i PART 5

REVIEWS AND COMMENTS DURING
PREPARATION OF DRAFT OF MANUAL

Reviewers

In late 1988, drafts of the three major sections of the manual relating
to rainfall-runoff modeling; that is, rainfall criteria, rainfall losses, and
unit hydrographs, were available. 1In December 1988, copies of these drafts
were sent out to various professionals for the purpose of receiving critical
review. A letter to the Flood Control District dated 30 December 1988 (Appen-
dix 5-A) lists the individuals that were solicited to perform such a review,
and that letter indicates which draft section(s) each individual was asked to
review. A copy of the letter that was sent to each reviewer is contained in
Appendix 5-A.

Comments

Either written or verbal review comments were received from reviewers.
Dr. Herman Bouwer forwarded the draft review copy to Dr. Kenneth Renard and
Dr. Bouwer requested that Dr. Renard provide a review. Subsequently, review
comments were received from Dr. Renard.

. The written review comments that were received and the subsequent corre-
spondence with several of the reviews is contained in the following appen-
dices:

/1"‘"?{5/ o
5-B Dr. Walter Rawls
H=C Dr. Leonard Lane
5-D Dr. Kenneth Rennard
(for Dr. Herman Bouwer)
5-E Mr. Harry Millsaps
(for Mr. Robin McArthur)
5-F Dr. Herb Osborn
5-G Mr. C.0. Clark

Written review comments and suggestions were carefully considered, and
when appropriate, comments and suggestions were incorporated into subsequent
drafts of the manual.

Verbal review comments were received from the following:
Mr. John Pedersen
Mr. Art Cudworth
Dr. David Woolhiser
Mr. V. Ottozawa-Chatupron.




These verbal review comments were received in office visits with these indi-
viduals and records of such comments are not available. Mr. Pedersen had

‘ several questions, comments, and suggestions that were either resolved in our
discussions or were incorporated in revisions to the manual. Mr. Cudworth had
been instrumental in supplying data and serving as an advisor in the prepara-
tion of the S-Graph Report (Sabol, 1987) and his review comments were minimal.
Dr. Woolhiser's comments were of a more conceptual nature relating to the
general procedure that was being proposed in the manual. No significant con-
cerns were reported by those three reviewers. Mr. Ottozawa-Chatupron's
responses were more in regard to the use of those techniques in an ADOT
Highway Drainage Design Manual that was being prepared at that time. His
comments, being related to another project, are not contained, herein.




‘ APPENDIX 5-A

Letters of Request for Reviews




G EORGE V. SAH()I. Ph.D., P.E.
CONSULTING ENGINEER
’. 1351 EAST 141st AVENUE
BRIGHTON, COLORADO B0601
(303) 457 0989

30 December 1988

Mr. Joe Rumann

Hydrologist

Flood Control District of Maricopa County
3335 West Durango

Phoenix, Arizona 850009

Dear Joe:

Fnclosed in 1he drafl of the Ralnfall lLosses seclion of lhe

Mar icopa County Hydrology Manual. FEvery lime lThat | read 1his |
have a desire to add, delete, or change someihing. I think that

[ will quit reading it and lel others take over. As we
discussed, | sent copies of the drafis of the various sections lo
qualified individuals for 1heir review and comment. | have asked
reviewers 1o concenirate on certain sections and | have provided
other sections to some reviewers for their general information
only. This is summarized:

Reviewer Rainfall Rainfall Unit
‘ Losses Hydrographs
(1) (2) (3) (4)
John Pedersen, Corps of Eng., LA R I R
Art Cudworth, USBR, Denver R R
Robin McArthur, SCS, Phoenix R R R
Dave Woolhiser, ARS, Tucson | | |
Leonard Lane, ARS, Tucson | R |
Herb Osborn, ARS (retired) R
Walter Rawls, ARS, Beltsville R
Herman Bouwer, U.S. Water
Cons. Lab., Phoenix R
V. Ottozawa-Chatupron, ATRC
Phoeni x I | |
C.0. Clark (retired), Oklahoma R |
|
\
\
\
|
R - Review is requested
| - For information of reviewer. Review and comments are nof

requested




Mr. J. Rumann
30 December 1988

Page 2
I will be returning on 3 February 1989 and | will contact you the
week of 6 February. Hopefully all reviews can be completed

during my absence, and we can finish the manual early next year.
The signed contracts are also enclosed. Thanks for taking care
of this. | do appreciate and enjoy having the opportunity to
continue to work with you and others at the Flood Conirol
District.
Best wishes for 1989.

Sincerely yours,

Hr L

George V. Sabol

Enclosures: 1. Copy of review package
2. Copies of letters to reviewers
3. Signed copies of contract (5)




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

BRIGHTON, COLORADO 80601
’ 5 (303) 4570989
A

thﬂﬁ' 30 December 1988

Mr. John Pedersen, P.E.

U.S. Army Corps of Engineers

Los Angeles District

P.0. Box 2711

Los Angeles, California 90053-2325

Dear John:

The Flood Control District of Maricopa County Is presently
preparing a Hydrology Manual for use In Marlicopa County, Arizona.
As this Is a major undertaking with significant technical,
social, and economic implications for Maricopa County, we would
appreciate your review of some sections of the draft of that

manual .
Your assistance by reviewing the Rainfall and Unit Hydrograph
Procedures section would be greatly appreciated. 1| have also
enclosed the Rainfall Losses section for your general

‘ information, and your review of this section Is also encouraged
but not requested

I will call you in February to receive any comments and
suggestions that you may have, or you may mail them +o me and Mr.
Joe Rumann at your convenlience.
Thank you in advance for your cooperation.

Sincerely yours,

A

George V. Sabol

Enclosures: Copy of draft sections of Hydrology Manual as
noted.

' Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County




GEORGE V. SABOL PhD., P.E.
CONSULTING ENGINEER
‘ 1351 EAST 1418t AVENUE

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

\Syoes/ 30 December 1988

Mr. Art Cudwor+th

Hydrology Branch

U.S. Bureau of Reclamation
Engineering and Research Center
P.0. Box 25007

Denver, Colorado 80225

Dear Art:

The Flood Control District of Maricopa County is presently
preparing a Hydrology Manual for use iIn Maricopa County, Arizona.
As this Is a major undertaking with significant technical,
social, and economic implications for Maricopa County, we would
appreciate your review of some sections of the draft of that
manual.

Your assistance by reviewing the Rainfall Losses and Uni+
Hydrograph Procedures sections would be greatly appreciated.

‘ I will call you in February to receive any comments and
suggestions that you may have, or you may mail them to me at your
convenience. '

Thank you in advance for your cooperation.
Sincerely yours,

M

George V. Sabol

Enclosures: Copy of draft sections of Hydrology Manual as
noted.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County




GEorGE V. SABOL PhD, PE.
CONSULTING ENGINEER
‘ 1351 EAST 1418t AVENUE

, BRIGHTON, COLORADO 80601
’ h (303) 4570989
A

‘Qnﬂ’ 30 December 1988

Mr. Robin McAr+t+hur

Soil Conservation Service
201 E. Indianola Ave.
Suite 200

Phoenix, Arizona 85012
Dear Mr. McArthur:

The Flood Control District of Maricopa County is presently
preparing a Hydrology Manual for use in Maricopa County, Arizona.
As this is a major undertaking with significant technical,
social, and economic implications for Maricopa County, we would

appreciate your review of some sections of the draft of that
manual .

Your assistance by reviewing the Rainfall, Rainfall Losses, and
Unit Hydrograph Procedures sections would be greatly appreciated.

‘ I will call you in February to receive any comments and
suggestions that you may have, or you may mail them to me and Mr.
Joe Rumann at your convenience.

Thank you In advance for your cooperation.

Sincerely yours,

Z ol

George V. Sabol

Enclosures: Copy of draft sections of Hydrology Manual as
noted.

‘ Copy: Mr. Joe Rumann, Hydrologist, Flood Control District

of Maricopa County




GEORGE V. SABOL PhD., P.E.
CONSULTING ENGINEER
1351 EAST 1418t AVENUE

BRIGHTON, COLORADO 80601
’ 5 (303) 457-0989
A

'21?& 30 December 1988

Dr. David Woolhiser

Arid Lands Watershed Management Research Uni+
200 E. Allen Road

Tucson, Arizona 85719

Dear Dave:

'The Flood Control District of Maricopa County Is presently
preparing a Hydrology Manual! for use In Maricopa County, Arizona.
As this 1s a major undertaking with significant technical),
social, and economic implications for Maricopa County, we would
appreciate your review of some sections of the draft of +tha+
manual .

As we discussed in your office on 7 December, whatever level of

review that you can provide of this material will be greatly
appreciated, but do not feel under any obligation to undertake
this task. | have enclosed the Rainfall, Rainfall Losses, and

Unit Hydrograph Procedures sections for your information and
possible review.

' will call you in February to receive any comments and
suggestions that you may have, or you may mail them to me and Mr.
Joe Rumann at your convenience.
Thank you in advance for your cooperation.

Sincerely yours,

el L

George V. Sabol

Enclosures: Copy of draft sections of Hydrology Manual as
noted.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County



GEOorGE V. SABOL PLD., PE.
CONSULTING ENGINEER
‘ 1351 EAST 1418t AVENUE

BRIGHTON, COLORADO 80601
’ 5 (303) 457-09R9
A

% 30 December 1988

Dr. Leonard il ane

Arid Lands Watershed Management Research Uni+¥
200 E. Allen Road
Tucson, Arlzona 85719

Dear Leonard:

The Flood Control Disirict of Maricopa Couniy Is presently
preparing a Hydrology Manual for use In Maricopa County, Arizona.
As this is a major undertaking with significant technical,
social, and economic Implications for Maricopa County, we would
appreciate your review of some sections of the draf+ of that
manual .

As we discussed on 7 December, your assistance by reviewlng +the

Rainfall Losses section would be greatly appreciated. I have

also enclosed the Rainfall and Uni+ Hydrograph Procedures

sections for your general information, and your review of these
' sections is also encouraged but not requested.

I will call you in February to receive any comments and

suggestions that you may have, or you may mail them to me and Mr.

Joe Rumann at your convenience.
Thank you In advance for your cooperation.
Sincerely yours,

gy

George V. Sabol

Enclosures: Copy of draft sectlions of Hydrology Manual as
notfed.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County




GEORGE V. SABOL PhD., PE.
CONSULTING ENGINEER
. 1351 EAST 1418t AVENUE

BRIGHTON, COLORADO 80601
’ b (303) 4570989
A

Dr. Herb Osborn
2341 South Lazy A Place
Tucson, Arizona 85713

30 December 1988

Sub ject: Maricopa County Hydrology Manual and
ADOT Highway Drainage Design Manual

Dear Herb:

As you may be aware, the Flood Control District of Maricopa
County is preparing a Hydrology Manual for use in Maricopa
County, and the Arizona Department of Transportation is preparing
a Highway Dralnage Design Manual for use throughout the state of
Arizona. | have talked to you on several occasions about data
from Walnut Gulch and about rainfall criteria for use within
Maricopa County and Arizona. The Rainfall section of the
Maricopa County Hydrology Manual has been drafted, and | would
‘ appreciate 1+ if you could review this and provide comments to
me. Keep in mind that this is for Maricopa County but | would
also like your comments in regard to using the same, or similar
type of rainfall criteria for use throughout Arizona In the ADOT
Highway Drainage Design Manual. ‘

| apologize for not talking to you about this in advance of +this
letter, but | have not been successful in contacting you by phone
during the holidays. | visited Dave Woolhiser and Leonard Lane
in Tucson on 7 December. | had planned to call you that day but
| was unexpectedly called away from Tucson on other matters and |
couldn't talk to you. | am sending the Rainfall, Ralnfall
Losses, and Unit Hydrograph Procedures sections fo Dave for his
information and possible review, contingent on his time for such
a review. Leonard has agreed to review the Rainfall Losses

section. Your review of the Rainfall section would be very
valuable bécause of your familiarity with the subject and your
expertise In this area. | realize that you have retired from the
ARS, and I'm sure that | could provide some amount of consulting

fee to you for this review.

I will be out of the country from 1 January through 5 February.




. Mr. H. Osborn

30 December 1988
Page 2 :

When | return | will contact you regarding this. Thank you In
advance for your cooperation.

Sincerely yours,

VA4

George V. Sabol

Enclosure: Rainfall section of Maricopa County Hydrology Manual

Copy: Mr. Joe Rumann, Flood Control District of Maricopa County

Mr. V. Ottozawa-Chatupron, Arizona Transportation Research
Center




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

BRIGHTON, COLORADO 80601
’ 5 {303) 4570989
A

_Qﬁnﬁy 30 December 1988

Mr. Walter Rawls

ARS, U.S. Dept. of Agriculture
Agri. Research Center - West
Bldg. 007, Rm. 137

Beltsville, MD 20705

Dear Walter:

The Flood Conirol District of Maricopa County is presently
preparing a Hydrology Manual for use in Maricopa County, Arizona.
As this is a major undertaking with significant technical,
social, and economic implications for Maricopa County, we would
appreciate your review of a section of the draft of that manual.

As we previously discussed, your assistance by reviewing the

Rainfall Losses section would be greatly appreciated.
I will call you in February to receive any comments and

‘ suggestions that you may have, or you may mail them to me at your
convenience.

Thank you In advance for your cooperation.

Sincerely yours,

el

George V. Sabol

Enclosures: Copy of draft section of Hydrology Manual as
noted.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
. of Maricopa County




GEORGE V. SABOL PhD., PE.
CONSULTING ENGINEER
. 1351 EAST 14ist AVENUF

BRIGHTON, COLORADO 80601
’ 5 (303) 4570989
A

Syt 30 December 1988

Dr. Herman Bouwer

U.S. Water Conservation Lab.
4331 E. Broadway

Phoenix, Arizona 85040

Dear Herman:

The Flood Control District of Maricopa County is presently
preparing a Hydrology Manual for use In Maricopa County, Arizona.
As this Is a major undertaking with significant technical,
social, and economic Implications for Maricopa County, we would
appreciate your review, iIf possible.

You or your staff may be Interested in the Rainfall Losses
section and | would appreciate any review and comment that you
would wish to make. However, do not feel under any obligation to
undertake this task.

' Il will call you in February to receive any comments and
suggestions that you may have, or you may mail them to me at your
convenience.
Thank you in advance for your cooperation.
Sincerely yours,

Bzl

1 George V. Sabol

Enclosures: Copy of draft section of Hydrology Manual as
noted.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County '




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

BRIGHTON, COLORADO 80601
’ H (303) 4570989
A

\oeecs’ 30 December 1988

Mr. V. Ottozawa~Chatupron

Senior Research Engineer

Arizona Transportation Research Center
College of Engineering

Arizona State University

Tempe, Arizona 85287

Subject: Marlcopa County Hydrology Manual and
ADOT Highway Dralinage Design Manual

Dear Ot+:

The Flood Control District of Maricopa County is presently
preparing a Hydrology Manual for use in Maricopa County, Arizona.
As this is a major undertaking with significant technical,
soclial, and economic implications for Maricopa County, we would
appreciate your review of some sections of the draft of that
manual .

. I am enclosing the Rainfall, Rainfall Losses, and Unit Hydrograph
Procedures sections for your information and review. You may
wish to consider your review in regard to the ADOT Highway
Drainage Design Manual and these are submitted +o you as a
supplement to the Task 1 Interim Repor+t.

I will call you in February to receive any comments and
suggestions that you may have, or you may mail them to me and Mr.
Joe Rumann at your convenience.

Thank you In advance for your cooperation.
Sincerely yours,
George V. Sabol

Enclosures: Copy of draft section of Hydrology Manual as
noted.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County
Mr. Richard Perry, NBS/Lowry
Mr. Doug Sovern, MWE
. Mr. Robert Ward




GEORGE V. SABOL P, PE.
CONSULTING ENGINEER
1361 EAST 1418t AVENUE

BRIGHTON, COLORADO 80601
’ 5 (303) 457-0989
A

%‘?f 30 December 1988

Mr. C.0. Clark
Consulting Engineer
2121 E. 22nd Place
Tulsa, 0K 74114

Dear Mr. Clark:

I haven't taken the opportunity to communicate with you since
your letter of 14 May 1988. It Is my privilege to once more
write to you and to make both a personal and professional request
to review the enclosed. The Flood Conirol Disirict of Maricopa
County, Arizona Is presently preparing a Hydrology Manual. As
you will notice from the enclosed, the Flood Control District is
recommending two unit hydrograph procedures, one of which is the
Clark Unit Hydrograph. As this is a major undertaking with
significant technical, social, and economic implications for
Maricopa County, we would appreciate your review of the Unit
Hydrograph Procedures section of that manual. You can send your

comments and suggestions to me. | will be unavailable until
after 6 February so there is no urgency for this.

Thank you in advance for your cooperation and assistance.

| hope all is well with you, and | look forward to the
opportunity to meet you someday.

Sincerely yours,

PR IAL

George V. Sabol

Enclosures: As noted.

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County -




APPENDIX 5-B

Review Comments and Correspondence with Dr. Walter Rawls




5’3"‘% United States Agricultural Beltsville Area Beltsville, Maryland
Department of Research Beltsville Agricultural 20705
Agriculture Service Research Center

March 23, 1989

SUBJECT: Review of Rainfall Losses Section of Hydrology Manual

TO: George Sabol
1351 E 141 st. Ave.
Brighton, CO 80601

FROM: Walter J. Rawls 2}, &= ) aw<
Hydrologist

The above section is well put together and I only have a few comments which you
might want to consider. First you might want to add the effect of rocks in the
soil on hydraulic conductivity (see attached publication). Second, you might
want to add a table grouping soil textures into hydrologic soil groups, see
attached. Finally, since curve numbers are still majorly used, you might want
to use fig. 2 relating curve number hydrologic condition saturated hydraulic
conductivity.




PAPER NO, PNR=84-203

MODIFYING SCS HYDROLOGIC SOIL GROUPS AND CURVE NUMBERS FOR
RANGELAND SOILS

D. L. Brakensiek W. J. Rawls G. R. Stephenson
Res. Hydraulic Eng. Hydrologist Geologist
USDA-ARS USDA-ARS USDA-ARS
NW Watershed Res. Center Hydrology Lab. NW Watershed Res. Center
Boise, ID Beltsville, MD Boise, 1ID

For presentation at the 1984 Annual Meeting
AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
PACIFIC NORTHWEST REGION

Cavanaugh's Motor Inn
Kennewick, WA
September 26-28, 1984

SUMMARY:

Procedures are proposed for determining SCS hydrologic
soil groups and curve numbers for rangeland soils. The
procedures utilize the SCS Soils-5 data base and previ-
ously developed infiltration research results. An
example for the USDA-ARS Reynolds Creek research water-
shed in Idaho is presented. )

Papers presented before ASAE meetings are considered to be the property of the
Soclety. in general, the Society reserves the right of first publication of such papers,
in complete form. However, it has no objection to publication, in condensed form,
with credit to the Society and the author. Permission to publish a paper in full may be
requested from ASAE, 2950 Niles Road, St. Joseph, Michigan 49085.

The S_ociety !s not responsible for statements or opinions advanced in papers or dis-
cussions at its meetings. Papers have not been subjected to the review process by
ASAE editorial committees; therefore, are not to be considered as refereed.




Modifying SCS Hydrologic Soil Groups and Curve Numbers

for Rangeland Soils1
D. L. Brakensiek, W. J. Rawls, and G. R. Stephenson-

Alternative determinations of SCS hydrologic soil groups (HSG) and runoff curve
numbers (CN) procedures are presented along with examples. The procedure
utilizes the SCS Soils~5 data base. Use of this data base is facilitated by
SIRS (Soils Information Retrieval Systems) facilites use of this data base.

SOILS DATA

The SCS Soils-5 file represents the largest and most available U.S. soils data
bank. SIRS has now greatly facilitated access to Soils-5. Since the Soils-5
data file does not include certain soil water properties such as percent sand,
R. B. Grossman of the National Soils Survey Laboratory, SCS, Lincoln, Nebraska,
developed expressions for calculating these quantities from the Soils-5 data.
He cautions that the exactness of the approximations may vary and that they
should only be used if measurements for particular properties are unavailable.

Table 1 presents Soils~5 property entries from SIRS for the Searla soil series
(found on the Reynolds Creek watershed in Idaho). We have added a letter code
for reference to the following calculations. Necessary soil properties which
we require but are not available on SOILS 5 are: Z1, the percent of fragments
< 250 mm, > 2 mm by weight, and Z5, the percent sand.

These can be calculated from the Grossman expressions as,

E :
21 =E+ [(1 - —) (100 - ¢)], (1)
100
where

E = percent fraction greater than 3 inches (E),
G percent material less than 3 inches passing sieve #10 (G),

and

1Contribution from the USDA, Agricultural Research Service; Northwest
Watershed Research Center, 270 South Orchard, Boise, ID 83705, and Hydrology
Laboratory, Room 139, Building 007, BARC-West, Beltsville, MD 20705.

2Research Hydraulic Engineer, Northwest Watershed Research Center, Boise, ID
83705, Hydrologist, Hydrology Laboratory, Beltsville, MD 20705, and Geologist,
Northwest Watershed Research Center, Boise, ID 83705.




TABLE 1., SOILS~5 FILE FOR SEARLA SOIL SERIES

CEX T Y P R ER P T T T

searla ( 1409329 Jcool

« mlrats): 25

rev. th,ghl , 12-82
calcic argixerolls, loamy-skeletal, mixed., frigid

the searla series cansists of very deep well drained soils that formed in colluvium from sedimentary rocks on mountains.

2levation is 5500 to &F00 feet. aap is 14 to 16 ihes. mast is 42 to 45 f. ffs is 50 to 70 days. vegetation is mountain
big sagebrush and bluebunch wheatgrass. typically the surface layer is brown gravelly loam 15 inches thick. the subsoil
is yellowish brown very gravelly clay loam to 32 inches. the substratum is white very gravelly loam and very pale brown
very gravelly sandy loam to 60 inches. slopes are 30 to &0 percent,

LT DL 2l Bl Bl Bl Bt T2 Dd ol

sealr\la ( idO‘?.’a)coal C D E F G H | J ’ l( | M

N

depth | { fract | percent of material less | liquid | plast’y ! clay | moist bulk
(in. ) | texture H unified l aashto I > Jin than 3 in passing sieve no. I limit ! index |} #Z<2mm ! density
l ' } 1 {pct) | 4 { 10 i 40 { 200 I { ' t (p/cad)

G-15 1 gr-l ! sm~sc,gm—gc | a-4 { 510 | 45-85 &0-80 15-460 35-50 | Q530 1§ 5-10 1 12-20 1t 1.40-1.50

15-32 | qrv~-cl ! gc ! a-2 { 5-153 t 45-60 35-50 25-40 20-35 § 30-40 ¢ 10-15 } 27-3% | 1.40-1. 50

32-¢0 | grv-l.,grv-sl ! gm-gc { a-1,a-2 ¢t O0-15 1 Q5-40 25~50 15-35 10-30 { 25-30 1 S5~10 ! 10-22 | 1.50-1.6Q

- - - o =

O P Q@ R S TUV W

permea-— ! available !¢ soil !} salinity | shrink- erosion | wind ! organic |
bility water ! reaction | mmhos/cm § swell l factors | evrod. | matter |
(ins/hr)  (in/in) | (ph) ! ! f kt t | group & (pct) !¢

- ————— = o o i o e e e = e !
0.6-2.0 1 0.13-0.16 !} 6.6-7.3 | - ! low 1 .1512 { b ! 2-4 !
0.2-0.6 1 0.10-0.13 | 6.6~7.3 1} - i low 1. 101 { $ }
0.6-2.6 | 0.05-0.07 ! 7.4-8.94 t < 2 t low t .05 i ! H

- !

- - -




100 I

Z5 = 100 - (2)
G
where
I = percent material less than 3 inches passing sieve #200 (I).

PROPOSED HYDROLOGIC SOIL GROUP (HSG) PROCEDURES

Our procedure for determining the HSG is based on knowing the percent sand and
clay, and soil porosity. If Soils-5 data are used, then the percent sand (Z5)
is calculated by equation (2).

Calculation of the soil porosity from the moist bulk density (N), if not given
in Soils-~5, is computed as follows:

1 - Enter Fig. 1 with the percent sand (Z5) and clay (M) and read the mineral
bulk density.

2 - Use the equation in Fig. 1 to calculate the Soil Bulk Density (SBD) with an
appropriate percent of organic matter (OM) (W).

3 -~ Calculate the total porosity as,
Porosity = 1 - SBD/2.65.

If the Soils-5 data contains bulk density, then calculate the porosity from
that value. With the inputs of percent sand and clay and porosity, enter the
computer program shown in Table 2 to determine the fine earth fabric saturated
conductivity, KS. Table 3 presents a sample output. For our purposes, only
the KS from the output is needed.

With the saturated hydraulic conductivity (KS) known, determine the hydrologic
soil group (HSG) from Table 4. Rangeland soils may require a modification due
to conditions, such as stone or coarse fragment content, soil compaction, or
frozen soils. These modifications are considered in the next section. The
saturated conductivity limits for A, B, C, and D were taken from Musgrave

(1955).

Wood and Blackburn (1984) indicated that the hydrologic soil groupings should
be "greatly modified” for use in arid and semiarid rangelands, especially to
make more use of surface soil properties.

RANGELAND SOIL MODIFICATIONS

Coarse Materials

Rangeland soils, such as those on the Reynolds Creek Watershed, contain
significant amounts of coarse fragments. From work by Bouwer and Rice (1983)
and unpublished SCS Soils-5 based equations, developed by Grossman (1983), a
relationship was developed for calculating the soil porosity for the bulk soil
containing coarse fragments,
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Fig. l--Determination of soil bulk density.



TABLE 2, PROGRAM TO FIND SOIL PARAMETERS

POR = POROSITY PS = PERCENT SAND = % SAND PC = PERCENT CLAY = % CLAY

REAL*4 Ks,Yf,Qe,Qr,Yb,LAM
CHARACTER*1 ANS
10 WRITE(6,20)
20 FORMAT(/,/,5X,'$ ENTER THE POROSITY: ',$)
ACCEPT*, POR
IF(POR .LT. 0.0 .OR. POR .GT. 1.0) GO TO 150
30 WRITE(6,40)
40 FORMAT(/,5X,"'$ ENTER THE % OF SAND: ',$)
ACCEPT*, SAND
IF(SAND .LT. 5.0 .OR. SAND .GT. 70.0) GO TO 170
50 WRITE(6,60)
60 FORMAT(/,5X,'$ ENTER THE % OF CLAY: ',$)
ACCEPT%*, CLAY
IF(CLAY .LT. 5.0 .OR. CLAY .GT. 60.0) GO TO 190
PS=SAND :
PC=CLAY

EQUATIONS DESCRIBING GREEN-AMPT PARAMETER CHARTS

Qe=0.01162-0.001473%PS~0.002236%PC+0.98402%POR+0.000098T*PC*%*>
14+0.003616*PS*POR~0.010859*PC*POR-0.000096 *PC**2*POR-0.002437 *
. 2POR**2*PS+0.0115395*%POR**2%p(

Y£=6.5309~7.32561*POR+0.001583*PC*%2+3,809479%POR**2+0.000344%
1PS*PC~0.049837*PS*¥POR+0.001608*PS*¥2¥POR¥*¥2+0,001602*PC**2*
2POR¥*%*2-0.0000136*PS**2*PC-0.003479*PC**2%POR-0.000799*PS**2*POR

Yf = BXP(Yf)

Ks=19.52348%POR-8.96847-0.028212%PC+0.00018107*¥PS*%¥2-0.0094125%
1PC*¥¥2-8.395215%POR*%¥2+0.077718¥PS*POR-0.00298%PS**2*POR*%2_
20.019492%pC¥*¥2%POR*%¥2+0.00001 73*PS**¥2%PC+0.02733%PC**2%POR+
30.001434*pPS**2%¥POR-0.0000035%PC**2%pg3

Ks = EXP(Ks)

Qr=-0.0182482+0.00087269%PS+0.00513488%PC+0.02939286%POR
1-0.00015395%PC**%2-0.0010827*PS*POR-0.00018233%(pCc**2)*
2(POR¥*%*2)+0.00030703%(PC**2)#*POR~-0.0023584%(POR¥**2 ) *P(

LAM=-0.7842831+0.0177544*PS-1.062498*POR~0.00005304%PS**
1-0.00273493*PC*%2+1,.11134946*P0OR*¥%2-0.03088295*PS*POR
2+40.00026587*(PS**2)*(POR**2)-0.00610522%(PC**2)*(POR**2)

3—0.00000235*(PS**2)*PC+0.00798746*(PC**2)*POR-0.00674491
4*(POR¥**2)*pPC

. LAM = EXP(LAM)




. TABLE 2. PROGRAM TO FIND SOIL PARAMETERS (CONT.)

Yb=5.3396738+0.1845038%PC-2.48394546*POR~0.00213853*%
1PC*%¥2-0.04356349%PS*POR-0.61745089%PC*POR+0.00143598
2*(pS**2)*(POR*¥2)-0.00855375%(PC*¥*2)*(POR*¥2)-0.00001282%
3(PS**2)*PC+0.00895359%(PC*#*2 )*POR-0.00072472*(PS**2 ) *POR
4+0.0000054*%(PC**¥2)*¥P3S+0.50028060% (POR**2 ) *PC

Yb = EXP(Yb)
BARTHD=.1535-.0018%PS+.0039#%PC+.1943*POR
BAR15 =.0370-.0004%PS+.0044%PC+.0482*%POR

OUTPUT SECTION

WRITE(6,70) POR,SAND,CLAY

70 FORMAT(/,/,/,12X, 'POROSITY',5X,'% SAND',5X,'% CLAY',/,
112%X,F7.5,6X,F6.2,5%X,F6.2)
WRITE(6,80) Qe

80 FORMAT(/,/,5X, 'EFFECTIVE POROSITY = ',F7.4)
WRITE(6,85) LAM
85 FORMAT(/,5X,'POROSITY INDEX = ',F7.4)
WRITE(6,90) Yf
90 FORMAT(/,5X, 'WETTING FRONT CAPILLARY PRESSURE = ',F10.4,' cmn')
WRITE(S, 100) Ks
100 FORMAT(/ "SATURATED HYDRAULIC CONDUCTIVITY = ',F10.5,' cm/hr')
. WRITE(S6, 10) BARTHD
110 FORMAT(/,5X, 'ONE THIRD BAR WATER CONTENT = ',F10.4)
WRITE(6, 20) BAR1S
120 FORMAT(/,5X,"'15 BAR WATER CONTENT = '",F10.4)
WRITE(6,1 25) Qr
125 FORMAT(/,5X, 'RESIDUAL WATER CONTENT = ',F10.4)
WRITE(G, 26) Yb A :
126 FORMAT(/,5X, '"BUBBLING PRESURE = ',F10.4,' ¢cm')
WRITE(6,1%0 ) ,
130 FORMAT(/,/,/ ,'$ WOULD YOU LIKE TO CALCULATE ANY MORE?(y/n) ',$)
READ(5,140) A
140 FORMAT (A1)
IF(ANS .EQ. 'Y' .OR. ANS .EQ. 'y') GO TO 10
STOP

ERROR CHECKING

150 WRITE(6,160)

160 FORMAT(/,/,5X, 'ERROR IN POROSITY, value must be > O and < 1')
GO TO 10

170 WRITE(6,180)

180 FORMAT(/,/,5X, 'ERROR IN PERCENTAGE OF SAND, value must be > 5 and
1 < 70")
G0 TO 30

190 WRITE(6,200)

‘ 200 FORMAT(/,/,5X, 'ERROR IN PERCENTAGE OF CLAY, value must be > 5 and

1 < 60")
GO TO 50
END




TABLE 3. SAMPLE OUTPUT
RUN SOILS
$ ENTER THE POROSITY: 0.45
$ ENTER THE % OF SAND: 39
$ ENTER THE € OF CLAY: 16
POROSITY % SAND % CLAY
0.45000 39.00 16.00
EFFECTIVE POROSITY = 0.3788

POROSITY INDEX =

WETTING FRONT CAPILLARY PRESSURE

SATURATED HYDRAULIC CONDUCTIVITY

0.3460 (GREEN

ONE THIRD BAR WATER CONTENT

15 BAR WATER CONTENT
RESIDUAL WATER CONTENT

BUBBLING PRESURE

AND AMPT A)

21.1312 cm (GREEN AND AMPT )
0.59637 cm/hr
0.2331
0.1135
0.0710 (GREEN AND AMPT 0,)

27.4790

cm

$ WOULD YOU LIKE TO CALCULATE ANY MORE?(y/n) N

FORTRAN STOP




Table 4.--SCS hydrologic soil groups for saturated conductivity (KS)

classes.

HSG
(XS cm/nr)

Description

A 1
(0.76-1.14)

B
(0.38-0.76)

c
(0.13-0.38)

(0.0-0.13)

(Low runoff potential). Soils having high
infiltration rates even when thoroughly wetted and
consisting chiefly of deep, well to excessively
drained sands or gravels. These soils have a high
rate of water transmission.

Soils having moderate infiltration rates when
thoroughly wetted and consisting chiefly of
moderately deep to deep, moderately well to well
drained soils with moderately fine to moderately
coarse textures. These soils have a moderate rate
of water transmission.

So0ils having slow infiltration rates when
thoroughly wetted and consisting chiefly of soils
with a layer than impedes downward movement of
water, or soils with moderately fine to fine
texture. These soils have a slow rate of water
transmission. ‘

(High runoff potential). Soils having very slow
infiltration rates when thoroughly wetted and
consisting chiefly of clay soils with a high
swelling potential, soils with a permanent high
water table, soils with a claypan or clay layer at
or near the surface, and shallow soils over nearly
impervious material. These soils have a very slow
rate of water transmission.

"1t is assumed that a KS greater than 1.14 cm/hr is an "A" soil.




Z1 1 Z1

¢ = (1 - —) / (— - —) (3)
100 ¢ 100
where

¢c = the bulk soil porosity (with coarse fragments),
¢ = fine earth fabric, < 2 mm, porosity, and
Z1 percent by weight of the soil material > 2 mm and < 250 mm,

1]

where Z1 is calculated from Soils-5 data by equation (3). The value of ¢ is
the porosity determined from Fig. 1 by the procedure described in the text or
taken from the Soils-5 data file.

Equation (4) was also derived from the results of Bouwer and Rice (1983). The
saturated conductivity can be calculated for the soil containing coarse
fragments, K , from the conductivity of the fine earth fraction, KS, and the
percent by weéight of coarse fragments, Z21. If Z1 is not known it is
calculated by equation (1).

Z1
K, = (1 - —) Ks (4)
100

The value of K is entered in Table 4 and a hydrologic soil group is determined
for the bulk sSil. The computer program in Table 2 can be entered with ¢ _ to
determine bulk soil properties other than the saturated hydraulic conductivity,
which is determined by equgtion (4). Equation (4) is also similar to one
derived by Peck and Watson”. Additional research on gravels in soils is
presented by Dunn and Mehuys (1984).

Compacted Soils

Soil bulk densities can change as a function of land use which induce
compaction. As the bulk density increases the bulk soil porosity will
decrease, which may change the HSG. Our procedure is simply to change the
original bulk density by the percent change and compute a new porosity. The
program in Table 2 is entered with a new porosity, and the calculated KS value
is used in Table 4 to determine the HSG.

FROZEN SOILS

Frozen soil conditions frequently occur on rangelands. The following procedure
was developed by Lee (1983) from his study of a frozen soil. He related the
ratio of the frozen soil saturated conductivity (KS), to the unfrozen soil KS
as a function of antecedent soil water content. We ﬁave expressed his

3

Peck, A. J., and J. D. Watson. 1979. Hydraulic conductivity and flow in
non-uniform soil. Unpublished paper, presented at the Workshop on Soil
Physics and Field Heterogeneity, Canberra, Australia, p. 31-36.




antecedent soil water factor as a percent of field capacity. One-third bar
‘ water contents are also estimated in our computer program. Equations (5a,b)
present Lee's relationships,

(Ks)f/KS 1.89 - 0.023 (% of FC), %FC < 78 (5a)

and

0.1 , %F > 78. (5b)

For example, if it is estimated that the antecedent soil water content when the
ground is frozen was 50 percent of field capacity, then by equation (5a)

(KS)f/KS = 0.74.
Thus, if the original hydrologic soil group was "B", KS = 0.45 cm/hr, then
(KS)f = 0.33% cm/hr

and the HSG determined from Table 4 would be reduced to a "C" soil. Equations

(5a,b) should be used very cautiously, since they are based on laboratory tests
of only one soil texture. However, they do indicate the hydrologic importance

of frozen soils.

SURFACE ROCK COVER

A thesis study by Dadkhah (1979) indicated that rock cover on the soil

surface, from O percent to 20 percent, decreased the SCS curve number by nearly
' 10 percent. Apparently surface rock cover is a signficant factor to consider

on rangeland curve number hydrology, but more research is needed to quantify

its effect. The same thesis study also investigated the interactions of rock

cover, vegetation cover, and soil compaction.

RANGELAND RUNOFF CURVE NUMBERS

Standard SCS procedures for determining rangeland CN's are given in Tables 8.1,
8.2, and 9.1 of their Hydrology Guide (SCS 1972). Inputs are land use
treatment or practice, hydrologic condition, and hydrologic soil group (HSG).
The HSG can be estimated by our procedure.

We propose an alternative procedure which uses the KS parameter directly,
rather than the hydrologic soil group. We developed Fig. 2 by combining Tables
8.1, 8.2, and 9.1, and our Table 4. Fig. 2 would be entered with the estimated
KS value and with an estimated hydrologic condition (HC), i.e., cover class.

We are suggesting that HC can be estimated from percent cover. Based on SCS
Table 8.2, the cover classes were defined as shown in Fig. 2 for bare, poor,
fair, and good cover. The lines in Fig. 2 were oriented with the four points
in their Table 9.1 representing the curve numbers for a bare, poor, fair and
good HC plotted versus the mid-point KS for each HSG. For interpretation
between classes, we developed the following equation assuming the average cover
percent shown in Fig. 2 for each class.

CN = 96.38 - 0.158C - 19.84K - 0.397KC (6)

. where

10

R
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EXAMPLES
Given: Reynolds Creek Soils-5 data for Searla (id0929) cool
(1) Find - percent sand
Sand (%) = 25 = 100 - 100 I/G

I
G

percent material < 3" passing #200 sieve = 35 - 50 percent
percent material < 3" passing #10 sieve = 60 - 80 percent.

Using the midpoint value for I and €

100 - 100 (42.5/70)
39 percent.

Sand (%)

i

(2) Find - percent by weight of material > 2 mm and < 250 mm = %1

E
721 =E + [(1 - —) (100-¢)]
100

‘ E = percent fraction > 3 inches
percent material < 3 inches
passing the #10 sieve.

(]
]

From Soils-~5

E =5 - 10 percent

G = 60 - 80 percent
7.5
z1 = 7.5 + [(1 = —) (100 - 70)]
100
721 =

35 percent.

(3) Find - Hydrologic Soil Group

From the Soils-5, the percent clay (M) is 12 - 20 with the mid-value of
16 percent and the percent of sand (Z5) is 39 percent.

The measured moist bulk density (N) is 1.4 - 1.5 with a mid-value of
1.45.

12




From our computer program

KS = 0.60 em/hr.

Referring to Table 4, this soil is Hydrologic Soil Group B.

If we assume a total cover of 30 percent cover, the calculated curve
number is

CN = T2.
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GEORGE V. SABOL PhD, PE.
CONSULTING ENGINEER
1351 EAST 141st AVENUE

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

Mr. Walter Rawls

ARS, U.S. Dept. of Agriculture
Agri. Research Center-West
Bldg. 007, Rm. 137

Beltsville, MD 20705

3 April 1989

Subject: FCDMC Hydrology Manual
Dear Walter:

Thank you for your review comments of 23 March 1989. I will incorporate your
suggestions into the manual. I have one question for which I would like your
response. This is in regard to the values of the Green and Ampt parameters
for loam and silt loam in Table 2 of Green-Ampt Infiltration Parameters from
_ Soils Data by Rawls, Brakensiek, and Miller (ASCE, Hyd. Engineering, Vol. 109,

No. 1). Specifically, on the table the value of hydraulic conductivity for
loam is 0.34 cm/hour and for silt loam is 0.65 cm/hour, and the capillary
pressures are 8.89 cm and 16.68 cm, respectively. Since loam generally has a

. higher sand content than silt loam I would think that these values should be
reversed, and that loam would have a greater hydraulic conductivity than silt
loam. Is there some reason for this anomaly, or is there a possible error in
this table?

Sincerely yours,

il

George V. Sabol

Enclosure: Copy of Table 2

Copy: Mr. Joe Rumann, Flood Control District of maricopa County
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FIG. 1.—Distribution of Solls

in which 8 = soil water content, in cubic centimeters per cubic centi-
meter; 8, = residual saturation, in cubic centimeters per cubic centimeter;
& = total porosity, in cubic centimeters per cubic centimeter; ¥, = bub-
bling pressure, in centimeters; ¢ = capillary pressure, in centimeters;
and A = the pore-size distribution index.

The Green and Ampt parameters can be calculated trom the estimated
Brooks and Corey constants as follows: The wetting front capillary pres-
sure term, ¥, is calculated by (2)

5 = 2A+3 (»h,,)

" a+2\2
The effective porosity, 8,, is calculated as
8,

in which & = the total porosity, in cubic centimeters per cubic centi-
meter, and is calculated from bulk density and particle density; and 8,
= the residual soil-water content, in cubic centimeters per cubic centi-
meter. The Green and Ampt hydraulic conductivity, K, based on Bou-
wer's (4) findings that it is one-half the saturated hydraulic conductivity,
is calculated as

in which the saturated conductivity, K, is calculated by an equation
(Ref. 5) derived by substituting the Brooks and Corey equation into the
Childs, Collis-George permeability integral (6) given by

®? A
o
LA+ DA +D)

in which a = a constant representing the effects of various fluid con-

66

TABLE 2.—Green and Ampt Parameters According to Soil Texture Cla
Horizons

Effective porosity,
9, in cubic
centimeters Waetted front capi-

per cudic lary pressure, &, in

(4) (5) (8)

| 0437 0.374-0.500% | 0.417 (0.354-0.480) 1 4.95.(0.92.25.36) —
0.452 (0.396-0.508) | 0.431 (0.373-0.487) | 5.34 (1.24-2306)
0.40 (0.385-0.495) | 0.421 (0.365-0477) | 6.38 (1.31-31.06)
0424 (0.385-0.463) | 0.408 (0.365-0.451) | 2,07 (0.32-13.26)
| 007 (0.%3-0,506) | 0.401,(0.329-0.473) | _6.13 (1.35-27.94)

0457 (0.385-0.529) | 0.424 (0.347-0.501) | 6.01 (1 58-22.80)
047 (0379-0515) | 0.412 (0.334-0.490) | 4.21 (1.03-17.24)
0424 (0.372-0.476) | 0.365 (0.323-0.447) | 5.16 (0.76-34.85)
0.453 (0.351-0.555) | 0.412 (0.283-0.541) | 1101 (2.67-45.47)
0.505 (0399-0.611) | 0.469 (0.330-0.608) | 1524 (5.56-41.76)
0.466 (0.352-0.580) | 0.428 (0.271-0.585) | 8.89 (202-39.06)
0418 (0.352-0 484) | 0.389 (0.310-0.468) | 6.79 (1.16-39.65)
0463 (0175-0.551) | 0.434 (0334-0.534). | 889 (113-5038) | 0M
0512 (0427-0.97) | 0.476 (0.376-0.576) | 10.01 (2.14-46.81)

0512 (0.408-0.616) | 0498 (0.382-0614) | 6.40 (101-4049)

0412 (0.350-0.474) | 0.382 (0.305-0.459) | 9.27 (0.87-9929)

05010 420-0.582) | 0.486 (0,394-0.578) | 16.68.(2.92:95.19) _ B X S—
0527 (0 44-0.610) | 0.514 (0.425-0.603) | 10.91 (1.89-63.05)

0531 (0430-0.636) | 0.515 (0.387-0.643) | 7.21 (0.86-60.82)

0470 (0.409-0.531) | 0.460 (0.396-0.524) | 12.62 (3.94-40.45)

098 (0.332-0.464) | 0.3 { 85 (4.42-108.0) | 015

0393 (0.10-0.476) | 0.330 (0.223-0.437) | 26.10 (4.79-142.30)
0407 (0.399-0.455) | 0.332 (0.251-0.413) | 23.90 (3.51-103.75)
| 0464 (.409-0 $19) | 0.309 (0.279:0.501) | 20.88 (47991100 { —0.10.-
0497 (0.434-0.560) | 0.430 (0.328-0.532) | 27.00 (6.13-118.9)
0451 (0401-0.501) | 0.397 (0.228-0.530) | 18.52 (4.36-78.73)
0452 (0.412-0.492) | 0.400 (0.320-0.480) | 15.21 (3.79-61.01)
0471 (0418-0.524) | 0.432 (0.47-0.517) | 27.30. (5.67-131.50)
0.509 (0.449-0.569) | 0.477 (0.410-0.544) | 13.97 (4.20-46.53)
0469 (0.423-0.515) | 0.441 (O 374-0.508) | 18.56 (4 08-B4.44)
0475 (0.436-0.514) | 0.451 (0.386-0.516) | 21.54 (4.56-101.7)
0.430 (0.370-0.490) | 0.321 (0.207-0.435) | 23.90 (4.08-140.2) |

2

Clay loam

Et:suliin

Silty clay
loam

gllezZe

Sandy clay

0.435 (0.371-0.499) | 0.335 (0.220-0.450) | 6 74 (8.33-182.1)

0479 (0425-0.533)_| 0423 (0.34-0.5120.4 2.2.1613:139.4) .

0.476 (0.45-0.507) | 0.424 (0.345-0.503) | 30.66 (7.15-131.5)
0464 (0430-0.498) | 0.416 (0.346-0.486) | 45.65 (18.27-114 1)
21| 0.475.(0.427-0.522). | 0.385 (0.269-0.501). 3

A = = = = e
8 70 | 0470 (0.426-0514) | 0.412 (0.309-0.51%) | 27.72 (6.21-13.7)
C 2 | 0483 (0.441-0.525) | 0.419 (0.294-0.544) | 54.65 (10.59-2620)

*Antilog of the log mean and sundard deviaton.
®alues for Rawls. et al. (13).

Values for the texture class

dNumbers in () = one standard devirtion
"Insufficent sample to determine parameters




A Note on Determining Soil Properties for Soils Containing

@ ock Fragments

D.L. BRAKENSIEK, W.J. RAWLS, AND G.R. STEPHENSON

Many rangeland soils contain a significant rock fraction which
may modify soil properties, whereas most published soil and soil

Authors are research hydraulic engineer, USDA-ARS, Northwest Watershed
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Table 1. Soil and water properties.

water data are for the fine earth fraction. A listing of equations is
presented which calculates soil water properties for soils contain- !

ing a rock fraction. It is seen that'standardization is badly needed

todescribe properties of these soils. Especially needed is standardi-
zation to distinguish between bulk densities and particle densities
as well as properties on a mass or volume basis. The classification
of these soils is discussed by Miller and Guthric (1984).

Table 1 presents published or derived equations for some com-

mon soil and water properties. Most of these relationships were

Soil Property Expression Reference Soil Property Expression Reference :
Coarse Fraction: :
* PO " Water Content:
Ra, wet or dry sieving Flint and g _ ) f
and weighing Childs (1984) 6.=(1 - Rw)8s+ Ry 6, Reinhart (1961)
Flint and
R, = (BDy/BD,,) * Ra Flint and S l0es)
Childs (1984
ik it Wy = (1 - R)W,, + (R)W,y, Flint and Childs
fv=(og/0) *fm Russo (1983) :i - 3 (1984)
_ W.=Wa.eBD/p Hillel (1971)
Ra =1~ BD</BD Derived -
k 1 - BD_,/BD,, Saturatu'i )
Conductivity:
R,= _PBL& F“‘_'" and " K./ Ko = (1 -9) Dunn and
BD,, - BD_, Childs (1984) 2+a Mehuys (1984)
R, - Rm Derived Ki/Ks=(1 -Ry) gr.a‘:(lcsn(sliggsa)nd
' I-R. (p/p)(I-Ra)
Bulk Density: a,f,, R, = Coarse fraction (>2 mm) by volume
p. =Py -t Russo (1983) d@ + a» P BD. = Bulk density of field bulk soil
* (1-1y) da, o, BD>2 = Bulk density of coarse fraction (>2 mm)
(1-Rw) (1 -W), X., fm, Ra = Coarse fraction by weight
BD<2 =BDg Fli!lt and d., p,, BD , = Bulk density of fine fraction (<2 mm)
(I1-Ry Childs (1984) P, = Total porosity of coarse fraction
(-1 -1 PD,, = Particle density of coarse fraction
Pz [ f./p.. + = ] Russo (1983) W, 6« = Total field water content by volume
L W 6 = Water content of fine fraction by volume
Bulk Density: w v> 0s = Water content of coarse fraction by Yolumc
1-W w -1 Mechuys et al. Wi = Water of fine fraction by weigh
Py =[ 2 o~ (1975) K., K: = Saturated conduc'u.vny of bulk SOI!
Ko, Ky = Saturated condutivity of fine fraction
Sgix = [ - X']-l Berger (1976) iy Tensty et
ds da
Note: All quantities in decimal form.
Pr=(1-fy)ps+ (f)pos Russo (1983)
BD.=BD_, + Ry (BD,,, - BD_,) Flint and Childs ’
(1984)
BD,,=(1 -P,,)PD, Flint and Childs
& . (1984)
PsBD, Irregular Hole Bulk Flint and Childs
Density Sampler (1984)
Russo (1983)
—. . Cunningham and
Matelski (1968)
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nner during a rainstorm having excessive
ntensities.

Four groups, A, B, C, and D, were defined by SCS
soil scientists, with numerical limits established
by Musgrave (1955). We have assumed that the
conductivity parameter, K, of the Green and Ampt
infiltration equation, which is approached after
prolonged wetting, corresponds to the minimum
infiltration rate used in the SCS classification
of soils. The CGreen and Ampt equation is

£ = k(1 ’if:) (1)
F

where K = conductivity parameter,
éf = wetting front suction parameter,
n = available soil porosity,
f = rate,

and P = accumulated amout.
¥ is one-half of the saturated conductivity, Ks'

Figure 1 is a soil texture triangle upon which the
numerical limits for K have been used to delineate
the hydrologic soil groups. This chart is adapted
from our work on predicting Green and Ampt
parameters from soil texture, organic matter
conteat, and tillage practice factors (Rawls et
al. 1983). The zero percent porosity change
applies to the initial soil state.

An earlier report of our work presented the
following tabulation of soil groups based on
average soil texture conductivities:

“Hydrologic-.,

soil.grouping s SO1L textures.
A Sand, .loamy sand, and sandy loam
B _ --Silt loam and loam
c Sandy clay loam
D Clay loam, silty clay loam,

sandy ‘clay, .silty clay, and clay

This grouping was compared with soil groupings
found in the SCS SOIL 5 File and is consistent
with their A, B, C, and D classification.

Comparing the tabulation with figure 1 clearly
shows the lumping involved in classifying soils
cnly according to a soil texture class. For
example using texture class, only, places a silt
loam in a B group, whereas using particle size
percenteges (and organic matter) can place it in
any of the four groups. The A and D soil groups
are most nearly invariant with respect %o soil
texture. This lumping would infer inconsistencies
in using curve number hydrology as part of a more
physical based and distributed watershed model.
fowever, the lumping of soil textures in soil
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groups is entirely comsistent with the way that
they were originally derived, that is, from small
watershed or plot data.

Figure 1 can be used in curve number hydrology to
group soils from available SCS soil survey
information. Application of figure 1 to a soil
profile containing sewveral horizons of different
texture can bz handled by using the harmonic mean
of the horizon conductivities. This requiresa
definition of an effective or wetted soil depth.

GREEN-AMPT PARAMETERS

Figure 2 presents the Green and Ampt effective
porosity parameter. The hydrologic soil groups do
not line up with a particular effective porosity
value. Figure 3 presents estimates of the Green
and Ampt wetting front capillary potential
parameter. There is a tendency for hydrologic
soil groups to be characterized by a particular’
wetting front potential, that is, A = 10 cm; B =
20 cm; C = 40 cm; and D = 50 cm.

Even though figures ¥, 2, and 3 indicate the SCS
hydrologic soil groupings are not uniquely related
to soil hydraulic and hydrologic properties, they
do show that the Green and Ampt parameters- can be
estimated from readily available soil properties.

INITIAL ABSTRACTION

An advantage of the imfiltration approach is that
infiltration prior to runoff can be calculated

"(Mein and Larson 197%1). The component of curve

number hydrology, initial abstraction term I_, is
thus calculated rather than assumed to be a fixed
percentage of total soil storage.

LAND USE AND TREATMENT

The cover component of the hydrologic soil-cover
complex includes land use, land treatment, and
land use and treatment class (hydrologic
condition). The last appears to refer to the
quality of the agronemic condition. We have
developed a procedure to incorporate a change in
soil porosity, which may result from agronomic
practices, into estimating Green and Ampt
infiltration parameters. From this result, it can -
be shown that the hydrologic soil grouping is not
a fixed soil parameter but is significantly
changed by soil porosity changes.

The physical condition of soil is significantly
influenced by practices such as tillage,
compaction, consolidation, crusting, incorporation
of organic amendments, soil surface roughness, and
vegetation cover. These can primarily influence
the hydraulic properties of soils through changes
in soil porosity. At present, our assumption is
that the principal influence of agronomic practice
is to change the total soil porosity. The
pore-size distribution may also change, but there
is little data on this aspect. Rawls et al.
(1983), from a search of research data, were able
to relate an initial increase in porosity to




were developed by assuming that the soil and rock fraction are each
.mdc up of porosity and solids on a mass or volume basis. An
xcellent discussion for the soil fraction alone is presented by Hillel
(1971). At the end of Table 1, the symbols are defined correspond-
ing to the key publications referenced since they are not standard.
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Relation between Ecological-Range Condition and Propor-

tion of Soil-Surface Types

~

RICHARD E. ECKERT, JR., FREDERICK F. PETERSON, AND J. TIM BELTON

Abstract

Different kinds of A-horizon soil-surface types occur on loess-
mantled xerollic Orthids and Argids in the Intermountain area.
Four sofl-surface types were identified on sites with potential vege-
tation of Wyoming big sagebrush [Artemisia tridentata wyomin-
gensis Reetle] and Thurber needlegrass [Stipa thurberiana Piper].
hese surfaces occupy different microtopographic positions and
ave different morphologies and chemical and physical properties.
This study relates differences in the cover of these soil-surface types
to ecological-range condition on sites of similar potential. Propor-
tion of the surface type found under shrub or bunchgrass cover
varies with range condition. More of the surface associated with
shrub cover is found on 3ow condition sites because of greater
sagebrush cover. More of the surface associated with bunchgrass

- cover is found on high condition sites because of greater grass
cover. Proportion of the surface types found in the interspace
between shrubs also varies with range condition. High condition
sites have a greater cover of the soil surface associated with bunch-
grass cover and of the soil surface with cryptogam-stabilized
microrelief. Conversely, low condition sites have essentially none
of the soil surface associated with bunchgrass cover but a large
amount of the soil surface with little microrelief. Results are inter-
preted in terms of watershed stability and natural revegetation
potential.

Various ecological sites in the Intermountain area occur on
xerollic Orthids and Argids. The A horizons of many of these soils
have formed in a thin loess mantle and have distinctive morpholo-
gies determined by their parent material, their microtopographic
position, and recent vegetation. This loess originated from sedi-
ments deposited in large Pleistocene lakes and subsequently
exposed to wind transport as the lakes dried (Young and Evans
1986). In Nevada, the area leeward of these former lakes have soils
that commonly are capped withloam, very fine sandy loam, or silt
loam textured surface soils. This area is informally called the
Humboldt Loess Belt and comprises about 8 million ha in central
and northern Nevada and extends into southeastern Oregon,

ﬁnhors are range scientist, USDA/ ARS, 920 Valley Road, Reno, Nev. 89512: soil
ientist, Dep. of Plant Science, Univ. of Nevada, Reno 89557; and former graduate
student, Dep. of Range, Wildlife, and Forestry, Univ. of Nevada, Reno 89512, Belton
is currently a range conservationist, USDA/FS, Saugus Ranger District, Saugus,
Calif. 91350. :
This research is the result of coopérative investigations of the USDA-ARS and the
Nevada Agr. Exp. Sta. and was funded in part by the USDI-BLM.
Manuscript accepted 26 December 1985,
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southern Idaho, and western Utah.

Four distinctive soil-surface morphological types of A horizons
are found on fan piedmonts and basin floors in the Wyoming big
sagebrush [Artemisia tridentata wyomingensis Beetle]-grass vege-
tation types in the Humbolt Loess Belt (Eckert et al. 1977) (Fig. 1).
These soil-surface types are closely related to their microtopo-
grapic position. A schematic cross-sectional diagram and descrip-
tion of these microtopographic positions are presented in Figure 2
and Table 1, respectively. Similar surfaces have been recognized by
Hugie and Passey (1964), Schlatterer (1968), and Stuart et al.
(1971, 1973). Postulated genesis of these surface horizons and their
morphological attributes such as polygon shape, morphology,
vesicularity, polygon microrelief, and surface cracks between
polygons have been described (Eckert et al. 1977). Texture, organic
matter, bulk density, modulus of rupture, and porosity characteris-
tics of these soil surfaces were described by Wood et al. (1978).
Eckert et al. (1978), Stephens (1980), and Wood et al. (1982) have
shown that these morphological and physical properties can affect
plant and hydrologic responses to rangeland improvement and
management practices.

Table 1. Surface soil morphological types and their microtopographic
positions.

Surface soil Micro-
morphological topographic Description of microtopographic
type position position
I Coppice A semi-conical form, the highest
microtopographic elevation.

II Coppice bench A flattish or gently sloping area next
highest to the coppice, and higher
than any adjacent intercoppice or
playette, if the latter occur.

111 Intercoppice A gently sloping or nearly flattish
microplain area next lower than the coppice
bench. (Absent in some situations).
1v Playette A slightly depressed or flat area at the

lowest microtopographic elevation
and surrounded by coppices, coppice
benches, or intercoppice microplains.
Absent in some situations).
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APPENDIX 5-C

Review Comments and Correspondence with Dr. Leonard Lane




L. J. Lane, Fh.[D.
Hr¥drolaogist

411 E. Suffoll Dr,
Tucson, A2 83704
Januvary 4, 178¢

br. George Y. Sabol
Consulting Engineer
1351 East 141 st Avenue
Brighton, CO 20401

Dear George:

ThankK »ou for sending me the sections of the Hrdrologyr
Manual for Maricopa County». Dbvicusly you have done a great
deal of work and at first glance it looks quite professional.,

As we discussed in December, my current assignment iz in
erosion modeling so that review of the Hrdrology Manual will
need to be done ocutside work hours. Even though the Jjob would
be done outside work hours, I will need to get permiszion
from our Area Administrator.

I estimate that a professional review of the material
will take approximately 2.5 days. For public work such as
thise, a reasonable rate for my time and that of a techrical
aseistant is $350. per day for a total of €875, If »ou will
write me a letter proposing this agreement, I will attach it
to the "Request for Outside Work" form and szubmit it for
approval .

Finally, I commend »ou for trying to upgrade the
technology used in Maricopa County and wish you succese with
the Manual.

Sincerely,

G

Lean
SSN _
E26—-70 ~//62_

ard J. Lane




BRIEF RESUME FOR LEONARD J. LANE
NAME: Leonard J. Lane BORN: Tucson, AZ, April 25, 1945

EDUCATION: 1970 B.S. With Distinction, Engineering Math., Univ. Of AZ
1972 M.s. Systems & Industrial Engineering, Univ. of AZ
1975 Ph.D. Hydrology & Water Resources, Colorado State Univ.

PROFESSTONAL EXPERIENCE:

1970-72 Hydrologist, USDA-ARS, Tucson, AZ. Hydrologic research, and rain-
fall-runoff modeling

1975-81  Hydrologist, USDA-ARS, Tucson, AZ. Hydrologic research, erosion/
sedimentation research, participated in development of CREAMS
model

1981-82 Staff Member, Los Alamos. Erosion/sedimentation research, con-
taminant transport and waste management studies

1982-83 Hydrologist, USDA-ARS, Tucson, AZ. Hydrologic modeling, soil-
water-plant relationships, infiltration and erosion studies

1983-84 Staff.Member, Los Alamos. Waste management studies, USLE and

CREAMS erosion studies/modeling, unsaturated flow and transport
modeling

1984- Hydrologist, USDA-ARS, Tucson, AZ. Hydrologic/erosion modeling,
member of Core Team for USDA Water Erosion Prediction Project
(WEPP), Project Leader for WEPP
PROFESSIONAL ACTIVITIES, CONSULTING, AND TEACHING:
Memberships: AGU, ASAE, ASCE, AWRA, BGRG, SRM
Consulting: City of Tucson, Universities (Arizona, San Diego State,
Griffith), Los Alamos National Laboratory, Washlngton State
Dept. of Ecology

Teaching: Ph.D. Students: 6 former, 4 current; M.S. Students: 1 former, 2
current; Adjunct Assoc. Professor at University of Arizona

HONORS AND AWARDS:

1. Outstanding performance awards: 1970, 1977, 1987, 1988

2. Tau Beta Pi Engineering Honorary, 1970, Sigma Xi, 1975

3. USDA Superior Service Team Award, 1981

4. Arthur S. Flemming Award, 1982

5. Nominated as Guest Fellow of Royal Society, 1984

6. Mountain States Area Scientist of the Year, 1986
PUBLICATIONS:
Author or coauthor of over 110 publications, 1969-88. (List available on
request)

REFERENCES: Available on request.




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

' BRIGHTON, COLORADO 80601
(303) 457-0989
A
% 728 February 1989

Dr. Leonard J. Lane
411 E. Suffolk Dr.
Tucson, Arizona 85704

Dear Leonard:

Excuse me for not responding sooner to your letter of 4 January
1989, I was oul of the country from 1 January until 3 February
and for the tast 3 weeks | have 1ried to catchup.

The Flood Control District of Maricopa County is rewriting the
Rainfall section and | will send the revised draft when i+ is
available. It will be essentially the same although | +think +hat
there are some errors in the current 2-hr and 24-hr
distributions. They are also ptanning on expanding the text.

The 6-hr distribution is the primary distribution and this looks
okey. Use the present draft of the Rainfall section to get an
idea of what is fo come but don't spend much +ime on this until
you get the new draf+.

The letter that you requested is enclosed. | agree to your terms
and you can consider this my authorization to proceed. | will
keep you informed and let me know if | can provide any

additional information that you may need.

Sincerely yours,

Lrta il

George V. Sabol
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Georce V. SABOL PhD., PE.
CONSULTING ENGINEER
1351 FAST 141at AVENUE

BRIGHTON, COLORADO R0601
(303) 457-0989

28 February 1989

Dr. Leonard Lane
411 E. Suffolk Dr.
Tucson, Arizona 85704

Dear Dr. Lane:

The Flood Control District of Maricopa County is presently
preparing a Hydrology Manual for use in Maricopa County, Arizona.
As this is a major underlaking wilh significant technical,
social, and economic implications for Maricopa County, we would
appreciate your review of some sections of the draft of that
manual.

As we discussed on 7 December 1988, your assistance by reviewing

the Rainfall Losses section would be greatly appreciated. I
have also enclosed the Rainfall and Unit Hydrograph Procedures
sections for your general information, and your review of these

sections is also encouraged bul not requested.

Your letter of 4 January 1989 indicated an estimated time of 2.5
days at $350 per day for your time plus a technical -assistant.
These terms are agreed to.

Let me know when you have received approval for this service.
look forward to receiving your review comments.

Sincerely yours,

_Bitel

George V. Sabol

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Maricopa County




. J. Lane

411 E. Suftollk Lr,
Tucson, AL 25701
202-575-200%

april 2, 1787

Er. George Sabol
1251 East 14l=zt Avenus
Brighton, C0Q 20401

Dear George:

Sorry 1 missed you on the telephone at work today. But,
it ise just as well a5 »ou were calling about the Maricopa
County Hwdrology Manual and I have dgreed to do that worl out
aof the office and on my own time. In the future, I requesst
¥ou call or write me at home about the work I am doing
autside of the regular work for ARS. This iz to make zure |
gdo not use official time or facilities for private worlk.
Please understand I am not trying to be uncooperative but to
live by the letter and zpirit of the rulez for cutzide
activities,

Mo, I understand »ou will be in Tuczon on April i,
192% and would like to discuss the Hydrology Manual. Verw
good. Flease let me Know where you will be z=taring and what
time would be best for you., UWe can also meet in m» home if
this i=s convenient. @As for the review, evervthing should he
ready by that date and we can go over the commentzs in case
»ou have guestions

Fileaze feel free to call me at home in the evening or on
weekends to let me kKnow where we can get together and if
there are any other preparations I ed tao make in the
meantime,

Sincerely,

. Lanﬁ




t.eonard J. Lane, Fh.D.
Hydrologist

411 E. Suffolk Dr.
Tucson, AZ 85704
402-575-2009

April 11, 1989

Dr. George V. Sabol
Consulting Engineer
12351 East 141st Avenus
Brighton, CO 80401

Dear George:

Enclosed are my review comments and the draft of the Rainfall
Losses section of the proposed Hydrology Manual for Maricopa
County. Please notice that I went through the draft document and
lizted my comments by zection, page, and paragraph. The most
important comments and suggestions are summarized on page ¥ at the
. end of my review comments.

Although my comments are quite critical, they are intended to
be conetructive and hence I have included suggestionszs to overcome
gspecific problems identified in the review and suggestionz for
overall improvement of the Manual. Please do not think I am
critical of vour effort or the need for an improved technology to
predict runoff in the Southweszt. Your draft document reflects a
high degree of professional effort and your project is in our best
profeszional interest and in the public interest. Therefore, 1
hope my comments are helpful.

Thank you for the opportunity to review the material and best
wiches in your effortz to develop a "new hydrolegy" for Maricopa
County.

Sincerely,

7
éfﬁYléagr>{,eﬁ/L7/

Leonard J. ‘Hane

enclosures




REVIEW COMMEMTS

ROAINFALL LOSSES SECTION OF THE
PROPOSED HYDROLOGY MAMUAL FOR MARICOPA COUNMTY
(Preliminary Draft Dated 29 Dec. 12820

Commentsz by: Leonard J. Lane, Ph.D.
Hrdrologist
411 E. Suffolk Drive
Tucson, AZ 85704
402-375-800¢9

Commentz are by Section, Page, and Paragraph.

RAIMFALL LOSSES

Theory
General

f. p. 1, para 1. Good discussion and introduction of the
importance ot the chapter. Provides a brief, but good justification of
the importance of the section.

2. p. 1, para 2. This discussion is not very clear. Subsequent
discussiong in the text clear up the uncertainties, but there iz no
need to start out with uncertainty. Suggest ¥ou rewrite this paragraph
and include a figure showing rainfall hyetograph, infiltration rate,
initial abstractions, etc. A good model is the figure in the SCS
Section 4, Hydrology in the MNational Engineering Handbook.

Surface Retention Loss

1. pp. 1-2, para 1. Interception is not alwars a " relatively
minor contribution ". In zome cases it can be quite significant.
Suqgest rou qualify this ztatement by something like "For purposes of
flood ztudies and for situations normally encountered in Maricopa
County, interception is usually small compared with other factors
making up the surface retention lozzes."” It is a small point, but rou
want the Manual to be able to stand up to scientific reviegw.

On the top of p. 2 the text states that the surface retention loss
ectimates contained in the Manual were obtained from rainfzll simulator
studies and from the literature. nAgain, thiszs i3 not a journal article
but it ie a professional paper so I suggest citing the Kkey gource
documents for the specific surface retention loss estimates used in the
Manual. Only by citing your sources can you provide permanent and
retrievable documentation of the technical bazsisz of the Manual.




Infiltration

1. pp. 2-3. This material appears to be inconcistent with the
remainder of the material in the section. For example, why introduce
the Horton equation for illustration purpocese then abanden it in favor
of the Green—-Ampt squation later? This is not a literature reviesw, so
I suggest you exclude the Horton equation if you do not intend to
recommend it. Pleaze talk about infiltration in general and then use
the recommended procedures (IL+ULR and Green—-Ampt as recommended on p.
5) as approximations to the infiltration process. Limiting discuzsion
only to recommended procedures will help the reader focus on
recommended methodology and prevent the perception that the Horton
equation is also recommended. #Again, the hyetograph—-infiltration
figure suggested earlier would be of re2al help here.

2. p. 4 is migsing in my copy. Comments will be made when p.4 i=s
received,.

2. p. S, discugsion of SCS procedure. My copy is incomplete
tno p. 4) but the material on top of p. 5 is good. Except, again
please remove reference to Horton equation. Also, a statement that new
technology iz available and should be utilized might be appropriate
here.

4. p. 9, last para. The two recommended proceduresz just jump out
without introductory material. Suggest you include a specific section
entitled something 1ikKe "Recommended Rainfall-Runoff Estimztion Methods
for Maricopa County”. @an entry such as thiz in the table of contents
would help the reader.

Green and Ampt Infiltration Equation

1. p. &, firset para. Thie presentation of the Green-Ampt equzation
and the way it is solved (egs. 3 & 4> is not the best way to present
the model. I prefer something like the following:

The Green-Ampt infiltration equation is

f = Keg + Ks*Ns/F

where:
f = infiltration rate (L/T),
Ke = saturated hydraulic conductivity (L/T),
Ng = capillary drive term (L}, and
F. = cumulative infiltration depth (L>.

In this notation, the capillary drive term, Ne, ie a function of the
average capillary suction at the wetting front, the effective porosity,
and the available porosity at the initial water content of the soil.




In equation form,

Me = FPHI®#Nex{]-Se)

where:
PHI = average capillary suction at the wetting front (L3,
Ne effective porosity, and

Se = relative saturation term equal to 1.0 at caturation of the
effective porosity and equal to 0.0 in the owven drx
condition.

To be concsistent with your eq. 2, we can write (Sf-Si)/Ne which is 1-Se
if we assume relative saturation as the final zo0il saturation in the
g0il profile above the wetting front.

Thiz formulation of the Green-Ampt equation is included not to cuggest
vou change wour description (I recognize you want to stary with the
formulation and notation uzed in HEC-1) but to allow you toa compare
subsequent calculationg made with the zabove notation with correszsponding
calculations using your 2qs. 1,2 and 3.

References to the solution of the Green—fAmpt equation are ac follows:

Chu, 8. T. 1?278. Infiltration during an unsteadr rain. blater
Resources Research, 14(3):14&81-444.,

Mein, R, G., and Larson, C. L. 1273, Modeling infiltration during
a egteady rain. Water Resources Research, ?(2):3284-2%4.

Example Calculationz You Can Use to Verify Your Green-fmpt Calculationz

Following are example calculaticone you can convert to English
units and then compare to corresponding calculations using the HEC-1
type soclution to the Green-Ampt equation. I strongly suggest »ou male
the calculations and comparisons. If you do, do not expect the results
to be exactly the same because we uce different algorithms. However
the ratez and amounts ought to be comparable to a few percent. The
test calculations are for a variable rainfall intencity pattern to tect
the solution for unsteady rain and are for a bare sandy locam scil in an
initially dr» condition. You may wicsh to plot the data from thic
gxample (or one like it)> and include the results as a worked example in
the Manual. In fact, such a test would be good teo show that
practitiocners are using a correct and current calculation routine in
material they submit to the County for review.

Finally, the example calculations show the wariable tp which ic
the time to ponding and the point at which the Green—-Ampt equation is
used to compute rainfall excess. The calculations do neot include any
interception or other initial abstraction losses not directly resulting
from the infiltration calculations.
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Test calculations for Rainfall Lossez Section

Sandy Loam Soil, Bare, Wilting Point Initial Water Content

Infiltration Parametersz:

saturated conductivity , Ksg = 11.0000 {mm/hr2
effective matric potential, M=z = 28.7820 (mm?
effective porosity, Me = <100 Cmmsmm?

relative saturation, Sg = 22.0000 (0

Rainfall Intensity Data:

index time rate
‘min? ‘mmshr )
i .000 25.400 from time 0.0 to time 10.0 i — 25.4
2 1a.000 50.800 " 10.0 to time 20.0 § — 50.8
2 20.000 2.540 " 20.0 to time 45,0 i = 2.34
4 45.000 50.800 " 45.0 to time &0.0 i = B50.8
=) &40.000 Q00 for times > &0.0 i = 0.0
‘ Infiltration and Rainfall Excezs Results:
rainfall infiltration excens @nress
index time rate depth rate depth rate A
tmm/h? <mm) {mm./h?} {mm) (mmshy A0S
1 .0a 25.4000 Qgoo 25.4000 0aao .0a0g o
2 5.00 25.4000 2.1147 23.4000 2.11&7 .a0an a
3 10.00 S0.8000 4,23272 50.8000 14,2333 .Q000 o
4tp 14.40 S0 .8000 FIPEYE 49.5%14 7.7348 1.20885 Lo €3
b 15.00 S0.8000 8.49647 42.0940 £,4543 2.7040 007
& 20.00 2.5400 12.7000 2.5400 11.94232 Q000 0
7 25.00 2.3400 12.9117 2.5400 12.1740 L0000 7
a 30.00 2.3400 13.1233 2.5400 12.3857 0000 2
? 35.00 2.3400 13.3350 2.5400 12.9973 L0aQ0 0
10 40 .00 2.5400 13.5447 2.35400 12.8090 L0000 r 4
1itp 45.00 S50.2000 13.7383 32.0143 i3.0207 17.7857 048
12 50.00 50.8000 17.9917 29.4288 13.7718 21.1712 0695
12 55.00 S0.2000 22.2290 27.343%9 18.240¢ 22.4341 L0770
i1 40,00 L0000 26.4383 . 0000 20.3194 0000
Summary:
total rainfall = 26.44 (mm?
duration = 40.00 <min? o
infiltration volume = 20.52 <mm)

rainfall excezs volume = 5.949 <{mm>
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By my calculationz with your equation 2 applied to the period from
t = 45 min = 0.75 h to t = 40 min = 1.0 h, the results are

Equation 3 Chu¢1?78) Sclution
tgi—-1> (i FCi~12 FCid Fei-12 FCi
145.0 S0.0 12.0207 15.7701 13.0207 15.7718
a0.0 5%.0 15.7701 18,2384 19.771¢ 18.2490%
55.0 40.0 18.2384 20.5186 18.240% 20.9194

0 that the percent difference after 10 min iz
e = ({20,.5195-20.5184)720.51926>%100 = 0.015 ,

a surprisingly close result. aAgain, I don“t Know how »you compute time
to ponding and infiltration far an unsteady rain so I suggest rou
compare recsulte for the entire storm.

2. p. 4, eq. 4. Equation 4 =zhould read f = delF-/delT not
delf = delF/delT and f iz the average infiltration rate over the time
interval T to T + delT.

3. p. 75 para 1, Mo zcientific evidence is presented for the
assertion that IA can be as large as 0.35 in (8.9 mm?) in flat areaz of
Maricopa County. The same for the other entriecs in Table 1. 1
strongly zugge=t that the para at top of p. 7 be expanded to include
reference to Key source documents supporting IA cheoices and to the
actual data on IA, if practical. The value of 0.35 in correspondzs to a
runoff CH of 85. Coincidence? Or were CN's used to derive the If
values? The Manual should be very explicit on the source of the values
in Table | or the County will need to defend them later when the
procedurese in the Manual are challenged.

4, p. 7, para 2. It is not clear from the paragraph if »ou are
saying that time to ponding, tp, and the time when IA is satisfied are
synonymous. A good reference for an explanation of the Green-Ampt
equation, tp, etc. isy

Skaggs, R. W. and Khaleel R. 1982. Infiltration, Ch. 4 In:
Hydrologic Modeling of Small Watersheds, Eds. Haan, C. T., Johnszon, H.

P., and Brakensiek, D. L., ASAE Monograph MNo. 5, ASAE, St. Joseph, MI,
pp.121-166.

Following Skaggs and Khaleel, the infiltrated volume, Fp, at the time
of ponding is:

Fp = Mss/(i/Ks—1)

where i is the rainfall intensity rate when ponding is achieved zo that
f=i for t < tp. In thz example above,

Fp = 28.782/(50.8-11 -1) = 7.92548 mm = 0.31 in

is the amount of rain to reach a ponded condition on the surface and
thue reach the time when the infiltration equation can be properiy
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spplied. PBRefore this time when t=tp, the infiltration rate f = i znd
f = Ke + KsMs-/F does not apply. #Are you suggesting that:

(::)Iﬁ is satisfied first then the time to ponding iz =zatizfied
4 as shown above? 1f so, then the amount of rain required before

%)
\1.5 4
Hii runoff is produced iz IA + Fp = 0.35 + 0,31 = 0.4 in.
or

Z. 1A ie satisfied and at the time lA ic =zatizsfied ponding occurs
sa that f = Ks + KzMNs/F applies at exactly the time when the
cumulative rainfall equals IA. If F=0.0, then you have
division by zero. To be mathematically correct it must be that
F*0.0., How can this be if you assume no infiltration az In is
being satiszfied? If this is the assumpticon, zomehow tp is
reached without infiltration and then runcoff starts after IR =
0.25 inp of rain has fallen.

I+ 1 read the material on p. 7 correctly, there is a logical
inconsistency here. If this is the case, it should be corrected. If
there is no inconcistency, then I =uggest you rewrite the material so
it is easier to follaow,

9. p. 7, para 3. The zilt textural class is left out of Tabhle 2.
I suggezst »ou add a line betwesn zilt loam and zandy clay loam az

‘ follows:

class #Ksat psif dry normal saturated

silt 0.10 7.5 .33 .14 Q

Also, change silty loam in Table 2 to silt loam to be concistent,
4. pp. B8-%, No comments.

7. pp. 10-11, Equations 5-11 and licst of variables. The notation
and units are confuszing, i.e. fraction (0.0 to 1.0} for CAM, BO, ctc.
but percent for sand. To test the adjustments to Ks provided by eq. 5,
i.e., KsADJ = KE = CAN=KEc + OP*KEg, I gvaluated them for loamy sand,
=ilt loam, and silty clay for & range in CAM, BC, and BO. If the
evaluations are correct given the confusing nature of the variables by
the way a diagram or figure would sure help in explaining the terms
lizted on p. 112, then the results of applring eq. 35 are zummarized in
Table R1 below.

Values of canopy cover in Table R1 vary from 0.1 to 1.0, bare soil
under the canopy from 0 to .1253, and ratio of bare soil outside the
cancpy from 0 to .90, I+ 1 interpret the explanation of varizblez on
pp, 10-11 correctly, then these are reasonable walues. Given that
theze are reasonable values and assuming I evaluated the equations
correctly, then the last column of Table Rl chows that the adjusted Ks

. vwalues, KE, are illogical and unreasonable. For example, in the loamy
sand texture class, the KE valuez decreaze with increasing canopy cover
and go negative for the cther two soils. The negative valuezs result
when BO/CAM is much larger than 1, A*(1-BO/CANY is negative with




w—— 2

L4

abzolute value greater than CRC¥BOSCAM, and finally when OF*KEo isg
negative and larger in absolute value than CAN*KEc. If my
interpretations and calculations are correct, then this can happen with
reasonable parameter values.

I strongly suggest that you construct a table such as Table Rl for
all textural claszes and for variocus waluss of canopy cover and barse
goil. If Table R! i¢ indicative, then »ou cannot uge eq 3 to adiust
the parameter walues. Even if therz were typographical errore in your
eqes S-11 or if I miscalculated, you zhould carefully check these
equations in thzir limits to make sure the rezults are reasonable.
Complicated regression equations often "blow up" in the limits and
should be avoided if possible.

Table R1. Evaluation of KE from eq. 5 for varicus values of CAMN, BC,
and BO for three textural classes.

Texture Ke Canopy Bare Area Red. “ Sand BD KE
Class (insh> Cover Soil Qutside Factor (4D {inshy
CAM Under Canopy SC Sy
Canopy BQ
BC

Loamy

Sand 1.2 0.0  —=—-- Divigion by zero in eqs. & & V-———=
1.2 0.1 045 .70 .89 ga. 1.44 5.1%
1.2 0.5 125 .50 .89 20, 1.44 0,58
1.2 g.% . 043 .10 .89 80, 1.4946 0.28
1.2 1.0 0.0 0.0 . 8% a0, 1.44 d.24

Sitt

Loam 0.25 0.1 .045 .70 .81 25, 1.15 -22.71
0.25 0.9 .125 .50 .81 29. 1.15 1.8%
Q.25 0.9 045 .10 .81 29, 1.15 5.51
0.25 1.0 .0 0.0 .81 25. 1.15 é.144

Silty

ay 0.02 0.1 L0485 .70 73 10 1.23 -11.70

g0.02 2.5 125 50 e 10, 1.33 0,92
0.02 8.9 045 .10 72 10, 1.33 2.77
0.02 1.0 0.0 g.0 .73 1a. 1.33 2.23

. . g T Y A s Ot o i v lame e AT W T atn At S WM o PoAn G i St T VAN - S . Tt e e N T e 00 SR VS SOy TR WL WA W UM e G WA SRS s SO e G e SO WA S . —

A general suggestion here iz to try to simplify the equations used
to adjust K=, The user will not often have data for the amount of
bare 30il under and ocutside the canopr. More Tilkely, he will have
estimates of total canopy cover and total ground cover. You should
probably 1imit your Kz adjustment squations to only total canopy cover
and total ground cover. You should also carefully define thece cover
terms using diagrams and examplez so that there iz no ambiguity. If 1
have trouble understanding this material when taking time to review and
study it, the infrequent user iz sure to have trouble and produce
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inconsistent results. Thiz zection muzt be rewritten to makKe it of
practical value and to reduce the probability of misinterpretation of
the Manual. Would it be pozszible to derive simple parameter adjuztmont
equations using the original data base and not the interpretations
embodied in eqs. 5-12 ? Tim Ward (Prof. Civil Engineering, Box 2CE,
MNew Mexico State University, Las Cruces, MM 88003 S05-644-2232>) has
collected infiltration data appropriate for these analyses and I
suggest you contact him to obtain reprinte and reports deccribing hic
data and findings. In any event, without realistic methods to adijust
the Green~Ampt parameters to reflect land use and management, the
Manual will not be ready for practical, esveryday use.

Initial Losse Plus Uniform Loze Rate (IL + ULR?

1. p. 12, paras 2-3. Clear description of the procedure. However,
the initial loss (STRTL) and the conztant rate (CNETL) are both
dependent upon and derived from the Green-Ampt parameterz. The above
dicscuzsion of the need to make Green—Ampt parameters reasonable and
related to lTand use and management alzo apply to this method.

2. p. 13, Same comments, good diccussion but dependent on how »rou
estimate XKSAT.

Procedure for Estimating Lose Rates
Green and Ampt Method

1. pp. 13-14, cteps 1-é in applying the method. Good ocutline of
how to apply the Green-Ampt method. After the uncertainty in egs 5-12
ie dealt with, 1 suggest you alco include = worked example so the user
of the Manual can go through a step by step example to verify that the
procedures are being applied correctly.,

Initial Lose Plus Uniform Loss Rate Method

1. pp. 14-15., Game comment as abaove.

b e o A W i (ot o o i i ke o A Rt B e S Gt S it e S (b S Skt S A 4 ek NS . S S s fo . P e SR —— G ot it e " o o Ny o Mo e v Tk o S b ot s At P S S

SUMMARY OF MOST IMPORTANT COMMEMNTS & SUGGESTIONS BY REVIEWER

1. Include a definition sketch or figure showing rainfall hyetograph,
surface retention losses, time to ponding, and infiltration rate to
orient the user and supplement the written dezcriptions.

2. Include source documents and data, if possible and practical, to
Justify the values of surface retention lose mentioned on pp. 1-2
and shown in Table 1.

2. Remove reference to Horton eq. and include only descriptions of
recommended methodz. Include a section in the chapter entitled
something like "Recommended Rainfall-Runoff Estimation Methods for
Maricopa County".
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Verify your Green—-ampt infiltration calculations uzing the example
storm and calculations given aon p. 4 of this review. Carefully
examine the time to ponding calculations to make zure they match
those shown in my example.

Pleace rewrite the material on p. 7 of the chapter dealing with the
initial abstraction, IA, and its relaticonship with the time to
ponding, tp. Review comment NMo. 4 on pp. S5-¢6 of thisz review dealsz
with the uncertainty in your precentation.

You should verify and validate the rezults of uszing eqe. 5-12 for
all =zoil textural clasces and for a variety of cancopy and ground
cover following the example calculations given in Table Rl of the
review caomments, If the Keg adjustment equationz do not reproduce
reasonable and consicztent resultsz, then you should abandon them and
derive zimpler, and consistent adjustment relationships utilizing
eztimates of total canopy cover and total ground cover. These ateps
are ecsential if the Manual is to be of practical value and if it is
to produce consistent results in the lTimits of its application.




AFPEMDIX -~ BASIC PROGRAMS USED IM REVIEW

PROGRAM NG. 1-- TO COMPUTE INFILTRATIOMN

PROGRAM MNO. 2-~ TO ADRDJUST Ks




Program No. 1—— To Compute Infiltration

5 REM PROGRAM TO EVALUATE LI ET AL., 1776 GREEN-AMPT
46 REM APPROXIMATE SOLUTION

7 REM DELF = ~.5(2F-KS*DELT)+.5[(2F=KS8*DELT"2

2 REM +BKS*DELT(A + Fr1"172

¢ REM

10 pIM FCL000,TC100) ,RATECLOOD

REM -
INPUT "ENTER KS,A,F0,T0,TMAX,DELT ",KS,A,F0,T0,TMAX ,DELT
T¢1) = T0/40.0
F(1) = FO
DELT = DELT~40.0
M = ((TMAX-T0)/40.0)/DELT + 1
FOR I=1 TO N
Dl = —0.5%(2.,0%F(1)~KS*DELT)
DZ = O0.5%C({2.0%F(I)-KS*DELT)"2 + 8.0%KS*DELT*(A+F(I))2*.5
DELF = D14D2
FCI+1) = FCI) + DELF
TCI+1) = T(I) + DELT
RATE(1+1) = DELF/DELT
PRINT"I+1 ,TCI+1),FCi+1) ,RATECI+10",1+1,TCI+13%60.0,FCI+1) ,RATECI+1)
NEXT 1
END



Pro

S R
10
18
20
25
30
25
40
50
é0
&5
70
759
80
g1
82
85
20

gram No. 2-- To Adjust Ks

EM PROGRAM TO ADJUST K= A LA RAWLS, ET AL. 1988

REM KsADJ=KE = CAN*KEc + OPx*KEo

REM KEc—Ks*CF*(BC*CRC/CAN + A%(1-BC/CAND)

REM KEo = Ks*(BO*CRC/CAN + Ax(1-BO/CAND)

REM CF = 1@¥96%CAN <. — oK cn Line /00

REM CRC = 6/(5.5/SC + 0.5/B)

REM A = EXP(2.82-0.099%SA + 1.94%BD)

REM B = 0.0000173%5A%2 - 0.0001575%SA + 0.04575

REM

PRINT"ENTER FRACTIONS:CANOPY COVER,BARE SCIL UNDER CANOPY./TOTAL AREA"
INPUT "CaN,BC" ,CAN,BC

OP = 1.0-CAN

INPUT "ENTER BARE SOIL QUTSIDE CAMNOPY/TOTAL AREA BO",BO
INPUT" Ks,SC,SA%,BD ",KS,SC,Sn,BD

REM CONVERT KS IN/HR TO CM/HR

KS = KS%2.54

REM CALCULATE THE SUBFACTORS

B = 0.0000173%5A2 — 0.0001575%SA +0.04595

?5 A = EXP(2.82 - 0.099%SA + 1.94%BD)

100
105
110
115
120
21
125
126
127
128
130
140
150
160

CF = 1.0 + 0.?26*%CAN
CRC = 4.0/¢3.5/8C + 0.5/8B)

KO = KS*#(BO*CRC/CAN + Ax(1.0-BO/CAN>)

KC = KE*CF*(BC*CRC/CAM + Ax(1.0-BC/CANDD
KE = CAN=KC + 0OPxKO

REM CONVERT BACK TO IN/HR

KS = KS/2.54

KC = KC/72.3%4

KO = KO0-2.54

KE = KE/2.54

PRINT "KS,KC,KO,KE" ,KS,KC,KO,KE
PRINT

REM

END
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RAINFALL LOSSES 29 Dec 88
- e
ey PRELIMINARY
For Review Only
General
Rainfall excess is that portion of the total rainfall depth that

drains directly from the land surface by overland flow. By a mass
balance, rainfall excess plus rainfall losses equals precipitation.
When performing a flood analysis using a rainfall-runoff model, the
determination of rainfall excess is of utmost importance. Rainfall
excess integrated over the entire watershed results in runoff volume,
and the temporal distribution of 1he rainfall excess will, along with
the hydraulics of runoff, determine the peak discharge. Therefore,
the estimation of the magnitude and time distribution of rainfall
losses should be performed with the best practical technology,
considering the objective of the analysis, economics of the project,

and consequences of inaccurate estimates.

Rainfall losses are generally considered to be the result of
interception of rainfall by vegetal cover, depression storage on the
tand surface (paved or unpaved), evaporation of wafe} from the land
surface, and infiltration of water into the soijl matrix. For +he
purposes of this Hydrology Manual rainfall losses are classified as
either surface retention loss or infiltration. Losses are also often
separated into accumulated losses prior to the initiation of surface
runoff (initial abstraction), and losses during surface runoff;
however, initial abstraction is not fdentical to surface retention
loss because initial abstraction includes some amount of infiltration

losses prior to the start of surface runoff.

Surface Retention Loss

Surface retention loss, as used herein, is the summation of all

rainfall losses other than infiltration. The ma jor component of this
loss is depression storage consisting of rainfall that is captured in
puddles, small surface depressions, road gutters, ditches, roofs, and

other non-draining surface features. A relatively minor contribution

by Interception is also considered as a part of the total surface

F’gl/:,a,n(f. CEE P ar fs /




retention loss. Estimates of surface retention loss are difficult to
obtain and are a function of the physiography and land-use of the
. "/area. Estimates of surface retention loss contained in this manual
r{fﬂdifé have been obtained from the analysis of rainfall-runoff data, resuits
o of rainfall simulator studies conducted on rangelands and turf, and

published estimates for such losses.

Infiltration

Infiltration is the movement of water from the land surface into the

soil. Infiltration is distinguished from percolation in that
percolation is the movement of water through the soil subsequent to
infiltration. Infiltration can be controlled by percolation if the
soil does not have a sustained drainage capaclity to provide access for

more infiltrated water. However, the extent by which percolation can
restrict infiltration of rainfall should be carefully evaluated before
percolation can be assumed to restrict infiltration for +he design
rainfalls that are being considered in Maricopa County. For example,

hydrologic soil group D has been defined by SCS soil scientists as:

. "Soils having very slow infiltration rates when thoroughty
wetted and consisting chiefly of clay soils wijh a high
swelling potential, soils with a permanent high water table,
soils with a claypan or clay layer at or near the surface,

and shallow soils over nearly impervious material."

This definition indicates that soils in hydrologic soil groups A, B,
or C could be classified as D if they are underlain by an impervious
strata of clay, caliche, or rock. When these soils are considered in
regard to long-duration rainfalls that are +the design events for many

parts of The United States this definition may be valid. However,

when considered for short-duration and relatively small design
rainfall depths in Maricopa County this definition could result in
under estimation of the rainfall losses for these storms. This is
because even a relatively shallow horizon of soijl overlaying an
impervious layer still has the ability to store a significant amount+

of infiltrated rainfall. For example, consider the situation where

‘ only 4 inches of soil covers an impervious layer. |f the effective




porosity is 0.30 then 1.2 inches (4 inches times 0.30) of water can be

infiltrated and stored in the shallow soil horizon. For a design
. rainfall of 6 hours and a rainfall depth of about 4 inches this
represents a significant storage volume for infiltrated rainfall.

Therefore, for drainage studies in Maricopa County that contain major
areas of soil that are classified as hydrologic soil group D, the
reason for the soil survey classification as D should be determined.
Hydrologic soil group D should be retained for clay soils, soils with
a permanent high water table, and rock outcrop. Hydrologic soil group
D should probably not be retained in all situations where the

classification is based on shallow soils over nearly impervious

layers, and site specific studies and sensitivity analyses should be
performed to estimate the loss rates that should be used for such
solls.

Infiltration of water into the soll is generally believed to follow an

£
rvﬂ"v exponential decay function as proposed by Horton (1939):

ot ol
';ﬁ”ﬁy fo=1fc+ (fy - fc)e—kJr R
where f is the infiltration rate at time t,

fo is the minimum (equilibrium) infiltration }afe,

fo is the initial infiltration rate,

+ is +he time from start of rainfall,

k is a constant that is dependent upon the soil-vegetation
complex, and

e 1is the base of the Naperian logarithms.

This infiltration function is illustrated in Figure 1. In Figure 1,
the infiltration rate is shown to be a continually decreasing function
of time and the surface retention loss is shown to be a loss that is
independent of and separate from the infil+ration of rainfall into the

soil. This represents the physical process that is to be simulated in

modeling rainfall loss.
The driving force for infiltration is gravity and capillary forces
‘ drawing water into and through the pore spaces of the soil matrix.
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agencieé, consulting engineering firms, and individuals throughout the

community. However, the method is timited because of bolh theoretical

and practical deficiencies of the method. Several of the deficiencies
of the SCS CN method are:

1. Rainfall losses are independent of the duration of rainfall. Thal
is, for a gliven depth of rainfall the same rainfall loss resulls
regardless of the duration of rainfall, and the same rainfall
excess would be estimated for a given rainfall depth occurring in,

for example, either 1 hour or 24 hours.

2. The estimated rainfail loss rate is a function of rainfall
intensity. Short periods of high intensity rainfall would often
result in large estimates of rainfall losses. This is contrary
to the Horton type infiltration relation as illustrated in Figure
1.

3. The infiltration rate approaches zero rather than a minimum

infiltration rate, fc.

4. The initial abstraction of 0.2S is not justified nor is it based
on data for hydrologic conditions that are representative of
Maricopa County.

5. The selection of CN is too subjective and is based more on
traditional acceptance of CN values rather than scientifically
substantiated findings. ‘ ‘

6. At low rainfalls (less than 4 inches), the estimate of rainfall
loss is very sensitive to the selection of CN.

For these reasons the SCS CN method is not recommended for general use

}J? iﬂ”fﬁ Maricopa County.

Two methods are recommended for use in Maricopa County; these are the
initial loss plus uniform loss rate (IL+ULR), and the Green and Ampt
infiltration equation. Other methods should be used only if there is
technical justification for a variance from this recommendation and if
adequate information is available to estimate the necessary parameter
values. Use of rainfall loss methods other than those recommended
should not be undertaken unless previously approved by the Flood

Control District and the local regulatory agency.




Green and Ampt Infiltration Equation

This model, fir$+ developed in 1911 by W.H. Green and G.A. Ampt, has

‘ e eardy 1970s

since #9943 received increased interest for estimating rainfall

infiltration losses. The model has the form:

gk (10 2225
Ay =

where f = infiltration ra'l'e[L/f))
gﬂé ﬂ#ﬁvf K = hydraulic conductivity in the wetted zone (the ultimate
(W”w ! steady state rafe)(l/VJ,
(# = average capillary suction in the wetted zone(i))
'Wﬂmﬁonﬁﬁvwrme’rn ey
-sta44u44iH~s©++~sa+uraffvn“fvo+ume+rTc%r
¢h*rﬂsoirwperosi+y;~and~—
F = depth of rainfall that has infiltrated into the soil
N since the beginning of rainfall.
it is important to note that as rain continues, F increases and f
‘ approaches K, and therefore, f is inversely related to time. Equation

2 is implicit with respect to f which causes computational
difficulties. €Eggert (1976) simplified Equation 1 by expanding the
equation in a power series and truncating all but the first two terms

of the expansion. The simplified solution (Li and others, 1976) is:
AF = -.5(2F-KAT)+.5((2F-KAt)Z + 8KAt(Q + Fy)l/2 (3)

where t is the computation interval and F is accumulated depth of
infiltration at the start of +t. The average infiltration rate is:
f = AF (4)
at

Use of the Green and Ampt equation as coded in HEC-1 involves the
simulation of rainfall loss as a two phase process. The first phase
is the simulation of the surface retention loss as previously

described, and this loss is called the initial loss (IA) in HEC-1.




During this first phase all rainfall is lost (zero rainfall excess

generated) during the period from the start of rainfall up to the time
that the accumulated rainfall equals the value of IA. It is assumed
for modeling purposes, that no infiltration of rainfall occurs during
this first phase. Initial loss (1A) is primarily a function of land-

use and surface cover, and recommended values of |IA for use with the
Green and Ampt equation are presented in Table 1. For example, as

shown in Table 1 about 0.35 inches of rainfall will be lost to runoff
due to surface retention for deser+t and rangelands on relatively flat

siopes in Maricopa County.

The second phase of the rainfall loss process is the infiltration of
rainfall into the soil matrix. For modeling purposes, the
infiltration begins immediately after the surface retention loss (IA)
is completely satisfied. The three Green and Ampt equation
infiltration parameters as coded in HEC-1 are hydraulic conductivity
at natural saturation (XKSAT), wetting front capillary suction (PSIF),
and volumetric soll moisture deficit at the start of rainfall
(DTHETA). The three infiitration parameters are functions of soil
characteristics, ground surface characteristics, and land management
practices. - The soil characteristics of interest are particle size

distribution (soil texture), organic matter, and bulk density. The

primary soil surface characteristics are vegetation cover, rock cover,
and soil crusting. The land management practices are identified as
various tillages as they result in changes fo soil porosity.

Values of Green and Ampt equation parameters as a function of soil
characteristics alone (bare ground condition) have been obtained from
published repor+ts (Rawls and others, 1983; Rawls and Brakensiek,
1983). Average values of XKSAT and PSIF for each of the soil texture
classes are shown in Columns (2) and (3) of Table 2 (Rawls and others,
1983). Values of XKSAT and PSIF as a function of percent of sand and
percent of clay for soil with 0.5 percent organic matter and base
value (unaltered) soil porosity are shown in Figures 2 and 3,
respectively (Rawls and Brakensiek, 1983). The values of XKSAT and
PSIF from Table 2 should be used if general soil texture

classification of the drainage area is available. The values of XKSAT



and PSIF from Figures 2 and 3 can be used if more specific soil
texture classification is avallable from a detailed solil survey for
which the percentage of sand and clay has been determined by an
appropriate field soil survey. The use of the information in Figures
2 and 3 will require an extensive study of the soil for the drainage
area and for most drainage studies only general soil texture
classification will be known and the values from Table 2 should be

used.

The soll moisture deficit (DTHETA) is a volumetric measure of the soil
molsture storage capacity that is avalilable at the start of the
rainfall. DTHETA is a function of the effective porosity of the soil.
If +he soll is saturated at the start of rainfall then DTHETA equals
0.0. 1f the soll is devold of moisture at the start of rainfall the
DTHETA equals the effective porosity of the soil. Therefore the range
of DTHETA Is 0.0 to the effective porosity. The porosity of soil as a
function of soil texture (percent of sand and percent of clay) is

shown in Figure 4 (Brakensiek and others, 1984).

Under natural conditions, soil seldom reaches a state of soil moisture
less than the wilting point of vegetation, and a graph of volumetric
soil moisture at wilting point as a function of soil texture is shown
in Figure 5. Due to the rapid drainage capacity of most sofls In
Maricopa County the soil would not be expected to be in a state of
soil moisture greater than the fleld capacity at the start of a design
storm. A graph of volumetric soil moisture at field capacity as a
function of soll texture is shown In Figure 6. However, Maricopa
County also has a large segment of its land area under irrigated
agriculture and It is reasonable to assume that the design frequency
storm could occur during or shortiy after certain lands had been
irrigated. Therefore, for irrigated lands it would be reasonable to
assume that soil moisture could be at or near effective saturation

during the start of the design rainfall.

Three conditions for DTHETA have been defined for use in Maricopa

County based on the antecedent soil moisture condition that could be

expected to exist at the start of the design rainfall. These three




conditions are "Dry" for antecedent soil moisture near the vegetation

wilting point; "Normal"™ for antecedent soil moisture condition near
field capacity due to previous rainfall or irrigation applications on
nonagricultural lands; and "Saturated" for antecedent soil moisture

near effective saturation due to recent irrigation of agricultural
lands. Values of DTHETA have been estimated by subtracting the
initial volumetric soil moisture for each of the three conditions from
the soil porosity. The value of DTHETA "Dry" as a function of soil
texture is shown in Figure 7. This figure was prepared by subtracting
the wilting point soil moisture on Figure 5 from the soil porosity on
Figure 4. The value of DTHETA "Normal" as a function of soil texture
is shown In Figure 8. This figure was prepared by subtracting the
field capacity soll moisture on Figure 6 from the soil porosity on
Figure 4. The value of DTHETA "Saturated" is always equal to 0.0
because for this condition there is no available pore space in the
soil matrix at the start of rainfall. Values of DTHETA for the three
antecedent soil moisture conditions are shown in Table 2. DTHETA
"Dry" should be used for soil that is usually in a state of low soil
moisture such as would occur in the desert and rangelands of Maricopa
County. DTHETA "Normal" should be used for soil that is usually in a
state of moderate soil moisture such as would occur in irrigated
lawns, golf Courses, parks, and irrigated pasTures.’ DTHETA
"Saturated" should be used for soil that is usually in a state of high

soil moisture such as irrigated agricultural land.

The hydraulic conductivity (XKSAT) can be affected by several factors
besides soil texture. For example, hydraulic conductivity is reduced
by soil crusting, it is increased by tillage, and it is increased by
the influence of ground cover and canopy cover. The values of XKSAT
that have been presented for bare ground as a function of soil texture

alone should be adjusted under certain conditions.

Ground cover, such as grass, litter, and rock will generally increase
the infiltration rate over that of bare ground conditions. Similarly,
canopy cover, such as from trees, brush, and tall grasses can also

increase the bare ground infilfration rate. The brocedures and data

that have been presented are for estimating the Green and Ampt




parameters based solely on soil texture and would be applicable for
bare ground conditions. Procedures have been developed (Rawls and
others, 1988) for incorporating the effects of ground cover and canopy
cover into the estimation of the paramefefs for the Green and Ampt
equation. Past research has shown that the wetting front capillary
suction parameter (PSIF) is relatively insensitive in comparison with
the hydraulic conductivity parameter (XKSAT); therefore only the
hydraulic conductivity parameter is adjusted for the influences of

ground cover and canopy cover.

The set of equations that have been developed to adjust the bare soil
hydraulic conductivity for the influence of soil ground cover and

cahopy cover are:
/!

b KE

= (CAN) (KE_ ) + (OP) (KE) (5)
KEg = (K (CF)[} BC yccrey + a1 - B i] ) 2
CAN CAN / ﬁiﬁh'afw?>'
: -y
@\(9“? 7H’/ "#' .
NG
_ BO BO W >
KEg = (K ( )(CRC) + A(1 - DQD ) (7)
] caN CAN ADY
CF =1 + 0.96 CAN (8)
CRC = L (9)
L -TC + TC
SC B
A = o[2-82 - 0.099(5A) + 1.94(BD)] (10)
B = 0.0099 + 0.0721(TC) + 0.0000068(SA%) +
0.000021(SAZ)(TC) - 0.000315(SA)(TC) (1)
where KE = hydraulic conductivity adjusted for ground cover and

canopy cover, and KE is the adjus+éd value of XKSAT in

the Green and Ampt equation,

10




KE_ . = hydraulic conductivity of soil under canopy cover,

KEZ = hydraulic conductivity of soil outside of canopy cover,
K = bare ground hydraulic conductivity, equal to XKSAT,
CF = éanopy factor,
CRC = soll crust factor,
A = macroporosity factor,
CAN = ratio of area under canopy cover to total area,
OP = ratio of area outside of canopy cover to total area,
BC = ratio of bare soil (no vegetation, litter, or rock

cover) that is under canopy cover to total area,
BO = ratio of bare soil that is outside of canopy cover fTo

total area,

L = wetting front depth (assume 6 cm),

TC = soil crust thickness (assume 0.5 cm),

SC = correction factor for partial saturation of the
subcrust soil (see Table 3),

SA = percent sand in the soil,

BD soil bulk density (see Figure 9).

These equations have been developed for the S| system of units and
they should be solved in this system and the resulting hydraulic
conductivity (KE) in cm/hr should be converted to XKSAT in inches/hr.

Equations 5 through 7 can be simplified for use in estimating the

hydraulic conductivity of turf by the following equation:
KE = (K)(A) (12)
where A is defined by Equation 10.

The influence of tillage results In a change in total porosity and
therefore a need to modify the three Green and Ampt equation
infiltration parameters. The effect of tillage systems on soil
porosity and the corresponding changes to hydraulic conductivity,
wetting front capillary suction, and water retention is available
(Rawls and Brakensiek, 1983). Although this information is available

it is not presented in this manual, nor is it recommended that these

11




adjustments be made 1o the three infiltration parameters for design
purpose use in Maricopa County. This is because for most flood
prediction purposes it cannot be assumed that the soil will be in any
particular state of tillage at the time of storm occurrence and
therefore the base condition infiltration parameters, as presented,
should be used for flood prediction purposes. However, appropriate
ad justments to the infiltration parameters can be made as necessary

for special flood studies such as reconstifution of storm events.

initial Loss Plus Uniform Loss Rate (1L + ULR)

This is a simplified rainfall loss method that is often used, and
generally accepted, for flood hydrology. In using this simplified
method i+ is assumed that the rainfall loss process can be simulated
as a two-step procedure, as illustrated in Figure 10. First, all
rainfall is lost to runoff until the accumulated rainfall is equal to
t+he initial ltoss; and second, after the initial loss is satisfied, a
portion of all future rainfall is lost at a uniform rate. Two
parameters are needed to use this method, the initial loss and the

uniform loss rate (STRTL and CNSTL), respectively, according to HEC-1
nomenclature).

The initial Iéss (STRTL) is the sum of all losses p;ior to the onset
of runoff and is made up of surface retention loss and some amount of
infiltration. This is also called initial abstraction. Values of the
infiltration part of STRTL for bare ground according to soil texture
classification are shown in Columns (3) through (5) in Table 4. These
values have been derived from the Green and Ampt infiltration equation
and parameter values that are shown in Table 2. The Value of STRTL
"Dry" should be used for soil that is usually in a state of low soil
moisture at or near the wilting point for vegetation. This is a
reasonable assumption for most nonirrigated lands in Maricopa County
because of the infrequency of rainfall and because of the rapid
drainage of these soils after rainfall. The value of STRTL "Normal"
should be used for soil that is usually in a state of moderate soil
moisture such as occurs for irrigated lawns, turf, and permanent
pastures. The value of STRTL "Saturated" should be used for soil that
is maintained in a state of high soi! moisture such as occurs in

12




irrigated agricultural lands.

. Values of STRTL for bare ground that have been classified according to
hydrologic soil group are shown in Table 5. These values within each
hydrologic soil group have been derived from the data in Table 4 for
the various soil texture classifications.

The values of STRTL from Table 4 and 5 represent that portion of +the
initial loss that is attributable to infiltration and these should be
increased to account for the surface retention loss that is a function
of land-use and vegetation. These additive STRTL values are shown in
Table 1. The value of STRTL that is used is the sum of the portion
due to infiltration (Table 4 or %) plus the portion that is due to

surface retention (Table 1).

The uniform loss rate (CNSTL) represents the long~-term, equilibrium
infiltration capacity of the soil. The values of CNSTL shown in
Column (2) of Table 4 for soils according to soil texture
classification are equivalent to the hydraulic conductivity at natural

‘ saturation (XKSAT) as determined for the Green and Ampt equation
(Table 2). The values of CNSTL for soils classified according to
hydrologic soil groups are shown in Table 5. These Lalues within each
hydrologic soil group have been selected from inspection of XKSAT
values in Table 2 for the various soil texture classifications. These
values of CNSTL shown in Table 5 are consistent with general

information that is available for estimating CNSTL as shown in Table
6.

Procedure for Estimating Loss Rates

Green and Ampt Method

1. Determine the soil texture classification. Soils reports such as
those of the Soil Conservation Service can be used if available,
or l|laboratory analysis of appropriate soil samples from the

drainage area can be used if adequate documentation on the
sampling and laboratory procedure is provided and approved.
. 2. Estimate the hydraulic conductivity (XKSAT) for bare ground from

13




Table 2 if general soil texture classification is available or
from Figure 2 if adequate soil texture data is available from an
approved sampling program.

If desired, adjust the value of XKSAT for the influences of ground
cover and canopy cover using Equations 5 through 11 or Equation 12

for turf.

Estimate the wetting front capillary suction parameter (PSIF) from
Table 2 if general soil texture classification is available or
from Figure 3 if adequate soil texture data is available from an

approved sampling program.

Estimate the value of DTHETA from Table 2 if general soil texture
classification is available or from either Figure 7 or 8 if
adequate soll texture data is available from an approved sampling

program. The value of DTHETA must be selected based on the

appropriate antecedent soil moisture condition; "Dry" for
nonirrigated lands such as desert and rangeland; "Normal" for soil
that would be expected to be near soil moisture field capacity

such as irrigated lawn, turf, and permanent pasture; and,
"Saturated" for irrigated agricultural land.

Determine the land-use and/or soil! cover for the drainage area and
use Table 1 to estimate the surface retention l?ss (1A).

As an alternative to the above procedure, Green and Ampt loss rate
parameters can be estimated by reconstitution of recorded
rainfall-runoff events on the drainage area or hydrologically
similar watersheds, or parameters can be estimated by use of
rainfall simulators in field experiments. Plans and procedures
for estimating Green and Ampt loss rate parameters by either of
these procedures should be approved by the Flood Control District
of Maricopa County and the local agency before initiating these

procedures.

Initial Loss Plus Uniform Loss Rate Method

1.

Determine the soil texture classification and/or the hydrologic
soil group. Soils reports such as those of the Soil Conservation
Service can be used if available, or laboratory analysis of
appropriate soil samples from the drainage area can be used to

classify the soil if adequate documentation on the sampling and

14




laboratory procedure Is provided and approved.
Use values of CNSTL and STRTL from Table 4 if the losses

based on soil texture classification.

Use values of CNSTL and STRTL from Table 5 if the losses
based on hydrologic soil group.

Determine the land-use and/or soil cover and use Table 1

estimate the surface retention loss to be added to STRTL
either Table 4 or 5.

are 1o be

are to be

to

from
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TABLE 1

Surface retention loss for various land surfaces in Maricopa County

(addition to STRTL for IL+ULR method and 1A for Green and Ampt method)

Land-Use and/or Surface Cover Sur face
Retention Loss
inches
(1) (2)
Natural
Desert and rangeland, flat slope .35
Hillslopes, Sonoran desert .15
Mountain, brush .25
Developed (Residential and Commercial)
Lawn and tfurf <20
. Desert landscape .10
: Pavement .05

Agricultural

Tilled 1.00
Irrigated pasture .50




TABLE 2

Green and Ampt loss rate parameter values for bare ground

Soil Texture XKSAT PSIF DTHETA!
Classification .in/hr inches Dry Normal Saturated
(1) ' (2) (3) (4) (5) (69

sand : 4.6 1.9 .35 .30 0
loamy sand 1.2 2.4 35 .30 0
sandy loam ' .40 4.3 <35 725 0
foam <19 3.5 $35 .25 0

# <1 t# toanm 25,0 6.6, - L4043 .25 e 0

7 >§an y clay loam .06 8.6 25 .15 0
clay loam .04 8.2 .25 15 0
silty clay loanm .04 10.8 30 .15 0
sandy clay .02 9.4 .20 .10 0
siltty clay .02 11.5 + 20 .10 0
clay .01 12.4 .15 .05 0
" Selection of DTHETA:

Dry - for nonirrigated lands such as desert and rangeland
Normat - for irrigated lawn, turf, and permanent pasture

Saturated - for irrigated agricultural land




TABLE 3

Soil crusting reduction factor for the Green and Ampt
infiltration equation hydraulic conductivity parameter.

Soil Texture Reduction Factor

Classification for Subcrust Conductivity
SC
(1) (2)
Sand 0.91
Loamy sand 0.89
Sandy loam 0.86
Loam 0.82
Silt loam 0.81
Sandy clay loam 0.85
Clay loam 0.82
Silty clay loam 0.76
Sandy clay 0.81
Silty clay 0.73
0.75

‘.' Clay




Iinitial

TABLE 4

Loss plus Uniform Loss Rate parameter values
for bare ground according to soil texture classification

initial Loss, in inches

1

Selection of STRTL:

Dry -
Normal -
Saturated -

for
for
for

Soil texture Uniform Loss Rate STRTL
Classification CNSTL Dry Normal Saturated

(1) (2) (3) (4) (5)
sand 4.6 1.3 1.3 0
loamy sand 1.2 .8 .8 0
sandy loam .4 o7 .6 0
loam 15 .6 ) 0
sllty loam «25 .8 .7 0
sandy clay loam .06 .6 .5 0
clay loam .04 .5 .4 0
silty clay loam .04 .6 .5 0
sandy clay .02 .4 .3 0
silty clay .02 .4 .3 0
clay .01 o3 .2 0

nonirrigated lands such as desert and rangeland
irrigated lawn, turf, and permanent pasture
irrigated agricultural land




‘ ' TABLE 5

fnitial Loss plus Uniform Loss Rate parameter values
for bare ground according to hydrologic soil group

Initial Loss, In,inches

Hydrologic Uniform Loss Rate STRTLI

Soll Group CNSTL Dry Normal Saturated
(1) (2) (3) (4) (5)
A <40 .6 5 0
B 25 .5 o3 0
C .15 5 .3 0
D .05 o4 .2 0

! Selection of STRTL:
Dry - for nonirrigated lands such as desert and rangeland

Normal - for lIrrigated lawn, turf, and permanent pasture

Saturated - for irrigated agricultural land




TABLE 6

Published values of uniform loss rates
Hydrologic Uniform Loss Rate, in inches/hour
Soil Group Musgrave (1955)  USBR (1975)'  USBR (1988)7
(1) (2) (3) (4)
A 30 - .45 .40 30 - .50
B 15 - 30 724 15 - .30
C 05 - v L7 0 - .0H

" Design of Small Dams, Second Edition, 1975, Appendix A

2 Design of Small Dams, Third Edition, 1988
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L. J. Lane
Hydrologist

411 E. Suffollk Dr.
Tucson, AZ 85704
&02-375-8007

DATE: Sept. 17, 1989

TQ: Dr. George V. Sabol

1351 East 14ist Ave.
Brighton, CO B0&N1
303-457-098%

SUBJECT: 1. Comments on "Rainfall Losses Section”
2. Invoice for June, July, August, and September
3. Suggestions for Additional Research on Infiltration
4. ASCE San Diego Conference

1. Comments on "Rainfall Losses Section"

The document ie much improved and will provide the basiz for

a much

3.

improved hydrology manual.
General and Surface Retention Loss, pp. 1-5

Good discussion and intreduction and Table | is a goad
summary of useful information.

Infiltration, pp. 35-15

Again a good discussion and specific recommendations, i.e.
the recommendation against sole use of SCS CN procedure,
make this a useful section. Table 2 gives very useful
information. Suggest you cite main reference for material
in a footnote so the reader Knows source of information.
Table 3, footnote. Suggest you change to recently, within
24 hr, irrigated land.

Discussion of adjusting hydraulic conductivity pp. 1&-1%
and Figs. 10 and 11.

The discussion is good, but Fig. 10 is preliminar> and
should be clearly indicated as such. I am disappeointed in
cur inability to accurately reflect the influence of
vegetation canopy cover and all types of ground cover on
infiltration (Green-Ampt or any other eq.}. We, as a
profession, need to address this lack of information. 1
will discuss a specific proposal in a following section.,

In any event, if this is the best we can do at present we
should say so in the discussion of Fig. 10.

Figure 11 is a clever way to get around part of the
problem.
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2. Invoice for June - September, 1989
4.4 days at $350/day = $1540. (See attached detailed invoice?
3. Suggestions for Additional Research on Infiltration

Clearly, as our analyses show, there is an urgent need for
research to determine influences of vegetation canopy cover,
ground cover, and management practices on Green—-Ampt infiltration
parameters. Currently reported procedures in the literature can
lead to inconsistent results under semiarid, desert, and urban
conditions. Some of the reported regression—-based procedures for
adjusting saturated hydraulic conductivity ryield inconsistent
results when soil properties used in them deviate from normal
ranges for agricultural scils.

Adpparently, collecting infiltration data from the literature
and analyzing it by regression methods is inadequate because of
varying procedures and measuring techniques used in reported
experiments. For example, it is not alwars clear if the
infiltrometer data reported in the literature represented steady-
state infiltration so that final infiltration rate is a good
estimator for hydraulic conductivity.

I suggest that you and the appropriate officialz in Maricopa
County prepare and publizh a White Paper stating the need for
information of the above type for desert, semidesert, and
urbanizing areas in Arizona. The report should emphasize the need
for robust and simple procedures with practical value to the
practicing engineer. Moreover, I suggest you distribute this
report to research organizations and Universities in Arizona.
Because of a possible conflict of interest, 1 should not
participate in development of the White Paper but I could
officially respond to it once it was published.

4, ASCE San Diego Conference

It would be a pleasure to participate in the San Diego
Conference if we can agree on an appropriate topic and if it does
not conflict with previous commitments. Please send me the
brochure for the meeting showing dates and sessions and the
outline/thoughts you have for your session on alluvial fans.

Thank you very much for the opportunity to participate in the

conference and I‘m sure we can work something out to our mutual
satisfaction.

Sincerelyr,

Leonard J. Lane

attachment
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*m'\ United States Agricultural Pacific West Area
44 ) Department of Research

Agriculture Service

USDA-AGRICULTURAL RESEARCH SERVICE
ARIDLAND WATERSHED MANAGEMENT RESEARCH
2000 EAST ALLEN ROAD

TUCSON, ARIZONA 8S719

January 26, 1989

Geaorge V. Sabol, FhD, FE
Consulting Engineer

1351 East 141st. Avenue
Brighton, CO B0&01

Dear George:

Dr. Herman Bouwer sent me a copy of the Rainfall Losses
section of the Maricopa County Hydrology Manual and asked 1+
I would make some comments to you.

My comments are {=2w bicause i1t 1s hard ta treat a sectiaon
vwithout seeing more ot what you are proposing. For =xample,
the success of w-ing @ time—based i1nfiltration model 15 very
much conditioned upon access to hyetograph precipitation or
at least to a method ftor disaggregating daily rainfalil.
Furthermore, 1f you are proposing that the manual apply to
areas larger than tens of acres 1n size, then a depth-area
method must be applied. Again, 1f the larger areas are to
be simulated, then it is essential to adequately route the
flows from individual source areas considering transamission.
W@@s&sa1n the ephemeral streambeds which daominate hydrologaic
responses in arid and semiarid areas.

As a final comment, I presume that Dr. W. Rawls and/or D.
Brakensiek have or will see this material because of the
liberal use of the technology they have developed on the
Green—Ampt infiltrat:ion model.

Fhb, FE
Engineer

Attachment: manual with margin notes

CC: H. Bouwer
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RAINFALL LOSSES 29 Dec 88

PRELIMINARY
For Review Only

General

Rainfall excess is that portion of the total rainfall depth that
drains directly from the land surface by overland flow. By a mass
balance, rainfall excess plus rainfall losses equals precipitation.
When performing a flood analysis using a rainfall-runoff model, fthe
determination of rainfall excess is of utmost importance. Rainfall
excess integrated over the entire watershed resulfts in runoff volume,
and the temporal distribution of Ihe rainfall excess will, along with
the hydraulics of runoff, deltermine the peak discharge. Therefore,
the estimation of the magnitude and time distribution of rainfall
losses should be performed with the best practical technology,
considering the objective of the analysis, economics of the project,

and consequences of inaccurate esiimates.

Rainfall losses are generally considered to be the result of
interception of rainfall by vegetal cover, depression storage on the
land surface (paved or unpaved), evaporation of ware} from the land
surface, and infiltration of water into 1he soil matrix. For the
purposes of this Hydrology Manual rainfall losses are classified as
either surface retention loss or infiltration. Losses are also oflen
separated into accumulated losses prior to 1he initiation of surface
runoff (initial abstraction), and losses during surface runoff;
however, initial abstraction is not identical to surface retention
loss because initial abstraction includes some amount of infiltration

losses prior to the start of surface runoff.

Surface Retention Loss

Surface retention loss, as used herein, is the summation of all

rainfall losses other than infiltration. The major component of this
loss is depression storage consisting of rainfall that is captured in
puddles, small surface depressions, road gutters, ditches, roofs, and
other non-draining surface features. A relatively minor contribution

by interception is also considered as a part of the total surface




retention loss. Eslimates of surface relention loss are difficuld lo

obtain and are a function of the physiography and land-use of the
area. Estimates of surface retention loss contained in this manual
have been obtained from the analysis of rainfall-runoff data, results
of rainfall simulator studies conducted on rangelands and turf, and

published estimates for such losses.

Infiltration

Infiltration is the movement of water from the land surface into the

soil. Infiltration is distinguished from percolation in that
percolation is the movement of water through the soil subsequent to
infiltration. Infiltration can be controlled by percolation if the
soil does not have a sustained drainage capacity to provide access for
more infiltrated water. However, the extent by which percolation can
restrict infiltration of rainfall should be carefully evaluated before
percolation can be assumed to restrict infiliration for the design
rainfalls that are being considered in Maricopa County. For example,

hydrologic soil group D has been defined by SCS soil scientists as:

"Soils having very slow infiltration rates when thoroughly
wetted and consisting chiefly of clay soils wijh a high
swelling potential, soils with a permanent high water table,
soils with a claypan or clay layer at or near the surface,

and shallow soils over nearly impervious material."

This definition indicates that soils in hydrologic soil groups A, B,
or C could be classified as D if they are underlain by an impervious
strata of clay, caliche, or rock. When these soils are considered in
regard to long-duration rainfalls that are the design events for many

parts of the United States this definition may be valid. However,

when considered for short-duration and relatively small design
rainfall depths in Maricopa County this definition could result in
under estimation of the rainfall losses for these storms. This is
because even a relatively shallow horizon of sojl overlaying an

impervious layer s1ill has the ability to store a significant amount
of infiltrated rainfall. For example, consider 1the situation where

only 4 inches of soil covers an impervious layer. If the effective



porosity is 0.30 then 1.2 inches (4 inches times 0.30) of water can be
infiltrated and stored in the shallow soil horizon. For a design
rainfall of 6 hours and a rainfall depth of about 4 inches this
represents a significant storage volume for infiltrated rainfall.
lherefore, for drainage studies in Maricopa County that contain major
areas of soil that are classified as hydrologic soil group D, t1he
reason for the soil survey classification as D should be determined.
Hydrologic soil group D should be retained for clay soils, soils with
a permanent high walter table, and rock outcrop. Hydrologic soil group
D should probably not be retained in all situations where the
classification is based on shallow soils over nearly impervious
layers, and site specific studies and sensitivity analyses should be
performed to estimalte 1he loss rates that should be used for such

soils.

Infiltration of water into the soil is generally believed to follow an

exponential decay function as proposed by Horton (1939):

- -kt
f = fc + (fo = fc)e (1)

where f is the infiltration rate at time T,

fc is the minimum (equilibrium) infiltration }a1e,

fo is the initial infiltration rate,

t is the time from start of rainfall,

k is a constant that is dependent upon the soil-vegetation

complex, and

e is the base of the Naperian logarithms.

This infiltration function is illustrated in Figure 1. In Figure 1,
the infiltration rate is shown to be a continually decreasing function
of time and the surface retention loss is shown 1o be a loss that is
independent of and separate from the infiltration of rainfall into the
soil. This represents the physical process that is 1o be simulated in

modeling rainfall loss.

The driving force for infiltration is gravity and capillary forces

drawing water into and through the pore spaces of the soil matrix.



Infiliration is conlrolled by soil properties, vegetation influences
on the soil structure, surface cover by rock and vegetation, and by

tillage practices.

Methods for Estimating Rainfall Losses

Numerous methods have been developed for estimating rainfall losses.
Five methods are available as options in the HEC-1 Flood Hydrology
Package:

1. SCS CN loss rate,

2. Initial loss plus uniform loss rate,

3. Exponential loss rate,

4. Holtan infiltration equation, and

5. Green and Ampt infiltration equation.

The Holtan infiltration equation is similar 10 the Hor ton equation in
that it is an exponential decay type of equation for which the
rainfall loss rate asymptotically diminishes to the minimum
infiltration rate, fo. The Holtan equation is not extensively used
and data and procedures to estimate the parameters for use in Maricopa
County are not available. The Holtan equation is né# recommended for

general use in Maricopa County.

The Exponential loss rate method is a four parameter method that is
not extensively used, but it is a preferred method of the U.S. Army
Corps of Engineers. Data and procedures are not available fo estimate
the parameters for this loss rate method for all physiographic areas
in Maricopa County, but Exponential loss rate parameters have been
developed from the reconstitution of flood events for a flood
hydrology study in a portion of Maricopa County (U.S. Army Corps of
Engineers, 1982). However, adequate data is not available to estimate
the necessary parameters and this method is not recommended for

general use in Maricopa County.

The SCS CN method is the most extensively used rainfall loss rate

method in Maricopa County and it has wide acceptltance among many



agencies, consulting engineering firms, and individuals throughoul 1Ihe

community. However, the method is limited because of both theoretical

and practical deficiencies of fthe mefthod. Several of the deficiencies
of the SCS CN method are:

1. Rainfall losses are independent of the duration of rainfall. [hat
is, for a given deplh of rainfall the same rainfall loss resulls
regardless of the duration of rainfall, and the same rainfall
excess would be estimated for a given rainfall depth occurring in,
for example, either 1 hour or 2724 hours.

2. The estimaled rainfall loss rale is a funclion of rainfall
intensity. Short periods of high intensity rainfall would often
result in large estimates of rainfall losses. This is contrary
to the Horton lype infiltralion relation as illustirated in TFigure
LI

3. The infiltration rate approaches zero rather than a minimum
infiltration rate, fc'

4. The initial abslraction of 0.2S is not juslified nor is it based
on data for hydrologic conditions that are representative of

Maricopa County.

5. The selection of CN is too subjective and is based more on
tfraditional acceptance of CN values rather than scientifically
substantiated findings. ‘

6. At low rainfalls (less than 4 inches), the estimate of rainfall

loss is very sensitive to the selection of CN.
For these reasons 1the SCS CN method is not recommended for general use

in Maricopa County.

Two methods are recommended for use in Maricopa County; these are the
initial loss plus uniform loss rate (IL+ULR), and the Green and Ampt
infiltration equation. Other methods should be used only if there is
technical justification for a variance from this recommendation and if
adequate information is available to estimate the necessary parameter
values. Use of rainfall loss methods other than those recommended
should nol be undertaken unless previously approved by the Flood

Control District and the local regulatory agency.

‘N



Green and Ampt Infiltration Equation

This model, first developed in 1911 by W.H. Green and G.A. Ampt, has
since 1973 received increased interest for estimating rainfall

infiltration losses. The model has the form:

(2)

i

where f infillration rate,

=~
i

hydraulic conductivity in the wetted zone (the ultimale

steady state rate),

(# average capillary suction in the wetted zone,

Se= final soil saturation (volumetric),

S; = initial soil saturation (volumetric), !
¢’= soil porosity, and

F = depth of rainfall that has infiltrated into the soil

since the beginning of rainfall.

It is important to note that as rain continues, F increases and f
approaches K, and therefore, f is inversely related to time. Equation
2 is implicit with respect to f which causes computational
difficulties. Eggert (1976) simplified Equation 1 by expanding the
equation in a power series and truncating all but the first two terms

of the expansion. The simplified solution (Li and others, 1976) is:
AF = —.5(2F—KAT)+.5((2F—KAI)7 + 8KAtT(Q + F))l/2 (3)

where t is the computation interval and F is accumulated depth of
infiltration at the start of +. The average infiltration rate is:
Af = fii__ (4)
at

Use of the Green and Ampt equation as coded in HEC-1 involves the
simulation of rainfall loss as a two phase process. The first phase
is the simulation of the surface retention loss as previously

described, and this loss is called the initial loss (lA) in HEC-1.

6
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During this first phase all rainfall is lost (zero rainfall excess

generated) during the period from the start of rainfall up to the time
that the accumulated rainfall equals the value of IA. It is assumed
for modeling purposes, that no infiltration of rainfall occurs during
this first phase. Initial loss (IA) is primarily a function of land-

use and surface cover, and recommended values of |A for use with the
Green and Ampt equation are presented in Table 1. For example, as

shown in Table 1 about 0.35 inches of rainfall will be lost to runoff
due to surface retention for desert and rangelands on relatively flat

slopes in Maricopa County.

The second phase of the rainfall loss process is the infiltration of
rainfall into the soil matrix. For modeling purposes, the
infiltration begins immediately after the surface retention loss (IA)
is completely satisfied. The three Green and Ampt equation
infiltration parameters as coded in HEC-1 are hydraulic conductivity
at natural saturation (XKSAT), wetting front capillary suction (PSIF),
and volumetric soil moisture deficit at the start of rainfall
(DTHETA). The three infiltration parameters are functions of soil
characteristics, ground surface characteristics, and land management
practices. The soil characteristics of interest are particle size
distribution (soil texture), organic matter, and bu}k density. The
primary soil surface characteristics are vegetation cover, rock cover,
and soil crusting. The land management practices are identified as

various tillages as they result in changes to soil porosity.

Values of Green and Ampt equation parameters as a function of soil
characteristics alone (bare ground condition) have been obtained from
published reports (Rawls and others, 1983; Rawls and Brakensiek,
1983). Average values of XKSAT and PSIF for each of the soil texture
classes are shown in Columns (2) and (3) of Table 2 (Rawls and others,
1983). Values of XKSAT and PSIF as a function of percent of sand and
percent of clay for soil with 0.5 percent organic matter and base
value (unaltered) soil porosity are shown in Figures 2 and 3,
respectively (Rawls and Brakensiek, 1983). The values of XKSAT and
PSIF from Table 2 should be used if general soil texture

classification of the drainage area is available. The values of XKSAT



and PSIF from Figures 2 and 3 can be used if more specific soil
texture classification is available from a detailed soil survey for

which the percentage of sand and clay has been determined by an

appropriate field soil survey. The use of the information in Figures
2 and 3 will require an extensive study of the soil for the drainage
area and for most drainage studies only general soil texture
classification will be known and the values from Table 2 should be
used.

The soil moisture deficit (DTHETA) is a volumetric measure of the soil

moisture storage capacity that is available at the stari of the

rainfall. DTHETA is a function of the effective porosity of the soil.

I f the soll Is saturated al the stari of rainfall then DTHETA equals
0.0. I f the soil is devold of moisture at the start of rainfall the
DTHETA equals the effective porosity of the soil. Therefore the range

of DTHETA is 0.0 to the effective porosity. The porosity of soil as a
function of soil texture (percent of sand and percent of clay) is

shown in Figure 4 (Brakensiek and others, 1984).

Under natural conditions, soil seldom reaches a state of soil moisture
less than the wilting point of vegetation, and a graph of volumetric
soil moisture at wilting point as a function of soil texture is shown
in Figure 5. Due to the rapid drainage capacity of most soils in
Maricopa County the soil would not be expected to be in a state of
soi|l moisture greater than the field capacity at the start of a design
storm. A graph of volumetric soil moisture at field capacity as a
function of soill texture is shown In Figure 6. However, Maricopa
County also has a large segment of its land area under irrigated
agriculture and it is reasonable to assume that the design frequency
storm could occur during or shortly after certain lands had been
lrrigafed.. Therefore, for irrigated lands it would be reasonable to
assume that soil moisture could be at or near effective saturation

during the start of the desfgn rainfall.

Three conditions for DTHETA have been defined for use in Maricopa
County based on the antecedent soil moisture condition that could be

expected to exist at the start of the design rainfall. These f1hree



conditions are "Dry" for anfecedenl soil moisture near the vegelation
wilting point; "Normal" for antecedent soil moisture condition near
field capacity due to previous rainfall or irrigation applications on
nonagricultural lands; and "Saturated" for antecedent soil moisture

near effective saturation due to recent irrigation of agricultural
lands. Values of DIHETA have been estimated by subtracting the
initial volumetric soil moisture for each of the three conditions from
the soil porosity. The value of DTHETA "Dry" as a function of soil
texture is shown in Figure 7. This figure was prepared by subtracting
the wilting point soil moisture on Figure 5 from the soil porosity on
Figure 4. The value of DTHETA "Normal" as a function of soil texture
is shown in Figure 8. This figure was prepared by subtracting the
field capacity soil moisture on Figure 6 from the soil porosity on
Figure 4. The value of DTHETA "Saturated" is always equal to 0.0
because for this condition there is no available pore space in the
soil matrix at the start of rainfall. Values of DTHETA for the three
antecedent soil moisture conditions are shown in Table 2. DTHETA
"Dry" should be used for soil that is usually in a state of low soil
moisture such as would occur in the desert and rangelands of Maricopa
County. DTHETA "Normal" should be used for soil that is usually in a
state of moderate soil moisture such as would occur in irrigated
lawns, golf courses, parks, and irrigated pasTures.l DTHETA
"Saturated" should be used for soil that is usually in a state of high

soil moisture such as irrigated agricultural land.

The hydraulic conductivity (XKSAT) can be affected by several factors
besides soil texture. For example, hydraulic conductivity is reduced
by soil crusting, it is increased by tillage, and it is increased by

the influence of ground cover and canopy cover. The values of XKSAT

that have been presented for bare ground as a function of soil texture

alone should be adjusted under certain conditions. - ‘i}'* E ’U:fj
ti 1(U ‘:‘:/'
& =, 1§

Ground cover, such as grass, litter, and rock will generally increase

the infiltration rate over that of bare ground conditions. Similarly,
canopy cover, such as from trees, brush, and tall grasses can also
increase the bare ground infiltration rate. The procedures and data

that have been presented are for estimating the Green and Ampt



parameters based solely on soil texture and would be applicable for

bare ground conditions. Procedures have been developed (Rawls and
others, 1988) for incorporating the effects of ground cover and canopy

cover into the estimation of the parameters for the Green and Ampt

equation. Past research has shown that the wetting front capillary
suction parameter (PSIF) is relatively insensitive in comparison with
the hydraulic conductivity parameter (XKSAT); therefore only the

hydraulic conductivity parameter is adjusted for the influences of

ground cover and canopy cover.

The set of equations that have been developed to adjust the bare soil
hydraulic conductivity for the influence of soil ground cover and

canopy cover are:

KE = (CAN) (KEC) + QP ) (KEO) (5)
KEC = (K) (CF) (_E&__)(CRC) + A(1 =~ _EE__) (6)
CAN CAN

KE, (K)[}_Eg__)(CRC) FAQL - ~Eg—i] (7)

CAN CAN
CF = 1 + 0.96 CAN (8)
CRC = L (9)
L - 78 + 10
SC B

n = o[2:82 - 0.099(sA) + 1.94(BD]] .

B = 0.0099 + 0.0721(TC) + 0.0000068 (SAZ) +
0.000021(SAZ)(TC) - 0.000315(SA)(TC) (11)
where KE = hydraulic conductivity adjusted for ground cover and

canopy cover, and KE is the adjusted value of XKSAT in

the Green and Ampt equation,



KEC = hydraulic conductivity of soil under canopy cover,
KEg = hydraulic conductivity of soil outside of canopy cover,
K = bare ground hydraulic conductivity, equal to XKSAT,
CF = canopy factor,
CRC = soll erust ftactor,
A = macroporosity factor,
CAN = ratio of area under canopy cover to total area,
OP = ratio of area outside of canopy cover to total area,
BC = ratio of bare soil (no vegetation, litter, or rock
cover) thal is under canopy cover to total area,
BO = ratio of bare soil that is outside of canopy cover to

total area,

L = wetting front depth (assume 6 cm),
TC = soil crust thickness (assume 0.5 cm),
SC = correction factor for partial saturation of the
subcrust soil (see Table 3),
SA = percent sand in the soil,
BD = soil bulk density (see Figure 9).

These equations have been developed for the S| system of units and
they should be solved in this system and the resulting hydraulic

conductivity (KE) in cm/hr should be converted to XKSAT in inches/hr.

Equations 5 through 7 can be simplified for use in estimating the

hydraulic conductivity of turf by the following equation:
KE = (K)C(A) (1.2)
where A is defined by Equation 10.

The influence of tillage results in a change in total porosity and
therefore a need to modify the three Green and Ampt equation
infiltration parameters. The effect of tillage systems on soil
porosity and the corresponding changes to hydraulic conductivity,
wetting front capi