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The use of :::cs Curve Numbers in calculating rainfall o? xcess hccs bo?en widely 
us~d in flood hydrology studies. This methiJd has gained acc!=!ptan•:e due to the 
wealth of documentation on curve number seledic•n leading to easy application. 

In the on going Gilbert-Chandler Flood insurance study. a concern arose over 
seeming! y unreasonable VPiuwes of runoff bE<'ing go?nerated frow the study area. 
Due to the existence of C soils, curve numbers for the dominantly agricultural 
area e xceeded those normally used for desert and urban conditions within the 
valley. This result caused additional resear•:h to he initiated at the District 
as to the appropriateness of curve numbo?r rtlethodology. artd tho? possibility of 
using an alternative wethod in estimating rainfal I e xcess. 

This research led to findings in part related to the Gilbert-Chandler FIS. but 
wore directly impacting those studies where estimation of peak discharge is the 
primary point of the study. 

Initially a review of excess methods in HE:C-1 was completed. ThreE< alternatjve 
wethods were Holtans Method. the Corps Exponential loss method. and the Initial 
and Urtiform Loss Method- Each mE-thod examined. attempts to simulate the 
condition of initial infiltration r.:Jtes that are relatively high. followed by a 
decay in infiltration rate to sowe "constant" infiltration rate. 

Holtans Method. and the Exponential wethod can be considered .as the same "type" 
of model in that both methods simulate a continuous infiltration curve. 
Holtans Method calculates a continuous infiltration curve. attempting to 
account for soil moisture allowing some reo:rwery of infiltration rate d•Je tn 
deep percolation. The input for this mc•del are somewhat obscure, especially in 
the soil moisture/cover relationships. For siwulations that occur over several 
days with hyetograF·hs with periods of low or nc; rainfall and s.;:overal peaks thi s 
method would be worth future consideration. 

The Ex ponential Method calculates a continuous loss rate curve based on 
cumulative rainfall and an e x ponential decay in the initi.:JI loss rate . 
Following this initial loss a linear d.;:ocay in loss rate is sinlUiated . The 
Corps has developed several curves for the Phoeni x area f•1r general use, but 
due to their general nature are best suited for I arge basin ftlC•del ir,g. 



Th~.. · nitial and Uniform Lo s s ftlCod.;:.l' I iko? th.;:. sc:::; me t h c-od as s unle s a n initial lc-o SS 
or "initial abstradion" of rainfall prinr· tn r-1inf a ll ex•:"!SS · Thi s lo o; s i. s a 
d i rect input to the m.;:. th od, a nd wuuld app.;:.ar t o b o:- r t- a son abl e who:-n o:- ve r r11 Cod.;.l ing 
a situation wher e initi a l r -1 infall intensiti e s are lo1w rel a t i ve t o ini.ti-11 soi. l 
infiltration rates. I n e ith e r r11ethod if the rain f all int e nsi ties e :x:ceed 
infiltration rates during this initial period, e>=:•: ess will n•lt he s imu l a te d. 
Following the initial l o s s a con st ant loss rat e i s ac h ie ve d , tha t will I ; mit 
infiltratinn to this ma x imum rate, but will not e :><ce "!d rainf-1ll i t e nsi ty . 
J<:ecently the SC3 has publi s hed Ari z ona Irrigation Guide p«rt t:.::=:l ::;oils, wh i c h 
includes tables for rn-1ny soils on re c ommende d ma :>~ imu m sprinkl >! r rate-;. Base d 
on discussions by Juhn Schmelt z er with Mr. Lee Hardy of the SCS, i t was 
dete ' flined that these ntes wer"! estimated for long t e rm we tt ing, that wou l 
not e ;<ceed the infiltration capacity of the soil· In general ar, a ppr o priat e 
ass,Jmp~ ion o r sele•:ti11n of a los s rate functi11n i n f lo•Jd st1 d ie s . 

The SCS curve number followi ng the filling of the init i al ab s t r action wi ll 
simulate excess based on the net differen(e in e x(es s e twe e & the cur r : n ~ a ~~ 

F·revious c c nputation period. The formula applied in ea ch time p.;:.riod 
calculating e xc ess is the stan d ar d equation; Q= CP-. 2S)**~/ CP+- 2S J. T ~ 2CS 
method does not relate rainfal excess to rai nf al' intensity. It " lmply 
calculates e XL!SS based o n tot al ;•ainfall a t the tir of comput ti nn-
Therefore base d on the SCS r11 e hod if unit ra i nf all X were to occ r over l hou r 
or we re to occur over 24 hour s, the method WGuld esti ma t"! the s -1me r a · , f a l I 
e xcess for a gi ve n curve numbe • Follow in g the initia abs tr cti r ,1 hE! m de i 
si mulates a decaying infil tr ati fl n r.:Jte b .~sed nn tota rainf a ll· 

I100EL TESTING 

As a test of sens i tivity a sing . e sub- ba s in of the Gilbert-Chan l e r St u d y wa s 
tested using he SCS method and the Init i a l 1nd Uniform met h0rl · e ba _i n wa ~ 

0 - 42 square miles in size with a lag time of 0 .35 hDurs . f C IJ ' 'e of 8 , 
was modeled in the SCS me thod, with a init i a l o -3 of 0- 3L a d 
loss used in the I n itial and Ln i forrn methoc . Th ·s s e c t ion o f 'c•ss ra ~-was 

made so as to be within a reasonable range for He stu d y are a , t h _ ''d nl l.l a y 
fal Is into this ca egory, yet s i mulate the same volume of un of from each 
method. 

The first simulation used a standard Type II distribut· n , ~ - 77 i c ~ · ~ of 

rainfall. At 12 hours, the peak i nte nsity far th>: st o m, a ra i n{' all t nt ~ y 
of 4-1 inches per hour is simu at ~? d· ThE- curve number mE-Hto •· ifr" 'J I at•?d ... n 
infiltration capacity •1f 1. ·24 inch"!s per hour, nr nearly 14 t imes t 1e es t m le d 
infiltration capacity for this s oil. The e s ti ma ted pe a k ~ ·sc~ . ar · e .J,s ..: -:,.. 
CF~;. The Initial and Uniform me Lhod used the Ezs t i ·~a te _ i:1 filt r a ~ .il<l ra :~ ( .. ~ 
-09 inches per hour for a peak discharge of f A:: cf s or c·ou ghly a '+0/. ~ ':r , c;e 
in peak discharge. 

Subsequent simulations we r e complet ed on t e s ame ata s et hoh "' Ve r t h e T ~r-

rainfall was modified to peak at f, hou r s a l • 1'-· ha'JI' S· This VJr i at ·11t i 
rainfall did not alter the basic re .> I t s f rm1 t he Initial a nrl llf1if or m r!lrt' t hr• '"!· 
However for the ::;cs method at f , hour s t h e :. nf il tra ;, 1on rate wa s e<::tir, , te • t e 
1-5 inche s per hour and pe ak disc h 2 rg e of :::.. 0 c fs, and at 18 h cours t ·' ,e 
estill •l ted infiltration was l-04 inche s/hou t' with peak di sc hHge at 423 o:f su 

OISCUSSIOO 



• The ::;c::; curve number ftlethod appear s to un der est imate rainfall e ::-::c ess f o r 
pe ri od s o f high r .3infall inten s it y le~ding tn potentially 1•1 pe ak di s•. harg~ 
estima es . In r egions where vegetative c anopys f·l ay a si gni fic ant r l e in 
int ercept ing a nd slowing the adu il l r a i n d ll intensity -1t the soil , t hi •. 
ots o? r v at ion may not be as si gnifi c J nt. H~·wever, t he 1nt nsi t i e s simu l 1ted in a 
flocd s udy would very I ik e ly e xc eed the o:ap ~o:i t y nf the ve gela inn t o 
e ff ectve ly in ter cept rainfall regardless l oc ati or,. o r t-ve n s o r le sser 
int e nsi ty thi s s hortcoming would t e nd to be le ss c r i ti c 1, ~ut s i l I i n eren t 
to the met hodology. The ~:;cs e quation u s ed i n ca ic ula ' ion Cl ' e . _c; s i. s bil s..:! I o n 
c a lib ra 4 ion of ciJrve number s ·'o dail y tot a l pr ecipitatior / e x•: .ss ,, s m•-:! sur ed ' n 
ag ricu l t un l fields. There i s nothing to su gges t th a t e s ti,la i: e-- (i " teotal 
e::<c e s s 1s i n se riou s error provid i ng t he o:•uve nur.1b r..: used i s a •rn pr ·a _ fnr 
the s o il ty pe and l a nd use con ·.tion. 

The I nitia l and Uniform Loss me t hod doe s appea r t s at is ac t,- y si. wl al ·'! 
a i nfal e xc ess fo r t he so ils of h is area . Duo? to s ,:•a rc e ~ i on , 

i n ter c ~pt i on of r~inf a ll i s c onside r e d no n-s ign i 1c a nt. 1..1 I ik e t.e SC:3 m:.. ... •Jd 
ther e · no re commen 'e d r.~ t o f CJ r adjust ! ;; t h._ l as s rat e s for a so il b ·1Se on 
cornp ~c ion a d non -connect ed im pervious a r e as 'ue to IH -1n i za t ion . How i t 
would seem t o be r e asonable t o account fo r the no1-·con e c t imper ~ o•Js a e a s 
along wi h t he directly connected i mperviou s areas a s a ot I per cen 
impe r vio•Js. R s l . ght redu ctio i n so il i nf iltration c a -: · t ie mi ght a o be 
wa rra nt ed s ec ifi c a l l y in t ,e i niti al abs t rac'. inn, du _ c or pad· 
An advant ge of t he I n it i a I a nd Unifor m I o ss me t hod c. ~r '. e o '-,e r mo:-t 10 s 
di s c ussed is t h a t ons ite r ~ ~ e nt i on can e e ff e Lt · el y s i u JI t _d in the ini ia 
loss . Thi s is ue o the f act tha t in th ls me t hod, h a . o r:c -.. ~._ in~tial l oss 
is fi ll ed, e :><cess is independ~ n of thi s i n iti al los s, an d t! l:l' d . nt oJ n t h f! 
constant l oss rate and r <l i nfal l i nte s ity . I il th 
depen dent a n the "ni tia l a ss a nd tot a l rai r·: f )T 

thus ef ectin g e i t he r i nfi l t r ati o n or _xc s ~ r· r e ten t ic •. .,,., d 
i ni ti-31 abs t ract ion. 

RE~TION 

I believe am p e eviden ce exi s s t hat we hou ld cons ider alt - rn ati ve lo rate 
fun c tions 'o r o•Jr studie s . r- ,. 9 ne ra l use t e Inital an d Un if ' ·r. I '5 : me nd 
wou ld appe a r· to be app r o pr i ate. 

At this t ime I have not ma ue copies or out ·ut fo r this memCJ, ~· . ..o i I b d ng a 
s ampl~ t o r. view when we pursue fu r t he disc~ ·s i o n. At that time c a n 
de ter min t what mudif ic a t i o n i f ny th at we . y wish t o p-.1 J.J -.= · 



Dr . Herman Bouwer 

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

1351 EAST !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 
i ntent 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 
f lood discharges from ralnfal I. We are presently evaluating a lternatives 
for estimating ralnfal I tosses and attempting to define the values of the 
loss rate parameters for whatever method is selected . 

We have se lected the HEC- 1, Flood Hydrology Program of the Corps of 
Engineers , as the preferred model tor several reasons including ; ready 
ava i la bl l tty to all users , history of acceptance with i n the commu ni ty , 
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 I imitation 
tor our use ln Arizona) : 

1. SCS CN method , 
2. Initial loss plus uniform loss rate, 
3 . Exponential loss rate , and 
4. Holtan ' s equation tor inti ltration. 

We have previous ly considered and evaluated the CN method but we objected 
to the high losses that occur during the short period ot high intensity 
raintal I for which we should be designing in Arizona . The Holtan and 
Exponential methods are genera l ly unacceptab le at this t ime for a variety 
of reasons . This leaves the lnital Loss plus Uniform Loss Rate method 
(IL+ULR) which , in fact, has not been a default by eliminating the other 
alter natives , but rather is a viable method that Is often s uccessfully 
used for f lood hyd r o logy purposes . We are presently trying to define the 
criteria by which the initial loss (STRTL , according to HEC- 1 
nomenc lature) 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 ists estimated sprinkler intake rates for 
agricu lt ural so l Is . The Ir r igat ion Guide is I im l t l ng because it is on ly 
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applIcable 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 tour 
hydrologic sol I groups . We also have the problem ot quantifying the 
"mysterious" Initial loss . 

Previous thoughts and dabbl lngs In this area had lead me to the Green-Ampt 
equation because ot Its appeal I lng representation of the physical 
process. The recent work by Brakenslek and Raw l s makes It attractive 
because the parameters can be related to sol I texture and therefore It is 
very flexible and not I lmlted to broad sol I classifi cations . Rawls has 
also recently expanded his work to consider surface conditions , which 
makes the technique even more appeal I ing . The drawback is that the Green­
Ampt equation is presently not an option In HEC-1 . However, in a 
conversation with Dave Woolhiser 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 
qu estion that arose is, what should be used for the Initial sol I moisture 
content? This seems particularly Important In Maricopa County where sol I 
moisture could easily range from wl ltlng point or less to field capacity 
and even near saturation for irrigated land. 

I would I ike 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 tor loamy sa nd 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 soi I texture classes and the results are I lsted in Table A. 

In Tabl e A, Co l umn (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 capi I lary 
pressure and hydraulic conductivity , respectively . The values for Columns 
(3) through (5) are taken from Table 2 of Rawls , Brakenslek, and Mi I ler 
(1983) and a copy is enc losed tor 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 results for the 11 sol I classes are shown In Columns (8) through 
(11 ) . As II lustrated , both the raintal 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 
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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 
believe 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 will ca l l you 
during the week of 29 August to ta lk 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 alI is wei 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, Brakhensiek, and Mi I ler (1983) 

Copies : Joe Rumann, FCDMC w/ enclosures 



RniNFALL EXCESS BY RAINX PROGRAM MODiriED APRIL 1986 

INITIAL LOSS PLUS GREEN- AMPT EQ ' N 

LOAr-1Y SfH~O --
RAINFALL Dtll A t I Et,lr1t·1 1 5 FCU6 .IJtli 

INITIAL LOSS IS 0 INCHES '""" 

INITIAL SOIL MOISTURE CONTENT IS .2 
SATURATED SOIL MOISTURE CONTENT IS . 4 
SOIL SUCTION HEAD IS L . 41 INCHES 
HYDRAULIC CONDUCTIVITY IS J . 18 INCHES PER HOUR _) 

THIE I NTERVf1L RAIN FALL EXCESS I NFI LTRATION 
tiiNUTES Ir~CHES J t~CHES 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 0.2100 
165 - 180 0 . 5600 0.1~.:.4 ., 0 0 . 3676 
180 - 195 1 . 4600 l.115l 0 . 3449 
195 - 210 0 . 2700 0.0000 0 . 2700 
210 - 225 0 . 0400 0.0000 0 . 0400 
L.:::~ - 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 . 0.J00 
315 - 330 0 . 0300 0 . 0000 0 . 0:J00 
330 - 345 0 . 0300 0.0000 0 . 0300 
345 - 360 0 . 0 00 0.0000 0.0300 

3.2300 1 . 3075 1.9225 

08-25-1387 i0 :£9:03 

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 UNIFORM RATE METHOD 

c~}o~~~ 
RAINFALL DATA FILENAME IS FC06 . DAT 

INITIAL LOSS IS .6 INCHES --l f?d~"""'"'ltf?Ckr.s 
UNIFORM LOSS RATE IS 1.18 INCHES PER HOUR~ 

TH1E INCREt1ENTAL I NCREt1ENTAL I NCREt1ENTAL 
INTERVAL RAINFALL RUNOFF LOSS 

t-HNUTES 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 . 0400 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 . 03ili0 0 . 0000 0 . 0300 
345 - 360 0 . 030ili 0 . 0000 0.0300 

3 . 2300 1 . 4300 1 . 8000 

08-25-1387 1 u:31: ;3 
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GEORGE v SABOL Ph.D., PE. 

1351 EAST I 41st AVENUE 

BRIGHTON, COLORADO 80601 
(303) 457-0989 

Mr . Joe Rumann 
Hydrologist 
Flood Control District ot Maricopa County 
3335 w. Durango Street 
Phoe ni x, Ari zona 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 tor the initial loss plus uniform loss rate 
<IL+ULR) method and I want to inform you ot my findings . 

Uniform Loss Rate (CNSTL) 

In regard to the uniform loss rate , that I ' I I ca l I CNSTL according to HEC-
1 nomenclature , we have the tol lowing : 
1. Musgrave (1955) , according to hydrologic soi I group : 

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

2. U. S. Bureau ot Rec lamation , Design ot Smal I Dams , Second Edition, 
1975 , Appendix A. The f lood hydrology method was based on the SCS CN 
methodology with an adjustment tor minimum loss rate to be used along 
with CN : 

A . 40 inch/hour 
B . 24 
c . 12 
D .08 

3 . u.s. Bureau ot Reclamation, Design ot Sma l l Dams , Third Ed ition , 
1988 . The f lood hydrology procedure Is not as rigidly defined as in 
th e Second Ed i tion. Much more discretionary judgement Is lett to the 
hydrologist, and It is expected that the hydrologist Is exper i enced 
and qual !tied to do dam flood hydrology . Therefore only very general 
guidance is provided . Suggested loss rates are : 

A . 30-. 50 Inch/hour 
B . 15- . 30 
c . 05- . 1 5 
D o-. o5 



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 
alI soi Is are rather broadly set Into tour classes . 

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

5. In performing the flood reconstitutions tor the unit-hydrograph study 
I used the IL+ULR method and I have tabulated these results (Table 1 ) . 
In general the value ot CNSTL seems reasonable although they are 
lnconslstant which is probably due more to the Inaccuracy ot 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 ) trom the CN 

a 
method to STRTL . 
empirical basis. 

result ot a very 

This is based on virtually no 
The reI atl on I . 2S where S 

a 
gross data fitting procedure . 

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

Table 2 shows I tor CN , 
a 

and I 1 m surprised (maybe disappointed, knowing my predisposition against 
the CN method!) that I Is a reasonable estimate tor STRTL . The STRTL tor a 
the flood reconstitutions and corresponding CN tor STRTL = . 2S are shown 
in Tab le 1 . Again, these seem very reasonable . 

STRTL and CNSTL trom 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 tor each ot the 11 sol I 
classes which provides more tlexlbl I lty than I lmltlng the criteria to tour 
hydrologic soi I groups . Second , the Green- Amp t 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 ot state-of-the­
art . Fourth, depending on what Information I can get from Herman Bouwer 
and Walter Rawls, the losses could be tal lored to sol Is, vegetation, and 
land-use In Maricopa County and be representative ot 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 tor 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 . 



Code 

( 1 ) 

Tucson 
THS1 
THS2 
TAR 1 
TAR2 
TAR3 
TAR4 
TRR1 
TRR2 
TAT1 

Denver 
01161 
DVI 1 
DCD1 
DGC1 
DSC1 
DSC2 

Albuquerque 
AVD01 
AVD02 
AAA1 
AAA2 
ATRl 
ALA1 
ALA2 
ALA3 
ACA1 
ACA2 
ANCA1 
ANCA2 

Walnut Gulch 
4- 1 
4- 2 
8- 1 
8- 2 
11-1 
11-2 
15- 1 
103- 1 
103- 2 
111 -1 
111 - 2 
111 - 3 

TABLE 1 

Rainfa l I Losses from HEC-1 optlmlzatlons 

lnltlal Loss Loss Rate 
STRTL CNSTL 
inches in/hr 

(2) (3) 

. 48 . 57 

. 48 . 28 

. 91 . 42 
1 . 00 . 52 

.83 . 44 

.62 . 32 

.24 .05 

. 52 . 26 

. 17 . 33 

. 61 

. 74 
1. 62 

. 61 

. 74 

. 95 

. 33 

.56 

. 44 

.20 

. 33 

. 69 
,55 
,59 
. 36 
. 62 

2. 15 
. 36 

. 70 
1.13 

. 43 
1. 29 

. 50 
• 90 
. 57 
.17 
.09 
. 64 
. 93 
. 41 

. 23 
• 1 5 
. 46 
. 04 

1.33 
. 55 

. 27 
1.32 

• 11 
. 35 
. 49 
. 47 
. 26 
. 49 
. 35 
• 1 5 

1.50 
. 15 

.40 

. 76 

. 41 
1. 21 

. 50 

.62 

. 49 
1.08 
1.1 2 

. 33 

. 30 

. 27 

CN for 
STRTL = . 2S 

( 4) 

81 
81 
69 
67 
71 
76 1" antecedent rain 
98 .6" antecedent rain 
79 
92 

77 
73 
55 
77 
73 
68 

86 
78 
82 
91 
86 
74 
78 
77 
85 
76 
48 
85 

74 
64 
82 
61 
80 
69 
78 
92 
96 
76 
68 
83 

long duration rainfal I 



TABLE 1 (continued) 

Rainfall 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 .1 3 78 
WC2 . 80 • 12 72 
WDH1 . 08 . 06 96 
WET1 . 88 • 12 70 
WD1 . 27 .07 88 
WHD1 .97 • 12 67 
WMB1 .65 .04 75 



TABLE 2 

Estimation of In ltl a I Loss according to 
I ni tl al abstraction by CN method 

I . 2S a 

s = ( 1 000/CN) 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 • 1 5 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 1 0 . 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 1 2. 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 .1 5 1.03 
65 5 . 38 1.08 
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Mr . Walter Rawls 

G EORGE v. S ABOL Ph.D., P.E. 

CONSULTING ENGINEER 

1351 EAST !41st AVENUE 

BRIGHTON, COLORADO 80601 

(303) 457-0989 

1 November 1988 

ARS, U. S. Department of Agriculture 
Agr . Res . Center - West 
Bldg . 007 Rm . 137 
Beltsvl I le , MD 20705 

Dear Walter : 

I ' ve enclosed copies of pages 53- 62 of a 1956 storm drainage report for 
Phoenix and have noted the references that we talked about today . I wi I I 
continue trying to locate these In Phoenix . Keep me Informed of your 
progress in locating these potentially valuable reports. 

I wi I I send a draft of the Ralnfal I Losses section of the Maricopa County 
Hyd r ology Manua l as soon as I get It finished (by the end of November 
hopefu lly ) . I need a goo d critica l review of what I am putting together . 
This may be t he first adopt ion of the Green and Am pt equation for use In 
such a ma nual and I don ' t want to miss anything . Your offer to provide 
such a review is appreciated. 

Sincerely yours, 

George V. Sabol 

GVS/jr 

Enc los ure : pgs . 53- 62 of Phoenix Storm Drainage Report 

Copy w/o enclosure : 
Mr . Joe Rumann, Flood Control District of Maricopa County 
Mr . V. Ottozawa- Chatupron , Arizona Transportation 

Research Center 



-

Mr . Robin McArthur 
Soi I Conservation Service 
201 E. Indianola Ave . 
Suite 200 
Phoenix, Arizona 85012 

Dear Mr . McArthur: 

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

1351 EAST 14lst AVENUE 

BRIGHTON, OLORADO 80601 
(303) 457-0989 

27 October 1988 

I spoke to you today about trying to locate two reports in your files on 
rainfall infiltration. I am enclosing copies of the pages from the 
engineering report that references these. I'm sure that we would alI find 
the original reports to be of interest and of great value . This 
information could ultimately be of benefit to both the Flood Control 
District of Maricopa County and the Arizona Department of Transportation 
in the preparation of hydrology manuals for both agencies. 

Keep me informed of your progress In locating these potentially valuable 
reports . 

Sincerely yours, 

George V. Sabol 

GVS/jr 

Enclosure : pgs . 53-62 of 1956 Phoenix Storm Drainage Report by Yost and 
Gardner Engineers 

Copies w/enclosures : Mr . Joe Rumann , Flood Control District of 
Maricopa 

Mr . V. Ottozawa-Chatupron, Arizona Transportation 
Research Center 
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Table 4. - Rainfall and runoff statistics 
for the Tucumcari site . 

Plot ID Rain Time to Time to Rainfall Depth of Depth of 5"wrbc. ~ 
Intensity Pending Runoff Duration Rainfall Runoff rt!~l-1 ~ 

(J) 
(in/hr) (min) (min) (min) (in) (in) (.2.)*-[(.f-)-(3)/~fJ 

( ") (3) (~) (.5") (J) (7) 
T-G-LC-D1 3.296 1.583 6.75 46.25 2.540 . 7458 

D2 4.401 2.250 11.00 45.00 3 . 300 .2391 
D3 4 . 448 1.000 2.33 45.00 3 . 336 .4310 
D4 4. 305 .533 5.00 45.00 3.229 1. 1380 
W1 4. 277 .500 4.50 30.00 2.138 .2879 .29 
W2 4.496 .600 4. 17 30.00 2.248 .4007 ,;. 7 
W3 4.601 .417 2.50 30.00 2.300 . 5859 "" W4 4.515 .367 6.00 29.375 2.210 .9495 ,#2-

T-BG-LC - 01 4.162 . 717 8.00 45.625 3. 165 1 . 3603 
. :l-'f 

D2 4 . 020 .833 5.50 44.375 2.973 1.2997 
D3 4.601 .667 5.25 46.875 3.594 1.2104 
D4 4 . 477 .650 2.25 44 . 375 3.311 . 9781 
W1 4.610 . 300 3.50 32.50 2.497 l. 3401 . ~.r 
W2 4.562 .333 7.00 30.00 2.281 . 5892 .rl 
W3 4.610 .250 1.83 30 . 00 2.305 1. 1515 .I~ 

W4 4.505 . 250 6.25 30.625 2.300 .9882 .#-5 
T-G-QH- D1 4.505 .833 4.50 45.00 3.379 .195 3 

.33 
D2 3.99 1 1.000 4.75 45.00 2.993 .4747 
D3 4.610 1.000 9.00 45.00 3.458 .6195 
D4 4.629 15.00 44.375 3.423 .3687 
W1 4.267 . 433 3.50 30.00 2.134 .3475 . :l~ 
W2 4.591 . 417 4 . 33 30.00 2.296 . 3653 .30 
W3 4.591 . 333 4.08 30.00 2.296 .5084 ,). , 
W4 4.543 .467 7. 50 30.00 2.272 .4158 ,:;../ 

T-BG-QH-D1 4.648 1.333 18 .00 45.00 3.486 . 2104 . ,. " 
D2 4.562 1 . 250 4.00 45 . 00 3.422 .21 55 
D3 4 . 562 1. 550 9.00 45.00 3.422 . 2946 
D4 4.562 .750 3.00 45.625 3 .469 .4040 
W1 4.658 .917 13.00 35.00 2.717 . 2492 .9~ 
W2 4.610 .667 13.83 35.00 2.689 .1616 ,,o/ 
W3 4 . 639 .8 33 7.50 30.00 2.319 . 4108 , 11 
W4 4.648 . 500 . 4. 00 30.00 2.324 .6532 ,,.1 

T-MG-QH-D1 4.543 4.333 12.17 45.00 3.408 .3502 ,,9 

D2 4.629 3 . 000 11.50 45.00 3.472 .4158 
D3 
D4 
W1 4 . 477 4 . 000 9.50 30.00 2.238 . 2071 ~ 4-/ 
W2 3. 753 3 . 083 9.00 30 . 00 1. 876 .3569 ,J 1 
W3 .3f 
\.J4 
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Table 6. - Rainfall and runoff statistics for 
the Magdalena site . 

Plot ID Rainfall Time to Time to Rainfall Depth of Depth of 
Intensity Ponding Runoff Duration Rainfall Runoff 

(in/hr) (min) (min) (min) (in) (in) 

M-HG - D1 4 . 591 . 817 1. 67 25.0 1. 913 .8929 
D2 4.582 . 917 2 . 05 25.0 1.909 . 8485 
D3 4.477 .567 1. 75 25.00 1.865 .7919 
D4 4.543 .800 1. 97 22.50 1.742 . 8889 
W1 4.496 .450 1. 33 25.00 1.948 . 9172 ,P7 
W2 4 . 562 .833 1.50 25.00 1. 996 1.1091 ,()~ 
W3 4.658 .417 1. 25 25.00 2 . 038 .9212 ,()' 
W4 4.553 .667 1. 50 25.00 1. 954 1. 2121 . () ' 

M-LG - D1 4.420 1. 00 2.33 25.00 l. 878 . 7354 •0 ~ 

D2 4 . 543 1.333 2.52 25.00 1.950 .5899 
D3 4.524 .867 3.33 25.625 1. 961 . 4404 
D4 4.629 1.150 3 . 33 25.00 l. 987 .5636 

·'' W1 4 . 562 .667 2.82 23 . 75 1. 901 .8202 
\V2 4.629 . 967 3.08 22.50 1. 746 .7596 ,I(, 
W3 4 . 524 . 617 2.67 26 . 25 1. 979 .4929 .1r 
W4 4.601 .983 2.17 25 . 00 2 . 089 .8444 .~, 

M- PJ-D1 4.143 1 . 233 l. 67 25.00 1. 726 .6545 ./4-
D2 4.582 2.333 3 . 42 25.625 1.957 . 0808 
D3 4.448 3.50 25.00 2.002 . 5414 
D4 4.601 3 .87 17 . 50 1.342 .1131 
W1 4.639 25.00 1. 993 .4283 
W2 4.496 1.083 25.00 1. 873 .0646 .~6 
W3 4.696 2.417 25.00 1.957 .5111 ,or 
\v4 25 .00 . 0444 ,,h 
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I Uo 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 CO'v'ER 

FROM: L. J. LANE 

George: 

I think we are close to solving the prob l em of how to derive 
simplified 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 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 l e, 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. ?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 with computer, printer, 
typewriter, phone, and answering machine. 



The problem is my crazy schedule. I wil 1 be travelling to Kansas 
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 discussions. We should probably 
count on a full day to accomplish the tasKs outlined above. 

June: 1 • Sat 6/17 <Note Sunday June 18 is Father's Day) 

July: 1 . Mon 7/3 <Note Tues is July 4) 
2. Fri 7/7 
3. Sat va 

Again, please consider the need for a meeting and let me Know if an y 
of the above dates would be convenient for you. You can call and 
leave a message on my machine at home <602-575-8009) if we wind up 
missing calls bacK and forth. 

ThanKs, 



Al"''ALYSIS 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 

tv1y pers.on .3.l 1 i brary .:~.nd the Un i •v•ersi t y of Ar i zona Science 
Library were consul ted to find appropriate reports and papers 
meeting the following cr i teria. 

1 . De -3.1 i ng t,~.Ji th r· .:<. i nf .O<.ll ·::. imul .~. tor ·::. tud i e ·::. in the :3c• uth t_.._te ·~. t 

2. Studies reporting some soils informat i on i nc l ud i ng surface 
s.oi 1 te x ture, or pro•.} i di n9 s.uff i c i ent i nfor· m .~. t i on in th>? 
te >d to -3.11 mv estimation C•f a.pp.3.rent ·::.urf.:<.ce s.oi l te x ture. 

3 . Studies reporting percent canop y cover, percent ground 
c 01 .. • e r , and me .3. sure d f i n a 1 i n f i 1 t r .3. t i on r .:de k: f as a 
statistic representing a field-measured est i mate of Ks . 

1"1y quicK 1 i ter·a ture search and quicK trip to the 1 i br .3.ry turned 
up four ~: e y references 1 i s t i n g da t-O<. on 32 e x per i men t .3. l p 1 o t ·:; (Tab l e 
1). The soils on the sites. listed in T-3.ble 1 ~vere 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 soi Is as sand <Sa), Loamy Sand CLSa ) , Sandy Loam 
( SaL ) , .3. n d Loam ( L ) i n t h e 1 .3. s t c o 1 u m n of Tab 1 e 1 . Tho s. e c 1 ass i f i e d 
as Loam probabl y are · Sandy Loam near the Sandy Loam--Loam border. 
In any event, my te x tural classifications are not rigorous but are 
m or e 11 .3. p p a r e n t 11 base d on my r· e ad i n g of t h e t e x t s. , m ;>' k n 0~1! 1 edge of 
the sites. , and the grotJp i ng of the re ·su 1 t i ng Kf •J .:<-1 ue ·s. I .:<.m f .O<.r 
from satisfied with these classifications or groupings. But, as 
long as our soils col leagues continue to use such descript i ve and 
q u .;.. l i t a. t i ~,,.. e de ·sc r i p t i on s of s.o i 1 s. and con cent r .3. t e the i r e f f •:•r t s on 
profile properties as opposed to surface and near surface 
properties, we in the West wi 1 l suffer from poor soils information . 

The q u ant i t .:<, t i ',-' e da. t .::~, f r· om the pub 1 i c .3. t i on s are summ.O<.r i zed i n 
Table 2. Of the four textural classe s in Table 2 ( Sa, LSa, SaL, 
and L ) , LSa and SaL could probabl y be combined based on the 
statist i cs of the measured Kf values shown in the last column. But, 
I suggest we Keep them separate for now as we don ' t k now how reall y 
representative the values are of al 1 possible Loamy Sands and Sandy 
Lo .:;..ms. 

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 est imates of it by 
opt i m i z .O<. t i on . 

The proposed equation is an e x ponential form which has some 



desirable properties such as robustness and Known properties in the 
1 imi ts. The proposed equation is 

1./ ~ -r ... : . -

l.vh ere : K ·~ 

KsO 
Ace 
cc;< 
Age 
~~c>~ 

= 
= 
= 
= 
= 
= 

Adjusted Ks value to use in Green-Ampt eq. 
Bare soi 1 Ks valu e adjusted for crusting, 
Coeff i c i ent for canopy cover effects, 
Percent canop y cover, 
Coefficient for ground cover effects, and 
Percent ground cover. 

( 1 ) 

O:mm/ h ) , 
e t c . ( mm/ h ) , 

A least squares program was written to read in observed Kf data 
from Table 2, assume initial values of KsO, Ace, and Age, ca l cu l ate 
corresponding valu es of Ks from Equation 1, and f i nd the least 
squares or best estimates of KsO, Ace, and Age. Ex cept for the 
Sand, it looked 1 i~:e 0.01 pr•:Jvided a re .O\s.onable (not optimal a::. I 
have not done a complete analysis ) valu e for Ace and Age. For Sand, 
I assumed Ace= 0.005 because canopy effects seem to diminish for 
the sandier so i ls. 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 mult iv ariable optimization study . I do not 
have the appropriate software available. Howev er if you 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 .0\ t e .:., 1 1 t h r e e p .0\ r .:..me t e r s by 
least squares regression. I did not think you wanted me to take the 
1 arge amount of time· to ~"'rite such a progr.:;m and, in fact, you 
probably already have one we can use if we get together. 

Table 3 1 i s.ts the K·~O, Ace, and Age \J .:..lue·:. u-:.ed for e .O<.ch of the 
four appfrent te x tural classes and the final column of table 3 shows 
the estimated Ks valu es. 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 variety of investigators using 
man y different techniques. 

Tab 1 e 4 c on t a i n s d .O<. t .O<. : .u mm a r i z i n g h m•,l l,,, e 1 1 t h e K ·: . 'J .O<. 1 u e ·~ 

correlate with the measured Kf values by class and for alI data. 
The corresponding Kf and Ks values and the regression 1 in e between 
them is shown in Fig. 1 . My conclusion is that if you can get the 
right KsO valu e, then the proposed equation and the parameter values 
shown in Table 4 can be used to estimate Ks values suffic i entl y 
accurate for p r .=-.c t i c a 1 .0\p p 1 i cat i em: . . 

F igure 2 shows Ks/KsO vs ground cover and canop y cover for the 
Sand and similar results are shown for the other texture classes in 
Figure 3. 

If you compare Figure 3 with your Figure 
t h e f o 1 1 ow i n g : 

-:o .-'\ 
t' H' you w i 1 1 notice 

1. Fig. 3 suggests the range of influence of ground cover is 
f r om e >: p 0: 0 . 0 ) = 1 . 0 t o e >: p ( 1 . 0 ) = 2 . 7 1 8 as i s t h e i n f 1 u 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 why KE/XKSAT is 
not 1 . 0 when canopy cover and ground co ver are both zero. 

2. The corrections to KsO due to canop y cover and ground cover 
are e x ponent ia l .:-.nd thus tra..n ·:;form to "n ice" straight line·:::. 
on semi log paper as shown in Fig. 3 . This makes for easy 
interpolation . 

3 . Figure 3 incorporates optimal or least squares es ti mates for 
KsO. How does KsO enter in your F ig . 7A? 

I I I . Sl_li3GEST I CINS 

1 . Please go through my notes and anal ysis to make sure they 
a..r e correct and t h a. t I d i d not m i s i n t e r pre t your r e su l t s. 

2 . Assuming no problems from step 1, please consider 
comb i ning your work on KsO and my work on canop y and ground 
cover influences as the first pr .:-.cti c .:-.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 
carefull y conducted e xperiments to evaluate KsO, Ace, and 
Age .:;..s ~oJe 11 as the f orm of Eq . 1 . In .:-.n ::·' e•.•e n t, Eq . 1 is 
the s i mples~ I could come up with which i s robus t and has 
re .:-.son .:-.bl e, easi 1 ;v app .:..rent 1 imi t-=. , ::-' et f i ts the data so 
~oJe 11 • But a. •;, -~. in VJe need to use 1 og tr·an ·:;for·ma t ions .. :..nd 
a multiple regression program to f i nd the true opt imal 

, '.J-~.1 ue ·:: . . 

Pl e ase let me know what you think of these suggest i ons . I 
think we are getting close but are not quite there y et . 

L . . J. L.?,ne 
Tu c-::.on 



Table 1. Selected referenced with data on canop y co v 2r, 
ground CC1',.1er· , and f i n .:d i nf i 1 tr·.~t ion rates .. 

Reference Plot Identificat i on 
In Reference Here 

Bach, L. 8. 1984. Determination of 
inf i 1 tration, runoff, and eros i onal 
characteristics of a smal 1 watershed 
u ·::. i n •;I r a i n f .~ 1 1 s i mu 1 .::.. t i on da. t a . Un­
published MS Thesis, New Me x ico State 
Univ., Las Cruces, NM, 69 pp. 

Kincaid, D. R., J. L. Gardner, and 
H. A. Schreiber. 1964. Soil and 
veget ation parameters affecting 
infiltration under semiarid conditions. 
8tJ 1 1 • lASH 65:440-453. 

Lane, L. J., J. R. Simanton, T. E. 
Hakanson, and E. M~ Romney. 1987. 
Large-plot infiltration studies in 
desert and semiarid rangeland areas of 
the :3outht.J.Jestern U. :=; .A. Proc. Intrl. Conf. 
on In f i 1 t rat i c•n De'...' e 1 opme n t and Ap p 1 i c a-
t i on • , 'L·.J .::.. t e r Res. Res. Center, Un i v • of 
Ha'.'·'ai i at M.::..nco.::.., Honolulu, HI, pp.365-376. 

Ward, T. J. 1986. A study 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 
No. 215, 71p. 
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UI 
t·-1l) 
t'1 I 
LI 

E3 
E2 
E4 
LH-3 
El 
f<-1 0 

81'-J 
BC 
88 
AllN 
All C 
All 8 
CN 
cc 
CB 
HN 
HC 
HB 
MN 
M•~ ,_. 
1"18 

1;.)82 
L.JS3 
1;,182 
[ .. j~; 3 

NI"1SU 
NMSU 

:3al 
:=:.~.£:. 
,-. - ..... 
.::; ci -=.1 

s.~.4 

s.~Ll 

L:3al 
L·:::-- . .., 

...;JC..~ 

LSa3 
LS .::..4 
LSa5 
SaL2 

LS.::...:J 
LS.~7 

LS.::..8 
LS .::~9 

LSalO 
LSall 
Sa.L3 
Sa.L4 
SaLS 
s.~L6 

~3a.L7 

SaL8 
L1 
L2 
L3 

:3aL9 
s.::..Ll o 
:3 .~ 1 1 1 
L4 
LSa12 
LSa13 



Table 2 . Summar y of can o p y cover, ground cover , and final 
i nfi 1 trat i on r a tes for selected data i n T a b le 1 . 

Plot ID 

:3a 1 

Sa4 

LSal 
LSa2 
LSa3 
LSa4 
LSa5 
LSa6 
LSa7 
LS .a8 
LSa? 
LSalO 
LS .a 11 
LSa12 
LSa13 

SaL! 
s .aL2 
Sa.L3 
SaL4 
Sa L5 
SaL6 
SaL? 
:3al8 
SaL9 
SaL10 
SaL11 

L1 
L2 
L3 
L4 

"App a rent" Te >:tural 
Class of Surface Soi 1 

Sand or Loamy Sand 

II 

Loamy Sand or Gravel 1 y 

Loamy Sand 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

:3.0<.nd ::" Loa.m or Gr·a v e 1 1 
Sandy Lo .am 

II 

II 

II 

II 

II 

Sandy Loam to Loam 

II 

II 

~ .... 

;-: Canop y 
Co 1-•e r 

57. 0 
25 . 0 
4 1 ~. 

a L 

17 . 0 

44 . 4 
•':) C" ., 
'""' ..:J ,L 

32 . 1 
20 ...... . -~ 
26 . 0 
65 . 2 

0 . 0 
0 . 0 

21 . 2 
0 • 0 
0 . 0 
5 . 0 

12 . 0 

23 .5 
20 .Oe 
34 . 7 

0 . 0 
0 . 0 

48 . 7 
0.0 
0 . 0 

2:.:: . I) 
12 . 0 
26 . 0 

22 . 0 
0 • [I 

0 • I) 

22 . 0 

/. Ground 
Cover 

35 . 0 
70 .4 
57 . 8 
82 . 7 

26 . 7 
':•7 ':) 
~ .. ' """' 
10 C" . ~· 
17 . 6 
14 . 7 
t:' / ":) 
...)( . .._, 

c,2 . 4 
23.6 
78 . 4 
70 . 8 
16.8 
52 . ? 

' 
50 . Oe 

1 . '? 
17 . 7 
57 . 9 
59 . 4 
18 . 8 
63 . 9 
65 . 0 
21 . 9 

':) 
L. . 1 
1 . 2 
2 . 0 e 

76 . 5 
78 . 1 
16 . 6 

1 . Oe 

F i n.::.l 
Inf il . R.od:c 

t< f ( mm/ h ) 

Ll t:" ,-., , ._! . ·~ 

. .::. o . 7 
-, c= .. 
.. ~· .. ;:. 
81 . 0 

~ C" , .,_, ,_, , oe 
17 . 3 
20 ':> , .,_, 
14 . 7 
17 . 0 
35 . 3 
21 • 0 
13 . 7 
~~ ? ._,-' . ( 
2 '? . 4 
16 . 3 
':) C" q ... _ .. ~ 
22 . 1 

12 . 0 
13 . 2 
':) ' ':> 
~ ·~ . -....~ 

15 . 0 
1 1 . 6 
31 . 6 
19 . 3 
12 . 4 
18 . 8 
1 4. ( 

16. 0 

20 C" . ~· 
? ·:> ' . '-' 
4 . 8 
7 . 1 

T he symbol e rep r esents e st imated values us i ng information from the 
te x t of the references c i te d in Table 1 . 



T~ble 3. Summary of Ks estimating equations, canop y cover, 
grotJnd co•,n::·r, me2,s.ured f i n.::tl i nf i 1 tr· .:-t i on ratE:·s, and 
estimated Ks values . Es timating equation is 
Ks = KsO<e x p ( Acc*cc%))*(e x p CAgc*gc%) ) where KsO is the 
bare soi 1 Ks value, cc% is the percent canop y cover, and 
gc% is percent ground cover. The coefficients are Ace and 
Age. 

Plot ID Parameters >~ c .3;n op y ... ··• Gr· ou nd F i nal E-:::. t 
f< s;.O Ac c Age Cover· Co•,.oer Inf i 1 . R.::~ t e K ·~. 

Cmm/ h ) ( -- ) ( -- ) ( ;_,; ) ( ;.•: ) f<f ( mm .. / h) ( mm/ h 

Sal 30 • 0 . 005 • 0 1 57.0 35.0 45.8 C" .• J 

~~ o . o 
.-- . .., II 25 . 0 70 .4 60 7 ,.:; CJ ""7 
~d..:... . .. \,.J C:l ... ·-- . ., .~ct .J 

II 41 .2 57.8 ~c • 
( ....J ,b 65 . 7 

Sa4 II 17 . 0 o ·' 7 81 • 0 7'1. 7 '-' "'- . 
LSa1 12.0 . 01 . 01 44.4 2~5. 7 35.6e 24.4 
LSa2 II 35.2 ":r7 .-, 

...:... f • ...:... 17.3 22.4 
LSa3 II 32.1 1 0 c 20 •:;) 18.4 . ....) . ..... 
LSa4 II 20 .3 17.6 1 4 . 7 17.5 
LS.a5 II 26 . 0 14.7 17.0 18 . 0 
LSat. II .lC: 'J 

'-'...J • ...:... 57.3 35.3 40 .8 
LS.::t7 II 0 . 0 62.4 21 . 0 22.4 
LSaB II 0.0 23 , ,5 13. 7 15 . 2 
LSa '? II 21 ., 

. ~ 78.4 33.7 32.5 
L:=: .~ 1 0 II 0.0 70 . 8 29 .4 2'1 .4 
LS.a1 1 II 0 . 0 16.:3 1.5. 3 14.2 
LS .a1 2 II 5.0 52. 7 'jt= 0 

...:... ._1 • , 21 • <'l 

LSa13 II 12.0 50 .Oe 22. 1 ,.,,., '=' 
"-...:.... ~ 

SaL1 10 . 3 . 0 1 . 01 23.5 1 . 9 12.0 13.3 
SaL2 II 20 .Oe 17 7 13.2 15.0 ' . 
SaL:3 34.7 57.9 26.3 26.0 
SaL4 0.0 59.4 15.0 18 . 7 
~3al5 0.0 18.8 1 1 .:: 12.3 • '..J 

SaL6 48. ~ 63.9 31 .:: 31 .8 / . '-' 

Sal7 0 . 0 65 . 0 1 q ·:;) 
,. . •-' 1Q 7 

Sal8 0.0 21 . '? 12.4 12.8 
SaL9 23.0 2. 1 18 . 8 13.2 
Sc..L1 0 12.0 1 .2 14. 7 1 1 . 8 ,. 

SaL1 1 26.0 2. Oe 16.0 13.6 

L1 5.7 . 0 1 . 0 1 22.0 76.5 20 . 5 15.3 
L2 II 0.0 ~o lu . 1 7.3 12.4 
L3 0 . 0 16.6 4.8 6.7 
L4 II 22 . 0 1 .Oe 7. 1 7.2 

) 

--------------------------------------------------------------------
The s ymbol 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 val ues 
f or t h e f o u r " a p p a r e n t " t e x t u r ,:;] c l ass e s -;:. h o11m i n 
Tables 2 and 3 . 

Plot ID "Apparent" Te x tural 
Class of Surface Soil 

Regression Resu l ts for : 
K-:. = A + B* Kf 

A B R Squared 

Sal 
Sa2 
Sa3 

LSal 
LSa2 
LSa3 
LSa4 
LSa5 
LSa6 
LSa7 
LSa8 
LSa'? 
LSalO 
LSa11 
LS -3.12 
LSa13 

Sal! 
Sal2 
.~ 

~al3 
Sal4 
:3a.L5 
Sal6 
Sal7 
Sal8 
Sal? 
Sal10 
Sal11 

L1 
L2 
L3 
L4 

Sand or Loam y Sand 
II 

Loamy Sand or Gra vell y 
L •:Jam ~.- Sand 

II 

II 

II 

Sandy Lo~m or Gravell y 
Sandy Lo-~m 

Sandy Loam to Loam 
II 

II 

II 

~0 0 '-'·· . .. 0 .40 0.72 

5 . 1 0.75 0 . 6:3 

0 . :34 0 . '?4 0 . 85 

0 . 4 9 0 . 70 

----------------------------------------~----~----------------------
For all data: N = 32, Ks = 1.3 + 0 . ?4*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 
303-457-0989 

L. J. Lane 
Hydrologist 
411 E. Suffolk Dr. 
Tucson, AZ 85704 
602-575-8009 

SUBJECT: Report on Analyses of Infiltration Data 

Enclosed is a report on my subsequent analyses of the 
infiltration data as suggested during your visit here on July 
7' 1989. 

I think I have done about all I can do with the basic data 
set <which is enclosed in hard copy and on a disK). Please 
examine 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, July and August 
2. The interpreted infiltration data 
3. Listings of the raw data files which I used in the 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 containing 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 will not do an/ 
more worK on the project until you have had a chance to 
examine the enclosed material in detail and until we have 
discussed the project. 

enclosures 



- -------------------------------------------------; 

Ta.t 1 e 1. :::·e 1 e: ted refe-renced w 1 th d.=. .;. :•r• :.:,.nc•P>' :eve;-, 
ground cc.ver, .;.nd final Jnfiltr·.;.tion rates. 

Reference Plot Iuent1f1:ation 
In Reference 

B:o.ch, L. 8. 19E:4. etermlnat:ic•n of 
infiltration, runoff, and erosional 
ctaracter1st1cs of a smal 1 w;.ershed 
u s i n g r a. i n f .;. 1 1 s 1 m u 1 .;. t i on d.;:,. t a • U r, -
publ is~ed MS Tnes1s, New Mexico State 
Univ., Las Cruces, ~~1, 69 pp. 

Kincaid, D. R., J. L. Gardner, and 
H. A. Schreiber. 1964. So1 1 and 
vegetation parameters affecting 
i nf 11 ra.t 1 on under ·:.emi .;.rid condi .. i ·=·n·:;, 
8u1 1. IASH 65:440-453. 

L.:..ne, . ,J,, J. R. Sim.:..nt.:•n, T. E. 
Hakanson, and E. M. Romney. 1987. 
La.r·~e-pl o': i nf i 1 tra.': 1 on :.tudi es. 1 n 
desert and semiarid rangeland areas of 
the SoiJ t hi.J.Je s. tern I.<::;. A. Pr oc • In t r 1 • Con f • 
c•n I nf i 1 tr .at 1 .::n De~.oe 1 ·=•pmen t and AI=·P 1 i ca.­
tlon., Water Res. Res. Center, Univ. of 
Hawai l at Manoa, Honolulu, HI, po.365-376. 

w~rd. T. J. 1986. A study cf runoff and 
erosion proces:es using large and smal I 
area ra1nfall simulators. New ~exico State 
Un1v. W:..ter Res. Res. Center, Report 
No. 215, 71p. 

Wa.r :l, T. J. a.n d S. 8. Bo 1 i n • 1 989. 
Determination ~f hydrologic parameters for 
selected sol ls 1n Ari=ona and New Mexic~ 
utilizing rainf::-.11 ::1rr.ul:,t1on. Ne1..1.1 1ex1co 
State Univ. Wa er Res. Cen-e-, Report No. 
:2 3, 84p. 

uv 
UI 
t11J 
t1 I 
LI 

E3 
E2 
E 
LH-:3 
E1 
K-10 

BN 
BC 
88 
Al H~ 
All C 
A118 
CN 
cc 
CB 
HN 
HC 
HB 
~'1N 

t'1C 
t·1B 

WC:":• ._,_ 

WS3 
WS2 
I.,JS2 
t· MSU 
Ntv1SU 

BH:.::B 
BH~.L 

8H6H 
H828 
H84L 
H84H 

K2L 

Here 

:=; .;.3 
L :3.;.4 
::;::;.L! 

Sa.L3 
Sal4 
Ea.LS 

S21.L 7 

u:c-.8 
LS~9 

LS.a1 0 
::::.=.L8 
:3c..L'7' 
S:..Ll 0 
:=:.;,L1 ! 
::::.::.L12 
::::a.L 1 3 

1 
L2 
L:3 

:=:.;:. 14 
::::c..L15 
S::L16 

4 
t"a.ll 
~3.:..12 

L:3:3.1:; 
L~:.3.14 

·:::2<.1 ': 
L::::c-16 
LS;;.~7 

L·:::.:..18 
L:::· .:;.! 9 

K2H L:::a.20 



Plot ID 

L'3.;..1 
LS:..2 

S.:-.3 
LSa.4 
LS.:..5 
L:3a.=· 

LSa9 
LS:..1 0 
LSa11 
LS.:-.12 
LS3.13 

S.;.. 4 
L'3.0<.l!::: 
LS.:..16 
LS.:..1 7 
LS:..l E: 
u:;cd '? 
L3.:..20 

~a.Ll 

S:..L2 
Sa.L3 
S.;. 4 
s.:.L': 
S:-. 6 
~:a. 7 
SaL8 
S.;..L·? 
Sal10 
:=::o.L 11 
:33-Ll:::. 
s ?.L1 :=: 
Sa 14 
SallS 
Sa.L 1 _. 

L1 
L2 
L3 
L4 

Summary of canopy cov~r gr~und cov~r, and final 
lr,filtrc..tic.r, r.:..t.:-::. f:·r :;,elec::ed da.t:o. in T-:..ble 1. 

"Appar~nt" Te~tural 

Class cf Surface Soi 1 

Loamy Sana or Gravelly 
Loam>' S.:tn d 

II 

" 
II 

" 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

3andy oam or Gra~elly 
s.~nd>' Lo.:t.m 

II 

II 

II 

II 

II 

" 
II 

Loam or Loam near 
Sa.n d>' Loam 

" 
II 

% C:;..nopy 
Co• . .1 e r· 

c.-·;) 

57.0 
.-.e 
..:.:.-'· 0 
41 . 2 
1 7 . 0 
'C: 
'~·-'. 2 

0 .o 
0 . 0 

21 '=' . 
(I • 0 
0 • 0 

~· . 0 
1 'J 0 ,;.. . 

·=· 
• 0 

- , ':• ; . ·-
1 '7' . ~-

1) .o 
18. 0 
• 2 ':• . ·-· 
'J4 . _ . ._. 7 
3'7' ·'j . ·-· 
2:=~ . t:' ·-· 44.4 
:35.2 
:32. 1 
20 -. . ...:· 
2.~. 0 
20 .Oe 
.-. ,<j -; 
...:>"T . 

0 • 0 
0 . 0 

4'-· C• 
_, 
' 

0 . 0 
0 • 0 

"J":I 
~~· . 0 
1 ·-=· "- . -, 
-J..::. . (,• ..:... ___ , 

22. ) 
(,1 . 0 
0 . 0 

22.0 

% Grc••Jnd 
Cover· 

(%) 

3c: 
~· . 0 

7 I . 4 
57.:::: 
82 . 7 
~7 . '=' ·-· 
5-;, 
'~ .4 
-:- ·=- L. -·-·. "-' 

78. 4 
70 ,-, 

• C• 

16 . 8 
52 . 7 
50 .oe 

0 • 0 
78. .-. ; 

78. 5 
0 • 0 

59. 7 

' 
69.0 
4""' '-' { . 4 
~' ,{, 
l'C• • ..... 

1 . 9 
26. 7 
27. ·-::· 

1 0 <= . ·-· 
17 . 6 
14 . 7 
1 7 7 
c:~ 'i' ~·t . 
59. 4 
1 8 . 8 
63 . t? 

65.0 
21 . '? 

2 . 
1 . 2 
2. Oe 

l -~. 
<= 
~· 

~o 1 ( ...... . 
16. 6 

1 .Oe 

Fin a 1 
In f i 1 • R.:o. t e 

~( f ( mm/n) 

45 .8 
60 . 7 
75.t. 
81 0 
~ c: '=' ·=~--· . -· 
.21 • 0 
1 ~I 7 
·":~:"':,! 7 ·-··-· . 
.-.. -, 
L7 .4 
1 6 .3 
25. 9 
22 . 1 
1 4 

'-' . 3 
1 e . .3 
:33. --
6.4 

:·3.2 
.0:•1::" .3 
31 . 2 
·~7 .9 ~t" 

12.0 
2': .6e 
1 7 . 3 
20 .3 
14 -, . . 
1 7 • 0 . 
13 . 2 
26.:3 
15. 0 
1 1 .6 
31 . .5 
19.:::. 
12 . 4 
1 0 .8 -
-4 . 7 
1 ' .o ·~· 

20 t:' . ,_) 

7 • :3 
4 0 

oO 

7 . 1 
--------------------------------------------------------------------
The symQol e represen s estimatej values ~s1ng information from the 
text ~f the references cited in Table 1. 



T:..t,le 3. 

Pl ot 

LS:-.1 
L:3a2 
LS.:..3 
LS.::.4 
L~:.:-.5 

L3.~.~ 

L~-~.7 

LSa.8 
LS=-.'? 
LS-:..1 0 
L:3.:;..11 
L~3a12 

L~:al 3 
LSa14 
s~.ts 

LSa.lt 
:=:a.1 7 

LS.:-19 
Lt::.:-20 

:=::a.L! 
Sa.L:: 
3.::..L3 
Sa.L4 
:;::.::..L~ 

Sa.L.~ 

Sa.L'? 
Sa.Le 

S.:..Ll 0 
Sal11 
::::aL12 
~;a 13 
SaL14 
:3a.L15 
Sa 1.~ 

L1 
L2 
L3 
L4 

ID 

Summc..r >' of 1<::.0 
mea.:.ured fina.l 
v:o.lues. 

8:-.::.e 1<::;.(1 

t.).::..lue:= 
(mm/h) 

30. 
II 

II 

II 

" 
II 

II 

II 

II 

II 

II 

n 

II 

II 

" 
II 

II 

II 

1 0 • 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

" 
II 

.~ .• 4 
II 

II 

II 

., 

./a 

base values, ca.opy cover, ground :over, 
inftltr.:o.tion r·ates, ~nd norm::..l i::ed, Kf/K~O, 

c.:..nopy 
C::ov e r 

·~ ;,·~) 

::7.0 
25.0 
41.2 
17.0 

0. 0 
0. 0 

21 • 2 
0.0 
0.0 
5.0 

12.0 
0.0 
913 

o.o 
18.0 
12.3 
:36.7 

23.5 
44.4 
35.2 
32.1 
20.3 
26.0 
20.0 
34.7 

0.0 
0.0 

48.7 
0.0 
0.0 

12.0 
26.0 

22.0 
0.0 
0.0 

22.u 

;.-; Ground 
Co• . .1er 

(/.) 

70.4 
::::-;. •::.C 
-·( I '-1 

Ooj 7 
'-'"'- • I 

57.:3 
62.4 

?E:. 4 
:-'018 
16.8 
5217 
50.0 

0.0 
7E~. 9 
78.5 
0.0 

69.0 
-67.4 
76.6 

1 • -
26.'"' 
oJ7.2 
10.5 
1 7 L. 
4o I I f,_l 

14.7 
17.7 
57. :7' 
59.4 
18.B 

65.0 
21.9 

2.1 
1 • 2 
2.0 

76.5 
78. 1 
16.6 
1.0 

Inf 
Kf 

Fin; 
i 1 . R.:;.. i:e 

(mm/h) 

4518 
~~o .. ~ 
~c ' /._t. ~· 

81.0 
3=.3 
21.0 
13.7 
':•':! ....... 
·-'·~.I 

2914 
16.3 
25 .·r 
22. 1 
16.3 
1E'.3 
33.3 
6.4 

:31 . 2 
27. '? 

12.0 

17.3 
20.:3 
14.7 
17.0 
13.2 
26.3 
15.0 
11 . 6 
~. 1 • :. 
19.3 
12. 
18.:::: 
14.7 
16.) 

20.5 
7.:3 
4.8 
7.1 

Norm:-.1 1::ed 
Kf/K:.o 

( --) 

1. 52 
2.02 
2~5:2 
2~70 

1 • 1 :3 
0.70 
0.4c 
1 • 1 2 
o.:-s 
0.54 
0.36 
) • 4 
0.54 
0.61 
1 • 1 1 
0. 21 
0.77 
0.84 
1 . 04 
0.93 

1 . 20 

1. 73 
2.03 
1. 47 
1 • 7r 
1 'j;. - . ·-· .-
1 • 50 
1.1 .~ 
;::: .16 
1 I 93 
1. 24 
1. 82 
1. 47 
1. 60 

3.20 
1 • 14 
0 • ....,5 
1 • 1 



Table ~a. Summary of KsO base value3, canop y cover, grouno ~over, 
me-asured fJn.:..1 in~Jl tr·aticn r:;..tes, and nc ·m.:..lJzed, l<f/i-'-=0, 
v.:;..l'JE"E. K::.O v:::.lue::: .;.dju~.ted for gra.vel 1n pr·ofile t.y 
KsOadJ = Ks0*(1.0- fraction of gr~vel in profile). 

Plot ID E:a.~e KsO '/ .··• C.;.n c•p y '/ ,, Ground F i na.l t··k•rma 1 1::ed 
1Ja.lues Co• . ..'er· Co\..' e r· Infi 1 . F:a.te !<f/l<sO 
(mm/h) ( ;~) (%) Kf (mm/h) (--) 

LS.;.l 30 c~ .o 35.0 45. E: 1 C' ·"j . ·-' t' . -•..:... 
LS:;..2 30 'JC 0 70 4 60 7 2. (1 :2 . £-...J• . . 

S.;.3 30 41 .:2 57. E' ~c 6 2 c-. t _,. • ._!,..:. 

L'=:.:..4 30 . 17.0 :32. 7 81 • 0 2 . 70 
LSa5 1 7. Ll:' 'J 

'-i·..J. ~ 57.:::: :::5. :::, 2 • o.::· 
L~:a.6 1 7 0 . 0 L ·"':• 4 21 • 0 1 24 . -'..:.... . . 
LS-?.7 1 7. 0 . 0 '")·":· .'. 1 -=· .7 0 81 ..... _ . ,_. ·-· 
LS.:;..8 ':17 ..... . 21 . 2 78. 4 33.7 1 --·t:" 

• L-' 

L::: .. :.9 27. 0 • c 70 .8 29 . 4 1 • 0 '7' 
LSa.1 0 27. 0 . 0 1 .~. . :3 1 t. . ? ._. 0 . 6(1 

L:":::a1 1 25 5.0 o:::-~. 
_,£. 7 

• i 25. •7• 1 .04 
L'3a.1 :2 25. - 2 . 0 50 • 0 J·j 

~..:... . 1 0 .88 
LSa.1 3 24 . 0 • lj 0 .0 1 6. ~~ 0 .6c. 
LS.:;. 14 2:::: $! •"j 78. 9 1'=· 3 0 .80 . . '-'• 

LSa1 <= ·-' 22 1 ~· ' . 6 7t:.5 33 ? . ·-' 1 .51 
L~;B.l·~· 1 E~ • 0 • 0 0 • 0 6.4 c . •'j..: 

~·'-

LSB.1 7 16. 1 8.0 ~9. 7 2:=' "' 1 .4~ . ~ 
LSa1 8 1 7. 1 2 . ..., t..-? . 0 25 .-, 1 4q . -=· . =· . ' 

LSa.1'7' ':I? --. , 7 67.4 31 ·";. 1 4? "--· ._j1~ . oL.. . ~ 
u:.:;..zo :22. ·'j r;· ._." . 3 ?c. .. ~· 27. 9 1 .27 

S.:;..Ll 10 . 23.5 1 . ~· 1 2 . 0 1 .:20 
~~-~L2 6. 1 44. ·--=· ~ 7 35. 6 C' -

.J- '-' • ~-·. 0 

s~.L2 6. 1 ::::5. 2 27 .2 17 • :3 2.84 
S.:..L4 .'. 1 ·-:·'J 1 10 r= 20 :3 :3 . :3:3 ·-·. ·-. -' . 
:3a. C' 

0 1 20 ::. 1 7 .:::. 14 7 2.41 ·-· . •"-' . . i 
Sal~· 6. 1 26.0 1 4. 7 1 ~ • 0 2 79 ' . 
Sa.L7 ·=· '-' . 6 20 .o 1 7 .. . 7 1 ·"j 

"-'• 
J 1 .53 1.. 

8.=-.LE: 5.0 ~.II 7 C:-;' '? 2t. 3 <= 26 ..:•'"1'. -~ .. . . ~· . 
s.~.L '7' 5.0 0 .0 5'7'. 4 1 <= 0 3. c 0 ·-'. 
8.:. 1 0 C' 0 0 .0 1 C• 8 1 1 6 2.:32 ·...) ._, . . 
Sall 1 4 • 0 48. 7 -~3. 7' 31 . .:::, 7 .90 
S:;..U ·") 4,0 0 • 0 £<= 0 1 ·t .3 4 .82 ~ '-'·-' . 
s~.L1 -~· 

~· 4 .o 0 • 0 21 . '7' 1 '? 
1.. • 'f 

..... 
·-=-·. 1 0 

S.:..Ll A 10 . 0 ?":· • 0 2 1 18.8 1 .88 '"t -~· . 
s.: L1 <= 10 .o 1 •'j • 0 1 ·-:-· 14 7 1 .47 _, .:.. . ~ . 
Sc-.Ll 6 10 0 ~L. • 0 :2 • 0 16.0 1 .60 . ~._ . 

Ll <= .8 22.0 ...," <= 20 c ~. 

~2 ·..J ( 1_.1 • ·-' . ,_; ..:· . 
L . .., c 8 0 • 0 ?E:. 1 7 :3 1 .26 .... ·-' . . 
L:3 5.8 0 • 0 1 .~. .6 4 .8 0 .83 

4 ' 4 22. 0 1 . 0 7 1 1 1 1 o. . . 



'T'-L-1- .. , 
I at-~ I .:: '""'t • Summary :f regression results for Influence of 

percent can~p> cover (cc%) and percent grouG~ cover 
( gc~<) .:.r. h~··dr .:o.u 1 i c conductivity. 

Model: y = (Kf/KsO) - 1 = a~c:% + b~g:X 
or 
Kf./Ks-0 -= 1. 0 + a.-:o:-cc~: + o·~o:.;;,c~~ 

l..oJhere: Kf = mea.s.ur·ed f i n.al i nf 1 1 tr~.t ion 
r· ,:.. t e 1 n mm./ h 

KsO= base value of hydraulic 
conductivity in mm/n 

'=··:. i 1 Texture N C>:·efficient a Coefficient b 
-------------------------------------------------------------

o .=-.rr.>' :::;.:..nd 20 0.011 0.0 0.17 

s.andy Loam 16 0.0.28 0.011 0.7.2 

Lo.::<.m 4 0.036 0.009 0.60 
-------------------------------------------------------------

Table 4a. Summary of regression esults fer influence of 
per·cent c:o.no!=·Y cover (cc;-:) .:..nd percen": grc:ound .:over 
(gc%) on hydr.:..ul•c conducti•Ji -1:)', 

Model: y = CKf/KsOadJ) - 1 = a*cc% + b*gc% 
or Kf/KsOadj = 1.0 + a*cc% + b*gc% 

Where: Kf =measured final 
infiltration rate 
in mrr,/h 

K:; 0 ad j = b.:.. s e v 3. 1 u e 0 f r, )' ·= r .:.. u 1 I : 

conductiVItY 1n mm/h 
adjusted for gravel 
con t e , t i r, the ~· r· of i 1 e 

Coe f f i .: 1 en t a. 
-------------------------------------------------------------
Lc•am;.- s.~nr:1 20 (I .013 (I .003 0 4S:' . ~ 
S.: n c~.:r Lc·am 1.5 0.043 0.055 0 .78 

Lc•am .1! 0 .0"39 0. -,12 0 •. ~2 
-------------------------------------------------------------



t)f2.)'fN1tL DI9Tt+ '- lrN .o ,p )1,.. d) DitTA FIL-E~ 
(!NfUT .brl-7/t) 

K.s Cc.l7., r;c 1/1) ~6 t 
e -=;·:..1 30 57.0 35.0 45.8 0 o=-. I ._IL_ 

.-. ? II 25.0 70.4 60.7 1 . 02 -=·a ..... 
LS.:..3 u 41 .2 ~7.8 ~.,. ' 1 o=~ 

l' ._1 • ·~ I-~~ 

LS3.4 II 17.0 82.7 t:1 . 0 1 .70 
LS.~.~ II ~:S5. 2 57.3 .:::5. 3 0 .18 
LS.3.6 II 0.0 62.4 21 • 0 -0.30 

,-.--, 
L- ·=··~. ( II 0 • 0 23.6 13.7 -0 .54 
LSa.8 II 21 .2 78.4 .-,.J -, 0. 12 ..::•....; • I 

u: 3.9 II 0 .0 70.8 29 .4 -0 .02 
LS3.! 0 II 0 -, 16.8 16. -=· -0 .46 . -
~S3.1 1 It 5.0 52.7 25.9 -0 .14 
LS3.12 II 12.0 50.0 22.1 -0. 2·~ 
LSal 3 II 0 . 0 0 .0 16.3 -0.46 
LSa.l 4 II 0 ':• 78.'7' 10 ':• -0.39 , .. .._, u. ·-' 

~S-:..15 II 19.6 78.5 33.3 0. 1 1 
LS.o..16 II 0.0 0 . 0 .• II Ca , loot -0 • 7'7' 
_so.17 II 18.0 5'7'. 7 2~;. 2 -0.2:3 
LSa18 It 1 'J -=· 69.0 ·':JC" ·-=- -0. 16 "- . .._, ..;_ .._ .• -...1 

LS.5.19 II ~:.: .• 7 67.4 ~: 1 .:2 0.04 
LSa.::o II .3'7'. 3 .., ' • 15 27.9 -0.07 ' -

D l.-~A D ' bin 
I 

e 
J 

8?.1 3( . 57.0 .35. c 45.8 0.52 
Sa.2 II 25.0 '70,4 ~.o. 7 1 • 02 

L:=;.5.3 41 .2 57.8 75 •. ~ C'? - • _t.._ 

-~"~.4 II 17.0 82.7 :31 • 0 1 .70 
_s.;s 17 .. ,l, C' 'J 

-v • ~ 
C'7 ..-, 
._1( • ·=· ·=-C' ~ -·--. -~ 1 .Of: 

LS.3.6 II 0.0 62.4 21 • 0 0.24 
LSa.7 II 0 • 0 2:3 •. ~. 13 . .., -0 • 19 < 

83.8 27. 21 '":• 78.4 "::•":~ 7 0.25 ·- ._,._, ... 
u:;a. 9 II 0 • 0 :-'0 C• ow 29.4 0.09 
LSalO II 0 .0 1 co• , 8 16.3 -0 . 40 
lSa1 1 25. ~. (, C? ~ ...... _., 25. ·;:~ 0.04 

:·.:..12 II 12.0 50.0 22. 1 -0 12 . 
SEt.1.3 24. 0 • 0 0 .o 1 .~ •. 3 -c •. :3:::. 

L'?a14 :2:3. 9.3 78.9 18.:3 -0.2(1 
LS:-.15 'J•"") 

~.._. 1 '7' . 6 78.5 33.3 0.51 
LS.o..l 6 18 . =I • [I 0.0 C• . 4 -0.54 
LS3.17 1.5 . 18. l C:Q ~ 

·-'" • I 
.-,.-, ~ 

....:.~ ....... 0 4.,. . ·-' 
~;alB 17 ' . 1 ":- -~ 

Ji-. ·-' 69.0 25.3 0 • 47' 
L.3a19 ·w:··J .<...<.. • 3.5. 7 67.4 31 .2 0 4'? . -

.:::a20 ~·-=-~ ...... :3'7' .3 7~ . . 6 • .,.., Q 
.-./.,. 0 ?~ 

·-1 

I 
(_c~ , Gc. f o 

~ \ 



~- 1 

-~L2 
~3:o.L3 

s.~.L4 

Sa.L5 
s~.L6 

·:::a 7 
Sa.L8 
Sal'? 
S:..L1 0 
Sa.L11 
S.3.L12 
Sa.L1 3 
~::;:c.L14 

!::;.:o.L15 
Sa.L1.~ 

:= a.Ll 
e s.L2 

:o<.L3 
S:o. A 

'"t 

Sa.L5 
s~Lt 

·=·a. 7 
S.:o<.LE 
~=;.:..L9 

S.:..L1 0 
S.:..U 1 
S:o.L 2 
Sa.L13 
Sa.L14 
'::::;..L15 
SaL16 

1 0 • 
II 

II 

" 
II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

10 . 
,!) • 1 
II 

11 

II 

II 

·=:t ..! ._, . '-' 
c::" • 0 ·-
II 

II 

4.0 
II 

II 

10 . 0 
" 
II 

?·-:;, c::" ...... _,. ·-· 
44.4 
:35.2 
.32. 1 
20.3 
26.0 
20.0 
.-... , ~ 

-~'"'t .. ( 

0. 0 
4B.7 
0.0 
0.0 

23 . 0 
12.0 

2~;. 5 
44.4 
35.2 
32. 1 
20 .3 
2.~.0 

20 • 0 
;34. 7 

0 . 0 
(I • 0 

48. 7 
i 

0 .0 
0 • 0 

23.0 
1:2.1] 
26.0 

1 • 9 

27.2 
10.5 
1 7 . . ~. 
14.7 
17.7 
57.9 
5'7'. 4 
18.8 
63.9 
·55 .o 
:21.9 

2. 1 
1 . 2 
2.0 

1 • '? 
26.7 
"'~ "j ~r·-

10 "' . ·-
17.6 
14.7 
17.7 
57.9 
5'?. 4 
18.8 
63 .·? 
65.0 
21 . 9 

2. 1 
1 .2 
:2.0 

12.0 
35.6 
17.2 
20.:3 
14.7 
~ 7. 0 
13.2 
25.~· 

15.0 
11 •. ::. 

1 0 .-, 
' . .:;, 

12.4 
18.8 
14.7 
1 ,::, • 0 

12.0 
35.6 
17.3 
20 '=' . ·-' 
1 4. 7 
17.0 
1 ~ 'J '-'•-
26. ~~ 
15.0 
1 1 .! . ·-· 
31 L . ·-· 
1 ·;:·. 3 
... 2.4 
1 8. s: 
14. 

..., 
(" 

~ .~ .o 

0.:20 
2.56 
0. 7 3 
1.0~: 

0.47 
0.70 
0.32 
1 I 63 
0.50 
0 • 1 !. 

0.'7'3 
0.:24 
0. 8S: 
0.47 
o. ~.o 

0 .20 
4.84 
1 .~;4 
2. 3.3 
1 A 1 

• '"t ~ 

1 ~.-. . ( ~ 

0 c:;·::· . ·-· ._, 

4.26 
2.00 
1 .:32 
c;, • '7' 0 
·::· R·-:· - I~-*-" 

2 . 10 
0 . 8~=: 
0 .47 
0 .. ~.o 



0 

-~ 6.4 
~-~ II 

L3 II 

L4 II 

~...1 = 0 -·. ·-~ 

L2 II 

L2 II 

L4 ~ .. 4 

:22.0 
0.0 
il,O 

22.0 

22.0 
0 . 0 
0 • 0 

.22.0 

:-'6.5 

1 • 0 

76.5 
""'0 ( '-' . 1 
lt . ~~ 

1 .0 

Lo vtA ,{) 

:20.5 
7.3 
4.8 
7.1 

20. r:: -· 
7 'j . ,_. 

4.8 
7 . 1 

2.:20 
0 .14 

-I) .25 
0 • 11 

2. :.:3 
0 .:26 

-o 1 -, . l 

0 . 1 1 



e 

e 

L~a~y 5anj data, 8/13/89, x1=cc%, ~2=gcX, y = (Kf/K20) - 1 

"'-' i 

Regression through the ~rigin fer 
y = :..*xl + b*x2 

.:._ = . 0 11 b = -.000 

th Rs.q u .:..r· e d = 

lj - \ -t .01 \ C G% 
~so 

D.:..ta. Li·:.ting 

~d ( i ) 

1 57.000 
2 :...5.000 
:3 41 .200 
4 17.000 
1::" t.!:. 200 ·-' 
1~s .000 
7 .000 
t:: 21 .200 
'7' .000 

10 .000 
1 1 5.000 
12 12.000 
13 .000 
1 4 ·?. :3(10 
15 19.600 
1 t. .000 
17 18.000 
18 12.:300 
19 :36.700 
20 ::·-;·. :30 0 

x2< i) 

.35. 000 
70.400 
57. :=:oo 
82.700 
57.300 
62.400 
23.600 
78.400 
70.800 
16.:300 
52.700 
50.000 

.000 
78.900 
7::::.500 

.000 
5'?. 700 
·=9.000 
67.400 
7C. .• 600 

y(i) 

.5:20 
1 .0.20 
1. 520 
1. 700 

• 180 
-.300 
-.~40 

120 
-.020 
- .460 
-. 140 
-.260 
-.460 
-.:390 

. 11 0 
-. 7'70 
-.230 
- 1 t.o 

• 0 40 
-.070 

.599 

.244 

.422 

. 155 
• 6t:.o 

-.021 
-.oos 

. .201 
-.024 
-.006 
.03~. 

112 
.000 
. 0 7'3 
• 1 B4 
.000 
. 173 
. 09 
. :::71 

-----End of Data Listing-----



Sancv 1 c.=-.m .j.:d.3., 8/1:3/89, x1=cc/;, x2=gc%, y = <Kf .. K'3(1 ) -1 

e 
l.•J i 

Regression throug~ the cr1g1n fer 
>' = a*}~! + b*x2 

-='· = .028 b = • 011 

th Rsquar·ed = .720 

Do..ta Listin9 

xl( i ) x2< j ) y( I ) 

1 2:~·. 500 1 . '7'00 • 200 
2 44.400 2t .. 700 2.560 
3 35.200 27.200 .730 
4 32.100 10 .500 1 .030 
C" 
·..J 20.300 1 7 . 60 (I .470 
6 26.000 14.700 .700 
7 20.000 17.700 .320 
8 34.700 57.'7'00 1 .~.30 
? .000 C" .-

._! 7 .400 .500 
1 0 .000 1E:.E:OO 160 
1 1 48.700 63. '7'00 2. 160 
12 . (100 ~.5. OS:•O .930 
13 .JOO 21 . '?00 .240 
14 .23.000 '? .... 100 .880 
15 12.000 1 .200 .470 
16 25.000 2.000 .600 

- ----End of Dat~ Listing-----

Yi=·r· e o:H 

.679 
1 .547 
1 • 2'7'5 
1 .018 

. 7 t./7• 

.8~'5 

. 761 
1 .631 

. t.7e 

.215 
.2.0?1 

.742 

.250 

.. 567 

. 347i 

.75] 

I ) 



e 

~-am data, 8/13/8?, xl=ccX, x2=gc%, y = CKf/KSO) -1 

Wi 

Regression through the orig1n for 
y = c.*xl + b..:x2 

·?. = • 0 3.5 to = .009 

t:-. R-:.q u .=o.r· e d = .~05 

Da.ta. L :.tin~ 

xl< I ) x2< i ) y( i ) 

22. 1JOO 76.500 2.200 
2 .000 7'= 100 140 ' ·-·. . 
3 .000 u .600 -.L50 
4 2:2.000 1 .000 • 1 10 

-----End ~f Data Listing-----

ypred( I ) 

1 • 50 5 ~ 

.725 

. 151 

.804 



Lc .. :..m,· : .. :..nd d.:..t:.., 8/13/89, .:..dJ for gra.vel, x1=cc%, ):2=gc%, y=Kf/KSO -1 

e 

Regre:si0n thro gh the orig1n 
}" = -:.O*X 1 + b*)·:2 

·~. = .013 b = .00:3 

With Rsquared = .420 

Dat.:c i sting 

,d ( I ) ~~ 2 ( i ) 

57.000 :35.000 
·-;, 
~ 25.000 70 . 400 
·::> 41 • .200 57.800 
4 17.000 132.700 
t:" .... 65.200 57.300 
6 .000 62.400 
7 .000 23.600 
8 21 .200 78.400 
9 .000 70.800 

10 .000 1 ,!_,. 80 0 
1 1 5.000 52.700 
12 12 . 000 50.000 
13 .000 .000 
1 4 9.300 78.900 
15 1'? • .£00 78.500 
1 c· .000 .000 
17 18.000 5'7'. 70 [I 
18 12.300 6'7. 000 
19 ~;6.700 c..?. 400 
20 3'7'. 200 76.600 

-----End of Data Ltsting-----

for 

K 1-- .:: ) ;0 1 o,o(3 cc~ -t-o, oo'J GC~ 
~APr 

>' ( I ) ypred( I ) 

.520 . :378 
1 . 020 . 55~~· 
1 .520 . 7:35 ... 

1 .700 .48£ 
1 .080 1 • 058 

.240 . 1 '?4 
-.! 90 . 07:3 

.250 .529 

.090 .2.20 
-.400 .052 

.040 .231 
-. 120 .317 
-.320 .000 
-.200 .370 

.510 . 50E' 
-.640 .000 

.450 .428 

.490 • -380 

.420 .704 

.2?0 41768 



e 

Regression through the origin for 
/ == .:.. *:=<1 + b*x 2 

a. = . 043 

1 .. \J i th R·:.q u e<.r e d = 

D.:. t .:.. Li st i ng 

>d ( i ) 

23.500 
~ 44.400 ..... 
3 35.200 
4 32. 100 
C' . ..) 20 .300 
i. 2.~ .. 000 '-' 

7 20 . 000 
8 34.700 
'7' .000 

1 0 .000 
1 1 4c:.7oo 
1 •") 

.i... .000 
1 .-, 

·~ .000 
14 23.000 
15 12.000 
16 26.000 

t• == 

>~2( I ) 

1. '?00 
:2,::,. 70 (I 
27.200 
10.500 
17.600 
14.700 
17.700 
57.'?00 
59.400 
18.:300 
63. '7'00 
.::::.5. 000 
21 . 900 

2. 100 
1. 200 
2.000 

. 055 

.200 
4.840 
1. t:40 
2.330 
1. 410 
1. 790 

. 5~30 
4.260 
2.000 
1. 320 
6. '7'00 
3.820 
2. 100 

.470 

.600 

-----End of Data Listing-----

1..•.! I 

Regression through the origin for 
;r' = -:t.*X 1 + t'*X2 

a. = . 03'? 

th Rsquar·ed = 

b == 

,· ~r: 
.OL-' 

.012 

Data. Li st i ng 

~d ( i > ~< 2 ( i ) ~ .... ( i ) 

- 1 22.000 76.500 2. 530 
2 . 000 (;3. 1 00 .2a::.o 
.-, .ooo ·=\ 1 .! .600 - 170 ·-· . 
.. , 22.000 '-T 1 .000 1 10 . 

-----End of Data Listing-----

>'P r· e d ( 1 ) 

1 . 1 21 
":< ·'j f'r t::' 
,_,a ._rQ._I 

3.014 
1. '?65 
1. E:43 
1 • 9:31 
1. 83~ . 
4 .. !:.75 

1. 030 
5.610 
3.562 
1. 200 
1. 111 

1. 2:35 

::.·pr·ed( 

1 . 765 
.921 
. 196 
,-,~C' 

• C• t"" ._1 

i ) 



F'F~OGF:AM DC)CU~1ENTATI Cit, 

PROGRAM: REGORGJ2 

PURPOSE: Two perf,rm regression through ~he ~rig1n for ~wo 
i n de per, dent v -2.r i ab 1 e =·: 

t·1ode 1 : Y = ~.*X 1 + b:e:-x2 
So1uti~n: Estimate: of .:!. and t. and R squared 

LANGUAGE: FORTRAN 77 
r' r' 

I ro put u n i -!: '=·: * k e >··boa.r d, 1 i n put f i 1 e s. 
Output Un1ts: *screen, 99 output file 

Inp•Jt Inf:q-m:;tion: 1. title, FORt·1AT 510 
2. fmt, FORMAT 510 

fmt IS the var 1able forma• fer 
the 1nput ::l~t:o .• 

3. filer., FORMAT ~10 

f i 1 en i :. t 1 e- f i 1 en a.m e for the 
input dat~. xl ( 1) x2( 1) y( i) rea.d 
in under the fermat fm~ 

4. fname, FORMAT 510 
fname is th~ filename for all 
f i 1 e out p u ._ 

5. tempi ,temp2,temp2 FORMAT fmt 
~~ 1( 1 ) = temp 1 
x2' i ) = te-mp2 
>' • ... I ) = temp3 
for = 1 to i = n ~( 

O•J t put In f ·:Jrm.:., t i on : 1 • t i t 1 e , FOF:tv1AT ~ 1 0 
Out~ut to screen and fname 

2. Heading, FORMAT 600 
Output t: screen -nd fname 

3. Equation, FORMAT 610 
_utput tc screen and fname 

4. a and b, FORM T 620 
Ou put t~ screen and fname 

5. rsqrd, FORMAT 630 
Output to screen and fn~me 

6. Heading, FORMAT 685 
Output to fname ~nly 

7. Heading, FORMAT 640 
Ou put to fna.me on 1 y 

E!. i , X 1 ( i ) , ;• 2 ( i ) , Y ( I ) , ~·'h a. t ( i ) 
FORtv1AT 6':0 

Outpu~ to fname onl> 
9. Heading, FORMAT 660 

Outpu o fname only 



EXAt··lPLE: 

Suppcse you have a problem with the following. 

Tttle: Test run f~r two vars 
f m t : ( 2•:1 x , 3 f 1 0 • 2 ) T h 1 s i ~· t h e f c r m .:.. t f or ': he x 1 , :< 2 , y d.:;.. t .:;. 

ftlen: ':est .dat This is file name for input data 
fname: testl.out This is file name for output data 

To rur. tho? prcu;w~.m ·.,·ou \.< • .tould enter the follot,.•tng d.::..t.~. in 
responsE- to the program prompts. 

Prompt Uso?r Input 

En t H .Job T i t 1 e 
En er fermat for jata 
<?x,fnn.n,fnn.n,fnn.n) 
En t e r f 1 1 e n 3.m e f or· i n p u t d.~. t a 
Ente ftle name for output 

Test run for two vars 
( 20 X/f 1 0 , 2) 

test 1 . da. t 
test! .d:d 

At t h i s p cd n t the p r ogr .:..m VJ 1 1 I r· e ::..d i n the da t ·"'- from the f i 1 e 
ca.lled test1.dat. The file testl.da.t looKs like tht·:: I'Jc.te 
that the first three rows belcw a~e fer il lustra ive ~ur~oses 
and are not in he data file. The data file would only 
contain the 1 ines labeled actual data below. Th~t is, the 
da. t .:;.. f i 1 e t e: t 1 • d.:; t ~·Jou 1 d con:. i =· t c•f s i x r o .. •·:. c·f d.~. t a. 

Column in ja_a ftle 
123456789 1234567892123456789312345678941234557895123456789 

a.ctual 
ac~u.~.l 

:..c tua 1 
actual 
a.ctu.:..l 
actu.:..1 

·=· 
0 

da. t .3. 
da.b. 
data. 
da. to. 
data 
da.ta. 

0 
1 .::o 
~ "'=';-. 
·-·. ·-1..::> 

8.00 
0 .50 
3.21 

50 .00 

0 0 
2.22 ':;) <=<= 

._a • ._J • ._I 

4.44 """'!' ·~·j 
( • • _:i._ 

100 .so 1 25. '7'0 
0 .!SO 1 . 1•) 

55.90 75.00 
1 .95 ·=•·'"') ._,..._. c 



- ----- - ----

The c•Jt~=.ut d.<~.ta (in file fname) vJould look 1 ike the 
f.:. lm>Jin•;;~. 

Test run for two vars 

Re•:;jrt-s:-1 on througr, t .e or i gj r. for 
y = ·~·*>~ 1 + b*>~2 

a = 1. 58C: b = 

D3ta. iE.ting 

1 

3 
4 
C' 
. .J 

~ _, 

X 1 ( i ) 

1 . 200 
3.330 
8.000 

.500 
:3.210 

50.000 

1 . 154 

.997 

x2< i) 

2.220 
4.440 

100.500 
.500 

55.900 
1 .950 

-----End of Data ListJng-----

y(j) 

:3.550 
7. ~320 

125. '7'00 
1 . 1 00 

75 .000 
82. OC•O 

>-,red( 1 ) 

4.469 
10.415 

128.7::::3 
1 • 371 

e 1 • t so 

~ 
-' 



~rugr~m regorgn2 
c Program to perform regression analysi~ 
c through the origin for two independent variables 
c y = axl + bx2 
c L. J. Lane, July 1989 

c 
character*80 title 
character*80 fmt 
character*l 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( Enter Job Title ') 

read <*,510) title 
510 format(a) 

write <*,505) 
505 format<' Enter format for data <?x,fnn.n,fnn.n,fnn.n) ') 

c 

read<*,510)fmt 
write<*,520) 

0 format(' Enter file name for input data') 
read <*,510) filen 
open<l,file=filen,status='old') 

l-\lr i t e < *, 560) 
560 format(' Enter file name for output ') 

read<*,510)fname 
open<unit=99,file=fname,status='new') 
nx = 0 

c 
c 
c 
10 

20 

c 
c 
c 

read in data x1<i>,x2(i),y(i), i=l to nx 

read<1,fmt,end=20) templ,temp2,temp3 
nx = nx + 1 
xl<nx) = empl 
x2(nx) = temp2 
y(nx) = temp3 
go to 10 
rewind 1 
nx = nx 
xnum = nx 

initialize variables 

sumx1 = 0.0 
sumx2 = 0.0 
sumy = 0.0 
sumxly = 0.0 
sumx1x2 = 0.0 
sumx2y = 0.0 
sumx1sq = 0.0 
sumx2sq = 0.0 



c 

30 
c 
c 
c 

c 
c 
c 

40 

c 
c 
c 

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

do 30 i =1 , nx 
sumxl = sumxl + xl(i) 
sumx2 = sumx2 + x2(i) 
sumy = sumy + y(i) 
sumxly = sumxly + x1(i)*y(i) 
sumx1x2 = sumxlx2 + xl(i)*x2(i) 
sumx2y = sumx2y + x2(i)*y(i) 
sumxlsq = sumxlsq + x1(i)*xl(i) 
sumx2sq = sumx2sq + x2(i)*x2(i) 

continue 

calculate regression coefficients 

b = sum, 1y*sumx1x2 - sumx1sq*sumx2y 
b = b/((sumx1x2*sumx1x2) - sumxlsq*sumx2sq) 
a = <sumx2y - b*sumx2sq)/(sumx1x2) 

calculate estimated y values 

sse= 0.0 
ssy = 0.0 
ybar = sumy/nx 

do 40 i = 1, nx 
yhat(t) = a*xl(i) + b*x2(i) 
sse= sse+ (y(i)-yhat(i))*(y(i)-yhat(i)) 
ssy = ssy + (y(i)-ybar)*(y(j)-ybar) 

continue 
rsqrd = 1.0- <sse/ssy) 

section to write out results 

t-vr i t e < * , 51 0 ) t i t 1 e 
write(99,510)title 
write<*,600) 
write<99,600) 

600 format(//,5x,' Regression through the origin for #) 

tJJr i te<*,610) 
write<99,610) 

610 format<5x," y = a*x1 + b*x2 ') 
VJr i t e < *, 620) a , b 
IIJr i t e ( 99 , 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. 1 e • 1 . 0) ) then 
write<*,630)rsqrd 
write(99,630)rsqrd 
else 
endif 

630 format(/," With Rsquared = ",f10.3,) 

c 
write(99,635) 

635 format(/," Data Listing ") 
write(99,640) 

:.._ ________________________ ------------~ 



50 
650 

660 

1 
format(/," xl(i) x2(i) 
ypred( i) ",/) 
do50 i=l,nx 

wr i t e < 99, 650) i , x 1 < i ) , x 2 < i ) , >' < i ) , yh at< i ) 
continue 
format(i5,4x,f10.3,3x,f10.3,1x,fl0.3,7x,f12.3) 
write(99,660) 
format</, "-----End of Data Listing-----",///) 
end 

y( i) 
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ALL DATA 

Regres~ion through the origin for 
y = a*xl + b*x2 

a .021 b c: .001 

Wlth Rsquared "' .275 

Data Usting 

i X 1 ( i ) x2 < i) y( i ) ypred(i) 

1 23.500 1.800 .200 .502 
2 44.400 26.700 2.560 .979 
3 35.200 27.200 .730 .784 
4 32.100 10.500 1.030 .696 
5 20.300 17.600 .470 .455 
6 26.000 14.700 .700 .572 
7 20.000 17.700 .320 .448 
8 34.700 57.900 1.630 .815 
9 .000 59.400 .500 .080 

10 .000 18.800 .160 .025 
11 48.700 63.900 2.160 1.120 
12 .000 65.000 .930 .087 
13 .000 21.900 .240 .029 
14 23.000 2.100 .880 .491 
15 12.000 1.200 .470 .256 
16 26.000 ..,_. 2.000 .600 .555 
17 57.000 35.000 .520 1.257 
18 25.000 70.400 1.020 .626 
18 41.200 57.800 1.520 .953 
20 17.000 82.700 1.700 .472 
21 65.200 57.300 .180 1.461 
22 .000 62.400 -.300 .084 
23 .000 23.600 -.540 .032 
24 21.200 78.400 .120 .556 
25 .000 70.800 -.020 .095 
26 .000 16.800 -.460 .023 
27 5.000 52.700 -.140 .177 
28 12.000 50.000 -.260 .322 
29 .000 .000 -.460 .000 
30 9.300 78.900 -.390 .304 
31 19.600 78.500 .110 .522 
32 .000 .000 -.790 .000 
33 18.000 59.700 -.230 .463 
34 12.300 69.000 -.160 .354 
35 36.700 67.400 .040 .870 
36 39.300 76.600 -.070 .938 
37 22.000 76.500 2.200 .570 

38 .000 78. 100 .140 .105 
39 .000 16.600 -.250 .022 
40 22.000 1.000 .110 .468 

-----End of Data Listing-----
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FS-MC-W3 
RAINFALL INTENSITY 4.496 IN/HR 

TH1E DEPTH RUNOFF RATE LOSS RATE 
Minute5 inches in/hr 1n/hr 

4.75 0.0000 0.0000 0.0000 
11.25 0.0485 0.4477 4.0483 
11.88 0.0808 3.0762 1.4198 
13.75 0.1479 2.1529 2.3431 
16.25 0.1596 0.2808 4.2152 
17.50 0.2020 2.0352 2.4608 
23.75 0. 3778 1.6877 2.8083 
30.00 0.6869 2.9674 ~ 

• FS-MC-W4 
RAINFALL INTENSITY 4.639 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l'linutes inches in/hr in/hr 

3.13 0.0000 0.0000 0.0000 
3.75 0.0236 2.2839 2.3551 
5.00 0.1010 3.7152 0.9238 

11.88 0.2828 1.5855 3.0535 
13. 13 0.3047 1. 0512 3.5878 
14.38 0.3670 2.9904 1.6486 
17.50 0.4646 1.8769 2.7621 
20.00 0.5135 1.1736 3.4654 
21.88 0.5943 2.5787 2.0603 
26.88 0.7605 1. 9944 2.6446 
29.38 0.8502 2.1528 

~ 30.00 0.8754 2.4387 3 

• 



FS-HC-Wl 
RAINFALL INTENSITY 4.626 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

2.67 0.0000 0.0000 0.0000 
5.00 0.0242 0.6232 4.0028 
7.50 0.0343 0.2424 4.3836 

10.63 0.0747 0.7744 3.8516 
14.38 0.1535 1.2608 3.3652 
17.50 0.2323 1. 5154 3.1106 
20.63 0.3212 1.7042 2.9218 
23.75 0.4040 1.5923 3.0337 
27.50 0.5172 1.8112 Q. 814§) 

FS-HC-W2 
RAINFALL INTENSITY 4.362 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1. 92 0.0000 0.0000 0.0000 
8.13 0.0870 0.9372 3.4248 

10.63 0. 1677 1. 6968 2.6652 
13. 13 0.2586 2.1816 2. 1804 
17.50 0.4020 1.9689 2.3931 
20.63 0.5293 2.4403 1. 9217 
23.13 0.6384 2.6184 1.7436 
26.25 0.7535 2.2135 2.1485 
30.00 0.8848 2.1008 ~ 

FS-HC-W3 
RAINFALL INTENSITY 4.496 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

3.00 0.0000 0.0000 0.0000 
6.25 0.0141 0.2603 4.2357 
8.75 0.0323 0.4368 4.0592 

10.63 0. 0727 1. 2894 3.2066 
13.13 0.1131 0.9696 3.5264 
15.63 0. 1535 0.9696 3.5264 
17.50 0.1960 1.3636 3.1324 
20.63 0.2404 0. 8511 3.6449 
23.75 0.2970 1.0885 3.4075 
26.25 0.3434 1.1136 

~ 30.00 0.4687 2.0048 2 



FS-HC-W4 
RAINFALL INTENSITY 4.658 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1. 83 0.0000 0.0000 0.0000 
5.00 0.0545 1.0315 3.6265 
7.50 0.1333 1. 8912 2.7668 

10.00 0.2101 1.8432 2.8148 
12.50 0.2747 1.5504 3. 1076 
15.00 0.3636 2. 1336 2.5244 
17.50 0.4485 2.0376 2.6204 
20.00 0.5394 2.1816 2.4764 
23.75 0.6566 1.8752 2.7828 
26.88 0.7515 1. 8192 ~ 31.25 0.8768 1. 7204 6 

FS-EX-W1 
RAINFALL INTENSITY 4.543 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches 1n/hr in/hr 

12.25 0.0000 0.0000 0.0000 
23.50 0.0121 0.0645 4.4785 
34.00 0.0283 0.0926 ~ 

FS-EX-W2 
RAINFALL INTENSITY 

TIME DEPTH LOSS RATE 
rvn nutes 1nchee 1n/hr 

4.50 0.0000 0.0000 
32.50 0.0000 

~ 0.00 0.00 

FS-EX-W2 
RAINFALL INTENSITY 4.124 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

3.00 0.0000 0.0000 0.0000 
4.50 0.0242 0.9680 

~ 32.50 0.1L12 0.2079 1 

FS-EX-W3 
RAINFALL INTENSITY 3.886 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

7.00 0.0000 0.0000 0.0000 
10.00 0.0469 0.9380 2.9480 
15.00 0.1010 0.6492 

~ 23.25 0.2222 0.8815 5 



---~-- --· 

FS-H-PJ-W1 
RAINFALL INTENSITY 4.143 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

13.00 0.0000 0.0000 0.0000 
16.88 0.0040 0.0619 4. 0811 
20.63 0.0182 0. 2272 3.9158 
26.25 0.0364 0.1943 

~ 30.63 0.0566 0.2767 6 

FS-H-PJ-W3 
RAINFALL INTENSITY 4.543 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches 1n/hr 1n/hr 

3.00 0.0000 0.0000 0.0000 
4.38 0.0081 0.3522 4.1908 
8.13 0.0505 0.6784 3.8646 

11.25 0.0848 0.6596 3.8834 
16.88 0.1414 0.6032 3.9398 
21.25 0.1778 0.4998 4.0432 
25.00 0.2162 0.6144 3.9286 
30.00 0.2586 0.5088 ~ 

FS-H-PJ-W4 
RAINFALL INTENSITY 4.020 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

4.67 0.0000 0.0000 0.0000 
5.00 0.0020 0.3636 3.6564 
8.75 0.0081 0.0978 3.9224 

11.88 0.0121 0.0767 3.9433 
17.50 0.0162 0.0438 3.9762 
21.88 0.0202 0.0548 3.9652 
26.25 0.0222 0.0275 

~ 30.00 0.0323 0.1816 

FS-H-MG-W1 
RAINFALL INTENSITY 4.591 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches 1n/hr in/hr 

2.47 0.0000 0.0000 0.0000 
5.00 0.0222 0.5265 4.0645 
8.75 0.0485 0.4208 4.1702 

11.88 0.0768 0.5425 4 .""0'485 
15.63 0.1030 0.4192 4.1718 
18.75 0.1253 0.4288 4. 1622 
23.13 0.1515 0.3589 4.2321 
26.25 0.1758 0.4673 

9 30.00 0.2101 0.5488 2 



FS-H-MG-W2 
RAINFALL INTENSITY 4.591 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
I'll nut e:s inches 1n/hr 1n/hr 

2.67 0.0000 0.0000 0.0000 
4.38 0.0505 1.7719 2.8191 
7.50 0. 1030 1. 0096 3.5814 

11.25 0.1838 1.2928 3.2982 
14.38 0. 2505 1.2786 3.3124 
18.13 0.3232 1.1632 3.4278 
21.88 0.4162 1.4880 3.1030 
25.63 0.5091 1.4864 3. 1046 
29.38 0.6141 1.6800 9 30.00 0.6465 3.1355 5 

FS-H-MG-W3 
RAINFALL INTENSITY 4.458 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
!l'linutes inches in/hr in/hr 

1.50 0.0000 0.0000 0.0000 
2.50 0.0202 1.2120 3.2460 
5.00 0.0747 1.3080 3.1500 
8.13 0. 1596 1.6275 2.8305 

10.63 0.2485 2.1336 2.3244 
15.00 0.3939 1.9963 2.4617 
18.13 0.4949 1.9361 2.5219 
21.88 0.6444 2.3920 2.0660 
26.25 0.8162 2.3588 2.0992 

30.75 0.9939 2.3693 e • FS-H-M6-W4 
RAINFALL INTENSITY 4.639 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1.33 0.0000 0.0000 0.0000 
3.13 0.0040 0. 1333 4.5057 
6.50 0.0424 0.6837 3.9553 
8.75 0.1051 1.6720 2.9670 

11.88 0.1737 1.3150 3.3240 
18.25 0.2828 1.4979 3.1411 
19.38 0.3758 1.7827 2.8563 
23.00 0.4889 1. 8746 2.7644 
27.50 0.6202 1.7507 

9 31.75 0.7434 1.7393 7 

FS-M-PJ-Wl 
RAINFALL INTENSITY 4.629 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches 1n/hr in/hr 

4.08 0.0000 0.0000 0.0000 

• 7.50 0.0081 0. 1421 4.4869 
10.63 0.0525 0.8511 3.7779 
13.75 0.0929 0.7789 3.8521 
18.13 0. 1455 0. 7205 3.9085 
21.25 0.1838 0.7365 3.8925 
25.00 0.2343 0.8080 3.8210 
29.00 0.2747 0.6060 ~ 



• 

• 

FS-M-PJ-W2 
RAINFALL INTENSITY 4.524 IN/HR 

TIME DEPTH RUNOFF RATE 
Mlnutes inches 1n/hr 

4.50 0.0000 0.0000 
6.88 0.0465 1.1723 

10.00 0.1051 1.1269 
13.75 0 .!737 1. 0976 
17 . 59 0.2424 1.0734 
21.25 0.3192 1.2590 
25.00 0.4000 1.2928 
30.00 0.5010 1.2120 

FS-M-PJ-W3 
RAINFALL INTENSITY 4.601 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes inches in/hr 

14.00 0.0000 0.0000 
19.38 0 . 0061 0.0680 
23.55 0.0404 0.4935 
27.52 0.0768 0.5501 
30.00 0.0970 0.4887 

FS-H-LG-Wl 
RAINFALL INTENSITY 4.639 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes inches 1n/hr 

10.75 0.0000 0.0000 
15.63 0.0024 0.0295 
20 . 63 0.0065 0.0492 
26.88 0.0182 0.1123 
30.00 0.0234 0.1000 

FS-H-LG-W2 
RAINFALL INTENSITY 4.324 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes 

5.00 
7.50 

13.13 
16.25 
21.25 
27.50 
30.30 

1nches 
0.0000 
0.0303 
0. 1293 
0.1762 
0.2667 
0.3798 
0 . 4364 

in/hr 
0.0000 
0. 7272 
1.0551 
0.9019 
1.0860 
1.0858 
1.2129 

LOSS RATE 
in/hr 
0.0000 
3.3517 
3.3971 
3.4264 
3.4506 
3.2650 
3.2312 

~ 

LOSS RATE 
in/hr 
0.0000 
4.5330 
4.1075 

LOSS RATE 
in/hr 
0.0000 
4.6095 
4.5898 

~ 0 

LOSS RATE 
1n/hr 
0 .0000 
3.5968 
3.2689 
3.4221 
3.2380 
3.236_2 
'3.11;J) 



FS-H-LG-W3 
RAINFALL INTENSITY 4.648 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Mlnutes inches in/hr in/hr 

• 2.33 0.0000 0.0000 0.0000 
5.63 0.0364 0.6618 3.9862 
8.13 0.1010 1.5504 3.0976 

10.63 0.1778 1.8432 2.8048 
14.38 0.2828 1.6800 2.9680 
17.50 0.4101 2.4481 2.1999 
20.63 0.5253 2.2083 2.4397 
23.13 0.6222 2.3256 2.3224 
26.26 0.7313 2.0914 2.55.66 
30.00 0.8646 2.1385 .509!) 

FS-H-LG-W4 
RAINFALL INTENSITY 4.210 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

0.00 0.0000 0.0000 0.0000 
5.00 0.0012 0.0144 4.1956 
7.50 0.0020 0.0192 4.1908 

10.63 0.0121 0.1936 4.0164 
13.75 0.0202 0.1558 4.0542 
17.50 0.0364 0.2592 3.9508 
20.00 0.0444 0. 1920 4.0180 
22.50 0.0586 0.3408 3.8692 
26.25 0.0747 0.2576 3.9524 
30.00 0.0889 0.2272 ('3.9~8 

FS-F-Wl 
RAINFALL INTENSITY 4.562 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches ln/hr in/hr 

3.75 0.0000 0.0000 0.0000 
10.00 0.0061 0.0586 4.5034 
14.38 0.0444 0.5247 4.0373 
19.38 0.0869 0.5100 4.0520 
22.50 0.1131 0.5038 4.0582 
30.00 0. 1455 0.2592 4.3028 
31.25 0.1616 0. 7728 ~ 

FS-F-W2 
RAINFALL INTENSITY 4.591 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

1.33 0.0000 0.0000 0.0000 
7.50 0.2485 2.4165 2. 1745 

12.50 0.4424 2.3268 2.2642 
17.50 0.6263 2.2068 2.3842 
21.25 0. 7798 2.4560 2.1350 
30.00 1.1051 2.2306 ~ 



FS-F-W3 
RAINFALL INTENSITY 4.458 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

2.75 0.0000 0.0000 0.0000 
6.50 0.0040 0.0640 4.3940 

12.50 0.2384 2.3440 2.1140 
26.25 0.7596 2.2743 

~ 32.50 1.0020 2.3270 0 

FS-F-W4 
RAINFALL INTENSITY 4.020 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr 1n/hr 

1.50 0.0000 0.0000 0.0000 
5.63 0.0444 0.6450 3.3750 

11.88 0.1818 1. 3190 2.7010 
16.25 0.3596 2.4412 1.5788 
21.25 0.5010 1. 6968 2.3232 
28.25 0.6828 1.5583 2.4617 
31.00 0.7531 1.5338 e 

FS-FC-W1 
RAINFALL INTENSITY 4.362 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr 1n/hr 

1. 92 0.0000 0.0000 0.0000 
7.50 0.0081 0.0871 4.2749 

13.13 0.0545 0.4945 3.8675 
18.13 0.1212 0.8004 3.5616 
23.75 0.2121 0.9705 3.3915 
28.25 0.4303 2.9093 ~ 

FS-FC-W2 
RAINFALL INTENSITY 4.515 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

3.50 0.0000 0.0000 0.0000 
8.75 0.1212 1.3851 3.1299 

15.00 0.3030 1.7453 2.7697 
20.00 0.4848 2.1816 2.3334 
25.00 0.6545 2.0364 2.4786 
31.50 0.9414 2.6483 r8s67) 

FS-FC-W3 
RAINFALL INTENSHY 4.648 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches 1n/hr in/hr 

1.33 0.0000 0.0000 0.0000 
5.88 0.0788 1.0391 3.6089 

10.88 0.3051 2.7156 1. 9324 
15.88 0.5313 2.7144 1.9336 
19.63 0.7192 3.0064 1.6416 
23.38 0.9192 3.2000 1.4480 
27.13 1.1475 3.6528 

~ 30.58 1.3091 2.8104 6 



- -- - ----- - - - - - -- - - ---

FS-FC-W4 
RAINFALL INTENSITY 4.458 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

0.91 0.0000 0.0000 0.0000 
5.00 0.0889 1.3042 3. 1538 

10.63 0.3152 2. 4117 2.0463 
15.63 0.5657 3.0060 
18.75 0.7192 2.9519 
23.13 0.9131 2.6562 
27.50 1.1919 3.8279 
30.25 1.3111 2.6007 

T-G-LC-W1 
RAINFALL INTENSITY 4.277 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

4.50 0.0000 0.0000 0.0000 
13.13 0.0185 0.1286 4. 1484 
16.88 0.0623 0.7008 3.5762 
20.00 0.1128 0.9712 3.3058 
23.75 0.1768 1.0240 3.2530 
27.50 0.2424 1. 0496 3.2274 
30.00 0.2879 1.0920 3.1850 

T-6-LC-W2 
RAINFALL INTENSITY 4.496 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

4.17 0.0000 0.0000 0.0000 
6.25 0.0034 0.0981 4.3979 
7.50 0.0118 0.4032 4.0928 
9.38 0.0269 0.4819 4.0141 

12.50 0. 0724 0.8750 3.6210 
16.25 0. 1364 1.0240 3.4720 
19.38 0.1936 1. 0965 3.3995 
23.13 0.2643 1.1312 3.3648 
27.50 0.3451 1.1094 3.3866 
30.00 0.4007 1.3344 3.1616 

Y-6-LC-W3 
RAINFALL INTENSITY 4.601 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Pllnutes inches in/hr in/hr 

2.50 0.0000 0.0000 0 . 0000 
7.50 0.0640 0.7680 3.8330 

10.63 0.1145 0.9681 3.6329 
17.50 0.2391 1.0882 3.5128 
20.63 0.3569 2.2581 2.3429 
25.00 0.4562 1.3634 3.2376 
30.00 0.5859 1.5564 3.0446 



T-6-LC-W4 
RAINFALL INTENSITY 4.515 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Mlnutes inche5 in/hr 1n/hr 

6.00 0.0000 0.0000 0.0000 
7.50 0.0051 0.2040 4.3110 

10.63 0.0724 1.2901 3.2249 
16.88 0.3266 2.4403 2.0747 
20.00 0.5522 4.3385 0.1765 
24.38 0. 7273 2.3986 2.1164 
29.38 0.9495 2.6664 1.8486 

T-86-LC-Wl 
RAINFALL INTENSITY 4.610 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

3.50 0.0000 0.0000 0.0000 
6.88 0.0051 0.0905 4.5195 

10.00 0. 1263 2.3308 2.2792 
13.25 0.3350 3.8529 0.7571 
16.88 0.4899 2.5603 2.0497 
20.00 0.6481 3.0423 1.5677 
23.13 0.8300 3.4869 1.1231 
26.25 0. 9714 2. 7192 1.8908 
29.50 1 .1579 3.4431 1.1669 
32.50 1. 3401 3.6440 0.9660 

T-BG-LC-W2 
RAINFALL INTENSITY 4.562 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr 1n/hr 

7.00 0.0000 0.0000 0.0000 
8.75 0.0320 1. 0971 3.4649 

13.13 0.1330 1.3836 3.1784 
15.63 0.1869 1. 2936 3.2684 
19.38 0.2559 1.1040 3.4580 
21.88 0.3081 1.2528 3.3092 
24.38 0.3620 1. 2936 3.2684 
27.50 0.4377 1.4558 3.1062 
30.00 0.5892 3.6360 0.9260 

T-BG-LC-W3 
RAINFALL INTENSITY 4.610 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

1. 83 0.0000 0.0000 0.0000 
11.88 0.2027 1.2101 3.3999 
17.50 0.4646 2.7961 1.81"39 
20.63 0. 6902 4.3246 0.2854 
26.88 0.9747 2.7312 1.8788 
30.00 1.1515 3.4000 1.2100 



T-BG-LC-W4 
RAINFALL INTENSITY 4.505 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
runutes inches in/hr 1n/hr 

6.25 0.0000 0.0000 0.0000 
13.75 0.1970 1. 5760 2.9290 
17.50 0.3939 3. 1504 1.3546 
24.38 0.6919 2.5988 1.9062 
28.75 0.9057 2.9355 1.5695 
30.63 0.9882 2.6330 1.8720 

T-G-QH-W1 
RAINFALL INTENSITY 4.267 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l"linutes inches in/hr 1n/hr 

3.50 0.0000 0.0000 0.0000 
15.00 0.0808 0.4216 3.8454 
23.50 0.2141 0.9409 3.3261 
28.00 0.2949 1.0773 3. 1897 
30.00 0.3475 1.5780 2.6890 

T-G-QH-W2 
RAINFALL INTENSITY 4.591 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l"linutes inches in/hr in/hr 

4.33 0.0000 0.0000 0.0000 
10.00 0.0253 0. 2677 4.3233 
15.00 0.1094 1. 0092 3.5818 
22.50 0.2306 0.9696 3.6214 
28.13 0.3165 0.9155 3.6755 
30.00 0.3653 1. 5658 3.0252 

T-6-QH-W3 
RAINFALL INTENSITY 4.591 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches 1n/hr in/hr 

4.08 0.0000 0.0000 0.0000 
10.00 0.0455 0. 4611 4' 1299 
12.50 0.0976 1.2504 3.3406 
20.63 0. 2811 1.3542 3.2368 
26.25 0.4192 1.4744 3.1166 
30.00 0.5084 1. 4272 3.1638 

T-G-QH-W4 
RAINFALL INTENSITY 4.543 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l"linutes inches 1n/hr 1n/hr • 7.50 0.0000 0.0000 0.0000 

9.38 0.0034 0.1085 4.4345 
10.63 0.0152 0.5664 3.9766 
13.13 0.0471 0.7656 3.7774 
20.63 0. 1886 1.1320 3.4110 
26.25 0.3249 1.4552 3.0878 
30.00 0.4158 1.4544 3.0886 



• T-B6-QH-W1 
RAINFALL INTENSITY 4.658 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes inches 1n/hr 

13.00 0.0000 0.0000 
19.38 0.0556 0.5229 
25.63 0.1279 0.6941 
31.25 0.2003 0.7730 
35.00 0.2492 0.7824 

T-BG-QH-W2 
RAINFALL INTENSITY 4.610 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes 1nches 1n/hr 

13 .83 0.0000 0.0000 
24.00 0.0808 0.4767 
30.00 0.1253 0.4450 
35.00 0.1616 0.4356 

T-BG-QH-W3 
RAINFALL INTENSITY 4 .639 IN/HR 

TIME DEPTH RUNOFF RATE 
Mlnutes inches in/hr 

7.50 0.0000 0.0000 
12.50 0.0370 0.4440 
16.88 0.1195 1.1301 
21.88 0.2323 1.3536 
26.88 0.3418 1.3140 
30.00 0.4108 1.3269 

T-BG-QH-W4 
RAINFALL INTENSITY 4.648 IN/HR 

TIME DEPTH RUNOFF RATE 
l"'lnutes 1nches in/hr 

4.00 0.0000 0.0000 
10.63 0 . 1111 1.0054 
16.88 0.2475 1.3094 
22.50 0.4125 1.7616 
26.88 0.5522 1.9137 
30.00 0.6532 1.9423 

T-MG-QH-Wl 
RAINFALL INTENSITY 4.477 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes 

9.50 
26.88 
30 . 00 

1nches 
0.0000 
0. 1532 
0.2071 

in/hr 
0.0000 
0.5289 
1.0365 

LOSS RATE 
in/hr 
0.0000 
4. 1351 
3.9639 
3.8850 
3.8756 

LOSS RATE 
in/hr 
0.0000 
4.1333 
4.1650 
4.1744 

LOSS RATE 
1n/hr 
0.0000 
4.1950 
3.5089 
3.2854 
3.3250 
3.3121 

LOSS RATE 
in/hr 
0.0000 
3.6426 
3.3386 
2.8864 
2.7343 
2.7057 

LOSS RATE 
in/hr 
0.0000 
3.9481 
3.4405 



? 

• 

T-MG-QH-W2 
RAINFALL INTENSITY 

TIME DEPTH 
Minutes inches 

9.00 0.0000 
16.88 0.0303 
20.00 0.0808 
24.38 0.1835 
27.50 0.2845 
30.00 0.3569 

C-CPJ-Wl 
RAINFALL INTENSITY 

TIME DEPTH 
Minutes inches 

0.83 0.0000 
2.60 0.0556 
9.38 0.3030 

10.00 0.4175 
13. 13 0.5892 
17.50 0.7879 
20.63 0.9731 
25.00 1.1448 
27.50 1.2795 
30.00 1.4529 

C-CPJ-W2 
RAINFALL INTENSITY 

TIME DEPTH 
Minutes inches 

2.50 0.0000 
5.63 0.0061 
8. 13 0.0586 

10.63 0. 1071 
14.38 0.1737 
18. 13 0.2263 
21.25 0.2929 
25.63 0.3636 
28.13 0.4040 
31.00 0.4606 

C-CPJ-W3 

3.753 !N/HR 
RUNOFF RATE 
in/hr 
0.0000 
0.2307 
0.9712 
1.4068 
1.9423 
1.7376 

4.591 IN/HR 
RUNOFF RATE 

in/hr 
0.0000 
1.8847 
2.1894 

LOSS RATE 
.i.n/hr 
0.0000 
3.5223 
2.7818 
2.3462 
1. 8107 
2.0154 

LOSS RATE 
in/hr 
0.0000 
2.7063 
2.4016 

%11.08064556121826 
3.2914 1. 2996 
2. 7281 1.8629 
3.5502 1.0408 
2.3574 2.2336 
3.2328 1.3582 
4.1616 0.4294 

4.448 IN/HR 
RUNOFF RATE LOSS RATE 
in/hr in/hr 
0.0000 0.0000 
0.1169 4.3311 
1.2600 3.1880 
1.1640 3.2840 
1.0656 3.3824 
0.8416 3.6064 
1.2808 3.1672 
0.9685 3.4795 
0.9696 3.4784 
1. 1833 3.2647 

RAINFALL INTENSITY 4.429 IN/HR 
TIME DEPTH RUNOFF RATE LOSS RATE 

Minutes inches in/hr in/hr 
1.08 0.0000 0.0000 0.0000 
2.60 0.0438 1. 7289 2.7001 
6.25 0. 1852 2.3244 2. 1046 

10.63 0.3636 2.4438 1.9852 
14.38 0.5623 3.1792 1.2498 
18.75 0.7539 2.6307 1.7983 
21.88 0.9276 3.3297 1. 0993 
23.75 1. 0236 3.0802 1.3488 
25.00 1. 1044 3.8784 0.5506 
27.50 1.1919 2. 1000 2.3290 
29.25 1.2525 2.0777 2.3513 

%-6.489645481109619 



- ----- ·--- - - - - - -- -~~-~ - - --- - --- - ---

C-CPJ-W4 
RAINFALL INTENSITY 4.086 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
minutes inches in/hr in/hr 

1.33 0.0000 0.0000 0.0000 
3.13 0.0303 1.0100 3.0760 
6.88 0.1414 1. 7776 2.3084 

11.25 0.2889 2.0252 2.0608 
16.88 0.4808 2.0451 2.0409 
20.63 0.6586 2.8448 1.2412 
23.75 0.8323 3.3404 0.7456 
26.25 0.9414 2.6184 1.4676 
27.50 0.9939 2.5200 1. 5660 
30.25 1.1232 2. 8211 1.2649 

C-CWPJ-W1 

e RAINFALL INTENSITY 4.210 IN/HR 
TIME DEPTH RUNOFF RATE LOSS RATE Minutes inches in/hr in/hr 1.00 0.0000 0.0000 0.0000 5.00 0.1354 2.0310 2. 1790 10.00 0.3232 2.2536 1.9564 15.00 0.5697 2.9580 1.2520 20.00 0.8162 2.9580 1. 2520 24.75 1.0707 3.2147 0.9953 28.25 1.2784 3.5606 0.6494 30.50 1.3859 • 4 £1 ~2 2.8667 1.3433 

C-CWPJ-W2 
RAINFALL INTENSITY 4.505 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
m1nutes inches in/hr 1n/hr 

1.08 0.0000 0.0000 0.0000 
6.25 0.1152 1.3369 3. 1681 

11.50 0.2768 1.8469 2.6581 
16.25 0.4929 2. 7297 1.7753 
21.00 0.6909 2.5011 2.0039 
26.00 0.9051 2.5704 1.9346 
30.50 1.0747 2.2613 2.2437 
33.50 1.1879 2.2640 2.2410 



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

C-CWPJ-W3 
RAINFALL INTENSITY 4.639 IN/HR 

TIME DEPTH RUNOFF RATE 
Minutes 

1.08 
5.00 

10.00 
15.00 
20.00 
24.38 
30.00 

C-CWPJ-W4 

inches 
0.0000 
0.1152 
0.3071 
0.5091 
0.6990 
0.9091 
1.1677 

RAINFALL INTENSITY 
TIME DEPTH 

Minutes inches 
1. 50 0.0000 
5.00 0.0444 

10.00 0. 2101 
15.00 0.4101 
19.38 0.6020 
24.38 0.8040 
29.50 1.0012 
31.20 1.0659 

C-PJ-W2 

in/hr 
0.0000 
1.7633 
2.3028 
2.4240 
2.2788 
2.8781 
2.7609 

4.639 IN/HR 
RUNOFF RATE 

in/hr 
0.0000 
0.7611 
1.9884 
2.4000 
2.6288 
2.4240 
2.3109 
2.2835 

RAINFALL INTENSITY 4.496 IN/HR 
TIME DEPTH RUNOFF RATE 

Minutes inches 1n/hr 
3.33 0.0000 0.0000 

11.88 0.1859 1.3046 
15.00 0.2909 2.0192 
18.75 0.3838 1.4884 
21.88 0.4747 1.7425 
24.38 0.5535 1.8912 
28.13 0.6646 1. 7776 

LOSS RATE 
in/hr 
0.0000 
2.8757 
2.3362 
2.2150 
2.3602 
1.7609 
1.8781 

LOSS RATE 
in/hr 
0.0000 
3.8779 
2.6506 
2.2390 
2.0102 
2.2150 
2.3281 
2.3555 

LOSS RATE 
in/hr 
0.0000 
3.1914 
2.4768 
3.0096 
2.7535 
2.8048 
2.7184 



- -- - ~- --

C-PJ-W3 
RAINFALL INTENSITY 4.583 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr 1n/hr 

1.25 0.0000 0.0000 0.0000 
3.75 0.0707 1. 6968 2.8862 
6.88 0.2101 2. 6722 1. 9108 

10.00 0.3596 2.8750 1.7080 
13.13 0.4848 2.4000 2.1830 
16.25 0.6141 2.4865 2.0965 
20.00 0.7980 2.9424 1.6406 
22.50 0.9313 3. 1992 1.3838 
25.63 1.1535 4.2594 0.3236 
30.00 1. 2424 1.2206 3.3624 

C-PJ-W4 
RAINFALL INTENSITY 4.505 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
1111nutes inches in/hr in/hr 

1.67 0.0000 0.0000 0.0000 
5.00 0.0848 1. 5279 2.9771 
8.13 0.1374 1.0083 3.4967 

12.50 0.2202 1.1368 3.3682 4.5056 

15.63 0.2990 1.5105 2.9945 
20.00 0.3960 1. 3318 3.1732 
25.00 0.5071 1.3332 3.1718 
27.50 0.5939 2.0832 2.4218 
30.00 0.6606 1.6008 2.9042 

C-SB-W1 
RAINFALL INTENSITY 4.562 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

0.33 0.0000 0.0000 0.0000 
1.25 0.0202 1.3174 3.2446 
3.75 0.1354 2.7648 1. 7972 
7.50 0. 3677 3.7168 0.8452 

11.25 0.5737 3.2960 1.2660 
15.00 0.7737 3.2000 1.3620 
20.00 1. 0303 3.0792 1.4828 
22.50 1.1798 3.5880 0.9740 

C-SB-W2 
RAINFALL INTENSITY 4.658 lN/HR 

TIME DEPTH RUNOFF RATE lOSS RATE 
Minutes inches in/hr in/hr 

0.50 0.0000 0.0000 0.0000 
1.88 0.0283 1.2304 3.4276 
4.38 0.1293 2.4240 2.2340 
8.13 0.2667 2.1984 2.4596 

11.25 0.3919 2.4077 2.2503 
15.00 0.4525 0.9696 3.6884 
20.63 0.6000 1.5718 3.0861 
23.13 0.7192 2.8608 1. 7972 
25.63 0.8101 2. 1816 2.4764 



.....-----------------------------~----- -- ---~-- - ---

C-SB-W3 
RAINFALL INTENSITY 4.601 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l'linutes inches in/hr in/hr 

0.58 0.0000 0.0000 0.0000 
3.75 0.0606 1.1470 3.4540 
7.00 0. 1859 2.3132 2.2878 

13.25 0.3879 1.9392 2.6618 
17.00 0.5333 2.3264 2.2746 
20.63 0.7131 2.9719 1. 6291 
24.83 0.8566 2.0500 2.5510 
26.25 0.9374 3.4141 1.1869 

C-SB-W4 
RAINFALL INTENSITY 4.582 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
111inutes inches in/hr in/hr 

0.58 0.0000 0.0000 0.0000 
2.50 0. 0727 2.2719 2.3101 
5.00 0.2101 3.2976 1.2844 

12.50 0.4606 2.0040 2.5780 
15.63 0.6263 3. 1764 1.4056 
20.00 0.8202 2.6622 1.9198 
23.75 1.0303 3.3616 1.2204 
25.63 1.1212 2. 9011 1.6809 

C-TSB-W1 
RAINFALL INTENSITY 4.543 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
111inutes 1nches in/hr 1n/hr 

2.83 0.0000 0.0000 0.0000 
6.88 0.0061 0.0904 4.4526 

12.50 0.1495 1.5310 3.0120 
15.63 0.2505 1.9361 2.6069 
18.75 0.3434 1. 7865 2.7565 
21.88 0.4646 2.3233 2.2197 
25.00 0.5697 2.0212 2.5218 

C-TSB-W2 
RAINFALL INTENSITY 4.410 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

2. 17 0.0000 0.0000 0.0000 
6.88 0. 1374 1.7503 2.6597 

11.88 0.3374 2.4000 2.0100 
15.63 0.5455 3.3296 1.0804 
18.75 0.6909 2.7962 1.6138 
22.50 0.8808 3.0384 1.3716 
25.00 1.0263 3.4920 0.9180 



• 
C-TSB-W3 
RAINFALL 

TIME 
Minutes 

1.08 
6.88 

11.88 
15.63 
21.88 
24.38 
25.63 

C-TSB-W4 
RAINFALL 

TIME 
l'linutes 

1.67 
6.25 

11.25 
15.00 
21.25 
24.38 
25.00 

Minutes 
2.25 
6.25 

10.63 
15.0 
1 . 8 
20.63 

C-TSB-W1 
RAINFALL 

TIME 
Minutes 

2.25 
6.25 

10.63 
15.00 
16.88 
20.63 

INTENSITY 
DEPTH 
inc he~ 
0.0000 
0.1212 
0.2869 
0.4283 
0.6707 
0. 7758 
0.8485 

INTENSITY 
DEPTH 
inches 
0.0000 
0.0606 
0.2141 
0.3475 
0.5859 
0.7192 
0.7515 

INTENSITY 
DEPTH 
inches 
0.0000 
0.0707 
0.2808 
0.4586 
0.5677 
0.7030 

4.648 IN/HR 
RUNOFF RATE 

in/hr 
0.0000 
1.2538 
1.9884 
2.2624 
2.3270 
2.5224 
3.4896 

3.934 IN/HR 
RUNOFF RATE 
in/hr 
0.0000 
0.7939 
1.8420 
2. 1344 
2.2886 
2.5553 
3.1258 

LOSS RATE 
in/hr 
0.0000 
3.3942 
2.6596 
2.3856 
2.3210 
2. 1256 
1. 1584 

LOSS RATE 
in/hr 
0.0000 
3.1401 
2.0820 
1.7996 
1.6454 
1.3787 
0.8082 

LOSS RATE 
in/hr 
0.0000 
3.2165 

%- 553.77734375 
0.00 4.2770 
0.0000 4.2770 

4. 277 IN/HR 
RUNOFF RATE LOSS RATE 

in/hr in/hr 
0.0000 0.0000 
1.0605 3.2165 
2.8781 1.3989 
2.4412 1.8358 
3.4819 0.7951 
2.1648 2.1122 

%-38460.5078125 
%38558.0546875 



C-TS8-W2 
RAINFALL INTENSITY 4.524 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

2.92 0.0000 0.0000 0.0000 
6.25 0.0323 0.5820 3.9420 

10.63 0.0889 0.7753 3.7487 
14.38 0.1535 1.0336 3.4904 
18.75 0.2182 0.8883 3.6357 
20.63 0.2586 1.2894 3.2346 

C-TCP-W3 
RAINFALL INTENSITY 4.496 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
f'llinutes inches in/hr in/hr 

0.75 0.0000 0.0000 0.0000 
6.88 0.0141 0.1380 4.3580 
9.38 0.0545 0.9696 3.5264 

12.50 0.1253 1. 3615 3.1345 
15.63 0.2000 1.4319 3.0641 
18.13 0.2566 1.3584 3.1376 
20.63 0.3394 1.9872 2.5088 

C-TSB-W4 
RAINFALL INTENSITY 4.610 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutee inches in/hr in/hr 

2.08 0.0000 0.0000 0.0000 • 4.38 0.0774 2.0191 2.5909 
8.13 0.1970 1.9136 2.6964 

10.63 0.3047 2.5848 2.0252 
15.00 0.4562 2.0801 2.5299 
17.50 0.5185 1. 4952 3.1148 
20.63 0.6198 1.9419 2.6681 

C-BSB-W1 
RAINFALL INTENSITY 4.372 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1.15 0.0000 0.0000 0.0000 
5.63 0.0384 0.5143 3. 8577 

10.00 0. 1051 0.9158 3.4562 
14.38 0.1737 0.9397 3.4323 
18. 13 0.2626 1. 4224 2.9496 
22.50 0.3475 1.1657 3.2063 
30.00 0.4848 1. 0984 3.2736 

C-BSB-W2 
RAINFALL INTENSITY 4.610 IN/HR 

• TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes .inches in/hr in/hr 

3.67 0.0000 0.0000 0.0000 
8.75 0.0061 0.0720 4.5380 

14.38 0.0343 0.3005 4.3095 
18. 13 0.0747 0.6464 3.9636 
22.50 0.1172 0.5835 4.0265 
30.00 0.1657 0.3880 4.2220 



C-NSB-W1 
RAINFALL INTENSITY 4.648 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1.13 0.0000 0.0000 0.0000 
3.75 0.0444 1.0168 3.6312 
6.88 0.1131 1.3169 3.3311 

11.88 0.2182 1.2612 3.3868 
16.25 0.3010 1.1368 3.5112 
20.00 0.3798 1.2608 3.3872 
25.00 0.5051 1.5036 3. 1444 

C-NSB-W2 
RAINFALL INTENSITY 4.496 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1.83 0.0000 0.0000 0.0000 
4.38 0.0626 1.4729 3.0231 
7.50 0.2101 2.8365 1.6595 

13.13 0,4687 2.7560 1.7400 
16.88 0.6707 3.2320 1.2640 
21.00 0.8889 3.1777 1.3183 
26.00 1.1556 3.2004 1.2956 

C-NSB-W3 
RAINFALL INTENSITY 4.505 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

0.50 0.0000 0.0000 0.0000 
2.50 0.0545 1.6350 2.8700 
5.63 0. 1939 2. 6722 1.8328 
9.38 0.4121 3.4912 1.0138 

13.75 0.6606 3.4119 1.0931 
17.50 0.8768 3.4592 1.0458 
21.25 1.0707 3. 1024 1.4026 
26.00 1. 3293 3.2665 1. 2385 

M-HG-Wl 
RAINFALL INTENSITY 4.496 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

1.33 0.0000 0.0000 0.0000 
5.00 0.0909 1.4861 3.0099 
9.38 0.2163 1.7178 2.7782 

12.50 0.3495 2.5615 1.9345 
15.63 0.4646 2.2064 2.2896 
18.13 0.5758 2.6688 1. 8272 
21.25 0. 7253 2.8750 1.6210 
23.13 0.7899 2.0617 2.4343 
26.00 0.9172 2.6613 1.8347 



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

M-HG-W2 
RAINFALL INTENSITY 4.562 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l'linutes inches 1n/hr in/hr 

1.50 0.0000 0.0000 0.0000 
6.25 0.1657 2.0931 2.4689 
9.38 0.2970 2.5169 2.0451 12.50 0.4606 3. 1462 1.4158 

15.50 0.5960 2.7080 1.8540 
18.13 0.7414 3.3171 1.2449 
22.00 0.9192 2.7566 1.8054 
23.13 0.9818 3.3239 1. 2381 
26.25 1.1091 2.4481 2. 1139 

M-HG-W3 
RAINFALL INTENSITY 4.658 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
I'll nut es inches in/hr in/hr 

1. 25 0.0000 0.0000 0.0000 
7.50 0. 1596 1. 5322 3.1258 

10.00 0.2566 2.3280 2.3300 
15.00 0.4465 2.2788 2.3792 
20.00 0.6525 2.4720 2.1860 
22.50 0.7616 2.6184 2.0396 
26.25 0.9212 2.5536 2.1044 

M-HG-W4 
RAINFALL INTENSITY 4.553 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l'linutes inches in/hr in/hr 

1.50 0.0000 0.0000 0.0000 
3.75 0.0545 1.4533 3.099'7 
7.50 0.2242 2.7152 1.8378 

10.63 0.3616 2.6339 1.9191 
15.75 0.6364 3.2203 1.3327 
20.00 0.9131 3.9064 0.6466 
22.75 1.0505 2.9978 1.5552 
25.75 1.2121 3.2320 1.3210 

M-LG-W1 
RAINFALL INTENSITY 4.143 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
l'linutes inches 1n/hr in/hr 

2.82 0.0000 0.0000 0.0000 
4.38 0.0485 1.8654 2.2776 
8.13 0.1778 2.0688 2.0742 

12.50 0.3253 2.0252 2.1178 
16.25 0.4727 2.3584 1.7846 
20.00 0.6303 2.5216 1.6214 
22.00 0.7030 2.1810 1. 9620 
25.00 0.8202 2.3440 1.7990 



M-LG-W2 
RAINFALL INTENSITY 4.582 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes 1nches in/hr in/hr 

1.08 0.0000 0.0000 0.0000 
3.13 0.0586 1.7151 2. 8669 
7.50 0.1758 1.6092 2. 9728 

11.25 0.3253 2.3920 2. 1900 
15.00 0.4707 2.3264 2.2556 
18.75 0.6081 2. 1984 2.3836 
20.25 0.6667 2.3440 2.2380 
22.63 0.7596 2.3420 2.2400 

M-LG-W3 
RAINFALL INTENSITY 4.448 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
Minutes inches in/hr in/hr 

2.67 0.0000 0.0000 0.0000 
7.50 0.1030 1.2795 3. 1685 

16.25 0.2263 0.8455 3.6025 
21.88 0.3717 1. 5496 2.8984 
23.75 0.4121 1.2963 3. 1517 
26.25 0.4929 1.9392 2.5088 

M-LG-W4 
RAINFALL INTENSITY 4.601 IN/HR 

TIME DEPTH RUNOFF RATE LOSS RATE 
M1nutes inches in/hr in/hr 

7.50 0.0000 0.0000 0.0000 
9.38 0.0768 2. 4511 2. 1499 

15.00 0,2848 2.2206 2.3804 
18. 13 0.4525 3.2147 1.3863 
21.25 0.5899 2.6423 1.9587 
23.00 0.6869 3.3257 1.2753 
27.25 0.8444 2.2235 2.3775 



M-PJ-W1 
RAINFALL 

TIME 
Minute5 

2.23 
6.25 

11.88 
16.25 
20.63 
24.38 
25.00 

M-PJ-W2 
RAINFALL 

TIME 
Minutes 

1. 85 
6.25 

11.88 
16.25 
20.63 
25.00 

M-PJ-W3 
RAINFALL 

TIME 
Mlnutes 

3.00 
5.00 
7.50 

11.88 
15.00 
18.75 
21.88 
25.00 

M-PJ-W4 
RAINFALL 

TIME 
Minutes 

INTENSITY 4.639 IN/HR 
DEPTH RUNOFF RATE 
1nches in/hr 
0.0000 0.0000 
0.0444 0.8627 
0.1152 0.7545 
0.2040 1.2192 
0.3152 1.5233 
0.4000 1. 3568 
0.4283 2.7387 

INTENSITY 4.496 IN/HR 
DEPTH RUNOFF RATE 
inches in/hr 
0.0000 0.0000 
0.0061 0.0832 
0.0242 0. 1929 
0.0384 0.1950 
0.0505 0. 1658 
0.0646 0.1936 

INTENSITY 4.496 IN/HR 
DEPTH 
inches 
0.0000 
0.0101 
0.0768 
0. 1798 
0.2747 
0.3475 
0.4202 
0. 5111 

RUNOFF RATE 
1n/hr 
0.0000 
0.3030 
1.6008 
1. 4110 
1.8250 
1.1648 
1. 3936 
1.7481 

0.000 IN/HR 
RUNOFF RATE 
in/hr 

LOSS RATE . 
1n/hr 
0.0000 
3.9763 
3.8845 
3.4198 
3. 1157 
3.2822 
1.9003 

LOSS RATE 
in/hr 
0.0000 
4.4128 
4.3031 
4.3010 
4.3302 
4.3024 

LOSS RATE 
1n/hr 
0.0000 
4.1930 
2.8952 
3.0850 
2.6710 
3.3312 
3. 1024 
2.7479 

LOSS RATE 
in/hr 



Table 13. - Texture based on hydrometer analysis and 
organic content of Ft . Stanton samples. 

Plot ID No. Texture, in % Organic con-
Sand Silt Clay tent in % 

FS-MC-1 45 . 6 27.8 26.6 4.95 
2 43.4 29.2 27.4 5.10 
3 42.0 28 . 4 29.6 4.79 
4 42.6 27.8 29 . 6 5.96 

FS-HC-1 39.2 30.0 30 .8 5.26 
2 44.0 24 .0 32.0 4.40 
3 42.8 29 .0 28.2 5.55 
4 44.2 29 . 2 26.6 5.15 

FS - EX-1 43.4 28.0 28 . 6 4.47 
2 40 . 4 28.6 31.0 5.15 
3 36 . 4 31.2 32.4 4.05 
4 39.2 28.4 32.4 4.98 

FS - H-PH-1 39 .6 32.4 28 . 0 11 . 56 
2 42.8 31.8 25.4 9.78 
3 46.0 29.4 24.6 12.45 
4 40.0 32.0 28.0 10.93 

FS -H-MG-1 39 .4 33 .4 27.2 6 . 69 
2 40 . 2 33.8 26.0 4.54 
3 32.0 42.6 25.4 8.59 
4 41.2 34 .8 24.0 6.32 

FS-M- PJ-1 38.0 33 . 8 28.2 8 . 88 
2 36 . 0 33.8 30.2 8.88 
3 40.0 39.6 20.4 10.37 
4 40.0 36.8 23.2 11.27 

FS -H-LG-1 37.8 30.0 32 . 3 6 . 39 
2 35.4 32.0 32.6 6 . 32 
3 36. 4 32.6 31.0 7 . 03 
4 37.4 38.4 24.2 11.03 

FS-F-1 37 .2 34.8 28 . 0 4.40 
2 40.0 31.0 29.0 5.38 
3 45.0 34.0 21.0 4.32 
4 44.0 34.0 22.0 3.22 

FS-FC-1 38.4 33.6 28.0 3 . 16 
2 42.6 32.8 24 . 6 2 . 96 
3 45.6 36.4 18 . 0 2.81 
4 47 . 0 33.8 19.2 2.33 
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Table 14 . - Texture based on hydrometer analysis and 
organic content of Tucumcari samples. 

Plot ID NO. Texture, in % Organic 
Sand Silt Clay tent, 

T-G-LC-1 42.0 41.0 17.0 3.37 
2 48.0 39.0 13.0 2 . 65 
3 43 . 0 41.0 16.0 2 . 31 
4 45.0 38.0 17 . 0 2.41 

T-BG-LC-1 48.0 36.0 16.0 1.44 
2 48.0 37.8 14.2 1. 69 
3 46.0 39.0 15.0 1. 61 
4 52.0 34.0 14.0 1.69 

T-G-QH-1 58.8 23.2 18.0 1. 74 
2 56.8 23.8 19.4 1.69 
3 50.8 27.6 21.6 1. 95 
4 54.8 27.6 17.6 1. 35 

T-BG-QH-1 50.8 25.8 23.4 3.43 
2 56.8 21.8 21.4 2.64 
3 56.0 27.0 17.0 1. 66 
4 65.6 20.2 14 . 2 1. 19 

T-MG-QH-1 59.2 19.6 21.5 2 . 59 
2 60.8 19.6 19 . 6 1. 28 
3 64.8 17.8 17.4 2.18 
4 64.8 20.0 15 . 2 1.69 

29 
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Table 15. - Texture based on hydrometer analysis and 

organic content of Cuba samples . 

Plot ID No . Texture , i n % Organic 
content , 

Sand Silt Clay in % 

C-CPJ-1 63.4 22.2 14 . 4 3.82 
.2 60.0 26.0 14 . 0 4.38 
J 72.6 16.2 11 . 2 4.17 
4- 75.4 14.6 10 . 0 1. 12 

C-- CwPJ-1 68.2 17.0 14.8 1. 59 
).. 70.0 16 . 4 13.6 2 . 62 

J 70 . 4 15.6 14 .0 1.27 
4 69 . 4 18.0 12.6 2 . 00 

C-PJ- I 66 . 0 19.6 14.4 4 . 66 
.:z 70.8 15 . 0 14.2 3 . 29 
3 85.6 6.2 8.2 0.92 4 90.0 8 . 0 2 . 0 2 . 32 

C -5 8 - I 56.0 25.0 19.0 5.23 
.2. 56 . 0 23.6 20.4 2 . 77 
3 69 . 0 16 . 6 14.4 2 . 49 
4 57. 4 22 . 6 20.0 2.99 

C - TS/f - 1 47.0 24 . 2 28.8 2.61 
.J 48.8 22.6 28 . 6 3.78 

_; 53.6 23.2 23 . 2 3.42 
4 50.4 23 . 6 26.0 4 . 30 

C- TcP - 1 82 . 4 7.6 10.0 1.45 
.2 76 . 6 9 . 4 14 . 0 1.68 
3 66 . 2 17.2 16.6 4 . 04 
4 82 . 6 5.4 12.0 0.73 

/ -s·IJ I 49.6 30.4 20.0 1. 51 
;J 70.0 20.0 10.0 0. 71 

.j 32.6 36.8 30.6 3 . 01 4 32.0 38.0 30.0 4. 82 
C-N.f 8 -1 38 . 8 34.2 27.0 6.35 

:J. 49.6 36.6 13.8 1. 80 

3 44.0 32.6 23.4 3.22 
4 39 . 0 38.6 22.4 2.53 
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Table 16. - Texture based on hydrometer analysis and 
organic content of Magdalena samples. 

Plot ID No. Texture, in % Organic con-
Sand Silt Clay tent, in % 

M-HG-1 57.6 22.0 20.4 2.75 
2 62.0 19.0 19.0 2.59 
3 58.0 21.6 20.4 2.84 
4 62.8 21.0 16.2 2.51 

M-LG-1 59.0 19.8 21.1 7.29 
2 61.6 18.4 20.0 4. 10 
3 48.0 29.2 22.8 7.28 
4 50.4 32.2 17.4 6.08 

M-PH-1 56.0 23.8 20 . 2 9.03 
2 58 . 0 21.4 20.6 5.93 
3 62 . 4 17.2 20.4 7.04 
4 68.4 15.4 16.2 2.67 
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Table 21 . - Ground cover and production within 
the plots of Ft. Stanton. 

Plot ID No . Cover in % Production in Kg/ha 
Plant Grass Forb Litter Rock Total Grass Forb Litter 

FS-MC-1 25.36 24.42 0 . 94 2.92 2 . 92 31.2 271 . 7 15 . 4 310.6 
2 47.81 46 . 25 1. 56 2.81 0.52 51.14 307. 6 15.4 417.2 
3 53.85 46.56 7.29 7. 71 3 . 65 65.21 249.1 228.6 228 . 6 
4 47.91 46.35 1. 56 2 . 81 4.06 54.78 275.8 37.9 189.7 

FS- HC-1 42.18 13.85 28.33 8.23 2.60 53.01 125. 1 419 . 3 1694 . 6 
2 41.98 34.58 7.40 2.81 6.46 51.25 241.9 163.0 414 . 2 
3 55.21 47.19 8.02 10.10 1.56 66.87 1111.3 174.3 550.5 
4 31.36 12.92 18 . 44 8.12 2.50 41.98 263 . 5 424 . 4 838 . 6 

FS -EX-1 64 . 68 60.10 4.58 18.13 0.52 83.33 1549.0 78 . 9 1609.5 
2 58 . 44 55.73 2. 71 6 . 15 1. 04 65.63 1594. 1 89 . 2 792 . 5 
3 40.63 8.65 31.98 26 . 88 4.58 72.09 209.1 491.1 1939.6 
4 45.52 20.52 25.00 33.33 1. 15 80.00 733 . 0 431.6 3266.2 

FS -H- PJ-1 20 . 52 16.98 3.54 77.54 1. 46 99.52 238 . 9 261.4 11261.3 
2 13.12 9.79 3.33 85.27 0.52 98.91 220.4 164 . 0 8349.9 
3 9 . 69 6.88 2.81 78.02 5 . 00 92.71 301.4 162 . 0 1266.1 
4 17.71 15 . 31 2 . 40 70.31 1.15 89.17 272 . 7 164.0 6344.7 

FS-H-t'lG-1 39 . 79 36.25 3.54 7 . 08 2.19 49.06 461.3 216.3 562.8 
2 43.23 43.23 0.00 0.21 3.23 46.67 414.2 0 . 0 149.7 
3 54.48 46 . 56 7. 92 6. 15 0.00 60.63 57.1 280 . 9 338 . 3 
4 38.75 34.69 4.06 0.52 0.94 40.21 477.7 246.0 168.1 

FS-~1-PJ-1 25 . 94 23.65 2.29 56.04 0.63 82 . 61 266.5 151.7 9603.7 
2 19.59 15.63 3.96 46 . 46 0.31 66.36 205.0 184.5 9419.1 
3 25.00 21.77 3 . 23 67.50 1. 25 93.75 271.7 146.6 2385 . 5 
4 24.06 17.71 6.35 74 . 69 0.00 98.75 266.5 188:6 7374 . 0 

FS-H-LG-1 90.94 86.88 4.06 5.73 0.00 96.67 1986.8 313.7 801.7 
2 73.02 68.75 4.27 3 . 33 1. 99 78.34 1045.7 220.4 349 . 6 
3 58.43 43.33 15.10 3 . 96 1.25 63.64 993.4 424.4 908.3 
4 62 . 82 59.17 3.65 0.42 4 . 27 67.51 981.1 284.0 543.3 

FS-F-1 64.38 57.71 6 . 67 2 . 29 0 . 00 66.67 708.4 258.3 210.2 
2 51. 14 47.60 3 . 54 4.06 0.00 55 . 20 535.1 268.6 339.3 
3 60.73 58.65 2.08 2. 71 0 . 00 63.44 840.6 167.1 243.0 
4 42.40 40.63 1.77 6. 77 0.00 49.17 687.9 198.9 538.2 

FS-FC-1 44.32 44 . 11 0 . 21 1. 46 2.40 48.18 404.9 164.0 159.9 
2 42.61 40.94 1. 67 4.27 3.33 50.21 615.1 184.5 166 . 1 
3 31.36 29.38 2.08 2.60 0 . 00 34.06 448.0 225.5 179 . 4 
4 33.65 30 . 00 3.65 1. 04 0 . 00 34.69 396.7 240.9 166 . 1 
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Table 22. - Ground cover and production within the plots at Tucumcari. 

Cover, in % Production, i n Kg/ha 
Plant Grass Forb Litter Rock Total Grass Forb Litter 

T-G-LC-1 52.0 51.2 0.8 4.7 0.0 56.7 995 17.0 6961• 
2 61.9 61.9 0.0 0.8 0.0 62.7 946 1.0 700"'" 
3 60.9 60.0 0.9 0.9 0.0 61.8 1145 13.0 552;'; 
4 41.5 41.5 0.0 1.9 0.0 43 . 4 632 2.0 15 7;'; 

28 . 3 28.3 0.0 0. 3 0.0 28.6 201 <1.0 22 
2 28 .8 28 .8 0.0 0.0 0 .0 28.8 273 <1.0 38 
3 25.5 25.5 0.0 0.0 0.0 25.5 3 10 3 .0 6.0 
4 21.4 21.2 0.2 0.4 0.0 21.8 272 1.0 59 

T-G-QH-1 37. 8 36. 1 1.7 26.6 0.0 64.4 862 17.0 1545>'> 
2 42 . 2 42.2 0.0 11.6 0.0 53.8 951 0.0 88P" 
3 802 18.0 489>'; 
4 35 . 2 35.2 0.0 11.9 0.0 47 . 1 721 7.0 310'" 

T-BG-QH-1 64.4 63.4 1.0 13.2 0.0 77.6 614 18.0 941* 
2 53.0 48.1 4.9 7.8 0.0 60.8 761 68. 0 9521• 
3 64.9 63.0 1.9 5.7 0.0 70.6 978 16 . 0 668>\-
4 41.9 41.9 0.0 4 .9 0.0 46.8 535 0.0 267;'; 

T-MG-QH-1 35.0 28 .8 6.2 55 . 6 0.0 90.6 355 5.0 987 
2 27 . 0 27.0 0.0 46.8 0 . 0 73.8 219 0.0 1158 
3 6.7 6.7 0.0 90.0 0.0 96.7 98 0.0 5818 
4 24.4 24.0 0.4 . 61.2 0.0 85.6 269 3.0 7527 

-,'• i ncludes standing dead material. 
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Table 23. - Ground cover and production within 
the plots at Cuba. 

Cover, in % Production, in Kg/ha 

Plant Grass Forb Litter Rock Total Grass Forb Litter 

C-CPJ-1 0.94 0.42 0.52 7 . 08 0.00 8.02 2.1 2.1 1005.4 
2 1. 25 0.21 1.04 48.33 0.00 49.58 3.1 7 . 2 31591.0 
3 2. 71 2. 71 0.00 32.29 0.00 34.50 9 . 3 0.0 2614.7 
4 10.52 2. 19 8.33 11.88 0.00 22.40 11.4 109.4 964.1 

C-CWPJ-1 33.23 32.92 0.31 4.37 0.00 37.60 595.6 8.3 997. 2-l• 
2 54.48 54.17 0.31 6.99 0.00 61.47 1193 . 3 7.2 1446. 2-l• 
3 32.08 25 . 73 6.35 12 . 60 0.00 44.68 415.0 160.0 1511. 2* 
4 31.88 30.73 1. 15 12 . 19 0.00 44.07 639.0 16.5 3146. 3.,.,.,., 

C- PJ-1 2.81 2.50 0 . 31 97.02 0.00 99.83 26 . 8 7 . 2 ? 
2 0.84 0.21 0.63 89.48 0.00 90.32 5.2 23.7 56155.0 
3 2 .9 2 1. 98 0. 94 90.42 0.0 93.34 14 . 5 8.3 23238.0 
4 3.65 1. 98 1. 67 22.08 0.0 25.73 7.2 35.1 3282.6 

C-SB-1 5.21 4.17 1. 04 5.73 0.0 10.94 19.6 11.4 1253.2 
2 1. 25 1. 25 0.0 12.60 0.0 13.85 15.5 0.0 3194. o-:--:, 
3 9.37 3.85 5 .5 2 6.25 0.0 15.62 26.8 107.4 2032. 5"/;;'; 
4 4 . 06 4.06 0.0 15.42 0.0 19.48 31.0 4.1 1750. 7"/d; 

C-TSB-1 46.98 46.98 0.0 14.17 0.0 61. 15 1909.7 7.2 1203. 6"'' 
2 44.17 44.17 0.0 8.23 0.0 52.40 862.0 22.7 894. 01< 
3 35.62 33.02 2.60 23.13 0.0 58.75 388.1 42.3 3391. 01• 
4 51.78 48.13 3 . 65 15.00 0.0 66.78 1058.1 40.3 756.6 

C-TCP-1 63.17 51.54 11.63 2 . 26 0.0 65.43 720 . 5 127.0 2775. 7;';-/; 
2 38.22 38 .62 7.60 1. 04 0.0 39 .26 775.2 68.1 625. 61• 
3 47.70 37.60 10.10 0.42 0.0 48.12 825.8 130:1 603. 9;'; 
4 42.39 38.07 4 .32 2.26 0.0 44.65 695 . 7 33.0 515.1 

C- BSB-1 46.66 44.79 1.87 2.29 0.0 48.95 1189.2 90.8 709.2 
2 55.72 53.33 2.39 7.19 0.0 62.91 1103.0 107 . 4 813.4 
3 65.21 56.98 8.23 7.92 0.0 68.13 1627.9 206.5 815.5 
4 48.44 44.69 3.75 25.63 0.00 74.07 1560.8 37.2 2171. 91< 

C-NSB-1 0.73 0.73 0.00 57 . 40 0.00 58.13 26.8 5.2 16789.0 
2 39.79 37.60 2 . 19 9.37 0.00 49.16 325.2 83.6 1581.4 
3 6.98 16.15 0.83 10.42 0 . 00 27.40 171.4 16.5 15 77.3 
4 10.93 8.85 2.08 10.00 0 . 0 20.93 173 . 4 32.0 2279.2 

;'•includes standing dead material 

;',,',branches 
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M-HG-1 
2 
3 
4 

M-LG-1 
2 
3 
4 

M-PJ-1 
2 
3 
4 

Table 24. - Ground cover and production within 
the plots of Magdalena. 

Cover, in % Production in 

Plant Grass Forb Litter Rock Total Grass Forb 

23.96 22.19 1.77 0.00 2.60 26 . 56 84.1 95.3 
25.83 25.83 0.00 0.00 3.23 29.06 158.9 15 0 4 
37.29 37.29 0.00 0.00 18 0 96 56.25 128.2 7.2 
26.67 18.75 7.92 0.42 4.69 31.78 133.3 •''155.8 
44.89 40.83 4.06 0.00 4. 79 49.68 637.7 85.1 
33 . 55 33.13 0.42. 50 10 13 . 13 51.78 321.9 23.6 
37.29 37.29 0.00 0.00 11.88 49 . 17 362.9 14.4 
60.95 56.91 4 . 04 0.00 0.00 60.95 1722 0 3 157.9 

6.67 6.67 0.00 83.44 2.50 92 . 61 40.0 
6.98 4.79 2.19 75.21 3.44 85.68 27.7 34 . 9 
0.83 0.62 0.21 96 . 61 1. 96 99.4 3.1 6.2 
1. 03 0.93 0.10 93.62 0. 72 95 . 37 10 . 3 1.0 
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Kg/ha 

Litter 

19.5 
28.7 
5.1 

59 . 5 

152.8 
27.7 
13.3 
44.1 

28,376 
32,763 
44' 775 
69,641 
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Mr. Joe Rumann 
Hydrologist 

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

CONSULTING ENGINEER 

1351 EAST !41s t AVENUE 

BRIGHTO N, COLO RA DO 80601 

(303) 457.0989 

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

Dear Joe: 

28 April 1989 

I have been working on the review comments by Leonard Lane and Walter Rawls. 
I have been using a paper by Rawls, Brakensiek, and Savabi (1989) in trying to 
determine a way to correct hydraulic conductivity to account for canopy and 
ground cover influences. 

Leonard had pointed out some computational problems in using this method in 
his review. This was mainly due to a misunderstanding on my part of the 
definition of some of the cover terms (BC and BO), and I also had some errors 
in the equations in my draft of the manual. I have talked to Walter and I 
have the definition of terms sorted out (see attached definition sketch), and 
I have corrected the equations in the manual. However, there still are . 
problems with the method. 

I have included a copy of some analyses that I have performed and have sent 
this to Leonard and Tim Ward for their comments. If further analysis and 
comments by Leonard and Tim are supportive, then Figure 7A (attached) would be 
superior to the equations that are in the present draft of the manual. 

You don't need to spend any time reviewing this because it is preliminary; 
however, I want to send it out to Leonard and Tim to get their comments and 
suggestions. 

Sincerely yours, 

George V. Sabol 

Enclosures: 1. Copy of Rawls, Brakensiek, and Savabi (1989) 
2. handwritten notes, table, and figures 
3. definition sketch 
4. computer output 

Copies w/enclosures: Dr. Leonard Lane, ARS 
Dr. Tim Ward, NMSU 
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Mr . Walter J . Rawls 
Hydrologist 

G EORGE v SABOL Ph.D., P.E. 

1351 EAST 14lst AVENUE 

BRIGHTON, COLORADO 80601 
(303) 457-0989 

6 September 1988 

USDA-ARS, Hydrology Laboratory 
Bldg . 007 , BARC- West 
Beltsvi I le, MD 20705 

Dear Walter : 

I did receive the package of papers that you sent to me . I don ' t have any 
suggestion as to why the Postal Service couldn't find this address the 
first time that you tried . AI I of my bi I Is arrive without any delay! 
Although it has been the observation of some of my clients that their 
payment checks to me definately travel slowly by mal I! This is a first 
for scientific papers . 

I am working on a Hydrology Manual for the Flood Control District of 
Mar i copa County , Ar i zona , and we are present ly evaluating rainfal l loss 
procedures and parameter estimation techniques . Now that Green-Ampt is 
ava i lable in HEC-1 (ver sion re leased In July 88) , this has become a viable 
alternative for our use . Copies of the instruction sheets for coding the 
HEC- 1 Green- Ampt f unction are enclosed for your convenience . I am using 
the procedures that you , Brakensiek , and others have recommended for 
parameter estimation . I wi I I keep you Informed of the results of our 
tests and selection of recommended procedures . 

I would I ike your comment on a procedure that I have adapted from some of 
your work in regard to est imating the vo lumetr i c moisture defic i t (DTHETA 
according to HEC-1 nomenc I ature) . I used the 1 /3- bar and 15-bar so i I 
moisture graphs fro m Figure 8 of Raw ls and Brakens ick (1983) , A procedure 
to predict Green and Ampt inti ltratlon parameters to prepare a simi tar 
graph of the d i fference between these two soi I moistures . I have enclosed 
a copy of this figure . I believe that this represents the aval I able water 
content of the sol I and also the maximum value of DTHETA (for bare 
ground) . Some adjustments may be necessary depending upon soi I cover and 
land-use practices . This figure does seem to be a convenient aid for 
estimat i ng DTHETA . What are your comments on this? 

I not ice i n your ma nuscript titled Inti l tration parameters for range land 
soi Is (to be pub l !shed In Range Management) that you reference a research 
report by Ward and Wood (198 2) . It seems that this is a data report that 
I wrote for a research project at New Mexico State University, and as you 



Mr . W.J. Rawls 
6 September 1988 
Page 2 

probably only had the data you may choose to expand the citation . This 
multi-disclpl I nary project had Co-Principal Investigators from three 
departments; Dr . Karl Wood from Animal and Range Science, Dr . Garrey 
Carruthers from Agricultural Economics, and me from Civl I Engineering . As 
a point of interest, Dr . Carruthers is now New Mexico's Governor 
Carruthers . I have enc I osed a copy of the report cover and 
Acknowledgement page indicating authorship . Although I have no 
particularly great pride of authorship of the report, the project itself 
did involve a great deal of effort by many people and a slgnlflcant 
financial commitment by the State of New Mexico . I would suggest, 
however, that the reference Include that the resear~h was performed for 
the New Mexico Soi I and Water Conservation Division, Natural Resources 
Department and that authorship be as indicated in the Acknowledgement . 
would also think that the report was "publ !shed" by New Mexico Sate 
University. 

I'm glad to see that this data could be put to use . A rainfal I simulator 
was used in another project for the City of Albuquerque and I should have 
this data ava l I ab I e somewhere, if you ' re ever interested. 

I ' I I cal I you next week to sol Ieite your comment on the DTHETA figure . 
appreciate your help, thanks . 

Sincerely yours, 

George V. Sabol 

GVS/jr 

Enclosures: 1 . Copy of HEC-1, Green-Ampt coding instructions 
2 . Copy of DTHETA figure 
3 . Report title page and acknowledgement page of 

research data report . 
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HYDAULIC CONDUCTIVITY 
SAND CONTENT 
BULK DENSITY 
SOIL CRUSTING FACTOR 

SANDY LOAM 
0.40 in/hr 

60 r. 
1.50 gM/cc 

.86 

CANOPY COVER GROUND COVER EFFECTIVE HYDRAULIC CONDUCTIVITY 
% r. 1n/hr 

20 30 0.26 



LPRlNTLPRINTLPRINTLPRINTLPRINTCLS 
INPUT "SOIL TEXTURE CLASSIFICATION";SOIL$ 
INPUT "HYDRAULIC CONDUCTIVITY, IN in/hr";XKSAT 
INPUT "SAND CONTENT, IN %";SA 
INPUT "BULK DENSITY, IN QM/cub1c cM";BD 
INPUT "SOIL CRUST FACTOR";SC 
FMT2$="HYDAULIC CONDUCTIVITY 
FMT3$="SAND CONTENT 
FMT4$="BULK DENSITY 
FMTS$="SOIL CRUSTING FACTOR 
LPRINT TAB<30); SOIL$ 
LPRINT USING FMT2$;XKSAT 
LPRINT USING FMT3$;SA 
LPRINT USING FMT4$;80 
LPRINT USING FMT5$;SC 
LPRINT 
LPRINT 

#.## in/hr" 
### %" 

#.## gM/cc" 
.##" 

LPRINT " CANOPY COVER GROUND COVER EFFECTIVE HYDRAULIC CONDUCTIVITY" 
LPRINT " 
LPRINT " 
FMTl$= " 
CLS 

% 

### 

% 

### 

INPUT "CANOPY COVER, IN% TOTAL AREA";CAN 
INPUT "GROUND COVER, IN% TOTAL AREA";GC 
CALC: 
OP = 100-CAN 
BC <100-GC)*CAN/100 
80 <100-GC)*OP/100 
TC = .5 
L 6.0 
K 2.54 * XKSAT 

in/hr" 

#,## " 

8 = .0099 + .0721*TC + .0000068*SA~z + .000021*SAA2*TC - .000315*SA*TCh2 
A EXP<2.82 - .099*SA + 1.94*80) 
CRC =L/((L-TC)/SC + iC/8) 
CF = 1 + .96*CAN/100 
KEO = K*<BO*CRC/OP + A*<l- 80/0P))/2.54 
KEC = K*CF*<BC*CRC/CAN + A*<l- BC/CAN))/2.54 
XKE = <CAN*KEC + OP*KE0)/100 
LPRINT USING FMTli;CAN,GC,XKE 
CLS 
PRINT II 

PRINT " 
PRINT " 
INPUT " 
IF DECIS=l GOTO 
IF OECIS=2 
1 CLS 

GOTO 
1 
2 

SELECT:" 
1 - INPUT OTHER COVER FACTORS" 
2 - EXIT" 

ENTER CHOICE";DECIS 

INPUT "CANOPY COVER";CAN 
INPUT "GROUND COVER";GC 
GOSUB CALC 
2 PRINT "END OF RUN" 
END 



GOSUB CALCCLS 
INPUT "SOIL TEXTURE CLASSIF!CATION";SOIL$ 
INPUT "HYDRAULIC CONDUCTIVITY, IN in/hr";XKSAT 
INPUT "SAND CONTENT, IN %";SA 
INPUT "BULK DENSITY, IN gM/cubic cM";BD 
INPUT "SOIL CRUST FACTOR";SC 
FMT2$="HYDRAULIC CONDUCTIVITY #.## 1n/hr" 
FMT3$="SANO CONTENT ##I %" 
FMT4$="BULK DENSITY #.## gM/cc" 
FMTSS="SOIL CRUSTING FACTOR .##" 
LPRINT TAB<30); SOILS 
LPRINT USING FMTZS;XKSAT 
LPRINT USING FMT3$;SA 
LPRINT USING FMT4$;80 
LPRINT USING FMT5$;SC 
LPRINT 
LPRINT 
LPRINT " CANOPY COVER GROUND COVER HYDRAULIC CONDUCTIVITY FACTOR" 
LPRINT " Z Z 
LPRINT " 
FMTl$= " 1#1 #I# #.#I " 
FOR I=l TO 11 
IF 1=1 THEN GOTO 10 ELSE GOTO 20 
10 CAN = 1 
GOTO 50 
20 IF I=11 THEN GOTO 30 ELSE GOTO 40 
30 CAN = 99 
GOTO 50 
40 CAN =(1-1 >•10 
50 FOR J=0 TO 10 
GC = J•10 
OP = 100-CAN 
BC (100-GC>•CAN/100 
80 = <100-GC>•OP/100 
TC .5 
L = 6.0 
K = 2.54 * XKSAT 
8 .0099 + .0721•TC + .000006B•SA~2 + .000021•SA~2•TC - .000315•SA•TCn2 
A= EXP<2.82 - .099•SA + 1.94•80) 
CRC =L/((L-TC)/SC + TC/8) 
CF = 1 + .96•CAN/100 
KEO = K•<80•CRC/OP + A•(l- 80/0P))/2.54 
KEC K•CF•<BC•CRC/CAN + A•<l- BC/CAN))/2.54 
XKE = <CAN•KEC + OP•KE0)/100 
RKE == XKE/XKSAT 
LPRINT USING FMT1$;CAN,GC,RKE 
NEXT J 
NEXT I 
END 



R 
I 

HYDAULIC CONDUCTIVITY 
SAND CONTENT 
BULK DENSITY 
SOIL CRUSTING FACTOR 

CANOPY COVER GROUND 
% 

1 
1 
1 
1 
1 
1 

10 
10 
10 
10 
10 
10 
25 
25 
25 
25 
25 
25 
50 
50 
50 
50 
50 
50 
75 
75 
75 
75 
75 

___]§_ ----
99 
99 
99 
99 
99 
99· 

SANDY LOAM 

COVER 
% 

1 
10 
25 
50 
75 
99 

1 
10 
25 
50 
75 
99 

1 
10 
25 
50 
75 
99 

1 
10 
25 
50 
75 
99 

1 
10 
25 
50 
75 
99 

1 
10 
25 
50 
75 
99 

0. 40 in/hr 
60 % 

1.50 Ql"llcc 
.86 

EFFECTIVE HYDRAULIC CONDUCTIVITY 
in/hr 

0.21 
0.22 
0.24 
0.27 
0.30 
0.32 
0.22 
0.23 
0.24 
0.27 
0.30 
0.33 
0.23 
0.24 
0.26 
0.29 
0.31 
0.34 
0.27 
0.28 
0.30 
0 . 33 
0.37 
0.40 
0.33 
0.35 
0 . 37 
0.41 
0.46 
0.50 
0.42 
0.44 
0.47 
0.52 
0.58 
0.63 



,--------~------------

CLS 
INPUT "SOIL TEXTURE CLASSIFICATION";SOIL$ 
INPUT "HYDRAULIC CONDUCTIVITY, IN in/hr";XKSAT 
INPUT "SAND CONTENT, IN %";SA 
INPUT "BULK DENSITY, IN gM/cubic cM";BO 
INPUT "SOIL CRUST FACTOR";SC 
FMT2$="HYDRAULIC CONDUCTIVITY #.II in/hr" 
FMT3$="SAND CONTENT #I# %" 
FMT4$="BULK DENSITY 1.#1 gM/cc" 
FMT5$="SOIL CRUSTING FACTOR .II" 
LPRINT TAB(30); SOIL$ 
LPRINT USING FMT2S;XKSAT 
LPRINT USING FMT3$;SA 
LPRINT USING FMT4$;80 
LPRINT USING FMTSS;SC 
LPRINT 
LPRINT 
LPRINT " CANOPY COVER GROUND COVER EFFECTIVE HYDRAULIC CONDUCTIVITY" 
LPRINT " % % in/hr" 
LPRINT " 
FMTl$= " II# Ill 1.1# " 
CLS 
INPUT "CANOPY COVER, IN% TOTAL AREA";CAN 
INPUT "GROUND COVER, IN% TOTAL AREA";GC 
CALC: 
OP 100-CAN 
BC = (100-GCl•CAN/100 
BO = (100-GC)•OP/100 
TC "' .5 
L = 6.0 
K 2.54 * XKSAT 
B .0099 + .0721•TC + .0000068*SA~2 + .000021•SA~2•TC - .000315•SA•TCA2 
A EXPC2.82 - .099•SA + 1.94•80) 
CRC =L/((L-TC>ISC + TC/8) 
CF = 1 + .96•CAN/100 
KEO K•<BO•CRC/OP + A•Cl - 80/0P))/2.54 
KEC = K•CF•<BC•CRC/CAN + A•<l- BC/CANll/2.54 
XKE = <CAN•KEC + OP•KEOl/100 
LPRINT USING FMTlS;CAN,GC,XKE 
CLS 
PRINT " 
PRINT II 

PRINT " 
INPUT " 
IF DECIS=l 
IF DECIS=2 
1 CLS 

SELECT:" 

ENTER 
GOTO 1 
GOTO 2 

1 - INPUT OTHER COVER FACTORS" 
2 - EXIT" 
CHOICE";OECIS 

INPUT "CANOPY COVER";CAN 
INPUT "GROUND COVER";GC 



HYDRI\UL !C CONDUCTIVITY 
GANO CONTENT 
BULK DENSITY 
SOIL CRUSTING FACTOR 

CLAY 
GiL 02 i n/hr 

20 % 
1.40 gM/cc 

.,75 

CANOPY COVER GROUND COI./Efl HYDRAULIC CONDUCTIVITY FACTOR 
% 

~----

1 
1 
1 
l 
1 
1 
1 
1 
1 
l 
1 

lei 
1(1) 

10 
10 
!0 
10 
10 
10 
10 
Hl 
HI 
t~0 

20 
20 
20 
20 
£(,? 
20 
20 
/.~0 

20 
20 
:liD 
:30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
40 
40 
40 
4(il 

40 
40 
40 
40 
40 
40 
40 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
GI1J 
80 
60 
60 
60 
80 
80 
60 
80 
80 
80 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
?0 
80 
80 
81/J 
80 
80 
Blil 
80 
B0 
8Q) 

fl0 
80 
90 
80 
90 
90 
90 
90 
80 
8('1 

ml 
!.l0 
80 
89 
8~j 

99 
98 
9B 
99 
99 
98 
99 
89 
89 

% 

<~·-·· .. -·~-~-
0 

10 
20 
:;0 
4e1 
50 
60 
70 
gra 
90 

101i.l 
flj 

10 
20 
3(1 
40 
50 
60 
?0 
90 
90 

100 
0 

).li) 

2eJ 
30 
40 
50 
60 
70 
80 
911 

H10 
0 

[II) 

20 
30 
40 
50 
60 
70 
f)Gj 

80 
100 

0 
10 
20 
30 
40 
50 
Sill 
70 
80 
90 

10111 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

11110 
0 

10 
20 
30 
40 
50 
80 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
811! 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
9QJ 

.!00 
0 

!0 
20 
30 
40 
50 
60 
'10 
ll(! 
90 

100 
0 

10 
20 
30 
40 
5111 
60 
70 
80 
90 

l\l(~ 

0.39 
:>. 82 
7.:18 
Zli.75J76701J5488 
%14.22125825810352 
%17.68874359130858 
%21.15623474121094 
%24.82372018916730 
%28.09121131896973 
Z31.558GBG74882B17 
%35.02618418203125 
0.35 
3. 88 
7. 3tt 
%10.8559827532959 
%14.35640144348145 
%17.856B4204101GB2 
%2!.3572826385498 
%24.85772323608388 
%28.3S818102G2G953 
%31.85880252380371 
%35.35903930864052 
0.36 
3.97 
7.57 
%11.16584178486797 
%14.7G5934B44152B3 
%10.38623011088633 
121.9&&52412414551 
%25.56681632885005 
%29.1671142578125 
%32.7G?4064638230G 
%38.38789888843359 
ca. 68 
4.15 
7.92 
%11.68177223205568 
%!5.44848014282227 
119.21520805358887 
%22.98192596435547 
%26.74864387512207 
%30.51536178588867 
%34.28207778930664 
%38.04879750742188 
0.41 
4.40 
8.40 
%12.41435811281762 
%16.40406608581543 
%20.40377807617188 
%24.40348815917969 
%28.40320014953613 
%32.4029083251953! 
%36.40261841821312 
%40.40232849121094 
0.44 
4.73 
9.03 
%13.33339214324951 
%17.63286563415527 
%21.93193817138672 
%26.2312128159658 
%30.53048324584981 
%34.82975789042988 
%38.1290283203125 
%43.42830278489258 
Q), 4·7 
5 .14. 
8.80 
%14.46808180705556 
%18.13428497314453 
%23.79969024658203 
%28.4GS0938126709 
%33.13049897875977 
5:37.795802252! 9727 
%42.46130752553477 
%47.12871279907227 
0.52 
S.Gl 
%10.71271800994873 
%15.81182344055176 
%20.9089298248291 
%26,0070JG20Sl064S 
%31.105140886035.!8 
%36.20324325561523 
%41.30134963989258 
%46.39945602416992 
%51,49756240944727 
0.57 
6, !6 
%11.76184177398682 
%17.35821689005340 
%22.85659446716309 
%28.55396842956543 
%34.15134811401367 
%38.74872207641602 
%45.34609603881836 
%51.9434710112217 
%56.54084777032031 
0.62 
6."19 
%12.95184857940&74 
%19.11406326283845 
%25.27727890014648 
%31 "4404 13453735352 
%37.80371017456055 
%43.78082S81176758 
%48.830141446974El 
%58.09335327148438 
%62,25656890889141 
0.68 
7.41 
%14.1415553817749 
Z21.BG994!71142S7B 
%27.598:52889475098 
%34.32871G27807G17 
%41.05810548875 
%47,78749465942383 
%54.S16883850097BS 
%81.24627304077148 
%87.87566223144531 



HYDRAULIC CONDUCTIVITY 
SAND CONTENT 
BULK DENS !TY 
SOIL CRUSTING F,;CTOR 

SJL TY CLI\Y 
0.02 in/h,-

5 % 
L45 QN/cc 

.?:1 

Cr<NOPY GOVER GROUND COVf.R HYDRAULI(c CONlll!CT!VXTY FACTOR 
% 

-~--

1 
1 
1 
1 
1 
l 

l 
1 
1 
J. 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 
20 
20 
20-
20 
20 
20 
20 
20 
20 
20 
30 
3e, 
30 
30 
30 
3/IJ 
30 
31~ 

30 
30 
30 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
60 
80 
60 
60 
60 
60 
60 
Gill 
60 
60 
60 
70 
70 
70 
'70 
70 
70 
70 
70 
70 
70 
70 
80 
8(1) 

811l 
80 
80 
Bl?i 
80 
811i 
H0 
80 
80 
90 
90 
81?) 
90 
G0 
90 
80 
9'~ 

90 
90 
90 
98 
99 
99 
09 
99 
9ll 
89 
89 
H9 
89 
9(3 

% 

---
liJ 

!Ill 
20 
30 
,.,lil 
50 
G(i) 

70 
80 
80 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
Ql 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
vl 

10 
20 
30 
40 
50 
6111 
?Iii 
80 
80 

100 
Iii 

10 
20 
30 
40 
50 
60 
71!1 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

1@ 
20 
30 
40 
50 
80 
70 
8Vl 
90 

100 
0 

10 
20 
30 
40 
50 
Sll! 
7QJ 
80 
90 

100 
0 

10 
20 
30 
40 
50 
Gl1 
?0 
80 
ml 

100 
fJJ 

10 
20 
:50 
40 
50 
50 
70 
80 
80 

1.00 

0.33 
%17.33251180185547 
%34.33901596169336 
ZS1.3455!8204833BD 
%68.35202028367188 
1;85. 3SR5.?>5766601. 56 
%102.3650283813477 
%119.3?15362548828 
11.36.3780364990234 
%153.3845520019531 
%170.3911522460338 

%17.49722099304199 
%34.88534042358398 
%51.93345784677734 
%!i9. t11ill57B284GG78'/ 
%86.1S9700S22558~9 

%103.3378143311547 
%12111.5058280385508 
%137.&740417481489 
%154.8421783447258 
%172.0102998826172 
0.34 
%!7.9963493347188 
%35.65420813696288 
%53.3120SSI2451172 
%70.86993255615234 
%88.62778472900391 
%1@6.28564453125 
%123.9435118628808 
%141.6013&41357422 
%159.2592315873828 
%178.9170837402344 
0.35 
%18.8282299141748 
%37.30232820239258 
%55.77841296388719 
%74.25151116943359 
%92.72461174561547 
%111.19868995!1719 
%129.6727905273438 
%148.1468BI103515S 
%166.6219716796875 
%185.0B50775!46484 
0.2JB 
lt9.B828G2?0!41602 
%39.60968399047852 
%59.22&50146494375 
%78.84333038330078 
%98.46114404298875 
%118.076957702G367 
%137.6937886210938 
%157.3118179101562 
%176.927429!992188 
%198.5442514BB2812 
0.40 
%21.4302458130918 
142.57628013161523 
%63.66232681274414 
%84.74837493896484 
%105.8344118210938 
%126.9214635&21117 
%148.1165002441406 
%168.0825445556641 
%190.1785888£71875 
%211.2646179199218 
0.44 
%23.32038497924805 
%46.20214080810547 
%68.08389282228562 
%91.88565246582031 
%114.847412109375 
1137.7291717529297 
%160.6109161376953 
11R3.4926757H125 
%208,3744354248047 
%229.2561798095713 
0.48 
%2S.4B32744598J887 
%50.48723983784648 
%75.49120330810547 
%100.4851629838672 
%125.499!302490234 
%150.5131975341787 
%175.5070$0078125 
%200.5!10321044922 
%225.5149841308594 
%250.5189866748047 
0.53 
%27.87891816821289 
%55.43158340454112 
%82.88424682817!88 
%110.6388140625 
%137.7G95Bi29BB2Bl 
%165.2422485351562 
%192.8949157714844 
%220.!475&77498234 
%247.6002187285825 
%275.1529174804688 
0.58 
%30.80730819712148 
%8!.0351676940918 
%91.26303100585938 
%121.4908981~23242 

1151.71B76525B7B91 
%181.9456084870703 
%212.l744842529297 
?;242 ·' 4Ei2:142175 
%272.8301879882812 
%312.8580627441408 
0.G3 
%33.63737!06323242 
%66.64208695556641 
zss. 64BnssJ.sG:?s 
%132.6514282226562 
116S.G56112G70RBB4 
%19B.SG00123779297 
%231.6B54988261719 
%2G4.G7019G5332031 
%297.6748657226582 
%330.6795654296875 



HYDRAUliC CONDUCTIVITY 
SAND COiiiT~NT 

8LIL K D[~JSITY 
SOIL CRUSTING FACTOR 

SANOY CLAY 
0.02 !n/hr 

50 % 
1.60 gM/C!J 

.81 

CANOPY COVER GROUND CO\IEH HYDRAULIC 
% % 

---- -·---
1 0 
1 10 
1 ?.QJ 

1 31/J 
1 40 
1 50 
1 80 
l '{(!j 

1 80 
1 90 
1 1010 

10 0 
10 10 
10 20 
10 3(1) 

10 40 
!iii S0 
10 60 
10 ?0 
10 80 
10 80 
1 Q) 100 
20 121 
20 10 
20 20 
~0 30 
20 40 
20 50 
20 60 
20 70 
20 8.0 
20 80 
20 100 
30 0 
30 10 
30 20 
30 30 
30 40 
30 50 
30 60 
3(1 70 
30 80 
30 90 
30 100 
40 0 
40 lrb 
40 20 
40 30 
40 40 
40 50 
40 80 
40 ?e, 
40 80 
40 90 
40 100 
50 0 
50 HI 
50 20 
50 30 
50 40 
50 50 
50 60 
50 70 
50 80 
50 90 
E0 l01il 
Gill 0 
60 lli! 
60 20 
60 30 
60 40 
60 50 
60 60 
60 70 
60 80 
60 90 
60 111!0 
70 0 
70 10 
70 20 
70 30 
70 40 
7121 S0 
70 60 
70 70 
70 80 
70 90 
7@ 100 
80 0 
80 10 
80 21/1 
80 30 
H0 40 
80 50 
80 Gill 
80 70 
80 80 
80 90 
80 .100 
90 ~J 

80 1 v} 

90 20 
Blil 3121 
80 40 
90 50 
80 60 
80 70 
9(i) 80 
'li!J 90 
911) 100 
98 0 
99 10 
99 ~.'~0 

B8 30 
9!] 4>1 
88 50 
IJ8 80 
SB 7W 
99 80 
98 90 
93 100 

CONDUCTIVITY FfiC:TOR 

··~---

lfL47 
liLG9 
0.81. 
l. 13 
1. 34 
LSG 
!. 78 
2.00 
2.t.J. 
2.43 
2.85 
0.48 
0.70 
0. s;! 
L!4 
1. 36 
!..58 
1. 80 
2. vl2 
2.23 
2.45 
2.67 
0. 49 
(!. 72 
0.94 
1.1'1 
1 .. 40 
1 • G ~~ 
1.85 
7..07 
2.30 
2.52 
2.7G_ 
0.52 
0.75 
0.99 
1.22 
1. 46 
1, 70 
l. 93 
2 . .t7 
2,40 
2.84 
2.88 -0.55 
0.80 
1.05 
1.30 
1.55 
1. 80 
2.05 
2.30 
•·; r::·r.:: 
&..::!;::! 

2.80 
3,06 
0.59-
0.86 
1.13 
!.40 
1.67 
1. 94 
2.21 
2u48 
2.74 
3 .. 01 
3 .. 28 
0.64 
0.93 
1.22 
L52 
1. 81 
2.1121 
2.39 
2.69 
2.98 
3.27 
3.56~ 

0.70 
L02 
L34 
1.66 
!. 98 
2~30 

2.82 
2.84 
3.25 
3.57 
3 .. 89 
0 .. 77-
1.12 
1 .47 
!..82 
2.17 
2o52 
2.87 
?. . .,'"! 
:.J.t..t-.. 

3.57 
3.92 
4.28 
0.84-
1.23 
1. G2 
2 .. 00 
2.39 
~~ "7H 
3.16 
3"55 
3.83 
4 '?."1 .d,:;. 

4. 71'--_ 
0.92 
1.34 
1. 7fJ 
2 .1 s 
2.61 
3.03 
3.45 
3.87 
4. :)0 
4 ,.,.., .u .. 
5.14 



HYDRAULIC CONDUCTIVITY 
SAND CONTENT 
BULK DENSITY 
SOIL CRUSTING FACTOR 

S!L TV CLAY LOAM 
0.04 in/hi"' 

10 % 
1~40 gJVI/Gt; 

.76 

CANOPY CO\IER GROUND CO\/Ef1 HVOiii\ULIC CONOUCH\i!TY FACTOR 

1 
1 
1 
1 
! 
J 
1 
1 
1 
1 
1 

10 
\0 
10 
Hl 
1(3 

.\0 
10 
10 
10 
10 
10 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
2!11 
30 
2>0 
31/J 
Z\0 

30 
:>vJ 
30 
30 
30 
30 
40 
4,(! 

40 
4111 
40 
4,0 
40 
4(~ 

40 
40 
40 
50 
80 
50 
50 
S0 
5t21 
50 
50 
50 
50 
50 
60 
60 
6111 
G0 
6111 
80 
60 
Sul 
60 
5111 
60 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
80 
B0 
80 
80 
80 
B0 
81a 
80 
80 
60 
80 
fl0 
9@ 
90 
90 
90 
80 
90 
\JQ) 

80 
90 
90 
99 
gg 
99 
99 
99 
fl8 
89 
89 
99 
99 
98 

% 

0 
!0 
20 
30 
40 
50 
60 
70 
80 
80 

100 
0 

!0 
20 
30 
40 
513 
60 
70 
80 
80 

100 
~) 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
G0 
70 
80 
80 

Hl0 
0 

10 
20 
30 
41b 
50 
60 
70 
80 
90 

100 
0 

1(1) 

;!0 
30 
40 
50 
60 
70 
B0 
90 

100 
0 

10 
20 
3121 
40 
50 
60 
70 
8111 
90 

100 
lil 

1!11 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
80 
70 
80 
90 

100 
0 

10 
20 
3111 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
E-i0 
60 
70 
811) 

90 
100 

0.34 
9.73 
%19,12082971801758 
%28.5l37653350B301 
137.80661239624023 
%47.28845755014883 
%56.69230270385742 
%S5,1851440429SB75 
%75.47799682617188 
%84,87183435058594 
%84.26367950439453 
0.34 

%18.30263328552246 
%28,78473854084941 
~~38, 2GGH45703125 
%47.74894714355469 
%57.23105821337881 
%86.71315765380859 
%76.19528872363281 
%85.6773681640625 
%95 .1584772;')388872 
0.35 
%10.100G698S0B3984 
118.85326385488047 
%29.60505784912109 
%38.35044812856445 
149.11104583741234 
%58.8636360166457 
%68.6162338256S359 
%78.36882781982422 
%88.121414!8457131 
%97.8740081787!094 
0.36 
%10.56757259368896 
%21.7709788276123 
%30.97438621520898 
%4\.17779159545898 
%51.38120259775391 
%G1.584G0B170G543 
%'l1.788009G43554S9 
%81.99141693115234 
%9~~. i34B2421875 
%102.3982315163477 
0.39 
%11.22123718261718 
%22.05578231811523 
%32.8903274536!328 
%43" ?248'7258911133 
%54.55941772460838 
%65.393959045410!6 
%76,22850'799560547 
%87.06304831640625 
%97.89759063720703 
%108.7321395874123 
{1).42 
ll2.0Gl8628739502 
%23.707G72!18141G2 
%35.35367965688242 
%48.99968110952148 
%58,64589854735328 
%70" 28171il9tl8990234 
%81.93772125244141 
%93.58373281498147 
%105.229738328125 
%116.875747S80SG4! 
11l.45 
%13.08884906768789 
%25.72864642333984 
%38.38444473266802 
%51.00224685668945 
%83.64004135131836 
%78.27783986064453 
%88.915634!5527344 
%101.5534286499023 
%114.1812384033203 
%126.8290328979492 
0.48 
%14.3027982711792 
%28.11271095275879 
%41.92262268066406 
%55.73253631581787 
%68.54244895117188 
%83.35236358642578 
%37.16227722167869 
%110.9721308569336 
%124.782096862793 
%138.S920257SG8358 
0.54 
%15.70350551805225 
%30.86585898535158 
%46.11128213!;0097656 
%61.1905632019043 
%76.3529129[!283203 
%91.5152740478515& 
%106.677619934082 
%121.8399810791016 
%137.0023345947286 
%152.1646728515625 
0.60 
%17.29097747802734 
%33.98619161370953 
%50.88120956420898 
%87.37832751464844 
%8ft,. 07 1'!4827978516 
%100.7665557881328 
%117.48168518R&S41 
%134.1567841576172 
%150.8519134521484 
%167.5471275878906 
Q). 65 
%18.87838499451884 
%37.10817337038133 
%55.33&94176S38R86 
%73.565727233813672 
191.79451751708884 
%110.0233001708984 
%128.2520751953125 
%146.4808817373047 
%184.7096557G17188 
1!82.9394307881328 



HYDRAULIC CCNOUCTlVlTY 
Siii"D CONTENT 
BULK DENSITY 
SOIL CRUSTING FACTOR 

CLAY LOAM 
0.04 .111/hr 

35 % 
1,45 gl"l/t:c 

.82 

CANOPY COVER GROUND COVER HYDRI\ULI C 
% i~ 

--~--

1 0 
1 10 
1 20 
1 30 
! 40 
1 50 
1 Gel 
! '/0 
1 8111 
1 80 
1 100 

10 0 
10 HJ 
10 20 
10 30 
10 40 
10 50 
10 60 
1111 70 
10 80 
10 90 
10 100 
20 0 
:2el H~ 

20 20 
20 30 
20 40 
20 50 
20 60 
,20 70 
20 80 
20 80 
20 100 
30 0 
30 10 
30 20 
30 30 
::J0 4vl 
30 50 
30 60 
30 70 
30 80 
30 80 
30 100 
40 0 
4vJ !0 
40 20 
40 3Q) 

40 40 
40 50 
40 80 
40 71/J 
40 80 
40 90 
40 100 
50 0 
50 1111 
50 20 
50 30 
S0 40 
50 50 
50 60 
50 70 
50 80 
50 90 
50 100 
GvJ 0 
60 J.(ij 

60 20 
G0 30 
60 40 
60 50 
G0 60 
60 70 
80 80 
60 S0 
60 100 
7(1) 0 
70 10 
70 20 
?I!J 30 
70 40 
70 50 
70 811) 

?0 70 
70 80 
70 90 
70 100 
80 0 
80 10 
80 20 
80 30 
80 40 
80 50 
Sill 60 
80 70 
80 130 
80 90 
80 100 
30 0 
80 10 
90 20 
80 30 
90 40 
90 50 
90 80 
90 7VJ 
fJ0 80 
90 [)0 
80 10VJ 
99 li) 

89 10 
99 20 
83 30 
99 40 
98 50 
89 60 
99 7\~ 

89 80 
88 80 
gg 100 

CONDUCTIV !TV FACTOR 

-----
0.41 
1.25 
2.03 
2.91 
3.75 
4.58 
5.41 
6.24 
7.08 
7. 9). 
8.?4 
0.42 
.1..:::6 
;~:" 10 
2.84 
3.78 
4.62 
5.46 
8.3111 
7.14 
7.88 
8.82 
0.l].J 
L30 
2 .lS 
3.02 
3.89 
4.75 
5.62 
G.48 
7.35 
8.21 
9.08 
0.45 
.1.35 
i:. 2G 
3. !G 
4.07 
4.97 
5.88 
6.78 
7.68 
8.59 
9.50 
0.48 
L44 
2. 4~) 
3.36 
4.32 
5.28 
G.24 
"(. 20 
8.16 
9.12 
%!0.08337020874023 
0.51 
1.55 
2.58 
3.61 
4 .61> 
5.88 
6.7.1 
7.74 
8.77 
9.81 
%10.83857440948486 
0.SS 
1.68 
2.80 
3.92 
5.04 
6.16 
7.28' 
8.40 
9.52 
%10.64122486114502 
%11.76160144805908 
0. G 1 
!.83 
3.06 
4. 28 
5.51 
6.73 
'1. 96 
9. 18 
%10.40387725830078 
%11.62816429138184 
112.85245132446289 
0.67 
2. 01 
3.36 
4.70 
6.05 
?.38 
8.73 
%10.07856941223145 
%11.42275428771973 
%12.76694011638232 
%14.11112403869628 
1!).74 
2 ?"' 
'"" 

3.70 
5.18 
6.68 
8 0 14 
9.62 
%11-19741401672363 
%12.5774831771850G 
%14.05755138397217 
%1S.5376!959075928 
0.80 
2.42 
4.04 
5.6S 
'/,27 
8.88 
%10.50082588195801 
%12.11685752888652 
%13.73289!08276367 
%15.34R923G031BGS 
%16.86495G2835GB34 



HYORPAIUC CONDUCTIVITY 
Sf\ND CO~ITENT 

BUI_K DENSITY 
SOIL CRUSTING FACTOR 

SANDY CLeW L011M 
0.<16 .in/hr· 

55 % 
1.60 gw1/cc 
.as 

CANOPY GOVER GROUND CO\IER HYDRAULIC CONDUCT! V !TY 
" ,, % 

---- ---~----~·-" 
1 Ill 0.51 
1 10 iiL62 
1 20 0.73 
1 30 0.B•~ 

1 40 0.95 
1 S0 !.06 
1 60 Ll? 
1 7vl .I. :!8 
1 80 1.39 
1 90 LS0 
1 100 1.51 

-~ 

10 0 0.5i 
10 10 Ql.ti3 
10 20 0.'?4 
.!Ill 3V) 0.85 
.!.0 40 0.SG 
.!.0 50 1.07 
10 80 t . .!B 
J.ll! 7f!J l. 30 
10 80 1. 4.l 
10 90 l , S~! 
10 H10 !.B2L~ 
20 0 0.53 
2~1 10 0.64 
20 20 0.76 
Lfrl 30 0.87 
20 40 0.99 
20 50 1.10 
20 80 1.22 
20 70 .t ,33 
21?1 80 L45 
20 90 1.56 
20 100 1.8~~ 
:;0 0 0.55 
30 10 lU.i'l 
30 20 0.78 
:'50 30 0.91 
30 40 1.03 
30 50 1.15 
30 bl!l 1.27 
:>vJ ·n1 1.39 

:30 80 1.51 
30 90 LG3 
3(1 10(1 1. 75 
40 0 0.Sfl 
40 Hll 0. 71 
40 20 0,84 
40 30 0.87 
40 40 1.10 
40 50 1.22 
40 Glil 1 .. 35 
40 70 !. 48 
40 80 1. 61 
40 g(i) 1. 73 
40 100 1.06 
50 0 0.63 
50 10 0.77 
S0 20 0.81 
50 30 !.~4 

50 40 1.18 
50 50 1,32 
50 60 1.45 
50 7f/J !.59 
50 80 1. 73 
50 90 1.86 
[i0 10111 2.00_ 
60 0 0.68 
80 10 0. 83 
60 20 0.98 
60 3(') !.13 
60 40 1.28 
60 50 !. 43 
80 61!1 1.58 
fi0 70 1. 73 
60 80 1.87 
60 80 2.!112 
80 100 2.17_ 
70 I!J 0.75 
?0 10 0.91 
70 2~j l.vl7 
'70 30 L24 
70 41/J 1.40 
70 50 !.58 
7(~ 60 1.72 
'70 70 1.89 
70 8111 2.05 
70 90 2.21 
70 100 2 .37_ 
80 0 0.82 
80 10 1.00 
80 20 1.18 
80 311! 1.36 
80 40 1.54 
80 50 !. 71 
80 60 1.89 
80 70 2.07 
80 80 2.25 
80 90 2.43 
80 100 2.61 
90 0 0.80 
90 10 1. 1.0 
90 20 1.30 
90 30 1.49 
90 411! 1.83 
8!~ 50 1. 89 
90 fi0 2.08 
'J0 70 2.28 
90 30 2.48 
90 90 2.67 
90 100 2.87~ 

99 Iii 0.99 
g~ 1111 .1. 20 
99 21!! 1.42 
99 3i?J 1. 63 
99 40 1.8S 
99 50 Z. [~G 

99 G0 2,28 
98 70 2.49 
88 80 2.70 
98 80 2,92 
89 100 3.13 

F'i\CTOR 



HYDRAULIC CONDUCTIVITY 
SAND CONTEI~T 

BULK DENSITY 
SOIL CRUSTIN0 FA(;'[OR 

SILT LOe\M 
0.15 in/hr 

20 % 
1.25 gM/cc 

.8! 

CI1NOPY COVER GROUND COVER HYDRAULIC CONDUCTIVITY FACTOR 
% 

1 
1 
1 
1 
1 
l. 
1 
j 

1 
1. 
1 

!(I) 
!Ill 
10 
10 
10 
10 
10 
1.0 
10 
llli 
10 
20 
20 
20 
20 
;~0 

20 
2~1 

20 
~~0 

20 
20 
30 
30 
3(1) 

::10 
:11~ 

:lib 
30 
::iQI 
!J0 
30 
30 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
50 
50 
50 
50 
50 
50 
Slil 
50 
50 
50 
50 
Glil 
60 
60 
60 
60 
60 
80 
80 
G0 
60 
Sill 
70 
70 
70 
70 
7i1l 
70 
7(~ 

70 
70 
70 
7(1 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
90 
80 
90 
90 
90 
80 
90 
80 
90 
90 
90 
89 
98 
88 
99 
89 
99 
8S 
99 
98 
88 
t19 

% 

0 
10 
20 
30 
4.1/) 
50 
80 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
SID 
70 
80 
90 

100 
0 

10 
20 
30 
40 
G0 
60 
70 
80 
90 

100 
(~ 

10 
20 
;30 
4(1 
50 
[i0 
70 

90 
!00 

0 
10 
20 
31/J 
4ft) 
50 
60 
70 
81/J 
90 

100 
0 

10 
2(1 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
9i1l 

10e1 
0 

10 
20 
30 
40 
50 
60 
?f/J 
80 
90 

1011\ 
0 

1(/) 

20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
80 

100 
0 

111! 
20 
30 
4i1l 
50 
60 
71!1 
80 
80 

100 

0.38 
2.94 
5.53 
8.11 
%10.68075489044189 
%1.3. zn732734G80J.s 
%15.05471057891848 
%18. •BG68£13788ill05 
%21.01B66722108934 
%23.60064508530782 
%26.1828229095459 
0.37 
2.97 
5.58 
8. 1 g 
%10.79238078904287 
%13.38886474609376 
%16. 00538vlG3M831Ei 
%18.6 .1.1884G07S4395 
%21.21841.0481.84?,36 
%23.82492446899414 
%26.43144035338655 
0.38 
3.0Ei 
5.74 
0.42 
%11.10021495819092 
%13.7B108311G984&3 
%16.48195220947266 
%19.!4282035R27G37 
%21.82369041442871 
%24.50455856323242 
%27.18542671203813 
0.39 
j. 2Ql 
6.00 
8.81 
%11.61332130432129 
%14.41811370849609 
%17.2229081126719 
Z21.1Z789580S49707 
%22.83248981387188 
%25.63?29141784GG8 
%~9.44207382202148 
0.42 
3.40 
6.3H 
9.35 
%12.33!67076l!IB4 
%15.30995855059814 
118.2882414327392G 
%21.2GG52338120805 
124.24480819702148 
%27.22309303283891 
%30.20137405395508 
Vl. 45 
3.65 
G.OS 
%!0.05391883850198 
%!3.Z5G28523S900B8 
%16.45860972585215 
%19.6578551E967773 
%22.05930252075195 
%2B.0GIG46057128Bl 
%29.261.88151085449 
%32.46J340?592TI34 
0.49 
3.8G 
7.44 
%11.81012382507324 
%14.38410191400146 
%17.BSBi1l7808558105 
%21.33215223083496 
%24.80802836608887 
%28.28000258399414 
%31. 75388063Gfj9668 
%35.22795488450195 
0.53 
4.33 
8.13 
%11.92200183868408 
%!5.71817778541016 
%19.51435279848181 
%23.3105297088G23 
%27.1087066192827 
%30.90288352966309 
%34.69805853271484 
%38.48523544311523 
0.59 
4.75 
8.92 
%13.0895528793335 
117.25749999482422 
121.42544364928189 
%25.5833895111084 
%29.76133155822754 
%33.92927932739258 
138.19722518920898 
%42.26515723632812 
0.64 
S.23 
9,82 
%14.41277885437012 
%19.0020837512207 
%23.59134674872268 
%28.18082873122461 
%32.76991271972856 
:~37. 35tH 895;~38~2578 
%41.94848251342773 
%48.53776168823242 
0.70 
5."/2 
%10.72S3140014G484 
Z15.7367B112030129 
%20.74765205383301 
%25.75852203389141 
%30.'76939392088844 
135.7B02GIBB340D2 
%40.79113388061523 
%45.812001953125 
%50.81287102583477 



HYDRAULIC CONDUCTIVITY 
SAND CONTEhiT 
BULK DENS lTV 
SOIL CRUSTING FACTOR 

LOAM 
W.Z5 1n/hr 

45 % 
1. 55 gM/cc 

. 8(~ 

CANOPY COVER GROUND COVER HYDRAULIC 
% % 

----
1 llJ 
1 llil 
1 20 
1 30 
1 40 
1 5(1) 

1 80 
1 '10 
1 80 
1 90 
1 100 

10 0 
.1.0 10 
10 20 
10 2:)0 
10 40 
.!0 50 
10 80 
10 70 
10 8111 
w 90 
10 100 
20 0 
20 10 
20 20 
20 30 
20 40 
2\i} [)({) 

20 60 
20 70 
20 80 
20 sm 
20 100 
:;)0 (J) 

30 10 
30 2@ 
30 30 
3Q'! 40 
30 50 
3fl G0 
:112'1 7Qj 

3V1 80 
30 90 
317J 100 
~(!) (1 

4111 10 
40 20 
40 30 
40 40 
40 50 
4111 60 
40 70 
40 80 
40 90 
40 10el 
50 0 
50 !0 
50 20 
50 30 
50 40 
50 !30 
50 60 
50 70 
50 80 
50 90 
50 100 
8111 lil 
60 10 
60 20 
60 30 
Glil 40 
80 50 
60 80 
60 70 
50 80 
60 90 
60 100 
70 llJ 
70 10 
70 20 
70 30 
70 40 
'70 Slil 
70 60 
70 70 
70 80 
70 90 
7~ 100 
80 0 
80 10 
80 20 
80 30 
80 40 
80 50 
80 60 
Sill 70 
80 80 
80 90 
80 100 
90 0 
90 10 
90 20 
80 30 
80 40 
90 50 
90 80 
[10 70 
YQ! 80 
80 90 
90 100 
99 0 
99 10 
99 2{:1 

89 30 
S9 40 
99 50 
88 60 
99 70 
99 80 
89 9~) 

98 100 

CONDUCTIVITY FACTOR 

(1.48 
0.80 
1.15 
!.50 
1.85 
2.20 
2.55 
2.90 
3.25 
3.59 
3.94 
0.46 
0.81 
1. 16 
1.52 
!. 87 
2.22 
2.57 
2.82 
3.2H 
3.63 
3. 88 -
0.4'7 
0.84 
1. ~?0 
1 .SG 
1. 92 
2"28 
2 ,,BS 
,., 'mt 
3.37 
3.73 
4.09 
0.50 
(1. B7 
1 --n-
~. ~-) 

1.63 
2.01 
2.38 
2.77 
3.15 
3.53 
~L g1 
4. 28 •... 
0.53 
0.93 
1 '-33 
!.73 
2. 14 
2.S4 
2.94 
3.754 
3.74 
4.15 
4 • 65L--
0,5? 
1. 00 
1.43 
!. 86 
2.28 
·z. ~~3 
3. 16 
3.59 
4.02 
4,46 
4. 8\J_ 
0.61 
1. 08 
1.85 
2.02 
2.48 
2.96 
3,43 
3.30 
4.37 
4.84 
S.31 
0. 67 
1.18 
L70 
2.21 
2. 72 
3.23 
3.75 
4.26 
4. 77 
5.29 
S.80 
Ql.?.i:' 
L30 
1. 66 
2.42 
2.99 
3.55 
4. 11 
4.88 
5.24 
5.8fiL 
6.37 
0.81 
1. 43 
2.05 
2.67 
3,29 
3~91 

4,53 
5.15 
5.77 
G.39 
7 .vH 
0.8B 
!. 58 
2~24 

2.92 
3 ~ 5~1 
4.27 
4.85 
5.62 
6.30 
6.98 
7.85 



SANDY L0At1 
HYOAULIC CONDUCTIVITY 0.4111 in/hr 
SAND CONTENT 60 % 
BULl< DENSITY l. 50 gM/cc 
SOIL CRUST! NG FACTOR .86 

CANOPY COVER GROUND COVER HYDRAULIC CONDUCT! V !TY FACTOR 
% % 

---·-- --~ 

1 0 IlL 53 
1 10 0.56 
1 20 0.58 
1 3@ 0.62 
1 40 0.64 
1 50 0.67 
1 60 0.70 
1 70 0.73 
1 80 0.76 
1 90 (5. 78 
1 100 0.81 

10 0 0.54 
1.111 10 0.57 
10 20 (1.130 
1111 30 0.62 
10 40 0.65 
10 50 0.f58 
10 GO 0.?1 
1.0 70 0.73 
HI Bill 0.76 
10 90 0.78 
10 100 0.82 
20 0 0.55 
20 .t 11) 0.58 
20 20 0.61 
20 30 0.G4 
20 4-0 0.67 
20 50 0.70 
20 G0 0.73 
20 70 0.76 
20 80 0.78 
20 90 0.81 
;~0 !00 0.84 
3(1 0 0.58 
30 10 0.61 
30 20 0.64 
30 30 0.67 
30 4@ 0.?0 
3111 50 0.73 
30 80 0.7G 
3111 7111 0.79 
30 f30 0.82 
30 9@ 0.85 
30 100 0.88 
40 0 0.62 
4111 10 0.65 
40 2Q) 111.88 
40 30 0.71 
411) 40 0.74 
40 50 0.78 
4111 60 0.81 
4[1 70 0.84 
40 80 0.87 
40 90 111.00 
40 ).00 0.94 
~50 0 0.66 
50 10 0. 7\l 
50 21ii 0.73 
50 31/l 0.77 
50 40 0.80 
50 50 0.83 
50 80 0.87 
50 70 0.90 
50 80 0.94 
50 90 0.97 
50 100 !. 01 
60 (/) 0.72 
Sli! 10 0.76 
80 20 0.79 
60 30 0.83 
60 40 0.87 
60 51il 0.80 
50 60 0.94 
60 70 0.98 
60 80 1.@2 

60 90 1.05 
80 !00 1.09 
70 Q) (11,79 
70 )(/) 0.83 
70 20 0.87 
70 30 0.91 
70 40 0.95 
70 50 0.89 
70 60 1.03 
70 70 1,.07 
70 80 1.11 
70 90 J., 15 
70 ll1ll11 1.1 g 
80 0 0.86 
80 10 0.91 
80 20 0.95 
80 30 1.00 
80 40 L04 
60 50 1.09 
80 60 L13 
80 70 Ll7 
80 80 L22 
80 80 1.26 
80 100 1. 31 
90 0 0.95 
90 10 1.00 
90 20 1.05 
90 30 1.10 
90 40 1.15 
80 50 1. 20 
80 Svl 1.24 
90 70 l.29 
90 81il 1,.34 

90 90 1.39 
90 !00 1.44 
93 0 1.04 
99 10 1.08 
gg 20 1.14 
99 30 1.20 
99 ~0 1.25 
99 50 1. 31 
!39 60 1 . <06 
gg 70 i. 41 
99 80 L47 
gg 90 .t.S2 
99 10111 1.57 



HYDRAULIC CONDUCTIVITY 
SAND CONTENT 
BULl< DEN(;ITY 
SOIL. CRUSTING FACTOR 

LOAMY 51\Nll 
1. 20 in/hr· 
80 % 

1.55 gM/cc 
.89 

CANOPY COVER GROUND COVER HYDRAULIC 
% % 

1 0 
l 10 

20 
1 30 
.! 40 
1 50 
! 80 
1 70 
l 80 
1 30 
1 11110 

10 0 
10 lei 
10 20 
11!1 30 
10 40 
10 50 
liil 80 
J.0 7ro 
10 80 
10 90 
10 100 
20 0 
2(1) 10 
20 20 
20 :30 
20 40 
20 S0 
20 60 
20 '10 
20 8Vl 
20 80 
20 100 
:30 0 
30 10 
30 :~0 

30 30 
30 40 
?i0 50 
30 60 
30 70 
30 8~l 

30 90 
30 100 
4(! 1J 
4(1 10 
40 20 
40 31!J 
40 40 
40 50 
40 60 
40 70 
40 80 
4(() 80 
40 100 
50 0 
se1 10 
51!J 20 
50 30 
50 40 
50 50 
50 6C1 
50 70 
50 80 
50 90 
50 100 
80 0 
60 10 
80 20 
60 3@ 
60 4-liJ 
80 50 
60 60 
!i0 70 
60 80 
Slil 90 
60 100 
70 0 
70 10 
711! 20 
'10 30 
'70 40 
70 50 
70 60 
70 70 
70 Bill 
70 90 
70 100 
80 (!) 

80 10 
80 20 
80 30 
30 40 
H0 50 
80 60 
80 70 
80 80 
80 90 
81/J 100 
80 l!l 
90 10 
90 20 
90 30 
80 40 
90 50 
81il 60 
[10 '/(j 

90 Hlii 
H0 90 
80 100 
89 0 
99 10 
OS 20 
98 30 
98 40 
99 50 
98 80 
99 70 
99 Bii 
99 80 
99 H10 

CONOUCTI•JITY FACTOR 

0.G3 
0.58 
0.53 
0.48 
0.43 
0.38 
1/).33 
0.128 
0.?.2 
0.17 
0.12 
0.84 
0.53 
0.b3 
0.48 
0.43 
0.38 
0.33 
0.28 
0,23 
1/J .18 
0. 12 
0.86 
0.80 
eJ. ss 
0.50 
0.44 
0.39 
0.34 
0.29 
0. 23 
0 .!8 
0.13 
0 .S9 
0.83 
0.58 
0.52 
0.47 
0.41 
0.35 
0.30 
0.24 
0.19 
0. l2l 
0.73 
0.67 
0.61 
0.55 
(1, 48 
0.44 
0.38 
0.32 
0.26 
ftL 20 
0.14 
0.78 
0.72 
0.86 
0.58 
0.53 
0.47 
0.40 
0.;:54 
0.28 
0.22 
0.15 -111.85 
0.78 
0,71 
0.64 
0.58 
0.51 
0. 4f~ 
lil. 3"1 
IL30 
0.23 
0. !7 __ 
0.83 
0.85 
0.78 
0.70 
0.63 
0.55 
0.48 
0.41 
0.33 
0.26 
0.18 
L02 
ill. 84 
(1).86 
1!!.77 
0.69 
0.61 
0.53 
0.45 
0.36 
0.28 
0.20 
1.12---
1.03 
Q), 94 
0.85 
vJ. 76 
0.67 
0.58 
m.4s 
(!), 4-0 
{i). 31 
0.22 
1.23 
1.13 
1.03 
0.93 
0.83 
0.73 
0.63 
0.54 
0 .. 44 
0.34 
0.24 



HYDRAULIC CONDUCTIVITY 
SAND CONTENT 
BULK DENSITY 
SOIL CRUSTING FACTOR 

SAND 
4.60 in/hr 

90 % 
1.55 gM/cc 

. 91 

CANOPY COVER GROUND COVER HYDRAULIC CONDUCTIVITY FACTOR 
% 

1 
1 
1 
1 
1 
t 
J. 

1 
1 
1 
1 
1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
30 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
60 
60 
60 
60 
60 
60 
60 
60 
60 
6({) 

60 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
90 
90 
90 
90 
90 
80 
90 
90 
90 
90 
90 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 

% 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

1.0 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
80 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0.68 
0.62 
0 . 55 
0.49 
0.43 
0.36 
0 . 30 
0.24 
0.17 
0.11 
0.05 
0.69 
0.62 
0.56 
0.49 
0.43 
0 . 37 
0 . 30 
0. 24 
0.17 
0.11 
0.05 
0. 71. 
0 . 64 
0.57 
0.51 
0.44 
0.38 
0.31 
0.24 
0.18 
0 . 11 
0.05 
0 . 74 
0.67 
0.60 
0.53 
0 . 46 
0.39 
0.32 
0 .26 
0.19 
0.12 
0.05 
0.78 
0.71 
0.64 
0.58 
0.49 
0.42 
0.35 
0.27 
0 . 20 
0 . 13 
0 . 05 
0.84 
0.76 
0.68 
0 . 61 
0.53 
0.45 
0.37 
0.29 
0 . 21 
0.14 
0.06 
0.91 
0.83 
0.74 
0 . 66 
0.57 
0 .49 
0.40 
0.32 
0.23 
0. 15 
0.06 
1. 00 
0 . 91 
0.81 
0. 72 
0 . 63 
0.53 
0.44 
0 . 35 
0.25 
0.16 
0.07 
1. 10 
0 . 99 
0 . 89 
0.79 
0.89 
0.59 
0.48 
0.38 
0 . 28 
0. 18 
0 . 07 
1. 21 
1.08 
0.98 
0.87 
0 . 76 
0.64 
0 . 53 
0 . 42 
0.31 
0 . 19 
0.08 
1.32 
1.19 
1.07 
0.95 
0.83 
0 . 70 
0 . 58 
0.46 
0.33 
0.21 
0.09 



SANDY CLAY LOAM ([~ l.v 
HYDRAULIC CONDUCTIVITY 0.06 in/hr 
SAND CONTENT 55 

., 
/o 

BULK DENSITY 1.60 gl'l/cc 
SOIL CRUSTING FACTOR .85 

CANOPY COVER GROUND COVER HYDRAULIC CONDUCTIVITY FACTOR 
% % 

--·-
1 0 0.51 
1 10 0 . 56 
1 20 0 . 81 
1 30 0 . 66 
1 4-0 0.71 
1 50 0.75 
1 60 0.80 
1 70 0 . 85 
1 80 0.90 
1 90 0 . 95 
1 100 1.00_ 

10 0 0.51 
10 10 0.56 
10 20 0 . 61 
10 30 0.66 
i0 40 0.71 
10 50 0 . 76 
10 60 0.81 
10 70 0 . 86 
10 80 0.91 
10 90 0 . 96 
10 100 1 . 01_ 
20 (I) 0 .53 
20 10 0 . 58 
20 20 0.63 
20 30 0.68 
20 40 0 . 73 
20 50 0 . 78 
20 60 0.83 
20 70 0.89 
20 80 0.94 
20 jj0 0 . 99 
20 100 1.04 --30 0 0 .55 
30 10 0.61 
30 20 0.66 
30 30 0 .71 
30 40 0 . 77 
30 50 0 . B2 
30 60 0 .87 
30 70 0.93 
30 80 0.98 
30 90 1.03 
30 100 1.09_ 
40 0 0.59 
40 10 0.64 
40 20 0 .70 
40 30 0.76 
40 40 0 . 81 
40 50 0 . 8? 
40 60 0.93 
40 70 0.98 
40 80 1.04 
40 '30 1.10 
40 100 1.15 -----50 0 0 . 63 
5 0 10 0 . 69 
50 20 0 . 75 
50 30 0. 8 1 
50 40 0.8'7 
50 50 0.94 
50 60 1.00 
50 70 1. 06 
50 80 1.12 
50 90 1.18 
50 100 1 . 2±_ 
60 0 0.68 
60 10 0 . 75 
60 20 0.82 
60 3Ql 0 . 88 
60 40 0.95 
60 50 1.02 
60 60 1. 08 

) 60 70 1 . 15 
80 80 1. 2 1 
60 90 1.28 
80 100 1. 3L 
70 aJ 0.75 
70 10 0.82 
70 20 0 . 89 
?Ill 30 0.96 
70 40 1.04 
70 50 1 . 1.1 
70 80 1.18 
7 0 70 1. 25 
70 80 J. . 33 
70 90 1. 40 
70 100 1.47_ 
80 0 0 .82 
80 10 0 . 90 
80 20 0.98 
80 30 1.06 
8 0 40 1. 14 
80 50 1.22 
80 60 1.30 
80 70 1. 38 
8 0 80 1.46 
80 90 1. 54 
80 100 1. 6 1 
90 0 0.90-
90 10 0 . 99 
90 20 1.08 
90 30 1. 17 
90 40 1. 25 
90 50 1. 34 
90 60 1.43 
90 70 l. 52 
90 80 1.60 
90 90 1. 69 
90 100 1.78_ 
99 0 0 . 99 
99 10 1.08 
89 20 1.18 
99 30 1. 27 
98 40 1.37 
99 50 1.46 
98 60 1. 56 
89 70 1.65 
9 9 80 1. 75 
99 90 1. 85 
89 100 1. 94 



HYDRAULIC CONDUCTIVI TY 
LOAM ~ 

0.25 in r 
SAND CONTENT 45 % 
BULK DENSITY 1. 55 g[Yl /cc 
SOIL CRUSTING FACTOR , 82 

CANOPY COVER GROUND COVER HYDRAULIC CONDUCTIVITY FACTOR 
,, 
;, % 

----
1 0 0.46 
1 10 0.51 
1 20 0.56 
1 30 0.62 
1 40 0 . 67 
1 50 0.73 
1 60 0.78 
1 70 0.84 
1 80 0. 89 
1 90 0.95 
1 100 l . 00------

10 0 0.46 
J0 10 0.52 
.10 20 0.57 
10 30 0.62 
10 40 0.68 
10 50 0.73 
10 60 0.79 
10 70 0.84 
10 80 0.90 
10 90 0.95 
10 100 1 . 01_ 
20 0 0.47 
20 10 0.53 
20 20 0 .59 
20 30 0.64 
20 40 0. 70 
20 50 0.76 
20 60 0 . 81 
20 70 0.87 
20 80 0 . 93 
20 90 0.98 
20 100 1 . 01-
30 0 0.50 
30 10 0.55 
30 20 0 . 61 
30 30 0.67 
30 40 0 .73 
30 50 0 . 78 
30 60 0.85 
30 70 0.91 
30 80 0.97 
30 90 1.03 
30 100 1.09~ 
40 0 0 . 53 
40 10 0.59 
40 20 0.65 
40 30 0.71 
40 40 0 .78 
40 50 0 . 84 
40 60 0.90 
40 70 0 . 97 
40 80 1. 03 
40 90 1.09 
40 100 1. 15 
50 0 0.5?-
50 10 0 .63 
50 20 0.70 
50 30 0.77 
50 40 0 . 84 
50 50 0.90 
50 60 0 . 97 
50 70 1.04 
50 80 1.11 
50 90 1.17 
50 100 1. 24 
60 ill 0 .6~ 
60 10 0.69 
60 20 0.76 
60 30 0.83 
60 40 0 . 91 
80 50 0.98 
60 60 1.05 
60 70 1. 13 
60 80 1.20 
60 90 1.27 
G0 100 1.35~ 

70 0 0.67 
70 10 0, 75 
70 20 0 .83 
70 3fb 0.91 
70 40 0 . 99 
70 50 1. 07 
70 60 1 . 15 
70 70 1. 23 
70 80 l. 31 
70 90 1.38 
70 100 1.47 ___ 

80 0 0.74 
80 10 0.82 
80 20 0 . 9 1 
80 30 1.00 
80 40 1.09 
80 50 1.18 
80 60 1.26 
80 70 1.35 
80 80 1.44 
80 90 1.53 
80 100 1. 61 
90 0 0.81 
90 10 0 . 91 
90 20 1.00 
90 30 1. 10 
90 40 1.20 
80 50 1.29 
90 60 1.39 
90 70 1.49 
90 80 1. 58 
90 90 1.68 
90 1.00 1. 7 8 
99 0 0 . 88 
99 10 0 . 99 
99 20 1. 10 
99 30 1.20 
99 40 1.. 31 
99 50 1. 4 1 
99 60 1.52 
99 70 1.62 
99 80 1. 73 
99 90 1.84 
99 100 1. 94 



:S'"c;,/.1' .L QQ;n 

G= l.V 
HYDRAULIC CONDUCTIVITY 0.40 in/hr 
SAND CONTENT 60 % 

BULK DENSITY 1.50 gM/cc 
SOIL CRUSTING FACTOR .86 

CANOPY COVER GROUND COl'ER HYDRAULIC CONDUCTIVI TY FACTOR 
% % 

1 0 0 . 53 
1 10 0 . 58 
1 20 0.63 
1 30 0.67 

40 0 . 72 
1 50 0 . 77 
1 60 0.81 
1 70 0 . 86 
1 80 0 . 91 
1 90 0 . 95 
1 100 1.00 

10 0 0.54-
10 10 0 .59 
10 20 0 . 63 
10 30 0 . 68 
10 40 0.73 
10 50 0.77 
10 60 0.82 
10 70 0.87 
10 80 0.92 
10 90 0 . 96 
10 100 1.01 
20 0 0. 55"-

20 10 0.60 
20 20 0 . 65 
20 30 0.70 
20 40 0.75 
20 50 0.80 
20 60 0.85 
20 70 0.89 
20 80 0.94 
20 90 0 . 99 
20 100 1.04~ 
30 0 0 . 58 
30 10 0 . 63 
30 20 0 . 68 
30 30 0.73 
30 40 0.78 
30 50 0 . 83 
30 60 0 . 88 
30 70 0.93 
30 80 0 . 89 
30 90 1.04 
30 100 1.09 
40 0 0 . 62"'--
40 10 0 . 67 
40 20 0.72 
40 30 0 . 78 

) 40 40 0 . 83 
40 50 0.89 
40 60 0.94 
40 70 0.99 
40 80 1. 0~3 
40 90 1 . 10 
40 100 1. 15 
50 0 0 . 66-
50 10 0. 72 
50 20 0 . 78 
50 30 0.84 
50 40 0 .89 
50 50 0.95 
50 60 1. 01 
50 70 1. 07 
50 80 1. 12 
50 90 1. 18 
50 100 1.24 
60 0 0.72-
60 10 0.78 
60 20 0.84 
60 30 0.91 
60 40 0.97 
60 5~) 1.03 
60 60 1. 10 

) 60 70 1.16 
60 80 1. 22 
60 90 1.28 
60 100 1 . 3~ 

70 0 0 . 79 
70 10 0.85 
70 20 0.92 
70 30 0 . 99 
70 40 1.06 
70 50 1.13 
70 60 1.20 
70 70 1.27 
70 80 L33 
70 90 1 . .40 
70 100 1.47 -
80 0 0.86 
80 10 0 . 94 
80 20 1. 01 
80 30 1.09 
80 40 1 . 1. 6 
80 50 1.24 
80 60 1. 31 
80 70 1. 39 
80 80 1. 46 
80 90 1.54 
80 100 1 .6L 
90 0 0.95 
90 10 1.03 
90 20 1.12 
90 30 1.20 
90 40 1. 28 
90 50 1.36 
90 60 1 . 45 
90 70 1. 53 

90 80 1. 61 
90 90 1. . 6 9 
90 100 1.78 -98 0 1.04 
99 10 1.13 
99 20 1. 22 
99 30 1. 31 
89 40 1. 40 
99 50 1.49 
99 60 1. 58 
99 70 1. 67 
99 80 1. 76 
99 90 1. 85 
99 100 1 . 94 



• 

r •• • - • 
... .. 1 ... 

. . ~-y .... • .. 
,. . . 

II 

• 

• •• .,. 
• 

-
• 

• 

• 

• 
I 
• • 

I I -~I 

.... --. . 
-

• .. 
• • 

• ... 
• 

...... 

• 

• .. 

• 
II 

• 

.~ ... 

•• 

• ... -
-­• 

II 

• • 

• 
• 

• 
II I 

• 

• 
• 

-

• • 

• 

• 
I 

1 
• I 

• 

_. 

• 
• 

I • 

I 

-. -• - J 
c 
I 

• 

• -· 

• 

• 

II 

II 

I --• • .. • 

• 

• 

-

-
• 

-•rill 

• 
I 

• 

-
• • 

•• 

• 

• 
• 

• 

. ., 
• 

. ~:~ --jt 
._ . . . . 

• • • • 

-• 

.... 
• --

• .:Ill :· Jf . 
I 

• 
• 

• I I - • 

• • . . .~-
• 

• -
• 

• 

• 

• 

.1 
• -

• -• 

• 

I_ .. . • • 

• 

• -I 



1 CLS 
Z LOCATE 5 
10 PRINT " CALCULATION OF EFFECTIVE CN FOR URBAN LAND" 
19 LOCATE 10 
20 PRINT TABC25) "INPUT THE RATIO or " 
30 PRINT TABC16) "DIRECTLY CONNECTED AREA TO TOTAL AREA" 
31 PRINT =PRINT =PRINT =PRINT =PRINT 
35 INPUT " RIMP =";RIMP 
40 CLS 
41 LOCATE 10 
42 PRINT TABC10) "INPUT THE PERVIOUS AREA CN" 
43 PRINT =PRINT =PRINT TABC10l"THE CN FOR IMPERVIOUS AREA IS ASSUMED TO BE 95" 
44 PRINT =PRINT =PRINT :PRINT =PRINT 
45 INPUT " CN =";CN 
46 CLS 
47 LOCATE 10 
50 PRINT TABC10) "INPUT THE PRECIPITATION DEPTH, IN INCHES" 
51 PRINT =PRINT =PRINT =PRINT =PRINT 
52 INPUT " P =";P 
54 CLS 
130 S=C1000/CNl-10 
132 TEST=.2*S 
133 LOCATE 10 
134 IF P>TEST GOTO 140 
136 PRINT TABC20) "INITIAL ABSTRACTION EXCEEDS PRECIPITATION AMOUNT" 
137 LOCATE 10 
138 GOTO 600 
140 Q=CP-.2•Sln2/CP+.8•S> 
200 CNI = 95 
210 SI=C1000/CNil-10 
212 TEST=.2•SI 
214 IF P>TEST GOTO 220 
215 LOCATE 10 
216 PRINT TABC20) "INITIAL ABSTRACTION EXCEEDS PRECIPITATION ON IMPERVIOUS AREA" 

218 GOTO 600 
220 QI=<P-.2•SI )n2/CP+.8•SI > 
230 QT=Q•(1-RIMPl+QI•RIMP 
300 0=.4•P+.B•QT 
310 E=.16•P•<P-QTl 
320 F=SQR(On2-E> 
340 SE=CD-Fl/.08 
360 CNE=1000/CSE+10) 
390 LOCATE 10 
400 PRINT TA8(20> "EFFECTIVE CN =";CNE 
600 END 



-) 

10 FORMAT$ = " ## 
20 INPUT "RIMP";RIMP 
30 LPRINT " 
32 LPRINT " 
33 LPRINT:LPRINT 
34 LPRINT " 
36 LPRINT " 

##.# ##.# ##.# ##.# ##.#" 

CN iMpervious = 95" 
Ratio of iMpervious to total area CRIMP) RIMP 

CN effective" 

38 LPRINT "CN pervious P=1.0 in. P=2.0 in. P=3.0 in. P=4.0 in. P=5.0 in." 
" 40 LPRINT -----------

42 LPRINT " (1) 
44 LPRINT 
55 FOR I=1 TO 6 
60 CN=30+10*I 
65 FOR P=1 TO 5 
130 5=<1000/CN)-10 
132 TEST=.2*S 
133 IF P>TEST GOTO 140 
134 CNE<P>=0! 
136 GOTO 400 
140 Q=CP-.2*Slh2/(P+.8*S> 
200 CNI = 95 
210 SI=<1000/CNil-10 
212 TEST=.2*SI 
214 IF P>TEST GOTO 220 
216 CNE<P>=-1! 
218 GOTO 400 

(2) (3) (4) (5) (6}" 

220 QI=<P-.2*Sil"2/(P+.8*SI) 
230 QT=0*<1-RIMPl+QI*RIMP 
300 0=.4*P+.8*QT 
310 E=.16*P*<P-QT) 
320 F=SQR(0"2-El 
340 SE=<D-F)/.08 
360 CNECPl=1000/CSE+10) 
400 NEXT P 
412 LPRINT USING FORMAT$;CN,CNEC1 ),CNEC2l,CNE<3l,CNE<4l,CNE<5> 
500 NEXT I 
550 LPRINT:LPRINT=LPRINT:LPRINT:LPRINT 
600 END 
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CN ir·1perv1ous "' 95 
Ratio of iMpervious to total ar~a IR!MP) .05 

CN !Jervious 

(!) 

40 
50 
60 
70 
80 
90 

P•1.0 in. P~2.0 in. 

(2) \3) 

0.0 @.0 
0.0 0.!Zi 
0.0 84.8 

75.3 n.~~ 

81.6 81.1 
90.3 90.3 

CN effective 

P=3.0 in. 

0.0 
55.6 
63.2 
71.9 
80.9 
90.3 

CN impervious = 95 

( 5) 

46.9 
54,0 
82.S 
71.6 
80.9 
90.3 

P=5.0 in. 

( 6 ; 

45" 1 
53.3 
fi2o3 
7L5 
80 .. 8 
90.3 

Ratio of irqpervious to totol al~ea <RIMP) .1 

11> 

40 
50 
60 
70 
80 
90 

P=L0 in. 

0.0 
0.0 
0.0 

78.2 
83.;2) 
90.6 

0.0 
0.0 

68.4 
74.5 
82.1 
90.8 

Ci\l effective 

P=3,0 in. 

( 4 ) 

0.0 
59.8 
66.0 
73.6 
8L9 
90~5 

CN lMpervious = 95 

P=4.0 in. 

( 5) 

51.8 
57.5 
65 0 !2i 
73 . .2 
81.7 
90.5 

P=S,:O 1:'1. 

( s ) 

49.3 
55.4 
5'1. 4 
72. s 
81.8 
90.5 

Ratio of i~pervious to totol are~ CRIMP) ~ .15 

CN pervi.ous 

( ' ' " 

40 
50 
80 
70 
80 
50 

P=l.Ql in. 

0.0 
0.0 
0. 0 

80.4 
84.2 
90.9 

P=2.0 in. 

( 3 ) 

0.0 
0. 0 

71.3 
76.4 
83.1 
90.8 

CN effed1ve 

P=J.~ in. 

I 4 l 

0. 0 
63.3 
68.5 
?5.3 
82.8 
90.8 

CN i r<oporv i ous = 95 

P=4.0 Ul. 

( 5) 

55.9 
60.7 
67.3 
74.7 
82.6 
90.8 

P=5.:;1 in. 

53.0 
5'3.3 
65.5 
74.3 
82.5 
90.8 

Ratio of ir1pervious to total area <RIMP> .2 

(l) 

40 
50 
80 
70 
80 
90 

P=1.0 in. 

( 2 ) 

0. 0 
0. 0 
0.0 

82" 1 
85.2 
9i.2 

P=2.0 in. 

( 3 ) 

0. 0 
0.0 

73,8 
78" 1 
84 .. 1 
91.1 

CN effective 

P=3.0 in, 

( 4 ) 

0.0 
66.4 
70.8 
76.8 
83.6 
91.1 

Ct.! i~lpe:rYiou5 "" 95 

P=4.0 in, 

( 5) 

59.5 
53.0 
69.5 
76.2 
83"4 
9L2 

Ratio of i~pervious to total area CRIMPJ 

CN pervious 

( 1 ) 

50 
60 
70 
80 
90 

••• 
0.0 

0' 0 
83.8 
85.2 
91.5 

P=2.0 ln. 

< 3) 

0.0 
0.0 

78.1 
79.7 
85.0 
91.4 

CN H'lpel~v ious = '35 

( 4 ) 

0.0 
6 9 0 2 
73.1 
78,3 
8<'>.5 
91.3 

( 5) 

62.8 
SG.4 
71.5 
7?.6 
84-.2 
91.3 

P~5.!Zl ln. 

( B i 

55.5 
62.0 
68.6 
75.7 
83.3 
9L0 

P"'-5.0 in. 

( 5) 

53.7 
G4,6 
'70.6 
77.1 
84-.0 
91.3 

Rat1o of i."lp~;rvious to total area CRII'JP) .3 

CN ptwvious 

( 1 ) 

40 
S0 
60 
70 
80 
90 

I 2 ) 

0.0 
0.0 
0.0 

84.9 
87.1 
91.8 

P"'2.0 in. 

( 3) 

0.0 
0.0 

78.1 
81.2 
85.8 
91.8 

CN effecUve 

( 4 ) 

0. 0 
7:.8 
75 < 1 
79.8 
85.3 
91.8 

CN i~1perv iows = 95 

P=Ll.0 in. 

( 5 ) 

65.8 
68.9 
73.5 
79~0 
85.0 
91.8 

P=5.0 i'l. 

16) 

62.7 
67.1 
72.5 
78.4 
Sl!-.8 
91.5 

Ratio of iNpervious to total area <RH1P) .4 

( 1 ) 

40 
50 
60 
70 
80 
90 

P"=l.lli in. 

( 2 ) 

0. 0 
0.0 
0. 0 

81.1 
88,7 
92.3 

P=2.0 in. 

I 3) 

0.0 
0.0 

8L6 
83~9 

87 0 4. 

CN effective 

p ... 3.0 in, 

( 4- ) 

0.0 
75.3 
78.9 
82.4 
85.9 
92.1 

CN if'lperv ious "" 95 

P=4,0 in. 

( 5) 

71.2 
73.'7 
77.'2 
81.5 
BS.S 
92 . .1 

P=5.0 in. 

{ s ) 

68.4 
71.8 
76.1 
81.0 
86.4 
92.0 

Ratio of Impervious to total a1Mea <RI~IPJ = .5 

CN pervious 

( 1 ) 

40 
58 
80 
70 
80 
90 

P=l.0 1n. 

( 2) 

0.0 
0.0 
0.0 

89.0 
90.1 
92.8 

{ 3) 

0.0 
0.0 

84.5 
86.2 
88.9 
82.7 

CN effective 

P=J.0 .i.n. 

14-) 

0 " 
80.3 
82.2 
84,3 
88.4 
92.6 

CN i~perviou5 = 95 

P""4.0 in. 

( 5) 

76.1 
77.9 
80.7 
84.1 
88" 1 
92.6 

Ratio of 1Mperv1ous to total area CRIMP! 

CN pervious 

(1) 

40 
50 
60 
70 

?=1 ,0 in. 

( 2 ) 

0.0 
0.0 
0.0 

90.5 
('d '::1 
~~ ""' 

P=2.0 in. 

( 3 ) 

•. 0 
0. 0 

07.1 

C~J effective 

P=::L0 in. 

\.'1- ) 

0.0 
03.9 
85.2 
87.2 
88.8 
93.1 

CN ir·iperv·ious = 95 

P=4.0 in. 

( 5 ) 

80.5 
81.8 
83.9 
86.5 
89.5 
83.1 

Ratio of iMpervious J:o total ao~ea <RII1PJ ~ 

CN perviou5 

( ' ' • 

40 
50 
60 
70 
80 
90 

P-1.0 in. 

( 2 ) 

0.0 

93 .. 8 

P=2.0 Jn. 

( 3) 

8'3.4 
90.2 
91.G 

CN eHective 

,<3=3.0 in, 

I 4 J 

8.0 
87.0 
88.0 
89.3 
91.2 
93.6 

CN ir··rpel~viuus = 95 

P=4.0 ln. 

15 ) 

84.5 
85.5 
86.8 
88.S 
91.0 

P-=5.0 in. 

" '0 

I 6 l 

73.S 
78.2 
79.6 
83.8 
87.9 
92 .. s 

I " ' 0' 

78.4 
80.4 

93.0 

P=5.0 in. 

( 6) 

82.'3 
84.3 
86.2 
88.3 
80,8 
33.5 

Ratio of ir·lper-vious to total ar'e-a (RH1P) .8 

CN pervious 

\ 1 ) 

50 
60 

80 
90 

P=1.0 in. 

0.0 
0.0 
0.0 

93.0 
93.3 
94 "'2 

P=2.0 in. 

0.8 
0.0 

91.5 
'32.0 
92.8 
'34. 1 

CN effecti·Je 

(4) (5) 

0.0 88.3 
8'3.9 88.'J 
90.5 89.8 
81.4 90,8 
El2.S 92.4 
84.1 94"0 

Cf~ ilropel~V10li5 =o 95 
Ratio cf impervious to total area CRIMP) = 

CN perv1ous 

40 
50 
60 
70 
80 
50 

P=1.0 ino 

0.0 
0,0 
0.0 

94.1 
94.2 
34.6 

( 3) 

0.0 
0.0 

93.3 
96.5 
53.'3 
94.6 

CN effective 

(4) 

0.0 
92.8 
92.8 
93,2 
93.8 
94.5 

I S ) 

9L8 
82.0 
92.5 
53.0 
83.7 
94.S 

a 
' ~ 

I 6 ) 

88.1 
89.2 
9&:•' 6 
92.2 
'34." 

?=5.0 .\n. 

( s ) 

9l.2 
9l.S 
52.2 
92.8 
93.8 
94.5 
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