl 10 
IHITAL LOSS + UHifOR/1 LOSS RATE 
UALU£5 fR!X1 GREEH-AMPT At!AL VSJ S 

.illL 
RAitlfALL OISTRIBUTJOH = 6-HR HESTEO 
POINT PR[CIPI!ATIOH = 3.22 
AREA PRECIPITRTIOtl = 3.22 
O[PTH -RRER RRTIO = 1.0 

15 30 
0 

SUB-10 I-1 7 SUS-BASitl 10 
.126 

6-HR OISTRIBU! IOH 
15 

3.22 
.01 .02 .03 .01 .OS 
.188 .361 .811 .897 .909 
.m .982 .992 1.0 
.21 .01 

0 3 8 12 
100 
.18 .19 

.058 .07 .081 

.921 .932 .911 

20 13 75 

.093 .1.05 

.952 .962 

90 96 

4UMl-l!H-l-l!IIHU*HifUUUWHUHUUlU 

* * f'LOOO HYOROGRRPH PACKAGE <HEC-1> 4 U .5 . RRHV CORPS Of EMGIHE£RS 
4 fEBRUARY 1981 
* REUISEO 01 JUtl 88 

* RUt! DATE 09/23/1988 TIME 15:29:58 * 
* * 

* THE HYDROLOGIC EHGitHIRIHG CEtHER * 
* 
* 

609 SECOMO STREET 
DAUIS, CALJfORHIA 95616 

(916) 551-1718 * 
* 

****Hn44lUIHUUH4,AHUHliUJUIIU 



10 IO 

IT 

H 7 SUB-BASIN 10 
IHIIAL LOSS + UtllfORN LOSS RRIE 
VALUES fROM GRWH~1PT ANALYSIS 

CLAY 
RAINfALL OISTRIRUTIOH = G-HR HESTEO 
POIHI PRECIPl fA 11 OH = 3 .ZZ 
AREA PREcrPITAT!Otl = 3.22 
DEPJH-RREA RATIO = 1.0 

OUTPUT COtHROL VARIABLES 
IPRHT 0 PRINT COHIROL 
!PLOT 0 PLOT CONTROL 
QSCAl. 0. HVOROGRAPH PLOT SCALE 

HVDROGRAPH TIME OATA 
Nt1IH 15 NIHUTES IH COMPUTATIDH IHTERUAL 

IOATE 0 STAmHG OAT£ 
Ill ME 0000 STAR!It!6 TIME 

HQ 30 HltiBER Of HVOROGRAPH OROIHAlfS 
HODATE 0 EHOIHG DATE 
HOTIHE 0715 EltoiHG TINE 
ICEHT 19 CENTURY MARK 

Cllt1PUTAT IOH IHTERUAL .25 HOURS 
TOTAL TINE BASE 7.25 HOURS 

Et!GLISH llt!ITS 
DRAINAGE AREA SQUARE NILES 
PRECIPITATION OEPlH IHCHES 
LENGTH, ELEUATIOH fEET 
fUXJ CUBIC f£ET PER SECOHO 
STORAGE VOLUME ACRE -fEEl 
SURfACE AREA 
TEMPERATURE 

ACRES 
DEGREES fAHREHHEI. l 



* 
11 KK * SUB-10 ~ I-17 SUB-BASlJllO 

* 

6-HR OISTRIBUTION 

11 lk TIME OATA fOR INPUT TIME S£RIES 
.IXMIH 15 TIME INTERUAL Ill MIHUJES 

JXOAJE 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOff OATA 

12 OR SUBBASitl CHARACTERISTICS 
!AREA .13 SUBBASIII AREA 

PRECIPITATION DATA 

15 PO STORM 3.22 BASH/ IOIAL PRECIPIIA!IOH 

16 PI IHCREMEHTAL PRECIPITATiotl PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 
.17 .15 .00 .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

19 LU UtU fORM LOSS RAT£ 
STRTL .24 ItUTIAl LOSS 
CHSTL .01 Ut!IrDRM LOSS RATE 
RTIMP .00 PERCEtH IMPERVIOUS AREA 

22 uc CLARK UHIT6RAPH 
TC .18 TIME Of COt!WHRAJION 
R .19 STORAGE COEfflEIEHT 

19 UR ACCUMULATEO-AREA US . TINE, 11 ORDINATES 
.0 3.0 5.0 8.0 12 .0 20.0 13 .0 75 .0 90 .0 96 .0 

100.0 

*U 

Uti!T H'IOROGRAPH PARIV1£ I ERS 
CLARK TC= .18 HR, R= .19 HR 

SNYDER TP= .52 HR, CP= .65 

UtH T HYOROGRAPH 
12 EHO-Of -PERIOD ORO! HAlES 

16 . 76. 95. 56 . 33. 20. 12. 7. 1. 2. 
1. 1. 



7fli''""""'"'""'"Jni'"'Jf""'"'"""'"'"'""""'",." ...... ,. .................. .......... " " .. ...... - .......... .. . . .... .. .. .. .. .. .. . ... . 

HYOROGRAPH AT STATION SUB-10 

U**WUWUMUWWliUM**MIUM**MHiiK*KAMWUiflWUlUIWWH ~II""MMMMIUliUWllltiiiWUWIIIUI*W*HMUIIf*WUllUMlMWUUUIIIIUIWillUII 

OA Mot! H~Mtl ORO RAIH LOSS EXCESS COMP Q * OR MOH HRNN ORO RAIN LOSS EXCESS COMP 0 

0000 . 00 .00 .00 0. om 16 .01 .00 .01 136 . 

0015 2 .03 .03 .00 0. 0100 17 .01 .00 .03 85 . 

0030 3 .03 .03 . 00 0. om 18 .01 .00 .01 55 . 

0015 .03 . 03 .00 0. * 0130 19 .03 .00 .02 37. 

0100 . 03 .03 .00 0. 0145 20 .03 .00 .03 26 . 

01\S 6 . 03 .03 .00 0. 0500 21 .03 .00 .03 19 . 
0130 .01 .01 .00 0. * 0515 22 .03 .00 .03 15. 

0115 .01 . 01 .00 0. 0530 23 .03 .00 .03 13 . 

0200 g .01 .01 .03 0. 0515 21 .03 .00 .OZ 11 . 

0215 10 .01 . 00 .01 3. 0600 25 .00 .00 .00 9 . 
0230 11 .27 .00 . 27 10 . 0615 26 .00 .00 .00 6 . 

om 12 .56 .00 . 56 35. 0630 27 .00 .00 .00 1 . 

0300 13 1.17 . 00 1.17 95. * 0615 28 .00 .00 .00 2. 

0315 11 . 2'1 .00 .27 186 . 0700 29 .00 .no .00 1. 

0330 15 .01 .00 .01 202 . 0715 30 .00 .00 .00 1. 

HKIWIIM*WWMnKIIUifWMIUMUUUUUWlUUilMIUUK*IlWUIIlKlfiMIMUUMUIUIUIIIIIIIIIIlfiiUKIIUUIHIUUif.II*KUlliiJiliiU 

TOTAL RAitlfALl. = 3 .22, TOTAL LOSS = .zs, TOTAL rxcrss = 2.91 

PEAK fLOU TIME MAXIMUM AVERAGE fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

I <CfS> <HR) 
<CfS> 

?.QL_ 3.50 10. 33. 33 . 33. 
<IHCHES> 2.925 2.925 2.925 2.9ZS 
<AC-fT) 20. 20. 20. 20 . 

C111ULRTIUE AREA = .13 SQ MI 

RUHOff SlffiARV 
fLOU IH CUBIC fEET PER SECOHO 

TINE IN HOURS, AREA IH SQUARE MILES 

PEAK TIME Of AUERAGE flOU fOR MAX!MUI1 PERIOD BASil! MAXIMUM TIME Of 
OPERRTIOII STATION fLOU PERK AREA STAGE MAX STAGE 

6··HOIJR 21-HOUR 7Z-HOU~ 

HYORUGRHPH Al 
SUB-10 202 . 3.50 40 . 33 . 33 . .13 

*o HORMAL EHO Of HEC ··1 m 



APPENDIX 2-G 

HEC- 1 output of verification that the Green and Ampt equation method and the 

IL~ULR method result in similar eslimates of rainEall excess. 



---: :· :·_ : ~~: . ~ ~ - :-~--~ : - ~ - - ~ - ~- ~- -~ ----- : -~ - ~ - -~ :· ~ . :· : - ~ - :··· : -- : - ~ - ft•"",P~ a a - ~ -· -S"vmm~ry ~1-. #FC-1 - ~sv/z':s v~n~ -- - 9~~ ~AA'Ipr . . 
- -~ .. . - . .. . . . ---

We?." l~r.s~~d, %-17 5"'fb -Jqs/n /0 _ P~;i-f t- _/(q/1/J,// '3, ::2 2. /,~s 
:/)!!pH- ,4r'l!"~ _ Rt? ~o -----=-/..:..' lll::::o ___ _ 

J)/slr/ln~h'o/1 6-tf;--o a¢'uf~L - --lc. ?= , ~a lr. · 
_ I? = . , i-9 lr. 

77dle.. - 4~4 .= H- .12 
/_ I - I~ . . JI'1~YY" . ~ 11111'1. 

- ·- -- ---- - - - - -- - - -- t- - - ---- - -- - -- - --- . -- - ------- - ---- ---- - -- .. - - - ·---· . . t:;rt!!'~_-:_-1/~pt-__ I..L . .f . tt.~l? - - .. 
_ . _ -~~t'H-: /!me~- . 4n:t'H?~_Hr.s . . . -- . . _ . R~s41/h . Rt!st/lt'-.5 

. . 

S"o/1 

. j-/1/rj/~kss~ - j,4 - ~-j;J:);Ei-4 ... ~- PSfF ~- xis/if - RT/HP : . i?Nn~fl_ . ~.P . Rl/1'1~11-- . qp - ~=-
- _ __ /11 ... .. __ __ _//1.. _ ___ .. ___ _ __ ./1'1, _____ 1',/;(r, __ . . -~ ___ ____ .//J . . __ c.l- s . . _ /rJ_, . __ c.h __ ·-· 

(1). : ~---~--~) ----- --- -(.Jy· :_ .- ~=-~- -&y--~~~-:-·_(i5 ~ -~-- ~~: - (&) -- : (7) : ·~ (;gT·· - -- ·(;,) - -_ i1~) _ . C11i -_~:~_: 

_sqn/ - · --- - --;-;J-3- · ·-a·------ --,;-_;-; -- · ;, ir·-- -~ ~i- / o ,:z.s- :2.3 , ii ~l · · 

/~mj SQI"/ 

St?H/y- hq. 

lood? 

t:/_ . -- ;-~8 -- .... , .. . .. --- -,ti-8 . .t. 4--/ ·- - /,/8 - v- - J, ~ :2.. II 8 . -/,~ . - ~~ 7 
I 

'77 , i~ - ,i o ·- · 4 ;3·3 --- · ·- ,.11-3 · ./ ;, a r . IF~ ;, 93 1~4-

SJ'II- /oqd} 

.!"a/1/y c;/ql 
... - - -- -· 

~y /oq; 

s//7'. c/4y 

. - <54dqf 

s//ij ~ 
. . --
C/qj 

.ro· .. · - .. .14- - -- J;rcr -- -· ~~.3 / .t,Jo ;t33 :;,3o -· 187 - ·-

-- - -- --- -,-85" - ------· -· ./7 ·- -- - ~,j~7 - - ,j.b -./ '" /,86- .. Jf-7 /,87 """-163 ·- - ·· 

t:,q~----:1~-- - - ----- ,;o · ·-o-.6o - · ,(:?~ · vi' ~,5r ;er -~~~r ·- ·77'7 

;· -·,+s--r-· ----- ---:7r-~~ -a--: :z -::z_·--- . ~-o~ - ./ -- . - - _:L,-1-F . IYCJ -~.,4- -- 79'4- ___ - .. 

. ./' / J7 · .. · · ,lb · /C7i7·~- · ,o4- ·--:z/17 --- - /88 ~ - 7/ - " IPT - -
0Qn?. I ' 

1.;- - ---,}7- -- --- ----- -.-;];·---- ·-y ;-,_7___ - · ,· o:;.. · o/" · · --- - · :;., "r --· · /'? '6- -- -~;78 ··1r 8 · -- .. . 
~ - ---=~~~---------------------------r------------------~--------------'r: .. ,:Lr!J ·- ·- -- · ,'/b - - /;;S?/ -- - - ;o:::z....-- /-·- · · fi.,F7 · /9'3 :2,8 7 p..t;O - -

·---------:"i-.4--- ·'IV- ----- ---- - ,'/4- - - -/,i.;~ - ·· .. -;o; ·- - '~ :J-.76 · · /'?7 :7. 94- :~-o:J....-- - -



!***************************************** 
* * fLOOD HYOROGRAPH PACKAGE <HEC-1) * 

* * 
* U.S. ARMY CORPS Of ENGINEERS 

* fEBRUARY 1981 * 
REUISED 01 JUt! BB 

* THE HYDROLOGIC Et!GINEERING CEtiTER * 
* 

* RUN DATE 09123/1988 TIME 09 :21:31 * 
* * * 

609 SECOND STREET 
OAUIS, CALifORNIA 95616 

(916) 551-1718 
* 

* 
*************************************** 

X xxxxxxx xxxxx X 

X X X X X XX 

X X X X X 

xxxxxxx xxxx X xxxxx X 

X X 

X X X X 
xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREUIOUS UERSIONS Of HEC -1 KIIOIJN AS HEC1 <JAN 73>, HEClGS, HEClOB, ANO HECIKU . 

THE OEfltHTIOHS Of UARIABLES -RTIMP- AHO -RTIOR- HAUE CHANGED fROM THOSE USED UITH THE 1973-STVLE IIIPU! STRUCTURE . 
THE OEfiiHTIOH Of -RMSKK- ON RM-CARO UAS CHANGED UITH REUISIONS OATEO ZB SEP 81 . THIS IS THE fORTRAII77 UERSIOtl 
HEU OPTIONS: OAMBREAK OUTfLOU SUBMERGENCE , SINGLE EUEHT OANAGE CALCULATION, OSS :URITE STAGE fREQUENCY, 
OSS:REAO TIME SERIES AT OESIREO CALCULATION INTERUAL LOSS RATE :GRE£11 AND AMP! INfiLTRATION 
KINEMATIC UAUE: NEU fiNITE DiffERENCE ALGORITHM 



HEC -1 INPUT PAGE 1 

LitlE ID .. . . .. .l ... . ... 2 ... . .. . 3 ... .... 1 .. . . ... 5 . ...... 6 .. ..... 7 ....... 8 .. ..... 9 . .. . .. 10 

ID H 7 SUB-BASIN 10 
ID GR£Etl-AMPT 
IO LOAMY SAND 

1 
z 
3 
1 
5 

10 RAitlrALL DISTRIBUTION = 6-HR NESTED 
ID PD!tll PRECIPITATIOtl = 3.22 
ID AREA PRECIPITATIOtl = 3.22 

7 
8 
9 

IO DEPT H-ARER RAT! 0 = 1. 0 
IT 15 
IO 0 0 

10 
11 
12 
13 
H 
15 
16 

17 
18 
19 
zo 
21 
22 

KK SUB-10 H 7 SUB-BASIN 10 
BA .126 
KM 6-HR DISTRIBUTION 
Itl 15 
PB 3.ZZ 
PC .01 .02 
PC .188 .361 

PC .972 .982 
L6 .08 
UA 3 
UA 100 
uc .18 .19 
zz 

1*****************»********************** 

* 
* fLOOO HYDROGRAPH PACKAGE (HEC-ll * 
* 
* 
* 

fEBRUARY 1981 
REUISEO 01 JUt! 88 

* 
* 
* 

* RUN DATE 09123/1988 TIME 09:21 :31 * 

lflfUHif*HHifHUHifHUHUUUUifUUU 

H 7 SUB-BASIH 10 
GREEll-AMPT 

LOAMY SAND 

.03 

.811 

.992 
2 .11 

5 

30 

.01 

.897 

1.0 
1.18 

8 

.OS 

.909 

12 

RAitlfALL DISTRIBUTIOtl = 6-HR tlESTEO 
POINT PRECIPITATION = 3.22 
AREA PRECIPITATION = 3.22 
DEPTH-AREA RATIO = 1.0 

9 IO OUTPUT COtHROL UARIABLES 
IPRHT 0 PRIIH CotHROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HVDROGRAPH PLOT SCALE 

IT HVDROGRAPH TIME DATA 

.05B 

.921 

20 

HMitl 15 MltlUTES IN COMPUTATION IIHERUAL 
!DATE 0 STARTING DATE 
IT! ME 0000 STARTING TIME 

NQ 30 NUMBER Of HYDROGRAPH ORDIHATES 
tlOUATE 1 0 ENDING DATE 
tiD liME 0715 ENDING TIME 
I CENT 19 CENT URV MARK 

.07 .081 

.932 .914 

13 75 

.093 .105 

.952 .962 

90 96 

U.S. ARMY CORPS Of ENGINEERS 
* THE HYDROLOGIC ENGitlEERING WilER * 

* 
609 SECOND ST REEl * 

DAUIS, CALifORNIA 95616 
(916) 551-1718 

* 

* 



LUIIrUi n llun 1nllKVHL . L~ HUUKS 

TOTAL TIME BASE 7 . ZS HOURS 

ENGLISH UNITS 
ORAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH ItlCHES 
LENGTH, ELEUATIOH 
fLOU 
51 OR AGE UOLUME 
SURfACE AREA 
I ENPERATURE 

fEET 
CUBIC fEET PER SECOND 
ACRE -fEET 
ACRES 
DEGREES fAHRENHEIT 

*** *** *** *** "** *** "** *** *** *** lU lH WU WU *** Ul! Hil WU lll *** *** *** *** **" *** *** lU *** *** *** *** IU IH 

************** 
• • 

10 KK SUB-10 • H 7 SUB-BASitl 10 
* * 
**•**•~******* 

6-HR OISTRIBUIIOtl 

13 Itl TIME OATA fOR INPUT TIME SERIES 
JXNitl 15 TIME ItHERUAL IN MINUTES 

JXOATE STARTING OATE 
JXTIME 0 START! NG TIME 

SUBBASIN RUilOff OATA 

11 BA SUBBASIN CHARACTERISTICS 
I AREA .13 SUBBASIN AREA 

PRECIPITATION OATA 

11PB STORM 3.22 BASitl TOTAL PRECIPITAIION 

15 PI IllCREMENT AL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .OB 
.17 .15 .OB .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

18 L6 GREEN AtlO AMPT LOSS RATE 
SIRTL .00 STARliNG LOSS 

DTH .08 MOISTURE DEfiCIT 
PSi f 2.11 UETTitlG fRONT SUCTION 

XKSAT 1.18 HYDRAULIC CONDUCT JUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

21 UC CLARK UtliT GRAPH 
TC .18 TIME Of CotlCEHTRATiotl 
R .19 STORAGE COEffiCIENT 

18 UA ACCUMULATED-AREA US . TIME, 11 ORDINATES 
.0 3.0 5.0 8.0 12 .0 

100 .0 
zo .0 13 .0 75 .0 90 .0 96.0 

*** 

UNIT HYOROGRAPH PARAMETERS 
CLARK TC= .18 HR , R= .19 HR 

StlVOER TP= .52 HR, CP= .65 

UIHI HYOROGRAPH 



*******************************""***************************************** .. ******************************************************" 

HYOROG~RPH AI 51 All 011 SUB-10 

e *****************************HMUUMHHHHMUlUHHUlUHHIHHHitUUlUUUMUUlUHUUUHUUHUHlUHlH*lHHMHUM 

OR NON HRHtl ORO RAil! LOSS EXCESS COHP Q OR MOt! HRHII ORO RAIH LOSS EXCESS COHP Q 

0000 .00 . 00 .00 0 . 0315 16 .01 .01 .00 70. 

0015 2 .03 . 03 .00 0. 0100 17 .01 .01 .00 H . 
0030 3 .03 . 03 .00 0. 0115 18 .01 .01 .00 25 . 

0015 .03 . 03 .00 0 . * 0130 19 .03 .03 .00 15 . 

0100 5 .03 . 03 . 00 0 . * om 20 .03 .03 .00 9 . 

0115 6 .03 . 03 .00 0 . 0500 21 . 03 .03 .00 5 . 
0130 .01 .01 . 00 0 . OS IS 22 . 03 .03 .00 3 . 

;d'i 0115 8 .01 . 01 .00 0 . OS30 23 .03 .03 .00 2. 
0200 9 .01 . 01 .00 0 . 0515 21 .03 .03 .00 1. t~'rflf 0215 10 .01 . 01 .00 0 . 0600 zs . 00 .00 .00 0 . 
0230 11 .27 . 27 .00 0 . 0615 26 .00 .00 .00 0 . :;; :::: , rr / rl 
0215 12 .56 .37 .19 3 . 0630 27 . 00 .00 .00 0 . .J: :::. f,l ~ i·fl r 0300 13 1.17 .35 1.13 33 . 0615 28 .00 .00 .00 0. 

0315 11 .27 . 27 .00 101 . 0700 29 .00 .00 .00 0. 

0330 15 .01 . 01 .00 118 . * 0715 30 .00 .00 .00 0. 

* 
MUUMUlUMHUUl!oUHlMHMHlUMl!oHUlHMMUHMHJJHUM*****HHUHUMMM*************l!MUUUJJJJJJl**UJUUl!MU************** 

TOTAL RAINfALL = 3 .22, TOTAL LOSS = 1.90, TOTAL EXCESS = 1.32 

PERK f LOU TIME MAXIMUM AVERAGE f LOU 
6-HR 2HR 72-HR 7 .25-HR 

e I <CfS> <HR> 
<CfS) 

118. 3 .SO 18. 1S. 1S. IS . 
(It!CHES) 1.311 1.311 1.311 1.311 

<RC -fT) 9. 9. 9. 9. 

CUMULATI UE A~EA = .13 SQ MI 

RUNOff SUMNARY 
fLOU IH CUBIC f[[l PER SECOHO 

liME IH HOU~S , AREA IH SQUR~E MILES 

PEAK TIME Of AVERAGE fLOU fOR MAXIMUM PE~IOO BASil! MAXIMUM TIME Of 
OPERATIOH 51 Allot! fLOU PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HYOR06RAPH AT 
SUB-10 118. 3 .SO 18. IS . 15. .13 

*** HORMRL EIIO Of HEC -1 m 



1***************************************** *************************************** 
* * * 

U.S. ARMY CORPS Of ENGINEERS * fLOOO HVOROGRRPH PACKAGE < HEC -1) * 
* fEBRUARY 1981 * * THE HYDROLOGIC ENGINEERING CENTER * 
* REUISEO 01 JUII BB * 
* 
* RUtl DATE 09/2311988 TIME 09 :28 :23 * 
* 

* 

609 SECOIIO STREET 
OAUIS 1 CALifORNIA 95616 

<9 1&> ss1 -m8 

* 
* 
* 
* 

H l lH lllfH H ****HUll UH l l l HUH HH l *************~~-************************* 

X xxxxxxx xxxxx 
X X X X X XX 

X X X X X 

xxxxxxx xxxx XXX XX X 

X X X 

X X X X 

X xxxxxxx XX XXX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS UERSIOHS Of HEC-1 KllOUtl AS HECl (JAil 73> 1 HEC1GS 1 HEC108 1 AtlO HEC1KU. 

THE OEfiHITIOHS Of VARIABLES -RTIMP- RHO -RTIOR- HAUE CHAIIGEO fROM THOSE USED UITH THE 1973-STVLE IIIPUT STRUCTURE. 
THE OEfiHI!IOII Of -AMSKK- OH RIHARO UAS CHAHGEO UITH REUISIOHS DAlEO 28 SEP 81. THIS IS THE fORTRAil77 UERSIOII 
liEU OPTIONS: OAMBREAK OUTfLOW SUBMERGENCE 1 SINGLE EUEHT DAMAGE CALCULATIOII 1 OSS :URI!E STAGE fREQUENCY 1 

OSS:REAO liME SERIES AT OESIREO CALCULATIOII IIHERUAL LOSS RATE:GR£EII AIIO AMP! IllfiLTRR!IOII 
KltiEMATIC UAUE: liEU fllll!E DiffERENCE ALGORI! HM 

HEC -1 ItiPU! PAGE 1 

LIIIE IO ...... .1.. ..... 2 ..... . .3 ....... t .... .. 5 ..... . . 6 .. . . . .. 7 ... . ... 8 . . . ... . 9 ... . . .10 

IO H 7 SUB-8ASIH 10 
2 IO GREEH-AMPT 
3 10 j[llill_ 
1 10 RAINfALL OISTRIBU!ION = 6-HR IIESTEO 
5 IO POrtH PRECIPITA!IOH = 3.22 
6 IO AREA PRECIPITATION = 3 .22 
7 IO OEP!H-AREA RATIO = 1.0 
8 IT 15 30 
9 IO 

10 KK SUB-10 H 7 SUB-BRS!tl 10 
11 BR .126 
12 KM 6-HR OISTRIBU!IOII 
13 Ill 15 
H PB 3.22 
15 PC .01 .02 .03 .01 .OS .058 .07 .081 .093 .105 
16 PC .188 .361 .814 .897 .909 . 921 .932 .911 .952 .962 
17 PC .972 .982 . 992 1.0 
18 LG .OS 1.95 4.61 
19 UA 0 5 8 12 20 H 75 90 96 
zo UA 100 
21 uc .18 .19 
22 zz 



I ***********************************U**** 
* 

* fLOOD HYOROGRAPH PACKAGE <HEC -I) * 
* fEBRUARY 1981 • 
* REUISEO 01 JU~ 88 

* RUH DATE 09123/1988 TIME 09 :28:23 * 
* 
***************************************** 

I -17 SU8-BASIH I 0 
GREEH-AMPT 

SAHO 
RAINfALL OISIRIBUTIOH = 6-HR HESTEO 
POitn PRECIPITATION = 3 .22 
AREA PRECIPITATION = 3.22 
DEPTH-AREA RATIO = 1.0 

9 IO OUTPUT CO~TROL UARIABLES 
IPRHT 0 PRINT CONTROL 
I PLOT 0 PLOT COlli ROL 
QSCAL 0. HYOR06RAPH PLOT SCALE 

IT HVOROGRAPH TIME DATA 
HMitl 15 Mlt!UTES IH COMPUI ATIOH ItHERUAL 

IOATE I 0 START! HG OAT E 
ITIME 0000 STARTING TIME 

HQ 30 ~UMBER Of HYOROGRAPH OROIHATES 
t!OOATE 0 EHOIHG DATE 
HOTIME 0715 ENOIH6 TIME 
rwn 19 WIT URY MARK 

COMPUTATIOH I~TERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

EUGLISH utHT S 
ORAIHAGE AREA SQUARE MILES 
PRECIPITATION OEPTH INCHES 
LEHGTH, ELEUATIOtl f[[T 
fLOU CUBIC fEET PER SECOHO 
ST DRAGE UOLUME ACRE -f[[T 
SURfACE AREA ACRES 
TEMPERATURE DEGREES fRHREHHEI T 

U . S . ARMY CORPS Of EtlGit!EERS * 
* THE HYDROLOGIC EHGit!EERit!G CENTER * 
* 609 SECOND STREET 

OAUIS, CALirORtHA 95616 * 
(916) 551-1718 

* 
liUllllllllllllHflllUliUUUlll*liUHlUllU 

*** *"** *** *** *** *** *** *** *** *** *** *** *** *** **" *** ...... *** *** *** *** *** *** *** *** *** *** *** *** *** ... *** 



UlllHI*UUHU 

* 
10 KK SUB-10 * 1-17 SUB-BASitl 10 

* 
************** 

6-HR 0151 RI BUll ott 

13 IH TIME OATA fOR IHPUT TIME SERIES 
JXMIU 15 TIME IHlERUAL IH MINUTES 

JXOATE 0 STARJIHG OAIE 
JXJIME SlARliHG liME 

SUBBASIN RUNOff OATA 

11 BA SUBBAS!tl CHARAClERISliCS 
!AREA .13 SURBASIH AREA 

PRECIPITATIOtl OAIA 

H PB STORM 3 .zz BASIH TOTAL PRECIPITATIOH 

15 PI IllCREMElll AL PREC!Pll Ali Oil PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 
.17 .45 .08 .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

18 LG GREEN RHO AMPl LOSS RATE 
STRTL .00 STARTitlG LOSS 

OTH .OS MOISTURE OEfiCII 
PSif 1.95 UETTitl6 fROtH SUCTION 

XKSAT 4.64 HYDRAULIC COHOUCTI UITV 
RTIMP .00 PERCEll! IMPERUIOUS AREA 

21 uc CLARK UHITGRAPH 
TC .18 TIME Of COHCEIH RAl!OH 
R .19 Sl DRAGE COEffi CI EH I 

18 UR ACCUMULRIEO-RRER US. TIME, 11 OROitlRTES 
.0 3.0 5.0 8.0 12.0 20.0 43 .0 75.0 90 .0 96 .0 

100.0 

*** 

Ullll HYBROGRAPH PARAI1ETERS 
CLARK TC= .18 HR , R= .19 HR 

St!YOER TP= .52 HR, CP= .65 

Ut!Il HYOROGRAPH 
1 2 EHO-Of -PERI 00 OROitlRT ES 

16. 76. 95 . 56. 33 . 20. 12 . 7. 4. 2. 
1. 1. 



HYOROGRAPH AT STATIOH SUB-10 

*** ****** ................... ***** ........ ** ** .......... * .............. * * * •• ***. **** * •••• * ....... * ** ••• * * * ** ....... ** ... **** ........ 

OR MOH HRMtl ORO RAIH LOSS EXCESS COMP Q OR NOH HRMH ORO RAIH LOSS EXCESS COMP Q 

* 
0000 .00 .00 . 00 0 . 0315 16 .0~ . 0~ .00 11 . 
0015 2 .03 .03 . 00 0 . * 0~00 17 .01 . 01 .00 8. 
0030 3 . 03 .03 .00 0 . om 18 .01 .01 .00 5 . 
0015 .03 .03 . 00 0 . 0130 19 .03 . 03 .00 3. 
0100 .03 . 03 . 00 0 . * OHS 20 .03 .03 .00 2 . 
0115 6 .03 .03 . 00 0 . * 0500 21 .03 .03 .00 1. 
0130 .01 .01 . 00 0 . 0515 22 .03 .03 .00 1. 
0115 8 .01 .01 . 00 0 . 0530 23 .03 .03 .00 0. 
0200 9 .01 .01 . 00 0 . 0515 21 .03 .03 .00 0. t 0215 10 . 01 .01 .00 0 . 0600 25 .00 .00 .00 0. 
0230 11 .27 .27 . 00 0 . 0615 26 . 00 .00 .00 0 . ~il~ ~ ~.~/ 
om 12 .56 . 56 .00 0 . • 0630 27 .00 .00 .00 0 . j;a k 0300 13 1.17 1.23 .25 1. 0615 28 .00 .00 .00 0. 4-," 
0315 11 .27 .27 . 00 19 . 0700 29 . 00 .00 .00 0 . } ~ 
0330 15 .01 .01 . 00 23 . 0715 30 .00 .00 .00 0. 

****************************************************************************** ..................................................... 

TOTAL RAitlfAll = 3 .22, TOTAL LOSS = 2. 97, TOTAl EXCESS = .25 

PEAK flOIJ TIME MAXIM111 AUERAGE flOIJ 
6-HR 21-HR 72-HR 7 .25-HR 

<CfS) <HR> 
<CfS) 

23. 3.50 3. 3. 3. 3. 
<ItlCHES> .m .215 .215 .m 
<Ac-fl) 2. 2. 2. 2. 

CUMULAliUE AREA = .13 sa NI 

RUHOff SUt1MARV 
flOU IH CUBIC fEEl PER SECOHO 

liNE IH HOURS, AREA It! SQUARE NILES 

PEAK TIME Of AVERAGE flOIJ fOR MAXIMU11 PERIOD BASIH MAXIMUM liME Of 
OPERATION STATION flOW PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVOROGRAPH AT 
SUB-10 23 . 3.50 3. 3. 3. .13 

*** I!ORNAL EIIO Of HEC -1 *** 

I 
I 

I 
I 

I 

I 



C>EOLI II GA .I 
End of input file 
•O 
1***************************************** *************************************** 

* 
* rLOOO HYOROGRAPH PACKAGE <HEC-ll * 
* rEBRUARY 1981 • 

* u.s. ARNY coRPS or EHGitlEERS , • 
• THE HYDROLOGIC ENGitiEERING CENTER * 

* REVISED 01 JUt! 88 * 
* 
* RUt! OATE 09/23/1988 TIME 09:31:37 * 
* 

* 609 SECONO 51 REET 

* 
* 
* 

OAUIS, CALirORNIA 95616 
(916} SSH 748 

* 
*************************************** 

X xxxxxxx xxxxx X 

X X X X X XX 

X X X X 

xxxxxxx xxxx X XXX XX X 

X X X X X 

X X X X X X 

X xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS or HEC-1 KNOUH AS HEC1 UAH 73>, HEClGS, HEClOB, RHO HEClKU . 

THE OErltHTIOHS or VARIABLES -RTIMP- RHO -RTIOR- HAVE CHAt!GEO rROM THOSE USEO UI!H THE 1973-STVLE INPUT STRUCTURE. 
THE OEntUTiotl or -AMSKK- ON RM-CARO UAS CHANGED UITH REVISIOtlS OATEO 28 SEP 81 . THIS IS THE rORTRAH77 VERSIOH 
HEU OPTIONS: OAMBREAK OUTrLOU SUBI1ERGEHCE , SIHGLE EVENT DAMAGE CALCULATION, OSS:URITE STAGE rREQUEHCV, 
OSS: REAO liME SERIES AT OESIREO CALCULA1IOtl ItiTERVAL LOSS RATE : GREEt! RHO AMP! IHriLl RATION 
KINEMATIC UAVE: HEU ntiiTE OirrEREHCE ALGORITHM 

HEC -1 IHPUT 

LINE 10 ...... .1 .. ..... 2 . . .. .. .3 .... .. . 4 ....... 5 .... ... 6 ....... 7 ... .. .. 8 ....... 9 ... ; . .10 

1 
5 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

IO 
IO 
IO 
IO 
IO 
IO 
IO 
IT 
IO 

KK 
BA 
KM 

Itl 
P8 
PC 
PC 
PC 
LG 
UA 
UA 
uc 
zz 

H 7 SUB-BASitl 10 
GREEN-AMP! 

SAHOV LOAM 
RAIHrALL OISTRIBUTIOH = 6-HR HESTEO 
POIHT PRECIPIIATIOH = 3 .22 
AREA PRECIPI!ATIOH = 3.22 
OEPTH-AREA RATIO = 1.0 

15 30 
0 

SUB-10 H 7 SUB-8ASitl 10 
.126 

6-HR OISTRI8UTIOtl 
15 

3.22 
.01 .02 .03 .01 .OS .058 .07 .081 .093 .105 

.lBB .361 .811 .897 .909 . 921 .932 .911 .952 .962 

.972 .982 .992 1.0 
.10 1.33 .13 

5 12 zo 13 75 90 96 
100 
.18 .19 

PAGE 1 



1 **************************************"*** 
* 
* fLOOD H'(OROGRAPH PACKAGE <HEC -1) * 
* fEBRUARY 1981 * 
* REUISEO 01 JUt! BB * 
* 
* RUt! DATE 09123/1988 TIME 09:31:37 * 
* * 
***************************************** 

9 10 

IT 

I-17 SUB-BASIN 10 
GREEU-AMPT 

SANOY LOAM 
RAINfALL OISTRIBUTIOII = 6-HR UESTEO 
POINT PRECIPITATION = 3.22 
AR[A PRECIPITA!Iotl = 3.22 

OEPTH-AREA RATIO = 1.0 

OUTPUT COIITROL UARlABLES 
IPRIH PRIIH CO liT ROL 
I PLOT PLOT CON! ROL 
OS CAL 0. HYOROGRAPH PLOT SCALE 

HYOROGRAPH TIME OAT A 
tiM IN 15 MIIIUTES Ill COMPUTATIOH IIHERUAL 

!DATE 0 STARTIUG DATE 
IT! ME 0000 STARTING TIME 

NO 30 Nlf1BER Of HYOROGRAPH OROI HATES 
HOOATE 0 EIIOIHG DATE 
NOTIME 0715 ENOIIIG TIME 
ICEUT 19 CEIITURV MARK 

COMPUTATION INTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UIHTS 
ORAINA6E AREA SQUARE MILES 
PRECIPITATiotl DEPTH IIICHES 
LENGTH, ELEUATION fEET 
fLOU CUBIC fEET PER SECONO 
STORAGE UOLIJME ACRE -fEET 
SURfACE AREA ACRES 
TEMPERATURE DEGREES fAHREIIHEIT 

*************************************** 
* 
* U.S. ARMY CORPS Of EtlGIIIEERS 
* THE HYDROLOGIC ENGIIIEERIIIG CENTER * 
* 609 SEC OliO ST REEl * 

* 
OAUIS, CALifORIHA 95616 

(916) 551-1718 
* 

* 
****************************U*lUUH* 

*** *** *** *** ... *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ... *** *** ... *** *** *** ... *** *** *** *** 



10 KK 

13 Itl 

II BA 

H PB 

IS PI 

18 LG 

21 uc 

18 UA 

************** 
* * 

SUB-10 * l-1 7 SUB-BASitl 10 

* 
************** 

6-HR OISTRIBUTIO~ 

TIME DATA fOR INPUT TIME SERIES 
JXHltl 15 TIME INTERUAL IN MINUTES 

JXOATE 0 STARTIUG OATE 
JXTIME STARTIHG TIME 

SUBBASIN RUI!Off OATA 

SUBBASIIl CHARACTERISTICS 
TAREA .13 SUBBASitl AREA 

PRECIPITATIO~ DATA 

STORM 3 .ZZ BASil! TOTAL PRECIPITATIOH 

IllCREME~TAL PRECI PIT AT I Oil PATTERII 
.01 .01 .01 .01 .01 .01 .01 
.17 .15 .08 .01 .01 .01 .01 
.01 .01 .01 

GREE~ RHO AMPT LOSS RATE 
STRTL .00 STARTIHG LOSS 

OTH .10 MOl 51 URE OEfi CIT 
PSif U3 UETTIHG fROHT SUCTIOH 

XKSAT .43 HYDRAULIC COUOUCTIUIT'/ 
RTIMP .00 PERCEIH IMPERUI OUS AREA 

CLARK UIHTGRAPH 
TC .18 TIME Of CotlCEIHRATIOU 
R . 49 STORAGE COEffiCIEIH 

ACCUMULATED-AREA US . TIME, 11 ORDINATES 
.0 3.0 5.0 8.0 12 .0 20 .0 13 .0 

100 .0 

*** 

UIHT HVOROGRAPH PARAMETERS 
CLARK TC= . 48 HR, R= .19 HR 

16 . 
1. 

76. 
1. 

95 . 

SHYOER TP= .52 HR, CP= .65 

Uti! T HVOROGRAPH 
12 EIIO-Of -PERIOD OROIUATES 

56 . 33 . 20 . 12 . 

.01 .01 .08 

.01 .01 .01 

75 .0 90 .0 96 .0 

7. 4. 2. 



HVOROGRAPH AT STATIOH SUB-10 

JJUJHlHI*H•••**"*"**""**"**"*"*"*****"*"""**HHIUffH******lHilJHH******"**"****"****"***"**"******************H*UH*******•• 

* 
DR MOll HRNtl ORO RAitl LOSS EXCESS CONP 0 OR MOH HRNtl ORO RAIH LOSS EXCESS COMP Q 

* 
0000 .00 .00 .00 0. om 16 .01 .01 .00 98. 
0015 .03 .03 .00 0. 0100 17 . 01 .01 .00 58 . 
0030 .03 .03 .00 0. 0115 18 .01 . 01 .00 31 . 
0015 .03 .03 .00 0. 0130 19 .03 . 03 .00 20 . 
0100 5 .03 .03 .00 0. 0115 20 .03 . 03 .00 12 . 
0115 .03 .03 .OD D. D500 21 .03 .03 .DO 7. 
013D .D1 .D1 .00 0. 0515 22 .03 . D3 .OD 1 . 
0115 .01 .01 .00 0. * 0530 23 . 03 .03 .00 3 . 
0200 9 .01 .01 . 00 D . 0515 21 .03 .03 .00 1. 
0215 10 .01 .01 .00 0. 0600 25 .00 . 00 .00 0 . 
0230 11 .27 .22 .05 1. D615 26 .00 . 00 .00 0 . ..-. ,;-'2--
0215 12 . 56 .18 .38 10 . * 0630 27 .00 . 00 .00 0 . ~{t-- 4/:3 
0300 13 1.47 .17 1.31 55 . * D615 28 .00 . 00 .00 0 . 
0315 11 .27 .16 .11 110 . 0700 29 .00 . 00 .00 0 . }~ I 

0330 15 .01 .01 .00 155. * 0715 30 .00 . 00 .00 0 . 

* 
***fHJHHH***HUJHJJUUUl*UUJUUfUHl*****************U*UHUUHUif*****"**************"**********HUHHU*UUUH 

TOTAL RAitlfALL = 3 .22, TOTAL LOSS = 1.37, TOTAL EXCESS = 1.85 

PEAK fLOU TIME MAXIMUN AUERAGE fUAJ 
6-HR 24-HR 72-HR 7 .25-HR 

(CfS) <HRl 
<CfS> 

155 . 3.50 25 . 21. 21 . 21. 
<IHCHES> 1.811 1.811 1.811 1.811 

<AC-m 12 . 12. 12 . 12 . 

CUMULATIUE AREA = .13 SQ MI 

RUNOff SIM1MARV 
fLOU IH CUBIC fEET PER SECOHO 

liME IH HOURS, AREA IH SQUARE MILES 

PEAK TINE Of AUERAGE fLOU fOR MAXIMUM PERIOD BAS Ill MAXINIR1 liME Of 
OPERAIIOtl STATION fLOU PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 7Z-HOUR 

HVOROGRAPH AT 
SUB-10 155 . 3.50 25 . 21. 21. .13 

*** HORMAL EtlO Of HEC -1 *** 

C> 



.&, ,. 10 " ,. ,. rt 10 .. ""'"' W .... K'JII'I'I""J'lWPI'l'I""'"'""'"YI'llf'IMf""""JE'"It"ft'Jt"ft "'It 
*************************************** 

* * * 
* U.S. ARMY CORPS Of EtlGIIIEERS * fLOOD HYOR06RRPH PACKAGE (HEC-1) * 

fEBRUARY 1981 
* REUISEO 01 Jilt! 88 

* THE HYDROLOGIC EHGIIIEERIHG CEHTER * 
609 SECOtlO STREET 

OAUIS, CALifORHIA 95616 * 
* RUN DATE 09123/1988 TIME 09 :34: 08 * * (916) 551-1718 

* * 
***************************************** 

X X xxxxxxx XXX XX X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X XXX XX 
X X X X 
X X X 

X xxxxxxx XX XXX XXX 

THIS PROGRAM REPLACES All PREVIOUS VERSIONS Of HEC-1 KIIOUH AS HECI (JAII73> , HEClGS, H[C!OB, RHO HEC1KU. 

THE OEfiHITIOtlS Of UARIABLES -RTIMP- AtlO -RTIOR- HRUE CHAHGEO fROM THOSE USED UITH THE 1973-STVLE INPUT STRUCTURE. 
THE OEfltHTION Of -RMSKK- OH RM-CRRO UAS CHAtlfi[O UITH REUISIOHS OAT£0 28 SEP 81 . THIS IS THE fOR TRAH77 UERSION 
HEW OPTIOHS: OAMBREAK OUTfLOU SUBMERGENCE , SINGLE EUEHT DAMAGE CALCULATION, OSS:URITE ST AGE fREQUENCY, 
OSS:REAO TIME SERIES AT OESIREO CALCULATIOH IIHERUAL LOSS RATE:GREEH AtlO AMP! IHfiLTRATIOH 
KINEMATIC UAUE: HEU fiHITE OirrEREtiCE ALGORITHM 

HEC -1 ItlPUT PAGE 1 

LIHE IO ... ... .1 . .. ... . 2 .... . .. 3 ..... . . 1. . ..... 5 ..... .. 6 . . ..... 7 . . ..... 8 .. .... . 9 .... . .10 

IO I-17 SUB-BASIH 10 
IO GREEN-AMP! 
IO JJlli!L 
IO RAIIlfALL OISTRIBUTIOH = 6-HR HEST EO 

5 IO POitll PRECIPITAT!otl = 3.22 
ro AREA PRECIPITATIOtl = 3.22 

7 IO DEPTH-AREA RATIO = 1.0 
8 IT 15 30 
9 IO 0 

10 KK SUB-10 I-17 SUB-BASIH 10 
11 BA .126 
12 KM 6-HR OISTRIBUTiotl 
13 Ill 15 
11 PB 3.22 
15 PC .01 .02 .03 .04 .05 .058 .07 .081 .093 .105 
16 PC .188 .361 .811 .897 . 909 . 921 .932 .944 .952 .962 
17 PC .972 .982 .992 LO 
18 LG .11 3.50 .13 
19 UA 3 5 8 12 20 13 75 90 96 
20 UA 100 
21 vc .18 . 49 
22 zz 

* 



)~HUUH~lHHHU~UHHUHMUUHHU 

* 
* fLOOD HYOROGRAPH PACKAGE <HEC -1) * 

fEBRUARY 1981 
REUISEO 01 JUt! 88 

* 
* RUt! DATE 09123/1988 TINE 09:31:08 * 

***************************************** 

H 7 SU8-BASitl 10 
GRE£tl-ANPT 

LOAM 
RAINfALL OISTRIBUTiotl = 6-HR NESTED 
POINT PRECIPITATIOtl = 3.22 
AREA PRECIPITATIOtl = 3.22 
OEPIH-AREA RAllO = 1.0 

9 IO OUTPUT CONTROL UARIABLES 
IPRHT 0 PRINT CotH ROL 
!PLOT 0 PLOT COHTROL 
QSCAL 0. HVOROGRAPH PLOT SCALE 

IT HYOR06RAPH TIME DATA 
tiMIN 15 MIHUIES IN COMPUTATIOtl INTERUAL 

I DATE 0 STARTING DATE 
ITINE 0000 STARTitlG TINE 

tlQ 30 NtrlBER Of HYDROGRAPH OROitlATES 
t!UOATE 1 0 EtlOitlG DATE 
NOTIME 0715 ENDING TIME 
ICEHT 19 CENT UR'I MARK 

COMPUTAIION INTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UtHTS 
ORAitlAGE AREA SQUARE MILES 
PRECIPITATiotl DEPTH INCHES 
LEtlGTH, ELEUATIOtl fEET 
fLOIJ CUBIC fEET PER SECOND 
STORAGE UOLUNE ACRE -fEET 
SURfACE AREA ACRES 
1 ENPERAT URE DEGREES fAHRENHEIT 

*-* H Jl: W ~ Hl-IJfl·IH AM WI I If IH ** IUUf tf Hl-I*JIW J 

* 
U.S. AIINY CORPS Of EtlGltlEERS * 

* THE HYDROLOGIC EtlGINEERING CENTER * 

* 

609 SECOtlD STREET * 
OAUIS, CALifORtliA 95616 

<916) 551-ms 
* 
* 
* 

UllUHHMHUlHlH*HllHHHUlU*M 

H* *** *** *** *** lH lH Ul *** Hl lU *** *** *** lU *** lH *** Hl Ul lU Hl Ul Ul Ul Ul lH Hl *** HJ lH Ul llfl 



10 KK * SUB-10 • I-17 SUB-BRS!tl 10 

• • 

6-HR OISTRIBUTION 

13 Ill TIME ORTA fOR INPUT TIME SERIES 

11 BA 

1HB 

15 PI 

18 LG 

21 uc 

18 UA 

JXI1IH 15 TIME INTERURL Ill MIIIUTES 
JXOATE 0 STARTING DATE 
JXT IME 0 ST ARTI tiG TIME 

SUBBASIII RUNOff OATA 

SUBBASIN CHARACTERISTICS 
TAREA .13 SUBBASIH AREA 

PRECIPITATIOH DATA 

STORM 3.22 BASil! TOTAL PRECIPITATIOII 

ItlCREMEtHAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 
.17 . ~5 .08 .OJ .01 .OJ 
.01 .01 .01 

GREEII RHO AMPT LOSS RATE 
STRTL .00 STARTitiG LOSS 

OTH .1~ MOISTURE DEfiCIT 
PSif 3.50 UET TIIIG fRotH SUCTIOII 

XKSAT .13 HYDRAULIC CONOUCTIUITY 
RTIMP .00 PERCENT IMPERUIOUS AREA 

CLARK UHITGRAPH 
TC . ~8 TIME Of COHCEIHRATIOH 
R . ~9 STORAGE COEffiCIENT 

ACCUMULATED-AREA US . TIME, 11 ORDINATES 
.0 3.0 5.0 8.0 12.0 20 .0 

100.0 

... 
UNIT HYDRDGRAPH PARAMETERS 

16 . 
1. 

76. 
1. 

95 . 

CLARK TC= .~8 HR, R= 
SIIYDER TP= .52 HR, CP= 

UNIT HYDROGRAPH 
12 EIW-Of -PERIOD OROIHRTES 

56 . 33 . 20 . 12 . 

.01 .01 .01 .08 

.OJ .OJ .01 .01 

~3 .0 75 .0 90 .0 96 .0 

. ~9 HR 

.65 

7. 1. 2. 



fllllll*llll!fll fJE IIIJf *IIIIJf I liM II JfiHI-Jt lf It M-,... IM IM ***IIJBfl * * M Ml I Jfll WI •• Ill Ill M Jf I**** IHI *******If II* II IJf IIIII **If Ill( JfiUf **II II****"" I If** 

HVOROGRAPH AT STATIOH SUB-10 

**lfHIIIfHHIHIIfHUUifHiflfUUIH*IfUIHIIfUHUUifHHUUUUUIUUUUHUIUHIH!UUl!IH!UifUIHIUifUUIHIIHIIHIUIUUUIUHHIHU 

* 
OR MOH HRMtl ORO RAIH LOSS EXCESS COMP Q * OA MOt! HRMH ORO RAIH LOSS EXCESS COMP Q 

* 
0000 .00 .00 .00 0. 0315 16 .01 .04 .00 119 . 
0015 .03 . 03 .00 0. * 0100 17 .04 .01 .00 71. 
0030 .03 .03 .00 0. om 18 .01 .01 .00 12 . 
0015 .03 . 03 .00 0. * 0130 19 .03 .03 .00 zs . 
0100 .03 .03 .00 0. om zo .03 .03 .00 15 . 
0115 .03 . 03 .00 0. * 0500 Z1 .03 .03 .00 9. 
0130 .04 .04 .00 0. * 0515 zz .03 .03 .00 5. 
OHS B .04 .01 .00 0. * 0530 Z3 .03 .03 .00 3. 
ozoo 9 .01 .01 .00 0. * 0515 Z4 .03 .03 .00 Z. 
0215 10 .01 .04 .00 0. 0600 25 .00 .00 .00 0. 
0230 11 .27 .08 .19 3. * 0615 26 .00 .00 .00 0. 4/3 
0215 12 .56 .07 .19 23 . 0630 27 .00 .00 .00 0. 'Yti~ ' 3 
0300 13 1.17 .07 1.11 ?9 . 0615 28 .00 .00 .00 0. 
0315 11 .27 .06 .21 160 . 0700 29 .00 .00 .00 0 . .f ~ ,J 
0330 15 . 01 .01 .00 183. 0715 30 .00 .00 .00 0. 

* 
UllfiUUiflfUUUIUUiflflllflfUUIIIIIH!IfUifiUifUifUUiflflllfllllfiUUIUIIIIIUII****IHII*IIUiflfHifUifUifiiUUIIIUUIIIIfUIIIflfUIUI 

TOTAL RAIHfALL = 3 .22, TOTAL LOSS = . 92, TOTAL EXCESS = 2.30 

PERK fLOU TIME MAXIMUM AUERRGE fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

<CfS) <HR> 
<CfS) 

193 . 3 .SO 31. 26 . 26. 26 . 
<ItiCHES) 2.292 z .292 Z .Z9Z Z .Z9Z 

<RC - fl) 15 . 15 . 15 . 15 . 

CUMULATIUE AREA = .13 SQ MI 

RUtiOff SUMMARY 
fLOU Itl CUBIC fEET PER SECOHO 

TIME IH HOURS, AREA IH SQUARE MILES 

PEAK TIME Of AUERAGE fLOU fOR MAXIMUM PERIOD BAS!tl MAXIMUM TIME Of 
OPERATION STATiotl fLOU PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVDROGP.APH AT 
SUB-10 183. 3.50 31. 26 . Z6. .13 

*** tiORMAL EtiO Of HEC -1 *** 



!*****"***"**"**************************** ****************************-********** 
* * * * * rLOOO HVOROGRAPH PACKAGE <HEC -1) * * U .5 . ARM'/ CORPS Or EIIG!t!EERS 
• rEBRUARV 1981 

* REUISEO 01 JUH 88 * 
• 1 HE INOROLOGI C ENGI HEERI N6 WIT ER * 

609 SECOND SIR[[! 
* • OAUIS, CALirORNIA 95616 
• RUII DATE 09/23/1988 TIME 09:36 :59 • * <916> 551-m8 • 

* * 
***************************************** **********HIIUIIIHIIHHIUHUHH** 

X xxxxxxx xxxxx X 

X X X X XX 
X X X X X 

xxxxxxx xxxx X X XXX X X 

X X X X X 
X X X X X 

X xxxxxxx XXX XX XXX 

THIS PROGRP/1 REPLACES ALL PREUIOUS UERSIOHS or HEC -1 KIIOUH AS HEC1 <JAH 73), HEClGS, HEC1DB, RHO HEClKU . 

THE OEriHITIOtlS or UARIABLES -RTIMP- RHO -RTIOR- HAUE CHANGED rROM THOSE USED UITH THE 1973-STVLE IHPUT STRUCTURE. 
THE DErltHTIOtt or -AMSKK- ott RM-CARO UAS CHAII6EO UITH REUISIOIIS OATED 28 SEP 81 . THIS IS THE rORTRAI/77 UERSIOH 
HEW OPTIONS: OAN8REAK OUTrLOU SUBNERGEIICE , SIIIGLE EUEtll DAMAGE CALCULATIOII , OSS :URITE STAGE rREQUENCV, 
OSS :REAO TIME SERIES AT DESIRED CALCULATIOII IHTERUAL LOSS RATE:GREEH AIIO ANPT IHriLTRATIOH 
KINEMATIC UAUE: HEU riNITE orrrEREttCE ALGORITHM 

HEC-1 INPUT 

LINE IO . . . .. . .1 .. .. . .. 2 .. . ... .3 .. .. ... 1 .. ... . . 5 ... . ... 6 ....... 7 .. ..... 8 ..... . . 9 ... .. .10 

1 
2 

1 
5 
6 

10 
11 
12 
13 
11 
15 
16 
17 
18 
19 
20 
21 
22 

ID 
IO 
ID 
10 
IO 
IO 
IO 
IT 
IO 

KK 

BA 
KM 
IN 
PB 
PC 
PC 
PC 
LG 
UA 
UA 
uc 
zz 

I-1 7 SUB-BASil/ 10 
GR[[Il-AMPT 

SILT LOP/1 
RAitirALL DISTRIBUTION = 6-HR HESTEO 
POIHT PRECIPITATIOII = 3.22 
AREA PRECI PIT ATJ ON = 3 . 22 
OEPTH-AREA RATIO = 1.0 

15 30 
0 

SUB-10 I-17 SUB-BASIII 10 
.126 

6-HR O!STRIBUTION 
15 

3.22 
.01 .02 .03 .01 .05 .058 .07 .081 .093 .105 
.188 .361 .811 .897 .909 . 921 .932 .911 .952 .962 
.972 .982 .992 1.0 

.17 6.57 .26 
0 3 12 20 43 75 90 96 

100 
.18 .19 

PAGE I 



* * 
* flOOO HYOROGRAPH PACKAGE <HEC - 1) * 

fEBRUARY 1981 • 
• V.EUISED 01 JUH 88 

* 
• RUtt DATE 09123/1988 TIME 09:36:59 * 
* 
***************************************** 

I -17 SUB-BASIN 10 
GRE£11-AMPT 

SILT LO AM 
RAittfALL DISIRIBUTIOII = 6-HR IIESTEO 
POIIH PRECIPITATIOII = 3.22 
AREA PRECIPITATIOtt = 3.22 
DEPTH-AREA RATIO = 1.0 

9 10 OUTPUT COIHROL UARIABLES 

IT 

IPRNT 0 PRIHT CotHROL 
I PLOT 0 PLOT CONI ROL 
QSCAL 0. HVOROGRAPH PLOT SCAl[ 

H'iOROGRAPH TIME OAT A 
liM Itt 15 MIIIUTES Itt COMPUTATIOII INTERUAL 

0 STARTittG DATE IOATE 
Ill ME 0000 51 ARTlttG T !ME 

NO 30 NUMBER Of HYOROGRAPH OROIHATES 
IIOOATE 0 EttolttG DATE 
NOTIME 0715 EIIDIIIG TIME 
ICENT 19 CEtHURY MARK 

COMPUTATIOII IIITERUAL .25 HOURS 
TOTAL liME BASE 7.25 HOURS 

ENGLISH UIUTS 
ORAl NAGE AREA 
PRECIPITATION OEPTH 
LEIIGT H, ELEUATIOII 
fLOU 
STORAGE UOLUME 
SURfACE AREA 
1 EMPERATURE 

SQUARE MILES 
INCHES 
fEET 
CUBIC fEET PER SECOIIO 
ACRE -fEET 
ACRES 
DEGREES fAHREIIHEIT 

* 
U .5. ARMY CORPS Of EIIGIIIEERS 

* THE H'IOROLOGIC EIIGINEERING WilER * 
* 

* 

609 SECotlO 51 REET 
OAUIS, CAL!fORIUA 95616 

(916) 551-1718 
* 
* 
• 

******************•******************** 

Hl Hl *** *** lU Hl lH *** lH Ul Hl Hl *** lH lU lH lH Hl *** Hl Hl Hl Hl *** Hl *** *** Hl lH Hl *** Hl *** 



10 KK SUB-10 * H 7 SUB-BASIN 10 

* 

6-HR OISTRIBUTIOtl 

13 Ill TIME DATA FOR INPUT TIME SERIES 

JXMIN 15 TIME INTERUAL IN MINUTES 
JXOATE 0 STARTING DATE 
JX!IME 0 STARTING TIME 

SUBBASIN RUNOff DATA 

11 BA SUBBASII! CHARACTERISTICS 
TARE A .13 SUBBASIN AREA 

PRECIPITATION DATA 

H PB STORM 3 .ZZ BASIN TOTAL PRECIPITATION 

15 PI lt1CR£MEHTAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 .17 .15 .08 .01 .01 .01 .01 .01 .01 .01 .01 .01 .01 

18 LG GREEN AND AMPT LOSS RATE 
STRTL .00 STARTING LOSS 

OTH .17 MOISTURE DEfiCIT 
PSif 6.57 UETTIN6 fRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIUITV 
RTIMP .00 PERWH IMPERVIOUS AREA 

21 uc CLARK UIHTGRAPH 
TC .18 TIME Of CONCEIH RATI Ot! 
R .19 STORAGE COEffiCIENT 

18 UA ACCUMULATED-AREA US . TIME, 11 ORDIIlATES 
.0 3.0 5.0 8.0 12.0 20 .0 13.0 75.0 90 .0 96 .0 100 .0 

*** 

UNIT HYOROGRAPH PARAMETERS 
CLARK TC= .18 HR, R= .19 HR 

St!YDER TP= .52 HR , CP= .65 

UNIT HYDROGRAPH 

16 . 
12 END-Or -PERIOD ORDINATES 

56 . 33 . 20 . 12 . 2. 
76 . 95 . 7. 1. 

1. 1. 



HHHlfUUlH!lfUlflfHlflflflflflfHlflflflflflflfUlfHlflflflflfUHUlflflfHlflfHlflflflfUHlflfHWHHUUUWWlflflflflflfUUWlflflfUUlflflflflflflfHHlfUUHlflflflH!lflflfH 

HYOROGRRPH AI STRI!Oil SUB-10 

lflflflflfHlflflflflflflfUlfHlflflfUHUlfHlflH!lflflflfHlflflfHHlfHlfHHlflflflfUUUlfHlflflflflflflflflfHHlfHHlfUUlflfHHlflflfUUlfHII-lfUlflflfHlflfUlflfUlflflfUH 

OR MOll HRMil ORO RAIH LOSS mESS COMP 0 OR MOH HRMU ORO RAIH LOSS EXCESS COMP Q 

0000 .00 . 00 .00 0 . 0315 16 .01 .01 .00 100. 

0015 .03 . 03 .00 0 . 0100 17 .01 .01 .00 59. 
0030 3 .03 . 03 .00 0 . 0115 18 .01 .01 .00 35 . 

0015 1 .03 . 03 .00 0 . 0130 19 .03 .03 .00 21. 
0100 5 . 03 .03 .00 0 . om 20 .03 .03 .00 12. 

0115 6 .03 .03 . 00 0 . * 0500 21 .03 .03 .00 7. 

0130 7 .01 . 01 .00 0 . OSlS 2Z .03 .03 .00 1. 
0115 8 .01 . 04 .00 0 . * 0530 23 .03 .03 .00 3. 
0200 9 . 01 .01 .00 0 . 0515 21 .03 .03 .00 1. 
0215 10 .01 . 01 .00 0 . * 0600 25 .00 .00 .00 0. J;tt ~I F4-
0230 11 .27 .23 .01 1. * 0615 26 .00 .00 .00 0. 6 
0215 12 .56 .18 .38 9. 0630 27 .00 .00 .00 0. I- ":= I :z-
0300 13 1.17 .16 1.32 5t 0&15 28 .00 .00 .00 0 . 
0315 11 .z7 .11 .13 110 . 0700 29 .00 .00 .00 0 . 
0330 15 .01 . 01 . 00 157 . * 0715 30 .00 .00 .00 0. 

lfUHUlfHlfHHHUlfHHlflflflfUlfUlfHHHlfHlflfHUlflfHlflfHlflfUlflflflflflflfWlfUUlflflflflfUlflflfUUHlflflfUUlflflfHlflflflflfHUlflfHlflflflflflflflfHHlflflH! 

TOTAL RAINfALL = 3 .22, TOTAL LOSS = 

PEAK fLOW TIME 
6-HR 

<CfS) <HR> 
<CfS) 

157. 3 .SO 25. 
mtCHES) 1.857 

<AC -m 12 . 

CUMULATIVE AREA = 

PEAK 
OPERATION STATIOU fLOW 

HYOROGRAPH AT 
SUB-10 157 . 

m UORMAL EUO Of HEC -1 *** 

0 

* 
* fLOOD HYOROGRAPH PACKAGE <HEH > * 

* 
* 

fEBRUARY 1981 
REVISED 01 JUN 88 

* RUtl OATE 09123!1988 TIME 09:39:38 * 
lf * 

1 .36, TOTAL EXCESS = 1.86 

MAXIMUM AUERAGE fl.OU 
21-HR 72-HR 7 .25-HR 

21. 21. 21. 
1.857 1.857 1.857 

12. 12 . 12 . 

.13 SO MI 

RUNOff SUI111ARV 
fLOU Ill CUBIC fEET PER S£CONO 

TIME I H HOURS, AREA lH SQUARE MILES 

TIME Of AVERAGE fLOU fOR MAXIMUM PERIOD 
PEAK 

6-HOUR 21-HOUR 72-HOUR 

3 .SO 25. 21. 21. 

BASIH MAXIMUM TIME Of 
AREA STAGE MAX STAGE 

.13 

lf * 
* U.S. ARMY CORPS Of Et!GIHEERS * 
* THE HYDROLOGIC EtlGitlEERIHG CENTER * 

* 

* 

609 SECOUO 5 I REEl * 
ORVIS , CALifORtHA 95616 

(916) 5 l-17 R 
* 

* 



If 

X X xxxxxxx XX XXX X 

X X X X XX 

X X X X 
xxxxxxx xxxx X XXX XX 
X X X 
X 

xxxxxxx XXX XX XXX 

THIS PROGRAM REPLACES ALL PREUIOUS UERSIOHS Of HEC-1 KtiOUtl AS HEC1 <JAil 73) , HEClGS, HEClOB, At!O HEC1KU. 

THE DEfl tHTIONS Of UARIABLES -RTIMP- RHO -RTIOR- HAUE CHANGED fROM THOSE USEO UITH THE 1973-STYLE It!PUT STRUCTURE. 
THE OEfltHTlotl Of -AMSKK- Oil RM-CARO UAS CHAtlGED UITH REUISIOtlS DATED 28 SEP 81 . THIS IS THE fORTRAH77 UERSIOH 
HEU OPTiotlS : OAMBREAK OUTfLOU SU8MER6EtlCE , SitlGLE EUEIH OAMAGE CALCULATION, OSS :URITE STAGE fREQUEtlCY, 
OSS:REAO TIME SERIES AI DESIRED CALCULATiotl ItHERUAL LOSS RAIF.:GREEH AND AMPT lHfiLIRATIOH 
KIHEMATIC UAUE: HEU riUITE DiffERENCE AL60RI1HM 

HEC-1 ItlPUT 

LIHE IO ...... .l ....... Z ...... .3 ....... 1 ....... 5 ... .. .. 6 ....... 7 .. ... .. B ..... .. 9 ..... .10 

2 
3 
1 
5 
6 
7 
B 
9 

10 
11 
12 
13 
11 
15 
16 
17 
18 
19 
20 
21 
22 

IO 
IO 
ID 
10 
10 
IO 
IO 
IT 
IO 

KK 
BA 
KM 
IH 
P8 
PC 
PC 
PC 
LG 
UA 
UA 
uc 
zz 

I -17 SUB-BASIN 10 
GREEN-AMPT 

SA tlOY CLAY LQB~ 

RAitlfALL DISTRIBUTION = 6-HR UESTEO 
POIIH PRECIPITATION = 3.22 
AREA PRECIPITATIOtl = 3.22 
DEPTH-AREA RATIO = 1.0 

15 30 
0 0 

SUB-10 I-17 SUB-BASIN 10 
.126 

6-HR OISTRIBUTiotl 
15 

3.22 
.01 .02 .03 .01 .OS 
.188 .361 .811 .897 .909 
.972 .982 .992 1.0 

.10 B .60 .06 
3 5 8 12 

100 
.18 .19 

If 

.058 .07 .081 .093 .105 

. 921 .932 .911 .952 .962 

20 13 75 90 96 

* 

PAGE 1 

* U.S. ARMY CORPS Of EtiGIHEERS * fLOOD HYOROGRAPH PACKAGE (HEC -1) * 
fEBRUARY 1981 * THE HYDROLOGIC EHGINEERIHG CENTER * 

• REUISEO 01 JUU BB 
If 

* RUt! DATE 09/23/1988 TIME 09 :39:38 * 
* 
***************************************** 

* 609 SECOHO 51 R[[! 
* DAUIS , CALifORHIA 95616 * 
If (916) 551-1718 * 
If * 



I-17 SUB-BASIH 10 
GREEH-RMPT 

SANOY CLAV LOAM 
RAINfALL OISTRIBUTIOtl = 6-HR NESTED 
POINT PRECIPITATION = 3.22 
AREA PRECIP!TRTiotl = 3.22 
DEPTH-AREA RATIO = 1.0 

9 IO OUTPUT CONTROL VARIABLES 
I PRNT 0 PRINT CONTROL 
IPLOT PLOT CONTROL 
QSCAL 0. HVOR06RAPH PLOT SCALE 

IT HVOROGRAPH TIME OATR 
NMitl 15 MINUTES Ill COMPUTATION INTERVAL 

IOATE 0 STARTING OAT£ 
ITIME 0000 STARTING TIME 

NO 30 tHJMBER Of HYOROGRAPH ORDINATES 
NOOATE ENDING OATE 
tlOTIME 0715 EHOitlfi TIME 
ICEtH 19 CENT URV MARK 

COMPUTATIOtl IIHERURL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UNITS 
DRAIHAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION fEEl 
fLOW CUBIC fEET PER SECOtlO 
ST DRAGE VOLUME ACRE -fEET 
SURfACE AREA ACRES 
TEMPERATURE DEGREES fAHmlHEIT 



JU JU JU HJ JH HJ JU JH HJ HJ JH HJ HJ JH *** *** JH *** HJ JU JH HJ *** *** *** HJ *** *** UJ HJ *** HJ JH 

************** 
* 

10 KK * SUB-10 * H 7 SUB-BASIH 10 

UUJUJHlH* 

&-HR DISTRIBUTION 

13 Ill TIME OAT A fOR IHPUT TINE SERIES 
JXNIN 15 TINE IIITERUAL Ill NltlUTES 

JXOATE STARTHlG OATE 
JXTIME SIART!IlG TIME 

SUBBASIN RUHOff OATA 

11 BA SUBBASIN CHARACTERISTICS 
!AREA .13 SUBBASIN AREA 

PRECIPITATION OATA 

11 PB STORM 3.22 BASIH TOTAL PRECIPITATIOtl 

15 PI IIICREMEtiT AL PRECI PIT A II ON PA TTERH 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 
.17 .15 .08 .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

1B LG GREEN RHO ANPT LOSS RATE 
STRTL .00 STARTitlG LOSS 

OTH .10 MOISTURE DEfiCIT 
PSif 8 .&0 UETTING fRONT SUCTiotl 

XKSAT .0& HYDRAULIC COIIOUCTIUITY 
RTINP .00 PERCEtiT IMPERUIOUS AREA 

21 uc CLARK UHITGRAPH 
TC .18 TIME Of CONCENTRATION 

.19 ST DRAGE COEffl CIEIIT 

18 UA ACCUMULAlEO-AREA US. TINE, 11 ORDINATES 
.0 3.0 5.0 8.0 12 .0 zo .0 13.0 75 .0 90 .0 %.0 

100 .0 

*** 

UNIT H'r'OROGRAPH PARAMETERS 
CLARK TC= .18 HR, R= .19 HR 

SHYOER TP= .52 HR, CP= .65 

UNIT HYOROGRAPH 
12 EtiO-Of -PERIOO ORO! HATES 

16. 76 . 95 . 56. 33 . zo . 12 . 7. 1. Z. 
1. 1. 



----

HIH!lfUHIHIMMHUHW*UMUW*HHHHliiH!HMHnnnl!HHUHMUHW*UIH!UUW*UHMUliH!HIH!liH!UliiH!liiH!HIHfiHIUJHfUUHJIHUIHIHMHU 

HVOROGRAPH AT SlATIOtf SUB-10 

liUliHlH liHUH l W JfU U ll lllfUUH liHll JIH llllll liH! l Hl ll UHU lUH U l l W ll ll IH!ll W M ll ll W W W W IH!ll W W UW W W ll lllll!ll ll ll HUH ll M H M ll H Jfll ll ll ll H liH HUM H l JH 

* 
OR MOH HRMtf ORO RAil! LOSS EXCESS COMP Q OR MOH HRMN ORO RAIN LOSS EXCESS COMP Q 

* 
0000 .00 .00 .00 0. 0315 16 . 0~ . 0~ .00 123 . 
0015 .03 .03 .00 0. * 0~00 17 . 01 .01 .00 73 . 
0030 .03 .03 .00 0. om 18 . 0~ . 0~ .00 11 . 
00~5 1 .03 .03 .00 0. 0130 19 . 03 .03 .00 26 . 
0100 5 .03 .03 .00 0. om 20 . 03 .03 .00 16 . 
0115 6 .03 .03 .00 0. 0500 21 . 03 .03 .00 9 . 
0130 .01 . 0~ .00 0. 0515 22 . 03 .03 .00 6 . 
01 ~5 8 .01 . 0~ .00 0. 0530 23 . 03 .03 .00 3 . 
0200 9 .01 .01 .00 0. 05~5 2~ . 03 .03 .00 2 . 
0215 10 .01 .01 .00 0. 0600 25 . 00 .00 .00 0 . 

~ I 4--IJ 0230 11 . 27 .OS .22 1 . 0&15 26 . 00 .00 .00 0 . ~L om 12 .56 . OS .51 25 . * 0630 27 . 00 .00 .00 0 . .o b 
f-;. I 

0300 13 1.17 .0~ 1.13 83 . 0645 28 .00 .00 . 00 0 . 
0315 11 .27 .01 .23 173 . 0700 29 . 00 .00 .00 0 . 
0330 15 .01 .01 .00 189 . * 0715 30 .00 . 00 .00 0 . 

1 01 AL RAI HfALL = 3 .22, TOTAL LOSS = .83, !DIAL EXCESS = 2 .39 

PEAK fLOU TIME MAXIMUM AUERAGE fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

(CfS) <HR> 
<CfS) 

189 . 3.50 32 . 27 . 27 . 27 . 
<It!CHES> 2.381 2.381 2.381 2.381 

<AC -fl) 16 . 16 . 16. 16 . 

CUMULR!IUE AREA = .13 sa MI 

RUI!Off SUMMARY 
fLOU Ill CUBIC fEEl PER SECOHO 

liME IN HOURS, AREA IH SQUARE MILES 

PEAK TIME Of AUERAGE fLOU fOR MAXIMUM PERIOD BASIH MAXIMUM 1 IME Of 
OPERATION S!A!IOH fLOU PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

HYOROGRAPH AT 
SUB-10 189 . 3.50 32 . 27 . 27. .13 

*** NORMAL Et!O Of HEC -1 *** 

0 



1 ***********************"*** ** ****** ****** 
• 

• flOOO HYOROGRAPH PACKAGE <HEC-ll * U.S. ARMY CORPS Of Etl6ItlEERS • 
fEBRUARY 1981 * THE HYOROLOGIC EHGINEERIHG CENTER * 

* REVISED 01 JUH 88 * • G09 SECOtlO STREET * 
• OAUIS 1 CALifORNIA 95616 * 
• RUtl DATE 09/2311988 TIME 09:12:11 * <916> 55t -ms 
* * 
** *** ***** ************** **** * * ** **** *** ** *************************************** 

X X XXX XXX X xxxxx X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X xxxxx 
X X X 
X X X X X 
X X xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS Of HEC -1 KtHlUN AS HECl (JAtl 73) 
1 

HEC1GS
1 

HEC108
1 

Atm HEClKU . 

THE OEfitHTIOHS Of VARIABLES -RTINP- AND -RTIOR- HAVE CHANGED fROM THOSE USED UITH THE 1973-STYLE INPUT STRUCTURE . 
THE OEfiNIJIOt! Of -AMSKK- ON RM-CARD UAS CHRHGEO UITH REVIS!ot!S DATED 28 SEP 81 . THIS IS THE fORTRRH77 VERSION 
NEU OPIIOt!S: ORMBREAK OUTflOW SUBMERGENCE 1 SIHGLE EUEtH DAMAGE CALCULATIOH

1 
OSS :URITE STAGE fREQUEtlC'f

1 

OSS:RERO TIME SERIES AT OESIREO CALCULATiot! ltHERUAL LOSS RATE:GREEt! AtlO AMPT ItlfiLTRATIOH 
KINEMATIC WRUE : tlEU fiNITE DiffERENCE ALGORITHM 

HEC -1 ItlPUT PAGE 1 

LitlE IO .. .. . . .1 ....... 2 ..... . .3 . . . . ... 1 ....... 5 .... . .. 6 ....... 7 ....... 8 .. . . . .. 9 ..... .10 

ID I-17 SUB-BASH! 10 
2 IO GREEN-AMP! 
3 IO C~B~ LOBtl 
1 IO RAINfALL DISTRIBUTION = 6-HR tlESTEO 
5 IO POrtH PRECIPITATION = 3.22 
6 IO AREA PRECIPITATION = 3.22 

IO DEPTH-AREA RATIO = 1.0 
IT 15 30 

9 IO 0 

10 KK SUB-10 I-17 SUB-BASit! 10 
11 BA .126 
12 KM 6-HR DISTRIBUTION 
13 It! 15 
11 PB 3.22 
15 PC .01 .02 .03 .01 .05 .058 .07 .081 .093 .105 
16 PC .188 .361 .811 .897 .909 .921 .932 .911 .952 .962 
17 PC .972 .982 .992 1.0 
18 LG .15 8.22 .01 
19 UA 0 12 20 13 75 90 96 
20 UA 100 
21 uc .18 .19 
22 zz 



1 ~· *********** ********* ********** **** ***** 
* 
* fLOOD HVDROGRAPH PACKAGE <HEC -1) * 
* fEBRUAR'/ 1981 * 

REUISEO 01 JUN 88 * 
* 
* RUN DATE 09123/1988 TIME 09 :12:11 * 
* * 
***•************************************* 

I -17 SUB-BASil! 10 
GREEN-AMP! 

CLAV LOAM 
RAINfALL DI STRIBUTION = 6-HR NESTED 
POINT PRECIPITATION = 3.22 
AREA PRECIPITATION = 3 .zz 
DEPTH-AREA RATIO = 1.0 

9 10 OUTPUT CotHROL UARIABLES 

IT 

IPRNT 0 PRINT CONTROL 
!PLOT 0 PLOT COIHROL 
QSCAL 0. H'IDROGRAPH PLOT SCALE 

HVDROGRAPH TIME DATA 
tli1Itl 15 MIHUTES ltl COMPUTATION ItnERUAL 

IOATE 1 0 STARTING DATE 
Ill ME 0000 51 ARTING TIME 

110 30 tlut1BER Of HYOROGRAPH ORDINATES 
tlODATE 1 0 EtiOitlG OAT E 
tiD TIME 0715 ENDING TIME 
ICEIH 19 CEIHURV MARK 

COMPUT Ali Oil IIHERUAL . 25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UNITS 
DRAINAGE AREA 
PRECIPITATiotl DEPTH 
LENGTH, ELEUATIOH 
fLOW 
STORAGE UOLUME 
SURfACE AREA 
TEMPERATURE 

SQUARE MILES 
INCHES 
f[[j 

CUBIC fEET PER SECOND 
ACRE -fEET 
ACRES 
DEGREES fAHREtlHEIT 

U .5. ARMV CORPS Of EIIGIIIEERS 
* THF HVDROL06IC ENGIHEERING WHER * 

* 

609 SECOND 51 Rm 
DAUIS, CALifORIHR 95616 

(916) SSH 718 

* 

* 

***********************HHWHJWUUWWW 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 



************** 

10 KK * SUB-10 * I-17 SUB-BASIH 10 

13 IN 

11 BA 

11 PB 

15 PI 

18 LG 

21 UC 

18 UA 

* * 

6-HR OISTRIBUTiotl 

TIME OATA rDR INPUT TIME SERIES 
JXMIN 15 TIME ItHERUAL Itl MINUTES 

JXOATE 0 SJARTING OAJE 
JXTIME STARliNG TIME 

SUBDASitl RUtlOff OATA 

SUBBASitl CHARACTERISTICS 
!AREA .13 SUBBASIN AREA 

PRECIPITATION OAIA 

STORM 3.22 BASIN TOTAL PRECIPIIATIOtl 

ItfCREM£HTAL PRECIPIT ATIOtf PAT!(Rfl 
.01 .01 .01 .01 .01 .01 .01 
.17 .15 .08 .01 .01 .01 .01 
.01 .01 .01 

GREEtl AND AMPT LOSS RATE 
STRTL .00 STARTitlG LOSS 

OTH .15 MDI STURE O£fi CIJ 
PSif B .22 UETTI NG fROtH SUCTI DN 

XKSAT .04 HYDRAULIC CotlOUCTIUI TV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

CLARK UNITGRAPH 
TC .48 TIME Of CotlCENT RATION 
R .19 STORAGE COEffiCIENT 

ACCUMULATED-AREA US. TIME, 11 OROitlATES 
.0 3.0 5.0 B .0 12 .0 zo .0 13.0 

100.0 

*** 

UN II HVOROGRAPH PARANE I ERS 
CLARK TC= .18 HR , R= .19 HR 

16 . 
1. 

76. 
1. 

95 . 

StlVOER TP= .52 HR, CP= .65 

UHIT HVDROGRAPH 
12 ENO-Of -PERIOD OROINAIES 

56 . 33 . zo . 1 z . 7. 

.01 .01 .08 

.01 .01 .01 

75 .0 90 .0 96 .0 

1. Z. 



HYOROGRAPH AT ST ATI Oil SUB-10 

*** ****** ** * ****** * * *********** ** * * ******* * ***** **** * * * *. * * ** * *. *. * **. * •• ** * "* •••• *.** .. **I *I***.**.***.*.**** .. **********.*****"** 

OA MOll HRMtl ORO RAIN LOSS EXCESS COMP Q OR NOll HRHN ORO RAitt LOSS EXCESS CONP Q 
* 

0000 . 00 .00 . 00 0 . 0315 16 .04 .03 .01 125 . 
0015 .03 .03 .00 0. 0100 17 .01 .03 .00 75 . 
0030 .03 . 03 .00 0. om 18 .01 .03 .01 45 . 
0015 .03 . 03 .00 0. 0430 19 .03 .03 .00 27 . 
0100 .03 . 03 .00 0. * om 20 .03 .03 .00 17 . 
0115 .03 .03 .00 0. * 0500 21 .03 .03 .00 10 . 
0130 .04 .04 .00 0. 0515 22 .03 .03 .01 7. 
0115 .01 .01 .00 0. 0530 23 .03 .03 .01 4 . 
0200 .04 . 04 .00 0. om 21 .03 .03 .00 3. 

4-0 0215 10 .01 .01 . 00 0 . 0600 25 .00 .00 .00 1. 
0230 11 .27 .05 .22 1. 0615 26 .00 .00 .00 1. ja-~ . o4-

~ 
I 0215 12 .56 .04 .52 25 . 0630 27 . 00 .00 .00 0 . s-0300 13 1.17 .01 1.13 81. • om 28 .00 .00 .00 0 . 

0315 11 .27 . 01 .23 171 . 0700 29 .00 .00 .00 0. 
0330 15 .04 .04 .00 190. 0715 30 .00 .00 . 00 0 . 

IIIIIH*lllllll*li*IHHHIIUIHHUUIU I I IIIHIIIIIHIIUIUUIIIIUIIIIIIUIIIUIIIUIIUIIUIUIIIUIIIUUIIIIIHUIUJfiiUIIII 

TOTAL RAIIlrALL = 3 .22, TOTAL LOSS = . 77, TOTAL EXCESS = 2.15 

PEAK fLOW TIME MAXIMUM AUERAGE fLOU 
6-HR 21-HR 72-HR 7. 25-HR 

<CfSl <HRl 
<CfSl 

190 . 3 .SO 33. 27 . 27 . 27 . 
<IHCHES> 2.110 2.110 2.110 2.110 

<AC -fTl 16. 16 . 16 . 16 . 

CUMULATI UE AREA = .13 SQ MI 

RUNOff SUMMARY 
fLOW Ill CUBIC fEET PER SECOtlO 

TIME Ill HOURS, AREA Ill SQUARE MILES 

PEAK TINE Of AUERAGE fLOU fOR MAXIMUM PERIOD BASitl MAXIMUM TIME Of 
OPERATION STATION flOU PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

HVOROGRAPH AT 
SUB-10 190 . 3.50 33 . 27 . 27 . .13 

m NORMAL EtiO Of HEC -1 m 



C>O 
1***-************************************* 

* 
* fLOOD HVOROGRAPH PACKAGE (H[C -l) * 
* fEBRUARY 1981 
* REUISEO 01 JUtl 88 * 

* Rutl DATE 09123/1988 liME 09 :44:43 * 

XXX XX XX 
X X 
X 
xxxxxxx xxxx 
X 
X X X 

X X xxxxxxx 

XX XXX 
X 
X 
X XXX XX 

X X 
XX XXX 

X 
XX 
X 

X 

X 

XXX 

U .5. ARMY CORPS Of EHGitlEERS 
* !HE HYDROLOGIC EHGitlEERING CEtHER * 

609 SECotlO STREET 

• 
OAUIS , CALifORtHA 95616 

(916) SSH 748 

THIS PROGRAM REPLACES ALL PREUIOUS UERSIONS Of HEC-1 KHO\Jtl AS HEC1 (JAN 73l, HEClGS, HEClOB, RHO HEC1KU . 

THE OEfiiHTIOtlS Of UARIABLES -RTIMP- AtlO -RTIOR- HAUE CHAtlGEO fROM THOSE USED WITH THE 1973-STVLE INPUT STRUCTURE . 
THE DEfiNITION Of -AMSKK- ON RM-CARO WAS CHAtlGEO UITH REUISIOHS OATEO 28 SEP 81 . THIS IS THE fORTRAtl77 UERSION 
HEU OPTiotlS: OAM8REAK OU!fLOU SUBMERGEtlCE , SINGLE EUEHT DAMAGE CALCULATIOH, OSS :URIIE STAGE fREOUEtlCY , 
OSS : REAO TIME SERIES AT DESIR EO CALCULAIIotl ItHERUAL LOSS RATE : GREEN RHO AMP! INfiLIRAI I otl 
KltlEMATIC UAUE: NEU fltHTE DiffERENCE ALGORITHM 

HEC -1 INPUT 

LitlE 10 .. .... .1 . ...... 2 ... . . . . 3 .... .. . 4 ... . ... 5 . . .. . .. 6 ... .... 7 . .. . . .. 8 ..... . . 9 .. ... .10 

z 
3 

8 
9 

10 
11 
12 
13 
1 i 
15 
16 
17 
18 
1.9 
20 
21 
22 

IO 
10 
IO 
10 
IO 
10 
10 
IT 
!0 

KK 
BA 
KM 
Itl 
PB 
PC 
PC 
PC 
LG 
UA 
UA 
uc 
zz 

H 7 SUB-BASIN 10 
GREEtt-RMPJ 

SILTY CLAY LO!J!j 
RAINfALL OISTRIBUTION = 6-HR HESTEO 
POrtH PRECIPITRTI OH = 3 . 22 
AREA PRECIPITAJ!Otl = 3.22 
OEPTH-AREA RATIO = 1.0 

15 30 
0 0 

SUB-10 H 7 SUB-BASIH 10 
.126 

6-HR OISIRIBUTiotl 
15 

3.22 
.01 .02 .03 .04 .OS 
.188 .361 .811 .897 .909 
.972 .982 .992 1.0 

.16 10.75 01 
3 5 8 12 

100 
.18 . 49 

.058 .07 .081 .093 .105 

.921 .932 .941 .952 .962 

20 43 75 90 96 

PAGE l 



* fLOOD HVOROGRAPH PACKAGE <HEC-ll * 
* fEBRUARY 1981 

REUISEO 01 JUH BB 

* RUtl DATE 09123/1988 TIME 09=44:43 * 
* 
***************************************** 

I-1 7 SUB-BASIH 10 
GREEti-AMPT 

SI LTV CLAY L DAM 
RAltlfALL DISTRIBUTION = 6-HR NESTED 
POI tiT PRECIPITATION = 3.22 
AREA PRECI PIT ATIOH = 3. 22 
DEPTH-ARrA RATIO = 1.0 

9 IO OUTPUT CotHROL UARIABLES 

IT 

IPRHT 0 PRINT CONTROL 
!PLOT 0 PLOT CONTROL 
QSCAL 0. HYOROGRAPH PLOT SCALE 

H'IOROGRAPH TINE OAT A 
tiMitl IS MltiUlES IH COMPUTATIOtl IHTERUAL 

IOATE STARTING DATE 
IT! ME 0000 STARTitiG TIME 

110 30 tiUMBER Of HYOROGRAPH ORDINATES 
I!OOATE £t!OltiG OAT E 
HOTIME 0715 EtlOING TIME 
IC£HT 19 CEtiTURY MARK 

COMPU!ATIOII IIHERUAL .25 HOURS 
TOTAL liME BASE 7 . 25 HOURS 

£tiGLI SH UHIT S 
DRAINAGE AREA SQUARE MILES 
PRECI PIT Ali 011 DEPTH I HCHES 
L£tiGTH, ELEUATIOII 
fLOU 
STORAGE UOLUME 
SURfACE AREA 
T EMPERAl URE 

fEET 
CUBIC fEET PER SECOND 
ACRE -fEET 
ACRES 
DEGREES fAHR£tlHEI I 

* 
U . S . ARMY CORPS Of ENG! HEERS 

* THE HYDROLOGIC EHGHIEER1H6 CENTER * 
609 SECOIIO ST Rm 

OAUIS , CALifORNIA 95616 
(916) 551-1718 

* 
* 
* 
* 

***HIHIIHIU**H************************ 

*** l!HI *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *H *H *** *** *** *** *** *** *** *** 



10 KK * SUB-10 * I-17 SUO-BASitl 10 

************** 
6-HR OISIRIBUTiotl 

13 Itl TIME DATA fOR INPUT liME SERIES 
JXMIN 15 TIME IHTERUAL Ill MINUTES 

JXOATE 0 51 ARTI NG OAT E 
JXIIME STARlitlG TIME 

SUBBASIN RUtiOff OAIA 

11 BA SUBBASIII CHARACTERISTICS 
TAREA .13 SUBBASIN AREA 

PRECIPITAIIOt! OAIA 

H PB STORM 3.22 BRSitl TOTAL PRECIPIIATION 

15 PI ItlCREMEIH AL PRECIPITATION PA11 ERtl 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 

.17 . 45 .08 .01 .01 .01 .01 .01 .OJ .01 

.01 .01 .01 

1B LG GREEt! AllO AMP! LOSS RATE 
SIRTL .00 SJARTIHG LOSS 

OTH .16 MOISJURE OEfiCil 
PSlf 1o.75 UElllHG fRotH SUCllOH 

XKSAT .04 HYDRAULIC COilOUCliUilV 
RTIMP .00 PERCEtH IMPERUIOUS AREA 

21 UC CLARK UIHT GRAPH 
TC .48 liME Of CONCENlRAliON 
R .49 STORAGE COEffiCIEIH 

18 UA ACCUMULATED-AREA US. liME, 11 OROit!AlES 
.0 3.0 5.0 8.0 12 .0 20 .0 43 .0 75 .0 90 .0 96 .0 

100 .0 

*** 

UIIIT HYOROGRAPH PARAMETERS 
CLARK lC= . 48 HR, R= .19 HR 

StiYOER TP= .52 HR, CP= .65 

Ut!Il HYOROGRAPH 
12 EllO-Of -PERIOD OROIHAIES 

16. 76 . 95 . 56 . 33 . 20 . 12 . 7. 1. 2. 
1. 1. 



lUlHHEHHHlHHUlllHlllllHHllUHKH UllHKUKKlKlKUKUHllKHllllHlHHlHlU*H************HlUHUHHUUHlHHlHH* 

HYO~OGRRPH AI SIRIIOtl SUB-10 

HH*H***********HUlUUUllHlHUUlHlUll***************HHHl************************************************************* 

* 
DR NOH HRMH ORO RRitl LOSS EXCESS COHP Q DR Notl HRHH ORO RAIH LOSS EXCESS CONP 0 

0000 .00 .00 .00 0. om 16 .01 .01 .00 123. 

0015 .03 .03 .00 0. 0100 17 .01 .01 .00 73 . 

0030 . 03 .03 .00 0 . om 1B .01 .01 .00 43 . 

0015 .03 .03 .00 0. * 0130 19 .03 .03 .00 26 . 

0100 5 .03 .03 .00 0. * om 20 .03 .03 .00 15 . 

0115 .03 .03 .00 0. 0500 21 .03 .03 .00 9. 
0130 .01 .01 .00 0. 0515 22 .03 .03 .00 S. 

0115 .01 .01 .00 0. * 0530 23 .03 .03 .00 3. 
0200 .01 .01 .00 0. 0515 21 .03 .03 .00 2. 
0215 10 . 01 .01 .00 0 . 0600 25 .00 .00 .00 0. 

.- I~~ 
0230 11 .27 . 06 .21 3 . 0615 26 .00 .00 .00 0. I~ 
0215 12 .56 .OS .51 21 . 0630 27 .00 .00 .00 0. .f ~ , a4' 
0300 13 1.47 .OS 1.12 82. om ZB .DO .00 .00 0 . 

0315 11 . 27 . 01 .23 172 . 0700 29 .00 .00 .00 0 . 
0330 15 . 01 . 01 .00 188 . * 0715 30 .00 .00 .00 0. 

********************************************************************"**************************************************************"* 

TOTAL RRitlfALL = 3 .22, TOTAL LOSS = .85, TOTAL EXCESS = 2.37 

PEAK fLOU liME MAXIMU11 AUERAGE fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

<CfSl <HR l 
<CfS) 

1B8. 3.50 32 . 27 . 27 . 27 . 
<IHCHES> 2.363 2.363 2.363 2.363 

<AC -fl) 16 . 16. 16 . 16 . 

CUMULATIUE AREA = .13 SQ MI 

RUNOff Sut111ARY 
fLOU Ill CUBIC fEET PER SECOND 

TIME Ill HOURS, AREA Itl SQUARE MILES 

PEAK TIME Of AUERRGE fLOU fOR MAXIMUM PERIOD BASIN MAXIMUM liME or 
OPERAIION STATION fLOU PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVOROGRRPH AT 
SUB-10 18B . 3.50 32. 27 . 27 . .13 

m tlORMAL EllO Of HEC-1 m 



* * 
* fLOOO HVOROGRAPH PACKAGE ( HEC -1) * 
* fEBRUARY 1981 
* REUISEO 01 JUH 88 

* U . S . ARMV CORPS Of EHGIIIEERS * 
* THE HYDROLOGIC EHGitiEERING CEIITER * 

609 SECOIIO STREET 

* * * OAUIS, CAI.IfORti!A 95616 * 
* RUII OAT E 09/2311988 TIME 09 : 4 7: 20 * * (916) 551-1748 

* * 
HlUflfHfUUUfUfUllHUHUlUUU 

X X xxxxxxx XXX XX 

X X X X XX 

X X X X 
xxxxxxx xxxx X XXX XX X 

X X X X 

X X X X X X 

X xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREUIOUS UERSIOHS Of HEC-1 KHOUII AS HECI (JAH 73>, HECIGS, HEClDB, RHO HECIKU . 

THE OEfiiiiTIOHS Of UARIABLES -RTIMP- At!O -RTIOR- HAUE CHANGED fROM THOSE USED UITH THE 1973-STVLE ItiPUT STRUCTURE. 
THE OEfltHTIOII Of -AMSKK- Otl RM-CARO UAS CHAIIGEO UITH REUIS!OtiS OATEO 28 SEP 81. THIS IS THE fORTRAtl77 UERSIOH 
liEU OPTIONS: OAMBREAK OUTfLOU SUBMERGENCE , SIIIGLE EUEHT OAMRGE CALCULRTIOtl, OSS:URITE STAGE fREQUEtiCV, 
OSS :REAO TIME SERIES AT DESIRED CALCULATIOtl INTERUAL LOSS RATE:GREEH AtiO AMPT IHfiLTRATiotl 
KINEMATIC UAUE: HEU fiNITE OiffEREHCE ALGORITHM 

HEC-1 IHPUT PAGE 1 

LitlE IO .... .. .1 .... . .. 2 . . ... . . 3 . . .. .. . 4 . ... ... 5 ... . .. . 6 .... . .. 7 . .... .. 8 ....... 9 ...... 10 

IO I-17 SUB-BASitl 10 
IO GREEti-AMPT 
IO SAtiOV CLBY 
IO RAitlfALL OISTRIBUTIOH = 6-HR HESTEO 

5 IO POIHT PRECIPITATION = 3.22 
6 10 AREA PRECIPIT ATIOH = 3 .22 
7 IO DEPTH-AREA RATIO = 1.0 
8 IT IS 30 
9 IO 0 0 

10 KK SUB-10 I-17 SUB-BASitl 10 
11 BA .126 
12 KM 6-HR OISTRIBUTIOH 
13 Itl 15 
14 PB 3.22 
15 PC .01 .02 .03 .04 .05 .058 .07 .081 .093 .105 
16 PC .188 .361 .814 .897 .909 .921 .932 .944 .952 .962 
17 PC .972 .982 .992 1.0 
18 LG .11 9. 41 .02 
19 UA 0 12 20 43 75 90 96 
20 UA 100 
21 uc .48 . 49 
22 zz 



* * 
* fLOOD HYOROGRAPH PACKAGE <HEC-1) * 

r£BRUARV 1981 
* REUISED 01 JUt! 88 

* * 
* RUH DATE 09123/1988 TINE 09 :17:20 * 

* 
****UfHUUUlflHfffHfUfUlUUUHl 

I -17 SUB-BASIH 10 
GREEtHINPT 

SAHOV CLAY 
RAINfALL DISTRIBUriOH = 6-HR NESTED 
PO!tH PRECIPITATION = 3.22 
AREA PRECIPITATIOII = 3 .ZZ 
DEPTH-AREA RATIO = I .0 

9 IO OUTPUT COHTROL UARIABLES 
IPRHT 0 PRINT COHTROL 
!PLOT 0 PLOT COHTROL 
QSCAL 0. HYOROGRAPH PLOT SCALE 

IT HVOROGRAPH TINE OATH 
HMitl 15 MIHUTES IH COMPUTATiotl IHTERUAL 

IOATE 1 0 STARTING OATE 
ITINE 0000 STARTitlG TIME 

HQ 30 HUMBER Of HVOROGRAPH OROIHATES 
tiODATE 0 EtiOIHG DATE 
HDTINE 0715 EHDIIl6 TINE 
ICEtH 19 CEIHURY NARK 

COMPUTATiotl IIHERUAL .25 HOURS 
TOTAL TIME BASE 7 . 25 HOURS 

EtlGLISH UNITS 
ORAIHAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LEtlGTH , ELEUATION 
fLOU 
STORAGE UOI.UME 
SURfACE AREA 
T ENPERATURE 

fEET 
CUBIC fEET PER SECOHO 
ACRE -fEET 
ACRES 
DEGREES fAHREtlHEIT 

* 
U.S. ARMY CORPS Of EtlGIHEERS 

• THE HYDROLOGIC EHGltlEERIHG CEHTER • 
609 SECOHD ST REEl * 

* DAUIS, CALifORHIA 95616 * 
* (916) 551 -1718 

* * ** *** ** * *** ** *** * ** **** ***** * ******** 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ... *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 



10 KK * SUB-10 • I -17 SUB-BASIN 10 

• 

6-HR OISTRIBUTIOH 

13 Ill TIME DATA fOR ItlPUT TIME SERIES 
JXMitl 15 TIME ItllERUAL HI MIIIUTES 

JXOATE STARTING DATE 
JXTIME STARliNG TIME 

SUBBASIII RUNOff DATA 

11 BA SUBBASIN CHARAC1£RISTICS 
T AREA .13 SUBBASIII AREA 

PRECIPITATIOtl OATA 

11 PB STORM 3 .22 BASIN TOTAL PRECIPITATIDtl 

15 PI IHCREMEHTAL PRECIPITATIOII PATTERH 

.01 .01 .01 .01 .01 .01 .01 .01 .01 .08 

.17 .15 .08 .01 .01 .01 .01 .01 .01 .01 

.01 .01 .01 

18 LG GREEN AllO ANPT LOSS RATE 
STRTL .00 STARTitiG LOSS 

OTH .11 MOISTURE DEfiCIT 
PSif 9.11 UE11Itl6 fRONT SUCTIDtl 

XKSAT .02 HYDRAULIC CDtiOUCTIUITV 
RTINP .00 PERCENT IMPERVIOUS AREA 

21 uc CLARK UNITGRAPH 
TC .18 TIME Of CONCEtll RAT! Dtl 

.19 STORAGE COEfriCIEHT 

18 UA ACCUNULATEO-AREA US . TIME, 11 OROitiATES 
.0 3.0 5.0 8.0 12 .0 20 .0 13.0 75 .0 90 .0 96.0 

100 .0 

... 
UHIT HVOROGRAPH PARAMETERS 

CLARK TC= .18 HR, R= .19 HR 
St!'IOER TP= .SZ HR, CP= .65 

UNIT HVOROGRAPH 
12 END-Of -PERIOD ORDINATES 

16 . 76 . 95. 56 . 33 . 20 . 12 . 7. 1. 2. 
1. 1. 



UUliUUUUIUUIUlliiUllllllllHIIIHlUUlllHlHllUlllllUlHUlUllliHilHIUUUIUUUlllUlHllUHUUlliHllHliUIH 

HVOROGRAPH AT STATIO~ SUB-10 

UHUIHlUIUUlUUUUUUUlUIUUIUIUIUHHWUUUUUUUUUUHUHIUUUlUIHIUWUlUUUUUUlUfUIHfUUUUUIHil 

* 
OR MOll HRMtl ORO RAIH lOSS EXCESS COMP Q • OR MOll HRMtl ORO RAltl lOSS EXCESS COMP Q 

0000 .00 .00 .00 0. * 0315 16 .01 .02 . 02 130 . 

0015 .03 .03 .00 0. 0100 17 .01 .02 . 02 80 . 

0030 .03 .03 .00 0. 0115 18 .01 .02 . 02 so . 
0015 . 03 .03 .00 0 . 0130 19 .03 .02 . 01 32 . 

0100 .03 .03 .00 0. om 20 .03 .02 .02 21. 
OilS .03 .03 .00 0. 0500 21 .03 .02 .02 11 . 

0130 .01 .03 .00 0. OSIS 22 .03 .02 .02 11. 
0115 .01 .03 .01 0. 0530 23 .03 .02 .02 8. 
0200 .01 .03 .01 I. 0515 21 .03 .01 .01 7. 

OZ!S 10 .01 .02 .01 2. 0600 25 .00 .00 .00 5. ~a~,/? 
0230 11 .27 .02 .25 7. 0615 26 .00 .00 .00 3. 
0215 12 .56 .02 .51 30. 0630 27 .00 .00 . 00 2 . f- -:=.. I p j?_ 
0300 13 1.17 .OZ 1.15 90 . 0615 28 .00 .00 .00 1. 

0315 11 .27 .02 .25 180 . 0700 29 .00 .00 .00 1. 
0330 15 .01 .02 .02 196. • 0715 30 .00 .00 .00 0 . 

HHHHHUHliHIIUUUUUUUUUUUUUfUUUlHlUUlUUliHIUUIIHIHlUUUIUUUUUUlUUUHlUHlUUUUUUUUUH 

TOTAl RAINfAll = 3 .22, TOTAl LOSS = 

PEAK flOU TIME 
6-HR 

<Crs> <HR) 
<CfS) 

196 . 3.50 36. 
<ItiCHESl 2.681 
<AC-fT) 18. 

CUMULATIUE AREA = 

PEAK 
OPERATIOII STATIOII flOU 

HVOROGRRPH AT 
SUB-10 196 . 

*** HORMAl E~O Of HEC -1 *** 

C) 

1 IHIHHUUIIUlHIHlUilUIUlUllUIIU 

* 
• fLOOO HYOROGRAPH PACKAGE <HEC -1) • 

• 
* 
• 

fEBRUARY 1981 
REUISEO 01 JUH 88 

• RUt! DATE 09123/1988 TIME 09:19:19 * 
* • 
***************************************** 

.53, TOTAl EXCESS = 2.69 

MAXIMUM AUERAGE flOU 
21-HR 72-HR 7 .25-HR 

30 . 30 . 30 . 
2 .681 2.681 2.681 

18. 18 . 18 . 

.13 SQ Ml 

RUNOff SUMMAR'( 
fLOU Ill CUBIC fEET PER SECOHO 

TIME IH HOURS, AREA It! SQUARE MILES 

TIME Of AUERAGE flOIJ fOR MAXIMUM PERIOD 
PEAK 

6-HOUR 21-HOUR 72-HOUR 

3 .SO 36 . 30. 30 . 

BAS It! MAXIMUM TIME Of 
AREA STAGE MAX STAGE 

.13 

....................................... 
* 
• U.S. ARMY CORPS Of ENGINEERS 

• 
• 

• THE HVOROLOGIC EH6IIIEERIIIG CENTER • 

* 
* 
* 

609 SECOHO STREET 
OAUIS , CALirORIHA 95616 

(916) 551-1718 

* 
* 

* 



X X xxxxxxx XX XXX X 
X X X X X XX 

X X X X 
xxxxxxx xxxx X XXX XX X 
X X X X X 

X X X X X 
X X xxxxxxx X XXX X XXX 

THIS PROGRAM REPLACES All PREVIOUS VERSiotiS OF HEC-1 KNOUH AS HECl UAH 73>, HEClGS, HEC10B, RHO HEClKU . 

THE OErrtiiTIONS OF VARIABLES -RTIMP- RHO -RTIOR- HAVE CHAH6EO FROM THOSE USED UIIH THE 1973-STYLE INPUT STRUCTURE. 
THE DEfltiiTiotl OF -AMSKK- ON RM-CRRO UAS CHRII6EO UITH REVISIONS DATED 28 SEP 81 . THIS IS THE fORTRAN?? VERSION 
liEU OPTIOtiS : OAMBREAK OUTFLOU SUBMERGENCE , SitiGLE EUEtiT DAMAGE CALCULATION, DSS :URITE STAGE FREQUENCY, 
OSS:REAO TIME SERIES AT DESIRED CALCULATION rtii(RUAL LOSS RATE:GRWl RHO ANPT INfiLTRATION 
KINEMATIC WAVE: liEU fiNITE DIFFERENCE ALGORITHM 

HEC -1 ItiPUT PAGE 1 

LitlE I0 ..... . . 1 ....... 2 ....... 3 . . ... . . 1 ....... 5 . .. . .. . 6 ....... 7 .. . .... 8 .... ... 9 ..... .10 

IO I-1 7 SUB-BASIH 10 
ID GREEN-AMP! 
IO jlJ I~ Cl B~ 
IO RAINFAll DISTRIBUTION = 6-HR NESTED 
IO POINT PRECIPITATION = 3.22 
IO AREA PRECIPITATION = 3.22 
IO DEPTH-AREA RATIO = 1.0 

8 IT IS 30 
9 IO 0 0 

10 KK SUB-10 I-1 7 SUB-BASiti 10 
11 BA .126 
12 KM 6-HR OISTRIBUTIOtl 
13 IH 1S 
11 PB 3.22 
15 PC .01 .02 .03 .01 .OS .058 .07 .081 .093 .105 
16 PC .188 .361 .811 .B97 .909 .921 .932 .911 .952 .962 
17 PC . 972 .982 .992 1.0 
18 LG .16 11.50 DL 
19 UR 3 5 8 12 20 13 75 90 96 
20 UA 100 
21 uc .18 .19 
22 zz 

•u •• * l H r • * l ll. ***** • U *. • UHH l l l. • l 

• flOOD HYOROGRAPH PACKAGE <HEC - 1) • 

fEBRUARY 1981 
* REUISEO 01 JUII 88 

• * * RUN DATE 09123/1988 TIME 09:49:19 * 
• 

* • 
U . 5 . ARMY CORPS Of EtiGI HEERS 

* THE HYOROL06IC DIGitiEfRitiG CEtiTER * 

* 
* 

609 SECOND ST REEl • 
ORVIS, CAllfORIIIA 95616 

(916) 551-l 718 • 
* 



I -17 SUB-BASIH 10 
GREW-AMP! 

SILTV CLAV 
RAINfALL OISTRIBUTIOH = 6-HR tlESTEO 
POIHT PRECIPITATIOH = 3.22 
AREA PRECIPI!AIIOH = 3 .ZZ 
OEPTH-AREA RATIO = 1.0 

9 I 0 OUT PUT CO tiT ROL UARI ABLES 

IT 

IPRtH 0 PRIHT CotHROL 
!PLOT PLOT COHTROL 
OSCAL 0. HVOROGRAPH PLOT SCALE 

HVOROGRAPH TIME OATA 
tlMIH 15 MitlUTES Itl COMPUTATlotl ItHERUAL 

IOATE 1 0 STARTIH6 OATE 
ITIME 0000 STARTitl6 TIME 

HO 30 tlUNBER Of HVOROGRAPH OROIHATES 
HOOATE 0 EtlOitlG OAT E 
tlDTlME 0715 ENOitiG ll ME 

ICEHT 19 CEtH URV MARK 

COMPUTATiotl ItHERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

EtlGLI SH UIHT S 
ORAitlAGE AREA 
PRECI PIT All OH OEPT H 
LEtlGTH, ELEUATIOll 
fLOU 
ST DRAGE UOLUME 
SURfACE AREA 
TEMPERATURE 

SQUARE MILES 
IllCHES 
fEET 
CUBIC fEET PER SECOIIO 
ACRE -fEET 
ACRES 
DEGREES fAHREHHEIT 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ... *** *** *** *** *** *** *** *** *** '-** *~'* *** *** *** *** 



* * 
10 KK * SUB-10 * I-17 SUB-BASil! 10 

* 

6-HR DISTRIBUTiotl 

13 IN TIME DATA fOR INPUT TIME SERIES 
JXMIH 15 TIME ItHERUAL HI MHIUTES 

JXDATE 0 STARTIIIG DATE 
JXT !ME STARTIIIG TIME 

SUBBASitl RUI!Off DATA 

11 BA SUBBASIH CHARACTERISTICS 
!AREA .13 SUBBASIII AREA 

PRECIPITATION DATA 

1HB STORM 3.22 BASIN TOTAL PRECIPITAIIOII 

15 PI ItiCREMEIITAL PRECIPITATIOII PATTERtl 
.01 .01 .01 .D1 .01 .01 .01 .01 .01 .08 
.17 .15 .08 .01 .01 .01 .01 .01 .01 .01 
.01 .01 .01 

18 LG GREEN AIIO AMP! LOSS RATE 
STRTL .00 STARTIIIG LOSS 

DTH .16 MOISTURE DEfiCIT 
PSif 11.50 UElliiiG fRONT SUCTION 

XKSAT .02 HYDRAULIC COIIDUCTIUIT'/ 
RTIMP .00 PERCENT IMPERUIOUS AREA 

21 uc CLARK utlll GRAPH 
TC .18 TIME Of LotiCEIITRATIOH 
R .19 STORAGE COEffiCIENT 

18 UA ACCUMULATED-AREA US . TIME , 11 OROHIATES 
.0 3.0 5.0 8.0 12 .0 20.0 43.0 75 .0 90 .0 96 .0 

100.0 

Ul 

Utlll HVDROGRAPH PARII1ETERS 
CLARK !C= .18 HR, R= .19 HR 

SIIVOER TP= .52 HR, CP= .65 

uti!T HVDROGRAPH 
12 Et!O-Of -PERIOD OROIIIATES 

16 . 76 . 95 . 56 . 33 . zo . 12 . 7. i . Z. 
1. 1. 



IIHIIHIIHIHIIHIIIIHUUIIIIIUIIIIIIIHIHIHUIIHHUUUUIUUIMIIIUHHHIIIIHIIUIHIHIIIIUIIUIIUUHIUUIHIUI 

HYOROGRAPH AI STA!IOII SU8-10 

HIUIIHIUIIUUIUIHIHHHUIIHIUHIUUUIUUUIIUHUIIIHHIHUIIIHIIHHUIUIHIIHIUIHHUHIIIHIHHIHHIIIIHI 

OA Mot! HRMtl ORO RAitt LOSS EXCESS COMP Q OA Mot! HRMtl ORO RAitt LOSS EXCESS COMP 0 

* 
0000 .00 .00 .00 0. 0315 16 .01 .02 . 01 128 . 
0015 .03 .03 .00 0. 0100 17 .01 .02 . 01 78 . 
0030 3 .03 .03 . 00 0 . om 18 .01 .02 . 02 18 . 
0015 .03 .03 . 00 0 . 0130 19 .03 .02 . 00 30 . 
0100 .03 .03 . 00 0 . om 20 .03 .02 . 01 19 . 
0115 .03 .03 . 00 0 . * 0500 21 .03 . 02 .01 12 . 
0130 7 .01 .01 . 00 0 . 0515 22 .03 .02 . 01 9 . 
om 8 .01 . 01 .00 0 . 0530 23 .03 .02 . 01 7 . 
0200 .01 .01 . 00 0 . * 0545 21 . 03 .02 .01 5 . 

Pa -= ,/~ OZIS 10 .01 .01 . 00 0 . * 0600 25 .00 .00 . 00 3 . 
0230 11 .27 .03 .21 1. 0615 26 .00 .00 . 00 z . -f :::. ,0~ 0215 12 .56 .03 . 53 27 . * 0630 27 .00 .00 .00 1. 
0300 13 1.17 .03 1.41 97. 0645 28 .00 .00 .00 1. 
0315 11 .27 .03 . 21 177 . 0700 29 .00 .00 . 00 0 . 
0330 15 .01 .03 . 01 193 . 0715 30 .00 .00 . 00 0 . 

**************************************•*********'**********'*********************'****************************'*************** .. ******* 

I OTAL RAitlfALL ~ 3 .22, TOTAL LOSS = 

PEAK fLOU TIME 
6-HR 

<CfS ) <HR> 
<CfS) 

193 . 3.50 35. 
<ItiCHES> 2.560 
<AC-fl > 17. 

CUI1ULATIUE AREA ~ 

PEAK 
OPERATIOil STATIOtl fLOU 

HYOROGRAPH AT 
SU8-10 193 . 

*** tlORMAL ENO Of HEC -1 m 

C) 

* 
* fLOOD HYOROGRAPH PACKAGE <HEC -1> * 
* fEBRUARY 1981 

REUISEO 01 JUH 88 • 

* 
* RUN DATE 09123/1988 TIME 09:52:17 * 
* * 
*'***********************'********* .. ***** 

.65, TOTAL EXCESS = 2.57 

MAXIMUM AUERAGE fLOU 
21-HR 72-HR 7 .25-HR 

29 . 29 . 29. 
2.560 2.560 2.560 

17. 17 . 17. 

.13 SQ MI 

RUNOff SUMI1ARY 
fLOU IH CUBIC fEET PER SECOIIO 

liME HI HOURS, AREA IN SQUARE MILES 

TIME Of AUERAGE fUM.J fOR MAXIMUM PERIOO 
PEAK 

6-HOUR 21-HOUR 72-HOUR 

3.50 35 . 29. 29 . 

BASIN MAXIMUM TINE Of 
AREA STAGE MAX STAGE 

.13 

******UIHUHH*H*HHIIIHHUHHI 

* 
U . S . ARMY CORPS Of EHGitiEERS 

* THE HYOROLOGIC ENGINEERING CEIHER * 
609 SEC OliO 51 RErl 

* OAUIS, CALifORHTA 95616 
(916) 551 -1719 

* 
* 



X X xxxxxxx XX XXX X 
X X X X XX 

X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 

X X X 

X X xxxxxxx X XXX X XXX 

THIS PROGRAM REPLACES ALL PREVIOUS UERSIOt!S Of HEC-1 KHOIJH AS HEC1 <JAN 73l, HEClGS, HEC10B, RHO HEClKU . 

THE OEfltHTIOI!S Of VARIABLES -RTINP- AtfO -RTIOR- HAUE CHAHGEO fRON THOSE USEO UIIH THE 1373-SIVLE IHPUT STRUCTURE . 
THE OEfltUTION Of -AMSKK- Otf RM-CARO UAS CHANGED UITH REVISIONS OATEO 28 SEP B1 . THIS IS THE fORIRAtf77 UERSIOt! 
HEU OPTIONS: OAMBREAK OUlfLOU SUBMERGENCE , Sit!GLE EUEt!T Ofi1AGE CALCULATION, OSS :URITE STAGE fREQUEt!CV , 
OSS :READ TIME SERIES AT DESIRED CALCULATIOt! IHIERUAL LOSS RATE :6REEH RHO AMP! ItffiLTRATIOH 
Klt!EMATIC UAUE: t!EU fiHITE OiffEREt!CE ALGORITHM 

HEC -1 It!PUT 

LINE !0 ... .. .. 1.. .. .. . 2 . .. . .. .3 . .. . . . . 1 . . . .. .. 5 . ... . .. 6 .. .. ... 7 . .. .. .. 8 .. .. . . . 9 .. . .. .10 

1 
2 

IO 
10 
ID 

I-1 7 SUB-BASH! 10 
GREEH-AMPT 

CLAY 
lO RAINfALL UISTRIBUTIOH = 6-HR t!ESTEO 

5 
6 

ID POINT PRECIPITATiot! = 3.22 
ID AREA PRECIPITATION = 3.22 

8 
9 

10 
11 
12 
13 
11 
15 
16 
17 
18 
19 
20 
21 
22 

IO 
IT 
IO 

KK 
BA 
KM 
It! 
PB 
PC 
PC 
PC 
LG 
UA 
!JA 
uc 
zz 

DEPTH-AREA RATIO = 1.0 
15 
0 

SUB-10 I-1 7 SUB-BASH! 10 
.126 

6-HR OISTRIBUTIOH 
15 

3.22 
.01 .02 .03 
.188 .361 .811 
.972 .382 .992 

.11 12 .15 
3 

100 
. 48 .19 

1***************************************** 

* 

30 

.01 

.897 
1.0 
.01 

B 

.OS 

.909 

12 

.058 .07 .081 .093 .105 

. 921 .932 .911 .952 .962 

20 13 75 90 96 

PAGE 1 

* fLOOD HVOROGRAPH PACKAGE <HEC -1) • U.S. ARMY CORPS Of Et!Glt!EERS 
fEBRUARY 1981 * * THE HYDROLOGIC EHGrt!EERit!G CENTER * 

* REUISEO 01 JUt! 88 * 
* 
* RUt! OATE 09123/1988 TIME 09 :52:17 * 

* * 

* 609 SECOND 51 REEl 
OAUIS, CALifORt!IA 95616 

(916) 551-1718 

* 
**********************HUJHHJJUJJU 



I -17 SUB-BASIN I 0 
GRWHlMPT 

CLAY 
RAINfALL OISTRIBUTIOH = 6-HR NESTED 
POINT PRECIPITAIIDII = 3.22 
AREA PRECIPIIAIIDII = 3.22 
DEPTH-AREA RAllO = 1.0 

9 IO OUTPUT CONTROL VARIABLES 

IT 

I PRNT 0 PRIIH COIH ROL 
!PLOT 0 PLOT CONTROL 
QSCRL 0. HYDROGRRPH PLOT SCALE 

HYDROGRAPH TIME OAT A 
tiM It! 15 MIHUTES Ill COMPUTAIIOH IIHERURL 

!OAT£ 0 STARTING DATE 
Ill ME 0000 STARTIHG TIME 

HO 30 IIUNBER Of H'IOROGRRPH OROIHRT ES 

NOOATE 0 EliDING OAT£ 
tiD TIME 0715 EHOitiG TIME 
mrn 19 CENTURY MARK 

COMPUTATIOH IHTERURL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

EIIGLI SH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LEIIGTH, ELEUATIOII 
fLOU 
STORAGE UOLUME 
SURfACE AREA 
TEMPERATURE 

f([l 

CUB! C fEET PER SEC OliO 
ACRE - f([T 

ACRES 
DEGREES fAHRENHEIT 

*** *** *** *** *** *** *** *** *** '-** *** *** *** *** *** *** ** * *** *** *** *** *** *** *** *** *** ·~· *** *** *** *** *** *** 



10 KK * SUB-I 0 * 1-1 7 SUB-BASI H 10 

13 Ill 

11 BA 

11 PB 

15 PI 

18 LG 

21 uc 

18 UA 

* 
************** 

6-HR DISTRIBUTIOt! 

TIME DATA fOR INPUT TIME SERIES 
JXMIN 15 TIME ItHERUAL IN MINUTES 

JXDATE 0 STARTitlG OAT E 
JXTIME 0 51 ART I NG TIME 

SUBBASIN RUI!Off DATA 

SUBBASitl CHARACTERISTICS 
!AREA .13 SUBBAS!tl AREA 

PRECIPITAIIOtl DATA 

STORM 3.22 BASil! JOIAL PREC1PIIAIIOI! 

ItlCREMEIHAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 .01 
.17 .15 .08 .01 .01 .01 .01 
.01 .01 .01 

GREEN AND AMPT LOSS RATE 
STRTL .00 STARTIHG LOSS 

OTH .H MDI STURE DE riC IT 
PSif 12 .15 UETTIHG fROtH SUCTIOtl 

XKSAT .01 HYDRAULIC COt!OUCTIUITY 
RTIMP .00 PERCEHT IMPERUIOUS AREA 

CLARK UtHT GRAPH 
TC .18 TIME Of Cot!CENTRAIIot! 
R .19 STORAGE CO£rfiCIEtH 

ACCUMULATED-AREA US . TIME, 11 ORDII!ATES 
.0 3.0 5.0 8.0 12 .0 zo .0 H .D 

100 .0 

... 
UNIT HYOROGRAPH PARAM[][RS 

CLARK T C= .18 HR, R= .19 HR 

16 . 
1. 

76 . 
1. 

95 . 

SHYOER T P= . 52 HR, CP= . 65 

Ut!ll HYDROGRAPH 
12 Et!D-Of -PERIOD ORDINATES 

56 . 33. 20 . 12 . 

.01 .01 .08 

.01 .01 .01 

75 .0 90 .0 96 .0 

7. 1. 2. 



****** !fH!f ************** U!f!f !f !fUUU!fU!f U!fU U!f U !f !f !f !f UU U!f!f H !f !f U !f !f !f U U *** H!fU !f U !f!f !f U!f!f!f!f!f H !f!fU !f!fU!flf* !f !f UUH !f UU!f !f !f U !fUll 

HVOROGRAPH AT 51 All OH SUB-I 0 

*** *****H **** ********** *ll********* u **** * * * *** * * !f!fH * * u * * * * * * * * * *** u * * u * * * * * * * * * * * ** ** * * * *** * *** * * * ** * ** ** auu * •n * *** u * **** 

OR MOll HRMN ORO RAltl LOSS EXCESS COMP Q OR MOH HRMN ORO RAIH LOSS £XCESS COMP Q 

!f 

0000 .00 .00 . 00 0 . 03~5 16 . 0~ .02 .02 132. 
0015 . 03 .03 .00 0 . 0~00 17 .01 .01 .02 81. 
0030 . 03 .03 .00 0 . 0115 18 .01 .01 .02 51. 
0015 . 03 .03 .00 0 . * 0130 19 .03 .01 .01 33 . 
0100 . 03 .03 .00 0 . !f om 20 .03 .01 .02 22. 
OllS .03 . 03 .00 0 . 0500 21 .03 . 01 .02 IS . 
0130 .01 .03 .01 0. 0515 22 .03 .01 . 02 12 . 
0115 .01 .02 .01 I. * 0530 23 . 03 .01 .02 9 . 
0200 . 01 .02 .02 2 . 05~5 21 .03 .01 .01 8. _:tq, ·-;. , 15"" 
OZIS 10 . 0~ .02 . 02 3 . 0600 25 .00 .00 .00 6. 
0230 11 . 27 .02 .25 8 . 0615 26 .00 .00 .00 1. .f ;::., o I om 12 .56 .02 .5~ 31. * 0630 27 .00 .00 .00 2. 
0300 13 1.17 .OZ 1.16 91. 0615 28 .00 .00 .00 1. 
0315 14 .27 .02 .25 181. 0700 29 .00 .00 .00 1. 
0330 15 . 01 .02 .OZ 197 . * 0715 30 .00 .00 .00 0. 

UU!f!f!f!fUHUUUU!fUUU!f!fUU!f!f!f!f!f!f!fHH!fU!f!f!fH!f!fUH!f!f!fU!fUU!fH!fU!f!f!f!f!fU!f!fUUUU!fUU!fH!fH!f!f!f!f!fU!fU!f!fH***Ulf!f!fU!fU!f!f 

TOTAL RAINfALL = 3 .22, TOTAL LOSS = . %, TOTAL EXCESS = z .76 

PEAK fLOU TIME MAXIMUM AUERAGE fLOU 
6-HR 21 -HR 72-HR 7 .25-HR 

<CfS) <HR) 
<CfS) 

197. 3.50 37 . 31. 31. 31. 
<ItlCHESl 2. 718 2. 718 2. 7~8 2.718 

<AC -fl) 18 . 18 . 18 . 18. 

CUMULATIUE AREA = .13 SQ MI 

RUtlOff SUMMARY 
fLOU IN CUBIC fEET PER SECOND 

TIME Ill HOURS, AREA Itt SQUARE MILES 

PEAK TIME Of AUERAGE fLOU fOR MAXIMtm PERIOD BASIN MAXIMUM TIME Of 
OPERATION STATION fLOU PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HYOR06RAPH AT 
SUB-10 197 . 3 .SO 37 . 31. 31. .13 

*** tlORMAL EtlO Of HEC -1 *** 
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APPENDIX 2- H 

A Procedure to Predict Green and Ampt Infiltration Parameters, Rawls, W.J., 

and Brakensiek, D.L., Proceedings of AS!\E Conference on Advances in Infiltra

tion, Chicago, Tl,, p. 102- 112. 
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A PROCEDURE TO PREDICT GREEN AND AMPT INFILTRATION PARAMETERS 

W. J. Rawls 
Member ASAE 

D. L. Brakens iek 
Member ASAE 

If a physically based infiltration model is to be useful in operational 
hydrology, procedures must be developed for estimating the model parameters 
based on readily available data such as soil survey and agronomic 
information. 

Since the Green-Ampt (Green and Ampt, 1911) infiltration model has been shown 
to have wide applicabiltiy for modeling the infiltration process (Mein and 
Larson 1971 and Smith and Parlange 1978), it is the purpose of this paper to 
present a procedure for estimating the Green and Ampt infiltration parameters. 
Also, the Green and Ampt model parameters can be easily modified to apply to 
other physically based infiltration models such as the Philip (1957) and the 
Smith and Parlange (1978) models. 

APPROACH 

The Green-Ampt infiltration rate equation is 

and its integrated form is 

F - n ti.Jf - l n ( 1 + n ~f ) = K t 

where K is hydraulic conductivity, cm/hr; ~f is Green-Ampt capillary 
pressure head, em; and n is available porosity., Equatit>n variables are 
infiltration rate, f, cm/hr; infiltration amount, F, em; and time, t, hr. 

( 1) 

( 2) 

The Green and Ampt parameters have been estimated from soil water retention 
data using the Brooks-Corey.water retention equation (Brakensiek et al. 
1981). The Brooks and Corey equation (1964) is written as 

where 

Se (effective saturation) = 
9-9 

r 
6-e r 

and e is soil water content cm3tcm3; er is residual saturation, cm3/cm3; 
cis total porosity, cm3/cm3; tbb is bubbling pressure, em; tb is capillary 
pressure, em; and A is the pore-size distribution index. The Green-Apmt 
capillary pressure head, wf is calculated by (Brakensiek 1977): 

The authors are: W. J. Rawls, Hydrologist, USDA-ARS Hydrology Laboratory, 
Beltsville, Maryland 20705, and D. L. Brakensiek, Hydraulic Engineer, 
USDA-ARS Northwest Watershed Research Center, Boise, Idaho 83705 

( 3) 



2 + 3>. \jib 
ljJf = 1 + 3>. --z--

where \jib is divided by 2 to correspond to an air exit value (Bouwer 1969). 
The available porosity (n) is calculated as: 

n = ee - ASW 

where 

ee (effective porosity) = (~- er) 

( 4) 

( 5) 

( 6) 

and ASW is the antecedent soil water, cm3/cm3. The Green and Ampt hydraulic 
conductivity parameter (K), based on Bouwer's (1969) work, is one-half the 
saturated hydraulic conductivity, Ks. 

K = Ks/2 (7) 

and the saturated conductivity (K s) is calculated by an equation derived by 
Brutsaert ()967) 

K = a 
( ::) 2 

/ s (>. + 1)(>. + 2) 

Calibration of equation (8) with measured Ks (em/sec) values gave an 
empirical value of "a"= 21 (Rawls et al. 1982). 

( 8) 

Based on analysis reported by Brakensiek 
conductivity for a soil crusted layer is 

et. al. ( 1982) the final saturated 

K Sc = __ z_c--=--
ljJlf + zc 

(9) 

where Ksc =saturated crust conductivity (cm/hr), Zc =crust thickness (em), 
\jJ1f =steady state capillary potential at crust subcrust interface (em), 
SC = reduction factor for subcrust partial saturation, and Ks = saturated 
conductivity for the original uncrusted soil. Since saturated hydraulic con
ductivity values are used to determine crust conductivities, we will report 
saturated hydraulic conductivities in this paper rather than the Green-Ampt 
hydraulic conductivity. 

In summary, the Green-Ampt parameters needed for application are ee, 
effective porosity, Green-Ampt capillary pressure head \jJf, and saturated 
hydraulic conductivity, Ks. 

PROCEDURE 

Alternate procedures for specifying the Green-Ampt infiltration parameters 
based on available soils and agroncmic information is presented in Fig. 1. 

Soils 

The soils data needed are particle size distribution (perce~t sand and 
clay), percent organic matter, and bulk density. Soil survey descriptions 
can be used to estimate the above soil properties if measured values are not 
available (Rawls et al. 1983). Also, Fig. 2 can be used with estimated or 
measured particle size distribution and organic matter to estimate bulk 
density (Rawls 1983). 

. . . , ... •.•• .. .. •. · ... 



---------------- ·--· -·- -- - ·- ---·--------

INPUT 
S 0 I L S DATA MANAGEMENT DATA 

'""""PARTICLE SIZE DISTRIBUTION TILLAGE SURFACE 
(SAND CLAY) COVER 

ORGANIC MATTER CONSOLIDATION SURFACE 
BULK DENSITY AMENDMENTS ROUGHNESS 

GREEN & A MPT 

PARAMETERS 

NO SOIL 
CRUSTING 

YES 

CRUSTED 
GREEN & AMPT 
PARAMETERS 

EVENT .... GREEN & AMPT 
PARAMETERS 

Fig. 1. Procedure to Estimate Green and Ampt Infiltration Parameters 

2 

3 

~ .. 
> 
< 
..J 
0 5 

8 

II 

100 

SAND ~ 
--- ----·------·---------·-

~ ORGANIC 
MATTER 

100 

+ 0RGANIC MATTER 
BULK DENSITY 

100-% ORGANI-C 
MATTER 

MINERAL BULK 
DENSITY 

AVERAGE ORGANIC MATTER BULK DENSITY = 0.22-4 gm/cm' 

Fig. 2. Mineral Bulk Density (g/cm3) 



The influence of tillage, additions of organic matter and soil modification 
are represented as changes in total porosity (Brakensiek et al. 1982). 
Figure 3 shows the percent porosity change due to moldboard \illage according 
to soil texture. A porosity change for other tillage practices can be deter
mined by multiplying the porosity change caused by plowing, given in Fig. 3, 
by the factor given in Table 1 for the specific tillage practice. Values 
given in Table 1 can also be used in conjunction with experience to determine 
porosity changes for new tillage methods. 

SAND (%) 

0 10 20 30 40 50 60 70 80 90 100 
04----L~~--~---J_,~~--~--~---L~~--~ 

10 

20 

30 

~ 
40 

>-
< 50 ...J 
(..) 

60 

70 

80 

90 

100 

Table 1. 

c 
15(-2) 

- Initial Increase and seasonal 
decrease In porosity In percent 

• Data points 

Fig. 3. Porosity Changes Caused by Plowing 

========================================================================== 

Tillage System 

Chisel 
Plow-Disk-Harrow 
Rotary 
Plow and Pack 

Ratio 
_T i 11 age Poros i.t.v 

Plow Porosity 

1.02 
0.97 
0. 95 
0.82 

========================================================================== 

GREEN-AMPT PARAMETERS 

To quantify the soils and management effects on the Green-Ampt parameters, 
water retention regression equations with sand, clay, organic matter, and 
bulk density as input (Rawls et al. 1982a) were used to predict the soil 
water held at 9 tensions between 0.2 bar and 15 bar. The Brooks-Corey 
equation (Eq. 3) was fitted to the estimated water retention curve using a 
non-linear optimization scheme and the Green-Ampt parameters (ae, ~f, Ks) 
were determined from the optimized Brooks-Corey parameters using equations 
4 , 6 , 7 , and 8 . 



Using porosity values calculated from the bulk density values obtained from 
Fig. 2, the set of base value Green-~npt parameter charts given in Figs. 4, 
5, and 6 were developed by simulation for 0.5 percent organic matter. Also 
included in Figs. 4, 5, and 6 are Green and Ampt parameter charts for various 
levels of porosity change ranging from -20 to 30 percent change of the base 
value porosity (Fig. 7). 

In the case where bulk density and organic matter cannot be determined and 
soil texture is the only soils data available, then the soil texture centroid 
values of sand and clay are used to enter the base value charts in Figs. 4, 
5, and 6 to determine the Green-Ampt parameters. Additionally, soil texture 
modifiers can be used to indicate the portion of the soil texture to be 
entered. In the case where the bulk density is known or estimated from 
Fig. 2 with a known amount of organic matter, Fig. 7 is used to determine 
the porosity level which matches the porosity calculated from the bulk 
density for the given sand and clay percentages. If the value falls between 
two charts, linear interpolation can be used. Using the porosity level 
determined~ along with the percent sand and clay, the Green-Ampt parameters 
can be determined from Figs. 4, 5 and 6. · 

Texture charts representing the l/3 and 15 bar soil water retention shown in 
Fig. 8 were developed similarly to the Green-Ampt parameter charts and can 
be used to estimate antecedent soil water content (ASW) for wet and dry 
conditions if measured values are not ayailable. 

CRUSTED GREEN-AMPT PARAMETERS 

If the soil is susceptable to crusting (most cultivated soils) input about 
the surface cover and surface roughness is needed (Brakensiek et al. 1982). 
Using the appropriate matric potential drop across the surface seal and 
subcrust partial saturation conductivity reduction factors given in Table 2, 
and an assumed crust thickness, the final saturated curst conductivity can 
be determined using equation 9. The transient crust saturated conductivity 
can be determined by methods given in Brakensiek et al. 1982. 

Table 2. Crust Parameters 

=========================================================================== 

Soil texture 

Sand 
Loamy sand 
Sandy loam 
Loam 
Silt loam 
Sandy clay loam 
Clay loam 
Silty clay loam 
Sandy clay 
Silty clay 
Clay 

Steady state capillary 
potential across a crust 

subcrust interface 

~f 
em 

2 
3 
6 
7 

10 
5 
8 

10 
6 

11 
9 

Partial saturation 
reduction factor for 
subcrust conductivity 

(SC) 

0.91 
0.89 
0.86 
0.82 
0.81 
0.85 
0.82 
0.76 
0.80 
0.73 
0.75 

=========================================================================== 
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CONCLUSION 

A procedure with the necessary tables and graphs have been presented for 
estimating Green-Ampt infiltration parameters based on readily available 
soils and agronomic data. This procedure allows an infiltration based 
rainfall runoff model to be used in ungaged areas (Brakensiek et al. 1982). 
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Modifying SCS Hydrologic Soil Groups and Curve Numbers 

for Rangeland Soils
1 

2 D. L. Brakensiek, W. J . Rawls, and G. R. Stephenson 

Alternative determinations of SCS hydrologic soil groups (HSG) and runoff curve 
numbers (CN) procedures are presented along with examples . The procedure 
utilizes the SCS Soils-5 data base . Use of this data base is facili t ated by 
SIRS (Soils Information Retrieval Systems) facilites use of this data base . 

SOILS DATA 

The SCS Soils-5 file represents the largest and most available U.S . soils data 
bank . SIRS has now greatly facilitated access to Soils- 5 . Since the Soils-5 
data file does not include certain soil water properties such as percent sand, 
R. B. Grossman of the National Soils Survey Laboratory , SCS , Lincoln, Nebraska, 
developed expressions for calculating these quantities from the Soils-5 data . 
He cautions that the exactness of the approximations may vary and that they 
should only be used if measurements for particular properties are una vailable . 

Table 1 presents Soils-5 property entries from SIRS for the Searla soil series 
(found on the Reynolds Creek watershed in Idaho) . We have added a letter code 
for reference to the following calculations. Necessary soil properties which 
we require but are not available on SOILS 5 are : Z1 , the percent of fragments 
< 250 mm , > 2 mm by weight, and Z5 , the percent sand . 

These can be calculated from the Grossman expres sions as, 

Z1 
E 

E + [ ( 1 - - ) ( 1 00 - G) ) , 
100 

where 

E percent fraction greater than 3 inches (E), 
G percent material less than 3 inches passing sieve #10 (G), 

and 

1
contribution from the USDA , Agricultural Research Service; Northwest 

( 1 ) 

Wate rshed Research Center , 270 South Orchard , Boise, ID 83705 , and Hydrology 
Laboratory, Room 139, Building 007, BARC -West , Beltsville, MD 20705 . 

2
Resea rch Hydraulic Engineer, Northwest Watershed Research Center, Boise, ID 
83705 , Hydrologist, Hydrology Laboratory, Beltsville , MD 20705 , and Geologist, 
Northwest Watershed Research Center, Boise , ID 83705 . 
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TABLE 1. SOILS-5 FILE FOR SEARLA SOIL SERIES 

·-·-·-·-·-f-·-·-·-·-· 
1e~rla ( id0929 )cool 

mlra(s) · 25 
rPv . lh . ghl , 12-82 
calcic argixerolls. loamy-skeletal. mixed, fri!lid 

lhe ~earla ;eries con;ists of very deep well drained soils that formed in colluvium from sedimentary rocks on mountains . 
~ le v a tio n is 5 500 to 6900 feet . aap is 14 to 16 ihes . m~st is 42 to 45 f. ffs is 50 to 70 days. vegetation is mountain 
b i g s ag ebrush and bluebunch wheatgrass . typically the surFace layer is brown gravelly loam 15 inche1 thick . the su bsoil 
i• ~ell ow tsh brown v e ry gravelly clay loam to 32 inches . the substratum i3 white very gravel!~ loam and very pale brown 
v~r~ gra v illy sandy loam to 60 inche1 . slop&s are 30 to 60 percent. 

·-~-·-·-·-·-~-·-·-·-* 

searl.J i d 0929 ) c 0 0 1 

A 8 c D E F G 1-1 I J I( M 

e 

f\j 
d ~p t h 

(in . ) 
fract I p!!rcent of material less I liquid I plast'y I clau 1 motst bulk 

texture unif"ird aashto ) 3in I than 3 in passing sieve no . I limit I index I t. <2mm : den~i ty 
(pctl I 4 I 10 I 40 I 200 I I : : (~ / c m :Jl 

---------------------------------------------------------------------------------------------------------------------------------1 
0 -l :i I gr - 1 I s m-sc.gm-gc I u-'1 I 5-JO I 6 5-85 60-80 '15- t. O 35-50 I 25-30 I 5-10 : 1~-20 I 1.4 0 -1 . 5\J I 

15-::?2 : 9r v-c1 : gc I a-2 : 5-15 I '15-60 35-50 25-'10 20-35 I J0-40 : 10-13 I 2 7 -3 ~ I 1. ~ 0 -1. 50 
32- l. O : grv-Lgrv-sl I gm-gc I a - t.a-2 I 0-15 I 35-60 25-50 15-35 10-30 I 25-30 I S-10 I 10- 22 : 1. 30- 1.60 

---------------------------------------------------------------------------------------------------------------------------------1 
0 P Q Fl S T U V \tV 

per m•a - I available I soil I sulinity I shrink- I erosion I wlnu I organic 
b i l tt y 1 wa t e r : rea c tion I mmhos/cm I swell I facto r s I erod . I matter 

(in / hr ) : Ctn / in) I Cplt) I I I kIt I group I (pet) I 
-------------------------------------------------------------------------------------1 

O. b - 2 . 0 I 0 . 13-0 . 16 I 6 . 6-7 . 3 I - I low I .1512 I 6 I 2-4 I 
0 . 2- 0 . 6 I 0 . 10-0. 13 I 6 . 6-7 . 3 I - I luw I . 101 I I I 
0 . 6- 2 . 0 : 0 . 05-0. 07 I 7 . 4-8 . 4 I ( 2 I 1 uw I . 03 I I I 

-------------------------------------------------------------------------------------1 
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TABLE 2 . PROGRAM TO FIND SOIL PARAMETERS 

FOR = POROSITY PS = PERCENT SAND = % SAND PC = PERCENT CL AY % CLAY 

10 
20 

30 
40 

50 
60 

REAL*4 Ks , Yf , Qe,Qr,Yb,LAM 
CHARACTER * 1 ANS 
WRITE(6 , 20) 
FORHA 'r (/ , / , 5X , ' $ ENTER THE POROSITY : ' , $) 
ACCEPT* , POR 
IF(POR . LT. 0 . 0 . OR . POR . GT . 1 . 0) GO TO 150 
WRITE(6,40) 
FOR11AT(/ , 5X, ' $ ENTER THE % OF SAND : ' ' $) ACCEPT-* , SAND 
I F(SAND . LT . 5.0 . OR . SAND . GT. 70.0 ) GO TO 170 
WRITE(6 , 60) 
F 0 R r1A T ( / , 5 X , ' $ ENTER THE % OF CLAY : ' , $) 
ACCEPT* , CLAY 
IF( CLAY . LT . 5 . 0 . OR . CLAY .GT . 60 . 0) GO TO 190 
PS=SA ND 
PC=CLAY 

EQUATIONS DESCRIBING GREEN - AMPT PARAMETER CHARTS 

Qe=0 . 0 1162 - 0 . 001473*PS - 0 . 002 236 *PC +0 . 98402*POR+0 . 0000987 * PC**2 
1 +0 . 003616*PS * POR - 0 . 010859 * PC*POR - 0 . 000096*PC**2*POR - 0.002437* 
2POR**2*PS+0 . 0115395*POR**2*PC 

Yf= 6 . 5309 - 7 . 32561*POR+0 . 00158 3 *PC**2+3 . 809479*POR**2+0 . 000344* 
1PS*PC-0 . 0498 37*PS*POR+0.001608*PS**2*POR**2+0 . 001602 *PC**2* 
2PO R** 2 -0 . 0000136*PS**2*PC - 0 . 003479*PC**2*POR - 0.000799*PS**2*POR 

Yf = EXP(Yf) 

Ks =19 . 52348*POR-8 . 96847-0 . 028212*PC+0 . 00018107*PS**2 - 0 . 0094125* 
1PC**2 - 8 . 395215*POR**2+0 . 07771 8 *PS *POR - 0 .002 98*PS**2*POR**2 -
20 . 019492*PC**2*POR**2+0 . 0000173*PS**2*PC+0 . 02733*PC**2*POR+ 
30 . 001434 *PS **2*P OR - 0 . 0000035*PC**2*PS 

Ks = EXP(Ks) 

Qr=-0 . 0 182482 +0 . 0008 72 69 *P S+0 . 005 134 88 *P C+0 . 02939286*POR 
1- 0 . 00015395*PC**2 - 0 . 0010 827 *PS*POR - 0 . 00018233*(PC**2 ) * 
2(POR**2)+0.00030703*(PC**2)*POR - 0 . 0023584 *(POR** 2 )*PC 

LAM =- 0 . 7842831+0 . 0 177 544 *PS - 1 . 062498*POR-0 . 00005304 *PS** 2 
1- 0 . 00273493 * PC ** 2+ 1 . 111 34946 *POR ** 2 - 0 . 03088295*PS*POR 
2 +0 . 00026587 *(PS** 2 )*( POR ** 2 )- 0 . 00610522*(PC* * 2) * (POR ** 2) 
3 - 0 . 00000235 *(PS** 2 )* PC+0 . 007 98 74 6 * (PC* * 2) * POR - 0 . 0067449 1 
4 * (POR ** 2 )*P C 

LAN = EXP(L AM) 

5 
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TABLE 2 . PROGRAM TO FIND SOIL PARAMETERS (CONT . ) 

Yb=5 . 3396738+0 . 1845038*PC-2 . 48394546 *P OR-0 . 00213853 * 
1PC**2-0.04356349*PS*POR-0.61745089*PC*POR+0.00143598 
2*(PS**2)*(POR**2)-0 . 00855375*(PC **2)*(POR**2) - 0 . 00001282* 
3(PS**2)*PC+0 . 00895359*(PC**2) *POR - 0 . 00072472*(PS**2)*POR 
4+0.0000054*(PC** 2)*PS+0 . 50028060*(POR**2)*PC 

Yb = EXP(Yb) 

BARTHD= . 1535 -. 0018*PS+ . 0039*PC+ .1 943 *POR 
BAR15 =.0370-.0004*PS+.0044*PC+.0482*POR 

OUTPUT SECTION 

WRITE ( 6 , 70) POR,SAND,CLAY 
FORMAT(/,/,/ , 12X , ' POROSITY ' , 5X , ' %SAND' ,5X, ' %CLAY ', /, 
112X,F7 . 5,6X , F6.2,5X,F6 . 2) 
WRI TE(6 , 80) Qe 
FORI·1AT (I , / , 5X, ' EFFECTIVE POROSITY = ', F7 . 4) 
WRIT E(6 ,85) . LAM 
F 0 R !H T ( I , 5 X , ' P 0 R 0 S I T Y I N D EX ' , F 7 . 4 ) 
WRITE(6 , 90) Yf 
F 0 R f'.! A T ( I , 5 X , ' WET T I N G F R 0 NT C A P I L LA R Y P RES S U R E ' , F 1 0 . 4 , ' c m ' ) 
\vRITE(6,100) Ks 
FORMAT(/ , 5X, ' SATURATED HYDRAULIC CONDUCTIVITY ', F10 . 5, ' cmlhr ' ) 
WRITE(6 ,1 10) BARTHD 
FORr1AT(/ ,5X , ' ONE THIRD BAR WATER CONTENT ', F10 . 4) 
WRITE(6,120) BAR15 
FORMAT(/,5X , '1 5 BAR WATER CONTENT ', F10 . 4) 
\vRITE(6,125) Qr 
FOR!1AT(/,5X, ' RESIDUAL WATER CONTENT ', F10.4) 
WRITE(6 , 126) Yb 
FORr1AT(I , 5X, ' BUBBLING PRESURE ', F10 . 4 ,' em') 
WRITE(6,130) 
FORMAT(/ , /,I , 5X, ' $ WOULD YOU LIKE TO CALCULATE ANY M.ORE?(yln) ', $) 
READ(5,140) ANS 
F 0 R f.1 A •r ( A 1 ) 
IF(ANS .E Q. ' Y' . OR . ANS . EQ . ' y') GO TO 10 
S'rO P 

ER RO R CHECKING 

WRIT8( 6 ,160) 
FORMAT(I , / , 5X , ' ERROR IN POROSITY, value mu s t be > 0 and < 1 ' ) 
GO TO 1 0 
HRITE( 6 , 180 ) 
F 0 H r~ . A T ( I , I , 5 X , ' ERR 0 R IN PERC r. NT AGE 0 F SAND , v a 1 u e m u s t be > 5 and 
1 < 7 0 ' ) 
co ·ro 30 
'I/ RITE ( 6 , 200) 
FOHHAT(I , I , 5X , ' ERROR I~! P8RCENT AG2 OF CL AY, value must be > 5 an d 
1 < 60 ' ) 
' 0 TO 50 

6 



TABLE J. SAMPLE OUTPUT 

RUN SOILS 

$ ENTER THE POROSITY: 0.45 

$ ENTER THE % OF SAND : 39 

$ ENTER THE% OF CLAY : 16 

POROSITY 
0 . 45000 

EFFECTIVE POROSITY 

% SAND 
39 . 00 

0 . 3788 

% CLAY 
16 . 00 

POROSITY INDEX 0. 3460 (GREEN AND AMPT A) 

WETTING FRONT CAPILLARY PRESSURE 21.1312 

SATURATED HYDRAULIC CONDUCTIVITY 0 . 59637 

ONE THIRD BAR WATER CONTENT 0 . 2331 

1 5 BAR 'llA'r ER CONTENT 0 . 11 3 5 

RESIDUAL \YATER CONTENT 0.0710 

BUBBLING PRESURE 27 . 4790 

$ WOULD YOU LIKE TO CALCULATE ANY MORE?(y/n) N 

FOR'l'RAN S'rOP 

7 

em (GREEN AND AMPT \jif) 

em/hr 

(GRE EN AND AHPT Gr) 

em 



Table 4 . --SCS hydrologic soil groups for saturated conductivity (KS) 
classes . 

HSG 
(KS cm/hr) 

A 
(0 . 76-1 . 14) 1 

B 
(0.38-0.76) 

c 
(0 . 13-0. 38) 

D 
(0.0-0.13) 

Description 

(Low runoff potential) . Soils having high 
infiltration rates even when thoroughly wetted and 
consisting chiefly of deep, well to excessively 
drained sands or gravels. These soils have a high 
rate of water transmission . 

Soils having moderate infiltration rates when 
thoroughly wetted and consisting chiefly of 
moderately deep to deep, moderately well to well 
drained soils with moderately fine to moderately 
coarse textures. These soils have a moderate rate 
of water transmission. 

Soils having slow infiltration rates when 
thoroughly wetted and consisting chiefly of soils 
with a layer than impedes downward movement of 
water, or soils with moderately fine to fine 
texture . These soils have a slow rate of water 
transmission . 

(High runoff potential) . Soils having very slow 
infiltration rates when thoroughly wetted and 
consisting chiefly of clay soils with a high 
swelling potential, soils with a permanent high 
water table, soils with a claypan or clay layer at 
or near the surface, and shallow soils over nearly 
impervious material . These soils have a very slow 
rate of water transmission. 

1
rt is assumed that a KS greater than 1.14 cm/hr is an "A" soil. 

8 
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¢ 
c 

where 

Z1 1 
(1 - -) I (-

100 ¢ 

Z1 
-) 
100 

¢c the bulk soil porosity (with coarse fragments) , 
~ fine earth fabric , < 2 mm , porosity, and 

Z1 percent by weight of the soil material > 2 mm and < 250 mm , 

(3) 

where Z1 is calculated from Soils- 5 data by equation (3) . The value of ¢ is 
the porosity determined from Fig . 1 by the procedure described in the text or 
taken from the Soils- 5 data file . 

Equation (4) was also derived from the results of Bouwe r and Rice ( 1983) . The 
saturated conductivity can be calculated for the soil containing coarse 
fragments , K , from the conductivity of the fine earth fraction, KS , and the 
percent by w~ight of coarse fragments, Z1 . If Z1 is not known it is 
calculated by equation ( 1 ) . 

K 
c 

Z1 
( 1 - - ) KS 

100 
(4) 

The value of K is entered in Table 4 and a hydrologic soil group is determined 
for the bulk s8il . The computer prog r am in Table 2 can be entered with ¢ to 
determine bulk soil properties other than the saturated hydraulic conductivity, 
which is determined by equ~tion (4) . Equation (4) is also similar to one 
derived by Peck and Watson . Additional research on gravels in soils is 
presented by Dunn and Mehuys (1984) . 

Compacted Soils 

Soil bulk densities can change as a function of land use which induce 
compaction . As the bulk density increases the bulk soil porosity will 
decrease , which may change the HSG . Our procedure is simply to change the 
original bulk density by the percen t change and compute a new porosity . The 
program in Table 2 is entered with a new porosity, and the calculated KS value 
is used in Table 4 to determine the HSG . 

FROZEN SOILS 

Frozen soil conditions frequently occur on rangelands . The following procedure 
was developed by Lee (1983) from his study of a frozen soil . He related the 
ratio of the frozen soil saturated conductivity (KS)£ to the unfrozen soil KS 
as a function of anteceden t soil wate r content . We nave expressed his 

3 Peck, A. J . , and J . D. Watson . 1979 . Hydraulic conductivity and flow in 
non-uniform soil . Unpublished paper , presented at the Workshop on Soil 
Physics and Field Heterogeneity, Canberra , Australia , p . 31-36 . 
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antecedent soil water factor as a percent of field capacity. One- third bar 
water contents are also estimated in our computer program . Equations (5a,b) 
present Lee ' s relationships , 

(KS)f/KS 1. 89 - 0 . 023 (% of FC) , %FC < 78 (5a) 

and 

= o. 1 %F > 78 . (5b) 

For example , if it is estimated that the antecedent soil water content when the 
ground is frozen was 50 percent of field capacity , then by equation (Sa) 

Thus , i f the original hydrologic soil group was "B" , KS 0.45 cm/hr , t hen 

(KS)f = 0 . 33 cm/hr 

and the HSG determined from Table 4 would be reduced to a "C" soil. Equations 
(5a , b) should be used very cautiously, since they are based on laboratory tests 
of only one soil texture . However, they do indicate the hydrologic importance 
of frozen soils . 

SURFACE ROCK COVER 

A thes i s study by Dadkhah ( 1979) indicated that rock cover on the soil 
surface, from 0 percent to 20 percent , decreased the SCS curve number by nearly 
10 percent . Apparently surface rock cover is a signficant factor to consider 
on rangeland curve number hydrology , but more research is needed to quantify 
its effect . The same thesis study also investigated the interactions of rock 
cover, vegetation cover, and soil compaction . 

RANGELAND RUNOFF CURVE NUMBERS 

Standard SCS procedures for determining rangeland CN ' s are given in Tables 8 . 1, 
8 . 2 , and 9 . 1 of their Hydrology Guide (SCS 1972) . Inputs are land use 
treatment or practice , hydrologic condition, and hydrologic soil . group (HSG) . 
The HSG can be estimated by our procedure . 

We propose an alternative procedure which uses the KS parameter directly, 
rather than the hydrologic soil group . We developed Fig. 2 by combining Tables 
8 . 1, 8 . 2, and 9 . 1, and our Table 4 . Fig . 2 would be entered with the estimated 
KS value and with an estimated hydrologic condition (HC), i.e . , cover class . 
We a r e suggesting that HC can be estimated from percent cover . Based on SCS 
Table 8 . 2, the cover classes were defined as shown in Fig . 2 for ba r e , poor , 
fair , and good cover . The lines in Fig . 2 were oriented with the four points 
in their Table 9 . 1 representing the curve numbers for a bare, poor , fair and 
good HC plotted versus the mid - po i nt KS for each HSG . For interpre tation 
between classes , we developed the following equation assuming the average cover 
percent shown in Fig . 2 for each class. 

CN 96 . 38 - 0 . 158C - 19. 84K- 0 . 397KC (6) 

where 
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CN Curve Number, 
C total cover in percent, and 
K saturated conductivity, em/hr. 

EXAMPLES 

Given: Reynolds Creek Soils-5 data for Searla (id0929) cool 

(1) Find - percent sand 

Sand (%) = Z5 = 100 - 100 I/G 

I percent material < 3" passing #200 sieve = 35 - 50 percent 
G percent material < 3" passing #10 sieve = 60 - 80 percent. 

Using the midpoint value for I and G 

Sand (%) 100 - 100 (42.5/70) 
39 percent. 

(2) Find - percent by weight of material > 2 mm and < 250 mm Z1 

E 
Z1 = E + [(1 - -) (100-G)] 

100 

E percent fraction > 3 
G percent material < 3 

inches 
inches 

passing the #10 sieve. 

From Soils-5 

E 5 - 10 percent 
G 60 - 80 percent 

7.5 
z 1 7. 5 + [ ( 1 - -) ( 1 00 - 70) ] 

100 

Z1 35 percent. 

(3) Find - Hydrologic Soil Group 

From the Soils-5, the percent clay (M) is 12 - 20 with the mid-valu e of 
16 percent and the percent of sand (Z5) is 39 percent . 

The measured moist bulk density (N) is 1 . 4- 1.5 with a mid-value of 
1. 45. 
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From our computer program 

KS = 0 . 60 em/hr . 

Referring to Table 4, this soil is Hydrologic Soil Group B. 

If we assume a total cover of 30 percent cover, the calculated curve 
number is 

CN = 72 . 
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Infiltration parameters for rangeland soils 
W.J. RAWLS, D.L. BRAKENSIEK, AND M.R. SAYABI 

Abstract 

Important to the management of rangelands Is knowledge of the 
water intake properties of their soils and the effect of soil surface 
and canopy cover. Using a data base of rangeland infiltration runs 
covering a wide range of soil and cover conditions, a procedure 
incorporating the effects of soil properties, soil surface cover, and 
vegetative canopy on the Green-Ampt hydraulic conductivity 
parameter was developed. Test results indicate that the estimated 
Green-Ampt parameters provided good predictions of the mean 
final infiltration rates and volumes for a variety of soil-cover 
situations . 

Key Words: Green-Ampt, infiltration rates, soil properties 

The importance of ground and canopy cover on rangeland infil
tration characteristics has long been recognized (Gifford 1984). 
Generally, it has been shown that as ground cover or canopy cover 
increase, infiltration amounts increase while increases in bare 
ground decreases infiltration amounts (Gifford 1984). Most recently 
H utten and Gifford ( 1988) showed that Green-Ampt parameters 
estimated from soil texture data alone do not adequately model 
rangeland infiltration. Mehan ( 1986) showed that infiltration 
increases with increases in surface rock for a range of soil textures . 
Also , Lane et al. ( 1987) conducted infiltration studies on 5 soils in 
Arizona and Nevada where rainfall simulation experiments were 
run on plots with natural cover canopy removed and bare plots 
where the canopy and most of the surface rock and litter were 
removed . They found that infiltration was greatest for the natural 
condition , declining when canopy was removed and further declin
ing when surface rock and litter were removed . 

At present there are methods for predicting parameters for the 
Green-Ampt infiltration model based on soil properties (Rawls 
and Brakensiek, 1983, 1985); however, there is no method for 
incorporating the effects of rangeland ground cover and canopy 
cover on infiltration parameters . Therefo re , it is the purpose of this 
paper to develop procedures for incorporating the effects of 
ground cover and canopy cover into the Green-Ampt infiltration 
parameters , which may alleviate some of the problems identified 
by Hutten and Gifford (1988). 

The Green-Ampt infiltration rate equation is 

f=K c +(~c-;SW)'I'c ) 
and its integrated form is 

·K(T) = F - (Pc- ASW) 'l'c In (1 + F ) 
\ (~c - ASW) 'l'r 

where f = infiltration rate (cmf hr) 
F = infiltration amount (em) 
T = time (hrs) 
K = hydraulic conductivity (cmf hr) 
'It= wetting front capillary potential (em) 
Pc = corrected porosity (total porosity corrected for 

rocks and air) (vol) 
ASW = antecedent soil water (vol) 

[I] 

[2J 
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In order to predict infiltration with equations [I] or [2), the 
antecedent soil water (AS W) needs to be inputted and hydraulic 
conductivity (K), wet,ting front capillary potential ('l'r) and the 
poros ity corrected for rocks and entrapped air (~c) need to be 
estimated. The following are equations used for predicting the 
parameters based only on soil properties : 

Effective Porosity (Pc) 
~c = ~ = (CFC) (EAC) [3] 

where 
~ = total porosity (vol) = (2.65)- BD)/ 2.65 

CFC = Correction for coa rse fragments (Brakensiek et al. 1986) 
= ((100 - VCF) / 100) 

EAC = correction for entrapped air (Rawls and Baumer 1989) 
= 1.0 - (3.8 + 0.000 19 (CLl) - 0.337 (SA)+ 0. 126 (CEC) 

(CL) +OM (SA/ 200)2) / 100 
BD = 33 KPa bulk density of the fine earth soil (< 2 mm) 

g/ cml 
OM = % organic matter 
CL =%clay 
SA= %sa nd 

CEC = cation exchange capacity/o/oday (ranges 0- 1) 
VCF = %volume coarse fragments (> 2 mm) computed from 

Brakensiek et al. 1986 
VCF = ((WCF/ 2.65) • 100)/ ((100- WCF/ BD + WCF/ 2.65)) 

WCF = %weight of coarse fragements (>2 mm) 

Wetting Front Capillary Potential ('l'r) 
'l'r=e' [4) 

where x = 5.34 + 0.185 (CLl) - 2.484 (p) - 0.0021 (CLl) - 0.0436 (SA) 
(p) - 0.6175 (CL) (p) + 0.00144 (SAl) (pl)- 0.00855 (CLl) 
(pl)- 0.000013 (CL) (SN) + 0.009 (¢) (CLl) - 0.00073 (¢) 
(SAl)+ 0.000005 (SA) (C Ll) + 0.5003 (CL) (~l) (Rawls and 
Brakensiek, 1985) 

Hydraulic Conductivity (K) 

K = K. (FGC) (CFC) [5] 
where K. =saturated hydraulic conductivity (Rawls and Baumer 
1989) 

= ( (¢c- 8,)3 ) (~\~ ( 0002 (Cl~ 
(1 - {lc)l 8 , J ') 

FGC = froze n ground correction (Lee 1983) 
= 2 - .019 • PFC 

8, = residual soil water (vol) (Rawls and Baumer 1989) 
= 0.2 • 0.1 (OM)+ 0.25 (CL) (CECO·'~ (BD/ 100) 

(BD/ 100) (EAC) (CFC) 
C = -0. 17 + 0. I 81 (CL) - 0.00000069 (SAl) (CLl) -

0.00000041 (SAl) (S!l) 
+ 0.000118 (SAl) (BDl) + 0.00069 (CLl) (BDl) 
+ 0.000049 (SA2) (CL}- 0.000085 (SI) (CLl) 

SI = percent silt . 
PFC = soil water at freezing (% vol) / soil water held at 33 

KPa (% vol) . 
If PFC ~ I, then FGC = . I (Lee 1983) . 

Brakensiek and Rawls ( 1983) developed a factor for reducing the 
saturated hydraulic conductivity for an established soil crust. The 
crust factor is 
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0> 

L 

CRC = L - TC + TC [6] 

where 

SC B 

CRC = soil crust correCtion (Brakensiek and Rawls, 1983) 
L = wetting front depth (em) (assume 6 em) 

TC = crust thickness (em) (assume 0.5 em) 
B = 0.0099 + 0.0721 (TC) + 0.0000068 (SAl) + 0.000021 

(SAl) (TC) - 0.0003 I 5 (SA) (TCl) 
SC = correction factor for partial saturation of the subcrust 

soil (Brakensielc and Rawls 1983) 

Management changes are reflected in the above parameters only 
by changes in the bulk density of the soil. 

Methods 

An extensive data search was performed to compile infiltration 
data sets which included detailed soils, ground cover, and canopy 
cover information. The physical characteristics of the data sets 
located are summarized in Table I . 

Table 1. Summary description of data sets. 

Study reference State 

Devaurs ( 1984) ID 

Hutten (1984) UT 

Lane et al. AZ 
(1987) NV 

Thurow (1985) TX 

Ward and Wood NM 
( 1982) 

Williams (1969) UT 

Wood 1 NM 

I Personal communication 

General description 

3 soil series, grazed and non-grazed sites 
and 2 soil water levels; 38- 59% sand ; 
9- 18% clay; bulk density 1.1 - 1.5 gfcml; 
30-52% canopy; and 7- 32% bare ground . 

5 soil sites with 2 management practices 
(plowed and unplowed); 25- 68% sand; 
15- 33% clay; bulk density 0.9- 1.3 gfcm3; 

0.65% canopy; and 0- 50% bare ground. 

'atural, clipped and bare range cover at 
3 sites in AZ and 2 sites in NV; 66- 84% 
sand; 1- 9% clay; 0- 75% canopy; and 
0-41 % bare ground . 

27- 88% sand; 7-42% clay; bulk density 
0.85-0.95 gfcml; 27- 57% canopy; and 
21 - 43% bare ground. 

Grazing levels, pinyon-juniper mgt, 
sagebrush mgt and others at 3 sites ; 
32- 90% sand; 14- 33% clay; 1- 90% 
canopy; and 3- 89% bare ground . 

4 chained pinyon-juniper sites; 16-65% 
sand, 16-33% clay; bulk density 
.9- 1.6 gfcml; 0.20% canopy; and 38- 97% 
bare ground . 

Dry and wet soil water levels on one 
range site; 29% sand; 44% clay; and 35% 
canopy. 

For each infiltration test we calculated the effective conductivity 
using an approximation to the Green-Amp! equation derived by Li 
et al. ( 1976), 

where 
KE = 2(FR) - (F/n 

KE = effective conductivity (cmfhr) 
FR = final infiltration rate (cmf hr) 

F = total infiltration at the final infiltration rate (CM) 

[7) 

T = accumulated time corresponding to the final rate and 
infiltration amount (hr) 

Since the studies contained various replications at cacti site, we 
used the mean site value for soil- ground cover, canopy cover, and 
the geometric mean effective conductivity which represents an area 
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integrated value- for the analyses . 

Parameter Development 

Past research (Moore 1981) has shown that the wetting front 
capillary potential parameter is relatively insensitive in compari
son with the hydraulic conductivity parameter. It was thus 
assumed that ground cover and canopy cover affect only the 
hydraulic conductivity parameters. Since rangeland conditions 
reflect long-term climate, cover, and land use patterns, we assumed 
that all bare soil is crusted and that the bare or covered soil under a 
canopy has a higher conductivity than the bare or covered soil in 
the interspace area. In addition, the covered soil has a higher 
effective conductivity than the uncovered soil surface whether 
under a canopy or in the interspace area . These assumptions reflect 
that canopy, ground cover, litter, or surface rocks reduce crust 
formation. Further, they enhance macroporosity caused by biotic 
activity and other processes especially in the soil under or around 
the litter rock soil interface. 

We incorporated the canopy and ground cover effect into a 
simple weighting by the proportions of the unit area composed of 
canopy and open space and by the proportion of the canopy space 
and open space in which the soil surface was covered or bare. For 
the portion of unit area under canopy cover we estimate the effec
tive conductivity parameter, (KE)c, as 

KEc = (CF) [(BC/CAN)(CRC) + A(l-(BC/ CAN))] (K) [8) 

and for the portion of the unit area outside of canopy cover we 
estimated the effective conductivity (KEo) as 

KEo = [(BO/ OP)(CRC)+A(I - (BO/ OP))) (K) [9) 

where 
KEc = effective conductivity und er canopy (cm; hr) 
KEo = effective conductiYit y outside of canopy (cm/ hr) 
CF = ca nopy fact or 
BC = bare area under canopy(%) 

CAN = canopy area (%) 
OP = open area outside canopy (%) 
BO = bare area in open space (%) 

CRC = crust factor (equation [6]) 
A= macro-porosit y fact or 
K = hydraulic conductivity of soi l (cm / hr) (equation [5]) 

Combin ing equations [8] and [9] forth lola unit are co nsisting 
of canopy covered area (CAN) and open area ( ), we have 

KE = (CAN)KEc + (OP)KEo ~O(.} [10) 
or 

KE = (CF) [(A)(CAN-BC) + CRC(BC)](K) + [(A)(OP- BO) + 
CR C( BO)](K) [11) 

The canopy factor (CF) and macroporosity factor (A) are the 
only unknown parameters in equation [11). In the following sec
tions estimators for these parameters will be developed. 

Canopy Factor 
The canopy factor (CF) is defined as the ratio of effective con

ductivity under canopy (KEc) to effective conductivity without 
canopy (KEnc). 

The Hutten (1984) data set was chosen to develop the canopy 
factor because it covered a wide range of soil texture, ground cover, 
and canopy cover co nditions (Table I) and included infiltration 
runs. with and without canopy. A geometric mean KE without 
canopy was determined for the 4 soils and used to determine CF for 
each of the 12 treatments. Using the data the following equation 
was developed relating canopy to CF 
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CF = (I+ 0.96 ~~N) r l = 0.88 n = IJ ; (12] 

where CAN= canopy(%) 

Macroporosity Factor 
The macroporosity factor (A) in equatio n [II] is assumed to 

represent an enhancement of the infiltration potentia l of soil that is 
covered by rocks or litter (Mehan 1986). The H utten ( 1984), 
Devaurs ( 1984) and Thurou ( 1985) data sets were chosen for eva
luating the macroporosity factor because they covered a range of 
soil conditions including bulk density and ground cover condi
tions . Using the previously developed CF predictor equation [ 12] 
we solved equation [II] for a mean A for each treatment and then 
using regression techniques related to A to soil properties resulting 
in the following prediction equation: 

A : e(JlJ'l - 0.099 SA • I.JU BD) r l : . 88 n : 41 [13] 
where 

SA= % sand 
BD = 33 KPa bulk density of fine earth soi l (<2 mm) g/ cml 

In fitting equation [ 13], A was constrained to be greater than one 
because macroporosity was assumed to only increase hydraulic 
conductivity. Also, since the data did not include soils with less 
than 20 % sand , and the form of equation [13] will produce 
extremely high A values for soils with less than 20% sand, we would 
limit the equation to a maximum A value of 18 which was the 
largest value in the data set. 

Table 2. Summary of test results. 

Study 
reference Site Treatment Sample size 

Lane et al. Bernard ino Natural 8 
(1987) Clipped 8 

Bare 8 

Cave Natural 8 
Clipped 8 
Bare 8 

Hathaway Natural 8 
Clipped 8 
Bare 8 

Mercury Natu ral 4 
Clipped 4 
Bare 4 

Area II Natural 4 
Clipped 4 
Bare 4 

Williams Intermediate 8 
(1969) sandy soils 

(30-45%) 

High sand soils 8 
(50- 65%) 

Wood Dry 24 
Wet 21 

Ward and Grazing Dry 6 
Wood (1982) Wet 

Sagebrush Dry 5 
Wet 

Pinyon/ Juniper Dry 5 
Wet 

• ± value is the standard deviation for each measured mean. 
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Testing 

We used the Lane et al. ( 1987), Ward and Wood ( 1982), Williams 
(1969) and W ood data sets (Table I) to test equations [II , 12 and 
13] because these data sets were not used in parameter develop
ment. Since each data set had d ifferent run durat ions , we predicted 
the final infiltration rate, total infiltration amount, and the average 
mea sured antecedent soil moisture using the Green-Ampt infiltra
tion model equation [I] from equations [3 ,4,5,6, II, 12, and 13]. The 
predicted infiltration values were compared with the mean and 
standard deviations of the observed values for each site . The results 
of the testing are sumrparized in Table 2. 

Lane et al. (1987) reported infiltration results from studies on 
large rangeland plots in Arizona and Nevada under simulated 
rainfall. At each of the 5 sites they had 2 plots evaluated spring and 
fall for several consecutive years with the following designated 
treatments : 

natural - natura l site cond itions 
clipped - all vegetation cut and removed 

bare - canopy and nonembedded (>5 mm) surface matrial 
removed 

They repo rted mean final infiltra ti on ra tes and amounts for the 30 
minute very wet run at each site. As they did not measure bulk 
density it was calculated with the equation reported by Rawls 
( 1983). R ock, litte r, ba re soil , under and outside canopy were 
measured for each AZ plo t. The proportio n of bare ground 
beneath the canopy and outside of the canopy was estimated fo r 

Infiltration final rate and volume 

Measured Predicted 
Final rate• Volume• Final rate Volume 

cmf hr em cmf hr em 

3.53 ± 0.77 1.96 ± 0.82 3.87 2. 19 
2.10 ± 0.75 1.24 ± 0.65 2.69 1.67 
1.37 ± 0.62 .73 ± 0.60 1.79 1.21 

2.63 ± 0.70 1.49 ± 0.77 1.96 1.32 
1.50 ± 0.62 .88 ± 0.80 1.81 1.23 
1.1 6 ± 0.60 .65 ± 0.65 1.08 0.8 1 

3. 16 ± 0.99 1. 72 ± 0.85 2.65 1.62 
1.93 ± 0.85 1.04 ± 0.80 2.16 1.38 
1.24 ± 0.52 .74 ± 0.58 1.32 0.92 

2.05 ± 0.48 1.08 ± 0.98 1.97 1.32 
.73 ± 0.55 .50 ± 0.70 1.93 1.29 
.48 ± 0.30 .25 ± 0.46 1.04 .77 

3.37 ± 1.30 1.85 ± 0. 75 2.55 1.60 
2.94 ± 0.75 1.75 ± 1.00 2.18 1.42 
1.63 ± 0.48 .98 ± 0.48 1.31 0.94 

4.4 ± 0.98 1.88 ± 0.59 2.25 1.71 

4.98 ± 2.61 1.61 ± 0.82 5.32 3. 19 

6.94 ± 0.32 6.28 ± 0.12 7.08 6.21 
4.60 ± 0.45 5.34 ± 0.20 5.66 5.28 

8.56 ± 1.13 5.91 ± 0.73 7.62 5.90 
7.63 ± 1.85 4.25 ± 0.80 7.50 4.34 

6.35 ± 2.2 1 4. 15 ± 1.10 7.88 4.81 
5. 81 ± 1.79 2.96 ± 0.73 4.83 2.79 

7.50 ± 2.29 4.6 ± 1.53 11.3 6.20 
7.30 ± 1.65 3.86 ± 0.72 9.5 5.00 
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the V sites. Soil rock was estimated from their soil report. 
Table 2 compares the predicted Green-Ampt final infiltration 

A rates and total infiltration amount with t~e measured mean final 
W infiltration rate and amount at each site and treatment. As shown 

in Table 2, predictions for all sites except Mercury bare and clipped 
were within± I standard deviation of the measured mean. Since 
Lane's sites had very high sand (>65) the macroporosity factor 
derived from equation [II] becomes I; thus this study gives an 
independent test of the crust and canopy factors in equation [II]. 
The natural plots test our procedures for predicting the canopy and 
crust factors. The clipped plots test our procedure for predicting 
surface cover factors, while the bare soil plots tested our proce
dures for predicting crusted soil hydraulic conductivity. The bare 
plots independently tested the crust factor since the soil surface was 
primarily bare. 

Williams ( 1969) conducted a number of infiltration tests in Utah 
on pinyon juniper sites in 1967 and 1968. We stratified the Williams 
data into 2 groups, intermediate sand and high sand, and the 
results are shown in Table 2. The predicted rates and amounts are 
within the 95% confidence intervals; however, the confidence 
intervals are very wide and absolute error is up to 100% for the high 
sand tota l infiltration. The high sa nd tests the effect of the canopy 
and crust factors while the intermediate sand soils incorporates the 
crust, canopy and macroporosity factors. 

Wood conducted infiltration tests on a clay loam soi l in ew 
Mexico. We ran predictions on the dry and wet treatments; all 
predictions except the dry final rate, which could be a result of 
antecedent soil water conditions, were within the 95% confidence 
intervals . 

Ward and Wood ( 1982) conducted 4 replicate infiltration tests at 
17 sites. We subdivided the sites according to cover (graz.ing sage
brush and pinyon juniper) and dry or wet treatments. The pre

A dieted final infiltration rates and amounts were within 95% confi
W dence intervals; however, the standard deviation of the means are 

very large (Table 2). The numerical error in the pinyon /j uniper 
estimates are 30-50% high. 

Regression analysis was performed on the mean measured final 
infiltration rate versus the predicted final infiltration rate given in 
Table 2 and the mean measured total infiltration volume versus the 
predicted infiltration volume given in Table 2. This analysis indi
cated that the intercepts and slopes were not significantly different 
from 0 and I, respectively, at the 0.05 significance level. This 
indicates that the model predicts accurate and unbiased estimates 
of the mean final infiltration rate and total infiltration volume. 

Conclusion 

A method was developed for incorporating readily available 
rangeland soil, surface cover, and canopy cover properties into the 
predictions of the Green-Amp! hydraulic conductivity parameter. 
The method was evaluated on ten diverse independent rangeland 
areas and generally predicted the mean final infiltration rate and 
amount within one standard deviation of the measured mean 
indicating that our assumptions and parameter estimators ar~ 
acceptable. Since the development and testing of data sets did not 
include high silt soils and grass-dominated·vegetative cover, using 
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the proposed procedure may yield questionable results . Also, the 
proposed procedure yields one of the first quantitative methods for 
evaluating the relative effects of rangeland treatments on infiltration. 
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APPENDIX 2 M 

Correspondence and reports from Or. Leonard J. Lane on effect of vegetation on 

hydraulic conductivity (dJskelte included). 



TO; GEORGE SABOL RE HIS 2B APRIL CORRESPONDENCE 

SUBJECT: PROPOSED FIGURE ?A AS A METHOD OF ADJUSTING 
VALUES OF BARE SOIL HYDRAULIC CONDUCTIVITY 
KsO TO REFLECT CANOPY COVER AND GROUND COVER 

FROM: L. J. LANE 

George: 

I think we are close to solving the problem of how to derive 
simpl i fied means of estimating Ks to use in the Green-Ampt 
infiltration equation. 

I must confess, I am still somewhat confused by the complicated 
regression equations from Rawls, et al. But, I have a proposal for 
you which may help clear up the confusion. 

If you cou 1 d c 1 ean 11n .. ~~ --' - - -

for coarse fragme n 
affecting Ks, I ca b Z'!-jVJ 
effects. ';:; I 

Consider an equa t i {3) (o,t:J/e5 

Ks = KsO*< exp { J<e/ttl""n) 
where: Ks = Adju - -- ·-· .... :::>C' rn 

.traight forward way to account 
ting, and bulK density changes 
y cover and ground cover 

gc/.)) 

t.Jreen-Ampt eq. (mm/h), 
KsO = Bare so i 1 Ks incorporating coarse fragments in the 

profile, crusting, and changes in bulk density (mm/h) ' 
Ace = Coefficient expressing influence of canopy cover, 
cc/. = Percent canopy cover (/.) ' 
Age = Coefficient expressing influence of ground cover, and 
gc/. = Percent ground cover ( /.) . 

If you could develop procedures to get estimates of KsO, · I have some 
ideas for the canopy cover and ground cover effects. 

In the following Analysis Notes, I derive first order estimates of 
Ace and Age for data from 32 rainfall simulator plots in Arizona, 
Nevada, and New Mexico. 

But first a question for you. In your Fig. 7A, why i s the value of 
KE/XKSAT less than one <~0.53) for values of 0.0 ground cover and 
0.0 canopy cover? I thought the bare soil KsO was the minimum value 
and Ks increased with addition of canopy cover and ground cover. 
This is why I do not understand why we don/t require KE/XKSAT >=1.0? 

In any event, please read through my Analysis notes and let me Know 
what the next step is. Perhaps we should set down at a desK 
together for half to a full day together to clear up any 
misunderstandings, reach a decision on how to proceed, and to 
outline a publication if such is warranted. If you should decide we 
need to get together, I have a den with computer, printer, 
typewriter, phone, and answering machine. 



TO; GEORGE SABOL RE HIS 28 APRIL CORRESPONDENCE 

SUBJECT: PROPOSED FIGURE ?A AS A METHOD OF ADJUSTING 
VALUES OF BARE SOIL HYDRAULIC CONDUCTIVITY 
KsO TO REFLECT CANOPY COVER AND GROUND COVER 

FROM: L. J. LANE 

George: 

I thinK we are close to solv i ng the problem of how to derive 
simplified means of estimating Ks to use in the Green-Ampt 
infiltration equation. 

I must confess, I am st i l 1 somewhat confused b y the complicated 
regression equations from Rawls, et al. But, I have a proposal for 
you which may help clear up the confusion. 

If you could clean up and document a straight forward way to account 
for coarse fragments in the soil, crusting, and bulK density changes 
affecting Ks, I can taKe care of canopy cover and ground cover 
effects. 

Consider an equation of the form: 

where: Ks = Adjust~d Ks for use in Green-Ampt eq. (mm/h), 
KsO = Bare so i 1 Ks incorporating coarse fragments in the 

prof i 1 e, crusting, and changes in bulK dens i ty (mm/h), 
Ace = Coefficient expressing influence of canopy cover, 
cc/. = Percent canopy cover (/.) ' 
Age = Coefficient expressing influence of ground cover, and 
gc/. = Percent ground cover ( /.) . 

If you could develop procedures to get estimates of KsO, · I have some 
ideas for the canopy cover and ground cover effects. 

In the following Analysis Notes, I derive first order estimates of 
Ace and Age for data from 32 rainfall simulator plots in Arizona, 
Nevada, and New Mexico. 

But first a question for you. In your Fig. ?A, why is the value of 
KE/XKSAT less than one <~0.53) for values of 0.0 ground cover and 
0.0 canopy cover? I thought the bare soil KsO was the minimum value 
and Ks increased with addition of canopy cover and ground cover. 
This is why I do not understand why we don/t require KE/XKSAT >=1.0? 

In any event, please read through my Analysis notes and let me Know 
what the next step is. Perhaps we should set down at a desK 
together for half to a full day together to clear up any 
misunderstandings, reach a decision on how to proceed, and to 
outline a publication if such is warranted. If you should decide we 
need to get together, I have a den wit~ computer, printer, 
typewriter, phone, and answering machine. 



The problem is my crazy schedule. I will be travell i ng to Kan s as 
City, Honolulu, NewarK, Edmonton, and West Lafayette over the next 
two and a half months. Following are some proposed dates should you 
agree on the need for some personal di s cussions. We should probably 
count on a full day to accomplish the tasKs outlined above. 

June: 1. Sat 6/1 7 <Note Sunday June 18 is Father / s Day) 

July: 1. Mon 7/3 <Note Tues is July 4) 
2. Fri 7/7 
3. Sat 7/ 8 

Aga i n, please consider the need for a meet i ng and le t me Know if an y 
of the above dates would be convenient for you. You can cal 1 and 
leave a message on my machine at home (602-575-8009) if we wind up 
missing calls bacK and forth. 



ANALYSIS NOTES 

Re: PROPOSED FIGURE 7A AS A METHOD OF ADJUSTING Ks IN THE GREEN-AMPT 
INFILTRATION EQUATION FOR THE MARICOPA COUNTY HYDROLOGY MANUAL 

I. SELECTION AND PRELIMINARY ANALYSIS OF DATA 

1"1y persona I I i brary .::~.nd the Un i •Jers i t y of Ar i :;:on a Science 
Library were consul ted to find appropriate reports and papers 
me e t i n g t h e f •:J I I C•l'J i n g c r· i t e r i a . 

1. Deal in.;~ vJi th r·.;;..inf .3.ll -:;. imul .3.tor ·:.tudie ·:::. in the :3outhwe ·::.t 
2. Studies reporting some soils informat ion includino surf;o..ce 

soil te x ture~ or pro•Ji din.;~ sufficient information in thl? 
t e )< t to a 1 1 moJ est i rna t i on of apparent surface so i I te xt ure . 

3. Studies reporting percent canop y cover, percent ground 
cover, and measured final infiltr .;;..tion rate Kf as a 
statistic representing a field-measured estimate of Ks. 

t'-1y quick l i tera ture search and quick trip to the I i br a r y turned 
up four ke y references listing data on 32 e xperimental plots <Tab! e 
1). The soils on the sites listed in Table 1 were all poorly 
described in the te x t with te x tures given as sand~ gravelly loamy 
sand~ gravelly sandy loam, fine sandy loam~ and sandy loam. From 
narrative descriptions given in the texts of the papers, I 
classified the soils as sand <Sa), Loamy Sand <LSa), Sandy Loam 
( SaL ) , an d Loam ( L) i n t h e l as t c o l u m n of Tab l e 1. T h o s e c 1 as. s i f i e d 
as Loam probably are· Sandy Loam near the Sandy Loam--Loam border. 
In any event, my te x tural classifications are not rigorous but are 
more "apparent" based on my reading of the te x ts, my knowledge of 
the sites, and the grouping of the resulting Kf values. I am far 
from satisfied with these classifications or groupings. But, as 
Jon.;~ as our soils colleagues continue to use such descriptive and 
qualitative descriptions of soils and concentrate their efforts on 
profile propert i es as opposed to surface and near surface 
properties, we in the West wi 11 suffer from poor soils lnformation. 

The quanti t .3.ti•,! e data from the publications are summa.rized in 
Table 2. Of the four textural classes in Table 2 ( Sa, LSa, SaL, 
and L ) , LSa and Sal could probabl y be combined based on the 
statistics of the measured Kf values shown in the last column. But, 
I suggest we keep them separate for now as we don ' t Know how reall y 
representative the values are of all possible Loam y Sands and Sandy 
Loams. 

II. ANALYSIS & PREDICTION OF Ks FROM KsO, CC%, AND GC% 

An equation of the following form was hypothesized as a means 
of adjusting KsO for canopy and ground cover effects. Because I had 
trouble understanding how to get coarse fragments, crusting, etc. 
into the estimate of KsO, I decided to get estimates of it by 
opt i m i z at ion. 

The proposed equation is an e x ponential form which has some 



desirable properties such as robustness and k nown properties in the 
1 imi ts. The proposed equation is 

t.vhere : Ks 
KsO 
Ace 
cc:< 
Age 
·~c:.': 

= 
= 
= 
= 
= 
= 

( 1 ) 

Adjusted Ks va 1 ue to use in Green-Amp t eq. (mm/ h), 
8 a r e so i 1 K s v a. 1 u e ad j u s. t e d f or c r u ·5 t i n g , e t c . ( mm/ h ) , 
Coeffic i ent for canop y co v er effects, 
Percent canop y cover, 
Coeff i c i en t for ground cover effec ts , and 
Percent ground co ver. 

A least squares program was written to read in o bser ved Kf data 
from Table 2, assume initial value s of Ks O, Ac e , and Age, c a l cu l a te 
corresponding values of Ks from Equat i on 1, and find the least 
squares or best estimates of KsO, Ace, and Age. Except for the 
Sand, it looked 1 ike 0.01 provided a reasonable <not optimal a=:. 
have not done a complete analysis ) value for Ace and Age. For Sand, 
I assumed Ace= 0.005 because canop y effects seem to dim i nish for 
the sandier soils. Of course, these somewhat arbitrary selections 
for Ace and Age no doubt affect the optimal value of KsO. This is a 
problem for a subsequent multivariable optimization study . I do not 
have the appropriate software available . However if y ou have a 
statistical package which can do multiple regression, we could taKe 
t h e 1 o g t r an sf or m of E q u a t i on 1 an d e s t i m a t e a 1 1 t h r e e p .:.\ r .:.\me t e r s b >' 
least squares regression. I did not thinK you wanted me to take the 
1 a r g e am o u n t of t i me· t o ~" r i t e s u c h a p r o g r c;m an d , i n f a c t , you 
probabl y already ha v e one we can use if we get together. 

Table 3 1 i sts the KsO, Ace, and Age v .3.l ues used for e .9.ch of the 
four app~rent te x tural classes and the final column of table 3 shows 
the estimated Ks values. As you wi 11 see, these predictions are 
quite close to the measured Kf values considering the data were 
collected over a 20+ year period by a variet y of invest i gators using 
many different techniques. 

Tab 1 e 4 c on t a i n s d a t .3. summa r i z i n g h 0\•J ~" e 1 1 t h e K s. v a 1 u e s 
correlate with the measured Kf values by class and for all data . 
The corresponding Kf and Ks values and the regression line between 
them is shown in Fig. 1. My conclusion is that i f yo u can get the 
right KsO value, then the proposed equation and the parameter values 
shown in Table 4 can be used to estimate Ks values s u ff i c i entl y 
accurate for pr .:.\ctical applications . . 

Figure 2 shows Ks/ KsO u s ground cover and canop y cover for the 
Sand and similar results are shown for the other te x ture classes in 
Figure 3. 

If you compare Figure 3 with your Figure 7A, you wi 11 notice 
t h e f o l l ow i n g : 

1. Fig. 3 suggests the range of influence of ground cover is 
f r om e x p r: 0 . 0 ) = 1 . 0 t o e >: p < 1 . 0 ) = 2 . 71 8 as i s t h e i n f 1 •J e n c e 
of canopy cover so long as Acc=Agc=0.01. Your Fig. 7A 



suggests about a factor of 2 correction for canop y cover and 
also for ground cov er . Again, I don ' t Know wh y KE/~kSAT is 
not 1 . 0 ~oJhen canop y cover and ground co•,1er are both zero . 

2 . The corrections to KsO due to canop y cover and ground cover 
are e x ponent i a 1 and thus transform to 11 nice 11 straight 1 i ne-::. 
on semi log paper as shown in Fig . 3 . This makes for easy 
interpolation . 

3 . Figure 3 incorporates optimal or least squares estimates for 
KsO . How does KsO enter in your Fig. 7A ? 

III . SUGGESTIONS 

1 . Please go through my notes and anal ysis to maKe sure the y 
.0\re correct and that I did not misinterpret your resul t ·s . 

2 . Assuming no problems from step 1, please consider 
combining your work on KsO and my worK on canopy and ground 
cover i nf 1 uences as the first prac t i ca 1 procedure to 
estimate Ks on sandy soils in the desert Southwest . We 
could propose it as a documented procedure, clearly 
explained, and thus amenable to further testing, 
evaluation, and refining . Perhaps we could suggest some 
carefully conducted e xperiments to evaluate KsO, Ace, and 
Age as well as the form of Eq . 1 . In .0\n y e•Jent, Eq. 1 is 
the simples~ I could come up with which is robust and has 
reasonable, easil y app .::,.rent 1 imits, )'et fits the data so 
~vell. But ag.:<. in we need to use log transformations and 
a multiple regression program to find the true opt i mal 

, '.J .:<. l ues . 

Please let me know what you thinK of these suggestions . 
think we are getting close but are not quite there yet. 

L. J . Lane 
Tucson 



------------------------------------------------

Table 1. Sel eo: ted referenced with dat .3. on canop ::··· co•...r 21, 
ground co•,.1er, and f i n .3.1 i nf i 1 tr·.3.t ion r .3.tes . . 

Reference Plot Identification 
In R efe renc~· 

8 .':\ch, L. B. 1'? :34. Determination of 
i nf i 1 tr .3.t ion~ runoff, .3.nd erosional 
characteristics of a small watershed 
u :. i n 9 r a i n fa 1 1 ·::. i mu 1 a. t i on data. Un-
p u b 1 i s h e d M S T h e s i '=· , l'·l e l-'J Me x i c o :3 t a t e 
Univ. ~ Las Cruces, NM , 69 pp. 

Kincaid, D. R., J. L. Gardner, and 
H. A. Schreiber. 1964. Soi 1 and 
vegetation parameters affecting 
infiltration under semiarid conditions. 
Bu 1 1 • lASH 65:440-453. 

Lane, L. J., J. R. Simanton, T. E. 
Hakanson, and E. M~ Romne y . 1987. 
Large-plot infi 1 tration studies in 
desert and semiarid rangeland areas of 
the SouthvJestern U. :3.A. Prox. Intrl. Conf. 
on In f i 1 t rat i eon De •,.o e 1 opme n t and Ap p 1 i c a-
t i on . , 'l·.Ja t e r Res. Res. Center, Un i t.l • of 
Hav,1a i i at Manoa, Hon o 1 u lu, HI , pp. 365-376. 

Ward, T. J. 1986. A study of runoff and 
erosieon processes using large and smal 1 
area rainfal 1 simulators. New Me xi co State 
Univ. Water Res. Res. Center, Report 
No. 215, 71 p. 

U'v' 
UI 
t·1l) 
MI 
LI 

E3 
E2 
E4 
LH-3 
El 
K-10 

BN 
BC 
88 
AllN 
All C 
All 8 
Cl'l 
cc 
CB 
HN 
HC 
HB 
MN 
MC 
1"18 

IIJS2 
vJS3 
t·JS 2 
L,IS:3 
NI"1SU 
NI"1SU 

Here 

Sal 
:3.:=t-2 
Sa.3 
Sa4 
Sall 

LSal 
LSa2 
LSa3 
LS .3.4 
LSa5 
Sal2 

LS .3.6 
LSa7 
LS.3.8 
LS .:.9 
LSalO 
LSall 
Sal3 
Sal4 
Sal5 
Sa.L6 
Sal7 
Sal8 
L1 
L2 
L3 

SaL9 
SallO 
Sa 1 11 
L4 
LSa12 
LSa13 



Table 2. Summar y of canop y cover, ground cover, and final 
infiltrat i on ra. tes for selected data in T .=tble 1. 

Plot ID "Apparent" Te x tural ; . .-: Canop y ' / 
·' • Ground Final 

Class of Surface Soi 1 Co•.}er Cov er Inti 1 . Ra te-

:3a 1 
Sa2 
:3a.3 
Sa4 

LSa1 
LSa2 
LSa3 
LSa4 
LSa5 
LSa6 
LSa7 
LSa8 
LSa? 
LSa10 
LSa11 
LSa12 
LSa13 

Sall 
Sal2 
Sal3 
Sal4 
Sal5 
Sal6 
Sal? 
:3al8 
Sal? 
Sal10 
SaL11 

L1 
L2 
L3 
L4 

Sand or Loam y Sand 
" 
" 
" 

Loam y Sand or Gravelly 
Loam y Sand 

" 
" 

Sandy Loam or Gravelly 
s~. n d ::..' Loam 

Sandy Loam to Loam 

" 

( ;<) 

57.0 
25 . 0 
41 .2 
17.0 

44.4 
35.2 
32 . 1 
20.3 
26.0 
65 . 2 

0. 0 
0 . 0 

21 . 2 
0 . 0 
0 . 0 
5.0 

12 . 0 

23 . 5 
20 . 0e 
34.7 

0. 0 
0.0 ' 

4:3 . 7 
0 . 0 
0 . 0 

23.0 
12.0 
26.0 

22 . 0 
0 . 0 
0 . 0 

22.0 

( ;< ) l<f (mm./ h ) 

35 . 0 L_l c:"' ·~ , ._1 . ,_, 

70.4 60 . 7 
5 7 . 8 -;"C" .. 

.. ...; . ·~ 
·=> ·") -::' o...J ..:.... • •. 81 • 0 

26.7 35 . 6e 
27 . 2 17.3 
10 . 5 20 . 3 
17 . 6 14.7 
14 . 7 17 . 0 
57.3 35.3 
62.4 21 . 0 
23 . 6 13 . 7 
78.4 33.7 
70.8 29.4 
16.8 16.3 
52.7 '") C' q 

~...J . " 

50 . 0e 22 . 1 

1 . 9 12 . 0 
17 . 7 13.2 
5 7 . 9 '") ' ':> L. •!:'t . w 

59.4 15 . 0 
18.8 11 .6 
63 ,'? 31 . 6 
.65 . 0 19 . 3 
21 . 9 12 . 4 

2. 1 18 . 8 
1 . 2 14.7 
2 . 0e 16 . 0 

76 . 5 20.5 
78 . 1 .., . 3 { 

1.6 . 6 4.8 
1 . Oe 7. 1 

The symbol e represents estimated values using information from the 
te x t of the references cited in Table 1 . 



T~ble 3. Summar y of Ks estimating equations, c a nop y cover, 
g r o u n d c o 'J e· r , me 2, s u r e d f i n C:l 1 i n f i 1 t r a t i on r a t e s. , an d 
estimated Ks values. Estimating equation i s 
Ks = Ks0 ( e x p ( Acc*cc%))*(e x p(Agc*gc%) ) where KsO is the 
bare ~. o i 1 Ks va 1 ue, cc:< i ~· the percent canopy cover, and 
gc% is percent ground cover. The coefficients are Ace and 
Age. 

Plot ID Parameters ;..-: Ca.nop ;,.. ~ Ground Final Es t. 

Sal 
Sa2 
Sa3 
Sa4 

LSa1 
LSa2 
LSa.3 
LSa4 
LSa5 
LSa6 
LSa7 
LSa8 
LSa '? 
LS .3.1 0 
LSa11 
LSa12 
LSa13 

SaLl 
SaL2 
SaL3 
SaL4 
SaL5 
SaLt. 
SaL7 
SaL8 
SaL9 
SaLl 0 
SaL11 

L1 
L2 
L3 
L4 

Ks.O Ace Age 
(mm/ h) ( --) ( --) 

30.0 .005 .01 

12.0 • 0 1 . 0 1 

II 

II 

II 

1 0. 3 01 • 0 1 

5.7 • 0 1 • 0 1 
II 

II 

Cover· 
c.-: ) 

57.0 
25.0 
41.2 
17.0 

44.4 
35.2 
32. 1 
20.3 
26.0 
65.2 
0.0 
0.0 

21.2 
0. 0 
0.0 
5.0 

12.0 

23.5 
20.0e 
34.7 
0.0 
0. 0 

48.7 
0.0 
0.0 

23.0 
12.0 
26.0 

22.0 
0.0 
0. 0 

22.0 

Cm.ter Infil R<1te Ks. 
( ;.-; ) I< f ( rnm,/ h ) ( rnm./ h ) 

35.0 
70.4 
57.8 
0'") 7 
\.JL. • ' 

26.7 
'")"7 ,.., 
L. , . • ....:... 

10.5 
17.6 
14.7 
57.3 
62.4 
23.6 
78.4 
70.8 
16.8 
52.7 
50.0e 

1 • 9 
17.7 
57.9 
59.4 
18.8 
63.9 
65.0 
21.9 

2. 1 
1 . 2 
2.0e 

76.5 
78. 1 
16.6 

1 • 0 e 

<15.8 
60.7 
75.6 
81.0 

35.6e 
17.3 
20.3 
14.7 
17.0 
35.3 
21.0 
13.7 
33.7 
29.4 
16.3 

22. 1 

12.0 
13.2 
26.3 
15.0 
11 . 6 
31.6 
1'?.3 
12.4 
18.8 
14.7 
16.0 

20.5 
7.3 
4.8 
7. 1 

56.6 
68.7 
65.7 
7'l. 7 

24.<1 
22.<1 
18.4 
17.5 
18.0 
t.lQ. 8 
22.4 
15.2 
32.5 
2£1 . 4 
14.2 
21 . <'l 
22.3 

13.3 
15.0 
26.0 
18.7 
12.3 
31.8 
1 '?. 7 
12.8 
13.2 
11 • 8 
13.6 

15.3 
12.4 
6.7 
7.2 

The symbol e represents estimated values using information from the 
text of the references cited in Table 1. 



Table 4. Comparison of measured Kf and estimated Ks values 
for the four "apparent" te x tural classes ~.hmvn in 
Tables 2 and 3. 

Plot ID "Apparent" T e )< t u r a I 
Class of Surface Soi 1 

Regression Results for: 
K:. = A + B*Kf 

A 8 R Squared 

Sal 
Sa2 
s.~3 

LSa1 
LSa2 

LSa3 
LSa4 
LSa5 
LSa6 
LSa7 
LSa8 
LSa9 
LSalO 
LSa11 
LSa12 
LSa13 

Sal! 
Sal2 
Q 

·...Jal3 
Sal4 
Sal5 
SaL6 
Sal? 
Sal8 
Sal9 
Sal! 0 
Salll 

L1 
L2 
L3 
L4 

Sand or Loam y Sand 
II 

II 

II 

Loam y Sand or Gravelly 
Loam ;..- Sand 

Sandy Lo~m or Gravell y 
Sandy Loam 

Sandy Loam to Loam 

II 

II 

39.9 0.40 0.72 

5 . 1 0.75 0.68 

0.84 0.94 0 . 85 

0.49 0.70 

----------------------------------------~----~----------------------
For all data: N = 32, Ks = 1.3 + 0 . 94*Kf, R Squared= 0.93 
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DATE: August 13, 1989 

TO: Dr. George V. Sabol 
1351 East 141st Ave. 
Brighton, CO 80601 
303-457-0 989 

L. J. Lane 
Hydrolog ist 
411 E. SuffolK Dr. 
Tucson, AZ 85704 
602-575-8009 

SUBJECT: Report on Analyses of Infi 1 tration Data 

Enclosed is a report on my subsequent an a l yses of the 
infiltration data as suggested during your v isit here o n J u l y 
7, 1989. 

I thin K I have done about al 1 I can do with the basic data 
set <which is en c losed in hard cop y and on a disK ) . Please 
e x amine the material carefully and let me Know how you decide 
to proceed. I suggest you looK at Table 4 and 4a enclosed 
and consider a procedure such as this. 

Enclosed are the following documents/ items: 

1. Invoice for June, Jul y and August 
2. The interpreted infiltration data 
3. Listings of the raw data files which I used in th e 2 

variable regression through the origin analyses 
4. Listings of the regression results 
5. Documentation and a 1 isting of the 2 variable regression 

program 
6. A disK contain i ng the input and regression output data, 

source and exe code for the regression program, the 
program documentation, and a read.me file to help you sort 
out the information on the disK . 

With the enclosed information and invoice, I wi 11 not do an y 
more worK on the project until y ou have had a chance to 
e x amine the enclosed material in detai 1 and until we have 
discussed the project. 

enclosures 



T .:.. b 1 e 1 • :::; e 1 e c t e d r· e f e r· e n c e d '-'·.1 i t h d .:.. t .:.. on c .:.. n o p :~ · c o u e r ~ 
ground CD \-'er· , .::-.n d f i n .::-. 1 i n f i l tr· .::-. t i c•n r .::o.tE· ::. 

Re f erence Plot Identif ic ation 
I n Ref E· r· en c e 

B~ch, L. 8 . 1984 . Determ i nation o f 
infi 1 tration, runoff, and eros i onal 
c h .:.. r .~cter·i:. tic::. of .:.. ·::.m.::-. 11 IAL::<. ter· :.h ed 
u ·::. i no;, r· .::-. i nfa 1 1 ::. i mu 1 .::-. t ion d .:.. t .::-. • Un-
p u b 1 i s h e d t···l :;:; T h e =· i =· , N e v,, t·-1 e ::< i c o S t .:.. t e 
Univ . ~ Las Cruces, NM, 6 9 pp . 

Kincaid, D . R., J. L. Gardner, and 
H. A . Ec h r · e i be r· • 1 '?.s4 . ::=:o i l a.n d 
vegetation parameters affe c t i ng 
i nfi l tr·a.tion under· ·::.em i .::-.r id condition ·:; . 
Bull . lASH 65 : 440-45~: . 

Lane~ L. J . , J. R . S i manton, T. E. 
HaKonson, and E. M . Romne y . 1987 . 
L .::-. r· ·~ e - p 1 o t i n f i 1 t r· .::-. t i o n :;. t u d i e ·::. i n 
desert and semiarid rangel a nd areas of 
the Southv.Jes ter·n U . ~; . A , Pr·oc . Intr 1. Conf . 
on Infi 1 tr·.~tion De• . .!elopment .0\.nd Appl ic .::-.
tion., l,.J.::-. ter Res . • Res. Center· , Uni• . .! . of 
Hav,L::<. i i a. t t-lano.:o. , Hono 1 u 1 u, HI , pp . 365-376 .• 

Ward, T . J . 1986 . A stud>· of runoff and 
erosion processes using large and smal 1 
area rainfal 1 simulators. New Me x ico State 
Univ. Water Res. Res . Center, Report 
t\lo . 21 5 , ? 1 p • 

I_,.Ja.r· d, T. ,J . a.n d S . 8 . Bo 1 i n • 1 ·:;; :::: 9 . 
Determination of h >·drologic p a rameters for 
selected soils in Ariz o na and Ne w Me x ico 
u t i 1 i z i n g r· .:.. i n f .:.. 1 1 s i m u 1 a. t i o n . t·· J e ~ .. ~ t·1 e ::: i c o 
State Univ. Water Res. Center, Report No . 
243 ~ t!4p . 

1_11 ) 

UI 
t-1',) 
t··t I 
LI 

E'=' ~· 

E2 
E4 
LH-:.:: 
E1 
r: -1 0 

BN 
BC 
E:B 
A l 1 t-J 
A1 1 c:: 
A1 1 B 
Cl·l 
c:: c:: 
CB 
HN 
HC 
HE: 
t··11'l 
t"'1C 
t·-m · 

I,J :::;2 
l...,1:3 :=: 
l,J:::;2 
L·JS3 
t··li'1SU 
t"·lt··1SU 

8H38 
8H6L 
8H 6 H 
H828 
H84L 
H84H 
L K2L 
U <2 H 

Here 

L :3a.1 
u:;.::..2 
u:; .~ 3 

L :3.;:..4 
:;:;.::-.L 1 

:::;.:..L2 
Sa.L 3 
:=;aL4 
::;:.:>.L5 
:::; .~L6 

::::.:>.L7 

LS .:..5 
Lt:.~.::. 

u:;a.7 
LS .::-.8 
L :3a'7' 
LSa1 0 
s .:..LB 
S.3L ·? 
s .:..L 1 0 
:::;a.Ll 1 
:3 .:..L 1 ·-::· ._ 
:3al1 3 
L1 
L~' L 

L·:· ·-· 
:::;a.L14 
:3-:..L 1 1:" 

~· 
:=;a.Ll .::. ,_, 

L4 
LS .:..1 1 
LSa.12 

L :3:..1 3 
L :::;.o-.1 4 
L:::;.:..1 """ ~· 
LSa.1 6 
LSal 7 ,. 

L::::.:.. l :3 
LSa. l '"i' 
L :::;-:..20 

------------- ----------------- --------------- ------ ----------



Tab l e 2. Su mm arY of ca nop y cover , ground cover ~ and final 
i nfi 1 tration rates for selecte d data i n Table 1 • 

P lot ID 

u::.:;..1 
u:: .:..2 

L'=:a.4 
L ::::.:;..5 
L :::: .:..6 
U) .:;..7 

LS.:;..9 
L:::: .:;.. 1 0 
u ::a11 
L:=:.:-.1 2 
L :3.:;.. 13 
L ::: . .:;..1 4 
LS .:;..15 
L ::::.o-.16 
L ::::.:;..1 7 
L::::.:;..1 8 
L ::::.:d '? 
L ::::.:..20 

::::.:tll 
s .:..L2 

:=;·~. L5 

:;:;.:..L .s 
~:.:..L7 

::;:.:;..L'? 
s .:..L1 o 
:::: .:..Ll1 
::::a.L 1 2 
::;:.:..L 1 :::: 
::;:.:;..L 1 4 
::;:.:;..L 1 5 
::::aL 1 .~. 

L1 
L2 
L:.:: 
L 4 

"Ap p .:;..r· en t 11 T e ::; t u r · .:;.. 1 
Class of Surface Soi 1 

Lo am y Sand or Gravell y 
Loa.my Sa.n d 

S.:;..n d y Lo .:..m or· Gr· .:.. •_.o e 1 1 :•' 
:3 .:..n d }·· Lr a.m 

II 

Loam or Loam near 
Sand ~·' Loa.m 

._... [:.~. n Dp }~ 

<::'...., ._ .... 0 
25 0 
4 1 . 2 
1 7 0 
6 5 •'J 

L 

0 (I 

0 0 
2 1 'j .... 

0 0 
0 (I 
<::' 0 ·-' 

1 ~. 0 L . 
0 0 
'7' ~: 

1 9 .:;:. 

0 0 
1 

,.,. 
•::0 0 

1 ..... .-, 
L .:;:. 

36 7 
:3 '7' :3 

23 <::' 

·-' 
44 4 
:3 5 2 
:32 . 1 
20 ':I 

~· 

2·~ 0 
20 Oe 
:34 7 .. 

0 0 
0 (I 

4·-· ·=· 7 
0 0 
0 0 

,...., .-. 
L ·::.• 0 
1 ~. L [I 

26 . 0 

•"') --=· .i- ..:..... [I 

0 0 
(I 0 

·-:· ·-=· 0 .L..&.-

• _.. C3r· ou n d F i n .:;.. 1 
Co• .. .oer· I nf i 1 . F: .:;..te 

.-.c:' 

.,:t ._t 0 4"" ·-' :::! 
70 4 60 7 

<=' 7 ,-, 75 6 ·-' { o::> 
.-,.-, 
o:) .L 7 ::::t [I 
<::" -:o ·:;, ·"":~ C' . ..., ·-',.. ~· ·- · ._1 -~· 

·52 4 21 . 0 
2 :3 6 1 ·':) 7 . ~· 

78 4 :3=: 7 
( 

70 :=: 2 '7' 4 
1 .~. ·=· 1 .~. .-, 

1...' .:;:. 
<::' .-, 7 .-,c '? ·-'L L '-' 

50 . Oe 22 . 1 
0 0 1 6 -, 

! . .::0 

78 '7' 1 ~: 
..... 
-=· 

7 E~ <::' 

~· 
":• ·-:. ·-' ·-· .::: 

0 [I 6 4 
c .-. 7 .-,.-, .-, 
._1 7 ....:. -::.· . L 

.~.s:· 0 ~. c:- .-, 
..::_ ._! .:;:. 

..::.-; 
'- ' I 4 :31 2 
76 .!. .-,-., '7' ·-· L,· . 

1 '? 1 -:· 0 
26 7 3 5 .~. e 

2 7 'j 1 7 .-, .... . .:1 

1 [I c:- 20 .-, 
·-' .:;:. 

1 7 ' 1 4 
...., .. ·~· ,. 

1 4 7 1 7 0 ,. 

1 7 7 1 :=: 2 .. 
<::'-:o 'i' ·-:• L ·:;, ·-' { 

.L. ._, ·-· 
c .- , 4 1 c 0 ._1 7 ·-' . 
1 0::0 8 1 1 6 ·-· 
.!. ·':I 
L'·-' '"i-' 31 6 
t .5 0 1 '"i' .-, 

.:;:. 

21 ;.· 1 ':• 4 
2 1 1 C• ,_, . 8 
1 -;. 1 4 7 . 
2 Oe 1 .~. 0 

7 6 c 20 c 
~· ·-I 

"'7 0 1 
..., ..... .. ._, .. . ;:t 

1 6 6 4 .:;, ·-· 
1 0 e 7 1 

--------- - --------------------------------------------- -------------
The symbo l e represents estimated valu es using in f o rm a . ion from the 
te :=< t of the r·efereno:e ·::. cit ed in Ta.tol e 1. 



Table 3 . Summar y of K sO base v alues l canop y co v erl ground coverl 

P lot ID 

LS .::o. l 
u:;a.2 
U3 .::..3 

Lt:;a5 
L :3 .::..6 
L S.::o.7 

u :;.::o.·? 
u:;.::o.1 o 
LS.::o.11 
U3 .::d 2 
u:;a.1 :::: 
u:;.:d4 
L :3a.15 
L:3.::..1 .~. 

u:;a.1 7 
u:;.::o.18 
L:3a.1 '? 
L S.::o.20 

~;-3. L2 

s .::..L :3 
:;:;.;:..L4 
:::;; .::..L 5 

~3-:c. L·~· 

::=:;a.L9 
:3.::o.L 1 0 
::=;aL 11 
:;:;.;:.,L12 
Sal13 
Sa.L14 
:3 .::o.L 1 5 
:::;; .::..L 1 6 

L1 
L2 
L 3 
L 4 

m e .::.. s u r e d f i n a. 1 i n f i 1 t r a. t i on r· .:;). t e s , .::.. n d n or m a. 1 i z e d , f{ f .. / I< =· 0 , 
•,.t .::.. 1 u e s . 

Base f<~. o 

t) .::o. l ue~. 

( mm/ h ) 

:3[1 . 

" 
" 

1 0 . 

" 

" 

6 . 4 

" 

~.·; c: ~.n op : ... ·· 
Co•.,1er· 

< ;...: ) 

57 (I 

25 0 
4 1 2 
17 0 
65 2 

0 [I 

0 0 
21 2 

0 [I 

0 [I 

5 . 0 
12 0 

0 0 

1 '? ..:. 
0 0 

18 0 
1:2 . 3 
36 7 
3'? ::1 

44 4 
-~r:= ., 
._ •• _r L 

:32 . 1 
20 :3 
26 0 
20 (I 

:::4 7 
0 0 
0 0 

48 7 
0 [I 

0 (I 

23 0 
12 0 
2 .~. 0 

22 0 
0 0 
0 0 

22 0 

;,-: Gr·ound F i n .::o. l 1'-·Jor·ma 1 i zed 
Co• . .t er· I nf i 1 . Pa. te l<f .. / f( ~. o 

< ~<) ~<f t:. rnm .. / h ) ( --) 

:35 0 
70 4 

t=~ 'J 
._1 f ·-· 

.~.2 4 
2 :3 6 
78 4 

16 :::: 
52.7 
50 0 

0 0 
78 9 
78 5 

0 0 
r=o ......, 
.,_1 ,. 

6? 0 
67 4 

1 ? 
2 .5 7 
27 2 
10 5 
1 7 e_. 
14 7 
17 7 
57 '? 
59 4 
18 8 
63 '7' 
.55 0 
21 9 

2 1 
1 2 
2 0 

7t:. 1 
1 6 6 

1 0 

60 . 7 
75 6 
s 1 0 
·-:.c ·J ._, ...._r .._, 

21 0 
1 ·-=· ~ ·-· 
':•'J 7 ·-· ._, . ,. 
2'? 4 
u . 3 
25.'? 
22 1 
1 .:::. 3 
18 3 

6 4 
2 :3 2 
25.:3 
31 2 
27 9 

12 0 

1 7 :=: 
20 :3 
14 -;" 
1 7. 0 
13 2 

1 5 (I 

11 6 

1? 3 
12 4 
1 t::. 8 
14 . 7 

16.0 

20 5 
7.3 
4 8 
7 1 

1 52 
2 02 
.-, c ·- , 
L ... )L 

2 70 
1 1 :3 
0 70 
0 . 46 
1 1 2 
0 9C: 
0 54 
0.86 
0 7 4 
(I 54 
0 61 
1 1 1 
0 21 
0 77 
0. t::4 
1 04 

1 20 
:::: s .~ 

1 7 ·-::· ,. ·-· 
2 03 
1 47 
1 70 
1 32 
2 63 
1 50 
1 1 .:-
::::. 1 6 
1 '?3 
1 :24 
1 :38 
1. 47 
1 • 60 

~: 20 
1. 1 ti 
0 75 
1 1 1 

- ----------------------------- - --------------------- - ---------------



Table 3a . Summar y of KsO base value5~ canop y cover, ground cover ~ 

me a::.ur·ed f i n;o.. l i nf i l tr·.O<.t ion r·.O<. tes, and nor·m.O<.l i zed, f<f ./ ~( :::. 0, 

Plot I D 

u::~d 

L~:;o..2 

LS .::<.7 
u::.0<.8 

u::a.1 o 
u::a 11 
L :3a.1 2 
LS-:::<. 1 3 
L :j.0<.14 
L:3 .0<.15 
L ::::.0<.1 .::;. 
L ::::.::..1 7 
L:3a.1 r::: 
L :::: ·O<. 1 'i' 
u::a.20 

S a.Ll 
~; -~. L2 

~; .~_ L :3 

:3a.L4 
:=:a.L 5 
~: .::.. L6 

r:::.:<.L7 

~:a. L 1 0 
:::: .::..L1 1 
::;: .:..L 12 
::::a.L 1 :::: 
::::.::..L14 
:::.:..L15 
:::: aL16 

L1 
L 2 
L3 
L4 

',-'a.lues . 1<·::.0 • . .J.::o.lu es. a.d._iu ·::.ted for o;;:,r· a.• . ..oel in pr·ofile b )· 
~< sOa. dj = l<sO*(l . O - fr·action of gr·.:;;~.1el in pr·ofi le ) . 

~< C.::o.neop ::.- • .. ·· Gr· ou n d F i n .:;..l t··.Jor·ma l j zed .'o E: .::..se l<sO 
',)a.l u e =· Ceoo,.1 e r· Cot.Je r· I nf i l Ra. te I< f ...... l<so 
( mm .. / h ) 

30 
30 
30 
30 
17 
1 7 

1 7. 
27 
·-:·7 L- ( • 

27 
25 

24 

1 0 ,_, 

1 ~ ·-· 
1 7 
..-, .- , 
LL • 
. -.. -. 
L~ 

10. 
6 1 
6 1 
6 . 1 
6 1 
.5 1 
8 6 
5 (I 

5 (I 

5 0 
4 (I 

4 0 
4 0 

10 0 
10 0 
10.0 

5 8 
6 4 

< ;.<) 

57. 0 
25 0 
41 2 
17 (I 

0 0 
0 0 

21 2 
0 0 
0 0 
5 0 

1 2 0 
0 0 

0 0 
1:3 0 
12 3 

39 3 

2:3 .5 
44 4 
·':I t:" I"") 

·-•·-• L 

32 1 
20 :::: 
26 0 
20 0 
:::4 7 

(I 0 
0 0 

48 7 
0 0 
0 0 

23 0 
12 0 
26 0 

22 0 
(I (I 

0 (I 

22 0 

'·· .···· . ..' 
~:5 0 
70 4 
57 !3 

t="-, ·I 

·-· i ·=· 
62 4 
23 6 
7t' 4 
70 :3 
16 8 

50 0 
0 0 

7E< 5 
0 0 

t= .- , --:" 
._ 1 'T • ( 

6'? 0 
67 4 
76 6 

1 '"? 

.,-, .-, 
L i' • L 

10 5 
17 6 
14 7 
17 7 
57 '? 
5'7' 4 
18 . E: 
.5:3 '? 
t55 0 
21 'i' 

2 1 
1 2 
2 0 

76 5 
7:3 1 
u :. 6 

1 0 

~< f ( mm./ h 

... , o= 0 
""1 ·-' u 

60 ? 
~o:::- .. ,.··._, 6 

:3 1 0 

21 0 
1 :3 7 

33 -, 
2'? 4 
16 3 
.-. C" .-. 
L ·-' 7 

22 . 1 
1 .:::. 3 
18 3 
:33 3 

6 4 
.-..-.. ·~ 
L~ L 
.-. C" ...... 

c..._t. ·=· 

27 '7' 

12 0 

17. :3 
20 :::: 
14 7 
17.0 
13 2 
26 3 
15 0 
1 1 6 
31 .5 
1 '? 3 
12 4 
18 8 
14 -; 
1 6 0 

20 5 
7 :3 
4 :3 
7 1 

) ( -- ) 

1 o= .-, 
._1£_ 

2 02 

2.70 
2.08 
1 24 
0 :31 
1 25 
1 0'? 
0 60 
1 04 
0 ::::8 

0 . 8 0 
1 51 
(I 36 
1 ··15 
1 4 '7' 
1 42 
1. 27 

1 20 
5.84 

·J 'J •J ·-· ·-··-· 
2 41 

1 53 
5 26 
:::: 00 

7 'i'O 
4 :32 
:3 1 0 
1 sr::: 
1 47 
1 60 

.-, c ·-· .,:. ._,.:_. 
1 2 6 
0 8:3 
1 • 1 1 



T c..t. l e 4. Summar y of regression results for influence of 
per·cen t c~. nop;...· co •J er ( cc>: ) .~. nd per·cen t 9round co• . .!er 
( g c ;...; ) on h ::-' d r· .~. u 1 i c c on d u c t i ,.,.. i t :~·· • 

t·'lode l : :;.- = < ~(f./ ~( -::. 0 ) - 1 = .:<.*cc;.·: + b*gc~-. 

or· 
Kf/KsO ~ 1 .0 + a*cc% + b*gc% 

I,..J h e r· e : I< f = m e .~. ::.u r· e d f i n a. 1 i n f i 1 t r · .~. t i on 
r· .~. t e i n mm .. ·,... h 

~< s. 0 = b a. s e ' J ~. 1 •J e of h y d r au 1 i c 

conductivit y in mm/ h 

Co e f f i c i en t .;:.. C:oe f f i c i en t b 
------------------------------------------------------------ -
Lo .:;..my Eiand 20 0 01 1 0 . 0 0 . 17 

:=: .~. nd ::··· Lo3.m 1 i~l 0 02E~ 0 . 0 1 1 0.72 

Lo .:;..m 4 0 • 0~:6 o. oo·~· 0.60 
-------------------------------------------------------------

T3.b1 e 4 .~ . . ::::umm .~. r y of re•;we-::.·::. ion r·e ·::.u 1 t-::. for i nf 1uence of 
p e r· c e n t c 3. n o p :··· c o • . .J e r· < c c ;-; ) .:;.. n d p e r· c e n t g r o u n d c o •,1 e r· 
( g c >: ) on h ;...-d r· au 1 i c c on d u c t i •,1 i t ;.- • 

t··1ode 1 : y = d <f ./1<·::.03.dj) - 1 = .:.. *cc>: + b*•;lc;.-: 
or Kf / KsOadj = 1 . 0 + a*cc% + b*gcX 

Where: Kf =measured final 
i n f i l t r 3. t i on r· 3. t e 
in mm .. / h 

~< =· 0 .:;.. d j = b .~. ·:=, e v a 1 u e of h y d r .~. u 1 i c 
conductivit y i n mm/ h 
adjusted for grav el 
content i n the p r· of i 1 e 

C:oe ·f f i c i en t a Coefficient b F-:**2 
--------------- - ---------------------------------------------
Lo~.m ;...' :3.~. nd 20 0 0 1 3 0 003 0 42 

:::: .~. n d ~·' Loam 1 ·=- 0 043 0 055 (I 7:3 

Lo3.m 4 [I 03'7' 0 0 1 .-, 
0 

, ,..., 
L • ·~L 

------- ------------------------------------------------------



.:.~. 1 

~-~. 2 
L::::.~. :3 

L::::.~.4 

LSa.5 
LS.a6 
LS.:c.7 
L::::a.8 
LSa.'7· 
u::.:;d o 
Lt:a.ll 
L~: a. 1 2 

LSa.1 :::: 
L::::.:;..14 
L:::: .0<.15 
LS .a1 6 
u::a.l 7 
L~:a. l 8 
LSa.1 9 
LS.a20 

LS .:3.3 
Lt:a.4 
L::::,o..5 
u::a.6 
Lt:a.7 
LSc..8 
u::a.'? 
L:::: .a 1 0 
LSa.11 
L:::: .~. 1 2 
LSa.1 :3 
L:::: .::d 4 
L::::a15 
u:: .:d 6 
L Sa.1 7 
LSa.1C: 
L::::a.1 9 
L::::.:..20 

612-lC.!Nit-L DJ9T~ 

~~o Ct.l?o 

30 . 57 . 0 

II 

II 

II 

II 

II 

II 

II 

2 5. 0 
41 . 2 
17 . 0 
L c::- .-, 
'-'·-' • L 

o. o 
0. 0 

21 . 2 
0.0 
0 . 0 
5.0 

12 . 0 
0 . 0 

1'? . 6 
0 . 0 

1 :3. 0 
12. 3 
::::.:::.. 7 

Dlt7 A A.DJt-t~T£ D ro(L 
(~12Av6-L IN ftl. of LF_ 

t~oA01 
::::o. 

17 . 

•"") --:' 
L..r'' I 

II 

.-.c:-
L._I . 

II 

24 . 
23 . 

1 E: • 
16 . 
1 7. 
·-:•'? 
L-L- • 

') ·") 
L. .;_ • 

· I)R VV11TT 

5 7 0 
25 0 
41 . 2 
17 0 
.~. 5 2 

0 0 
0 0 

2 1 2 
0 0 
0 0 
5 0 

12 0 
0 0 
'7' . 3 

1 '7' 6 
0 0 

1:3 (I 

12 :3 
:36 ,· 

3 5.0 45 . 8 
70 . 4 .~. (1 . 7 
t::"-::' 0 ·-' ( . ,_, 

:32 . ? 
5 7 . :~: 

.~. ::::: . 4 
23 . . ~ 
7El. 4 
70 . :::: 
16 . 8 
r:= .-, -:o 
·-'L • ( 

50 . 0 
0 . 0 

fr=., t::" 
t' L• • ·-' 

0 . 0 
t= ,., -:

·-' 7 • ,· 

.s? . o 
67 . 4 
"'"":',! ~ 
I r_t I l_l 

75.6 
8 1 . 0 
:35 . :3 
21 . 0 
13.7 
:3 :3 . 7 
2 '? . 4 

.- , c:- r , 
L ·-' . 7 

22 . 1 
u .. 3 
18 . 3 
~: :3 . :3 

.~ . . 4 
.-i . ...., •t 
£.. .:. • • L 

25 . 3 
31 . 2 
27.9 

35 0 45 ::: 
70 4 60 7 
57 8 
B2 7 
57 :=: 
62 4 
2:3 6 
7t: 4 

16 8 

50 0 
0 0 

"70 t:' 
( ·-· ._1 

0 0 

6 '7' (I 

76 6 

~c ' ,.-._. ·~ 

81 (I 

21 0 
13 7 

16 . :::: 
25 ·:;:· 
22 1 
1 .~. 3 
18 3 
:3:3 3 

6 4 

.-, c=- .-, 
L ·-' ..::• 

:::::1 2 
27 9 

(?.OXJ 2FJI.I) ~~~~ tJ.I) 

0.52 
1 . 0 2 
1 . 52 
1 . 70 
0 . 1 :3 

-0 . :3 0 
-0 . 54 

0 . 12 
-0 . 02 
-0 . 46 
-0 . 14 
-0 . 26 
-0.46 
-0 . 3'? 

0 . 11 
-0 . ;:'·? 

-0.2:3 
-0 . 16 

0 . 04 
-0 . 07 

0 .52 
1 . 02 
1 . 52 
1 . 70 
1 • 0:::: 
0.24 

-0 . 1 '7' 
0.25 
0 . O;i 

-0 . 40 
0 . 04 

-0 . 12 
-0.32 
-0.20 

0.51 
-O . t.c::J 

0 , Ll5 
0 . 4'? 
0.42 
0 . 27 



S .:..L4 
:3 c..L5 
s .:..L.s 
:3 c-.L 7 
:3 c-.LB 
:=:c-. L ·;;· 
s.:..L1 o 
::=:et.Ll 1 
~: .:..L12 

:3.:..L1 :3 
:3 a.L14 
:3a.L15 
Se..L1.6 

::::.=..Ll 
~. r. L -=· 

- L; 
s.:..L4 
:3 .=..L5 
:3au:. 
:3.=..L7 
~3 .:.. Lt: 

3.=o. L 9 
:3.:..L1 0 
:3.:..L1 1 
:3a.L1 2 
:3a.Ll •'j ·-· 
s.:..u 4 
:3 a.L1 <= ·-' 
Sa.L1 .~. 

10 
II 

II 

II 

II 

")·~ c 
.L •-' ·-' 

44 4 
:3 5 2 

20 :::: 
26 0 
20 0 
:::::4 . 7 

0 0 
0 0 

48 7 
0 0 
0 0 

2:3 0 
12 0 
2.~ 0 

lJ frr 14 f\ ro-"' £r ~;. ¥) f c) (L 

6 f2-A-·V£L.. JN f !LD FIL£ 

1 0 2:3 5 
·::::> 1 44 4 

.-. <= .-, 

.:;) ._1 L 

·-=· ·-=· 1 ~•L 

20 :3 
II 26 0 
:3 6 20 0 
5 0 :34 7 . .. 

0 0 
II 0 0 
4 0 40 ,_, 7 

0 0 
II 0 0 

1 0 0 2:::: (I 

1 2 0 
26 0 

1 ·::· 

10 5 
17 6 
14 7 
1 .... 7 

5'? 4 
18 :3 

65 0 
21 ·;;-

2 1 
1 2 
2 0 

1 ,-, .. ,. 
26 7 
27 2 
• 0 <= 
! ·-· 
1 

..., 
6 

1 4 7 
1 7 7 ' <=..., 
._1 ( '? 
5'? 4 
1 0 :3 ,_, 

.~. 3 '? 
' I:' 

·~ ·-' 0 
2 1 9 

.-, 1 L 

1 ·-:> ..... 
·-:> 0 L . 

1 2 0 
:35 6 
17.3 
2[1 :3 
1 4 7 
1..., 0 
13.2 

15 0 
11 6 
3 1 6 
1 ? 3 
12 4 
1 8 :::: 
14 7 
16 0 

1 .-, 0 L 

:35 6 
1 7 ·-=· ~· 

20 3 
1 4 7 

1 7 0 ' 
1 •":) ~· . 2 
-.,.;. 
..:... •-· :::: 
1 5 . 0 
1 1 6 
3 1 6 
1 '7' .-, 

·::0 

1 ~. 4 L 

1 0 8 ._, 

1 4 7 .. 
1 " ·-· 0 

0 20 

0 7:3 
1 • [I :~: 

0 47 
0 70 
0 32 
1 6:3 
0 50 
0 16 
2 1.:~. 

(I s:· :3 
0 24 

0 47 
0 • . :::.o 

0 20 
4 :34 
1 84 
·-:· .-, ., 

.;:. .. :;:) 
1 41 
1 7'? 
0 e ·-· ·-' ·.:· 
4 26 
.-, 
L . 00 
1 ·-:.·-:1 ·-· '-
6 ·;;·(I 
•'j 
·- ' 82 
") 1 0 
0 ·=•c• ·-··-· 
(I 47 
0 60 



A L W u:. 
L ::: 
L4 

L1 
L2 
L-::· 

~· 

L4 

6 . 4 
II 

22 . 0 
0 . 0 
0 . 0 

22.0 

P A-l ii ItS; .:[ 05 Tf D 

76 .5 
7:3 . 1 
16 . 6 

1 . 0 

F b 11 G P A v 6 L J f ;2 b FILE 

C" ·~·J [I 7 .~. C" 8 ~· ·-I L. L. 

II 0 (I 78 1 
II 0 0 1 6 .5 

6 4 ·-:· ·"') 0 1 0 ._ "--

20 . 5 
-::' ·':• 
( . ·-· 
4 . 8 
7 . 1 

20 C" 

·-' ..., ·-:-.. ·-' 
4 8 
7 1 

2.20 
0.14 

-0 . 25 
0 • 1 1 

.-, 
L 

C' •J 
.... ..1 '-' 

0 26 
-0 1 7 

0 1 1 



Regression through 
;.- = .::..* ;': 1 + b* x 2 

d. = . 011 tr = 

I,.,Ji th Rs.qu .::o.r·ed = 

Da. t d. L i ·::. t i n •;J 

X 1 ( i ) 

57.000 
2 25 . 000 
3 41 . 200 
4 1 7 . 000 
&::' 

·-' 65 . 200 
·5 .000 
7 . 000 
:3 21 . 200 
'? . 000 

1 0 . 000 
1 1 5 . 000 
1 .-, 

L 12 . 000 
1 ~. .:, . 000 
1 4 '? . 300 
1 5 1'7' . 600 
1 6 . 0 0 0 
1 7 t::::.ooo 
1 8 12 . 300 
1 '7' 36 . 700 
20 3'7'.300 

-.000 

. 172 

>~ 2 ( i ) 

:3 5 . 000 
70 400 
57 ::::oo 
:32 700 
57 ::::o (I 
62 400 
23 600 
?(j 
,. L• 400 
7 0 . :300 
1 ~. :300 
&::'.-. 700 ._IL 

50 000 
000 

7B '7'0 0 
7:=: 500 

000 
c;- ,-, 
._ 1 '7 700 
6 '7' 00 0 
67 400 
7 . ~. .~.oo 

- - ---End of Data Listing-----

for 

\ -t o.OI I C C.. ~ 

' ~ ..... 1._ i ) ~,· p r· e d < i ) 

520 59'7' 
1 020 244 
1 520 4 ·-:··-:. .:....L 

1 700 1 55 
1 80 6t:O 

- . 300 - 0 21 
- . 540 - oor::: 

1 20 20 1 
- 020 - 024 
- 460 - 006 
- 1 40 0 36 
- 2 .~0 1 1 •"') 

.:... 

- 460 000 
- :3 '7'0 073 

1 1 0 . 1 t::4 
- 7 '7'0 000 
- 2 30 1 7 •71 . ( ·-· 
- 1 60 1 [Is:· 

040 ::::71 
- 070 ::::9 .~ . 



1 
1 
1 
1 
1 
1 
1 

Regression through 
y = eo. * >~ 1 + b* ::-: 2 

.;., = . 02:3 b = 

1_....1 i th R=.quar·ed = 

Dod .:.. L i s.t i ng 

::< 1( i > 

·-:· ·-=1 500 .._ ._, 
•'") 44 400 ..... . 
.-, .-, c:- 200 -.:· .;) ._, 
4 32 1 00 
t::' 20 3 00 ·-' 
.s 26 . 000 
7 20 000 
B :34 :"00 
'? .000 
(I 000 
1 48. 700 
.-, 
L 000 
~. 000 .:.,. 

4 ·-:· ·7J 000 ..._ ._. 

5 1 ~. 000 L 

6 2.~. 000 

t h e or· i 'di n 

. 0 1 1 

. 720 

v ·::· ( .... ..... \ i ) 

1 '7'00 
2.~. 700 
.-, -, 
L. ( 200 
1 0 500 
1 "";' 600 ( 

1 4 700 
1 7 700 ( 

c~ 

.._1 / '7' 00 
c::- ,- , 
._17' 4 00 
1 :3 r:::oo 
.::. :3 ''i'OO 
.5 5 000 
21 ''i'OO 

2 1 00 
1 200 
2 000 

---- -En d of Data L i sting------

fo r 

y( i > / pr·ed ( i ) 

200 . 679 
2 s.so 1 547 

730 1 2'7'5 
1 030 1 (I 1 :3 

470 7 t,s:· 
700 ::::95 
::::20 7.S 1 

1 630 1 . 6 ~:: 1 
500 t.78 
1 60 21 C' 

·-' 
~. 1 60 ~. o·;- 1 L L 

s;•3(1 742 
240 2 5 0 
:3c:o 667 
470 349 
600 750 



1 • . .-, • .. ·:··· = O:: l<f /'' 1<:3[1 ) - 1 ~oam data , 8 / 1 3/ 8 9 , x =cc ~ , X L=gc~, . 

F:e•;,r-es<;:. r on . ro ':l' ' ' ... · th u ~ '- t'-,.,_ ,-_,r · r·,-_,i n fo r 

:;.- a.* :x: 1 + b* x 2 

a. = . 036 b = 

1,.,1 i th R·::.q u.::o.r·ed = 

Da. t .::o. L i ·::. t i n 9 

2 
·'"> .:;. 

4 

::d ( i) 

22 . 000 
. 000 
. 000 

22.000 

. . 60 5 

~< 2 ( i ) 

7 6.50 0 
78 . 1 0 0 
16 . 6 0 0 

1 . 000 

-----En d of Data Listint;r ---- -

. 0 0 '? 

:~ .. ( i :·· 

2 . 200 
. 140 

- . 2 5 0 
• 11 0 

1 • 5 06 

. 15 -'l 

. 804 



e 

[ ... ,1 i 

Regression through 
;v = .;:.. * >=: 1 + b* >:: 2 

.~. = .01 3 b 

th Rs.q u Cl.r· e d 

D.::.. t.::.. Li s. t i n·~ 

::< 1 ( i ) 

1 5 7 . 000 
2 25.000 
3 41 . 200 
4 1 7 .000 
1::' 65 . 200 ·-' 
6 . 000 ..., 

. 000 ( 

8 21 . 200 
'i' . 000 

1 0 . 000 
1 1 5.000 
1 . ..., .<.. 1 2 .000 
1'=' ~· . 000 
1 4 '? .300 
15 1 '7',600 
1 6 . 000 
1 7 1 :::: . 0 0 0 
1 C> 12.300 ·-· 
19 3 .~ . . 700 
20 ::::'7' . ::::o 0 

the or· i g i n f C•r 

= .00:3 

. 420 

}~ 2 ( i ) 

·::. t::" 
·-' ._1 000 
70 400 1 
t:::'~ 800 1 .._) { . 
82 700 1 
1::'~ :300 1 ._,, .. · . 
.:::.2 . 400 
.")':) 
"- ·- · 600 -
7 t:) ,. ,_, 400 
70 ::::oo 
1 (~• 800 -
5 "=' "- 700 
50 000 -

000 -
78 '7'0 0 -
..., •:i ,· ._, 500 

000 -
c::; ,-, 
._17 . 700 
f.'' _. ;r 000 
.~.7 400 
76 ~.oo 

-----End of Data Listing--- --

~-r" ( i ) ::•' P r· e d < i ) 

520 :37B 
020 C'"C •' 

·-'--'·~1 
520 7 :35 
700 4•:J L. ·-··-· 
0 :::o 1 . 05:3 
240 . 1 94 
1 '7'0 07 3 
2 50 52 '7' 
(I 90 . 220 
400 052 
040 2 3 1 
1 2 0 3 1 7 
320 000 
200 370 
51 0 . 5 0:3 
640 00 0 
450 ·+2 8 
4'7'0 ~::3(1 

420 . 704 
270 "'"":' ~ ,-, 

. · '-' 0 



1 
1 
1 
1 
1 

e 1 
1 

I,,J i 

Regression through the origin for 
:;r·· = -~. * ::< 1 + t•* X2 

a = 043 

th F.:sq u ~.r· e d = 

b = 
71"'1 ·1 

• , C•·::.• 

. 055 

D.:;.. toE<. Li st i ng 

>< 1 ( i > ::-:: 2 ( i ) 

2 :3 . 500 1 '?00 
2 44 . 400 26 700 4 
.- , .- ,c=- 200 .::,. ·~ ·-· 27 200 1 
4 :32 1 00 1 0 500 •J 

"-
r::' 20 :::o 0 . ..) 1 7 600 1 ' 
~. 26 000 1 4 700 1 
7 20 000 1 7 700 
0 ..... :3 4 . 700 <=-; ...... '7'0 0 4 
'7' 000 5 '? 400 2 
0 000 1 :3 800 1 
1 4:::: 700 6:3 . '7'0 (I ~ ·-· 
'J . 000 .... ,:c:- 000 ..... ·-·-· .::,. 

3 000 21 '?0 0 'J 
L 

4 .-,-, 
L ·:J 000 2 1 00 

r::' 1 .-, 000 ·-' ..:: . 1 200 . 
.~. 2t . . 00 0 2 000 

-----End of Data Listi ng-----

Regression through the origin for 
)' = eo.* >=: 1 + b*::-:2 

a.. = 

Data. Listing 

~. 

..:: 

:=<1 ( i ) 

22.00 0 
. 000 

3 . 000 
4 22 . 000 

. 625 

::< 2( i ) 

76 5 00 
7!3 1 00 
1 6 . 600 

1 000 

-----End of Data Listing-----

. 012 

'J 
L 

-

iJ ,_. I. 0 tV · DY~ CLfo T O.b ~L> GC ~ 
l<>o APr 

y( i 'i / P r· e d ( i ) 

200 1 1 21 
840 3 ,... ,.., <= 

~0 ... _1 

840 ·""' .::,. 01 •'l 
:330 1 '?6 5 
41 0 1 8 4 3 
790 1 ·? :31 
530 1 83.~, 

260 4 . 67 5 
000 :3 25 .::. 
::::20 1 030 
·:;·oo C' 61 0 ·-I 

B20 :3 5 62 
1 00 1 . 200 
::::BO 1 1 1 1 . 470 c= ,-,c 

-•·::.'1 ·-· 
.~.oo 1 2::::5 

:-..' ( i ) ~"P r· e d ( i ") 

530 1 ( ,~.5 

260 '7'2 1 
1 70 . 1 C•.: .· ,_, 

1 1 0 11-:" c:' 
·~ ·· ._1 



F'FWGRA~-1 DOCUnENTAT I D~·~ 

F'F.:DGF.:At··1: F~ EGC)F.:Gt'··l2 

PUPF'DSE: Two perform regression through the origin for two 
indep e ndent '..J.::..r i a.bl e=:. : 

t·-1ode 1 : 
Solution: Estimates of a and band R squared 

LANGUAGE: FDRTPAN 

I n p u t u n i t ·=· : * k: e ::.·· b o a. r· d , i n p u t f i l e s 

Output Unit ·::. : * ·::.creen, '7"7' output file 

I n p u t I n for· m .::.. t i on : 1 . t i t 1 e , F 0 F.l·1AT 5 1 0 
2. fm t , FORt·-1AT 5 1 0 

fmt is the variable format for 
the input d.::.. ta . . 

3 . fi len, FORMAT 510 
f i 1 en i s. the f i 1 e n a.m e for t he 
input data x 1(i) x2(i) y( i ) r ead 
in under the format fm. 

4 . fname, FDPMAT 510 
fname is the filename for al 1 
f i 1 e output 

5. tempi ,temp2, t emp3 FORMAT fmt 
;.; 1(i) = temp1 
x2 ( i) = temp2 
>'( i) = temp :3 
for· i = 1 to i = n ::< 

0 u t p u t I n f or· m .;:.. t i on : 1 . t i t 1 e , F I] F:t'·1A T 5 1 0 
Output to screen and fname 

2. Heading, FORMAT 600 
Output to screen and fname 

3 . Equation, FORMAT 610 
Output to screen and fname 

4 . a and b, FORMAT 620 
Output to screen and fname 

5. rsqrd, FORMAT 630 
Output to screen and fname 

6 . Heading, FOPMAT 635 
Output to fname onl y 

7. Heading, FOPMAT 640 
Output to fname onl y 

::.: . i , >=: 1 ( i ) , :=< 2 ( i ) , >' ( i ) , / h a. t ( i ) 
FOF.:t'-1AT 650 

Output to +name only 
? . Heading , FORMAT 660 

Output to fname on l>· 

---------------------------- ---------------------------------



E><At··J P L E : 

Suppose y ou ha~e a problem with the f o l l owing. 

Title: Te::. t r·un ·for tv .. 1o •.•.:o.r =· 
fmt : <2 0 ::<: ! 3f 1 0 . 2 ) 
f i l en : t e ·::. t 1 • d .:o t 
fn.~·.me : t e ·::. t 1 . out 

Th i =· i =· the form:o. t for the ::.: 1 ! ::: 2 , >· d .:o. t .:o 
Th i =· i :: f i 1 e n :orne for· i n put d .:o. t .:;. 
Thi·::. 1·:: file n .:..me for· output d .:o. t.:o. 

T o r·un t h e pr· o·~r· :o.m :..· ou v.1ould enter the follo1.- 1in ·~ d .:o. ta. in 
response to the program prompts. 

F'r c•mp t 

Enter· .Job T i t l e 
Enter format for data 
· ·?~ , fnn.n,fnn . n , fnn.n) 

En ': e r· f i l e n .:o.m e fo r· i n p u t d .:o. t .::.. 
En t e r· f i l e n a.m e f or o u t p u t 

U:: e r I r1 p IJ t 

Te::t rur1 for tv.1o • . .J a.r:: 
( 2 0 ::; · f 1 0 . .2 ) 

':e::. tl . d~. t 

te::tl.d::.. t 

2 

At t h i =· p o i n t th e p r o •:;, r· .:;..m 1.·· 1 i l r e :o. d i n . h e d .;::.. t .;::.. f r· orro t h.;;· f i l E 

c ::<. 1 l e d ~ e ·::. t 1 • d .:;.. t . T h e f i l e t e ·::. t 1 • d <:•. t l o o k ·::. 1 i 1<: .;;· t h i :: : t· j c: t e 
t h:o t the f i rst three rrn~s below are f o r i I lu::t rative purpose:: 
.;:..n d .:o.r· e not i n the d .::<. t ?. f i l e . Th e d :-. t .? f i l e 1.·.1ou 1 d ·:•n l ,· 
•:o nt~. in the 1 ine-:: l .:o.beled .:o.ctu:•.1 d .;::.. t .:o. belov.1 . Th .::o. t i :: . the 
d .;::.. t .:o. f i l e t e =· t 1 • d .:;.. t v.1 o u l d •-: on =· i =· t of :: i ::-~ r ol .... l:: of d ?. t 2 .• 

Co l umn in d:ta file 
1234567891123456789 2 12345 6 ~893 1 234 5 67894123456789512245678° 

.::0. c t IJ ·'='· 1 
a. ctu.::<. l 
:o.c t lj .:.. 1 
~.c tu::.. l 

a.c ~ u .:;. I 
.;:.ctu .::..l 

d .::.. t .;:., 
d .::o. t .:o. 
d .::.. t ::0. 

d .;:. t .;:. 
d .:o. t .:0. 

d .:o. t a. 

0 0 
1 20 

:::: 00 
0 50 
3 2 1 

50 00 

0 
- - , -, 
..: L.L. 

·~ .::J .:j 

1 00 so 
0 50 

ss ·;;·o 
1 '? 5 

0 
:3 55 
~ .-. -, . .,: . ....:. 

12s ·:;·o 
1 l 0 

75 00 
::::2 uo 



T h e o u t p u t d a. t c.. ( i n f i l e f n -~.me ) vJ o u l d l o o I< l i I< e t h e 
f CJ l l OV-.1 i n g . 

Test run for t wo vars 

Regression through the origin for 
y = .~. * :>~ 1 + b* x2 

a = 

kli th 

[) .:;.. t .:;.. 

1 
2 
:3 
4 
r::: 
·-' 
L ·-· 

1 t:::'"r-rf'i • ·-'·=·c· 

Rsquar·ed 

Li s. t i ng 

~<1 ( i ) 

1 .200 
3. :330 
8.000 

.500 
:3 . 210 

50 . 000 

b = 1 . 1 54 

. '7'97 

::< 2 ( i ) 

2. 220 
4 . 440 

100.500 
. 500 

55 . 900 
1 . 950 

---- -End of Data Listing-----

:3.550 
7. :320 

125 . 900 
1 100 

75.000 
82.0 0 0 

y pred (i) 

4.4t.'? 
1 0 .415 

1 28 . 7:=:3 
1 . 371 

69 . 635 
81 . 660 

' j ·-· 



c 
c 
c 
c 

c 

p10gram regorgn2 
Program to perform regression anal ys i s 
through the origin for two independent variables 
y = a x l + b x2 

L. J . Lane, July 1989 

character*BO title 
character*BO fmt 
character*! ansl 
character*12 filen 
character*12 fname 
common x1<1000) ,x2(1000) , y <1000) ,yhat <1000 ) 

c section to input job info 

write <*,500 ) 
500 format( ' Ente r Job Title ' ) 

read <*,510) t i tle 
510 format(a ) 

505 

--::: 20 e 
c 

560 

c 
c 
c 
10 

20 

c 
c 
c 

wr i te <*,505 ) 
format( ' Enter format for data <?x ,fnn.n,fnn.n,fnn.n ) ' ) 

read<*,510 ) fmt 
wri te<*,520) 
format( ' Enter file name for input data' ) 
read <*,510) filen 
open<l,file=filen,status= ' old ') 

t.vr i t e < * , 560) 
format(' Enter file name for output ') 
read<*,510)fname 
open<unit=99,file=fname,statu s = ' new ' ) 
n x = 0 

read in data x t <i> , x 2(i ) , y( i ) , i=l to n x 

read<l,fmt,end=20 ) tempt ,temp2,temp3 
n x = n x + 1 
xt<nx) = tempt 
x2<nx) = temp2 
y(n x ) = temp3 
go to 10 
rewind 1 
n x = nx 
x num = nx 

i n it i a 1 i ze v ariables 

sumx l = 0.0 
sumx 2 = 0.0 
sum y = 0.0 
sumx l y = 0.0 
sumx l x 2 = 0 . 0 
sumx 2y = 0.0 
sumxlsq = 0.0 
sumx 2 s q = 0.0 



c 

30 
c 
c 
c 

c 
c 
c 

40 

c 
c 
c 

do 30 i =1, nx 
sumxl = sumxl + x l(i) 
sumx2 = sumx2 + x2(i) 
sumy = sumy + y(j) 
sumxly = sumxly + x l(i)*y(i) 
sumx lx2 = sumxlx2 + xl(i)*x2(i) 
sumx 2y = sumx2y + x2(i)*y(i) 
sumxlsq = sumxlsq + xl(i)*xl(i) 
sumx2sq = sumx2sq + x2(i)*x2(i) 

continue 

calculate regression coefficients 

b = sumx ly*sumx 1x2 - sumx 1sq*sumx2y 
b = b/((sumxlx2*sumxlx2) - sumxlsq*sumx 2sq ) 
a = <sumx2y - b*sumx2sq)/(sumxlx2) 

calculate estimated y values 

sse = 0.0 
ssy = 0.0 
ybar = sumy/nx 

do 40 i = 1 ,n x 
yhat(i) = a*xl(i) + b*x2(i) 
sse= sse+ (y(i)-yhat(i))*(y(i)-yhat(i)) 
ssy = ssy + (y(i)-ybar)*(y(i)-ybar) 

continue 
rsqrd = 1.0- <sse/ssy) 

section to write out results 

wr i t e < * , 51 0 ) t i t I e 
wr i t e < 99, 51 0) t i t 1 e 
write<*,600) 
write(99,600) 

600 format( // ,5x," Regression through the origin for ") 
write<*,610) 
write(99,610) 

610 format(5x," y = a*x1 + b*x2 ") 
write<*,620)a,b 
writeC99,620)a,b 

620 format < / , " a = " , f 1 0 . 3 , " b = " , f 1 0 . 3) 
i f < ( r sq rd. g t . 0 . 0) . and. < r sq rd. I e • 1 . 0) ) then 
write<*,630)rsqrd 
write(99,630)rsqrd 
else 
endif 

630 format(/, " With Rsquared = " ,f10.3,) 

e 
c 

write(99,635) 
635 format(/, " Data Listing ") 

write(99,640) 



50 
650 

660 

1 
format </ , ' x 1 (i) x2(i) 
ypred( i) ' , / ) 
do 50 i=1 ,nx 

wr i t e ( 99, 650) i , x 1 ( i ) , x 2 ( i ) , y ( i ) , y h at ( i ) 
continue 
format(i5,4 x ,f10.3,3x ,f10.3,1 x ,f10.3,7x ,f12.3 ) 
~·Jr i t e < 99, 660 ) 
format( / 1 / -----End of Data Listing----- / 1 ///) 

end 

y( i ) 
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TO: 
FROM: 

SUBJECT: 
DATE: 

Joe Rumann, FCDMC 
G.V. Sabol 

TECHNICAL MEMORANDUM 

Areal Averaging Green and Ampt Parameters 
29 April 1991 

Presently, use of the Green and Ampt infiltration equation has i nc luded 

area weighted averaging of the individual parameter values (XKSAT, PSIF and 

DTHETA) . At our recent review meetings (16-17 April), it was decided Lhat we 

should determine the area weighted average of XKSAT and then determine t he 

representative values of PSIF and DTHETA from graphs of XKSAT versus PSIF and 

DTHETA. Use of such graphs is to reduce the computation effort. I r e ently 

performed some computational comparisons that indicate that large er ror could 

be introduced by arithmetically averaging the XKSAT values. Much greater 

accuracy is achieved by us ing the area weighted average of the logarithms of 

the XKSAT values. Both methods used the same procedure to estimate PSIF and 

DTHETA from the calculated value of XKSAT. The procedure and results of my 

comparison is enclosed. 

PROCEDURE 

Four soil distributions (% of drainage area being comprised of various 

percentages of each soil texture) were created from three soil textures as 

shown below : 

% of Drainage Area 

Soil Distribution 

Soil Texture A B c D 

loamy sand 33 1/3 60 25 15 

loam 33 1/3 25 60 25 

clay 33 1/3 15 15 60 

Two graphs were prepared of XKSAT versus PSIF and DTHETA (dry) from Table 4.2 

(Figure 1). The area weighted values of XKSAT were calculated for these soil 

5-18-1 



distributions based on the arithmetic values of XKSAT and log XKSAT. 

Corresponding values of PSIF and DTHETA were taken from Figure 1 in bo t h 

cases. The area weighted values of the Green and Ampt parameters are shown in 

Table 1. 

The runoff volumes were calculated by three methods: 

1. The "actual" runoff volume was estimated by calculating the rain f all 

excess for each portion of the total area that contains a single soi l 

texture. The volume is the sum of the runoff volumes from each s oi l 

texture type. The depths of rainfall excess for four different drainage 

areas and the three soil textures are shown in Table 2 . These r ai nfall 

excess depths were calculated with HEC- 1. 

2. 

3. 

The runoff volumes were then calculated by using the area weighted 

average arithmetic values of XKSAT and related PSIF and DTHETA (shown in 

Table 1). This is the procedure that is presently used . 

The runoff volumes were then calculated by using the area weighted 

average log values of XKSAT and related PSIF and DTHETA (shown in Table 

1) . 

RESULTS 

The results are shown in Table 3 for four drainage areas. The drainage 

areas were selected such that they corresponded to Pattern Nos: 

0.5 sq. mi. - Pattern No. 1 

2.8 sq. mi. - Pattern No. 2 

16 sq. mi. - Pattern No. 3 

100 sq. mi. - Pattern No. 4.07 (area limit of procedure) 

The results from Table 3 are shown in Figures 2 and 3. Notice that the 

presently usedt method always results in an underestimation of the runoff 

volume. The log method of averaging provides very close estimates of runoff 

volume to the actual volume. 

The % error using each procedure is shown in Table 4. The method of 

arithmetic averaging becomes worse with increasing drainage area size. The 

log averaging method shows some small overestimation for small to medium sized 

areas, and underestimation for large areas. 

5-18-1 2 



~~~~~~------------ ---- ------·---~~~~~~~~~~-

CONCLUSIONS 

1. Area weighting of arithmetic parameters will generally {maybe always ) 

result in underestimation of runoff volumes. The error seems to grow 

increasingly worse as drainage area size increases. 

2. This underestimation of rainfall excess also affects the calcula t i on of 

Tc. This error is partially responsible for the problem in using the 

Clark unit hydrograph method wherein the duration of rainfall excess is 

often too short. 

3. It appears that the area weighting of log XKSAT is a preferred method. 

4. Area averaging of parameters should be avoided for large watersheds if 

there is a large range of XKSAT for the subareas. The limit for 

averaging of XKSAT {by any method) may be around 16 sq. mi. 

5. We need to check the log averaging procedure for some real water sheds. 

I will check the procedure for the Agua Fria R. trib. and the Tucson 

Arroyo. 

6. This appears to be a critical concern. We need to carefully rev iew this 

and make more comparisons before making a decision. 

5-18-1 3 
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Figure 5. Capillary pressure vs hydraulic conductivity 
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GEoRGE V. SABOL CoNsULTING ENGINEERS, INc. 

CLIENT _L.8~C:::...l2t£L.'/:zlf-"C~------------------

PROJECT ~J6'ZX-J.;,;~r()~, _LN,:.L4~o.d:MV.:.Ii<lc.../!..__ _ ____________ _ 

SUBJECT 1fu«.. 6-«z_ £ b'J, 
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SHEET - I _ OF -

DATE ~.J:J..~ '11 
BY _!LY 5 -----·- . 
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GEoRGE V. SABOL CoNSULTING ENGINEERS, INc. 

CLIENT - - --------------------

PROJECT ---------------------

SU~ECT ---------- -----------

SHEET _ _ . : <. _ O F 

DATE ;z_ <f 4r.Jj __ ?__/ 
BY _y__i>__ _ ___ _ 

PROJECT NO. S - r- ,C 

r
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r GEORGE V. SABOL CoNSULTING ENGINEERS, INc. 

CLIENT ----------------------
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GEoRGE V. SABOL CoNSULTING ENGINEERS, INc. 

CLIENT K .I? n c::: 
PROJECT _.£.1-6wY~~'!1.1"':~~~~~#.~4'.:£0'dUJK(_!!e?'~/-------------
SUBJECT _ _.UULL_:C:_.;$~t?.~',i?':L-_/t~Y'J:.r"'...:!t::J,....,)I~/.2:z._ ___________ _ 

I 

wl~ h9. · ~ 

I '% ~~~ 
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~0 

~CJ 

:20 

SHEET OF __ 

DATE~ 
BY ~~..L_ ___ _ 

PROJECT NO.$ -4 -,.c-

.x'.R58/I = 4d~'/c~ [6o ~ /~; .. :;r~ -~~-~~ +- ,.:;.c; ~ ,/r J 
I = , .:J.:r /~/k 
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P~ ~lu·l!-ll \Jt-tr·~ iu11 ~ '"'. ' n ·· 1 Tn " 1' .. r ·-..c.; L c.Jr · '!' r""l'~flt.. 11..1 - 1\INIIt: 

-------------------------------------------------------------------------------
P~th=B:\ 

NaMe Ext Size #Clu Date TiMe Attributes 
WJ OAT 605 1 4/26/91 4:03p A tL:;:?dlo cc;k~Jq/e -/fie 
W1 OUT 13512 14 4/26/91 4:03p A 
W2 OAT 605 1 4/26/91 4:0Sp A "etc lvq/ '' rv#off ~/V.IJI#/~~ 
W2 OUT 13512 14 4/26/91 4:05p A 

w,'Movl wl-. W3 OAT 605 1 4/26/91 4:07p A &fn!'t? c::/11$..!_ 

W3 OUT 13512 14 4/26/91 4=07p A t!J/- l't::1Y'O'dle kr.s Xl OAT 687 1 4/26/91 4:08p A 
X1 OUT 13761 14 4/26/91 4:09p A 
X2 OAT 687 1 4/26/91 4: 10p A I 

vi = , s- s $• l'nl • 

X2 OUT 13761 14 4/26/91 4: 10p A I 

X3 OAT 687 1 4/26/91 4: 11p A X:: :;., 8 se· ~m· 
X3 OUT 13761 14 4/26/91 4: 12p A ' 

'(::::. '' s:. #1/t 
Y1 OAT 769 1 4/26/91 4: 13p A , 
V1 OUT 14010 14 4/26/91 4: 13p A e ;:.. /PO ~$· ml, 
Y2 OAT 769 1 4/26/91 4: 14p A 
V2 OUT 14010 14 4/26/91 4: 14p A 

I tHlfll y ..,-.,;~d, Y3 OAT 769 1 4/26/91 4: 15p A I= 
V3 OUT 14010 14 4/26/91 4: 16p A 

/ott? I*'/ Z1 OAT 1507 2 4/26/91 4: 17p A )..;;. 

Z1 OUT 15992 16 4/26/91 4: 17p A J.=. cl"( 
Z2 OAT 1507 2 4/26/91 4: 18p A 
Z2 OUT 15992 16 4/26/91 4: 18p A 
Z3 OAT 1507 2 4/26/91 4: 19p A 
Z3 OUT 15992 16 4/26/91 4:20o A 
WA OAT 605 1 4/27/91 11=44a A 
WA OUT 13512 14 4/27/91 11=44a A Ar-ea. wt-W. ar/bt/. e:lt'9· 
WB OAT 605 1 4/27/91 11=26a A 

t>l x)(.SAT WB OUT 13512 14 4/27/91 11: 26a A 
we OAT 605 1 4/27/91 11: 27a A 
we OUT 13512 14 4/27/91 11=27a A 
WO OAT 605 1 4/27/91 11: 28a A ,4~~ 
WO OUT 13512 14 4/27/91 11=28a A 
XA OAT 687 1 4/27/91 11: 30a A ,r 2.8 16 )()0 

XA OUT 13761 14 4/27/91 11=31a A w ><' '( :C 
XB OAT 687 1 4/27/91 11: 31a A 
XB OUT 13761 14 4/27/91 11=32a A ~ w.4 x.4 '/A .tA 

r e XC OAT 687 1 4/27/91 11: 32a A ,... /}-
XC OUT 13761 14 4/27/91 11:33a A 
XO OAT 687 1 4/27/91 11: 34a A ·, 

8 wl3 XD OUT 13761 14 4/27/91 11:34a A~ 
YA OAT 769 1 4/27/91 11:35a A -'"~ de.. 
VA OUT 14010 14 4/27/91 11:35a A~ {. viC 
VB OAT 769 1 4/27/91 11: 36a A 
VB OUT 14010 14 4/27/91 11: 36a A ' /Tl 



YC OAT 769 1 4/27/91 11: 37a A \).V .!/ 

YC OUT 14010 14 4/27/91 11: 37a A 
YO OAT 769 1 4/27/91 11: 38a A 
YO OUT 14010 14 4/27/91 11: 38a A 

"' ZA OAT 1507 2 4/27/91 11:39a A 
ZA OUT 15992 16 4/27/91 11: 39a A ~ 
ZB OAT 1507 2 4/27/91 11:40a A 
ZB OUT 15992 16 4/27/91 11: 40a A ~ 
zc OAT 1507 2 4/27/91 11:41a A"j 
zc OUT 15992 16 4/27/91 11: 41a A 
ZO OAT 1507 2 4/27/91 11=42a A 
ZD OUT 15992 16 4/27/91 11=42a A 
LWA OAT 606 1 4/27/91 11:45a A 
LWA OUT 13512 14 4/27/91 11:46a A 

wl-~ ~I LWB OAT 606 1 4/27/91 11: 46a A /!rea:_ a--vg. 
LWB OUT 13512 14 4/27/91 11: 47a A 

l()_g XK5.4-T LWC OAT 606 1 4/27/91 11:47a A 
LWC OUT 13512 14 4/27/91 11:48a A 
LWO OAT 606 1 4/27/91 11:48a A 

, " I« -h 6;? e::? s aJ~v-e LWO OUT 13512 14 4/27/91 11: 49a A .54'~ 
LXA OAT 688 1 4/29/91 8:34a A ~~t!!'pT 4dt:O¥~o~ p,t I'~ Jl 

LXA OUT 13761 14 4/29/91 8:34a A 
LXB OAT 688 1 4/27/91 11:50a A 
LXB OUT 13761 14 4/27/91 11:51 a A 
LXC OAT 688 1 4/27/91 11:52a A 
LXC OUT 13761 14 4/27/91 11:52 a A 
LXO OAT 688 1 4/27/91 11=53a A 
LXO OUT 13761 14 4/27/91 11: 53a A 
LYA OAT 770 1 4/27/91 11:54a A 
LYA OUT 14010 14 4/27/91 11=54a A 
LYB OAT 770 1 4/27/91 11:55a A 
LYB OUT 14010 14 4/27/91 11:55a A 
LYC OAT 770 1 4/27/91 11:56 a A 
LYC OUT 14010 14 4/27/91 11:56 a A 
LYO OAT 770 1 4/27/91 11:57a A 
LYO OUT 14010 14 4/27/91 11:57 a A 
LZA OAT 1508 2 4/27/91 11=58a A 
LZA OUT 15992 16 4/27/91 11:58a A 
LZB OAT 1508 2 4/27/91 11: 59a A 
LZB OUT 15992 16 4/27/91 11:59a A 
LZC OAT 1508 2 4/27/91 12:00p A 
LZC OUT 15992 16 4/27/91 12:00p A 
LZO OAT 1508 2 4/27/91 12:01p A 
LZO OUT 15992 16 4/27/91 12:02p A 

88 files LISTed 669,289 bytes 88 files in sub-dir 669,289 bytes 
0 files SELECTed 0 bytes Available on voluMe 20,480 bytes 
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JIII~ PROGRP.'1 R[PLOC[~ flU PR[UIDU~ U[R~ION~ Of ll[C 1 Klllr.lll fl~ IW (JflN 73>, il[C1G~, HCClDD, mm ll[C1KU. 

JJ[ nrmur1ot~~ Of unur.nm m11r mm moR :mur curmcm nll1 mo~r u~m um mr 1973 ~mr nwur mucrVRL 
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urc 1 n1rur 

U/[ I0 ....... 1. ...... 2 ....... 3.. ..... 1 ....... ~ ....... G ...... .1 ....... 0 ...... .9 ..... .10 

2 
3 

G 

7 
0 
9 

10 
11 
12 

IO 
IO 
IO 
n 
IO 

KK 

l:M 
on 
HI 
ro 
rc 
rc 

1~ 

~o onm1 u1 
.~0 

1~ 

3.20 
.one .000 .OlG 
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,., nr "'~ n~~ ""' ""' 1 nnn-
·~ '" .JUL .JIL .JUJ .JJl. J. .uuu 

11 LG .00 7r 2.10 1.20 .00 .~~ 

1~ UI 77 122. 101. '"' 2G2. 177. ~"· JUU. 

lG Ul n 0. n n 0. J. u. u. 

17 UI 0. 0. 0. 0. 0. 
10 zz 

1nxuxnxxxxxxxxxxxxxxxxxxxxxxuxxxxxxxxx 

I * * fLOOD HVDR06RAPH PACKAGE (HEC-1> * 
* fEBRUARY 1981 * 
* REUIS£0 01 JUH 88 * 
lf * 
* RUN OAT£ 01/26/1991 TIME 16:03:15 • 

* * 
***************************************** 

5 IO OUTPUT CONTROL UARIA8LES 
IPRKT 1 PRINT CONTROl 
!PLOT 0 PLOT CONTROL 
OSCAL 0. HVOR06RAPH PLOT SCALE 

IT HVDROGRAPH TIME DATA 
HI1IN 15 MIKUT£5 IH CltiPUTATION IHTERUAL 

IORT£ 1 0 STRRTIH6 OAT£ 
ITIM£ 0000 STRRTIH6 TIN£ 

HO 30 Hlti8£R Of HVDR06RRPH OROIHRT £5 
HDOAT£ 1 0 £HOIH6 OAT£ 
HDTIM£ 0715 ENDING TIME 
IC£HT 19 CENTURY MARK 

ffi"'PUTRTIOH IHT£RUAL 
TOTAL TIME BASE 

.25 HOURS 
7.25 HOURS 

£H6LISH UHITS 
ORAl HA6E AREA 
PRECIPITATIOH DEPTH 
LEH6TH, ELEURTIDH 
fLW 
STORAGE UOllR1E 
SURfACE AREA 
TEMPERATURE 

SOUARE MILES 
IHCHES 
f££T 
CUBIC f££1 PER 5£COHO 
RCR£-f££T 
ACRES 
DEGREES fAHRENHHT 

0. 
0. 

10~. 10. 
0. n 

u. 

0. 0. 

, n " . J. 

0. 0. 
0. 0. 

X X X X :t X=:: X:;~:;>:::: X}:;;: :rx .:::%XX X X X X:l X::x::%:: 

* I 

• U.S. RRifr' CllRPS Of ERGI[[[~ • 
* THE HYDROLOGIC EN6IH£ERING CENTER * 
* 6U9 SECOHO STREET * 
* DAUIS, CALifORNIA 95616 * 
lf (916) 551-1718 lf 

* * 
***liHl!IHlf***lEH*****lflllfliNIIlfllfHIRIHII 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

ll * 
6 KK * * 

* * 
************** 

SUB-BASIH U1 

9 IN TillE DATA fOR INPUT TIM£ S£RI£5 
Jlt!IH 15 TIME IHTERURL IN MINUTES 

JKOATE 0 STARTIH6 ORT£ 
JXTIM£ 0 STARTING TIM£ 



SUBBASIN RUNOff DATA 

8 BA SUBBASIN CHARACTERISTICS 
TRR£R • 50 SUBBRSI H AREA 

PRECIPITATION ORTR 

10 PB STORl'l 3.20 BASIN TOTAL PRECIPITATION 

11 PI INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 
.01 .02 .02 .08 .16 .16 .08 .02 .02 .01 
.01 .01 .01 .01 

1H6 GREEN RHO fi'IPT LOSS RATE 
STRTL .00 STARTING LOSS 

OTH .35 MOISTURE DEfiCIT 
PSif 2. iO UETTIH6 fRONT SUCTION 

KKSRT 1.20 HVORAULIC COHOUCTIUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

11 UI INPUT UHITGRAPH! 11 ORDINATES! UOU.tiE • .99 
33.0 122.0 181.0 306.0 262.0 177.0 105 .0 18.0 27 .0 9.0 
9.0 

*** 

lilUHHfMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM--K**_**_*MIIIIIIIMI-**--************-MIIMMMMIMMI*** 

HYOR06RAPH AT STATION 

************************-•••••••••••-*********************-*******--*************u••••••••••••••••••****• 
* 

OR MOH HRt!N ORO RRIH LOSS EXCESS C!l1P 0 ll OR MOH HRIIH ORO RRIH LOSS EXCESS C!l1PO 

* 
1 0000 1 .00 .00 .00 0. * 03-15 16 .52 .51 .00 0. 
1 0015 2 .03 .03 .00 0. ll 1 0100 17 1.16 .18 .99 33. 
1 0030 3 .03 .03 .00 0. * 1 0115 18 .25 .25 • 00 120 . 
1 0015 1 .03 .03 .00 0. * 1 0130 19 .06 .06 .00 182 . 
1 0100 5 .03 .03 .00 0. * 1 om 20 .06 .06 .00 302. 
1 0115 6 .03 .03 .00 0. ll 1 0500 21 .01 .01 . 00 259 . 
1 0130 7 .03 .03 .00 0. • 0515 22 .03 .03 .00 175 . 
1 0115 8 .03 .03 .00 0. * 0530 23 .01 . 01 .00 101 . 
1 0200 9 .03 .03 .00 0. * 0515 21 .03 .03 . 00 17 . 
1 0215 10 .03 .03 .00 0. * 0600 25 .03 .03 .00 27 . 
1 0230 11 .01 .01 .00 0. ll 1 0615 26 .00 .00 .00 9. 
1 0215 12 .01 .01 .00 0. * 1 0630 27 .00 .00 .00 9. 
1 0300 13 .06 .06 .00 0. * 0615 28 .00 .00 . 00 0 . 
1 0315 11 .06 .06 .00 0. * 1 0700 29 .00 .00 .00 0. 
1 0330 15 .25 .25 .00 0. • 1 0715 30 .00 .00 .00 0 . 

* 
******************************••••••••**********************************--**·········••*****************--**** 

TOTAL RRIHfRll • 3 .20! TOTAL LOSS • 2 .21, TOTAL EXCESS • .99 

PERK flW TIME MRXIMIJ1 AUERR6E flOU 
6-HR 21-HR 72-HR 7 .25-HR 

• ((fS) <HR> 
(CfS) 

302. 1.75 53. H. 11. 11 . 
<INCHES> .980 .980 .980 .980 

<AC-fT) 26 . 26 . 26 . 26 . 

Cli1ULATIUE AREA • .50 50 MI 



RUHOff SIH!ARV 
fliiJ IH CUBIC f[[f PER S£COHD 

TIME IH HOURS, AREA IH SOUARE MILES 

PEAK TillE Of AUERA6£ flllJ fOR MAKIMl.tl PERIOD BASIN MAKIMIJ1 TIME Of 
OPERATIOH STATION fLW PEAK AREA STAGE f'IRX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVDROGRAPH AT 
302. 1.75 53. 11. 1i. .50 

*** HOM EHD Df HEC-1 *** 



--***-*******-*** * * 
* fLOOD HVDR06RAPH PACKAGE (HEC -1> * * U.S. ARNV CORPS Of EH6IHEERS * 

* THE HYDROLOGIC EN6IHEERIN6 CEHTER * * fEBRUARY 1981 * 
* REUIS£0 01 JUH 88 * * 609 SECOHD STRE£T * 
* * * DAUIS, CALifDRHIA 95616 * 
11 RUH DATE 01126/1991 TIHE 16:05:51 * * (916) 551-1719 * 
* * * ················***-·-***** 

X X xxxxxxx XX XXX X 

X H X X H XX 

X X X X X 

XXXHXXH HXHH X HHHXH H 

X X X X X 

X H X H X X 
X X xxxxxxx XX XXX XXX 

THIS PROGRAM REPLRCES ALL PREUIOUS UERSIDHS Of HEC -1 KHOUH AS HEC1 (JAN 73>, HEC165, HEC10B, AHD HEC1KIJ. 

THE D£fiNITIOHS Of UARIABLES -RTIHP- RHO -RTIOR- HAUE CHANGED fROH THOSE USED WITH THE 1973-STVLE IHPUT STRUCTURL 
THE DEfiHITIDH Of -At!SKK- ON RI1-CARD WAS CHAH6£0 UITH REUISIDNS DATED 28 SEP 81. THIS IS THE fORTRAN?? UERSION 
HEW OPTIDHS: OAHBREAK OUTfLOW SUII'IER6EHCE , SIHGLE EUEHT DAMAGE CALCULATION, DSS:WRITE STA6£ fREOUEHCV, 
DSS:READ TIME SERIES RT DESIRED CALCULATION IHTERUAL LOSS RATE:GREEH AHD II'IPT INfiLTRATIOH 
KIHEHATIC UAU£: HEW fiHITE DiffERENCE AL60RITII1 

HEC-1 IHPUT 

LIH£ ID .. .. ... 1. ..... . 2 .. .. .. .3 ....... i ..... .. 5 . ... .. . 6 .. ... .. 7 . ...... B ....... 9 ••... .10 

1 
2 
3 
i 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
ID 
ID 
IT 
IO 

KK 
Kl1 
BR 
IH 
PB 
PC 
PC 

15 

SUB-BASIH U2 
.50 
15 

3.20 
.000 .008 .016 
.087 .099 .118 

30 

.D25 .033 .011 .050 .058 .066 .071 

.138 .216 .377 .831 .911 .931 .950 

PAGE 1 

* 



----------------

13 PC .962 .972 .983 .991 1.000 
14 l6 .00 .35 3.50 .25 .00 
15 UI 33. 122. 181. 306. 262. 11?. 
16 UI 9. 0. 0. 0. 0. 
17 UI 0. 0. 0. 0. 0. 
19 zz 

1HHHHUMMMMMMMMMMMU***lHHHIMUMMMMIMMM 
ll * 
* fLOOD HVDR06RAPH PACKAGE <HEC-1> * 
* fEBRUARY 1901 * 
* REUISED 01 JUN BB * 
* * 
* RUH DATE D1126/1991 TIME 16:05:51 * 
* * 
MIHHIIHHI****HMIHHIHMMHMHIHHIHIHHIHIHHIH 

5 IO OUTPUT CONTROL UARIABLES 
IPRNT 1 PRINT CONTROL 
!PLOT 0 PLOT CONTROL 
OS CAL 0. HVOROGRAPH PLOT SCALE 

IT HVDRDGRAPH TIM£ DATA 
111IH 15 MIHUTES IN Cll1PUTRTION INTERUAL 

!DATE 1 0 STARTING DATE 
!TIME 0000 STARTING TIME 

NO 30 NIJ1BER Of HVDR06RAPH ORDINATES 
HODRTE 0 ENOING OAT£ 
NOTIIIE 0715 ENDING TIME 
ICEHT 19 CEHTURV MARK 

Cll1PUTATIOH IHTERUAL .25 HOURS 
TOTAL TIME BASE 7 .25 HOURS 

ENGLISH UHITS 
DRAINAGE AREA 
PR£CIPITATIOH DEPTH 
LENGTH, ELEUATIOH 
flW 
STORAGE UOLIJ1E 
SURfACE AREA 
TEMPERATURE 

* * 
6KK * * 

ll * 

SOUARE MILES 
INCHES 
fEET 
CUBIC f[£T PER SECOND 
ACRE-f[£T 
ACRES 
DEGREES fAHREHH£IT 

SUB-BASIH U2 

9 IH TIME DATA fOR INPUT TIME SERI£5 
Jl01IN 15 TIME INTERUAL IH MINUTES 

JMDATE 0 STARTING DATE 
JXTIME 0 STARTING TIME 

0. 
0. 

105. 18. 27. 9. 
0. 0. 0. 0. 
0. 0. 0. 0. 

·----·**···--··-* * 
* U.S. ARMV CORPS Of EH6IHEERS ll 

* THE HYDROLOGIC EN6INEERIH6 CENTER * 
* 609 SECOND STREET * 
ll ORUIS, CAlifORNIA 95616 * 
I (916) 551-1710 M 

* * 
IHHI****IHHIMIIItlflMMMIHHif***lHHHIHIHHIIHHI 



SUBBJISI N RUNOff DJH A 

B BA SUBBASIN CHARACTERISTICS 
TAREA . 50 SUBBASI H AREA 

PRECIPITRTION DATA 

10 PB STORM 3.20 BASIN TOTAL PRECIPITRTION 

11 PI INCR£11EHTAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 
.01 .02 .02 .08 .16 .16 .08 .02 .02 .01 
.01 .01 .01 .01 

11 LS GREEN AND 111PT LOSS RAT£ 
STRTL .00 STARTING LOSS 

DTH .35 MOISTURE DEfiCIT 
PSif 3.50 U£TTIN6 nOHT SUCTIOH 

XKSAT .25 HYDRAULIC COHDUCTIUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

11 UI INPUT UHITGRAPH, 11 ORDIHRTES~ UOUIIE • .99 
33.0 122.0 181.0 306.0 262 .0 17? .0 105 .0 18.0 27.0 9.0 
9.0 

*** 
HiHIHl!HliMMMKKMKMMMKM***HiHfli***HiHflliHfliHHHH***HliHHHlliHfiHfliHHHMH-***HHHHliUli***HliUiHfliUHM***HUiHfllliUliH 

HVDROGRAPH AT STATION 

************************************************M********************************************M************************************* 
* 

DR MOH HRI'IH ORO RAIN LOSS EXCESS CII1P 0 * OA MON HRHN ORO RAIH LOSS EXCESS C!I1P 0 

* 
1 0000 1 .00 . 00 .00 D. * 0315 16 .52 .17 .35 17 . 
1 0015 2 .03 . 03 .00 0. * 0100 17 1.46 .15 1.31 91 . 
1 0030 3 .03 .03 .00 0. ll om 18 .25 .11 .11 212 . 
1 0015 1 .03 . 03 .00 0. * 0130 19 .06 .06 .00 373 . 
1 0100 5 .03 .03 .00 0. * 0415 20 .06 .06 .00 521. 

0115 6 .03 . 03 .00 0. * 0500 21 .01 .01 .00 111 . 
0130 7 .03 . 03 .00 0. * 0515 22 .03 .03 .00 300 . 
0115 a .03 .03 .00 0. * 1 0530 23 .01 .01 .00 175 . 
0200 9 .03 . 03 .00 0 . * 1 0515 21 .03 .03 .00 81. 
0215 10 .03 . 03 .00 0 . * 1 0600 25 .03 .03 .00 11. 
0230 11 .01 .01 .00 0. * 1 0615 26 .00 .00 .00 18 . 
0215 12 .01 . 01 .00 0 . * 1 0630 27 .00 .00 .00 13. 
0300 13 .06 .06 .00 0. * 1 ObiS 28 .00 .00 .00 1. 
0315 11 .06 .06 .00 0. * 1 0700 29 .00 .00 .00 0. 
0330 15 .25 . 20 .05 2 . * 0715 30 .00 .00 .00 0. 

* 
****************************************************************************************-*********************************** 

TOTAL RAINfALL • 3 .20, TOTAL LOSS = 1.38, TOTAL EXCESS " 1.82 

PEAK fLW TIM£ MAXIMlJ1 AUERA6E fl!IJ 
6-HR 21-HR 72-HR 7 .25-HR 

t <CfS) <HR> 
(CfS) 

521. us 97 . 80. 80 . 80. 
<INCHES) 1.801 1.801 1.801 1.801 
(RC-fT) 18. 18. 18. 18 . 

CUMULRTIUE AREA • .50 SO MI 



1 
RUNOff SU1111ARV 

fLOIJ IH CUBIC f([T PER SECOHO 
TIME IH HOURS, AREA IH SQUARE MILES 

PEAK TIME Of AUERRGE fllll fOR MAXIM PERIOD BRSIH MAXIMI.I1 TIME Of 
OPERATION STATIOH fLW PERK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVOR06RAPH AT 
+ 521. us 97. BO. 80. .50 

Hi! HDIII'tRL EHD Of HEC -1 Hi! 



* * * * 
* fLOOD HVDROGRAPH PACKAGE <HEC -1> * * U.S. ARHV CORPS Of EHGIHEERS * 
* fEBRUARY 1981 * * THE HYDROLOGIC EH6IH£ERIN6 CENTER * 
* REUISEO 01 JUH BB * * 609 SECOHO STREET * 
* * * OAUIS, CALifORNIA 95616 * * RUH DATE 01/26/1991 TIME 16:07:21 * * (916) 551-1718 * 
* * * * 
-************-****************** ***-**************************-** 

X X xxxxxxx XXX XX X 
X X X X X HX 
X X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 
X X X X X 
X X xxxxxxx XXX XX XXX 

THIS PR06Rfl1 REPLACES ALL PREUIOUS U£RSIOHS Of HEC -1 KHWH AS H£Cl <JAH 73>, HEC165, HEClOB, RHO HEC!KU . 

THE D£fiNIJIOHS Of UARIABLES -RTIMP- AHD -RJIOR- HAU£ CHANGED fRlf1 THOSE US£0 UITH THE 1973-STVLE INPUT STRUCTURE. 
THE DEfiHITIOH Of -fi15KK- OH R!1-CARO UAS CHANGED UITH REUISIONS ORT£0 28 SEP 81. THIS IS THE fORTRAH77 UERSIOH 
H£U OPTIONS: Ofi1BR£AK OUTfLW SUII1£RGENC£ , SINGLE EUEHT DAMAGE CALCULATION, OSS:URITE STAGE fREOUEHCV, 
DSS:RERO TIME SERIES AT DESIRED CALCULATION IHTERUAL LOSS RRTE:GREEN AND fi1PT IHfiLTRATION 
KIHD1ATIC UAU£: H£U fiNITE DiffERENCE AL60RIT!f1 

HEC -1 IHPUT 

LIH£ 10 . .. ... . 1. .. .... 2 .. .... .3 . . . . . .. 1. ...... 5 .... . .. 6 .. ..... 7 . ..... . 8 ....... 9 . . .. . .10 

1 
2 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
IO 
ID 
IT 
ID 

kK 
Ktl 
BA 
IN 
PB 
PC 
PC 

15 
1 

SUB-BASIH U3 
.50 
15 

3.20 
.000 .008 
.087 .099 

30 

.016 .025 .033 .011 .050 .058 .066 .071 

.118 .138 .216 .377 .831 .911 .931 .950 

PAGE 1 



13 PC .962 .972 .983 .991 1.000 
H LG .00 .15 12.10 .01 .00 
15 UI 33. 122. 181. 306. 262. 177. 
16 UI 9. 0. 0. 0. 0. 
17 UI 0. 0. 0. 0. 0. 
18 zz 

1UUIIIIIIIMIIUlli-IIIIINNIIIIMIIII 

* * * fLOOD HYDROGRAPH PACKAGE (HEC -1> * 
* fEBRUAJIII 1981 * 
• REUISEO 01 JUN 98 * 
* * * RUN DATE 01/26/1991 TIME 16:07:21 • 

* * 

5 10 OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
OSCAL 0. HYDRO GRAPH PLOT SCALE 

IT HYOROGRAPH TIME DATA 
111IN 15 MINUTES IN CIJ1PUTATION IHTERUAL 

IOATE 1 0 STARTING DATE 
ITIME 0000 STARTING TIME 

NO 30 Hlt1B£R Of HYOR06RAPH OROINAT ES 
HDDATE 1 0 ENDING DATE 
NOTIME 0715 ENOlN6 TIME 
ICEHT 19 CENTUJIII MARK 

CIJ1PUTATIOH INT£RUAL 
TOTAL TIME BASE 

.25 HOURS 
7.25 HOURS 

ENGliSH UNITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ElEUATION 
flW 
STORAGE UOlltiE 
SURfACE AREA 
T£11PERATURE 

* jf 

6KK * * 
* jf 

lili*UUIUUII 

SOUARE MILES 
INCHES 
mT 
CUBIC f[[l PER SECOND 
ACRE -fEET 
ACRES 
OEGREES fAHRENHEIT 

SUB-BASIH U3 

9 IN TIM£ DATA fOR INPUT TIME SERIES 
JlO'IIN 15 TIME INTERUAL IN MINUTES 

JKOATE 0 STARTING OAT£ 
JKTIME 0 STARTING TIME 

0. 
0. 

105. 18. 
0. 0. 
0. 0. 

2?. 9. 
0. 0. 
0. 0. 

***-****************-•**** 
* * 
* U.S. ARt!Y CORPS Of ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOHO STREH * 
* OAUIS, CALifORNIA 95616 * 
* (916) 551-17'18 * 
* * 
*************************************** 



SUBBRSIH RUNOff DRT R 

8 BA SUBBASIN CHARACTERISTICS 
TRRER .50 SUBBASIN AREA 

PRECIPITATION DATA 

10 PB STORM 3.20 BASIN TOTAL PRECIPITATION 

11 PI IHCR01EHTAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 
.01 .02 .02 .08 .16 .16 .08 .02 .02 .01 
.01 .01 .01 .01 

1H6 GREEH AHO IIMPT LOSS RATE 
STRTL .00 STARTIHG LOSS 

OTH .15 MOISTURE O£fiCIT 
P51f 12.10 WETTING fROHT SUCTIOH 

!!KSAT .01 HYDRAULIC COHOUCTIUITV 
RTIMP .00 PERCEHT IMPERUIOUS RRER 

H UI IHPUT UHITGRAPH, 11 ORDINATES, UOllJ'IE • .99 
33.0 122.0 181.0 306.0 262.0 177.0 105.0 18.0 27.0 9.0 
9.0 

*** 

****lililililiiililili********************************************************************li*********•*************************************** 

HYOROGRAPH AT STATIOH 

*****"**•************************************************************************************************************************** 
* 

OR MON HRHH ORO RRIH LOSS EXCESS COMP 0 * OA MOH HRMH ORO RAIH LOSS EXCESS Cll!P 0 
• 

1 0000 1 .00 .00 . 00 0 . * 0315 16 .52 .02 .50 75. 
1 0015 2 . 03 .03 .00 0. * 0100 17 1.16 .02 1.15 182 . 
1 0030 3 . 03 .03 • 00 0 . • om 18 .25 .02 .23 370 • 
1 0015 1 .03 .03 . 00 0 . * 0130 19 .06 .01 .05 521. 
1 0100 5 .03 .03 . 00 0 . * 0115 20 .06 .01 .05 672. 

0115 6 .03 .03 . 00 0 . * 0500 21 .01 .01 .02 582. 
0130 7 .03 • 03 . 00 0 . * 0515 22 .03 .01 .02 109 . 

1 0115 8 .03 .03 . 00 0. * 0530 23 .01 .01 .02 259 . 
1 0200 9 .03 .03 . 00 0. * 0515 21 .03 .01 .01 115 . 
1 0215 10 .03 .02 . 00 0 . * 0600 25 .03 .01 .02 88. 
1 0230 11 .01 .02 .02 1. * 0615 26 .00 .00 .00 51. 

0215 12 .01 .02 • 02 1 . • 0630 27 .00 .00 .00 37. 
1 0300 13 .06 .02 . 01 e . * 0615 28 .00 .00 .00 19. 
1 0315 11 .06 .02 . 05 17 . * 0700 29 .00 .00 .00 11. 
1 0330 15 • 25 .02 . 23 32 . * 0715 30 .00 .00 .00 6 . 

* 
*****************""**************************************************************************************************************** 

TOTAL RAINfAll • 3 .20, TOTAL LOSS • .17! TOTAL EXCESS D 2.73 

PEIIK flW TIME MRXIMLU1 AUERAG£ fLW 
6-HR 2i-HR 72-HR 7 .25-HR 

t <Cf5) <HR> 
<CfS) 

672. us 115. 120. 120. 120. 
<IHCH£5) 2.701 2.701 2.701 2.701 
<RHT> 72. 72. 72 . 72. 

Cli1ULATI U£ AREA 2 . 50 SO MI 



1 
RUHOff Sl.tiNRRV 

fliXJ IH CUBIC fEET PER SECOHO 
TIME IH HOURS, RRER IH SOUA~E MILES 

PEAK TIME Of AUERRGE fl!XJ fOR MAXINlJ'I PERIOD BASIH MAXIMI.tl TIME Of 
OPE~RTIOH STRTIOH flOU PERK A~ER STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HDUR 

HYD~DGRRPH RT 
672. us 115. 120. 120. .50 

*** HORI1Jll EHD Of HEC -1 *** 



lHHWWUiiUUililililiiWilii-*IHHHIHlll!HHHil 

il • 
* fLOOD HVDROGRAPH PACKAGE <HEC -1) * 
* fEBRUARY 1981 * 
* REUISEO 01 JUH 88 * 
il * 
* RUH DATE Oi/26/1991 TIME 16:09:09 * 
* * -·-·-**-··········· 

X X xxxxxxx 
X X X X 
X X X X 

xxxxxxx xxxx X 

X X X X 

X X X X 

X X xxxxxxx 

XXX XX X 
X XX 

X 
xxxxx X 

X 

X X 

xxxxx XXX 

* il 

* U.S. Alafr' CORPS Of EHGIHEERS * 
* THE HYDROLOGIC EHGIHEERIHG CENTER * 
* 609 SECOND STREET * 
* OAUIS, CALifORNIA 95616 * 
• <916> 55t-ma • 

* * 
H*******UIIUillillilllllliiUIUIIIUIIil 

THIS PR06Rfl1 REPLACES ALL PREUIOUS UERSIOHS Of HEC-1 KHWH AS HEC1 <JAH 73>, HEC16S, HEClDB, RHO HEC1KU. 

THE OEfiHITIOHS Of UARIABLES -RTIMP- RHO -RTIOR- HAUE CHANGED fR!tl THOSE USED UITH THE 1973-STVLE IHPUT STRUCTURE. 
THE OEfiHITIOH Of -111SKK- OH RN-CARO UAS CHRH6EO UITH REUISIOHS DATED 28 SEP 81. THIS IS THE fORTRAH77 UERSIOH 
HEU OPTIONS: Dff1BRERK OUTfL(lJ SUINRGEHCE , SIHGLE EUEHT DII1A6E CALCULATION, DSS:URITE STAGE fREOUEHCV, 
DSS:READ TIME SERIES AT DESIRED CALCULATION IHTERURL LOSS RATE:6REEH AND 111PT IHflmATIOH 
KINEMATIC URUE: HEU fiNITE Dlff£R£HCE AL60RITII1 

HEC-1 IHPUT 

LIHE !0 ...... .1 ..•..•. 2 ...... .3 ....... 1 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 .•... .10 

1 
2 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
ID 
IO 
IT 
IO 

KK 
KM 

BA 
IN 
PB 
PC 
PC 

15 
1 

SUB-BRSIH Xl 
2.80 

15 
3.11 
.000 .009 
.087 .100 

30 

.016 .025 .031 .012 .051 .059 .067 .076 

.120 .163 .252 .151 .691 .837 .900 .938 

PAGE 1 



-----

13 PC .950 .963 .975 .988 1.000 
H L6 .00 .35 2.40 1.20 .00 
15 UI 79. 107. 291. 390. 46?. 565. 
16 UI 546. 445. 356. 235. 138. 1Z9. 
17 UI Zt 24. 24. 0. 0. 0. 
18 UI 0. 0. 0. 0. 0. 0. 
19 zz 

liUillllllliiiiiUIHHHHIHliUIHIIHI****I 

* • 
* fLOOD HVDR06RRPH PACKAGE (HEC -1) * 
• fEBRUARY 1981 * 

* REVISED 01 JUN 88 * 
* * 
• RUN DATE 04/26/1991 TIME 16=09:09 • 
• * 

IHHHHIHliiHUIUII*****-IUHHIIUI 

5 IO OUTPUT CONTROL URRIRBLES 
IPRHT 1 PRINT CONTROL 
!PLOT 0 PLOT CONTROL 
OS CAL 0. HVOROGRAPH PLOT SCALE 

IT HVDR06RAPH TIME DATA 
111IH 15 MIHUTES IH C!r1PUTRTIOH INTERVAL 

IDATE 1 0 STARTING DATE 
ITIHE 0000 STARTING TIME 

HO 30 HIJ18£R Of HVOROGRAPH ORDINATES 
HDDATE 1 0 EHOIHG OAT£ 
HOTIM£ 0715 ENDING TIME 
ICEHT 19 C£HTURV MARK 

Clr1PUTATIOH INTERVAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UHITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEVATION 
flOU 
STORAGE UOLIJ1E 
SURfACE AREA 
TEMPERATURE 

SOUARE MILES 
INCHES 
fEET 
CUBIC f[[l PER S£COND 
ACRE-fEET 
ACRES 
OE6REES fAHRENHEIT 

727. 988. 810. 660. 
81. 72. Zt Z4. 
0. 0. 0. 0. 
0. 0. 0. 0. 

IUIUHI--IHHIHH._IH 

* * 
• U.S. ARMV CURPS Of ENGINEERS * 

* THE HYDROLOGIC EHGINEERIHG CENTER • 
* 609 SECOND STREET * 

* DAVIS, CALifORNIA 95616 ll 

* (916) 551-17i8 

* • 
HHIIIU-UIUIIHHIIHilflfliHH 

IU IU II* *** *** *** *** *** Ill Ill Ill *** *** *** *** *** *** Ill *** *** IU HI *** HI HI *** IU Ill Ill HI IH IH *** 

• * 
6KK * * 

* * 

SUB-BASIH Xl 

9 IH TIME DATA fOR IHPUT TIME SERIES 
Jl01IN 15 TIME INTERVAL IH MINUTES 

JXDATE 0 STARTING DATE 



JXTIME 0 S!ARTIH6 riME 

SUBBJlSIN RUNOff DATA 

8 BA SUBBASIN CHARACTERISTICS 
TAREA 2.80 SUBBASIN AREA 

PRECIPITATION DATA 

10 PB STORM 3.H BASIN TOTAL PRECIPITATION 

11PI IHCRFJ1EKTAL PRECIPITATION PATTfRK 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 
.01 .02 .04 .09 .20 .21 .H .06 .04 .01 
.01 .01 .01 .01 

1H6 6REEH RHO lf1PT LOSS RATE 
STRTL .00 STARTING LOSS 

DTH .35 MOISTURE Dff!CIT 
PSif 2.10 UETTIH6 fRONT SUCTIOH 

XKSAT 1.20 INORAULIC CONOUCTIUITV 
RTIMP .00 PERC£HT IMPERUIOUS AREA 

14 UI IKPUT UNIT6RRPH, 23 OROIKATES, UOLUME • 1.00 
?9.0 10? .0 291.0 390.0 16? .0 565.0 12? .0 988.0 B10.0 660.0 

516.0 115.0 356.0 235.0 138.0 129.0 81.0 ?2.0 21.0 21.0 
21.0 21.0 21.0 

*** 

MMMMMMMMMMlHHH!lfliHillllHHHIMHiHI-IHIMIIHUlllllHIIHilllHIMIHI*IIII********_***** ___ IHIHIHIMMMMMMMMMMMIIHlllHIMUlllHI 

INDROGRAPH AT STATION 

lllHI._IHilllHilllHilllHIIHIIHilllHili*IHiliMIIH*U*IIIIIIII***********************************MlllHilllllllHiliHillllllHI*lllHIIHIIHIIHI*lllllHillllllliMlllHI******llllll 

* 

DR MOH HRI1H ORO RAIH LOSS EXCESS COMP 0 * OR MON HRI1H ORO RAIH LOSS EXCESS C!I1P 0 
* 

1 0000 1 .00 . 00 .00 0 . * om 16 .62 .51 .08 7. 
1 0015 2 .03 . 03 .00 0 . * 0400 17 . 76 .16 .30 33. 
1 0030 3 .02 .02 .00 0. * 1 om 18 .15 .43 .02 59. 
1 0015 1 .03 . 03 .00 0 . * 1 0130 19 .20 .20 .00 123' 
1 0100 5 .03 . 03 .00 0 . * 1 0115 20 .12 .12 .00 161. 
1 0115 6 .03 . 03 .00 0 . * 1 0500 21 .01 .01 . 00 197 . 
1 0130 7 .03 .03 .00 0. * 1 0515 22 .04 .01 .00 242. 
1 0115 8 .03 . 03 .00 0 . * 1 0530 23 .01 .01 . 00 315 . 
1 0200 9 .03 . 03 .00 0 . * 1 0515 21 .01 .01 • 00 383 . 

0215 10 .03 . 03 .00 0 . * 0600 25 .01 .01 . 00 322 . 
1 0230 11 .03 . 03 .00 0 . * 0615 26 .00 .00 .00 264. 
1 0215 12 .01 . 01 .00 0 . * 0630 27 .00 .00 .00 217. 
1 0300 13 .06 . 06 .00 0 . * 1 0615 28 .00 .00 .00 177. 
1 0315 H .11 .11 .00 0. * 1 0700 29 .00 .00 .00 137. 

0330 15 .28 • 28 .00 0 • * 1 0715 30 .00 .00 .00 91. 

* 
********lllllllHilllHIIlHHHIMIIHifiHH!ltiiMIIHHlllHIHH*-*************************-****lllHIMIIHIIMIMIHIMMIHIIHIIHilllHilllllHIIHIIHUlll 

TOTAL RAINfAll = 3 .11, TOTAL LOSS = 2. 73, TOTRL EXCESS = '11 

P£1lK flllJ TIME MAXIMUM AUERAG£ fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

+ <CfS> <HR> 
(CfS> 

383. 5. 75 112. 93. 93. 93 . 
<IHCHES> .372 .372 .372 .372 

(AC-FT> 55. 55. 55. 55. 



CIR1ULRTIUE AREA = Z .80 50 Ml 

RUNOff SIR1MARV 
fLW IH CUBIC f[[T PER SECOND 

TIME IN HOURS, AREA IH SOURRE MILES 

PERK TIME Of RU£RRGE fl!IJ fOR MRKIMIJ'I PERIOD BASIN MAKIMIJ1 TIME Of 
OPERATION STATION fLW PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVDROGRAPH AT 
383. 5.75 112. 93. 93. 2.80 

*** HORMRL EHO Of HEC -1 *** 



lUIUIIUIUlHflHIIUIIUUUIHH*HHHH 

* * 
* fLOOO HVDROGRAPH PACKAGE (HEC -1 > * 
* fEBRUJIRY 1981 * 
* REUISEO 01 JUH 88 II 

* II 

* RUH DATE Oi/26/1991 TIME 16:10:12 * 
* * 
******************•··········-·-

X X XXXXXXX 

X X X X 

X X X X 

xxxxxxx xxxx X 

X X X X 
X X X X 

X X XXXXXXX 

xxxxx K 
X XX 

X 

xxxxx X 

X 

X X 

XX XXX XXX 

• * 11 U .5. ARMV CORPS Of EHGIHEERS * 
II THE HVOROLOGIC ENGIHEERIHG CENTER 11 

* 609 SECOND STREET * 
* OAUIS, CALifORNIA 95616 * 
• (916> 551-m8 * 
* * ........................... --

THIS PROGRtll REPLACES All PREUIOUS UERSIOHS Of HEC-1 KHWH AS HEC1 <JAH 73>, HEClGS, H£C108, RHO HECHU. 

THE DEfiHITIOHS Of URRIABLES -RTIMP- RHO -RTIOR- HRUE CHANGED fR(ll THOSE USED UITH THE 1973-STYLE INPUT STRUCTURE. 
THE OEfiHITIOH Of -111SKK- OH RM-CRRO URS CHANGED UITH REUISIOHS DATED 28 SEP 81. THIS IS THE fORTRAN?? UmiOH 
H£U OPTIONS: 0111BREAK OUTflW SUBMERGENCE , SIH6LE £UEHT DAMAGE CRLCULRTIOH, OSS:URITE STAGE fREOUEHCV, 
OSS:REAO TIME SERIES AT DESIRED CALCULATION IHTERURL LOSS RATE: 6REEH RHO tJIPT IHfiLTRATIOH 
KIHD1ATIC URUE: H£U fiHITE Dlff£R£HCE ALGORIHI1 

HEC-1 IHPUT 

UHE ID ...... J ....... 2 ...... .3 ....... L ...... 5 ....... 6 ....... 7 ....... 8 ....... 9 ..•.. .10 

1 
2 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
10 
ID 
IT 
IO 

KK 
KM 
BR 
IH 
PB 
PC 
PC 

15 
1 

SUB-BASIH X2 
2.80 

15 
3.11 
.ODD .009 
.087 .100 

30 

.016 .025 .OH .012 .051 .059 .067 .076 

.120 .163 .252 . 451 .694 .837 .900 .938 

PAGE 1 



13 PC .950 .963 .975 .988 1.000 
H L6 .00 .35 3.50 .25 .00 
15 UI 79. 107. 291. 390. 167. 565. 
16 UI 516. 115. 356. 235. 138 . 129. 
17 UI 21. 21. 21. 0. 0. 0. 
18 UI 0. 0. 0. 0. 0. . 0. 
19 zz 

1 ............... *************-**-1 

I • 
* fLOOD IIVOR06RAPH PACKAGE <HEC-1> * 
I fEBRUARY 1981 * 
* REUISED 01 JUN 88 * 
I • 
• RUN DfllE 01/26/1991 TIME 16:1D:12 I 

I • 
HHH***IIIIIIIIIIIIIIIflHHHHifllfll 

5 IO OUTPUT COHTROL UARIABL£5 
IPRNT 1 PRIHT COHTRDL 
!PLOT 0 PLOT CONTROL 
OSCAL 0. IIVOROGRAPH PLOT SCALE 

IT IIVDR06RAPH TIM£ DATA 
ti!IN 15 MINUTES IH C!I1PUTATIOH IHTERUAL 

!DATE 1 D STARTING OAT[ 
ITIME 0000 STARTING TIM£ 

HO 30 HIJ1B£R Of IIVOROGRAPH DROIHAT ES 
HDDAT£ 0 ENOIH6 DATE 
HOTIM£ 0715 ENDING TIME 
ICEHT 19 CEHTURV MARK 

C!I1PUTATIOH IHTERUAL .25 HOURS 
TOTAL TIME BAS£ 7.25 HOURS 

EHGLISH UNITS 
DRAINAGE AREA 
PRECIPITATIOH DEPTH 
LEHGTH, ELEUATIOH 
fliiJ 
STORAGE UOLIJ1E 
SURfACE AREA 
TEMPERATURE 

IUUUUUIU 

I lf 

HK * * 
* * ---

SOUARE MILES 
IHCHES 
fEET 
CUBIC f££T PER S£COHD 
ACRE-fEET 
ACRES 
DEGREES fAHRENHEIT 

SUB-BASIH X2 

9 IH TIM£ DATA fOR INPUT TIME S£RI£5 
J)q'IIN 15 TIME IHTERUAL IH MINUTES 

JXOATE 0 STARTING DATE 

72?. 988. 810. 660. 
81. 72. 21. 21. 
0. 0. 0. 0. 
0. 0. 0. 0. 

111-III**IIHHHHHHHHHHHH 

• * 
* U.S. ARHV CORPS or ENGINEERS • 
* THE IIVOROL06IC EH6INEERIH6 CENTER * 
* 609 SECOND STREET • 
I DAUIS, CALifORNIA 95616 * 
* <916) sst-ma • 
• I 

****************·--·-~~~-



JHTIMl U 51HKI1Nli llMl 

SUBBASIN RUNOff DATA 

8 BA SUBBASIN CHARACTERISTICS 
TARE A 2.80 SUBBASIN AREA 

PRECIPITATION DATA 

10 PB STORM 3.11 BASIH TOTAL PRECIPITATIOH 

11 PI IHCREMENTRL PRECIPITATION PATTERH 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 
.01 .02 .01 .09 .20 .21 .H .06 .01 .01 
.01 .01 .01 .01 

lHG 6REEH RHO 111PT LOSS RATE 
STRTL .00 STARTING LOSS 

DTH .35 MOISTURE DEfiCIT 
PSif 3.50 UETTIHG fROHT SUCTIOH 

XKSAT .25 HYDRAULIC COHDUCTIUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

HUI INPUT UHITGRRPH, 23 ORDIHATES, UOLIJ1£ = 1.00 
79.0 107.0 291.0 390.0 167.0 565.0 727.0 988.0 810.0 660.0 

516.0 115.0 356.0 235.0 138.0 129.0 81.0 72.0 21.0 21.0 
21.0 21.0 21.0 

*** 

***************************************M***-*****-***********************-*********--.**************************** 

HVDROGRAPH AT STATION 

******************************************************************-*****-********-********************************-
• 

OR MOH HRMN ORO RAIH LOSS EXCESS C!I1P 0 * DR MDH HRMH ORO RAIN LOSS EXCESS C!I1P 0 

* 
1 0000 1 .00 .00 .OD 0. * 0315 16 .62 .16 .16 16. 

0015 2 . 03 .03 .00 0. * 0100 17 .76 .11 .62 125 . 
1 0030 3 . 02 .02 .00 0 . * 0115 18 .15 .13 .32 261. 
1 0015 1 .03 .03 .00 0. * 0130 19 .20 .13 .07 113. 
1 0100 5 .03 .03 .00 0. * 0115 20 .12 .12 .00 608. 
1 0115 6 .03 . 03 .00 0 . * 0500 21 .01 .01 .00 761. 
1 0130 7 .03 .03 .00 0. * 0515 22 .01 .01 .00 951. 
1 OH5 8 .03 . 03 .00 0 . * 0530 23 .01 .01 .00 1193. 

0200 9 .03 .03 .00 0. * 0515 21 .01 .01 .00 1316. 
0215 10 . 03 .03 .00 0 . * 0600 25 .01 .01 .00 1220. 

1 0230 11 .03 .03 .00 0. * 1 0615 26 .00 .00 .00 1028. 
1 0215 12 .01 .01 .00 0. * 1 0630 27 .00 .00 .00 813. 
1 0300 13 . 06 .06 .00 0 . * 0615 28 .00 .00 .00 681. 

0315 11 .11 .11 .00 0. * 0700 29 .00 .00 .00 521. 
1 0330 15 • 28 .19 .09 7 . * 0715 30 .00 .00 .00 365. 

* 
---·--**---***--*************************************************************** 

TOTAL RAINfAll = 3 .11, TOTAL LOSS = 1.58, TOTAL EXCESS = 1.56 

P£RK flW TIM£ MAXIMIJ1 AU£RA6E flW 
6-HR 21-HR 72-HR 7 .25-HR 

t <CfS) <HR> 
<CfS) 

1316. 5.75 125. 351. 351. 351. 
(INCHES) 1.UO 1.110 U10 1.110 
(AC-fT) 211. 211. 211. 211. 



CltiULATI UE AREA = 2.80 SO MI 

1 
RUNOff SU1111ARV 

fLW I H CUBIC fEET PER SECOHO 
TIME IH HOURS, AREA IH SOUARE MILES 

PERK TIME Of RUERR6E fLW fOR MRXIMI.t1 PERI 00 BASIN MAXIMUM TIME Of 
OPERATION STATIOH flllJ PEAK AREA STAGE MAX STAGE 

t 6-HOUR 21-HOUR 72-HOUR 

HVDROGRAPH AT 
1316. 5.75 125. 351. 351. 2.80 

HI HORMRL EHO Of HEC -1 HI 



lHnllllliiiiiiiiiiiHHHIIIIIIUIUIIIliH ....................................... 
* * * * 
* flOOD INDR06RAPH PACKAGE <HEC -1> • * U.S. ARMY CORPS Of EHGIHEERS • 
* fEBRUARY 1981 • * THE INDROLOGIC EHGIHHRIN6 CENTER * 
• REUISED 01 JUH 88 • 

* 
609 SECOND smn 

* * • * DAUIS! CALifORHIR 95616 * * Rllli DATE OVZ6/1991 TIME 16:12:08 • 

* 
(916) 551-1718 * • • 

* 
• 

UllllUilUUHHI-IHHIIIIIIIIIIIIHHII 

*******"*********-··············· 

X X xxxxxxx XXX XX X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X XX XXX X 
X X X X X 
X X X X X 
X X xxxxxxx XX XXX XXX 

THIS PROGRAM REPLACES All PREVIOUS UERSIOHS Of HEC -1 KHilJH AS HEC1 <JAH 73>! HEC16S! HEClDB! RHO HEC1KU. 

TH£ O£fiHITIOHS Of URRIRBL£5 -RTIMP- RHO -RTIOR- HRUE CHAHGEO fRIJ'I THOSE USED UITH THE 1973-STYL£ IHPUT STRUCTURE. 
THE OffiHITIOH Of -li15KK- OH RI1-CARO UAS CHAHGEO UITH REUISIOHS OAT EO 28 SEP 81. THIS IS THE fORTRAH77 UERSIOH 
H£U OPTIOHS: Ofi'IBREAK OUTfLOIJ SUIIIERGEHCE ! SIHGl£ £U£HT DAMAGE CALCULATION! OSS:URIT£ STAG£ fR£0U£HCV, 
DSS:REAO TIME SERIES AT DESIRED CALCULATION IHTERUAL LOSS RATE:GREEH RHO AMPT IHfiLTRATIOH 
KIHEMRTIC UAU£: H£U fiHITE OiffER£HC£ ALGORITif1 

HEC -1 IHPUT 

llHE IO •••• •• .l ....... z ...... .3 ....... 1 .••• •.• 5 •• •.. •• 6 ••..... 7 •.•.•.. 8 ••.•••• 9 •••.. .10 

z 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
ID 
ID 
IT 
IO 

KK 
KM 

BA 
IH 
PB 
PC 
PC 

15 
1 

SUB-BASIH X3 
2.80 

15 
l .H 
.000 .009 
.087 .100 

30 

.016 .025 .031 .012 .051 .059 .067 .076 

.120 .163 .252 .151 .691 .837 .900 .938 

PAGE 1 



13 PC .%0 .963 .975 .988 1.000 
H LG .00 .15 12.10 .01 .00 
15 UI 79. 107. 291. 390. 167. 565. 
16 ur 516. 115. 356. 235. 138. 129. 
17 UI 21. 21. 21. 0. 0. 0. 
18 ur 0. 0. 0. 0. 0. 0. 
19 zz 

lHH******HIIUUIIUIUIIHIIIH******* 

• • 
• fLOOD HVDROGRAPH PACKAGE (HEC -1> * 
II fEBRUARY 1981 * 
* REUI SED 01 JUH 88 * 
II II 

* RUH DATE 01126/1991 TIME 16:12:08 * 
* * 
***************************************** 

5 IO OUTPUT CONTROL UARIA8LES 
IPRHT 1 PRIHT COHTROl 
IPLOT 0 PLOT COHTROL 
OSCAL 0. HVDR06RAPH PLOT SCALE 

IT HVDR06RAPH TIME DATA 
111IH 15 MIHUTES IH COMPUTATION IHTERUAL 

IORTE 1 0 STARTING OAT£ 
ITIME 0000 STARTING TIME 

HO 30 HIJ1BER llf HVOROGRAPH ORDINATES 
HDDATE 1 0 EHOIHG DATE 
HOTIME 0715 EHDIHG TIME 
ICEHT 19 CEHTURV MARK 

CII'IPUTATIOH IHTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UHITS 
DRAINAGE AREA 
PRECIPITRTIOH DEPTH 
LEHGTH, ELEUATIOH 
fUlJ 
STORAGE UOliJ1E 
SURfACE AREA 
TEMPERATURE 

SQUARE MilES 
IHCHES 
fEET 
CUBIC fEET PER S£COHD 
ACRE-fEET 
ACRES 
DEGREES fAHRENHEIT 

727. 9BB. 810. 660. 
81. 72. 21. 21. 
0. 0. 0. 0. 
0. 0. 0. 0. 

*************************************** 

* * 
* U.S. ARMY CORPS Of £H6IHEERS * * THE HVOROLOGIC EHGIHEERIH6 CENTER * 
* 609 SECOtro srREET • 
* OAUIS, CALifDRHIA 95616 * 
• (916) 551-1718 * 
* * 
**********-********************* 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

************** 

* * 
6 KK * * 

* * 
IIHUUUUU 

SUB-BASIH X3 

9 IH TIME DATA fOR IHPUT TIME S£RI(5 
J)Q1IH 15 TIME IHTERURL IH NIHUTES 

JXDATE 0 STARTIH6 DATE 



JXTIME 0 SIH~IlHli llMl 

SUBBASIN RUNOff DATA 

B BA SUBBASIN CHARAmmms 
TAR£A 2.80 SUBBASIH AREA 

PRECIPIJAJIOH DATA 

10 PB STORM 3.11 BASIN TOTAL PRECIPITATION 

11 PI IHCREMEHTAL PRECIPIJAJIOH PRJJERH 
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 
.01 .02 .01 .09 .20 .21 .11 .06 .01 .01 
.01 .01 .01 .01 

1HG GREEN RHO 111PT LOSS RATE 
STRTL .00 STARTING LOSS 

DJH .15 MOISTURE DEfiCIT 
PSif 12.10 UETTIHG fRONT SUCJIOH 

XKSAT .01 HYDRAULIC COHDUCJIUITV 
RJIMP .00 PERCENT IMPERUIOUS AREA 

H UI IHPUT UHIJGRAPH, 23 OROIHATES, UOLIJ1E • 1.00 
79 .0 107 .0 291 .0 390.0 167.0 565.0 727 .0 988.0 810.0 660 .0 

516.0 115.0 356.0 235.0 138.0 129.0 81.0 72.0 21.0 21 .0 
21 .0 21.0 21.0 

*** 

*****************************************************************************-**************************-************ 

HYOROGRAPH AT STAJIOH 

**********************************************************-***************************************************************** 
l 

OR MOH Hlll1H ORO RAIH LOSS £XCESS Clr!P 0 • DR MOH HRMH ORO RRIH LOSS EXCESS C!r!P 0 
• 

1 0000 .00 .00 . 00 0. • 0315 16 .62 .02 .61 1'18 • 
1 0015 2 .03 .03 . 00 0. * 0100 17 .76 .02 .75 293. 
1 0030 3 .02 .02 .00 0. * 1 0115 18 .15 .02 .13 505. 
1 0015 1 .03 .03 .00 0. * 1 om 19 .20 .01 .lB 771. 
1 0100 5 .03 .03 .00 0. * 1 0115 20 .12 .01 .11 1035. 
1 0115 6 .03 .03 .00 0. l 0500 21 .01 .01 . 02 1291 . 
1 0130 7 .03 .03 .00 0. * 0515 22 .01 .01 .03 1576. 
1 0115 8 .03 .03 .00 0. * 0530 23 .01 .01 .02 1857 . 
1 0200 9 .03 .03 .00 0. • 0515 21 .01 .01 .03 1989 • 

0215 10 .03 . 02 .00 0. * 0600 25 .01 .01 .03 1881. 
0230 11 .03 . 02 .01 2 . • 0615 26 .00 .00 .00 1655 . 
0215 12 .01 .02 . 02 1. * 0630 27 .00 .00 .00 1111. 
0300 13 .06 .02 .01 11. * 0615 28 .00 .00 .00 1159. 
0315 11 .11 .02 .12 27. l 0700 29 .00 .00 .00 920. 
0330 15 .28 .02 .26 63. l 0715 30 .00 .00 .00 697 . 

* 
*********************************************************************************************************************************** 

TOTRL RAINfALL • 3 .11, TOTAL LOSS = .17, TOTAL EXCESS = 2.67 

PERK flW TIM£ MAXIM1.11 AUERAG£ flOU 
6-HR 21-HR 72-HR 7 .25-HR 

t <CfS) <HR> 
<CfS) 

1989. 5.75 706 . 585. 585. 585. 
(JHCHES> 2.315 2.315 2.315 2.315 
<AC-fJ) 350 . 350 . 350 . 350 . 



CIJlULATIUE AREA = 2.80 SO MI 

1 
RUNOff Sl.tt1RRV 

fLW IH CUBIC f[[f PER SECOHO 
TIME IN HOURS, AREA IH SOUARE MILES 

PEAK TIME Of AUERA6E fUll fOR HRXIMIJ1 PERIOD BASIN MAXIMIJ1 TIME Of 
OPERATION STATION fUll PEAK AREA STAG£ MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVDR06RAPH AT 
1989. 5.75 706. 585. 585. 2.80 

*H NORMAL END Of HEC -1 *** 



liiUIIUUIUUIIlllllllllliiiiiiiUUIII 

* * * * 
* fLOOD HVDRDGRRPH PACKAGE <IIEC -1) * 
• fEBRUARY 1981 * 
* REUISED 01 JUH 88 * 

* U.S . ARMV CORPS Of ENGINEERS * 
* THE HYDROLOGIC EHGINEERIHG CENTER * 
* 609 SECOND STRE[T * 

* * * 
• RUH DATE 01126/1991 TIME 16:13:29 * * 

DRUIS, CAlifORNIA 95616 
<916> 551-ma 

* * * ......................................... 

X X xxxxxxx xxxxx X 

X X X X X XX 

X X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 

X X X X X X 

X X xxxxxxx XX XXX XXX 

THIS PROGRAM REPLACES All PREUIOUS UERSIDHS Of HEC-1 KHOUH AS HEC1 <JRH 73>, HEClGS, HEClOB, AND HEClKU. 

THE D£fiHITIOHS Of UARIR8l£S -RTIMP- RHO -RTIOR- HRUE CHAHGm fRill THOSE USED UlTH THE 1973-STVLE IHPUT STRIJI:TUR£. 
THE DEfiHITIDH Of -RMSKK- DH RM-CARD UAS CHANGED UITH REUISIDHS DATED 28 SEP 81. THIS IS THE fORTRRH77 UERSIOH 
HEU OPTIONS: DRMBRERK OUTfllll SUBMERGENCE , SIHGLE EUEHT DRMAG£ CAlCUlATIOH, DSS:URIT£ STAGE fREOUEHCV, 
DSS:RERD TIME SERIES AT DESIRED CRlCUlRTIOH IHTERUAl lOSS RATE:6REEH RHO RMPT IHfiLTRRTIOH 
KIHEMATIC UAUE: H£U fiNITE Diff£R£HC£ Al60RITIV1 

HEC-1 INPUT 

llHE ID .. .. .. .1 .. ..... 2 ... .. .. 3 ....... L . .... 5 ... .... 6 ... . ... 7 ... . .. . 8 ....... 9 .. .. . .10 

1 
2 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
IO 
ID 
IT 
IO 

KK 
KM 

SA 
IH 
PB 
PC 
PC 

15 
1 

SUB-BASIN V1 
16 .00 

15 
2.97 
.000 .015 
.135 .152 

30 

.020 .030 .018 .063 .076 .090 .105 .119 

.175 .222 .301 .172 .670 .796 .868 .912 

PAGE 1 

* 
* 
* 



13 PC .916 .960 .973 .987 1.000 
H l6 .00 .35 2.10 1.20 .00 
15 UI 299. 299. 163. 1019. 1310. 1535. 
16 UI 3337. 3870. 3208. 2717. 2112. 2151. 
17 UI 805. 530. 507. m. 313. 299. 
18 UI 92. 92. 92. 92. 92. 0. 
19 UI 0. 0. 0. 0. 0. 0. 
20 zz 

1***************************************** 
* * 

* fLOOD HVDR06RAPH PACKAGE ( HEC -1) * 
* fEBRUARY 1981 • 
• REUIS£0 01 JUH 88 * 
* • 
• RUN DATE 01/26/1991 TIME 16:13129 * 
• • 
***************************************** 

5 10 OUTPUT CONTROL UARIRBLES 
IPRHT 1 PRINT CONTROL 
!PLOT 0 PLOT CONTROL 
OSCAL 0. HVOR06RAPH PLOT SCALE 

IT HVDROGRAPH TIME DATA 
ti'IIN 15 MIHUTES IH Cli1PUTATION IHTERUAL 

IDRTE 1 0 STARTING DATE 
IJIME 0000 STARTING TIME 

HO 30 HIJ'IBER Of HVOR06RRPH ORillHATES 
HODATE 1 0 ENDING DATE 
HDTIME 0715 EHOIH6 TIME 
ICEHT 19 CENTURY MARK 

COMPUTAJIOH INTERUAL .25 HOURS 
T 0 T RL TIME BASE 7 . 25 HOURS 

EHGLISH UNITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LEHGTH, ELEUATIOH 
flOIJ 
STORHGE UOLIJ1E 
SURfACE AREA 
TEMPERATURE 

• * 
6KK * * 

• * 
************** 

SOUARE MILES 
INCHES 
fEET 
CUBIC f[EJ PER SECOND 
Am-rm 
ACRES 
DEGREES fAHRENHEIT 

SUB-BASIH V1 

9 IH TIME DATA fOR IHPUT TIME sm£5 
JXMIN 15 TIME IHTERUAL IH MINUTES 

1726. 1915. 2225. 2592. 
1873. 1635. 1125. 1115. 
261. 92. 92. 92. 

0. 0. 0. 0. 
0. 0. 0. 0. 

*************************************** 
* * 
* U.S. RimY CORPS Of ENGIHITRS • 
* THE HVDROL06IC EH6IHEERIN6 CENTER • 
* 609 SECOMO STREET • 
* ORUIS, CAlifORNIA 95616 • 
• (916} 551-1718 • 
* * 
*************************************** 



JHDAT£ 0 STARTING OAll 
JXTIME 0 STARTING TIM£ 

SUBBASIN RUNOff DATA 

8 BR SUBBASIN CHARACTERISTICS 
TARE A 16.00 SUBBRSIH AREA 

PRECIPITATION DATA 

10 PB STORM 2.97 BRSIH TOTAL PRECIPITATION 

11 PI INCREMENTAL PRECIPITATIOH PATTERN 
.01 .00 .01 .02 .02 .01 .01 .01 .01 .02 
.02 .02 .05 .08 .17 .20 .13 .07 .01 .03 
.01 .01 .01 .01 

11l6 GREEN RHO 111PT LOSS RAT£ 
STRTL .00 STRRTIH6 LOSS 

OTH .35 MOISTURE OffiCIT 
PSif 2 .10 UETTIH6 fROHT SUCTI OH 

XKSAT 1.20 HYDRAULIC COHOUCTIUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

H UI INPUT UHITGRAPH, 35 OROIHRT£S, UOLUME = 1.00 
299.0 299 .0 163.0 1019.0 1310.0 1535.0 1726.0 1915.0 2225.0 2592.0 

3337.0 3870.0 3208.0 2717.0 2112.0 2151.0 1873.0 1635.0 1125 .0 1115 .0 
805.0 530.0 507.0 192.0 313.0 299.0 26U 92.0 92.0 92.0 
92.0 92.0 92.0 92.0 92.0 

*** 

-··•******************************************************'*************************-********************************** 

HVOROGRAPH RT STATION 

-llli!HHfUIKKIUKIUKKKIIKKKKKUKI********UKUKIII****-****************UIIliKliUKU****IIUKKKliiU-IUUIIIUIIIIU 
* 

DR MOH HRMH ORO RAIH LOSS EXCESS C!J'IP 0 * DR MDH HRIIH ORO RRIH LOSS EXCESS C!J'IP 0 

* 
0000 1 .00 . 00 .00 D . * 0315 16 .50 .50 .00 1. 
0015 2 .01 . 01 .00 0. * 0100 17 .59 .16 .13 10 . 
0030 3 .01 . 01 .00 0 . * 0115 18 .37 .37 .00 11. 

1 0015 1 .03 . 03 .00 0 . 1 0130 19 .21 .21 .00 61. 
1 0100 5 .05 . 05 .00 0 . * 1 om 20 .13 .13 .00 112. 
1 0115 6 .01 . 01 .00 0 . * 1 0500 21 .10 .10 .00 178. 
1 0130 7 .01 . 01 .00 0 . * 1 0515 22 .01 .01 .00 208. 
1 0115 8 . 01 . 01 .00 0 . * 1 0530 23 .01 .01 .00 231 . 

0200 9 .01 • 01 .00 0. * om 21 .01 .01 .00 261 . 
0215 10 .01 . 01 .00 0 . * 1 0600 25 .01 .01 .00 302. 

1 0230 11 .05 . 05 .00 0. * 1 0615 26 .00 .00 .00 352 . 
1 0215 12 .05 . 05 .00 0 . * 1 0630 27 .00 .00 .00 153. 
1 0300 13 .07 . 07 .00 0 . * 0615 28 .00 .00 .00 521. 
1 0315 H .11 .11 .00 0 . * 0700 29 .00 .00 .00 132 . 
1 0330 15 .21 . 21 .00 0 . ll 0715 30 .00 .00 .00 371. 

* 
--·········•••***********-***************************************-************-******-********** 

TOTAL RAIHfALL = 2 .97, TOTAL LOSS = 2 .83, TOTAL £XCESS = .11 

PERK fUll TIME MAXIMll1 AUERA6E fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

t <CfS) <HR> 
(CfS) 

521. 6.75 112. 118. 118 . 118 . 
<INCHES> .083 .083 .083 .083 



<RC-rr> 71. 71. 71. 71. 

CIJ1ULATIUE AREA = 16.00 SO MI 

RUHOff SIJ11AI!V 
fLW IH CUBIC f[[f P£R S£COHD 

TIME IH HOURS, AREA IN SCURR£ MILES 

PEAK TIME Of AUHA6E fLW fOR MAXIMIJ1 PERIOD BASIH MAXIMIJ1 TIME Of 
OPERATION STATION fLW PEAK AREA STAGE MAll" STA6E 

6-HOUR 21-HOUR 72-HOUR 

HVOROGRAPH AT 
t 521. 6.75 H2. 118. 118. 16.00 

*** HO!mAL EHO Of HEC -1 *** 



*************************************** 
* • * * 
• fLOOD HVOROGRAPH PACKAGE <HEC-1> • • U.S . ARMV CORPS Of ENGINEERS • 

* THE HYDROLOGIC EHGIHEERIHG CENTER * * fEBRUARY 1981 • 
* REUISEO 01 JUH 88 • * 609 S£COHD STREET * 
* * * DAUIS, CALifORNIA 95616 • 
* RUH DATE 01/26/1991 TIME 16:H:53 * * (916) 551-1 7i8 * 
* • * * 
***************************************** *************************************** 

X X xxxxxxx xxxxx X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 
X X X X X X 
X X xxxxxxx xxxxx XXX 

THIS PR06Rif1 REPLACES ALL PREUIOUS UERSIOHS Of HEC -1 KHIXJH AS HEC1 <JAH 73), HEC16S, HEClOB, RHO HEC1KU . 

THE DffiHITIOHS Of UARIABLES -RTIMP- RHO -RTIOR- HAUE CHANGED fRIJ1 THOSE USED UITH THE 1973-STYLE INPUT STRUCTURL 
THE OEfiHITIOH Of -ll1SKK- OH RM-CARO UAS CHANGED UITH REUISIOHS DATED 29 SEP 91. THIS IS THE fORTRAN?? UERSHIH 
HEU OPTIONS: 0111BREAK OUTfliXJ SUBMERGENCE , SINGLE EUEHT DAMAGE CALCULATION, OSS:URITE STAGE fREOUEHCY, 
OSS:READ TIME SERIES AT DESIRED CALCULATION IHTERUAL LOSS RATE:GREEH RHO 111PT IHfiLTRATIOH 
KINEMATIC UAUE: HEU fiNITE DiffERENCE ALGORIT!i1 

HEC-1 INPUT PAGE 1 

LIH£ IO •• .• •• .1 . . . . .. . 2 .. .. .. .3 .. ... •• i. .. .... 5 ... ... • 6 ...• •.. 7 . ..•.• . 9 .•• .. •. 9 ... •. .10 

1 ID 
2 IO 
3 IO 
1 IT 15 30 
5 IO 1 

6 KK 

7 KM SUB-BASIN Y2 
8 BA 16.00 
9 IH 15 

10 PB 2.97 
11 PC .000 .015 .020 .030 .Oi9 .063 .076 .090 .105 .119 
12 PC .135 .152 .175 .222 .301 .m .670 . 796 .868 .912 



13 PC .916 .960 .973 .987 1.000 
11 LS .00 .35 3.50 .25 .00 
15 UI 299. 299. 163. 1019. 1310. 1535. 
16 UI 3337. 3870. 3208. 2717. 2112. 2151. 
17 UI 805. 530. 507. m. 313. 299. 
18 UI 92. 92. 92. 92. 92. 0. 
19 UI 0. 0. 0. 0. 0. 0. 
20 zz 

1tUII II I I I I lllltlHHHiflHIHIU I I I I I II I I I IIHI 

• • 
* fLOOD HVDROGRAPH PACKAGE (HEC-1) * 
* fEBRUARY 1981 • 
* REUI SED 01 JUH 88 * 
* * 
• RUN DATE 01/26/1991 TIME 16:11:53 * 
• * ......................................... 

5 IO OUTPUT COHTROL UARIABLES 
IPRNT 1 PRIHT COHTROl 
!PLOT 0 PLOT CONTROL 
OSCAL 0. HVDR06RAPH PLOT SCALE 

IT HVDROGRAPH TIME DATA 
lt1IH 15 MIHUTES IH CIJ'IPUTATION IHTERUAL 

IDATE 0 STARTING DATE 
ITIM£ 0000 STARTIH6 TIN£ 

HO 30 HtJ1BfR Of HVDROGRAPH ORDINATES 
HDDATE 1 0 ENDING DATE 
HDTIME 0715 ENDING TIME 
I CENT 19 CEHT URV MARK 

CIJ'IPUTATIOH INTERUAl .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

EHGLISH UNITS 
DRAINAGE AREA 
PRECIPlTATIOH DEPTH 
LENGTH, [L[UATIOH 
fUll 
STORA6E UOLtJ1E 
SURfACE AREA 
TEMPERATURE 

SQUARE MILES 
IHCHES 
fm 
CUBIC f([T P£R SECOND 
ACRE-fEET 
ACRES 
DEGREES fAHRENHEIT 

1726. 1915. 2225. 2592. 
1873. 1635. 1125. 1115. 
26t 92. 92. 92. 

0. 0. 0. 0. 
0. 0. 0. 0. 

....................................... 
• * 
* U.S. ARMV CORPS Of ENGINEERS * 
* THE HYDROLOGIC EHGIHEERIH6 CENTER • 

* 609 SECOND STRE£T • 
* DAUIS, CALifORNIA 95616 * 
* (916) 551-1748 * 
* * ... .................................... 

................................................ *** .................. *** ......... *** ...... *** ... ... 

.............. 
* * 

6 KK • • 

* * 
************** 

SUB-BASIH V2 

9 IH TIME DATA fOR INPUT TIM£ SERIES 
Jla!IH 15 TIME IHTERUAL IH MIHUTES 



JXORT£ u SlAKIINli UHll 

JMTIM£ 0 STARTING TIM£ 

SUBBASIN RUHOff DATA 

8 BA SUBBASIN CHARACTERISTICS 
TARE A 16.00 SUBBASIN AREA 

PRECIPITATIOH DATA 

10 PB STORM 2.97 BASIN TOTAL PRECIPITRTIOH 

llPI INCREMENTAL PRECIPITATIOH PATTERH 
.01 .00 .01 .02 .02 .01 .01 .01 .01 .02 
.02 .02 .05 .OB .17 .20 .13 .07 .01 .03 
.01 .01 .01 .01 

1H6 6R££N AND IV1PT LOSS RAT£ 
STRTL .00 STARTIH6 LOSS 

DTH .35 MOISTURE DEfiCIT 
PSif 3.50 U£TTIH6 fRONT SUCTION 

XKSRT .25 HYDRAULIC COHDUCTIUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

HUI IHPUT UNIT6RAPH, 35 ORDINATES, UOLIJ1£ = 1. 00 
299.0 299.0 163.0 1019.0 1310.0 1535.0 1726.0 1915.0 2225.0 2592.0 

3337.0 3870.0 3208.0 2717.0 2112.0 2151.0 1873.0 1635.0 1125.0 1115.0 
805.0 530.0 507.0 192.0 313.0 299.0 261.0 92.0 92.0 92.0 
92.0 92.0 92.0 92.0 92.0 

*** 
-***••••••••••••••••••-•••••••••••--***--•***u-u•--•---**·---******-***** 

HVOR06RAPH AT STATIOH 

****************HUUUKKKKMKKKMKM*****lfK************KU**lf**lfHHUU ___ KKMMKKIMKKKKK***KHK**lf ___ K 
• 

OR MOH HRI1N ORO RAIH LOSS EXCESS COMP 0 * DR MON HRI1H ORO RAIN LOSS EXCESS COMP 0 

* 
0000 1 . 00 .00 .00 0 . • 0315 16 .50 .15 .35 128 . 
0015 2 .01 . 01 .00 0 . .. 0100 17 .59 .11 .15 276 . 

1 0030 3 .01 . 01 .00 0 . * 0115 18 .37 .13 . 25 153 . 
0015 1 .03 .03 . 00 0 . * 0130 19 .21 .12 .09 791. 
0100 5 . 05 .05 .00 0 . .. om 20 .13 .12 .01 1199 . 
0115 6 .01 . 01 .00 0 . * 0500 21 .10 .10 .00 1571. 
0130 7 .01 .01 .00 0. * 0515 22 .01 .01 .00 1877. 
0145 8 .01 .01 .00 0. * 0530 23 .01 .01 .00 2150. 
0200 9 .D1 • D1 .00 D . * om 21 .01 .01 .00 2119. 
0215 10 .01 .01 .00 0. * 0600 25 .01 .01 .00 2836. 
0230 11 .D5 .05 .00 0. * 0615 26 .00 .00 .00 3397. 
0215 12 .05 .05 .00 0. * 0630 27 .00 .00 .00 39BB. 
0300 13 .07 . 07 .00 0 . * 1 0615 28 .00 .00 .DO 1182. 
0315 11 .11 .11 .00 0 . * 1 0700 29 .00 .00 .00 3903. 
0330 15 .21 .17 .08 23 . * 1 0715 30 .00 .00 .00 3162. 

* 
---*******--••••••••••••••••••••u•**-•**-**•-•-••••••••••••••******-•-••••••••••*** 

TOTAL RAINfAll = 2. 97, TOTAL LOSS = 1.71, TOT RL EXCESS = 1.23 

PERK fUll TIME MAXIMIJ1 AUERAGE fLOU 
6-HR 21-HR 72-HR 7 .25-HR 

+ (CfS) <HR> 
(CfS) 

1182. 6.75 1289. 1067. 1067. 1067. 
<IHCHES) .719 .719 .719 .m 



<A e-rn 639 . 639. 639 . 639 . 

CltiULRTIUE AREA = 16 .00 SO MI 

RUHOff SlJ11RRV 
fllllJ IH CUBIC fEET PER SECOND 

TIME IH HOURS, AREA IH SOUARE MILES 

PEAK TIME Of AUERAGE fUKJ fOR MAXIMUM PERI 00 BASIH MAXIMUM TIME Of 
OPERATION STRTIOH FUIIJ PERK AREA STAGE MAll' STAGE 

6-HDUR 21-HOUR 72-HOUR 

HVOROGRAPH AT 
H92 . 6.75 1289. 1067 . 1067 . 16.00 

H11 HORMAL EHD Of HEC -1 "* 



1 ............................. ·-·** 
• * 
• fLOOD HVOROGRRPH PACKAGE <HEC-1) • 
• fEBRUARY 1981 • 
* REUISED 01 JUH 88 * 
* • 
* RUN DATE 04/2611991 TIME 16:16:10 • 

* * 
--1-IUIIUUIIIUIIUUI 

X X xxxxxxx 
X X X 

X X X 

xxxxxxx xxxx 
X X X 
X X X 
X X xxxxxxx 

xxxxx 
X 

X 
X XXX XX 
X 
X X 

XXX XX 

X 
XX 
X 

X 
X 
X 

XXX 

UUUliiiiiiiiiiiii*AHI*I***"H-

• • 
* U .S . ARMV CORPS Of ENGINEERS • 
• THE HVOROLOGIC EH6INEERIH6 CEHTER * 
• 609 SECOND STRE£T • 
* OAUIS, CAlifORNIA 95616 * 
* (916) 551-1748 * 
* * -··---············· 

THIS PR06RIJ1 REPLACES ALL PREUIOUS UERSIOHS Of HEC -1 KNWN AS HECl <JAN 73>, HEC16S, HEClDB, AND HEC1KU . 

THE DEfiNITIONS Of UARIABLES -RTIMP- AND -RTIOR- HAUE CHAH6EO fRI»'' THOSE USED UITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEfiNITION Of -IV1SKK- ON RIHARO UAS CHANGED UITH REVISIONS DATED 28 SEP 81. THIS IS THE fORTRAH77 UERSIOH 
NEU OPTIONS: OAMBREAK OUTflW SUBMERGENCE , SIHGLE EUEHT DAMAGE CALCULATION, OSS:URIT£ STAGE fREOUENCV, 
OSS: READ TIME SERIES AT DESIRED CALCULATION IHTERUAL LOSS RATE: GREEN AND AMPT INfiLTRATION 
KINEMATIC UAUE: HEU fiNITE DiffER£HCE AL60RlTHI1 

HEC -1 IHPUT 

LINE 10 .... . . .1 •••• .•• 2 •.•• •• .3 .. . .... 4 •••• .• • 5 ..••.•• 6 .. ... .. 7 .. ..... 8 ....... 9 ... .. .10 

1 
z 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
ID 
ID 
IT 
IO 

KK 
KM 

BA 
IH 
PB 
PC 
PC 

15 
1 

SUB-BRSIH V3 
16.00 

15 
z .97 
.000 .015 
.135 .152 

30 

.020 .030 .048 .063 .076 .090 .105 .119 

.175 .222 .304 .m .670 . 796 .868 .912 

PAGE 1 



13 PC .916 .960 .973 .987 1.000 
H LG .00 .15 12 .10 .01 .00 
15 UI 299 . 299 . 163 . 1019 . 1310. 1535 . 
16 UI 3337 . 3870. 3208. 2717. 2112. 2151. 
17 UI 805 . 530 . 507 . 192. 313. 299. 
18 UI 92 . 92. 92. 92. 92. 0. 
19 UI 0. 0. 0. 0. 0. 0. 
20 zz 

1*******-~******************* 

* * 

* fLOOD HVOROGRAPH PACKAGE <HEC -1) * 
* fEBRUARY 1981 * 
* REVISED 01 JUH 88 * 
* * 
• RUH DATE 01/26/1991 TIME 16:16:10 * 

* * 
***************************************** 

5 IO OUTPUT CONTROL VARIABLES 
IPRHT 1 PRIHT COHTRDL 
!PLOT 0 PLOT CONTROL 
OSCAL 0. HVDR06RAPH PLOT SCALE 

IT HVOROGRAPH TIM£ DATA 
tf1IN 15 MINUTES IH COMPUTATION INTERVAL 

IDRT£ 1 0 STARTING OAT£ 
ITIME 0000 STARTING TIME 

HO 30 HUMBER Of HVOROGRAPH ORDIHAT£5 
HDDATE 1 0 EHDIH6 DATE 
NDTIME 0715 EHDIHG TIM£ 
ICEHT 19 CEHTURV MARK 

CDMPUTATIOH IHTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UNITS 
ORAIHA6E AREA 
PRECIPITATION DEPTH 
LENGTH, ELEUATIOH 
flOIJ 
STORAGE UOLII1E 
SURfACE AREA 
T01PERATURE 

************** 

* * 
6KK * * 

* * 
************** 

SOUAR£ MILES 
IHCHES 
fEET 
CUBIC fEET PER SECOHD 
ACRE -fEET 
ACRES 
DEGREES fAHRENHEIT 

SUB-BASIH V3 

9 IH TIME DATA fOR INPUT TIME SERIES 
J)a'IIH 15 TIME IHTERUAL IH IIIHUTES 

1726 . 1915. 2225. 2592. 
1873. 1635. 1125. 1115. 
261. 92. 92. 92. 

0. 0. 0. 0. 
0. 0. 0. 0. 

*************************************** 
* * 

* U.S. ARMY CORPS Of EHGIKEERS * 
* THE HVOROlOGIC EHGIHEERIHG CEHTER * 
* 609 SECOHO STREET * 
* OAUIS, CAlifORNIA 95616 * 
* (916) 551-1718 * 
I * 
................ *********************** 



JXDAJE u ~IHmHli UHil 

JXTIME 0 STARTIHG TIME 

SUBBilSIH RUHOff ORTA 

8 BA SUBBASIH CHARAmRISTICS 
TAR£A 16.00 SUBBASIN AREA 

PRECIPITATIOH OATA 

10 PB STORM 2.97 BASIH TOTAL PRECIPITATIOH 

11 PI IHCREM£HTAL PRECIPITATIOH PATTERH 
.01 .00 .01 .02 .02 .01 .01 .01 .01 .02 
.02 .02 .05 .08 .17 .20 .13 .07 .01 .03 
.01 .01 .01 .01 

1H6 GREEH AHO li'IPT LOSS RATE 
STRTL .00 STARTIHG LOSS 

OTH .15 MOISTURE OEfiCII 
PSif 12.10 UETTIHG fROHT SUCTIOH 

XKSAT .01 HYDRAULIC COHDUCTIUITY 
RTIMP .00 PERCEHT INPERUIOUS AREA 

11 UI IHPUT UHIT GRAPH, 35 ORDINATES, UOLIJ1E = 1. 00 
299.0 299.0 163.0 1019.0 1310.0 1535.0 1?26.0 m5.o 2225.0 2592.0 

3337.0 3870.0 3208.0 2717.0 2m.o 2151.0 1873.0 1635.0 H25.0 1115.0 
805.0 530.0 507.0 192.0 313.0 299.0 m.o 92.0 92.0 92.0 
92.0 92.0 92.0 92.0 92.0 

*** 

*********************************************************************************************************************************** 

HVDROGRAPH AT STATION 

**************-*******************************************-********************************************************** 
* 

DR MDH HRMH ORO RAIH LOSS EXCESS CIJ'IP 0 * OR NOH HRHH ORO RAIH LOSS EXCESS CII'IP 0 

* 
1 0000 1 .00 .00 .DO 0. * 1 om 16 .50 .02 .18 623. 
1 0015 2 .01 .01 .00 0. * 1 0100 17 . 59 .01 .57 951 . 
1 0030 3 .01 .01 .00 0. * 1 om 18 .37 .01 .36 1350 • 

0015 .03 .03 .00 0. * 0130 19 . 21 .01 .20 1917 . 
0100 5 .05 .01 .01 3. * 0115 20 .13 .01 .12 2583 . 
0115 6 .01 .03 .01 6. * 0500 21 .10 .01 .09 3208. 

1 0130 7 .01 .03 .01 11. * 1 0515 22 . 01 .01 .03 3773 . 
1 0115 8 .01 .02 .02 23. * 1 0530 23 .01 .01 .03 1329. 

0200 9 .01 .02 .02 10. * 0515 21 . 01 .01 .03 1912 . 
0215 10 .01 .02 .02 60. * 1 0600 25 .01 .01 .03 5628. 
0230 11 .05 .02 .03 89. * 1 0615 26 . 00 .00 .00 6388 • 
0215 12 .05 .02 .03 125. * 1 0630 27 . 00 .00 .00 7077 . 
0300 13 .07 .02 .05 171. * 0615 28 .00 .00 .00 7298. 
0315 11 .11 .02 .12 251. * 0700 29 .00 .00 .00 6976. 
0330 15 .21 .02 .23 383. * 0715 30 .00 .00 .00 6135. 

* 
********-**********************************************************-********IHIUUUMMWMUWI!f!f!fMM!fM!fM!fUUKMMMUMMUM 

TOTAL RAIHfALL = 2.97, TOTAL LOSS • .19, TOTAL EXCESS " 2.18 

PEAK flOU TIME 11AXIMIJ1 AUERA6E fLOIJ 
6-HR 21-HR 72-HR 7 .25-HR 

i (CfS) <HR> 
<CfS> 

7298. 6.75 2559. 2118. 2118. 2118. 
<INCHES> 1.187 1.187 1.187 1.187 



(AHT> 1269. 1269. 1269. 1269. 

CltiULATIUE AREA = 16.00 SO NI 

RUNOff SIJ11ARV 
fUll IH CUBIC fEET PER SECOHO 

TIME IH HOURS: AREA IH SQUARE MILES 

PEAK TIME Of AUERAGE fLOIJ fOR MAXIMI.tl PERIOD BASIH MAXIMlt1 TIME Of 
OPERATION STATION fLOIJ PEAK ARER STAGE MAX STAGE 

6-HOUR 2HOUR 72-HOUR 

HVOR06RRPH RT 
7298. 6.75 2559. 2118. 2118. 16.00 

*** IIGRMRL EHO Of HEC -1 *** 



liiiiUIIUIIIIIIIIIIIIHHUIUfHIIIUIIIIII 

* * 
* flOOD friDR06RRPH PACKAGE <HEC -1> * * U.S . ARMY CORPS Of EHGIHEERS * 

* THE friDROLOGIC EH6IH£ERIHG CEHTER * * fEBRUARY 1981 * 
* REVISED D1 JUH 88 * * 609 SECOHD STREET * 
* * * OAUIS, CALifORHIR 95616 * 
* RUH DATE OV26/1991 TIN£ 16:17:31 * * (916) 551-1748 * 
* * * * 

****•********************************** 

X X xxxxxxx xxxxx X 
X X X X X XX 
X X X X X 
xxxxxxx xxxx X XXX XX X 

X X X X X 

X X X X X X 
X X xxxxxxx XXX XX XXX 

THIS PR06RII1 REPLACES ALL PREVIOUS UERSIOHS Of HEC-1 KHOUN AS HEC1 <JAN 73), HEC16S, HEClOB, RHO HEC1KIJ. 

THE OEflHITIOHS Of UARIABl£5 -RTIMP- RHO -RUOR- HRUE CHAH6ED fR~ THOSE USED UITH THE 1973-STYLE IHPUT STRUCTURE. 
THE DEfiHITIOH Of -fi1SKK- OH RM-CARO UAS CHANGED UITH REUISIOHS ORT£0 28 SEP 81. THIS IS THE fORTRAN77 UERSIOH 
H£lJ OPTIOHS: 0111BREAK OUTfliiJ SUS1ER6EHCE , SIH6LE EUEHT DII'IA6£ CALCUlATION, OSS:URITE STAGE fREOUEHCY, 
OSS:READ TII1E SERIES AT DESIRED CAlCULATIDH IHTERUAL lOSS RATE:6REEH AHD II'IPT INfiLTRATIOH 
KIH£l1ATIC UAUE: HEU fiNITE Diff£REHC£ Al6DRITfl1 

HEC-1 INPUT 

liNE ID ....... L ...... 2 ...... .3 ....... 1 ....... 5 ....... 6 ...... .7 ....... 8 ....... 9 ..... .1D 

2 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

ID 
ID 
ID 
IT 
IO 

KK 
KM 

BA 
IH 
PB 
PC 
PC 

15 
1 

SUB-BASIH Zl 
100.00 

15 
2.58 
.000 .021 .035 
.181 .203 .231 

30 

.051 .071 .088 .106 .126 .111 .162 

.283 .367 .501 .656 .771 .839 .887 

PA6£ 1 



13 PC .926 .911 .963 .982 1.000 
H LG .00 .35 2.10 1.20 .00 
15 UI 561. 561. 561. 561. 561. 561. 
16 UI 1811. 18H. 2151. 2151. 2109. 2581. 
17 UI 3118. 3206. 3309. 3152. 3552. 3688. 
18 UI 1151. mo. 5132. 5576. 6023. 6761. 
19 UI 6392. 6015. 5711. 5181. 5219. 5014. 
20 UI 1302. 1033. 3862. 3720. 3585. 3112. 
21 UI 2716. 2720. 2581. 2512. 2151. 2151. 
22 UI 993. 993. 993. 993. 967. 922. 
23 UI 618. 561. 561. 561. 561. 561. 
21 UI 172. 172. 172. 172. 172. 172. 
25 UI 172. 172. 172. 172. 172. 172. 
26 UI 172. 172. 172. 172. 172. 172. 
27 UI 0. 0. 0. 0. 0. 0. 
28 UI 0. 0. 0. 0. 0. 0. 
29 ll 

1 ************************ ........... ****** 
* * 
* fLOOD HVO~OG~APH PACKAGE <HEC -1> * 
* fEBRUARY 1981 * 
* REUIS£0 01 JUH 88 * 
* * 
• RUH DATE 01126/1991 TIME 16:17:31 * 
* * 
IIUIIIIIIIIJHHHHHHIUH***IHHI*****HH*** 

5 10 OUTPUT CONTROL UARIA8LES 
IP~NT 1 P~IHT CONTROL 
!PLOT 0 PlOT COHT~OL 
DSCAL 0. HVOROGRAPH PLOT SCALE 

IT HVDROGRAPH TIME OAT A 
HMIN 15 MINUTES IH CIJ'IPUTATIOH IHTERUAL 

!DATE 0 STARTING OAT£ 
!TIME 0000 STARTING TIME 

HO 30 Hl.t18ER Of HVDROGRAPH ORDINATES 
HODATE 0 EHDIH6 DATE 
NDTIME 0715 EHOIHG TIME 
ICEHT 19 CEHTURV MARK 

Clr!PUTATION INTERUAL .25 HOURS 
TOTAL TINE BASE 7.25 HOURS 

ENGLISH UNITS 
DRAINAGE A~EA 
PRECIPITATION DEPTH 
LENGTH, ELEUATION 
fLW 
STO~AGE UOLIJ1E 
SURfACE AREA 
TEMPERATURE 

SOUARE MILES 
INCHES 
fEET 
CUBIC fEET PER SECOHO 
ACRE-fEET 
ACRES 
DEGREES fAHRENHEIT 

-------------

561. 561. 561. 1587. 
2680. 2716. 2930. 3002. 
3893. 1062. 1213. 1326. 
6720. 7525. 7390. 6881. 
1861. 1698. 1552. m1. 
3329. 3227. 2992. 2926. 
1712. 1613. 16B. 1266. 

922. 922. 922. 922. 
561. 561. 561. m. 
172. 172. 172. 172. 
172. 172. 172. 172. 
172. 172. 172 . 0. 

0. 0. 0. 0. 
0. 0. 0. 0. 

*************************************** 
* * 
* U.S. ARMY CO~PS Of EHGIHEERS * 
* THE HYDROLOGIC EHGIHEE~IHG CENTER * 
* 609 SECOHO ST~EET * 
* OAUIS, CALifORNIA 95616 * 
* (916) 551-1719 * 
* * 
************************ ............... 



------------------- --------

************** 
* * 

GKK * * 
* * 
************** 

SUB-BASIH Z1 

9 IN Tit!£ DRTR fOR IHPUT TIM£ S£RI£5 
J~IH 15 TIM£ IHT£RURL IH MINUTES 

JXDRT£ 0 STARTING OAT£ 
JHTIME 0 STARTING TIME 

SUBBASIN RUNOff DATA 

8 BA SUBBASIH CHARACTERISTICS 
TRREA 100 000 SUBBASIH AREA 

PRECIPITATION DATA 

10 PB STORM 2058 BASIH TOTAL PRECIPITRTIOH 

11 PI IHCREMEHTAL PRECIPITATION PATTHH 
o02 001 o02 002 002 002 002 002 002 002 
002 003 005 008 013 .16 .12 007 005 001 
002 002 002 002 

1H6 GREEN RHO fi1PT LOSS RATE 
STRTL 000 STARTIH6 LOSS 

OTH .35 MOISTURE DEfiCIT 
PSif 2 0 '10 UETTIHG fROHT SUCTIOH 

XKSAT 1.20 HYDRAULIC COHDUCTIUITV 
RTIMP 000 PERCEHT IMPERUIOUS AREA 

11UI IHPUT UHITGRAPH, 119 ORDINATES, UOLlJ'IE = 1o00 
56100 561.0 56100 56100 56100 56100 56100 56100 561.0 1587 00 

181'!00 181'100 215100 2151.0 2'!09.0 258100 2680 00 27%00 293000 3002.0 
311800 3206 oO 3309 00 3'!52 00 3552 oO 3688 00 3893 00 1062 oO '121300 1326 00 
'1151.0 mo oo 5132.0 5576.0 6023.0 6761.0 6720.0 7525 00 7390.0 688'1.0 
639200 60'!5 00 57'1'1.0 518100 5219 00 50'\t 00 '!86100 1698 00 '1552 00 '112100 
1302.0 '103300 3862 00 372000 3585 00 3112 00 3329.0 3227 00 2992 00 292600 
27'1600 2720 00 2581.0 2512.0 2151.0 215100 171200 1613.0 161300 1266.0 
993.0 993.0 993.0 99300 967 00 922 00 922.0 92200 92Zo0 92200 
6'l8o0 561.0 561.0 561.0 561.0 56100 561.0 561.0 56100 3'13.0 
172.0 172.0 172.0 17200 172.0 17200 17200 172.0 172.0 17200 
172.0 17200 17200 17200 172.0 17200 17200 172.0 17200 17200 
17200 172.0 17200 172.0 172.0 17200 17200 172.0 172.0 

*** 

*********************************************************************************************************************************** 

HVOROGRAPH AT STATIOH 

******************************************************************************************** ***** * * * * * * * * * * *. * ********************* 
* 

OR MOH HRMH ORO RAIH LOSS EXCESS COMP 0 * OR MOH HRMH ORO RAIH LOSS EXCESS COMP 0 

* 
1 0000 .00 .00 .00 00 * 0315 16 .35 .35 000 0. 
1 0015 2 .05 005 000 00 * 0100 17 010 010 000 Oo 
1 0030 3 001 001 .00 Oo * 0115 18 .30 .30 000 Oo 
1 00'15 1 oO'l 001 000 00 * 0130 19 .18 .18 000 00 
1 0100 5 005 005 000 00 * om 20 .12 .12 oOO 00 
1 0115 6 001 001 000 00 * 0500 21 .10 .10 000 00 
1 0130 7 005 . 05 000 0 . * 0515 22 .05 005 .00 0. 
1 01 '15 8 .05 005 000 00 * 0530 23 005 005 000 00 
1 0200 9 005 005 000 Oo * 0515 21 .05 005 000 0 0 



0215 10 .05 .05 . 00 0 . * 0600 25 . 05 .05 .00 0 . 
1 0230 11 .05 .05 .00 0. * 0615 26 .00 .00 .00 0. 
1 0215 12 .06 .06 . 00 0 . * 0630 27 .00 .00 .00 0. 
1 0300 13 .09 .09 • 00 0 . * 0615 29 .00 .00 .00 0. 

0315 11 .13 .13 . 00 0 . * 0700 29 .00 .00 .00 0. 
0330 15 .22 .22 . 00 0 . * 0715 30 .00 .00 .00 0. 

* 
*********************************************************************************************************************************** 

TOTAL RAINfALL = 2 .59, TOTAL LOSS = 2 .59, TOTAL EMC£55 = .00 

PEAK fLW TIME MAXIMUM AU£RRGE fUll 
6-H~ 21-H~ 72-H~ 7 .25-H~ 

+ <CfS) <H~) 

(CfS) 
0. • 25 0 • 0. 0. 0. 

<IHCHES) .000 .000 .000 .000 
<AC-fT) 0. 0. 0. 0. 

CIJI1ULATIUE A~ER • 100.00 SO MI 

RUHOff SIJ11ARV 
fUXJ IH CUBIC f[EJ PE~ S£COHD 

TIME IN HOURS, AREA IH SOUARE HILES 

PERK TIME Of RUHR6E flOU fOR MRXIMIJI PERIOD BASIH MAXIMIJ1 TIME Of 
OPERATION STATION fLW PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVOROGRAPH AT 
0. • 25 0 . 0. 0. 100.00 

*** HIMIAL EHO Of HEC -1 *** 



111UUIUMMII*I*IIIII*IIUIMMMUUMUIIH 

* * * flOOD HVDR06RAPH PACKAGE <HEC -1) * 
* ITBRUARV 1981 * 
* REUISED 01 JUH 88 * 
* * 
* RUN DATE 01126/1991 TIME 16:18:52 * 
* * 
~~-·-···~~~-············*** 

X X xxxxxxx 
X X X 

X X X 

xxxxxxx xxxx 
X X X 

X X X 
X X xxxxxxx 

xxxxx 
X X 

X 

X xxxxx 
X 
X X 
xxxxx 

X 

XX 

X 

X 

X 

X 
XXX 

*********************************-
* * 
* U .5. ARMY CORPS Of EH6IHEERS * 
* THE HYDROLOGIC EH6IH££RIHG CEHTER * 
* 6D9 SECOHO STRW * 
* OAUIS, CALifORHIA 95616 * 
* (916) 551-1718 * 
* * 
··-·-*************************** 

THIS PROGRIV1 REPLACES ALL PREUIOUS UERSIOHS Of HEC -1 KHWH AS HEC1 <JRH 73>, HEC16S, HEClOB, RHO H£C1KIJ. 

THE O£fiHITIOHS Of UARIABLES -RTIMP- RHO -RTIOR- HAU£ CHAH6£0 fR!I1 THOSE USED UITH THE 1973-STVL£ IHPUT STRUCTURE. 
THE DEfiHITIDH Of -IV1SKK- OH RM-CARO UAS CHAH6ED UITH REUISIOHS ORTEO 28 SEP 81. THIS IS THE fORTRAH77 UERSIOH 
HEU OPTIONS: Olt!BRERK OUTflW SUBMERGENCE , SIH6LE EUEHT DIV1A6E CALCULATION, OSS:URITE STAGE fREOUEHCV, 
DSS:REAO TIME S£RIES AT DESIRED CALCULATION IHTERUAL LOSS RATE:GREEH RHO lt!PT IHfiLTRATIOH 
KIHEMRTIC UAU£: HEU fiNITE DlffEREHCE Al60RITII1 

HEC-1 IHPUT 

LIHE I0 ..•. ••• 1.. ..... 2 .. .... .3 ••••••• L ....• 5 ...... . 6 . ... .. .7 .. ..... 8 .. . .. .. 9 . . ... .10 

2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 

10 
Io 
ID 
IT 
ro 

KK 
Kl1 
BR 
IH 
PB 
PC 
PC 

15 
1 

SUB-BASIH Z2 
100 .00 

15 
2.58 
.000 .021 
.181 .203 

30 

.035 .051 .071 .088 .106 .126 .111 .162 

.231 .283 .367 .501 .656 .771 .839 .887 

PAGE 1 



~-------

13 PC .926 .911 .963 .982 1.000 
11 LG .00 .35 3.50 .25 .00 
15 UI 561. 561. 561. 561. 561. 561. 
16 UI 1814. 1814. 2151. 2151. 2i09. 2581. 
17 UI 3118. 3206. 3309. 3i52 0 3552. 3688. 
18 ur 1151. 1780. 5132. 5576. 6023. 6761. 
19 UI 6392. 6015. sm. 5181. 5219. 5011. 
20 ur 1302. 1033. 3862 0 3720. 3585. 3112 0 

21 UI 2716. 2720. 2581. 2512 0 2151. 2151. 
22 UI 993. 993. 993. 993. 967. 922 0 

23 UI 618. 561. 561. 561. 561. 561. 
21 UI 172. 172. 172. 172. 172. 172 . 
25 UI 172. 172. 172. 172. 172 . 172. 
26 UI 172. 172. 172. 172. 172. 172. 
27 UI 0. 0. 0. 0. 0. 0. 
28 UI 0. 0. 0. 0. 0. 0. 
29 zz 

1WUWUWWWWWif**UWUHWHIIHUWWWUWWWWMW* 

* * 
* flOOD HVOROGRAPH PACKAGE <HEC-1> * 

* fEBRUARY 1981 * 

* REUISEO 01 JUH 88 * 
* * 
* RUH DATE 01126/1991 TINE 16:18:52 * 
* * 
*********************************-**** 

5 IO OUTPUT CONTROL UARIRBL£S 
IPRNT 1 PRINT COHTROL 
!PLOT 0 PLOT COHTROL 
OSCRL 0 . HVOR06RRPH PLOT SCALE 

IT HVDROGRAPH TIME OAT A 
triiH 15 MIHUTES IN C!11PUTRTIOH INTERUAL 

IDRT£ 1 0 ST RRTING ORT£ 
ITIM£ 0000 STARTING TIME 

HO 30 HltlBER Of HVOR06RAPH OROIHAT£S 
HODRTE 0 ENDING DATE 
NOTIM£ 0715 EHDIHG TIME 
ICEHT 19 CEHTURV MARK 

C!11PUTATIOH INTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UNITS 
ORRIHRGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEURTIOH 
fLOU 
STORRS£ UOUJ'IE 
SURfACE AREA 
TEMPERATURE 

SOUARE HILES 
INCHES 
fEET 
CUBIC fEET PER SECONO 
ACRE -fEET 
ACRES 
DEGREES fAHRENHEIT 

561. 561. 561. 1587. 
2680. 2716. 2930. 3002 0 

3893 . i062. 1213 0 1326. 
6720. 7525. 7390. 688i 0 

1861. 1698 0 1552 0 1121. 
3329. 3227 0 2992 . 2926 0 

1712. 1613. 1613. 1266 0 

922 0 922. 922. 922 0 

561. 561. 561. m. 
172. 172. 172. 172. 
172. 172. 172. 172. 
172. 172. 172. 0. 

0. 0. 0. 0. 
0. 0. 0. 0. 

*lf**lf***Hif**HHH*H*****If**Hif****** 
* * 
* U.S. A1111V CORPS Of EH6IHEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECONO STREET * 
* OAUIS, CALifORNIA 95616 * 
* (916> 551-1718 * 
* * 
*************************************** 

If** *** *** *** If** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** uw ... *** ... *** *** ... 



************** 
If * 

6 KK * * 
* * 
**-******* 

SUB-BASIH Z2 

9 IH TIM£ DATA fOR IHPUT TIM£ SERIES 
J~IH 15 TIM£ INTERVAL IH MIHUT£5 

JXDAT£ 0 STARTING OAT£ 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOff DATA 

8 BA SUBBASIN CHARACTERISTICS 
TAREA 100.00 SUBBASIN AREA 

PRECIPITATIOH DATA 

10 PB STORM 2.5B BRSIH TOTAL PRECIPITRTIOH 

11 PI INCREMENTAL PRECIPITATION PRTT£RH 
.02 .01 .02 .02 .02 .02 .02 .02 .02 .02 
.02 .03 .05 .OB .13 .16 .12 .07 .05 .01 
.02 .02 .02 .02 

11L6 6REEH RHO lt'IPT LOSS RATE 
STRTL .00 STARTING LOSS 

DTH .35 MOISTURE DEfiCIT 
PSif 3.50 UETTING fRONT SUCTION 

XKSAT .25 HYDRAULIC COHDUCTIUITY 
RTIMP .00 PERCENT IMPERVIOUS AREA 

11 ur IHPUT UHITGRAPH, 119 ORDINATES, UOLUME = 1.00 
561.0 561.0 561.0 561.0 561 .0 561.0 561.0 561.0 561.0 1587 .0 

1811.0 1811.0 2151 .0 2151.0 2109.0 2581.0 2680.0 2716 .0 2930 .0 3002.0 
3118.0 3206.0 3309.0 3152.0 3552.0 3688.0 3893.0 1062.0 1213.0 1326.0 
1151.0 1780.0 5132 .0 5576 .0 6023 .0 6761.0 6720 .0 7525 .0 7390 .0 6881.0 
6392.0 6015.0 5711.0 5181.0 5m.o 5041.0 1861.0 1698.0 1552 .0 1121.0 
1302.0 1033.0 3862.0 3720.0 3585.0 3112.0 3329.0 3227.0 2992.0 2926.0 
2716.0 2720 .0 2581.0 2512.0 2151.0 2151 .0 1712.0 1613.0 1613.0 1266.0 
993.0 993 .0 993 .0 993.0 967.0 922.0 922.0 922.0 922.0 922.0 
618.0 561 .0 561.0 561.0 561.0 561.0 561.0 561.0 561.0 m.o 
172.0 172.0 172.0 172 .0 172.0 172 .0 172.0 172.0 172 .0 172.0 
172.0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 
172.0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 172 .0 

*** 

******************************************-************************************************************************************ 

HVOROGRAPH AT STATION 

*********************************************************************************************************************************** 
* 

DA MOH HRMH ORO RAIH LOSS [XC[SS COMP 0 * DR MOH HIIMH ORO RAIN LOSS EXCESS COMP 0 

* 
0000 . 00 .00 . 00 0 . * 03'15 16 .35 .H .20 117 . 
0015 2 . 05 .OS .00 0 . * 0100 17 .10 .13 .27 297 . 
0030 3 . 01 .01 .00 0 . * 0115 18 .30 .13 .17 391 . 
0015 1 .01 . 01 .00 0 . * 0130 19 .18 .12 .06 12S. 
0100 5 . OS .05 .00 0 . * 0115 20 .12 .11 .01 130 . 
0115 6 . 01 .01 .00 0 . * 0500 21 .10 .10 .00 130 . 
0130 7 . OS .05 .00 0 . * 0515 22 .05 .05 .00 130 . 
0115 8 .05 . 05 .00 0 . * 0530 23 .05 .05 .00 130. 
0200 9 . 05 .05 .00 0 . * 0515 21 .05 .OS .00 191. 



TOTAL RAINfAll = 2 .58, TOTAL LOSS = 1.81, TOTAL EXCESS = .77 

P£RK flW TIME MAXIMUM RUERRGE fURJ 
6-HR 21-HR 72-HR 7 .25-HR 

+ <CfS) <HR> 
<CfS) 

1708. 7.25 137. 362. 362. 362. 
<INCHES) .011 .041 .041 .011 
<AC-fl) 217. 217. 217. 217. 

Cl.Y1ULATIUE AREA • 100.00 SO MI 

RUHOff 51Jf1ARV 
fLOLJ IH CUBIC f[[T PER SECOHO 

TIME IH HOURS, AREA IH SOURRE MILES 

PEAK TIME Of RUERRGE fUlJ fOR MAXIMUM PERIOO BRSIH MAXIMUM TIME Of 
OPERATION STATIOH flllJ PEAK AREA STAGE MAX STAGE 

6-HOUR 21-HOUR 72-HOUR 

HVDROGRAPH AT 
1708. 7.25 137. 362. 362. 100.00 

*** NORMAL EHD Of HEC -1 *** 



***********************************-
* * * * * fLOOD H'T'OROGRAPH PACKAGE <HEC -1) * * U.S. ARI1V CORPS Of EH6IHE£RS * 

* THE HYDROLOGIC EHGIHE£RIH6 CEHTER * * fEBRUARY 1981 * 
* REUISEO 01 JUH 88 * * 609 SECOHO STREET * 
* * * DAUIS, CALifORNIA 95616 * 
* RUH DATE 0112611991 TINE 16:20:08 * * (916) 551-1718 * 
* * * * 

*************************-**--

X X xxxxxxx XXX XX X 

X X X X X XX 

X X X X X 

xxxxxxx xxxx X xxxxx X 

X X X X X 

X X X X X X 

X X xxxxxxx XX XXX XXX 

THIS PR06RII1 REPLACES All PREVIOUS UERSIOHS Of HEC-1 KHWH AS HEC1 <JAH 73>, HEClGS, H£C10B, AHO HEC1KU. 

THE OEfiHITIOHS Of VARIABLES -RTIHP- RHO -RTIOR- HAU£ CHAHG£0 fR!ll THOSE USED UITH THE 1973-STVL£ INPUT STRUCTURE. 
THE DEfiHITIOH Of -li'ISKK- OH RI1-CARD URS CHRHGEO UITH REUISIOHS DATED 28 SEP 81. THIS IS THE fORTRAH77 UERSIOH 
H£U OPTIONS: DWIBREAK DUTflW SUBI1£R6£HC£ , SINGLE EUEHT Dfi1R6£ CALCULATION, DSS:URITE STAGE fREOUEHCV, 
DSS:READ TIME SERIES AT DESIRED CALCULATIOH IHTERUAL LOSS RATE:GREEH AND fi1PT IHfiLTRRTIOH 
KIHEMATIC UAU£: HEU fiHIT£ 0Iff£R£HCE Al60RITII1 

HEC-1 IHPUT 

LIH£ ID ...... .1 . .... .. 2 .. ..... 3 ...... . 1 ..... .. 5 .. ..... 6 ... .. . . 7 ....... 8 ... .... 9 . ... . .10 

1 
2 
3 
1 
5 

6 
7 
8 
9 

10 
11 
12 

IO 
ID 
ID 
IT 
IO 

KK 
KM 
BA 
IH 
PB 
PC 
PC 

15 
1 

SUB-8ASIH Z3 
100.00 

15 
2.58 
.000 .021 
.181 .203 

30 

.035 .051 .071 .088 .106 .126 .lH .162 

.231 .283 .367 .501 .656 .771 .839 .887 

PAGE 1 



13 PC .926 .911 .963 .982 1.000 
H L6 .00 .15 12.10 .01 .00 
15 UI 561. 561. 561. 561. 561. 561. 
16 UI 1811. 1811. 2151. 2151. 2109. 2581. 
17 UI 3118. 3206. 3309. 3152. 3552. 3688. 
18 UI 1151. 1780. 5132. 5576. 6023. 6761. 
19 UI 6392. 6015. 5711. 5181. 5219. SOH. 
20 UI 1302. 1033. 3862. 3720. 3585. 3112. 
21 UI 2716. 2720. 2581. 2512. 2151. 2151. 
22 UI 993. 993. 993. 993. 967. 922. 
23 UI 618. 561. 561. 561. 561. 561. 
21 UI 172. 172. 172. 172. 172. 172. 
25 UI 172. 172. 172. 172. 172. 172. 
26 UI 172. 172. 172. 172. 172. 172. 
27 UI 0. 0. 0. 0. 0. 0. 
28 UI 0. 0. 0. 0. 0. 0. 
29 zz 

1 ***************************************** 
* • 
* fLOOD HYOR06RAPH PACKAGE <HEC -1> * 
* fEBRUARY 1981 * 
* REUISED 01 JUH 88 * 
• * 
* RUH DATE OV2611991 TIME 16:20:08 * 
* * 
***************************************** 

5 IO OUTPUT CONTROL UARIA8LES 
IPRHT 1 PRIHT COHTROL 
IPLOT 0 PLOT COHTROL 
OSCAL 0. HVDR06RAPH PLOT SCALE 

IT HVDR06RAPH TIME DATA 
lt1IH 15 MINUTES IH COMPUTATION IHTERUAL 

!DATE 1 0 STARTING DATE 
!TINE 0000 STARTIH6 TIME 

HO 30 HlJ18ER Of HVDROGRAPH ORDINATES 
HDDATE 1 0 EHDIHG DATE 
HDTIME 0715 EHOIH6 TIME 
ICEHT 19 CENTURY NARK 

COMPUTATION IHTERUAL .25 HOURS 
TOTAL TIME BASE 7.25 HOURS 

ENGLISH UNITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LEH6TH, ELEUATIOH 
fUlJ 
SmA6E VOLUME 
SURfACE AREA 
TEI1PERATURE 

SOUARE NILES 
IHCHES 
rm 
CUBIC rm PER SECOND 
ACRE-fEET 
ACRES 
DEGREES fAHRENHEIT 

561. 561. 561. 1587. 
2680. 2716. 2930. 3002. 
3893. 1062. 1213. 1326. 
6720. 7525. 7390. 6881. 
1861. 1698. 1552. 1121. 
3329. 3227. 2992. 2926. 
1712. 1613. 1613". 1266. 
922. 922. 922. 922. 
561. 561. 561. 313. 
172. 172. 172. 172. 
172. 172. m. 172. 
172. 172. 172. 0. 

0. 0. 0. 0. 
0. 0. 0. 0. 

****************-****************** 
* * 
* U.S. ARMY CORPS Of EHGIHEERS * 
• THE HYDROLOGIC EN6IH££RIH6 CENTER * 
* 609 SECOND STREET * 
* OAUIS! CRLifDRNIA 95616 * 
• (916) 551-1718 * 
* * 
***************************** .. ******** 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 



************** 
* * 

6 KK * * 
* * 
************** 

SUB-BASIH Z3 

9 IH TIME DIITA fOR IHPUT TIME SERIES 
J!QliN 15 TIME IHTERUAL IN MINUTES 

JXDATE D STARTING DATE 
JXTIME 0 START! NG TIME 

SUBBASIN RUNOff DATA 

8 BA SUBBASIN CHARACTERISTICS 
TA~EA 100 .00 SUBBASIN AREA 

PRECIPITATION DATA 

10 PB STORM 2.58 BASIH TOTAL PRECIPITATION 

11 PI INCREMENTAL PRECIPITRTIOH PATTERN 
.02 .01 .02 .02 .02 .02 .02 .02 .02 .02 
.02 .03 .05 .08 .13 .16 .12 .07 .05 .01 
.02 .02 .02 .02 

1H6 6REEH RHO fi1PT LOSS RAT£ 
STRTL .00 STARTING LOSS 

DTH .15 MOISTURE DEfiCIT 
PSif 12.40 UETTIHG fROHT SUCTION 

XKSRT • 01 INDRAULIC COHOUCTIUITV 
RTIMP .00 PERCENT IMPERUIOUS AREA 

HUI IHPUT UHIT6RRPH, 119 ORDIHATES, UOLIJ1E = 1.00 
561.0 561.0 561.0 561.0 561.0 561.0 561.0 561.0 561.0 1587.0 

1B1to 1811.0 2151.0 2151.0 2109.0 2581.0 2680.0 2716.0 2930.0 3002 .D 
3118.0 3206.0 3309.0 3152.0 3552.0 3688.0 3893.0 1062.0 1213.0 1326.0 
1151.0 1780.0 5132.0 5576.0 6023.0 6761.0 6720.0 7525.0 7390.0 6881.0 
6392.0 6015.0 5711.0 5181.0 5219.0 5011.0 1861.0 1698.0 1552.0 H21.0 
1302.0 1033.0 3862.0 3720.0 3585.0 3112.0 3329.0 3227.0 2992 .0 2926.0 
2716.0 2720.0 2581.0 2512.0 2151.0 2151.0 m2.o 1613.0 1613.0 1266.0 
993.0 993.0 993.0 993.0 96? .0 922.0 922.0 922.0 922.0 922.0 
648.0 561.0 561.0 561.0 561.0 561.0 561.0 561.0 561.0 m.o 
172.0 172 .0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 172 .0 
172.0 172.0 172 .0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 
172.0 172.0 172.0 172.0 172.0 172.0 172.0 172.0 172 .0 

*** 

*****************************************************************************-*************-·***--***-*******-*** 

INDROG~RPH AT STATION 

****-******************-***********************-*******************************-*************************************** 
* 

DA MOH HRHN ORD RAIH LOSS EXCESS C!J1P 0 * DA MOH HRMH ORO RAIN LOSS EXCESS CIJ1P 0 

* 
0000 1 .00 • 00 .00 0. * 0315 16 .35 .01 .33 5?6 . 
0015 2 .05 . 05 .00 0. * 0100 17 .10 .01 .39 833 . 
0030 3 . 01 .01 .00 0. * 0115 18 .30 .01 .28 1030 . 
0015 1 .01 .01 .00 0. * 1 0130 19 .18 .01 .16 1166. 
0100 5 .05 .03 .02 10. * 1 OHS 20 .12 .01 .11 1282. 
0115 6 .01 .03 .02 19. * 1 0500 21 .10 .01 .09 139? . 
0130 7 .05 .03 . 02 31. * 1 0515 22 .05 .01 .03 1513 . 
0115 a .05 . 02 .03 17 . * 0530 23 .05 .01 .01 1691 . 
0200 .05 .02 .03 61. * 0515 21 .05 .01 .01 1978 . 



----- ----- -----------------------------

0215 10 .05 . 02 .03 76 . * 0600 25 . 05 .01 .03 2133 . 
0230 11 .05 .02 .03 94. * 0615 26 .00 .00 . 00 2977 . 
om 12 .06 .02 .01 116. * 0630 27 . 00 .00 .00 3168 . 
0300 13 .08 .02 .06 151. * 0645 29 • 00 .00 .00 3970 . 
0315 H .13 .02 .11 232. * 0700 29 .00 . 00 .00 mz . 
0330 15 .22 .02 .20 365. * 0715 30 . 00 .00 .00 4607 . 

* 
··-***·--·······•*****...-*****************-***********************-*****--*-***********~~************* 

TOTAL RAINfALL = 2 .58, TOTAL LOSS = .50, TOTAL EXCESS = 2.08 

PEAK flW TIME MAXIMIJ1 AUERA6E fLOIJ 
6-HR 24-HR 72-HR 7 .25-HR 

t <CfS) <HR> 
(CfS> 

1607. 7.25 1331. 1102. 1102. 1102. 
<IHCHES) .121 .m .121 .121 
<AC-fT) 660. 660. 660. 660. 

CIJ1ULATIUE AREA = 100.00 SO MI 

1 
RUNOff SlJ111ARV 

flOU IH CUBIC f££T PER SECOHO 
TIME IN HOURS, AREA IH SOUARE MILES 

PEAK TIME Of AUERAGE flW fOR MAXIMUM PERIOD BASIH MAXIMUM TIME Of 
OPERATION STATION fl(JU PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

HVOR06RAPH AT 
1607. 7.25 1331. 1102. 1102. 100.00 

*** HORMAl EHO Of HEC -1 *** 
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LOGARTHMIC AREAL AVERAGING OF THE GREEN & AMPT SATURATED HYDRAULIC 
CONDUCT IVITY PARAMETER (XKSAT) 

ON FOUR DESERT WATERSHEDS IN MARICOPA COUNTY, ARIZONA 

Purpose 

The Green & Ampt loss rate method is currently recommended for use in 

hydrologic analyses by the Hydrologic Design Manual for Maricopa County 

(manual). The established procedure for developing the average saturated 

hydraulic conductivity parameter (XKSAT) for a subbasin involves linear 

(arithmetic) averaging of first the conductivity for each soil texture within 

a soil map unit, then for the various map units within ~ subbasin. The 

Wetting Front Capillary Suction (PSIF) and Volumetric Soil Moisture Deficit 

(DTHETA) values for the subbasin are then chosen from a graph (Figure 1) based 

on the average XKSAT. 

Users of the manual have expressed conce rn with the present method. 

Subbasin average parameters seem to be biased toward higher infiltration rates 

when soils of high conductivity (say a loamy sand, XKSAT = 1.20 in/hr) are 

averaged with soils of low conductivity (say a sandy clay loam, XKSAT = 0.06 

in/hr). Since some res ea rch in this area has already been done (Sabol, 1991; 

Van Mullen, 1989) this paper will investigate the results of logarithmically 

averaging the XKSAT parameter, within both the map unit and the subbasin. 

Procedure 

Four subbasins, ranging in size from 0.42 to 9.78 square miles were 

chosen for this analysis, without regard to the types of soils they contained. 

The subbasins were part of previous hydrologic analyses by the Flood Control 

District and Burgess & Niple, with soil map unit percentages already 

delineated. All subbasins are located within the boundaries of the Soil 



Survey of Aguila-Carefree Area, Parts of Maricopa and Pinal Counties, Arizona, 

because it contains the most detailed soil texture data of the three available 

soil surveys in Maricopa County. 

Map units (designated by numbers) were described for each subbasin. 

XKSAT values for each major and minor soil were assigned from Appendix A in 

the manual. Each minor soil was given equal weight in the averaging process. 

Two average XKSAT values were calculated for each map unit, one using the 

arithmetic average of the individual XKSATs times the partial areas, and one 

using the log of the individual XKSATs times the partial areas, with the 

antilog taken at the end of the calculation. At this point, the average XKSAT 

value for the subbasin was calculated in four ways: 

1. A/ A - (Arithmetic / Arithmetic): The arithme t i cally averaged 

map unit XKSAT values are averaged arithmetically (this 

proc edure is currently recommended by the manua l ). 

2. A/L- (Arithmetic/Log): The logarithmically averaged map 

unit XKSAT values are averaged arithmetically. 

3. L/A- (Log/Arithmetic): The arithmetically ave raged map unit 

XKSAT values are averaged logarithmically. 

4. L/L- (Log/Log): The logarithmically averaged map unit XKSAT 

values are averaged logarithmically. 

Appendix 1 contains all of the calculations used in the averaging process. 

To develop the Modeled Runoff quantities, values of PSIF and DTHETA 

(dry) were read from Figure 1 for each of the four XKSAT values, and the loss 

parameters became input to an HEC-1 model for each subbasin on the LG card. 

Table 2 lists the loss parameters for the different subbasins and methods of 

areal averaging. Also included in the HEC-1 input were the following 

constants: 



1. 6-hour rainfall from the manual, pattern number and areal 

reduction are based on the area of each subbasin. 

2. A rainfall depth of 3 inches (a typical 100-year, 6-hour 

design rainfall depth in Maricopa County). 

3. A five-minute hydrograph timestep. 

The model was run four times for each subbasin, and after each run the value 

of total excess rainfall was converted to a runoff volume in acre-feet. The 

Modeled Runoff values are listed in Table 1. 

As a comparison to the Modeled Runoff values, an attempt was made to 

quantify the Expected Runoff volume for each watershed by separating the soil 

textures, running an HEC - 1 model for each using the same constant inputs, then 

summing the totals. A key assumption here is that all the individual soil 

textures contribute runoff to the outlet, i.e. runoff from an area of clay 

loam does not travers e an area of sandy loam and infiltrate en-route. This 

seems to be a reasonable assumption for low frequency design rainfall events 

because rainfall rates are generally greater than saturated conductivity rates 

and soils are nearly saturated at the point in the storm when large quantities 

of runoff begin. The Expected Runoff values are listed in Table 1. 

Results 

The results of the HEC-1 analyses are presented in Table 1. 

Conclusions (from Table 1) 

1. The present method of arithmetically averaging the XKSAT parameter 

(A/A) generally results in a large (12-31%) underestimation of the true 

runoff volume. Since rainfall excess is underestimated, the time of 



concentration parameter in the Clark Unit Hydrograph method will be 

overestimated, resulting in underestimation of the peak discharge. 

2. The Log/Log (L/L) method of averaging XKSAT seems to yield the best 

results when compared to the Expected Runoff, even for large basins and 

differing soil texture compositions. 

Recommendations 

If the Youngtown and Tucson Arroyo testing by GVS yields similar 

results, incorporate the Log/Log method of areal averaging the XKSAT parameter 

into the Hydrologic Design Manual. Include a detailed example of the 

procedure in the manual. Provide the weighted XKSAT values for each map unit 

in Appendicies similar to the current ones using the procedures developed 

herein. Provide guidance on developing an alternative map unit XKSAT for 

small drainage areas which might be dominated by one or more major or minor 

soils or a particular geomorphic regime. 
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SUBBASIN 
NUMBER 

AREA 
(sq omi) 

e 

TABLE 1 

SUMMARY OF LOG AREAL AVERAGING TESTING RESULTS 

DOMINANT SOIL TEXTURES EXPECTED RUNOFF 
(approxo percentage) (ac-ft) 

A/A 

MODELED RUNOFF ( ~ error) 
(ac-ft) 

A/ L L/ A 

e 

L/ L 
+---------------+---------------+---------- -------- ----------+---------+---------------+-------------+-------------+-------------+ 

I I 
LD4 I Oo42 I Sandy Loam (45) I 3201 I 2802 <-1201> 1 3002 <-5 o9) 1 3005 <-5 00> 32 05 <+102> 1 

Sandy Clay Loam (39) I I I I I 
Loamy Sand (13) I I I I I 

I I 
I I 
I I 

CF5 I 1 012 I Sandy Clay Loam (65) I 9104 I 7702 <-15 05> 1 86 08 <-5 00) 1 77 02 <-15 05) 87 04 <-4 °4> I 
Sandy Loam (28) I I I I I 

I I 
I I 
I I 

JR6 I 6 o74 I Sandy Loam (70) I 296 0 I 262 0 < -11 0 5) 1 291 0 < - 1 0 7 > 1 266 0 < -1 o 0 1 > 306 o (+3 04> 1 
Sandy Clay Loam (11) I I I I I 
Loamy Sand (11) I I I I I 

I I 
I I 
I I 

TW8 I 9078 I Sandy Clay Loam (37) I 4610 I 3180 <-3100) 1 386 0 <-16 o3) 1 4120 <-1006) 475 0 <+3 00> 1 

Sandy Loam (34) I I I I I 
Loamy Sand (26) I I I I I 

I I 
+---------------+------------ - --+------------------- ---------+- --------+--------- ---- --+-------------+-------------+-------------+ 

Average Error (absolute value) ----------> 1705 ~ 7 02 ~ 10 o3 X 3 00 ~ 



Subbasin 

TABLE 2 

SUBBASIN LOSS PARAMETERS 

Averaging 
Method 

(subbasin/map unit) 

XKSAT 
(in/hr) 

PSIF 
(in) 

DTHETA 
(in) 

-----------------------------------------------------------------------------
LD4 A/A .367 4.30 .350 

A/L .301 4.65 .350 
L/A .295 4.70 .350 
L/L .217 5.35 .365 

CF5 A/A .234 5.20 .355 
A/L .127 6.55 .380 
L/A .232 5.20 .360 
L/L .125 6.6 0 .375 

JR6 A/A .431 3.95 .350 
A/L .362 4.30 .350 
L/A .423 4.00 .350 
L/L .344 4.30 .350 

TW8 A/A .476 3.85 .350 
A/L .370 4.25 .350 
L/A .337 4.40 .350 
L/L .260 4.95 .350 
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