FLOGO CONTROL DISTRICT OF MARICOFA COUNTY

Interoffice Memorandum

SUBJECT: ECS curve numbers ve.Initial FILE:
and Uniform lLoss Rate. for estimation
of rainfall excess.

TO: [OREd FROM: [.IF DATE: 7-1&2-&8&
JT e—

MR

The vse of SC5 Cuerve Numbers in calculating rainfall excess has been widely
used in flond hydrology studies. This method has gained acceptance due tno the
wealth of documentation on curve number selection leading to easy application.

In the on gnoing Gilbert—-Chandler Flond insurance study. a concern aross nver
seemingly unreasonable volumes of runoff being generated from the study area-
Oue to the existence of C soils, curve pumbers for the dominantly agriculturcal
area exceeded those normally used for desert and urban conditions within the
valley. This result caused additional ressarch to he initiated at the District
as to the appropriatensss of curve number methodology. and the possibility of
using an alterpative method in estimating rainfall excess.

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

Initially a review of excess methods in HEC-1 was completed. Three alternative
mzthods were Holtans Method. the Corps Exponential loss method. and the Initial
and Uniform Loss Method- Each method examined. attempts to simulate the
condition of initial infiltration rates that are relatively high: fallowed by a
decay in infiltration rate to some “constant" infiltration rate.

LOSS METHODS

Holtans Method: and the Exponential method can be considered as the same “"type"
of model in that both methods simulate a continuous infiltration curve.

Holtans Method calculates a continvous infiltration curve: attempting to
account for soil moisture allowing some recovery of infiltratinn rate due tn
deep percolation. The input for this model are somewhat obscure, especially in
the soil moisture/cover relationships. For simulations that nccur over several
days with hyetographs with pericods of low or no rainfall and several peaks this
mz=thod would be worth future considecation.

The Exponential Method calculates a continuous loss rate curve based on
cumulative rainfall and an exponential decay in the initial loss rate.
Following this initial loss a linear decay in loss rate is simulated. The
Corps has develonpad several curves for the Phosnix area for genacal use, but
due to their general nature are best suited for large basin modeling.




The Imitial and Upniform Loss model: |ike the SCE method assumes an initial loss
or "initial abstraction" of rainfall prior tn rainfall excess. This loss is a
direct input to the methods and would asppear to be reacsonabie whenever modeling
a situation where initial rainfall intensities are low relative to initial sotl
infiltration rates. In either method if the rainfall intensities exceed
infiltration rates during this initial perinds excess will not he simulated.
Following the initial loss a constant loss rate is achieved: that will |imit
infiltration to this maximum rate. but will not excsesed rainfall intensity.
Fecently the SCS has published Arizona Irrigation Guide part B2l Soils, which
includes tables for many soils an recommended maximim speinkler rates. Basad
on discussions by John Schmeltzer with Me. Lee Hardy of the SCS, 1t was
datermined that these rates were estimated for long term wetting. that woutd
not exceed the infiltration capacity of the soil« In general an appropriate
assumption for selection of a loss rate function in flood studies.

The SCS curve number followirng the filling of the initial abistraction will
simuiate excess based on the net difference in excess hatween the currsnl and
previous computation period. The formula applied in each time perciod for
calculating excess is the standard equation: 0= (P-.25)##L/(P+.35). The S0S
method does not relate rainfall excess to rainfal! intensity. It zimply
calculates excass based on total rainfall at the time of computation.
Therefore based on the SCS method if wnit rainfall X were to occur over 1 hour
or were to occur over 24 hours: the method would sstimate the same rainfall
excess for a given curve number. Following the initial abstraoctics the model
simulates a decaying infiltratinn rate based on tota! rainfall.

MODEL TESTING

As a test of sensitivity a single sub-basin of the Gilbert-Chandler Study was
testad using the SCS method and the Initial and Uniform method. The baszin was
0.42 square miles in size with a lag time of 0.3% hours. P cucve number of 84
was modaled in the SCS method. with an initial loss of 0.33 and 02 copstant
lose used in the Initial and Uniform methed. This selcction of ‘oss rates was
made so as to be within a reasonable range for the study area: the Yeknol Clay
falls into this caiegory: yet simulate the same volume of runoff from e=ach
method.

The first simulation used a standard Type II distribution: 3.77 iaches of
rainfall. At 12 hours, the peak intensity for the storms. a rainfall intans®
of 4.1 inches per hour is simulated. The cueve numbee method cimulated on
infiltration capacity of 1.24 inches per hour: or nearly 14 times the estimalad
infiltration capacity for this soil. The estimated pesk discliar e was 390
CFS. The Initial and Uniform method used the estimated iafiltralion raiz o
«09 inches per hour for a peak discharge of E58 cfs or roughly a 4074 incre.sse
in peak discharge.

¢
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Subsequent simulations were completed on the same data set however the Type T1
rainfall was modified to peak at & hours awd 13 hours. This variation in the
rainfall did not alter the basic recuits Fferom the Initial and Unifoem method.
Howzver for the SCS method at € hours the nfiftralion rate was ectimsites to he
1.5 inches per hour and peak discherge of 320 cfs. and at 12 hours the
estimated infiltration was 1.04 inches/hour with peak discharge at 423 cfs.

DISCUSSION




The SCS curve number method appears to under ectimate rainfall excess for
periods of high rainfall intensity leading to potentially low peak discharge
estimates. 1In regions where vegetative canopys play a significant role in
intercepting and slowing the actual rainfall intensity at the soil. this
obrservation may not be as significant. However. the intensities simulated in a
flood study would very likely excesd the capacity of the vegetation tn
effectvely intercept rainfall regardless of location. For events of lesser
intensity this shortcoming would tend to be less criticals: but still inherent
to the methodology. The SCS equation veed in caiculalion of excoss is hased on
calibration of curve numbers to daily total precipitation/excess ss measured on
agricultural fields. There is nothing to suggest that estimates of total
excess 15 in serious erenr providing the curve number used is appropriale for
the soii type and land use condition-

The Initial and Uniform Loss methnd does appear to satisfactorly cimulats
rainfall excess for the soils of this area. Due to sparce vegetation,
intercaption of rainfall is considerad non-significant. (Unlike the SCS method
there is no recommended method for adjusting the loss rates for a soil based on
compaction and non-connected impervious areas due tn urbanization. Howeves it
would seem to be reasonable to account for the non-connected impervious areas
along with the directly connected impervious areas as a total percant
impervious. M slight reduction in soil infiltration capacities might also be
warranted specifically in the initial abstractinm, due {0 soil compaction.

fin advantage of the Initiai and Uniform loss method over Lhe olher methods
discussed is that onsite cetention can he effectively simulated in the initial
loss. This is due to the fact that in this method: that cnce the initial loss
is filled, excess is independznt of this initial !esss and descndant on the
constant loss rate and rainfall intensity. 1In the SCS metirod cxcess is
dependent on the initial losse and total rainfoiils but independest of intensity,
thus effecting either infiitration or excess if retenticn is ass wed in the
initial abstraction.

RECOMMENDATION

I believe ample evidence exists that we should consider alternative loss rate
functions tor our studies. Fopr geaeral use the Inital and Uniform loss method
would appear to be appropriate.

At this time I have not made copies of output for this memo: U w~ill being a
sample to review when we pursue further discussion. At that time we can
determine what modifications if any that we way wish to pursue.




GEORGE V. SABOL PhD, PE.
1351 EAST 141st AVENUE
BRIGHTON, COLORADO 80601
(303) 457-0989

W 27 August 1988

Dr. Herman Bouwer

U.S. Water Conservation Laboratory
4331 E. Broadway

Phoenix, Arizona 85040

Dear Herman:

| am working with the staff of the Flood Control District of Maricopa
County in the development of a Maricopa County Hydrology Manual. The
intent of the manual will be to define the criteria and recommended
procedures to be used within Maricopa County for the purpose of estimating
flood discharges from rainfall. We are presently evaluating alternatives
for estimating rainfall losses and attempting to define the values of the
loss rate parameters for whatever method is selected.

We have selected the HEC-1, Flood Hydrology Program of the Corps of
Engineers, as the preferred model for several reasons including; ready
availability fo all users, history of acceptance within the community,
user support by HEC at Davis, and technical adequacy of the program
content for our purposes. Regarding the calculation of rainfall excess we
have four options in HEC-1 (Which, | believe, is a considerable |imitation
for our use in Arizona):

1. SCS CN method,

2. Initial loss plus uniform loss rate,

3. Exponential loss rate, and

4. Holtan's equation for infiltration.

We have previously considered and evaluated the CN method but we ob jected
to the high losses that occur during the short period of high intensity
rainfall for which we should be designing in Arizona. The Holtan and
Exponential methods are generally unacceptable at this time for a variety
of reasons. This leaves the Inital Loss plus Uniform Loss Rate method
(IL+ULR) which, in fact, has not been a default by eliminating the other
alternatives, but rather is a viable method that is often successfully
used for flood hydrology purposes. We are presently trying to define the
criteria by which the initial loss (STRTL, according to HEC-1
nomenclature) and the uniform loss rate (CNSTL) shall be selected. We
have some guidance, such as Musgrave (1955) for which CNSTL is related to
the four hydrologic soil groups A, B, C and D, and the SCS Irrigation
Guide for Arizona that |ists estimated sprinkler intake rates for
agricultural soils. The Irrigation Guide is |imiting because it is only
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applicable to agricultural soils and the sprinkler rate is not necessarily
the CNSTL that should be used. | also would |like to be a little more
flexible than having to define all rainfall losses according to only four
hydrologic soil groups. We also have the problem of quantifying the
"mysterious" initial loss.

Previous thoughts and dabblings in this area had lead me to the Green-Ampt
equation because of its appealling representation of the physical

process. The recent work by Brakensiek and Rawls makes it attractive
because the parameters can be related to soil texture and therefore it is
very flexible and not limited to broad soil classifications. Rawls has
also recently expanded his work to consider surface conditions, which
makes the technique even more appealling. 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 | 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 hydraulic conductivity would be set
equal to CNSTL. | have tried this and the results are pleasing. a
question that arose is, what should be used for the initial soil moisture
content? This seems particularly important in Maricopa County where soil
moisture could easily range from wilting point or less to field capacity
and even near saturation for irrigated land.

| would like your opinion and suggestions concerning the initial soil
moisture that should be used, and also your comments and suggestions

concerning this approach. What are your thoughts in this area of rainfall
losses?

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

In Table A, Column (2) is the assumed initial soil moisture content
(volumetric); Column (3) is the final soil moisture content that | assumed
equal to the effective porosity; Columns (4) and (5) are the capillary
pressure and hydraulic conductivity, respectively. The values for Columns
(3) through (5) are taken from Table 2 of Rawls, Brakensiek, and Miller
(1983) and a copy is enclosed for your convenience. For the |L+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 all of that!

The results for the 11 soil classes are shown in Columns (8) through
(11). As illustrated, both the rainfall excess depths and peak
intfensities are comparable for the two methods (How nice!). Again, a
question that | need resolved is how appropriate is my assumption of




Dr. H. Bouwer
27 August 1988
Page 3

initial soil moisture content. You will notice that | have simply assumed
that initial soil mosture equals one-half of final soil moisture. |
believe that | should consider the wilting point for each soil class and
maybe also vegetation type and land-use, such as irrigated lawns, in
making this determination. | don't have the data that Is necessary for
this. Can you help?

| hope that you can follow this rather long letter. | will call you
during the week of 29 August to talk to you about this, and | appreciate
any assistance that you can offer. | am in Phoenix often and | could come

to your office to talk about this.

I hope all is well 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 Miller (1983)

Copies: Joe Rumann, FCDMC w/ enclosures
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RAINFALL EXCESS BY RAINX FROGRAM MODIFIED APRIL 1986

INITIAL LOSS PLUS GREEN-AMPT EQ'N

LOAMY SAND )

RAINFALL DATA FILENAME IS5 FCDB.DAT ¥ 7
THS 15 A < roptopme ) oA w ot 4SS
INITIAL LOSS I5 @ INCHES ==

INITIAL SOIL MOISTURE CONTENT IS .2 .-) ’
SATURATED SOIL MOISTURE CONTENT IS .4 8
SOIL SUCTION HEAD IS 2.41 INCHES {
HYDRAULIC CONDUCTIVITY IS 1.18 INCHES FER HOUR «)

parzms s

TIME INTERVAL RAINFALL EXCESS INFILTRATION INITIAL LOSS
‘ MINUTES INCHES INCHES INCHES INCHES
e 0.9300 0.0000 0.0300 0.0000
15 = 30 0.3300 0.0000 0.0300 @.0000
30 — 45 0.293006 @.0000 0.0300 0.0000
45 - B@ 0.03500 0.0000 0.6300 0.0000
B0 = S5 0.9300 D.0000 @.0300 0.9000
AT 0.0300 @.0000 0.0300 0.0000
30 = 105 ?.0300 D.0000 0.0300 0.0000
106 - 120 0.0400 0.0000 0.0400 0.0000
P29 = i35 0.0400 0.02000 0.9400 0.0000
558 — 50 0.0400 @.0000 0.0400 0.0000
156" — 165 0.2700 0.0020 0.2700 0.0000
i65 ~ 186 0.5660 0.1524 .60 0.3676 0.0000
L5 S S5 1.4560 Palisl @.3449 0.0000
185 ~ 210 0.2700 0.0000 0.2700 0.0000
Z 10— AP 0.0400 ?.0000 ?.0400 0.0000
225 ~ 240 0.0400 0.0000 0.0400 0.0000
249 - 2585 0.0400 0.0000 0.0400 0.0000
255 = 270 @.0400 0.0000 0.0400 0.0000
270 — 285 0.0300 ?.0000 0.0300 0.0000
285 - 300 0.0500 0.0000 0.03500 0.0000
300 - 315 0.0309 0.0000 0.0500 0.0000
515 = 550 0.0300 @.0000 0.6300 0.0000
330 — 5 0.0300 @.0000 0.0300 0.0000
‘ 345 - 360 ©.0300 0.0000 0.9300 .0000
5.2300 L2075 1.9225 0.0000

08-25-1987 10:29:09
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RAINFALL EXCESS BY RAINX PROGRAM MODIFIED AFRIL 15886

INITIAL LOSS PLUS UNIFORM RATE METHOD

Loty _sANp

RAINFALL DATA FILENAME IS FCD6.DAT

INITIAL LGOSS IS .6 INCHES

UNIFORM LOSS RATE IS 1.18

TIME INCREMENTAL INCREMENTAL

INTERVAL RAINFALL RUNOFF
MINUTES INCHES INCHES
e 15 0.0300 0.0000
L5 30 0.0300 0.0000
30 - 45 0.0300 0.0000
G = 60 0.8300 0.0000
60 - Wy 0.03500 0.0000
9] 90 0.0300 0.0000
90 ~ 125 ©.0300 ©0.0000
105 - 120 0.0400 0.0000
120 - 135 0.0400 0.0000
S s 150 0.0400 0.0000
EY= 185 0.2700 0.0000
Thae - 180 0.5600 0.2650
180 - 185 1.4600 1.1659
185 210 0.2700 0.0000
210 - 225 0.0400 ?0.0000
205 = 240 0.0400 0.0000
249 - 255 0.0400 0.0000
S = 270 0.0400 0.06000
Zil.— 285 0.0300 0.0000
285 - 300 0.0300 @.0000
300 - 315 @.0300 0.0000
5= 330 0.0300 0.0000
358 ~ 345 0.0300 0.0000
345 - 360 0.0300 0.0000
3.2300 1.4300

08-25-1367 10:31:%9

B —

INCHES PER HOUR

I

S 8900800800088 0900000

o

INCREMENTAL

LOSS
NCHES

.0300
L0300
.0300
.0300
.0300
.0300
.0300
.0400
.0400
.0400
L2700
.2950
.2350
L2700
.0400
.0400
.0400
.0400
.0300
L0300
L0300
L0300
.0300
.0300

. 8000
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GEORGE V. SABOL PhD, PE.
1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601
(303) 457-0989

29 August 1988

Mr. Joe Rumann

Hydrologist

Flood Control District of Maricopa County
3335 W. Durango Street

Phoenix, Arizona 85009

Sub ject: Hydrology Manual, rainfall losses
Dear Joe:
I've been looking at information and procedures that we can use to define
rainfall loss parameters for the initial loss plus uniform loss rate

(IL+ULR) method and | want to inform you of my findings.

Uniform Loss Rate (CNSTL)

In regard to the uniform loss rate, that 1'll call CNSTL according to HEC-
| nomenclature, we have the following:

1. Musgrave (1955), according to hydrologic soil group:

A .30-.45 inch/hour
B «15-4.30
C .05-.15
D 0-.05

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

with CN:
A .40 inch/hour
B 24
Cc i Z
D .08

3. U.S. Bureau of Reclamation, Design of Small Dams, Third Edition,
1988. The flood hydrology procedure is not as rigidly defined as in
the Second Edition. Much more discretionary judgement is left to the
hydrologist, and it is expected that the hydrologist is exper ienced
and qualified to do dam flood hydrology. Therefore only very general
guidance is provided. Suggested loss rates are:

A .30-.50 inch/hour
B «15-.30
e .05-.15
D 0-.05
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References 1 through 3 above, all provide about the same values and
certainly do not contradict each other. The problem that | see is that
all soils are rather broadly set into four classes.

4. SCS, Irrigation Guide for Arizona. An intake rate for sprinkler
irrigation is provided for agricultural soils. This rate varies from
0.2 to 0.4 inch/hour, which would be expected for A and B soils.
Although this is cerfainly good information | would hesitate tfo
equate irrigation sprinkler rates with infiltration rate. This

publication also leaves us without guidance for non-agricul+tural
soils.

5. In performing the flood reconstitutions for the unit-hydrograph study
| used the IL+ULR method and | have tabulated these results (Table 1).
In general the value of CNSTL seems reasonable although they are
inconsistant which is probably due more to the inaccuracy of the
recorded data. | wouldn't want to try to develop general criteria
from fthese 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 (Ia) from the CN

method to STRTL. This is based on virtually no theoretical or sound
empirical basis. The relation Ia = .2S where S = (1000/CN) - 10 was the

result of a very gross data fitting procedure. Table 2 shows Ia for CN,

and |'m surprised (maybe disappointed, knowing my predisposition against
the CN method!) that Ia is a reasonable estimate for STRTL. The STRTL for

the flood reconstitutions and corresponding CN for STRTL = .2S are shown
in Table 1. Again, these seem very reasonable.

STRTL and CNSTL from Green-Ampt equation

This is explained in my letter to Dr. Herman Bouwer (copy enclosed).
Several advantages exist in using this technique. First, we can use the
Green-Ampt equation to define STRTL and CNSTL for each of the 11 soil
classes which provides more flexibility than |imiting the criteria to four
hydrologic soil groups. Second, the Green-Ampt equation will 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-line In HEC-1, the "new" method would
give results that would be consistent with the "old" method. Third, the
method would be theoretically sound and be representative of state-of-the-
art. Fourth, depending on what information | can get from Herman Bouwer
and Walter Rawls, the losses could be tailored to soils, vegetation, and
|land-use in Maricopa County and be representative of local conditions and
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not an adoption of someone else's method and parameters. | think that the

fourth advantage may be particularly important for the desert and
irrigated lands that we must address.

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

Sincerely yours,

il

George V. Sabol

GVS/ jr

Enclosure: 1. Table 1 - Rainfall losses from HEC-1 optimization of flood
reconstitutions for unit-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.
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Code

(1)

Tucson
THS1
THSZ
TAR1
TAR2
TAR3
TAR4
TRR1
TRR2
TAT1

Denver
D1161
DVI1
DCD1
DGC1
DSC1
DSC2

Albuquerque

AVDO1
AVDOZ
AAA1
AAAZ
ATR1
ALA1
ALA2
ALA3
ACA1
ACA2
ANCA1
ANCA2

Walnut Gulch

4-1
4-2
=i
B=2
=1
=2
15=1
105=1
103-2
=1
111-2
111-=3

TABLE 1

Rainfall Losses from HEC-1 optimizations

Initial Loss

STRTL

inches

(2)

.48
.48
<91
1.00
.83
.62
.24
<52
17

.61
.74
1.62
.61
.74
.95

.33
<56
.44
.20

.36

.70
{55 55
.43
1.29
<50
.90
.57
17
.09
.64
.93
.41

Loss Rate
CNSTL
in/hr

(3)

.57
.28
.42
.52
.44
",
.05
.26
.33

23
15
.46
.04
1555
.55

il
152
.11
.35
.49
.47
«26
.49
.35
s 12
1.50
.15

.40
.76
.41
1.21
<50
62
.49
1.08
1.12
33
.30
27

CN for
STRTL

(4)

81
81
69
67
71
76
98
79
92

77
7!
55
17
73
68

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

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

= .25

1" antecedent rain
.6" antecedent rain

long duration rainfall



TABLE 1 (continued)

Rainfall Losses from HEC-1 optimizations

Code Initial Loss Loss Rate CN for
STRTL CNSTL STRTL = .2S
inches in/hr

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

WCU1 62 .07 76

WCU2 .48 12 81

WC1 .56 i e 78

WC2 .80 o |2 T2

WDH1 .08 .06 96

WET1 .88 o )2 70

WD1 o2 .07 88

WHD1 .97 «l2 67

WMB1 .65 .04 75




100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65

CN S
£198862)

0.0
o
.2
31
42
.53
.64
.75
.87
.99

1.1

1.24

1.36

1.49

1.63

15116

1.90

2.05

2.20

2.35

2.50

2.66

2.82

2.99

3.16

3.33

S5l

3.70

3.89

4.08

4.29

4.49

4.71

4.93

5.15

5.38

TABLE 2

Estimation of Initial Loss according to

initial abstraction by CN method

| = .2S

6y

0.0
.02
.04
.06
.08
.11
.13
.15
17
.20
«22
<25
.27
<30
<33
<35
.38
.41
.44
.47
.50
.53
.56
.60
.63
.67
.70
.74
.78
.82
.86
.90
.94
.99

1.03

1.08

.28
(1000/CN) - 10

CN
(1)

64
63
62
61
60
59
58
2y
56
55
54
25
52
51
50
49
48
47
46
45
44
43
42
41
40

35
30

25

S
(2)

5.63
5.87
6.13
6.39
6.67
6.95
7.24
7.54
7.86
8.18
8.52
8.87
9.23
9.61
10.00
10.41
10.83
11.28
11.74
12.22
12.73
13.26
13.81
14.39
15.00

18.57
2335

30.00

= «2S
(3)

1al3
1.17
1.23
1.28
1.33
1.39
1.45
1.51

1457
1.64
1.70
1.77
1.85
1.92
2.00
2.08
2.17
2.26
255
2.44
2+55
2.65
2.76
2.88
3.00

3.7

4.67

6.00
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GEORGE V. SABOL PhD., PE.
CONSULTING ENGINEER
1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601
’ h (303) 457-0989
A

1 November 1988

Mr. Walter Rawls

ARS, U.S. Department of Agriculture
Agr. Res. Center - West

Bldg. 007 Rm. 137

Beltsville, MD 20705

Dear Walter:

|'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. | will
continue trying fo locate these in Phoenix. Keep me informed of your
progress in locating these potentially valuable reports.

| will send a draft of the Rainfall Losses section of the Maricopa County
Hydrology Manual as soon as | get it finished (by the end of November
hopefully). | need a good critical review of what | am putting together.

This may be the first adoption of the Green and Ampt equation for use in
such a manual and | don't want to miss anything. Your offer to provide
such a review is appreciated.

Sincerely yours,

AT S A

George V. Sabol

GVS/ jr
Enclosure: 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




GEORGE V. SABOL PhD, PE.
1351 EAST 141st AVENUE
BRIGHTON, COLORADO 80601
(303) 457-0989

W 27 October 1988

Mr. Robin McArthur

Soil Conservation Service
201 E. Indianola Ave.
Suite 200

Phoenix, Arizona 85012

Dear Mr. McArthur:

| spoke to you today about trying to locate two reports in your files on
rainfall infiltration. | am enclosing copies of the pages from the
engineering report that references these. |'m sure that we would all 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 Sbf*bcé
Intensity Ponding Runoff Duration Rainfall Runof f /ffﬁ’£d74
(in/hr) (min) (min) (min) (in) (in)(z)*iz49‘63)/k€]
0) (%) (3) ce) ) G) (7)
P-G=LE-Dd 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 2.4 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 127
W3  4.601 417 2.50 30.00 2.300 .5859 /e
Wh 4.515 .367 6.00 29.375 2.210 .9495 P& SN
z T-DG-bO-P e hedns 297 8.00 45.625 3.165 1.3603 P .
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
Wl 4.610 .300 3.50 32.50 2.497 1.3401 .25 |
W2 | L.5ep RER 7.00 30.00 2.281 .5892 %/
W3 4.610 .250 1.83 30.00 2.305 1.1515 S
W&  4.505 .250 6.25 30.625 2.300 9882 45 1
T-G-QH-D1 4.505 .833 4.50 45 .00 3.379 .1953 - |
; D2 3.991 1.000 4.75 45 .00 2.993 L4747
.;. D3 4.610 1.000 9.00 45.00 3.458 .6195 |
D4 4.629 15.00 44.375 3.423 .3687
Wi 4.267 433 3.50 30.00 2.134 3475 22
W2 4.591 417 4.33 30.00 2.296 .3653 .30
W3 4.591 .333 4.08 30.00 2.296 .5084 4
1 Wh 4.543 467 7.50 30.00 2.2712 158 - S T |
: T-BG-QH-D1 4.648 1483 18.00 45.00 3.486 2104 26 |
; D2 4.562 1.250 4.00 45.00 3.422 .2155
- D3 4.562 1.550 9.00 45 .00 3.422 .2946
D4 4.562 .750 3.00 45.625 3.469 . 4040
Wi 4.658 917 13.00 35.00 2. 717 2492 .94
W2 4.610 667 13.83 35.00 2.689 .1616 7.0/
W3 4.639 .833 7.50 30.00 2,519 4108 A
Wh 4.64L8 .500 © 4.00 30.00 2.324 6532 T
T-MG-QH-D1 4.543 4.333 12.17 45 .00 3.408 .3502 67 |
D2 4.629 3.000 11.50 45.00 3.472 .4158
D3
% &/
W1 4.477 4.000 9.50 30.00 2.238 2071 ¢
W2 3.753 3.083 9.00 30.00 1.876 .3569. '+ \3¥
W3 39
Wh

16 e A 4 ,yyc = 137




b 3 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
E: 3 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

Wl 4.496 450 1.33 25.00 1.948 9172 27

w2 4.562 .833 1.50 25.00 1.996 1.1091 .0%
: W3 4.658 417 1.25 25.00 2.038 .9212 .06
¥ W 4.553 667 1.50 25.00 1.954 1.2121 06
B v-16-D1 4.420 1.00 2.33 25.00 1.878 7354 ik
¥ 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 1.987 .5636
; W1 4.562 .667 2.82 23.75 1.901 .8202 /6

w2 4.629 .967 3.08 22.50 1.746 .7596 /&

W3 4.524 617 2.67 26.25 1.979 4929 147

A 4.601 .983 3 25.00 2.089 8444 09
- M-PJ-D1 4.143 1.233 1.67 25.00 1.726 .6545 G
: 1 D2 4.582 2.333 3.42 25.625 1.957 .0808 |
18 D3 4.448 2,000 _ _ 3.50 25.00 2.002 5414 |
g 9 D4 4.601 1610 3Ry 17.50 1.342 .1131 |
E Wl 4.639 25.00 1.993 4283 |
3 W2 4.496 1.083 8 25.00 1.873 0646 106 |
k. w3 4.696 2.417 3.00 25.00 1.957 5111 2% |
4 Wh 5.33 25.00 . 0444 06 |
3 |

19
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GEORGE SABOL RE HIS 28 APRIL CORRESPONDENCE

SUBJECT: PROPOSED FIGURE 7A AS A METHOD OF ADJUSTING
VALUES OF BARE SOIL HYDRAULIC CONDUCTIVITY
Ks0 TO REFLECT CANOPY COVER AND GROUND COVER

FROM: Lo Nd o EANE

George:
I think we are close to solving the probiem of how to deriwve
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
vyou 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 bulkK density changes
affecting Ks, I can take care of canopy cover and ground cover
effects.
Consider an equation of the form:

Ks = KsO*{exp(Acc*¥ccS))*{exp(Agc*gci))

where: Ks Adjusted Ks for use in Green—Ampt eq. (mm/h),

Ks0 Bare soil Ks incorporating coarse fragments in the
profile, crusting, and changes in bulkK density (mms/h},

Acc = Coefficient expressing influence of canopy cover,

ccx = Percent canopy cover (X2,

Agc = 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
Acc and Agc for data from 32 rainfall simulator plots in Arizona,
Nevada, and New Mexico.

But first a question for you. In your Fig. 7A, 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 >=1.07

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 will be travelling to Kancsas
City, Honolulu, NewarkK, 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 4/17 <(Note Sunday June 13 is Father‘s Day)
July: 1. Mon 773 (Note Tues is July 4)
Zn ECTRTAT
S Sat a8
Again, please consider the need for a meeting and let me Know if any
of the above dates would be convenient for you. You can call and

leave a message on my machine at home (402-575-8009?) if we wind up
missing calls back and forth.

Thanks,

eonard J. Lane///




ANALYSIS NOTES

Re: PROPOSED FIGURE 7A AS A METHOD OF ADJUSTING Ks IN THE GREEN-AMPT
INFILTRATION EQUATION FOR THE MARICOPA COUNTY HYDROLOGY MANUAL

I. SELECTION AND FPRELIMINARY ANSLYSIS OF DATHA

My personal library and the University of Arizona Science
Library were consulted to find appropriate reports and papers
meeting the following criteria.

1. Pealing with rainfall simulator studies in the Scuthwest

2. Studies reporting some so0ils information including surfacs

soil texture, or providing sufficient information in ths
text to allow estimation of zpparent zurface soil texture,.

2. Studies reporting percent cancpy cover, percent ground

cover, and measured final infiltration rate Kf as =z
statistic representing a field-measured e=timatz of Es.

My guick literature search and guick trip to the library turned
up four Key references listing data on 32 experimental plots (Tablsz
1. The soils on the sites listed in Table | were a1l poorly
described in the text with textures given as zand, gravelly loamy
sand, gravelly sandy loam, fine sandy loam, and sandy loam. From
narrative descriptions given in the texts of the papers, I
classified the soils as sand (Za), Loamy Sand (LSz), Sandr Loam
(SalL», anmd Loam (L> in the last column of Table 1. Those classified
as Loam probably are- Sandy Loam near the Sandy Loam——-Loam border.

In any ewvent, my textural classifications are not rigorous but ars
more "apparent" based on my reading of the textsz, my Knowledge of
the sites, and the grouping of the resulting Kf walues., I am far
from satisfied with these classzifications or groupings. But, as
long as our sgils colleagues continue to use such descriptive and
qualitative descriptions of scils and concentrate their efforts on
profile properties as opposed to surface and near surface
properties, we in the West will suffer from poor =oils information.

The quantitative data from the publications a

h re summarized in

Table 2. O0f the four textural classes in Table 2
I

+

a, LSa, Sal,
and L », LS3 and SalL could probably be combined bas
statistics of the measured Kf values shown in the st column. But,
Know how really
representative the values are of all possible Loamy Sands and Sandy
Loams.

IT. ANALYSIS & PREDPICTION OF Ks FROM KsO, CCAX, AND GCx

An equation of the following form was hypothesized as a means
of adjusting Ks0 for canopy and ground cover effects. Because I had
trouble understanding how to get coarse fragments, crusting, e=tc.
into the estimate of KsO, I decided to get estimates of it by
optimization.

The proposed equation is an exponential form which haz some




desirable properties suq
-]

h as robustness and Known properties in the
limits. The proposed uaxtion i

Ke = KsD#[expl{Acc*cciil)={exp(RAgco*gciil ] CLd
where: Kz = Adjusted Kz vwalue to use in Green—-Ampt =2q. (mmsh,

KsQ = Bare soil Ks wvalue adjusted for crusting, etc. {(mmshi,
Acc = Coefficient for canopy cowver effects,
cci = Percent canocpy cover,
figc = Coefficient for ground cover effects, and
gcx = Percent ground cover,

A least sgquares program was written to read in observed K+ data

~

from Table 2, assume initial wvalues of Ks0, &
corresponding values of Ks from Equation 1, =
s=quares or best estimates of KsO, Acc, and Agc.
Sand, it loocked like 0.01 provided a reasconable (not optimal as
have not done a complete analysis) wvalue for Acc and Agc. For Sand,
I assumed Acc = 0,005 because canopy effects seem to diminish for
the zandier soils. Of course, these somewhat arbitrary selections
for Acc and Agc no doubt affect the optimal wvalue of KsO0. Thizs is a
problem for a subsequent multivariable optimization study. [ do not
have the appropriate software available Howsver i+ ryou hawve a
statistical package which can do multspl_ regression, we could take
the log transform of Equation 1 and estimate all three paramsters by
least squares regression. [ did not think you wanted me to take the
large amount of time to write such & program and, in fact, »ou
probably already have one we can use if we get together.

c, and Agc, calculate
d find the least
Except for the

AS

Table 3 lists the Ks=0, Acc, and Agc values used for sach of the
four apparent textural classes and the final column of table 2 shows
the estimated K= values. Az you will zee, these predictions are
quite close to the measured Kf values considering the data were
collected over a 20+ wyear period by a variety of investigators using
many different technigues.

Table 4 contains data summarizing how well the K= waluss
correlate with the measured K+ values by class and for all data.
The corresponding Kf and Ks values and the regression line between
them is shown in Fig. 1. My conclusion is that if wou can get the
right Ks0 value, then the proposed squation and the paramester values
shown in Table 4 can be used to estimate Ks values sufficiently
accurate for practical applications=.

Figure 2 shows Ks Ks0 ws ground cover and canopy cover for the
Sand and similar results are shown for the other texture classes in

Figure 3.

I¥f you compare Figure 32 with your Figure 78, vou will notice
the following:

1. Fig. 3 suggests the range of influence of ground cover is
from expi0.0) = 1.0 to exp(l.0) = 2.718 a<s is the influence
of canopy cover so long as Acc=Age=0.01. Your Fig. 7A




think

suggests about a factor of 2 correction for canopy cover and
also for ground cover. Again, I don’t Know why KE/XKSAT ic
not 1.0 when canopy cover and ground cover are both zero.

2. The corrections to Ks0 due to canopr ’ﬁ”EP and ground cowver
are exponential and thus transform to "nice" straight lTinez
on semilog paper as shown in Fig. 3. This makes for easy
interpolation.

3. Figure 3 incorporates optimal or

1 =t squares estimates for
Ks0. How does K=0 enter in wour Fi

23
ig. A7
SUGGESTIONS

1. Please go through my notes and analysis ti
are correct and that I did not misinterpr

oo
3
o

o x
i)
n

e [N =

T

(i [ |
Wi
=

ey
o

2. #Assuming no problems from step 1, please conszider
combining your workK on Ks0 and my work on canopy and ground
cover influences as the first practical 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 testinag,
evaluation, and refining. Perhaps we could suggest =zome
carefully conducted experimentz to ewvaluate KsO, Acc, and
#Agc as well as the form of Egq. 1. In any event, Egq. 1 is
the simplest I could come up with which i= robust and has
reasonable, easily apparent limits, »et fits the data so
well, But again we need to use log transformations and
a multiple regression program to find the trus optimal
Malues.,

Please let me Know what vou think of these suggesticons. I
we are getting close but are not quite there yet.




Table 1. Se nca2d with data on canopr ovET,

ren =2
S, and final infiltration rates.

Reference Plot Identification
In Refersnce Hers
Bach, L. B. 1?2234, Determination of (L9 Sal
infiltration, runcff, and erosional UI SaZ
characteristics of a2 =mzall watershed My a3
Using rainfall simulation data. Un- MI Sa4
published MS Thesis, Mew Mexico State 1 Salt
Univ., Las Cruces, NM, &9 pp.
Kincaid, P. R., d. L. Gardner, and E2 L3al
H. &. Schreiber. 17484, Soil and EZ LEa2
vegetation parameters affecting E4 L5a2
infiltration under semiarid conditions. =Hl== LEa4
Bull. IASH &85:440-4532, El LSasS
K-10 SaL2
Lane, Ll giids R Simanton, '« E; Br LSas
Hakonson, and E. M., Romneyr. 1737. BC LSa?
Large—-plot infiltration studies in BB LSa8
desert and semiarid rangeland areas of AN LS=z?
the Scuthwestern U.5.A. Proc. Intrl. Conf. ALLC Sald
on Infiltration Development and Applica- ~11B Lsall
tion., Water Res. Res. Center, Univ. of Ch Sal3
Hawaii at Manoa, Honolulu, HI, pp.3&5-374&. CE SzaLd
CE SalL=
H Salé
HC SalL?
HE Sal3
MM 11
MC L2
ME 3
Wapdy Te J. 1886. &8 study of runott and Wwsz2 SalL?
erosion processes using large and small WE32 Sallid
area rainfall simulators. Mew Mexico State Ws2 Salll
Univ. lWater Res. Re=. Center, Report We3 L4
NMe:. 215, 71Ip. MMSU LSal2

MMSU L5al3



Table 2 Summary of canopy cover, ground cover, and finxl
intiltration rates for selected data in Table 1.
Piot 1B "Apparent" Textural “ Canopy 7 Ground Final
Class of Surfzce Soil Cover Cover Infil. Rate
L0 ) K¥f {mm.h?

Sal Sand or Loam» Sand 70 39«8 45.2
Saz . 29«8 T0.4 50 7
a3 s 41.2 DS Femia -
Sad " 17.10 82.7 21.0
L2al Loamy Sand or Gravelly 44 .4 28 35.8e
LSa2 Loamy» Zand 202 27 .2 Ires
LSa3 . 2.1 103 2803
LSa4 2 20.3 1738 14.7
LSaS ¥ 258.0 14.7 7 o0
LSas e B .2 D i e
LSa * g.0 &2.49 21
LSa2 . 0.0 236 [
L2a? X Zie 732.49 337
LSa10 2 0.4 ZU s 27.49
L3all ¥ 0.0 1608 16.3
L3al2 2 5.0 = V54 2 8
L3al2 * 12.0 S0.0e 22
Sall Sandy Loam or Gravelly S ) 12.0
SalLZz ) Sandy Loam 20.0e ) U 13,2
Sal3 " 34.7 P L
Sald = (B S7.4 e e
SalLS « 0.0 18.8 Y16
Sals& " 42.7 e 105
SalL? & 0.0 &5.0 : i
Sal3 = 0.4 2 12.4
SaL? % 23.0 231 12.2
Salio = 12.0 (g7 07 14.7
SalLll " 25.0 2.0e 16.0
B! Sandy Loam to Loam 220 7849 20.5
L2 & 0.0 Fat = ! Pl
e 4 g0 14,6 4.3
L4g & 2250 1.0e Fal

The symbol e represents estimated values using information from the
text of the references cited in Table 1.
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Summary of Ks estimating egquations, canopy cover,
ground cover, measured final infiltration rates, and
eztimated Ks values. Estimating equation iz
Kz = KslOfexp(Acc*cckl)*{expiAgc*gcik)) where Ksl is

zoil K= wvalue, cc¥% is the percent canopy cover, and
iz percent ground cover. The coefficients are

5
m
]

o o
i N
i

RPlat ID FParameters % Gsnopy ¥ Ground Final S35 S
Ks0 AcCC Agc Cover Cover Infil. Rate Ks
Smmch2 K== (=—3 D, £L3 K+ ‘mmsh» {mmsh?
Sal 1) L0085 501 &b 39 .0 45.8 Bah G
Saz2 » 25.0 70.49 S0 .7 &8.7
Sa3 ® 41.2 7O ik e G5
Sad " T7.0 22 i 21.0 . I
Sal 12.0 a1 .01 44.4 28.7 35.&e 24.4
LSaZ2 - 862 2D e wdnle
L5a2 " S 1 1055 20.3 18.4
LSad - 20,3 1¥es 14.7 175
LEaS S 26.08 14.7 : Srapl e 12.0
LS3a&a " 55 o2 S 35.3 40.3
LSa? . 0.0 &2.49 21 .0 22.4
LEag 3 0.0 23,5 137 I2e2
Sa? = 210. 2 ‘2.4 88.7 S
LE=x10 % 0.0 70.8 2?.4 24.49
L3all i 0.0 18.8 1S58 14.2
LSal 2 . % 5 al D2 .7 252 21.4
L2al 3 & FZ.0 S0.0e 2R 1 RETS
Sall 10.3 .01 ] 23.5 1.9 1260 153
Sal.2 2 20.0e Lrev 19,2 15 .0
SalL3 g 24.7 D2 26.3 25.0
Sald 2 0.0 TP 150 18.7
SaLsS * 0.0 18.8 11.5 12.3
SalLé& g 42.7 o g1 .5 318
SalL”? 3 0.0 S50 el el
Salg i 0.0 212 2.9 1 2.9
SaL? e 23.0 2l 13.8 18.2
Sallo * 12.0 I 14.7 0 (AT
Salll = 26.0 2.0e 15.0 13.48
L1 Sinid =01 .01 2Z2.0 700D 20.5 19.3
2 : 0.0 7Bl T 12.4
2 e 0.0 16.6 4.3 o7
L4 % 22.9 1.0e 70l e

The symbol e reprezents ecstimated values using information from the
text of the references cited in Table 1.




Plot

w

FANENRS

IO RO
'y

w

al?
SaL8
SaL?
Sallo
SaLll

5
-
Sa
g8
o

L1

ID

Compariszon of measured Kf and estim
tfor the four "apparent" texturzl cl
Tablezs 2 and 3.
"Apparent" Textural Regress
Class of Surface Soil K=
=
Sand or Loamy» Zand T
n
"
n
Loamy Sand or Gravelly Diatd
Loam» Sand
"
n
n
n
n
n
"
n
"
n
n
Sandy Loam or Gravelly 0.24
Sandy Loam
"
"
~ "
n
n
u
"
n
n
Sandy Loam to Loam S.4
n
n
"
data: M = 22, Kz = 1.3 + 0.?294=K+F,

values
own in

ion Results for:
= A + B=Kf
B R Squared
0.40 0.72
BS 0.&82
0.24 B.BS
0.4%2 0.70
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L. J. Lane
Hydrologist

411 E. "Suffolk" Dr.
Tucson, AZ 85704
&02-575-800%

DATE: August 13, 198%

TO: Dr. George VY. Sabol
1351 East 141st Ave.
Brighton, CO 80401
303-457-098%

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
el 789,

I thinKk I have done about all I can do with the basic data
set (which is enclosed in hard copy and on a disk?>. Pleass
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/i tems:

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 listing of the 2 variable regression
program

4. 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 any
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.

Pz

Lecnard J. Lane

enclosures
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Table 1. Selected referenced with data on canopy cover,

. ground cover, and final infiltration rates.

Reference Flot Identification

In Reference Here
Bach, L. B. 1?84. Determination of L LSal
infiltration, runoff, and erosional UI LEaZ2
characteristics of a small watershed MY LEa3
using rainfall simulation data. Un- MI L5ag
published MS Thesis, New Mexico State LI Sall

Univ., Las Cruces, NM, &% pp.

Kincaid, B.AR, o Jap L5 Gardner o and E3 Salz
H. A. Schreiber. 1?2&4. So0il and EZ SalL3
vegetation parameters affecting E4d SalL4
infiltration under semiarid conditions. EHE3 SalS
Bull. IASH &5:440-4532. El Salé
K-10 SalL?
Laney Ls Woy J. R Simanton, T. E. BN LSab
Hakonson, and E. M. Romney. 1987. BC LEas
Large-plot infiltration studies in EB LSa?
desert and semiarid rangeland areas of ALLN LSas8
the Southwestern U.S.A. Proc. Intrl. Contf. Allc LS5ay
on Infiltration Development and Applica- ~AllB L5all
‘ tion., Water Res. Res. Center, Univ. of CN SaL8
Hawaii at Manca, Honolulu, HI, pp.3&5-374. cEe Sal?
CE SaLl0
HN Sal il
HC Sall2
HE Sall3
MM 1
MC L2
ME L3
Ward, T. J. 1984, & study of runoff and Wsz SzlL14
erosion processes using large and small WS3 SallsS
area rainfall simulators. New Mexico State Ws2 SaLls
Univ. Water Res. Res. Center, Report Ws2 Lg
e . 2139, 221 NMSU LSall
MNMSLU LSalZ
Wardyls J. and 5T B, Bolin. 198%. BHZE LSal3
Determination of hydrologic parameters for BH&L LEalg
selected soils in Arizona and New Mexica BH&H L5515
utilizing rainfall simulation. New Mexico HEBZEB LSalé
State Univ. Water Res. Center, Report No. HB4L LS5al?
243, 24p. HB4H L5al8
LK2L LSal?
LK2H LEaz0



Table 2. Summary of cancopy cover, ground cover, and final
infiltration rates for selected data in Table 1.
Flo% 1D "Apparent" Textural 4 Canopy Y Ground Final
Class of Surtace Soil Cover Cover Infil. Rate
{5 (D K+ (mmAh)
Sal Loamy Sand or Gravelly PR Foa D 45.8
LSaZ Loamy Sand 2910 70.4 &0.7
LSa3 “ 41.2 sl ) D5
LSa4 - 7.0 82.7 81.0
LSasS 5 B9 nL = A b LN
Saé - g0.a &2.49 2148
LB&7 5 0.0 28,86 130
LSag i 2ls2 78.4 o R
Sa? & 0.0 0.8 27.4
LSa10 2 g.a0 14,8 14653
LSall . Yl W 255%
LSal12 " 12.0 a0.0e 22
LSal3 i g.0 0.0 16.8
LSal14d d P93 78.%9 18,3
LSalsS B 12,6 P - = <
LSalé 5 0.0 g0 &.4
LSal? A i8.0 T Z23 2
LSalg ’ 13,3 &%.0 ¥ (e
LSal? ¥ 35.7 &7 .4 S R
LSZ20 = <o 7é.é& 2
Salil Sandy Loam or Gravelly 220D e 1’250
Salz Sandy Loam 44,4 B 35.8e
Sal3 3 Sl L 1P
SalLg e 32,1 160D 20,3
SalLsS 5 20.3 12.6 14.7
SalLé . 248.0 14.7 17«0
SalL? g 20.0e L& 132
SaLs ¥ 34.7 S 26, 3
Sal? s .0 S7.4 1550
SalLi0 4 g0 8.8 19,6
Salil % 48.7 &3.9 31 . &
SalLlz x e 45.0 19,3
SalLl3 " g.0 Zih. % 12.4
SalLidg » 23.0 A 18.8
SaLlS . 12:0 ) s 14.7
SalLlé a 26.0 2.0e 14.0
L1 Loam or Loam near 2Z2.0 £ Bl O 200 S
L2 Sandy Loam o.0 g~ % R
L3 % 0.0 16.6 4.8
L4 % Zon 1.0e Tore |

The symbol e represents estimated values using information from the
text of the references cited in Table 1.




Table 3. Summary of KsO base walues, canopy cover, around cover,
measured final infiltration rates, and normalized, Kf/Ks0,
values.

G T ot i) Base KsO Y Canopy # Ground Final Mormalized

Values Cover Covepr Infil. Rate Kf - K=s0
{mm./h? L4 s K+ (mmsh? K=

LSal S5 o ek 35.0 45.48 %

LSa2 - 25.0 70.4 S0.7 202

LSaZ y: 41.2 S 796 2.2

LSa4q » ‘f 2.9 82.7 81.0 2.70

LSaS i W} 6o 2 = 3383 1,48

LSas RN 0.0 62.4 21.0 0.70

LSa? 4 0.0 23t 37 0.4&

LSa8 s 21 .2 78.4 B3.% e B

LEa? " 0.0 70.8 29 .4 0.%8

LSatlD 4 0.0 16.8 146 .3 0.54

LSall " S.0 E T 20.9 0.8&8

LSalZ2 < 12,0 S50.0 281 0.74

LSal3 b 0.0 0.0 16.2 0.4

LSal4 4 # 3 8.9 18.3 .61

LSal’s & 12 56 7689 23 03 111

LSalé " 0.0 0.0 4.4 0.z

LSal? 5 18.0 P 7 BSal 0.77

LSalg " 123 &5t Zeie 0.24

LSal? " 28.7 &7 .4 ST 58 1.04

LSaz20 . A 78.6 2¢ 7 .93

Sald i 285 1.9 12:0 120

SalLz - 44,4 28 .7 35 &6 Fa Db

Sal3 5 32.2 i 7 1743 1.73

SzL4 % =22 .1 N = 20:3 2.03

SalLS t ,I‘/ 20. 3 Fod 14.7 1.47

Salé " o 26.0 14.7 17.0 1.7

SalL? . ; 20.0 TP 13.2 1.32

SalLe A 34.7 =T 26 48 2568

SalL?® ¥ 0.0 S59.49 15:0 1.50

Sall10 ¢ 0.0 188 ) 38 5 ! 1.148

SalLll = 48.7 s - 3155 2.18

sallz 5 0.0 &5.0 902 } S

SalLl3 2 c.0 21 .9 12.4 Lo

SaLlqg - 23.0 2l 18.8 1.88

SalLls & 12.0 152 14.7 1.47

Saldé " 26.0 2.0 16.0 1560

L1 4.4 ’5;,;/[/ 22.0 76.5 20.5 3.20
L2 ' ‘ 0.0 78.1 e 1.14
L3 Y 0.0 16.4 4.8 0.75
L4 ’ 22.0 1.0 7.1 1.11




Table 3a. Summary of Ks0 base wvalues, canopy cover, ground cover,
measured final infiltration rates, and normalized, Kf-Ksz0,

values. Ks0 values adjusted for gravel in profile by

Ksladj = Ks0%({.0 - fraction of gravel in profile).
Plok D Base Ks0 % Cancpy % Ground Final Mormalized

Values Cover Cover Infil. Rate Kf Ks0O

{mm/h ) (2 K+ (mm/h? )
Sal &0, 5750 9.0 45.8 15a2
L5a2 20. 25.0 70.4 A7 2.02
LSa3 20 41 .2 S7.8 P 202
LSa4 300 17.0 2.7 21.0 2.78
LSaS 2 Sou2 o= 39 v 2.08
LSaé & 0.0 2.4 2150 1.249
LSa? 1 0.0 23.6 132 0 .84
LSa8 27 o 728.49 23 1529
LSa% B P 0.0 70 .8 2% .4 1 .8%
LSal0 27y 0.0 15.8 16.3 0.&0
LSall 250 it 2.7 b 1.04
L5aiz ey s 12,0 50.0 223 0.28
=5al3 24. 0.0 0.0 143 0.&48
LSald 235 e 78.9 183 0.80
LSal1S 22 1946 ¥859 3348 1.+
LSals TES 0.0 0.0 &.9 0.38
LSal? 16, 168.0 O . F 23 .2 1.45
LSalg 17 123 &2.0 2853 1.4%9
LSale L .7 &7.4 21.2 1.42
LSa20 22, 273 &8 e WP g e
Sall 0 . 2955 s 12409 .20
Sal2 Sl 44 .4 26.7 396 =.84
Sal3 T | 35,2 2 2 1248 Z2.84
Salg S.1 S 10.5 20 TE 3:.33
SalsS &l 20.3 s SR 14.7 2.491
Salé i | 26.0 14.7 | @ AT
Sal? 8.6 20.0 oy 1.5
Sals 549 24.7 D7D 26 J3 928
SalL? 5.0 0.a =57.4 1840 3.00
SaLl0 b= P 0.0 18.8 11 L& 232
SalL1l1 4.0 48.7 A2 P i T 7570
SaLiZ 4.0 0.0 45.0 12 o 4.82
SalLiz 4.0 0.0 218 12.4 310
Salid 10.0 23.0 25l 12.8 1.88
SalLls 10.0 1220 14.7 1.47
Sallé 10.0 24.0 208 16.0 1.&0
L1 .8 2.0 £6:9 20035 258
L2 9.8 0.0 78.1 s VB
L3 oS ) 0.0 16.68 4.8 083
L4 &.9 220 1506 ¥ fo:1%




om
o
{1

4. Y - s g ., for influence of
! L ) percent ground cover

S Y W
s T OxQCH

final infiltration

.,._
n
o
I
o

e value of hydraulic

conductivity in mmsh

Loamy 20 d.011% 0.0 U 7
Sandy Loam 1& 0.028 0.011 0.72

Loam 4 0.028 0.00%

__'
i1
r
Ll
s
o

o

summary of regr
rcent canopy cover #) and percent ground cover
on hydraulic conductivity

results for influence of

1]

F
f

1o

= a¥ccx + b¥qgc¥

Model : » = (Kf/Ks
K 0 *+ a¥cch + bxgck

red final
tration rate

1

Oad. 1

Where: K+ = meazu
i 1

i
Ksladj = base value of hydraulic

uctivity in mmsh

m
e
-t
= |
-
=
U
Lu}
e |
L)
-+
m

=

.
L=

—
I—'.
"

£l
N

5
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DATA ADIUSTEDL pon.  LSANDA. DA
GRAVEL IN PROFILE
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30. o7 .0 39.0 9.8 0.52
" 25.0 0.4 60 .7 1.02
= 41 .2 a7.8 79: 6 1.92
< 17.0 82.7 81.0 1.70

{7 53 .2 SF 3 S 3 1.08
g 0.0 &2.49 2140 0.29
7 0.0 23.:6 13.7 U

27 2108 78.4 33.7 0.25
¥ 0.0 70.8 29.49 0.0%
i 0.C 16.8 16.3 -0.40

25. 2.0 D27 25.92 0.04
s 12.0 50.0 2241 0 .12

24. g.0 0.0 16.3 w032

23 T3 7S 18.3 =0.20

22, 19:6 78:3 33.3 0.51

18. 0.0 0.0 &.4 -0.&849
& 18.0 .7 23l 0.45

17 12,3 &% .0 25 .3 0.49

22 3&5. 7 &7.49 3l.2 0.42

22 32 .3 V-1 27 % 0.27
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pe\eval  DATH SALOAM DAT

Salil 4.0

¥ S

i t‘3 .

Sali2 " 0 &5, =
Salli3 " 21. 10

SalLlg i0.0
SalLlsS 2
SalLis g

Sali 10, 23.5 {.9 12.0 0.20
® " 44 .4 26.7 35,4 2.56
Sal3 " 35,2 27,2 17.2 0.73
Sal4 ! 32.1 10.5 20.3 {.03
Sal5 . 20.3 17.6 14,7 0.47
Salé " 26.0 14,7 17.0 0.70
Sal7 . 20.0 17.7 13.2 0.32
Sal8 . 24.7 57,9 24.3 {.43
SalL? . 0.0 57,4 5.0 0.50
SaL10 . 0.0 18.8 1.6 0.16
Salid u 48.7 43.9 31.6 2.16
Sal12 o 0.0 5.0 19.3 0.93
Sal13 u 0.0 21.7 12.4 0.24
Sali4 : 23.0 2.1 18.8 0.88
SalL1s : 12.0 1.2 14,7 0.47
SalLié . 24.0 2.0 14.0 0.4
-l
PRTR IBTATSA T SA LA  DHT
62AVEL N PLoFILE

Sali 10. 23.5 {.9 12.0 0.20
‘aLE é.1 44 .4 26.7 35,6 4.84
aL3 z 35.2 27.2 7.2 1.84
Sal4 u 32.1 10.5 20.3 2.33
Sals “ 20.3 174 14,7 .41
Salé : 24.0 14,7 17.0 b
Sal7 3.4 20.0 7.9 13.2 .53
Salg 5.0 34,7 57,9 24 .24
Sal? " 0.0 5%.4 15, .00
SalLi0 " 0.0 18.8 i1 .32
8.7 = .70
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Regression through the origin for
¥ = a¥*xl + b®x2

LS |0+ 0028¢ccl+0.0) 6%
' a = 028 b o= 011 KSO- ¥

With Rsquared 20

]

Data Listing

”~

i s WL NS A ¥ ypreddi)

1 23.500 1.900 . 200 . 679
2 44.400 26.700 2.5480 1.547
3 35.200 27.200 .730 1.295
4 32.100 10.500 1.030 1.018
] 20,300 17.400 470 6P
& 2&6.000 14.700 . 700 « 895
7 20.000 7.700 « 320 w761
8 34.700 57.700 1.430 1.631
2 .aoo S2.400 . 500 » 678
10 .000 18.800 . 140 213
11 48.700 43.900 2.160 2.091
12 000 &5.000 « 730 « 742
13 000 21 .700 . 240 . 230
14 23.000 2.100 . 880 -1-¥4
15 12.000 1.200 470 « 349
2 750

14 2&,000

1

‘————End o Bataslisting-~===
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sandy loam data, 813789, adi for gravel, xl=cc4, x2=gc¥, ¥»=KFf K5

"’ Fe

gression through the origin for
o =gl DXy 2 i ,K—&' - ‘ ) "’D DL’.S CL%* 000;5 GC%
g 043 b = .055 Ksoﬁﬁ

)
[0
i)

With Fsquared = .

D

i

ta Listing

i 4% S ) ZL) SARE )] #predii?l
i 23,500 b ari . 200 Lo 21
= 44,400 28,700 4,840 e e
< Sa.« 208 27 . 200 = J.014
E S22 5100 10.3500 . 2320 P Ay es
= 20,3200 F.&00 1.410 1.843
& 24,000 14,700 e § g
= 20,000 K2 o700 el 1283856
2 24.700 S7.700 4.240 4,575
2 L0 57 .400 2.000 SRE96
10 000 12.800 1 . 220 1.030
5 | 48.700 &63.900 &.700 S.510
b LO00 65.UUU 2 .820 Sk
13 LO0a 21 .700 Z2: 13040 1« 204
14 232.000 2...000 L2280 198 11
‘ 13 12.000 I'-200 L A70 b s
1& 248,000 2.000 LEO0 I R L

Loam, 8513789, adj for gravel ¥l=ccH, x2=gc¥, ¥ = Kf-KSO - 1
i 5 1 k 3

Regression through the origin for
y = a%xl '+ b=x2
& .= 032 b = 012

I
ﬁ

With Esguared

Data Listing

-
fa

i x1¢io ¥Cid vprediil

. 1 22.000 74.500 2.530 1.745
2 .000 72.100 L2240 .21
3 La0o 146.400 -.170 198
4 22.000 1.000 .110 .875




PROGRAM

PROGRAM: REGORGNZ

PURFPOSE: Two perform regr
independent vari
Model s ¥
Solution:

P

LANGUAGE: FORTRAN 77

*

Input unit
Qutput Uni

Keybo

ts: * screen

s
"

Input Information:

on

Output Information: 1.

ha

)
P

ard,

@ PRYGR A M

DoCcumenTAT/ON

PROG R AWM
L\STINE

DOCUMENTAT I ON

through the origin for two

a and b and

1. dnput.-filas

sl 77 output file

title, FORMAT 510

fmt, FORMAT S10
fmt is the variable format for
the input data.

filen, FORMAT 510
filen is the filename for the
input data z21€id x2¢i» <) read
in under the format fmt

fname, FORMAT S10
friame | he filenzme for all

u t

o+ N
JC ~+

tfile outp

templ ,tempZ, tempS FORMAT +mt
x14i) = templ

x2Ci) = temp2

y{i) = temp3

for i =1 to i = n

title

e, FORMAT S
Output to sc
Heading,
Dutput to screen and
Equation, FORMAT &10
Output to screen

a and b, FORMAT &Z0

fname

fname

3

fname

Qutput to screen and fname
reqrd, FORMAT &30
Qutput to screen and fname

Heading, FORMAT &35

Qutput to fname only
Heading, FORMAT &40

Cutput to fname only
Cid,rhat(i

&S0

iyxlcio

Output
Heading,

Qutput




R

EXAMPLE :
Suppose vyou have a problem with the following.

Title: Test run for two vars

fmt: (20x,3F10.2> This is the format for the x1,x2,y data
filen: testl.dat This is file name for input datsa
fname: testl.out This is file name for output data

To run the program you would enter the following data in
response to the program prompts.

Prompt User Input

Enter Job Title Test run %ﬁr two vars
Enter format for data 20 ‘f¥10

G2X s fRN Ny FOO WOy THN. 0

Enter file name for input data testl .dat

Enter file name for ocutput testl.dat

At this point the program will read in the data from the file
called testl.dat. The file testl.dat looks like this: Note
that the first three rows below are for illustrative purposes
and are not in the data file. The data file would only
contain the lines labeled actual data below. That is, the

i
data file testl.dat would consist of six rows of data.
Column in data file
123454678%1 12345878721 22345478931 2345478941 23454878951 23454787

0 0 0 0 (0]
actual data 1., 20 i e O
actual data 2533 4.44 7« BZ
actual dats 2.00 100.50 125 .20
actual data 0.50 g.30 L1l
actual data =R o . u 79.00
actual data S0.00 - 8 82.00




output da
Qming,

0
w
b=
oy
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Th
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m
in

t run for two var

"

Regression through the origin for
y = a¥x]l + ’
a = 1.588 b = 1.154

With R

=]

m
i
7"
i
i |
i
(W

|

¥
A

L
[y
o
o
r
n
“+
N

i wicCi | J ¥ ] 2 ypred(i
1 1 3. 4.
2 3 7 s 10.
2 8.000 25.700 128,
B 200 1.100 g
= 2« 230 79,000 652 .
& S0.000 82.000 81.

)



360

- NN

program regorgn2
Program to perform regression analysis
through the origin for two independent variables
Yy = axl + bx2
L. J. Lane, July 198%

character*80 title

character*80 fmt

character#*1 ansi

character*12 filen

character*12 fname

common x1(1000),x2¢{1000),y<(1000),yhat<1000)

section to input job info

write (%,500>
format(‘ Enter Job Title *)
read (%,9510) title
format(al
write (%*,505)
format(’ Enter format for data (?x,fnn.n,fnn.n,fnn.n’
read(*,510)fmt
write(*,3520)
format(’ Enter file name for input data ‘)
read (#,510) filen
open(l,file=filen,status=‘0ld’

write(*,540)

format(’ Enter file name for output “)
read(#*,510)fname

opentuni t=2?,file=fname,status="new’)
nx = 0

read incdata xP06), X301 ) ridy =1 tos nx

read(l,fmt,end=20> templ,tempZ,temp3

s = nE .l
x1inx) = templ
x2{nx) = temp2
¥inx) = temp3
go to 10
rewind 1

n¥ = nx

®num = nx

initialize variables

sumxl = 0.0
sumx2 = 0.0
sumy = 0.0
sumxly = 0.0

sumx1x2 = 0.0
sumx2y = 0.0

sumxlsq =
sumx2sq =

)




c
do 30 i =1,nx
sumx1l = sumxl + x1<{i)
sumx2 = sumx2 + x2¢i)
sumy = sumy + y<(il
sumxly = sumxly + x1CiX)*y(j)
sumx1x2 = sumx1ix2 + x1(i)*x2(i)
sumx2y = sumx2y + x2Cir*y(i)
sumxlsq = sumxlsqg + x1Ci)*x1(i)
sumx2sq = sumx2sq + x2(i)*x2(i)
30 continue
c
c calculate regression coefficients
=
b = sumxly*¥sumx1x2 - sumxlsg*sumx2y
b = b/A{(sumx1x2¥sumx1x2) - sumxlsqg*sumx2sq?’
a = {(sumx2y - b*sumx2sq)/{(sumx1x2>
c
c calculate estimated ¥y values
c
sse = 0.0
ssy = 0.0
rbar = sumy/nx
_ do 40 i = 1,nx
$ yhat(i) = a®x1¢i) + b*x2(i)

sse = sse + (y(i)-yhat(i))®(y{i)—-yhat{i))
ssy = ssy + (y(id-ybar)*(y(i)-ybar)

40 continue
rsqrd = 1.0 - (ssesssy)

= section to write out resuilts

write{(*,510)title
write(??,5102title
write(®,4500)
write(?22,400)

&00 format(//,5x,’ Regression through the origin for )
write(*,4810)
write(2?,410)

410 format(Sx,’ ¥y = a%*xl + b*x2 )
write(*,4620)a,b
write(9%,620)a,b

&20 formatd(/,” an= 7 :£18838,° b = ;103>
if({rsqrd.gt.0.0).and.{rsqrd.le.1.0)) then
write(*,46230)rsqrd
write(??,4630)r=sqrd

else

endif
&30 format(/,” With Rsquared = “,f10.3,)
c

write{(?%,4835)
435 format(/,” Data Listing 7
write(29,4840)
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ALL DATA

Regression through the origin for

y = a*xl + b#x2
a = 021 b
With Rsguared =

Data Listing

i x1(1)
1 23.500
2 44.400
3 35.200
4 32.100
5 20.300
B 26.000
7 20.000
8 34.700
g . 000
10 . 000
11 48.700
12 . 000
13 . 000
14 23.000
15 12.000
16 _26.000
17 57.000
18 25.000
19 41.200
20 17.000
21 65.200
22 . 000
23 .000
24 21.200
25 . 000
26 . 000
27 5.000
28 12.000
29 .000
30 9.300
31 18.600
32 . 000
33 18.000
34 12.300
35 36.700
36 39.300
37 22.000
38 . 000
39 . 000
40 22.000

27

*2

26
27
10.
17.
14,
i e
i
BH.
18.
B3.
Bs .
21,

35.
70.
57
82.
B,
62
Ve
78.
70.
1B6.
B2.
50.

5

s

. 300
. 700
.200

500
600
700
700

. 500

400
800
300
000
500

. 100
. 200
. 200

000
400

. 800

7008
300

. 400

600
400
800
800
700
000

.00

. 900
.500

.000

. 700
. 000
. 400
.500
.500
. 100

.600
.000

jat]

y(i)

.200
.560
. 730
.030
.470
. 700
. 320
630
.500
. 160
.160
. 930
240
.880
470
.600
.520

1.020

.520
. 700
.180
. 300
.540
120
020
. 460
.140
.260
.460
.590
110
790
230
. 160
. 040
.Q70
. 200
.140

.250
110

ypred(i)

.502
979
. 784
.696
. 455
572
.448
.815
.080
.025
1.120
.087
.029
.431
4
» 9585
1.257
.626
953
A72
1.461
. 084
032
. 556
.085
.023
S by dr)
<322
.000
.304
D52
. 000
.463
. 354
.870
. 938
570

.105

022
.468
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FS~MC~W3
RAINFALL INTENSITY 4,486 IN/HR

TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
4.75 0.0000 0.0000 0.0000
11.25 0.0485 0.4477 4.0483
11,868 0.0808 3.0762 1.4198
13.75 2.1479 2.1528 2.3431
16:25 ©.1596 0.2808 4,2152
17.50 0.2020 2.0352 2.4608
23.75 0.2778 1.6877 2.8083
30.00  0.6869 2.9674 528D
FS-MC-W4
RAINFALL INTENSITY 4.639 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
3.13 2.0000 0.0000 @.0000
3,75 0.0236 2.28389 2.3551
5.00 0.1010 3.71582 @,9238
11.88 0.2828 1.5855 3.0535
13.13 0.3047 1.0512 3.5878
14.38 ©.3670 2.9904 1.6486
17.50 0.4646 1.8769 2.7621
20.00 ©.5135 1.1736 3.4654
21.88 0.5943 2.5787 2.0603
26.88 ©0.7605 1.9944 2.6446
29.38 @.8502 2.1528 2.4862
30.00  ©.8754 2.4387
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FS~-H-MG-W2
RAINFALL INTENSITY 4,531 IN/HR

TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
2.87 @.0000 0.0000 2.0000
4,38 @.0505 s S | 2.8181
7.50 2.1030 1.0096 3.5814
11525 0.1838 1.2828 3.2382
14.38 0.2505 1.2786 Jx2124
18.13 0.3232 1.1632 3.4278
21.88 0.4162 1.4880 3.1030
25.63 0.5091 1.4864 3.1046
28,38 2.6141 1.6800 2
30.00 @.85465 3.1355 (1.4555)
FS-H-MG~W3
RAINFALL INTENSITY 4.458 IN/HR
TIME DEPTH RUNQFF RATE LOSS RATE
minutes inches in/hr in/hr
1.50 2.0000 0.0000 0.0000
2.50 0.0202 1.2120 3.2460
5.00 0.0747 1.3080 3.1500
8.13 @.1536 1.8275 2.8305
10.63 0.248S 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 ?.8162 2.3588 2,0992
30.75  0.9939  2.3693
FS-H-MG6-W4
RAINFALL INTENSITY 4.839 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
L33 0.0000 ?.0000 0.0000
5.13 0.0040 0.1333 4.5057
6.50 0.0424 0.68837 3.95583
8.75 0.1051 1.6720 2.9670
11.88 0.1737 1.3150 3.3240
16.25 0.2828 1.4879 3.1411
19.38 0.3758 1,827 2.8563
23.00 0.4888 1.8746 2.7644
27.50 0.6202 1.7507 2.8887
31.75  0.7434 1.7393
FS-M-PJ-W1
RAINFALL INTENSITY 4.6829 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
4.08 ?.0000 0.0000 0.0000
7.50 0.0081 0.1421 4.48689
10.83 0.0525 0.8511 3.7778
13.75 ©@.09289 0.7768 3.8521
18,13 0.1455 0.7205 3.9085
21.25 0.1838 @.7365 3.8925
25.00 0.2343 0.8080 5.821@
29.00 0.2747 0.65060 4.0




|
|
|
|
_

|




A N 1L L L L + . . D4 [ Ht
| 3 04
L& et 0. L0, | )
] NTEN [ 10 4R
- ' ' < s b ¥ A e
A5 X VUV X VOO ¥ ) 0
4 Ve U0 i |
? 5 - A AT/ . A ~r
I ( ( A | A y R B .
nehee i/ hr
: v.udave . Q000
+ .08 ¥.W444 aZ4 4 ?
A TN al f [ g 4
KMl - \ | I\ & | 4 691 | .
| =E = f NOFF RATS | C ATF
i n/hr v
e I v.3uaul ¢ ) y il A ()




FS-F-U3
RAINFALL INTENSITY 4.458 IN/HR

TNE DEPTH RUNOFF RATE LOSS RATE
minutes inches 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 21857
32.50 1.0020 2,3270 2.1310
e
FS-F-W4
RAINFALL INTENSITY 4.020 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
1.50 0.0000 @.0000 ©.0000
5.83 0.0444 0.6450 3.3750
11.88 @.1818 1.3190 2.7010
1625 @.3596 2.4412 1.5788
2125 2.5010@ 1.6868 23252
28.25 @.6828 1.5583 2.4617
31.00 @.7531 1,5338
e
FS-FC-W1
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
7.50 0.0081 0.0871 4,2749
1513 @.0545 @.4845 3.8875
18.13 0.1212 0.8004 3.5616
23.75 0.2121 @.9705 3.3815
28.25  0.4303 2.9093 qﬁ?ﬁ?f)
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 2.7687
20.00 0.4848 2.1816 2.3334
25.00 0.6545 2.0364 2.4786
31,50  0.9414 2.6483 GFEEE?Z)
FS-FC-W3
RAINFALL INTENSITY 4.B848 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
133 ?.0000 0.0000 0.0000
5.88 2.0788 1.0391 3.6088
10.88 0.3051 2.7156 1.9324
15.88 0.5313 2.7144 1.9336
19.63 8.7192 3.0064 1.6416
23.38 0.9182 3.2000 1.4480
27.13 1,1478 3.6528 Q.9852
30.58  1.3091 2.8104
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C-TSB-W2
RAINFALL INTENSITY 4.524 IN/HR

TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
232 0.2900 0.0000 2.0000
By 25 0.0323 2.5820 3.9420
12.63 @.0889 0.7753 3.7487
14.38 @.1535 1.@336 3.4804
18. 78 0.2182 0.8883 3.6357
20.83 @.2586 1.2894 3.2346
C-TCP-W3
RAINFALL INTENSITY 4.498 IN/HR
TIME DERTH RUNOFF RATE L0OSS RATE
minutes inches in/hr in/hr
@.75 0.2000 0.0000 @.0000
6.88 0.0141 0.1380 4,3580
9,58 0.0545 @.9696 3.5264
2.50 0, 1253 1 3815 3.1345
15.63 ?.2000 1. 4319 3.0641
18413 0.2566 1.3584 3.1376
20.63 0.3394 N8V Z 2.5088
C-TSB-W4
RAINFALL INTENSITY 4.610 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
2.08 0.0000 0.0000 0.0000
4.38 0.0774 2.0181 2.5808
gals 0.1370 1.9136 2.6964
10.63 @.3047 2.5848 2.0252
15.00 0.4562 2.0801 2.5289
17.50 @.5185 1.4952 3.1148
20.63 ?.65198 1.9418 2.6681
C-BSB-W1
RAINFALL INTENSITY 4.372 IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
Il ?.0000 2.0000 ?.0000
L 0.0384 0.5143 5.8577
10.00 0.1051 ©.9158 3.4562
14.38 9.1737 @.9397 3:4323
18.13% 0.2626 1.4224 2.9496
22.50 0.3475 g 3.2063
30.00 0.4848 1.0984 3.2736
C-BSB-W2
RAINFALL INTENSITY 4.810@ IN/HR
TIME DEPTH RUNOFF RATE LOSS RATE
minutes inches in/hr in/hr
3.67 0.000@ 0.0000 0.0000
8.175 9.0061 0.0720 4.5380
14.38 Q.0343 ©0.3005 4.3085
18.13 0.0747 0.6464 3.9636
22.58 B, 1172 0.58B35 4.02B5
30.00 @.1657 @.3880 4.2220
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Table 13. - Texture based on hydrometer analysis and
organic content of Ft. Stanton samples.

Plot" ID No

Sand

45 .
43.
42.
42.

39.
44 .
42.
44,

43.
40.
36.
39,

BO8
42.
46.
40.

89,
40.
32.
41.

38.
36.
40.
40.

3l
35,
36.
3%

Sl
40.
45.
44 .

38.
42,
45.
47.

SCOONPE, COON &SP P® OOCOOC NONPD DO NP DOON NDOBSO

Texture,

Silt

20
29.
28.
27

30.
24.
29
29:.

28.
28.
31«
28.

32,
Sk
29,
32.

335
33.
42.
34.

23
38
35
36.

30..
32.
32.
38.

34.
31.
34.
34.

33
32
36.
33

PPN OCOCOX® HFONOCO OOV OOV S OO APNMNODO NOOO SN

28

Clay

26.
27.
291
29.

30.
32.
28
26

28.
34
32.
32.

28.
255
24,
28.

27
26.
25
24,

28.
30.
20.
235

32.
32.
31.
24,

28.
ZO%
21°
22,

28.
24,
18,
19.

NMNOONO OOCOCOC NOOW NENN OPFPON OONPO PO OONOOOD OOVEON

Organic con-
tent in %

—

—
H N SO NP0 ODNOYOH- PO LTOUOPEULL WOV B

— b

MO NW WSO

+ 35
.10
AL
.96

.26
.40
o’
Al

.47
« 1D
.05
.98

.56
.78
.45
93

.69
.54
=59
<32

.88
.88
P
« 27

239
282
.03
.03

.40
.38
232
22

.16
.96
261
33

-

T

Sl




Table 14. - Texture based on hydrometer analysis and
organic content of Tucumcari samples.

Plot ID NO. Texture, in % Organic con-

Sand Silt Clay tent, in %
T=-G-LC-1 42.0 41.0 17.0 3231
2 48.0 39.0 1350 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 8.8 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 2710 17,0 1.66
4 65.6 20.2 1470 1219
T-MG-QH-1 59.2 19.6 21.5 2.59
2 60.8 19.6 19.6 1528
3 64.8 18 17.4 218
4 64.8 20.0 15.2 1.69
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Table 15. - Texture based on hydrometer analysis and

organic content of Cuba samples.

Plot ID No. Texture, in 9% Organic
content,

Sand Silt Clay in %

C-CPT-1 63.4 22.2 14.4 3.82
2 60.0 26.0 14.0 4.38

2 72.6 16.2 11.2 4.17

AL 4 75.4 14.6 10.0 1.12
C= EWPT=/ 68.2 1740 14.8 1.59
2 70.0 16.4 13.6 2.62

3 70.4 15.6 14.0 127

» 4 69.4 18.0 12.6 2.00
=PI~ ] 66.0 19.6 14.4 4.66
2 70.8 15.0 14.2 3.29

P 85.6 6.2 8.2 0.92

y i 90.0 8.0 2.0 2.32
C-58 -~/ 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
Tk 47.0 24.2 28.8 2.61
2 48.8 22.6 28.6 3.78

3 53.6 282 29.2 3.42

4 50.4 23.6 26.0 4.30
C-7¢pP-/ 82.4 7.6 10.0 1.45
2 76.6 9.4 14.0 1.68

7 66.2 17.2 16.6 4.04

4 82.6 5.4 12.0 0.73
C-BsB-/ 49.6 30.4 20.0 1.51
4 70.0 20.0 10.0 0.71

g 32.6 36.8 30.6 3.01

4 32.0 38.0 30.0 4.82

C-Ns 8-/ 38.8 34.2 27.0 6.35
2 49.6 36.6 13.8 1.80

3 44 .0 32.6 23.4 3.29

2 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
i 3 58.0 21.6 20.4 2.84
A 4 62.8 21.0 16.2 2.51
3 M-LG-1 59.0 19.8 21.1 7.29
: 2 61.6 18.4 20.0 4.10
4 3 48 .0 29,2 22.8 7.28
¢ 4 50.4 32.2 10k 6.08
b 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.

Cover in % Production in Kg/ha
Plant Grass Forb Litter Rock Total Grass Forb Litter
25.36 24 .42 0.94 292 2.92 31.2 ARy 15/ & 310.6
47.81 46.25 1.56 281 0.52 51 .14 307.6 15.4 4172
5385 46.56 7529 Tt 8.65 65.21 249.1 228.6 228.6
47 .91 46.35 156 2.81 4.06 54.78 27558 37.9 189.7
4218 137 8550 38 .33 8.23 2.60 530 12521 %4193 1694.6
41.98 34.58 7.40 2.81 6.46 51.25 241.9 163.0 414 .2
5521 47 .19 Br02% 10.10 156 66:87.| 11113 174.3 550. 5
81:.36 1292518 . 44 8.12 2eeh0) 41.98 263.5 424.4 838.6
64.68 60.10 4 S8 8713 QL52 83.33 | 1549.0 78.9 1609.5
58.44 35.93 el 6.15 1.04 65.63 | 1594.1 89.2 7925
40.63 8.65 31.98 26.88 4.58 72.09 209.1 491.1 1939.6
45.52 208 52 8255 033533 1015 80.00 733:0  431.6 "3266.2
20.52 16.98 354 77 .54 1.46 99.52 238.9 5 261..4 11261.3
18 9.79 3538 s 7 0.52 98.91 220.4 164.0 8349.9
9.69 6.88 2581 BN 02 5.00 921 300 162 2008 1266, 1
vl 15:31 240" 70.371 1-15 89.17 27257 | 6L ONN6344 0T
39.79 36.25 3.54 7.08 2% 49.06 46,3 1216 .3 562.8
43.23 43.23 0.00 0123 3523 46.67 414.2 0.0 149.7
54.48 46.56 792 6..15 0.00 60.63 57.1 280.9 383
38475 34.69 4.06 0L 52 0.94 40.21 Ll 19256, 0 168.1
25.94 23.65 2029 85604 0.63 82.61 266.5 H51.7" 9603.7
19.59 15.63 3.96 46.46 0L 31 66.36 205.0 184.5 9419.1
25.00 21577 A28 N 650 25 93,75 271, 7 » 46,6 WZ38B5.5
24.06 175 6.35 74.69 0.00 98.75 266.5 188.6 7374.0
90.94 86.88 4.06 573 0.00 96.67.1 1986 .8 . 313.7 801.7
73,02 68.75 4227 3.33 1.99 78.34 | 1045.7 220.4 349.6
58.43 43 3315 10 3.96 17225 63.64 993.4 424.4 908.3
62.82 59 1.7 365 0.42 4.27 S A 981.1 284.0 543.3
64 .38 L 6.67 2.29 0.00 66.67 70834 258 .3 2702
51.14 47 .60 3.54 4.06 0.00 55.20 535.1 268.6 339.3
60.73 58.65 2.08 20714 0.00 63.44 840.6 167.1 243.0
42 .40 40.63 k8777 6. 77 0.00 49 .17 687.9 198.9 538.2
44,32 44,11 021 1.46 2.40 48.18 404.9 164.0 159.9
42 .61 40.94 15617 4.2 3533 50 .21 G5 . L8435 1661
3 3136 29058 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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Z 61.
3 60.
4 41.
1 287
2 28.
3 23,
4 2l

S
42,

35,

64.
2 53.
3 64 .
4 41.
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3 6.
4 24,
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61.
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41.

28.
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21.

36.
42.
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63.
48.
63.
41.

28,
270

6.
24,

Grass
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35,
46.
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61.
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*includes standing dead material.

Rock Total

OO O 000 OO0 O0
QR D0 O D0 O

GO0 QO ©
2 OO 9 e S

56.
62,
61.
43.

28.
28.
25 .
Zls

64 .
SE

47.

7.
60.
70.
46 .

Xk
Ti% )
96.
85.

o U SHOONN

AN COONDO O -

Production, in Kg/ha
Forb

Grass

995
946
1145
632

201
273
310
272

862
951
802
121

614
761
978
535

359
219

98
269

17
7%
13
2%

<1,
<1
3
i

11748
518
18.
7

18.
68.
16.

0.
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DO0O00 OCCDO D000 oL OO0
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881%
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Table 23. - Ground cover and production within
the plots at Cuba.

Cover, in % Production, in Kg/ha
\ﬂv ff Plant Grass Forb Litter Rock Total Grass PForbs Litter
; & C=CBI=1 0.94 0.42 0:52 7.08 0.00 8.02 2.4 2. 1N ST1005:04
- 3 2 1.25 021 1.04 48.33 0.00 49 .58 31 152311591 .0
> 3 2.71 2570 0.00"  '32.29 0.00 34.50 9.3 020 2614.7
4 4 10,52 2.19 B 3388 18R 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%
o 2 54.48 54.17 0.31 6.99 0.00 61.47| 1193.3 7.2 “1446.2%
E 3 32.08 25573 6.35 12.60 0.00 44.68 415.0 160.0 1511.2%
3 b4 31.88. 3073  1.15+12.19 .0.00 44.07] 639.0 _16.5 3146, 3%
ﬁ C-PJ=1 25810 2.50 O 3G TE ()2 0.00 99.83 26.8 1.2 ?
o 2 0.84 0.21 0.63 89.48 0.00 gU32 5.2 28 07 5615510
4 3 2092 1598 0.94 90.42 0.0 93.34 14.5 8.3 232380
3 4 3.65 1.98 12675 22708 0.0 25:173 722 351 "3282:-6
é C-SB-1 5 4.17 1.04 5.73 0.0 10.94 19.6 11.4% 1253.2
f- 2 1525 1.25 0.0 12.60 0.0 13.85 15.5 0.0 3194.0%*
‘g 3 9:.37 3285 5.52 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 F100 4.1 1750.7%%
4 C-TSB-1 46.98 46.98 0.0 14.17 0.0 61.15] 1909.7 T2 12032675
2 GG A7 HEYT. 0.0 8.23 0.0 52.401 862.0 22.7 894.0%
« 3 35.62 33.02 2,600 723 .13 0.0 58.75 388.1 42.3 3391.0%
K, 4 51. 78 48.13 3.65 15.00 0.0 66.78) 1058.1 40.3 756.6
,1 CrTCP=1 63.17 S1:54 11.63 2526 0.0 65.43 7205 127.0 2775.77%
4 2 3822 3862 7.60 1.04 0.0 39.26 7752 68.1 625.6%
3 47.70 37260 10.10 0.42 0.0 48.12 8258 130 21 603.9%
4 42.39 38.07 4.32 2.26 0.0 44.65 695.7 33.0 5151
C-BSB-1 46 .66 44 .79 87 229 0.0 48.95| 1189.2 90.8 709.2
2 55.72 53533 2.39 7.19 0.0 62. 9 =103 0N O 7284 813.4
3 65241 56.98 B0 7.92 0.0 68,131 1627.9 206.5 815.5
_ 4 48 .44 44 .69 30755 °25.63 0.00 74.07| 1560.8 3722 21 1M9%
2 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 2519 9.37 0.00 49.16 325.2 83.60 158114
3 6.98 16.15 0,83 10 42 0.00 27.40 17154 16.5% 157753
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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Table 24. - Ground cover and production within
the plots of Magdalena.

Cover, in % Production in Kg/ha

Plant Grass Forb Litter Rock Total Grass Forb Litter
23.96 22.19 1877 0.00 2.60 26.56 84.1 95.3 19.5
25.83 25.83 0.00 0.00 3.23 29.06 158.9 1554 28.7
37.29 37.29 0.00 0.00 18.96 56.25 128.2 T2 51
26.67 RS 7.92 0.42 4.69 31.78 133. 3 %1558 59.5
44 .89 40.83 4.06 0.00 4.79 49.68 037 .7 85.1 152.8
33585 3353 0.42, 5.10 . 13.13 51578 321.9 23.6 2l
37.29 37.29 0.00 0500 MR8 49 .17 362.9 14.4 133
60.95 56.91 4.04 0.00 0.00 60.951 1722.3 ¥57.9 44,1

6.67 6.67 0.00 83.44 2:50 92.61 40.0 - 28,376
6.98 4.79 2,195 21 3.44 85.68 20 34.9 32,1763
0.83 0.62 0.21 96.61 1.96 99.4 3.1 6.2 44,775
1.03 0.93 0.10 93.62 0572 95.37 10.3 1.0 69,641

41




/Y Saty 82
Lbowe ) »/ T Wl
b witf senol WRRZ ewor? A, 2/
He /s ;4;11.‘9%{7 [//’) /r/}’Zy anotber WRRZ /P,wr/
,/ wit/ e ¥
Z W sewd By v Ak o
Z ey sl Sow 1o A e At st
)6}" &S

70 4y, 87

Tar wl senal @ Aeoer No. 24/ § 243
Look @ At Ly e, Bomve grovwd” St oo,



GEORGE V. SABOL PhD., P.E.
CONSULTING ENGINEER
1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601
’ ‘ (303) 457-0989
A

28 April 1989

Mr. Joe Rumann

Hydrologist

Flood Control District of Maricopa County
3335 West Durango

Phoenix, Arizona 85009

Dear Joe:

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,

e

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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GEORGE V. SABOL Ph.D, PE.
1351 EAST 141st AVENUE
BRIGHTON, COLORADO 80601
(303) 457-0989

@m’& 6 September 1988

Mr. Walter J. Rawls

Hydrologist

USDA-ARS, Hydrology Laboratory 30/~ Z4L3 744
Bldg. 007, BARC - West

Beltsville, MD 20705

Dear Walter:

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

I am working on a Hydrology Manual for the Flood Control District of
Maricopa County, Arizona, and we are presently evaluating rainfall loss
procedures and parameter estimation techniques. Now that Green-Ampt is
available in HEC-1 (version released in July 88), this has become a viable
alternative for our use. Copies of the instruction sheets for coding the
HEC-1 Green-Ampt function are enclosed for your convenience. | am using
the procedures that you, Brakensiek, and others have recommended for
parameter estimation. | will keep you informed of the results of our
tests and selection of recommended procedures.

| would like your comment on a procedure that | have adapted from some of
your work in regard to estimating the volumetric moisture deficit (DTHETA
according to HEC-1 nomenclature). | used the 1/3-bar and 15-bar soil
moisture graphs from Figure 8 of Rawls and Brakensick (1983), A procedure
to predict Green and Ampt infiltration parameters to prepare a similar
graph of the difference between these two soil moistures. | have enclosed
a copy of this figure. | believe that this represents the available water
content of the soil and also the maximum value of DTHETA (for bare
ground). Some adjustments may be necessary depending upon soil cover and
land-use practices. This figure does seem to be a convenient aid for
estimating DTHETA. What are your comments on this?

| notice in your manuscript titled Infiltration parameters for rangeland

soils (to be published in Range Management) that you reference a research
report by Ward and Wood (1982). |t 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-disciplinary 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 Civil Engineering. As
a point of interest, Dr. Carruthers is now New Mexico's Governor
Carruthers. | have enclosed a copy of the report cover and
Acknowledgement page indicating authorship. Although | 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 significant
financial commitment by the State of New Mexico. | would suggest,
however, that the reference include that the researAch was performed for
the New Mexico Soil and Water Conservation Division, Natural Resources
Department and that authorship be as indicated in the Acknowl edgement. |
would also think that the report was "published" by New Mexico Sate
University.

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

"1l call you next week to solicite your comment on the DTHETA figure. |
appreciate your help, thanks.

Sincerely yours,

4

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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.42 in/hr
6@ %

1.5@ gm/cc
.86

EFFECTIVE HYDRAULIC
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@.26
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LPRINTLPRINTLPRINTLPRINTLPRINTCLS

INPUT "SOIL TEXTURE CLASSIFICATION";:S0IL®
INPUT “"HYDRAULLIC CONDUCTIVITY, IN in/hr":XKSAT
INPUT "SAND CONTENT, IN %"iSA

INPUT "BULK DENSITY, IN gm/cubic cm":iBD

INPUT "SOIL CRUST FACTOR":SC

FMT2$="HYDAULIC CONDUCTIVITY .4% in/hr"
FMT3%="5SAND CONTENT *EE 2"
FMT4%="BULK DENSITY *.4#% gm/ce”
FMTS8="50IL CRUSTING FACTOR S

LPRINT TAB(3@); SOILS®

LPRINT USING FMT2%:XKSAT

LPRINT USING FMT3%:SA

LPRINT USING FMT4%:BD

LPRINT USING FMTS5%;:SC

LPRINT

LPRINT

LPRINT " CANOPY COVER GROUND COVER EFFECTIVE HYDRAULIC CONDUCTIVITY"
LPRINT " % % in/hr"
LPRINT " i
FMTi$= b bpi 3 .8t
CcLS

INPUT "CANOPY COVER, IN % TOTAL AREA";:CAN

INPUT "GROUND COVER, IN % TOTAL AREA":G6C

CALC:

OF = 10@-CAN

BC = (100-6C)*CAN/100

BO = (100-6C)*0P/100

TG = .5

L =6.0

K = 2.54 = XKSAT

B = .0088 + .0721+TC + .0Q00068*SA"Z + .Q00021*SA“Z2*TC -~ .Q0Q315+5A*TC"2
A = EXROZ.82 — .B93#50 + 1. G943B0)

CRC =L/¢((L~TC)/58C + TC/B)
CF =1 + .96+CAN/1G0

KEQ = K*(BO*CRC/OP + A*(1 -~ BO/OP))/2.54

KEC = K*CF*(BC*CRC/CAN + A*(1 - BC/CAN))/2.54

XKE = (CAN*KEC + OP*KEO)/100

LPRINT USING FMT1%;CAN,GC,XKE

CLS

PRINT " SELECT®

PRINT " I - INPUT OTHER COVER FACTORS"
PRINEC 2~ BN

INPUT °© ENTER CHOICE"iDECIS

IF DECIS=1 GOTO 1

IF DECIS=2 60T0 2

gled 5

INPUT "CANOPY COVER";CAN
INPUT "GROUND COVER";GC
G0SUB CALC

2 PRINT "END OF RUN"

END



RYE, BAS

60SuUB CALCCLS

INPUT "SOIL TEXTURE CLASSIFICATION";SOILS®
INPUT "HYDRAULIC CONDUCTIVITY, IN in/hr";XKSAT
INPUT "SAND CONTENT, IN %":iSA

INPUT "BULK DENSITY, IN gm/cubic em";iBD

INPUT "S0IL CRUST FACTOR":8C

FMT2$="HYDRAULIC CONDUCTIVITY $.4% in/hr"
FMT3&="SAND CONTENT R 2"
FMT4$="BULK DENSITY ¥.%% gm/cc”
FMTS$="S0IL CRUSTING FACTOR g

LPRINT TAB(3@): SOILS

LPRINT USING FMT2%;XKSAT

LPRINT USING FMT3%:S5A

LPRINT USING FMT4%:BD

LPRINT USING FMTE®:SC

LPRINT

LPRINT

LPRINT * CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR"
LPRINT * A % 3
LPRINT " «
EMTLg= “ b3 Eae .88 "
FOR I=1 TO 11

IF I=1 THEN GOTO 1@ ELSE GOTO 20

10 CAN = 1

60TO 50

20 IF I=11 THEN GOTO 3@ ELSE 60TO 4@

3@ CAN = 99

G070 5@

4@ CAN =(I-1)*10

50 FOR J=0 TO 10

6C = J*1@

0P = 10@-CAN

BC = (100-6C)>*CAN/100
BO = (100-GC)+0P/100
TC = .5

L =6.0

K = 2.54 % XKSAT

B = .0088 + .0Q721+TC + .0000068*SA"2 + .Q00Q21*SA"2*TC ~ .Q00315*SA*TC"2
A = EXP(2.82 - .099+5A + 1.94#*BD)

CRC =L/¢((L.-TC)/8C + TC/B)

CF =1 + .96+*CAN/100

KEOQ = K*{BO*CRC/QOP + A*(1 - BO/0P))/2.54
KEC = K+CF*(BC*CRC/CAN + Ax(1 - BC/CAN))/2.54
XKE = (CAN#*KEC + OP*KEO)/100

RKE = XKE/XKSAT

LPRINT USING FMT1%:;CAN,GC,RKE
NEXT dJ

NEXT I

END




Bocolls Hom RHE BAS

,2 SANDY LOAM
HYDAULIC CONDUCTIVITY .40 in/hr
SAND CONTENT EQ %
BULK DENSITY 1.50 gm/cc
SOIL CRUSTING FACTOR .86

CANOPY COVER  GROUND COVER  EFFECTIVE HYDRAULIC CONDUCTIVITY

% A in/hr
1 1 0.21
1 10 0.22
1 25 0.24
i 50 @.27
1 e @.30
1 98 ot L

1@ 1 0.2

10 10 0.22

10 R 0.24

10 50 0.27

10 T Q.39

10 824 @.33

25 1 R

2 10 Q.24

25 2 B.26

25 50 0.2

25 79 2.31

2 _88 ad _0.34 3

50 i} 0.2

50 10 0.2

50 25 .30

50 50 .33

50 5 Q.37

50 HE S o 0.40

(4 1 0.33

s 10 0.35

75 25 G.a7

= 50 B.41

T 5 .46

15 K 9,500 L

a8 1 0.42

899 10 @.44

94 25 @.47

98 5@ 2.52

99 5 0.58

9 834 0.63



AKE BAS

CLS

INPUT "80IL TEXTURE CLASSIFICATION";S0ILS
INPUT "HYDRAULIC CONBUCTIVITY, IN in/hr"i;XKSAT
INPUT “SAND CONTENT, IN %";SA

INPUT “"BULK DENSITY, IN gm/cubic cm":BD

INPUT "SOIL CRUST FACTOR";SC

FMT28="HYDRAULIC CONDUCTIVITY ¥.4% in/hr"
FMT3%$="5AND CONTENT e %
FMT4$="BULK DENSITY #.#8% gm/cc”
FMT5%$="50IL CRUSTING FACTOR I+

LPRINT TAB(3@); SOIL%

LPRINT USING FMT2%:XKSAT

LPRINT USING FMT3%:SA

LPRINT USING FMT4%;:BD

LPRINT USING FMT5%;8C

LPRINT

LPRINT

LPRINT * CANOPY COVER GROUND COVER EFFECTIVE HYDRAULIC CONDUCTIVITY"
LERENT " A pA inshes
LPRINT " X
FMT1%= " e ik B.dx
CLS

INPUT "CANOPY COVER, IN % TOTAL AREA";CAN

INPUT "GROUND COVER, IN % TOTAL AREA":GC

CALC:

OP = 10@0-CAN

BC = (100-6C)*=CAN/100

BO = (1@0-GC)*0P/100

TC = .5

L =6.0

K = 2.54 % XKSAT

B = .0098 + .@721+TC + .0000068*5A"2 + .000021*SA2+TC - .0Q0315*5A*TC"2

A = EXP(2.82 - .089+5A + 1.894%BD)

CRC =L/C({L~-TC)/8C + TC/B)

CF =1 + ,96+*CAN/100

KEO = K#*(BO*CRC/0P + Ax(1 - BO/OP))/2.54

KEC = K+«CF*(BC*CRC/CAN + A*(1 - BC/CAN))/2.54
XKKE = (CAN+*KEC + OP+KEOQ)/100

LPRINT USING FMT13:CAN,GC,XKE

CLS

PRINT * RELECT "

PRINT * 1 - INPUT OTHER COVER FACTORS"
PRINT " T G B

INPUT * ENTER CHOICE";DECIS

IF DECIS=1 G6OTO 1

IF DECIS=2 60TO 2

1 CLS

INPUT “CANGCPY COVER":CAN
INPUT "GROUND COVER";GC
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h0

106

@
19
28
36
49
5@
650
70
80
50

106

1@
2¢
30
449
58
60
70
80
99
166

1@

3
£

30
4@
50
80
70
86
80
160

19
20
36
40
56
5@
70
31
50
100

10

"3
Ly

39
49
5@
6o
70
80
890
106

10
29
50
40
5@
B0
70
go
50
100

i0
20

49
50
6@
79
8o
a0
100

19

30
40
50
E@
70
80
a6
160

10

3
P

36
40
59
&G
7@
8o
496
106

19
20
30
40
L0
60
76
80
a0
160

0.02
20 %

1.4@ on/ce
75

infhe

HYDRAULIC CONDUCTIVITY FACTOR

#.35

3.82

7.29
%18.7537670135498
%14.22125625610352
#1T . BBE74359130689
w2l 1B623474121694
%24, BR3T2016906758
#28.09121131896873
%31 .55869674682617
%35.02618408203125
@.35

.88

7.36
%10.85596275329549
#14.35640144348145
#17.85684264101562
%21.3572828385498
#24.85772323608398
%»28.35816192626853
%31.05860252360371
#35.359055850664062
%.36

3.97

7.5%
%11.16564178466797
%14.76583494415283
%18.36623001098833
%21.9665241241455])
%#25.56681632995605
%28.1671142578125
432.TRTA0BAE3RIZ05
%56.367698669433559
#.358

4.15%

7.92

%11, 88177223205566
#15.44B49014282227
#18.21520805358887
%22.98182596435547
%26, 74864387512207
#30.516536178588867
754, 28207778830664
%38,.0487760742188
B.41

4.40

8.4@
%12.40435600280762
416.40406665581543
%L20.40377807617188
%24 . 40348815917969
%28.40320014953613
%32.,402908326519531
#36.40261840820312
%40.40232849121094
8.44

4.73

9.03
#13.3333921432495%
$17.632665634155827
#21.83193817138672
4#26.23121261659668
%30.55048324584861
%34,829757659042869
%39, 1290283203125
%43.,42830276489258
0.47

5.14

5.80@
%14.45888180705566
519.13428487314453
%#23.73969024658203
#28.4650936126709
%335.15049697875877
»37.78580225219727
%42.4R130762563477
%47.32671279907227
@.52

5.61
%10.71271800994873
%15.81082344055176
220, 9089298248241
#26.00703620910645
%31.105140686035186
%36.20324325561523
%41.30154963988258
%46,359945602415992
%51.49756240844727
.57

B.16
#11.76184177398682
%17.35921669066348
%22, 95659446716309
%28 .55396842956545
%54, 15134811401367
A38.74872207641602
%45.34609603881836
%50 .9434700012207
%56 .540847778332031
B.62

£.79

%12 .95G84857940674
%19.11406326293945
2B.2TT2TRO0014648
551 A4GAB4B3TIEIN2
»37.60371017456055
RAG,TRRY2RBL1TETES
%48.95014144887481
%56.09355327148438
w62 . 256568006809141
0.58

7.41
A14.1405553817749
R2G.BERY4171142578
%27.59932899475098
%254.32871627807617
441.05810546875
#4T7.78749465842583
%54, 51688385008766
w61 24B627304077148
#67.9756E223144031




HYDRAULIC CONDUCTIVITY

SAND CONTENT
BULK DENSITY

S80I CRUSTING FACTOR

CANOPY COVER
%

H
—
[ T S SO NS SO VP S G D e S0y

s

bt et o et feen feS e b e
YRS B S I C JROS B O s O

T3 b

[
i)

2

20
20
2

20
20
20
2@
20
36
30
30
50
36
3

30
30
30
30
3@
40
40
40
49
40
40
49
49
40
46
40
50
50
50
50
59
50
50
=1
50
50
50
50
5@
60
6o
650
514
60
£@
650
&0
658
70
70
70
70
0
79
78
(L
70
70
70
8a
80
80
80
80
80
80
B9
8@
B
510}
E17]
99
510
50
1]
20
4]
a0
a4
90
98
g9
99
94
94
99
a9
99
99
L]
89
899

BROUND COVER

%

@
i@
2
3@
40
50
6@
70
2"
1]

108

]
19
20
50
40
56
59
70
8@
2%

109

0

19

2
£

30
40
5o
[517]
74
8¢
9@
199

10
20
1]
49
50
[214]
70
8@
a9
106

1@
20
30
4@
50
1
7
89
2@
169

10
20
30
40
50
60
79
80
80
106

19
20
30
40
50
23]
70
8a
80
160

10

2
30
40
50
B0
70
8@
9@
166

10
28
30
40
50
6@
76
80
1
160

1@
20
30
40
50
6@
70
50
L
180

10
20
20
48
50
60
70
&0
E1Y]
166

SILTY CLAY
.02 in/hr
5 %
1.45 gm/ce
73

[rsm———

HYDRAULIC CONDUCTIVITY FACTOR

6.53
%17.33251140185547
534.33901596069356
#51.345516204835596
»68.55202026367188
w85, 35855576662156
%102 . 3850283813477
%119.3715362548828
Z136.3780364930254
#153. 3845520019551
#170.3910522460938
0.33
%417.49722089304139
%54 . BBE34042358388
®01.83345794677734
wBS.B015792846679Y
“86.16970062255858
#103,3F78143310547
%120, 5059200395568
%137.67404174804619
%154, 8421705447266
B172.0102986826172
B.34
%»17.9963493547168
435.65420013696289
A5 . B31206612451172
%70.96993265615234
%B8.B277B4T72900591
®10B. 26564453125
%123.9435119628906
%141.6013641357422
%#158.2582315675820
#176.9179837402344
#.35
»18.8282299041748
%37.30232620239258
%55.77641296886719
A74.25051116943359
%92.72466174560547
%111.1986989511719
K129.68727905273438
%148, 1468811035156
%1B66.6208716796875
»185.0950775146484
0.38
%19.992862701416@72
%39.60968399047852
%58, 22650146484375
A78.84333038330078
%98, 4601446B428B875
£118.0769577026367
%137.6937866210938
HIG7.3106079101562
A176.9274291992188
%196.5442504882812
0.49
%21.4902458196918
%42 .87629013061523
463.66232681274414
w84 .7T4837493896484
%195.8344116210938
%126.9204635620117
%148, 0065002441406
£1698.0925445556641
%190, 1785888871875
%211.2646179199214
G.44
%23.320358497324805
#46.20214080810547
»58.48389282226562
%91.98565246582031
K114.84741216937%
B137.7281717529257
%160.6109161376953
%183, 48267578125
%206, 3744554248047
%229.2561798095783
0.48
#25.48327445983887
BEG. 48723883754648
wT5.49120330310547
%100.4951629638672
%125,4991302480234
%150.5030975341797
#175.507080078125
#200.5110521044922
%225.5149841308594
%250 .5189666748047
8.53
#27.97891616821289
#55.43158346454102
%#B2.8B424B826171886
H110.3369140625
»137.769581248828
%165.2422485351562
%192 .6949187714844
%220, 1475877490234
R247,.6062197265625
#275.,0529174804688
0.58
%430.80750818702148
#61.0351676940918
#91.26503100585338
%121.4908981323242
%151.7187652587891
%181 .9466094970783
KE12., 1744842529297
h242, 40234575
#2772, 8301875882812
%302 . 0580627441488
B.63
R33.BETITIBEIZREAL
AE6 . 5420669505664
%99.684B728515625
%132 . 6514282226562
»165,.6561126768984
%#198.6608123779287
%#231.6654968261719
%264 ,.67018653320351
%297 6748657226562
K330 .6795654296675




SANDY GLAY

HYDRAUL.IC CONDUCTIVITY 2.02 in/hr
SAND CONTENT 50 %

BULK DENSITY 1.68 gm/ce
501L CRUSTING FACTOR .81

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% %
1 0 B.47
1 10 6.69
i 20 %.41
) 30 1.13
1 AD 1.54
i 50 1.56
1 B 1.78
1 70 7.00
1 80 2.21
i 90 2.43
) 100 2.65

10 ) ®.48

10 10 0.70

10 20 B.487

19 30 L.14

10 L) 1.36

10 50 1.58

1@ Y 1.80

10 70 2.02

10 80 2.23

10 90 2,45

10 100 2.67_

20 0 9.49

20 10 0.72

2 2 0.84

20 50 1,17

20 40 1.40

20 50 1.62

2 60 1.85

2 0 2.07

20 2O 2.30

20 99 2.52

20 100 2.75

30 7 6.52

30 10 0.75

30 20 0.949

30 30 1.22

30 AP i.46

30 50 1.70

30 60 1.93

30 70 2,17

30 &0 2,40

%0 30 2.54

30 100 2.88

49 0 9.55

49 10 0.80

40 2 1.05

40 50 1.350

40 40 1.55

40 50 1.80

40 3] 2,05

40 7% 2.30

40 80 2.55

49 9@ 2.60

40 100 3.06

50 ] G.59

50 10 0.86

Y7 28 1,13

50 30 1.40

50 40 1.67

50 50 1.94

50 60 2.21

50 70 2.48

50 80 2.74

50 29 %01

50 100 3.28

50 ) 0.64

5O 10 ®.93

50 20 1.22

5O 50 1.52

6O 40 1.81

60 59 2.10

50 B 2.59

60 70 2.69

60 20 2.98

50 99 3.27

60 100 3,56

70 @ 8.7

79 10 1,02

70 2 1.34

70 30 1.66

70 40 1.98

70 50 2.30

7 50 2.67

70 7 2.94

70 80 5.2

70 90 3.57

70 100 3.88

80 ) 8.77

Y] 10 1.12

80 20 1.47

80 30 1.82

80 49 2.17

80 50 257

80 60 2.47

80 70 3,22

80 80 3,57

50 80 5.82

80 100 4.28

99 ] 0.84

90 ’ 10 1.23

0] 2 1.62

a0 30 2,00

90 40 2,39

9 5@ 2.78

90 60 3.16

a0 70 3.55

a0 8@ 3,93

40 9¢ 4,32

90 100 4,71

99 @ @.92

99 10 .34

99 2 1.76

99 30 2.19

94 49 2.61

99 50 3.08

99 50 3.45

99 70 3.87

89 a0 4,30

k! ap 4,77

99 100 5,14



HYDRAULIC CONBUCTIVITY

SAND CONTENT
BULK DENSITY

501 CRUSBTING FACTOR

CANOPY COVER

e
/5

Jone j

e i e S e N
LS RS BRI S R R SRR R S o

3 13

3 ™ PJ
S e

P g
=

24
26
20
28
28

2

30
50
30
30
50
30
30
50
50
30
40
40
40
40
40
40
40
40
49
40
40
50
50
50
50
50
50
50
50
50
50
50
50
60
60
B0
50
50
50
50
60
6o
50
70
70
70
0
70
70
76
70
70
70
70
80
80
80
80
80
80
80
80
80
80
80
90
90
90
90
90
30
90
90
g0
a0
90
99
9g
59
99
29
99
g9
a9
a9
g9
a3

GROUND COVER

%

@
i@

2

30
40
58
6@
70
80
514
160
@
19

-
r

30
40
50
60
70
80
96
100
@
19
20
30
40
5
17]
70
8e
98
166
@
19
28
30
40
50
6@
70
g0
56
106
@
16
20
30
44
Y
GO
78
80
3@
109
&
i@
20
30
46
59
210
70
Bo
99
16a
@
10
20
30
49
5@
69
7@
80
96
160
2
10
20
30
4%
5@
21]
78
88
5@
109

@ .

1@
20
36
49
=Y
6O
9
80
40
109
@
10

2

k1]
48
50
514
7@
89
a9
166
Ui
1@
38
40
L@
5@
70
ge
99
100

STLTY CLAY L.OAM
B.04 inihr
19 %
1.40 gm/ce
.76

HYDRAULIC CONDUCTIVITY FACTOR

0.34
9.73
%18,12692971801758
%28.5137653350B301
437.90BB1239624023
#47.29945755004£683
HEE.B8230270385742
%66, 085)4404296875
%75 . ATTI9682E17188
184, 870834535058594
#84.,263679504303453
0.34

9,82
%#19.30263520552246
a8, T8475854064941
#38.266845703125
%47 .74894714355469
#57.23105621357841
466.71315765380859
%76.19526672363281
485 .67736816840625
495.15947725388672
%.35
%18.10066988083984
#19,85326385498047
%29.58585784912109
#39.35844802856445
A49.11104583740234
%58 . 8636360168457
%68.61623382568359
#79,356882781982422
A86.121414184570351
#97.87480817871694
0.36
#10.567572583686596
2B 7TTRETR027E123
%30.97438621528946
%41, 17779158545898
%51.38120289775351
#61.584060617065R43
»71,7880008643555468
581.99141695115234
%92.19482421875
%102.38982515063477
8.39
®11.22123718261719
%22 .05578231811523
K32, 089032745361328
hA3 . T2ABTZE8911133
w54 .55841772466938
%65, 3895395964541016
w16 .22850739560547
%87.06304931640625
#9°7.83759063720703
%108.7321395874023
.42

%12. 0616626739502
X25.70767211814662
%35.35367965698242
%46.99969100952148
#58.64569854736328
470.281708689990254
%81.893772125244141
%#83.58373260498047
$105.229736328125
B116.8757476806641
@.45
%135.08884906768799
#25.72664B42333984
738.364444732666602
%51.00224685668845
K65 .64004135131836
%76.27783966064453
“BB.91563415527344
%#101.5534286489023
%114.18123584033203
»126.82203285973492
0.49
ala,
%28.

3927882711792
11271995275879
%41.92262268066408
»B5.73253631591797
%589.542444995117188
X835 . 35256358642578
R97 . 162277221679369
%116.9721908569336
#124.782096862793
»138.5920257568359
@.54
R15.70350551605225
#30.66585998555158
446 . B28213506057656
»51.1905652019043
%76.352912090283203
#91.51527404785155
%186.677613934082
#121.85998167910186
A137.0023345847268
A162.1646728515625
2.69
w17.29097747862734
%53.968609161376953
»50.68120956420898
#6T.37632751464844
%84.07144827978516
%100.7665557861328
#117.4B1685180664)
B134.1567840576172
%150.8519134521484
#1687 .5470275878996
@.65
%18.67938499450684
%37.10817337036133
455 . 35694675538086
K13 .565727233886872
%91.79451751708884
%110.8233001798984
%128.25207518538125
%146, 4808807373047
%164 .7036557617188
%182.93843078613528



HYDRAULIC CONDUCTIVITY

SAND CONTENT
BULK DENSITY

50IL CRUSTING FACTOR

CANOPY COVER
%

[ S U VI W R G S T Y

fke ot s
fos BRSS B SS B~ e

1@
1@
10
i0
i@
10
10

2

20
20
20
oy
4/
2
>
L2y

20
2

20
36
36
34
1]
30
50
30
30
30
30

40
40
40
49
46
40
49
49
49
40
40
50
50
56
50
59
50
56
50
5o
50
50
6o
g6
50
6@
E@
1£14]
514
B
B0
&0
17]
70
70
70
70
70
79
70
70
70
70
70
80
80
80
806
8%
80
80
89
80
806
20
50
90
a9
314
99
30
90
1]
490
g0
5@
294
a9
99
99
98
49
93
89
94
59
89

BGROUND COVER

%

@
19
20
30
49
50
6@
7@
80
=14

164

]

2
£

30
49
50
60
70
86
850
166

10

2
&

36
40
50
60
70
89
0]
100

19
20
36
49
50
RO
79
8a
317
108

19
20
38
40
50
50
70
80
96
100

10
20
30
49
58
6@
70
8o
50
100

R

Z

36
49
5
69
70
806
90
109

10
20
30
49
50
6@
79
8@
90
100

19
20
30
40
50
G0
70
80
90
100

10
20
20
44
50
6@
70
8o
80
106
10
2
30
4@
50
650
78
80
aa
194

CLAY LOAM
B.04 in/hr
35 %
1.45 gm/oc
.82

|

HYDRAULIC CONDUCTIVITY FACTOR

r3 B
0~

.08
.81
L5
.58
41

2
s

.88
.81
.74
A2
20
10
.94
8
B2
4B
30
.14
.98
B2
A3
.30
1B

2
s Eie,

.84

.75

N

A3

.35

21

.08

45

.35

.26

.16

A7

.97

.88

.78

.69

.59

50

48

44

AD

. 28

.52

.28

24

20

1B

12
%1G.08337020874023
2.51

1.55

2.58

3.61

4.64

L.68

B,71

7.74

8.77

g.81
%10.83857440948488
.56

.68

.60

.82

.04

.16

.28

A0

.52
%10.64122486114502
511.761691448055908
Bl

83

.08

.28

51

LT3

.96

.18
%10.,40587725830078
%11.62B16428138184
#12.85245132446289
0.67

2.01

3.3B

4.70

6.05

7.39

8.73
%1B.07856941223145
#11.42275428771973
%12.76694011688232
%14.11112403868628
.74

22

.10

.18

.66

.14

B2
#11.997414D1672363
R12.57748317718506
%14 .B57551383497217
%15.5376195960755923
B.80

2.42

4.04

5.685

7.27

8.88
%10.,50082588195801
%12, 11685752868852
»13.73288108276367
%15, 3489256831665
%»16.96495628356934
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SANDY CLAY LOAM

HYDRAULIC CONDUCTIVITY B.@G6 in/br
SAND COMTENT 55 %

BULK DENSITY 1.66 gm/ce
S0IL CRUSTING FACTOR .85

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% %
1 o 0.51
1 10 0.62
1 20 0.73
1 30 0.84
i 40 0.95
1 5@ 1.06
1 60 1.17
! 70 1.28
i 80 1.34
1 90 1.50
1 100 1.61_

10 o 0.51

10 19 0.63

10 20 B.74

10 30 0.85

10 40 ®.96

10 50 1.07

10 50 1.18

10 70 1.30

10 a0 1.41

19 90 1,52

10 100 1.63

2 ) 0.53

20 10 6.64

2 ? 0.76

20 30 ®.87

2 A0 9.99

20 50 1.10

20 60 1.22

2 70 1,33

2 80 145

s 80 1.56

20 100 1.68

517 ) 0.55

50 10 0.87

30 20 0,74

30 50 0.91

30 40 1.03

50 50 (.15

30 5O 1.27

A0 79 1.39

30 80 1,51

30 a9 1.63

30 106 1,75

49 ) 0.59

a0 L0 B.71

40 20 0.84

40 30 %.87

40 4D 1.10

40 50 1.22

40 17 1.35

40 70 1.48

40 80 1.61

40 99 1.73

49 100 1.88

50 B 0.63

50 10 0.77

50 20 0.91

50 30 1.04

50 40 1.18

50 50 1.32

50 ) 1.45

50 70 1.59

50 80 1.73

50 30 1.86

50 100 2.00_

60 7] 0.68

B0 10 $.83

60 P 0.98

5O 30 1.13

1) 40 1.28

) 50 1.43

BO 5@ 1.58

50 70 1.73

60 80 1.87

B0 80 2.02

50 100 2.17_

70 0 0.75

70 10 ©.491

70 20 1.7

70 30 1.24

70 40 1.40

70 50 1.56

70 5O 1.72

70 70 1.89

70 80 2.05

70 90 2.21

70 100 2.57

80 ] 8.82

80 10 1.00

80 20 1.18

80 30 1.38

80 40 1.54

20 50 1.71

80 50 1.89

20 70 2.07

80 80 2.25

80 90 2.43

80 100 2.681

80 o 0.50

99 10 1.10

30 2 1.30

99 30 1.49

90 40 1.69

90 50 1.89

90 60 2,08

40 70 2.78

50 80 2,48

30 99 2.67

90 106 2.87

g9 0 0.94

99 19 1.2

g9 2 1.42

99 30 1.63

94 40 1.85

99 50 2.06

99 39) 2.28

99 70 2.49

Q4 8@ 2.70

99 90 2,872

99 100 3.13




SILT LOAM

HYDRAUL.IC CONDUCTIVITY

SAND CONTENT
BULK DENSITY

S05L CRUSTING FACTOR
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HYDRAULIC CONDUCTIVITY FACTOR

e,

0.36
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6.00
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HYORAULIC CONDUCTIVITY
SAND CONTENT

BULK DENSITY

S0IL CRUSTING FACTOR

L.OAM
@.25 in/hr
45 %
1.55 gm/ac

Qan
s U4
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SANDY LOAM

HYDAULIC CONDUCTIVITY .46 in/hr
SAMD CONTENT 80 %
BULK DENBITY 1.56 gm/cc
SOIL CRUSTING FACTOR . 86

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% %
1 0 .53
1 10 0.56
1 20 8.59
1 30 0.62
1 40 6.54
1 50 @.57
1 60 0.70
1 70 .73
1 80 0.76
1 90 0.78
| 100 0.81

10 @ .54

10 10 0.57

10 20 6.50

10 30 0.62

19 40 @.65

10 50 6.68

10 60 e.71

10 70 @.73

10 80 0.76

10 90 @.78

10 100 0.82

20 0 0.55

20 10 8.58

20 20 0.61

20 30 B.64

20 40 8.67

2 50 @.70

2 GO @.73

2 70 0.76

2 80 0.78

2 90 @.81

20 100 0.54

30 @ 0.58

30 10 0.61

30 20 0.G4

30 30 0.57

5@ 40 .70

50 50 e

30 60 0.75

3 70 @.79

30 80 0.62

30 90 0.85

30 100 0.88

40 ) 0.52

40 10 8.85

40 20 0.68

40 30 0.71

40 40 0.74

40 50 0.78

40 60 0.81

40 70 0.84

40 80 0.87

40 30 0.90

40 100 0.94

50 2 @.66

50 10 8.70

50 20 .73

50 30 0.77

50 40 0.80

50 50 0.83

50 50 @.87

50 70 D.90

50 80 2.94

50 30 2.97

50 100 1.01

6O o 8.72

B0 10 .76

) 20 .79

50 30 0.83

60 40 2.87

B0 50 0.90

50 650 0.94

650 0 8.98

7 80 1.02

) 90 1.05

50 100 1.09

70 0 .79

70 10 0.83

70 20 B.87

70 30 @.91

70 40 8.95

70 50 ©.99

79 50 1.03

70 70 1.07

70 80 1.11

70 90 1.15

0 100 1.19

80 @ @.86

80 10 @.91

80 20 0.95

80 30 1.00

80 40 1.04

80 50 1.09

80 60 1.13

80 70 1.17

80 80 1.2

80 90 1.26

80 100 1.31

96 0 8.95

30 10 1.00

90 20 1.05

a0 30 1.10

90 40 1.15

5@ 50 1.20

g0 60 1.24

90 70 1.79

90 80 | 1.34

50 90 1.39

50 100 1,44

gg 9 1.04

L 10 1.08

g9 20 1.14

99 50 1.2

99 40 1.2

L 50 1.31

99 B0 1.36

g9 70 1.41

99 Gl 1,47

g9 90 1.52

a9 100 1.57



LOAMY SAND

HYDRAULIC CONDUCTIVITY 1.2@ in/br
SAND CONTENT Be %

BULK DENGITY 1.58 gm/ce
SOIL CRUSTING FACTOR .89

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% b4
! ] 0.63
1 10 0.58
1 29 %.53
i 30 @.48
1 49 B.43
1 50 #.38
1 5o 0.33
1 70 8.2
1 80 0.22
i 8% 0.17
i 100 B.12

10 @ D.64

10 10 0.53

10 20 0.53%

10 30 0,48

10 40 0,43

10 56 %.38

i0 60 %.33

10 70 0.28

10 a0 .23

10 50 0.18

19 100 0.12

20 7] 0.66

20 10 D.6O

20 20 B,55

20 30 G.50

20 40 G.44

2 50 ®.39

2 69 0.54

o0 70 0.2

20 ae 0.2%

20 a@ 6.18

20 100 B.13

30 ] %.69

30 16 0.63

A 2 8,58

30 30 B.52

30 40 0,47

50 56 B.41

30 50 @, 35

30 70 @.30

30 80 0.24

30 99 ®.19

30 1006 @.13

40 0 0.73

49 10 @.67

A8 2 #.61

Al 30 ?.55

40 40 0.49

40 50 0.44

40 69 9.38

49 70 0.52

40 80 %.26

40 20 ®.20

40 160 0.14_

50 @ 0.78

50 10 0.72

50 20 ®.66

50 30 2.%9

50 40 ?.53

50 50 B.47

50 60 0.40

50 70 %.34

50 a0 0,28

50 90 0.22

50 100 8,15

=] @ #.85

1) 19 ®.78

=] 20 8.71

5O 30 0.64

60 40 %.58

60 50 B.51

) 60 0.44

60 70 @.37

69 80 .30

60 90 0.23

50 106 B.17

70 ] 0.93

70 19 0,85

70 20 ®.78

70 30 B.70

70 40 B.63

70 50 0.55

70 60 0.48

70 70 0,41

70 80 0.33

70 90 2.26

70 160 0.18

50 ) 1.02

80 10 @.94

80 20 0.86

8@ 30 B.77

80 40 0.69

80 50 0.61

a0 6O 0.53

80 70 @.45

80 80 0.36

50 90 0.28

80 100 8.20

99 4] 1,19

90 18 1.03

50 20 ?.94

a0 30 B.85

9@ 49 6.76

90 50 0.87

90 B® 0.58

49 70 f.49

50 86 0,40

90 50 @.31

90 100 0.22

99 ] 1.23

99 19 1,18

89 20 1.03

89 30 %.95

99 40 0.83

99 50 6.7

99 50 0.63

99 70 @.54

949 80 ®.44

99 90 0.54

99 100 B.24




:e%a/fé Frory RAE, 84S

SAND
HYDRAULIC CONDUCTIVITY 4.60 in/hr
SAND CONTENT 490 %
BULK DENSITY 1.85 gm/ce
S0IL CRUSTING FACTOR =91

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% %
1 @ @.68
1 10 ¢.62
1 20 0.55
1 30 0.48
i 49 2.43
i 50 0.36
1 217 0,30
1 70 0.24
1 80 B 1Y
1 50 .11
1 100 0.05
18 @ ®.69
10 10 .62
19 20 @.56
10 30 0.49
10 49 B.43
10 50 @57
10 217 0.30
1o 70 @.24
1@ 8o @.17
1@ S50 .11
10 100 ?.05
20 @ 2.71
20 10 @.64
20 20 0.57
20 30 ®.51
20 40 @.44
2 50 0.38
20 EQ .31
20 70 0.2
2@ 80 .18
20 9@ @g,11
2 100 ?.05
30 0 .74
30 1@ .67
30 20 8.60
30 30 ®.53
30 40 @.46
30 50 ®.39
30 B0 .32
30 70 .26
30 80 2.19
30 90 0.12
30 160 @.85
40 2 .78
40 10 @.71
40 20 .64
40 20 .56
49 40 0.49
40 =1 0.42
40 60 0.35
49 70 .27
49 80 0.20
49 9@ B.13
40 100 @.95
50 @ @.84
50 10 @.76
50 20 2.68
50 30 0.61
50 40 0.53
=1 50 .45
5@ 6o 0.57
50 70 @.24
5@ 8@ 0.2
50 90 B.14
50 100 .06
650 @ @.91
BE@ 10 @.83
=14 20 @.74
60 30 .66
217 40 .57
B0 50 ®.49
69 50 @.40
] 70 .32
6O 80 0.23
6@ 30 @.15
131 100 .06
70 @ 1.00
70 10 @.91
7@ 20 0.81
70 30 072
70 40 .63
70 1214 .53
70 EQ .44
70 79 @.35
70 80 B.25
7@ 30 .16
7 100 0.7
80 B 1.10
80 10 0.99
80 29 0.89
80 30 8.79
80 49 @.69
80 5@ .58
80 6@ 0.48
8@ 70 . B.38
80 80 @.28
80 80 0.18
80 109 B.07
90 @ ¥
90 10 1.08
80 2 ?.98
9@ 30 2.87
890 40 @.76
50 50 @.64
9@ 6@ 0.83
30 7@ Q.42
90 B9 .51
Bl 30 @.18
90 100 @.e8
g9 @ .32
849 19 1.18
a9 20 1.@7
49 30 @.85
84 4@ 0.83
494 5@ @.70
59 =15] ?.58
g4 70 B.46
89 8@ .33
88 9@ .2

99 100 9.093



SANDY CLAY LOAM

HYDRAULIC CONDUCTIVITY 2.06 in/hr
SAND CONTENT 55 %

BULK DENSITY 1.680 gm/cc
S0IL CRUSTING FACTOR .85

CANOPY COVER  GROUND COVER HYDRAULIC CONDUCTIVITY FACTOR

% %
1 0 0.51
1 10 0.56
g 20 0.51
1 30 0.66
1 40 0.71
1 50 0.75
1 50 0.80
1 70 B.85
1 80 0.90
g 90 0.95
1 100 1.00

10 2 0.51

10 10 0.56

10 20 0.61

10 30 0.66

10 40 0,71

10 50 0.76

10 5@ 2.81

10 70 0.86

10 80 8.91

10 90 0.96

10 100 1.0

2 2 0.53

20 10 0.58

20 20 0.63

2 30 0.58

2 40 0.73

20 50 0.78

20 50 0.83

2 70 0.89

20 80 0.94

20 90 @.99

20 100 1.04_

30 0 0.55

30 10 0.61

30 2 0.66

30 30 0.71

30 40 0.77

30 50 0.82

30 60 0.87

30 7 0.93

30 80 0.98

30 30 1.03

30 100 1.09

40 0 0.53

40 10 0.64

40 20 0.70

40 30 0.75

40 40 2.81

40 50 B.87

40 50 0.93

40 70 0.98

40 80 1.04

40 30 i.10

40 100 1.15

50 0 0.63

50 10 0.59

50 2 0.75

50 30 0.81

50 40 0.87

50 50 0.94

50 50 1.00

50 70 1,06

50 80 1,12

50 90 1.18

50 100 1.24

50 0 0.68

50 10 0.75

£0 2 0.82

50 30 2.88

50 40 .95

5O 50 1,82

B0 50 1.08

50 70 1.15

B0 80 1.21

50 90 1,28

50 100 1.35

70 2 0.75

70 10 0.82

70 . 0.89

70 30 0.98

70 40 1.04

70 50 1,84

70 80 1.18

70 70 1,25

70 80 1.33

70 90 1.40

70 100 1.47__

8 o 0.82

80 10 0.90

80 20 2.98

80 30 1.06

80 40 1.14

80 50 1.22

80 E0 1.50

80 70 1.38

80 80 1.46

80 90 1.54

80 100 161

90 2 0.90

90 10 @.99

90 2 i.08

30 30 1.47

30 40 1.25

90 50 1.34

g0 50 1.43

3@ 70 1. B2

90 80 1.60

90 90 1.69

30 100 1,78

g9 0 2.99

59 10 1.08

g9 2 1.18

99 30 1.27

g9 40 1.37

59 50 1.48

99 50 1.56

49 70 1.65

93 80 1.75

99 50 1.85

99 100 1.94



Loam (A = 1.0
HYDRAULIC CONDUCTIVITY .25 in/hr

SAND CONTENT 45 %
BULK DENSITY 1.55 gm/ce
S0IL CRUSTING FACTOR B2

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% %

1 o Q.48
1 10 0.51
1 2 0.56
i 30 0.62
1 40 2.67
1 50 0.73
1 5O 0.78
1 70 @.84
1 80 0.89
i 80 0.95
1 100 1.00
10 ) 0.48
10 10 0.52
10 20 B.57
10 30 0.62
10 40 0.58
10 50 0.73
10 Y) 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 2 0.59
20 30 0.64
2 40 0.70
20 50 0.76
20 50 0.81
20 70 0.87
20 80 0.93
2 ap .98
2 100 1.04
30 0 0.50
30 10 0.55
30 2 0.61
30 30 0.67
30 40 0.73
30 50 0.79
30 50 0.85
30 70 9.91
30 80 0.97
30 90 1.03
30 100 1.09
40 o 0.53
40 10 0.59
40 20 0,85
40 30 B.71
40 49 0.78
40 50 0.84
40 %) .90
40 70 0.97
40 80 1.03
49 90 1.09
40 100 1.15
50 ) B.57
5@ 1 0.63
5P 20 0.70
50 30 0.77
50 40 0.84
50 50 0.90
50 50 ®.97
50 70 1.04
50 80 1.11
50 80 1.17
50 100 1.24
5@ ) .61
6@ 10 0.69
6O 20 0.768
50 30 0.83
50 49 0.91
50 50 0.98
5O 60 1,05
) 70 1.13
5O 80 1.20
60 90 1.9
60 100 1.35
70 ) B.B57
70 10 0,75
70 20 .83
70 30 0.91
70 40 0.99
70 50 1.07
70 5O 1.15
70 70 1.23
70 80 1.31
70 50 1,39
70 100 1.47
80 0 0.74
80 1@ 0.82
80 20 0.91
80 30 1.00
80 40 1.09
80 50 1.18
80 60 1.28
80 79 1.35
80 80 1.44
80 90 1.53
80 109 1.61
30 2 p.81
90 10 0.91
90 20 1.00
90 30 1.10
90 40 1.2
a0 50 1.29
30 50 1.39
90 70 1.48
99 80 1.58
90 90 1.68
90 100 1.78
99 ) 0.88
99 10 9.99
gg 20 1.10
89 30 1.20
99 40 1.31
99 50 1.41
89 50 1.52
99 7 1.62
89 80 1.73
ag 90 1.84
39 120 1.94



Sy L0Gsr

G=1.0

HYDRAULIC CONDUCTIVITY ©.42 in/hr
SAND CONTENT B0 %

BULK DENSITY 1.50 gm/cco
S0IL CRUSTING FACTOR - . BB

CANOPY COVER  GROUND COVER  HYDRAULIC CONDUCTIVITY FACTOR

% %
1 0 0.53
| 10 2.58
1 20 0.53
1 30 0.67
1 40 0.72
1 50 0.77
1 5@ 2.81
1 70 0.86
1 80 @.91
1 50 .95
1 100 1.00_

10 0 @.54

10 10 0.59

10 20 0.53

10 30 0.68

10 40 0.73

10 50 0.77

10 50 %.82

10 70 0.87

10 80 0.92

10 90 0.965

10 100 1.01

p) 0 %.55

2 10 0.60

20 20 0.65

2 30 0.70

20 49 0.75

20 50 0.80

2 Y1) 0.85

20 70 0.89

z 80 0.54

2 90 0.99

20 100 1,04

30 0 0.58

30 19 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 50 1.04

30 100 1.09

40 0 0.60

40 10 8.67

40 2 0.72

40 30 0.78

40 49 0.83

40 50 0.89

40 =Y7) .94

40 70 0.99

40 80 1.05

40 90 1.10

40 100 1.15

50 ® 0.66

5@ 10 0.72

50 20 0.78

50 30 0.84

50 40 .89

50 50 .95

50 60 1.01

50 70 1.07

50 80 1.12

50 50 1.18

50 100 .28

60 ) 0.72

60 10 0.78

60 20 .84

60 30 2.91

60 40 0.97

50 50 1.03

59 =30 1.10

5O 70 1.16

=Y 80 1.22

1) Q0 1.28

Y1) 100 1.35

70 ) 0.79

70 12 .85

70 g 9,97

70 70 0.99

70 40 1.06

70 50 1.13

70 50 1.20

70 70 1.27

70 80 1.33

70 90 1.40

70 100 1.47_

80 ) .86

80 10 @.94

80 20 1.01

80 30 1.09

80 40 1,16

80 50 1.24

80 60 1.51

80 70 1,39

80 80 1.48

80 99 1.54

80 100 1.61

90 0 .85

80 10 1.03

90 20 $+12

90 30 1.20

99 40 1.28

90 50 1.36

90 B0 1,45

g 70 1.53

80 BO 1.61

90 30 1.69

99 100 1.78_

g3 0 1.04

93 10 1.13

99 2 §.22

93 30 1.31

39 40 1.40

59 50 1.49

99 50 1.58

99 70 1.67

99 80 1.76

99 9p 1.85

99 100 1.54
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1€
Z L
10
18
20
30
31
35
40
41
42
43
44
45
48
47
50
51
52
g4
130
152
133
134
136
157
138
140
200
210
212
214
215
216

i
[

OCATE &

PRINT ™"
LOCATE 10
PRINT TAB(25)
PRINT TAB(1B)
PRINT :PRINT
INPUT "

CLS

LOCATE 10
PRINT TAB(10)
PRINT :PRINT
PRINT :PRINT
INPUT

£S

LOCATE 10
PRINT TAB(1@)
PRINT :PRINT
INPUT *

CLS

5=(1000/CN)-10

TEST=.2%5
LOCATE 10

:PRINT :PRINT :PRINT

CNE

CALCULATION OF EFFECTIVE CN FOR URBAN LAND"

"INPUT THE RATIC OF "
“DIRECTLY CONNECTED AREA TO TOTAL AREA"

RIMP =";RIMP

“INPUT THE PERVIOUS AREA CN"

:PRINT TAB(1@)"THE CN FOR IMPERVIOUS AREA IS ASSUMED TO BE 85"
:PRINT :PRINT :PRINT

CN =";CN

:PRINT :PRINT :PRINT

P =%;P

IF P>TEST GOTO 140
PRINT TAB(2@) "INITIAL ABSTRACTION EXCEEDS PRECIPITATION AMOUNT"

LOCATE 10
GOTO 600

R=(P-.2x5)"2/(P+.8%5)

CNI = 85

SI=(10BB/CNI)-10

TEST=.2»*S1

IF P>TEST 6070 220

LOCATE 10

PRINT TAB(2@) "INITIAL ABSTRACTION EXCEEDS PRECIPITATION ON IMPERVIOUS AREA"

60TO 600

QI=(P-.2%51)"2/(P+.8%51)
QT=Qx(1-RIMP)+QI*RIMP

D=.4x%P+.8+QT
E=.16*P*(P-QT)

F=SQR(D"2-E)

SE=(D-F)/.08

|
|
|
“INPUT THE PRECIPITATION DEPTH, IN INCHES"

CNE=1000/(SE+1@)

LOCATE 10

PRINT TAB(20)

END

"EFFECTIVE CN =";CNE



[ ¢

10
20
30
32
a3
3
36
38
40
42
44
&5
60
65
139
152
133
134
136
140
200
210
212
214
216
218
220
23
300
310
32
340
360
420
412
500
550
60

CNE TEL.

FORMATS = " 4 i g ¥4 4.4 4, 4 o g
INPUT “RIMP®; RIMP

LRRINT " CN impervious = 35"

ERRINT Ratio of impervious to total area (RIMP) = ", RIMP
LPRINT:LPRINT

LPRINT " CN effective"

LPRINT * = s e e e e e e e e &
LPRINT "CN pervious P=1.0@ in. P=2.0 in. P=3.0 in. P=4.0 in. P=5.0 in."

d e e e e e e R e e —as | e e E
LPRINT " £4 (2) (3) (4) {5) (6"
LPRINT
FOR I=1 TO b
CN=30+10+1
FOR P=1 TO 5

S=(10@@/CN)-10

TES =2 %8

IF PH>TEST 6OTO 140

CNE(P)=0!

60TO 400

Q=(P-.2#5)"2/(P+.8%5)

CNI = 95

SI=(1000/CNI)-10

TEST=.2#S1

IF P>TEST GOTO 220

CNE(P)=-1!

GOTO 400

QI=(P—.2%51 }"2/C(P+.8%51")

QT=Q*(1-RIMP)+QI*RIMP

D=.4*P+.8*QT

E=.16*P*(P-QT)

F=5QR(D"2-E}

SE=(D-F)/.08

CNE(P )=1000/{SE+1@®)

NEXT P

LPRINT USING FORMAT®;CN,CNE(1),CNE(2),CNE(3),CNE(4),CNE(S)
NEXT I

LPRINT:LPRINT:LPRINT:LPRINT:LPRINT

END
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Rat

CN pervious

Rat

CN pervious

Rat

CN pervious

CN impervious = 95
io of impervious to fotal area (RIMP)

.85

CN effective

P=1.8 in. P=2.8 in. P=3.0 in. P=4.2 in. P=5.0 in.

(29 (3) (4 {(5) (B}
8.0 @.0 0.0 46.9 45,1
2.0 0.0 £5.6 54.0 53.3
6.8 4.8 63.2 E2.6 B2.3
75.3 2.4 71.9 71.8 71.5
81.6 g8i.1 86.9 80.8 £80.8
90.3 80.3 890.3 36.3 96.3

CN impervious = 895
ic of impervious to total area (RIMP) = .1

CN affective

P=1.6 in. P=2.0 in. P=3.0@ in. P=4.0 in. P=5.8 in.

(23 (33 (4) (5) (53
0.8 6.0 8.8 1.8 49.3
0.0 6.0 59.8 57.5 56.4
8.0 £8.4 E6.@ 5.0 B4.4
78.2 74.5 3.6 73.2 72.8
3.0 82.1 g81.9 BL.7 81.6
9¢.6 830.6 38.5 90.5 890.5

CN impervious = 95
io of impervious to total area (RIMP) = .15

CN effective

P=1.8 in. P=2.% in. P=3.06 in. P=4.8 in. P=5.0 in.

(2) (31 (4) (5) (5
6.0 0.6 8.0 55.9 53.0
6.0 2.0 63.3 50.7 58.3
@.2 71.3 £8.6 67.3 §.5
80.4 76.4 75.3 74.7 74.3
84.2 83.1 8z.8 82.6 2.5
96.9 50.8 50.8 90.8 8906.8

€N impervious = 95

Ratio of impervious to total area (RIMP) = .2

CN effaective

(2) (33 (4) (52 (6>
0.8 0.8 0.0 59.5 56.5
@.9 0.0 66.4 B3.6 2.0
8.0 73.8 70.9 8.5 68.5
82.1 78.1 75.8 76.2 5.7
88.2 84.1 B3.6 85.4 83.3
891.2 91.1 91.1 91.0 91.6

CN impervious = 95

Ratic of impervious to total area (RIMP) = .25

CN pervious

40
5@
60
70
20
836

CN effective

P=1.6 in. P=2.0 in. P=3.8 in. P=4.6 in. P=5.8 in.

(2) (3} {4 {5) (6

0.0 2.0 0.0 2.8 E38.7
6.0 8.8 3.2 6E.4 4.6
2.0 78.1 73.1 71.5 70.6
83.6 79.7 78.3 7.6 7.1
86.2 85.0 84.5 84.2 84.0
91.5 91.4 91.3 91.3 891.3

CN impervious = 95

Ratic of impervious to total area (RIMP) = .3

CN pervious

CN aeffective

e e e e e e et ot o e i e o e et o G e o S o o e e e S e it A it e e e ot

P=1.0 in. P=2.0 in. P=3.0 in. P=4.0 in. P=5.0 in.

(2} (3) (4} (5) (6>

.8 0.0 8.0 £5.8 62.7
2.0 2.0 71.8 £88.9 7.1
6.0 78.1 7h.1 73.5 72.5
84.9 81.2 79.8 79.0 78.4
87.1 85.8 85.3 £5.0 84.8
9i.8 31.6 3i.6 1.6 31.5

CN impervious = 95

Ratic of impervious to total area (RIMP) = -4

CN pervious

e

CN effective

P=1.6 in. P=2.8 in. P=3.8 in. P=4.0 in. P=5.8 in.

(2) (3) (4) (5) (6)
@.0 .0 2.0 71.2 8.4
0.0 9.0 76.3 5.7 71.8
8.0 81.6 78.9 77.2 76.1
87.1 83.9 82.4 81.6 81.0
88.7 87.4 £6.8 BE.B 86.4
92.3 92.2 32.1 2.1 32.0

CN impervious = 85

Ratic of impervious to fotal area (RIMP) = .5

CN pervious

CN effective

P=1.8 in. P=2.0 in. P=3.8 in. P=4.8 in. P=5.0 in.

4@ 0.0 .0 0.9 76.1 3.8
58 0.0 3.0 86.3 77.3 6.2
E® 0.0 84.5 2.2 8G.7 79.6
7 89.6 86.2 g4.9 84.1 83.8
80 9.1 88.9 88.4 88.1 §7.9
90 2.8 82.7 2.8 92.6 2.5
CN impervious = 95
Ratioc of impervious to total aresa (RIMP) = .8

CN pervious

CN effective

P=1.0 in. P=2.8 in. P=3.0 in. P=4.0 in. P=5.8 in.

(1> (2) (3 (4) (5) (G
40 6.6 6.0 2.2 8@.5 78.4
50 2.0 @.8 83.9 81.9 80.4
&0 2.6 §7.1 85.2 83.9 83.8
78 96.5 28.3 87.2 86.5 86.0
a9 91.3 98.3 29.8 ge. o £9.4
20 893.3 3.2 3.1 9z.1 93.8

CN impervious = 9%
Ratio of impervious to total arsa (RIMP) = <7

CN pervious

Rat

CN pervious

Rat

CN effective

P=1.0 in. P=2.8 in. P=3.08 in. P=4.0 in. P=5.82 in.

(22 (3) (4) (5) (6)
0.0 2.0 2.0 84.6 2.3
6.9 .0 87.0 85.5 84.3
0.0 89.4 88.0 86.8 86.2
91.8 38.2 89.3 88.8 8€8.3
2.4 91.86 91.2 31.0 58.8
93.8 Z.6 833.6 83.86 393.5

CN impervious = 95
io of impervious to total area (RIMP) = .8

CN effective

P=1.0 in. FP=2.8 in. P=3.8 in. P=4.0 in. P=5.0 in.

(22 (37 (4) (5) (6)

0.0 2.0 8.8 88.3 87.2
0.9 2.8 89.93 88.9 g88.1
2.0 91.5 96.5 83.8 9.2
93.0 2.9 831.4 99.8 98.6
32.3 2.8 2.5 2.4 2.2
94.2 84.1 94.1 94.0 34.0

CN imparvious = 95
io of impervious ito total area (RIMP) =

4w}

CN effective

(23 {3} (45 (5 (B

.0 0.0 0.9 91.8 91.2
2.0 0.6 2.8 32.0 91.56
0.0 93.3 2.8 92.5 92.2
94.1 93.5 93.2 93.0 92.8
34.2 93.9 87.8 93.7 93.6
94.6 94.6 94.5 84.5 94.5
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