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
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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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>