
STANLEY CONSULTANTS, INC.

3117 North 16th Street· Phoenix. AZ 85016

December 27, 1991

Mr. David R. Johnson
FLOOD CONTROL DISTRICT OF
MARICOPA COUNTY
2801 West Durango
Phoenix, Arizona 85009

RE: Hydrologic Design Manual

Dear Mr. Johnson:

Tel: 602/279-090

I have recently been using the District's new Hydrology manual in the design of drainage for
the proposed expansion ofSun City West north ofDeer Valley Drive. We are currently putting
together a master drainage report for submittal in January 1992.

My exposure to the manual thus far has been primarily from the private development
perspective although we did use a portion of the manual to develop initial and uniform rainfall
loss rates for the Waterman Wash Hydrology Study and FIS we are just now completing for the
District. The Sun City West drainage we are currently designing is based mainly on those
parts of the manual dealing with the rational method, Clark unit hydrograph and Green­
Ampt rainfall losses. I haven't dealt much with the "S" graph portion ofthe manual yet.

I understand that one of the primary purposes of the manual is to establish a standard
methodology with a wide range of applications. This is a considerable objective with the wide
range of both users and potential applications. My overall reaction to the manual is mixed.
Considering the subjective nature of hydrology, I think the manual does a generally credible
job of documenting its methods and presents a good text of background, theory and technical
information. However, it departs from the more convenient and conventional rational and SCS
unit hydrograph methods.

I know it's not possible to anticipate every ciFcuDlstance and potential application of the
manual when it is first developed. As the ·manual is used, there will be oversights corrected
and additions made. I understand there are a number of things in flux at this moment and
that a revision ofthe manual is due sometime in the springof1992. I would like to take this
opportunity to point out a number of things that I have found in using the manual for your
consideration in this up-coming revision.

1. The rainfall distributions for the 6 hour duration storm are significantly less intense
than the 2 hour storm resulting in significantly lower peak flows.
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Intensities from the rational method I-D-F curves, when compared with results from
Chapter 2, "Rainfall", show good agreement for durations longer than 30 minutes but
not very good agreement for shorter durations.

The manual states when discussing time of concentration that a flood wave travels
faster than actual flow velocity. Yet, for several natural sub-basins, we observed wave
velocities that were significantly slower than corresponding flow velocities.
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significantly different results for small contributing areas.

5. Times of concentration for small contributing areas are significantly longer based on
average rainfall intensity (as with the rational method) than based on average excess
intensity (as with the Clark unit hydrograph method).

6. The manual is fairly comprehensive when dealing with Green-Ampt loss rates for
natural soils. However, it contains very little regarding urbanized soil losses or the
selection of either natural of urbanized percent impervious.

7. The Hydrology Manual is inconsistent with the selection of rational runoff coefficients
and does not present any correlation of these coefficients with loss rates and percent
impervious used with the Clark unit hydrograph method.

8. Our preliminary results indicate that the Clark unit hydrograph method tends to under
estimate peak flows from our smallest urbanized watersheds and over estimate peak
flows from our larger ones compared to results from the rational method using
essentially the same data base.

9. In one particular case, the Clark unit hydrograph method yielded a significantly
different peak discharge for a single natural contributing area when that area was
divided into 2 sub-basins and their hydrographs added.

10. The manual does not inc ude any guidelines or recommendations for storage 1'0 ting of
Jaydrographs through detention b2. ins.

We iEtenc1 to use t e Clar -it, ydr graph method to deve op the hydro ogy for e 'sting
conditiliXllls and.p:oposed s' e de;v,elopme t for -:'he S n City Wes expa;,.~sion master drainage
xe:port. ''l1mil Jh~drology will e use~ in he design ofopen channels, conve:;;ance of flows in the
~(j)lf com-se, on&'itte ,detention .bas· 8, s..torm drains conveyance. f t1 w i.n major streets.
However, I.ut:t.lXe I ainage~.: rts hich will aceo pany in 'vid al units 'n base their
hydrology 'on. e lI'ational Q • is impo. t, then, that the .t 0 me ho are in
reasonable agreement' l t:aipeakJl wan 01 e. Our effort to accomplish this has resulted
in many of the afo e ment' ned observati ns.

I have discussed many fthese items with Steve Waters and Felicia Terry. I am available to
discuss them in ore detail and provide copies of our re'minary work from w ich we ha re



" ,

made these observations. Ifthere is any type oHorom planned to gain input from others in the
private sector, I would be interested in participation. In the mean time; we are proceeding on
with our master drainage report for the expansion ofSun City West based on our response from
Steve and Felicia.

Sincerely,

STANLEY CONSULTANTS, INC.

Scott Buchanan, Hydrologist

SB/vm:DEC002

cc: Timothy D. Crall, Stanley Consultants
Joe Rumann, George V. Sabol, Consulting Engineers



PART 6

REVIEW AND COMMENTS FROM
MANUALS INTRODUCTORY CONFERENCE

On May 1st, 1990, the Flood Control District sponsored a one day sy~posium for
a number of invited guests for the purpose of introducing the Hydrologic
Design Manual for Maricopa County, as well as to solicit comments on its
technical merit and acceptability. The presentation was made by the authors
and it was held at the Executive Park Hotel in Phoenix, AZ ..

Those in attendance were asked to provide any written comments within 30 days,
after which we would respond and make any necessary changes. Included in the
appendices of this part are the following items.

Appendix

6-A
6-B
6-C

6-D

6-E

6-F

6-G

6-H

6-1

6-J

6-K

Material

List of conference attendees
Conference Questionaires
Mr. Gohmert's (SCS) Letter
FCD Response
Dr. Sabol's Response
Dr. May's (ASU) Letter
FCD Response
Dr. Sabol's Response
Mr. Creighton's (ADWR) Memo
FCD Response
Dr. Sabol's Response
Mr. Ramirez' (Mesa) Letter
FCD Response··
Mr. Bond's (Tempe) Letter
FCD Response
Mr. Brunner (HEC) Letter
FCD Response
Mr. Duren's (JMM) Letter
FCD Response
Dr. Sabol's Response
Mr. Miller's (JRJ) Letter
FCD Response
Dr. Sabol's Response
Mr. Kao's (AGK) Letter
FCD Response

Overall, tP.e -'letters expressed, con,cerns that could not be iilllIjediat~ly.~no:

effectively-a.d:dressed in ~be, Hy.olfol:ogic Des-ign Manual ~ . Thes:e ·comlIl,ents V):~'re
very helpf\ll b)i indicating-;wnere further research~s ne~ded.. 'otherwise, the

,'~ ., .~ ." ~.::

comment~ were editorial-in nature.'
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1. Do you think that the material presented to you today was understandable?
Why or why not?

ves - GcxJi' Qv6fl.VIc.."W Of II'Ir6Nr A,vo I?A-npw-t-L ~j2.. '[)t5-v~e.oPl1th~V"'

o~ M Ihlt4A-t.-

2. Do you think this manual is useful?

VEtL-y "s e ,tte.,c.. - /.,.. w; '-" .s,~ hi'" V!?IhMr;C r,4<,CS
~(rt.4f.,rA#T5 To Ihm CI~Mt AUcPr,wk£ HhNrTl)5 ot

3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

V~s

4. Are there areas of concern that were not addressed today? If so, please indicate
which areas.

NoNe

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

N/A

6. Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend? .

Y6-s ~ 7:::¥?~;;~ t'Vc"N6et<S ~ND ~NtCl~5 WM? W~~£.
WITlI f t.~.

7. What kind of background do you think a person should have to use this
manual? tJ>ef(S ~ Tlf6 HA'tII~A(., $Jl,ut.-D C7~ 86 IJ/(oft-C-fStdw,4-L 6NtiU

wi1'Ji .j)R,4-1N,4<,C &c-PC/lI6NU3 oJlL Te-CC'#1VICti+N,r ~'vG 4N~v7L. rn+c- [)/~t!cp~

0'" PI?of tH c,R.

8. Were the facilities for this conference acceptable? Why or why not?
GfOqp,
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1.

2.

3.

4.

5.

6.

7.

8.

Do you think that the material presented to you today was understandable?
Why or why not?

Yes, a w;\lTl:t:, \i~ 40 ~b~.r1 +ltP Inf".

Would you be willing to use the Draina~e Design Manuals in your
jurisdiction? If not, why? t.J ~ fz> CJI..p"k. if (!).:;j ,

Are there areas of concern that were not addressed today? If so, please indicate
which areas. "C" \) al~e •.

What should be added or deleted to make the Dran:age ~esignManual
acceptable to your jurisdiction? AJ&,/ ~ /O'f)v:. IhC (/~

Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend? m ?fb" /;;>..j.e., .

What kind of bac!<ground do you think a person should have to use this
manual? E.n'{IYWtlI'r.¢

I\) tcJ,o to \.M1J t-\E C ' \

Were the facilities for this conference acceptable? Why or why not?
y ~ ~ . J e/1A.f bonJ'
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1. Do you think that the material presented to you today was understandable?
Why or why not? . + tJ.!J ~dt.t.L L
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2. Do you think this manual is useful?

rtJuIt4;f~,W;~&(C~~c/

3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

;vI A-

4. Are there areas of concern that were not addressed today? If so, please indicate

which areas. - -. J ~ . ...-f . J ,1
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5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction? I

NA-

6. Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend? 'f27 iT wouL-V? I'?E tfa-.pr-VL.

~ :J-woJL.-(.> 01...A<?0'( ~v7

7. What kind of background do you think a person should have to use this
manual? ~, --

, '1 D(JoW0'--( (().Cb~ tJ~ La { of ~BVt..:::::"

8. Were the facilities for this conference acceptable? Why or why not?

O~
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1. Do you think that the material presented to you today was understandable?
Why or why not?

2. Do you think this manual is useful? ~

3.

4.

5.

6.

7.

8.

Would you be willing to use the Drainag~Design Manuals in your t.
jurisdiction?Ifnot,why? ~~~~~~

~~;;t6~~~-

Are there areas of concern that were not addrb2SSedto y? If so, please indij te
which areas.tI~~ ~~

~c1~,1 ~~
~~~~I

What should be added or deleted to make the Drainage Design Ma ual
acceptable to your jurisdiction? /~7~fJ.. . ...;te

~~avJ/U-l~_

Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend? y,c, -~

What kind of background do you think a person should have to use this

manual? JJJ <J~ ~ ~ 0-"~

Were the facilities for this conference acceptable? Why or why not?

~-
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1. Do you think that the material presented to you today was understandable?
Why or why not?

~.J WkRi ~~~~J .
2. Do you think this manual is useful?

3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

4. Are there areas of concern that were not addressed today? If so, please indicate
which areas.

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

6. Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend?

7. What kind of background do you think a person should have to use this
manual?

8. Were the facilities for this conference acceptable? Why or why not?

OK
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3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

rJl/J

4. Are there areas of concern that were not addressed today? If so, please indicate
which areas.

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

tJ//1

6. Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend?

j-&1/y~

7. What kind of backgrgund do you think a person should have to use this

manual? f;k17J V2 PA7~

8. Were the facilities for this conferenc acceptable? Why or why not?
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1. Do you think that the material presented to you today was understandable?
Why or why not?

2. Do you think this manual is useful?

3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

ye:s>~ ~U/ HAvG To

Po e.. ~E~"nC"" ...0

4. Are there areas of concern that were not addressed today? If so, please indicate

which areas. t"\E.-r4-?o~ F012- You a...J6"<'" w....J
__--~~ J J-J e.LLt~E:' 1-1 PI~ 'D { . 0

W~-rEe.6~E.D IN pINA-L I~Gt..JE:- r+Jt=;;" P~T (~
~e:I2-'E>-!.~ I~ -r,u.c A J==' 'T6 e>JcoJ-.L .~(r:::N
l...A~ W#O ~I-J·T -r-e:U~T Cb~T~.-J

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction? ~

C
-_ .9~ poe- />rCA- eE"TENTIO#.J # c,cH...eS...

? MA~S f')~'(F')l-.J~ ~y

+ ~O ~v6~ ~~ - fA-t.-L, Ct-71l;i'""'S, ~I~ ~S
-':::::::"':=--~~-=---=------'-'- N C I e.e~Ul~ ,.,;g-c.u ~Ii!-f:>-

6. Would an expanded training conference on the Drainage Design Manual be t-I.JAI-lCJ!Z.

helpful? Would you attend?

765/ Y6~

7. What kind of background do you think a person should have to use this
manual?

f?C>M12: .pegvlOU;:'

Oe. 6X~1e::~~

8. Were the facilities for this conference acceptable? Why or why not?
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t

Do you think that the material presented to you today was understandable?
Why or why not?

+.((h('l (c +-0 \t\.4 (', J.c'""j
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1.

2. Do you think this manual is useful?

t=yt-~II l\" cluJ~

3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

fJ10"- () '- ~t J...)' 0.. rP O'-,--L

4. Are there areas of concern that were not addressed today? If so, please indicate
which areas.

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

6. Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend?

j v ( , >~ {,J L

7. What kind of background do you think a person should have to use this
manual?

8. Were the facilities for this conference acceptable? Why or why not?



6.

Drainage Design Manual
Volume 1

Hydrologic Design Manual

1. Do you think. that the material presented to you today was understandable?
Why or why not?

y'C!> "'he.. fI1uj-ljrf// wti ~I/ preJ.cnf'tJ CI"1J *re- t':i/r. P 1~j,~'0'1
C( Srrl');~V1r Ilr IIi'?+- ""'0'4/ t1 ;) I'e. INhn~ vv~d- IYlh;J +1le' (YJ1lr7'4.I1JI J1>e.- jJl7:;'ud(,(-I'~
1f'll:>t#hJ .k-em +-0 be jt4tJWfI 7 Ilt.up hJ ' f'(J("f1?'dd.\ ~JfAP "J .hJr U~L )'~ tldV(vdfq bw>! • Th~ sf~;Y

~ WHC4 P(t~'rij ~(~ (/'I.~A'lq) a/prJr J':) 0' VeAIlf /t.Y/rIlP/CdrCuhle- r'll~'-h1J(DI,~ htJd.
CO(t,) l'1:} 2. Do you think this manual is useful?

Yt'::?) L rhr,l1"K- fl1e. fYl{(I1c.{Ci I wI 11 b~ w~ htl :-1 ..sI7rVl)qvc! /7::-') ;J~"t:kvtU (I-1P
y'VlcihoJ~ U~J. 11'\ J'WI~1 1, 1:J rn('~\)/h~(). rhe.- ( li'l-ty.

3. Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why? "1. I

L WDIA\J \iv.t. +0 IA~(.. {he. 1Y1t'~~tLJ of'ld, pro'" /Jf ~ I -r'~i'S ,.....,~(1v(,

4r- ())"eas WU'11M (he.. C!/y ~vicolRf!dlc lAMlf'7:- /,v'L 0tN!-. P~~, ~I ;;/~r ~~j
{Ot'1f~('t, L.0e. ('CJ~' Mi-{)te /Y)CJi~ C{ flY\tll dewmn MiIJ¥f"

4. Are there areas of concern that were not addressed today? If so, please indicate
which areas.r ~O(A\~ Ilk..- h) tuk I'. ;'I1()re- /n-~prh look- @ 0t. .m .l)ud CiVlJ rhWl

~rovJJ!- .{l'vYI ~t., f.s I

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

Sa..v'1l-- CO iVI t"1~ r.u #- ~

Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend? II t

'Ye<.. ::c- (11Jtl"- t11~ r ft-- \'h J~ Il"lQ~~l!.1 hWl'l'l(~ '(h~
I .

~ f-tJ .,"'~ e pa (J I I 'I~) "~/I flIt Ifl e

7. What kind of background do you think a person should have to use this
manual?

lSaslG- hiqvollJ'( Ie l\1(Ul'7 h ~/OfJ""J.

8. Were the facilities for this conference acceptable? Why or why not?

Yo.
6~ , &oj.{ "f'YI41/\{,.:J 01- SeD 5dbl(.

-1.:rz.-0
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1. Do you think that the material presented to you today was understandable?
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~~,t ha Y ~\.,Ir I J1 VI;) {VI' /l1.~'

2.

3.

4.

Do you think this rna?ual is useful?

Ve.vy V jet ~ I .

Would you be will.irig to use the Drainage Design Manuals in your
jurisdiction? If not, why?

(J(J{5/~/,!

Are there areas of concern that were not addressed today? If so, please indicate
which areas.

5. What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

foJ.f,b/~ /d/k- {Oh\~.t- b-I~
lJJoV"O vJ I.... J-t vIew (

6. Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend?

Y-P5
7. What kind of background do you think a person should have to use this

manual?

8.
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1. Do you think that the material presented to you today was understandable?
Why or why not?

yes --rJv {Jr" ~ ~ ~&l1 . ~(.J.-t.-
~o II ~~ '(? e)v s~~ ~ ~ I'?"-.,...~ VI;t

'r~._/~ v-, cLc.rs.t--.t I J- .p.., II; .

2. Do you think this manual is useful?

'1~S

s ~

f'r P1//

3.

4.

5.

6.

7.

Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why?

U

Are there areas of concern that were not addressed today? If so, please indicate
which areas.

vJl ;/

What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction?

ts/ A-

Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend?

'/ .s

What kind of background do you think a person should have to use this
manual?

8. Were the facilities for this conference acceptable? Why or why not?
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1.

2.

3.

4.

5.

6.

7.

8.

Do you think that the material presented to you today was understandable?

Whyorwhyn~_ \. ~\ V\Q\V'\ ce\ v'+yyes _ \Y\.Q.. eK~m~\Q.s \.IV \ t"" 0. \

Do you think this manual is useful?

E~~\Y

Would you be willing to use the Drainage Design Manuals in your
jurisdiction? If not, why? \ 1... I \ \
~l/2.S - I+ t So ; h'\~r16v'\.\ 1"0 cev~'of (A

cc)'I\~\s\-0IrIV1IUV\I"tovw\' ff\e-~~ -\-0 s-\o.vt
'v-'OI.Y\d\\V\j c\~i l(\~.(e- ~

Are there areas of concern tnat were not addressed today? If so, please indicate
which areas. \ I \J I (
£ \'V\ f'" ~s tze.. ~Q.... ad\.t::WGCi\ S€.cS T-o 1 ~e.. Ci'\-y s
\~ cu:L,p\\V)S +~\S VY'C\v\'uJ.

What should be added or deleted to make the Drainage Design Manual
acceptable ~o your jurisdictio,n? , L\ ' \. I' ,
T-e~\'\i C1(A~.s \,V i \, Ioe.. us, Y\s j"'I.s. yY\t=( V\U,", - <1'V\I~

~~ulc:\ \oe.. C~ld'€'~ \~ ~ ~'(~t.
Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend?

yes. -Ye,5.

What kind of background do you think a person should have to use this
manual?

'l3a.sfc.. r~'1~ic..S ..

Were the facilities for this conference acceptable? Why or why not?
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1. Do you think that the material presented to you today was understandable?
Why or why not?
':J»1'ltllH'SJ.r,i1/JilJje- Clj.j.p pr&?~"Jj qrJJ. fj-Oq/$,

2. Do you think this manual is useful?
,As a ffWJJe f",. ~-fhC>~c;OllJ',.t- ant!- a/~ yVv,'<;./on .,f dV'r,lf

aVld-11I1' PNP4/}~ p/ f(-H~A)7/~ S/lfflu

3.

4.
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Would you be willillg to use the Drainage Design Manuals in your
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Are there areas of concern that were not addressed today? If so, please indi~ate

which areas. YeJ. k 3 4 b<?H, on J, .1r <7",J (,.Jf Dc4 1,.z7;W
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~~1rt,,-. p~'S;J"" JI-~~~ - ~N'f'~-A'"'1"1 V~ f",<?JJ" ~nw;js .

Tubf~ 2.-
What should be added or deleted to make the Drainage Design Manual
acceptable to your jurisdiction? 1"117+ ~(J/I'c&7 &.1"

Would an expanded training conference on the Drainage Design Manual be
helpful? Would you attend? Yt< 5 tJ,. 5,., b.$I-;.J~4--.,

What kind of background do you think a person should have to use this

manual? M,'l-vJ.e- r''Jl.~~ -Jv r'rC6rh..t? oufM 0 1>/JC7/Iht7~·j.'',;j
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June 1, 1990

Dan Sagramoso
Chief, Maricopa County

Flood Control District
3335 W. Durango Street
Phoenix, Arizona 85009

Dear Mr. Sagramoso:

We have completed our review of the Draft Hydrologic Design Manual for
Maricopa County, and have found items both of interest and concern. We have
found the manual to be well written and easy to understand. It should help
the county to reach its goal of consistent analysis of drainage requirements
within the county. It is good that the authors of the manual have recognized
that it is not an all encompassing document, but that good engineering
judgement and reasoning will be needed in its application. Of course, this is
true of most, if not all, hydrologic procedures.

One item we found of interest in the manual is the use of the Green and Ampt
Inflitration Model to estimate rainfall loss rates. The Soil Conservation
Service (SCS) has considered this model for several years as an "alternative­
to" but not necessarily "a-replacement-for" the curve number procedure. The
main drawback has been insufficient soils data (on a national basis) to
adequately estimate the required runoff parameters. Also, there is a need for
a much greater understanding of the hydrologic cycle in order to apply the
Green and Ampt Model. The difficulty of application is also much greater than
that of the CN method. The latter considerations are especially important
when the procedures are to be used by non-engineering types of employees, such
as engineering technicians located in SCS field offices.

For these reasons the SCS will continue to use the CN procedure for estimating
on-site runoff, and we are therefore concerned about how it is depicted in the
hydrologic manual. Although we recognize the limitations of the CN procedure
and that the runoff equation might not stand up under a rigorous theoretical
analysis, it is, based on empirical and historical data, and provides
reasonable answers when used with good judgement and knowledge of the
procedure. As noted in the design manual, it has been well received within
Maricopa County, and has withstood the test of time and use. We are not
necessarily suggesting that the CN procedure be selected as one of the
preferred methods of runoff prediction, but at the same time, the authors of
the manual should refrain from trying to discredit this procedure. The non­
acceptability of the procedure is not a common opinion among the engineering
profession, but we think is simply a bias of the manual's authors.

The Soil Conservation Service
is f'n agency of the
Depa~tment of Agriculture
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One of the major weaknesses we see in both the SCS and the Hydrologic Design
Manual procedures is the lack of any method to account for transmission
losses. This can be seen in the results of the Cave Creek Wash example
problem presented in the manual. Both the SCS and the Hydrologic Design
Manual procedures over-estimated the IO-year frequency discharge for this
stream. This probably results from an over-estimation of runoff volume at the
gaged site, not because of too high a curve number or underestimating the
Green and Ampt loss rate parameters, but due to ignoring transmission
losses. As noted in the example, the predicted IOO-year flood by both the SCS
and HDM procedures agree more closely with the theoretical discharge than that
for the IO-year flood. It is theorized that the effect of transmission losses
is much greater on the more frequent (IO-year) flood(s) than on the IOO-year
or less frequent flood(s). It is in the area of transmission losses that the
SCS feels major improvements are needed in trying to estimate runoff from arid
and semiarid watersheds, rather than trying to improve the "on-site"
prediction models.

We hope these comments will be of benefit to you. We also hope that you will
consider removing from the manual the effort to discredit the SCS Runoff Curve
Number Procedure.

Sincerely,

DONALD W. GOHMERT
State Conservationist



FLOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street • Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

JUL 30 1990
Mr. Donald W. Gohmert
State Conservationist
U.S. Department of Agriculture
Soil Conservation Service
201 E. Indianola Avenue, Suite 200
Phoenix, Arizona 85012

SUBJECT: Comments on Hydrologic Design Manual

Dear Mr. Gohmert:

BOARD OF DIRECTORS

Betsey Bayless
James D. Bruner
Carole Carpenter
Tom Freestone

Ed Pastor

Thank you for taking the time to review and comment on the District's
Hydrologic Design Manual. Your comments have been carefully considered and
changes have been made to the final draft as a result of your correspondence.
The final draft should be available by the middle of August.

When we were putting together the criteria to be used in the manuel, we
realized that, since a maj ority of the engineering communit.y uses the CunTe
Number method, it might be necessary to list the limitations of this method.
This was not done in an attempt to discredit the procedure, but rcther as a
justi~ication for using the Green and Ampt Infiltration equations. We did not
deliberately intend to discredit. the Curve Numbe~ method and apologi~e for any
misunderstanding. Disparaging comments will be removed from the final draft.

We also agree with you concerning the weakness of both methods to account for
transmission losses. We anticipate that as additional data becomes available
with which criteria can be developed, later editions of the manual will
include some guidelines for transmission losses.

If you have any other comments or would like to meet with the authors to
discuss the data used to develop the manual, please call. Once again I would
like to thank you for you input and apologize for any misunderstanding of our
intent with regard to the Curve Number method.

Sincerely,

STA: .!.?{ L <:!'!TI-JjR.. p.e

j Ql;PlJTv(....E.! 1;., ~•• JEER

D. E. Sagramoso, P.E.

TLB/JMR/ag

* See reverse for filing information.



GEORGE V. SABOL CONSULTING ENGINEERS, INc.

1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601

(303) 457-4015

13 August 1990

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

Subject: Hydrologic Design Manual for Maricopa County
review comments by Mr. Donald W. Gohmert, SCS

Dear Mr. Rumann:

I have reviewed the comments by Mr. Gohmert in his letter of 1 June 1990,
and the Flood Control District's response in its letter to Mr. Gohmert of 30
July 1990. I agree with the District's response, and I offer the following
additional comments that you may wish to consider.

As a coauthor of the manual, I would like to reassure Mr. Gohmert that
there was no intent to discredit the CN method and I apologize for that
regrettable misunderstanding. The authors of the manual previously have
agreed to remove such disparaging comments from the manual, as the District's
letter states. The limitations to the CN method were originally contained in
the manual because it was our perception that it would be necessary to provide
a technical justification to the engineering community as to why the CN method
was not selected. It no longer appears to be necessary to provide this
justification, which has been taken as undue criticism.

In support of our selection of the Green and Ampt infiltration equation
with an estimate of surface retention losses, I believe that adequate soils
data is available in Maricopa County to adequately estimate rainfall losses by
this method. The parameters may need to be revised in the future as more and
better data become available. I don't think that the method to estimate
rainfall losses by the Green and Ampt equation with the HEC-1 program and
using the guidance that is provided in the manual is any more difficult than
is the application of the CN method.

Furthermore, I don't think that we need to be as concerned about use of
the manual by non-engineering types of employees or those without a hydrology
background as the SCS is, particularly in SCS field offices. The authors of
the manual have written the manual for use by qualified and experienced
professionals.



Mr. J. Rumann
13 August 1990
Page 2

Mr. Gohmert's comments are appreciated, and I hope that this response of
mine is of assistance to the District in resolving some of Mr. Gohmert's
concerns about the manual. It may be of value to meet with Mr. Gohmert after
the next revision to the manual is available to discuss these and other
related matters with him. I would be available for such a meeting, if
desired.

Sincerely yours,
George V. Sabol Consulting Engineers, Inc.

George V. Sabol
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May 30,1990

Mr. Dan Sagramoso, P.E.
General Manager and Chief Engineer
Maricopa County Flood Control District
3335 West Durango Street
Phoenix, Arizona 85000

Dear Dan:

JUN 12'90
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I was quite pleased to be invited to attend your seminar and asked to review
the Hydrology Manual. After some review of the manual I have quickly put
together the following comments that may be of use to you and your staff.
These comments are not meant to criticize anyones work, but to point out
some things that may cause concern or problems in the future. If you and
your staff would like to discuss these comments further, I would be pleased to
do so. In the following discussion I have given several references to the book
Applied Hydrology by V.T. Chow, D.R. Maidment, and L.W. Mays. Not
knowing whether or not you had a copy, I've enclosed one that you can now
consider your own.

To begin with, I applaud you and your staff for using the HEC-1 computer
code as the major vehicle for performing rainfall-runoff studies. I feel that
this is a major first step in any manual such as this.

a) Rational Method

The rational formula is presented in equation (1) followed by a
definition of the variables. The definition of Tc is given which is
not in equation (1) and is then given again after equation (2).
The rational formula might better be stated as it is actually used
as

m

Q=iIc.A.
j=1 J J

where m is the number of subcatchments. One comment is that
there are much more extensive tables for the C coefficients that
should be incorporated. It is an accepted fact that C varies with
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many factors, one of which is the return period which is not
reflected in this table. The City of Austin, Texas developed a
very detailed table that would certainly be applicable.

Has any verification been made of equation (2) for Maricopa
County? Based upon equation (4) on page 35 your detention
requirements are to store the 100-year-Thour storm. Is this
requirement for any condition: residential, commercial and
industrial? Do other municipalities use this criteria? There are
much more extensive approaches using the modified rational
method to determine the optimal storm duration, Le. the
duration that causes the maximum volume for a particular
frequency at a particular location. The optimal duration varies
for different situations. We have one discussion in Applied
Hydrology and I'm sending you another that is in the
manuscript of a new book, Hydrosystems Engineering and
Managment by L.W. Mays and Y.K. Tung to be published by
McGraw-Hill. The upper limit of 160 acres for the rational
method seems to be high, especially when we really think about
the assumptions.

Has anyone developed the I-D-F equation for the curves in
Figure 3.2? This is a rather simple task and would be very
helpful to engineers.

b) Unit Hydrographs

I was somewhat surprised to see recommendations of the Clark
Unit Hydrograph Method and not the allowance of Gray's or the
SCS. Using the Snyder's method automatically develops the
Clark Unit hydrograph parameters. In teaching the shortcourse,
Flood Plain Hydrology using HEC-l, we do not cover application
of the Clark unit hydrograph method. Dr. David Ford, formerly
of BEC and I have never covered this method in detail because
engineers around the U.s. simply don't use it. Instead the
Snyder's coefficients are read in to determine the Clark unit
hydrograph parameters. I doubt many engineers in Maricopa
county understand the Clark Unit hydrograph method. In the
book Applied Hydrology, we chose not to even present the
method.

What is the basis for the time-area curves for urban watersheds
and natural watersheds in Table 5.2? These obviously would
vary for each watershed. What is the basis to use a general



relationship for all situations? Many factors affect this, of which
one of the most obvious is shape of the watershed.

One procedure for synthetic unit hydrograph generation has
been to relate the Snyder's coefficients to watershed parameters
such as water course length and slope, percent imperviousness,
watershed area, and watershed conveyance. This was originally
started in Texas and now has been used and accepted in other
parts of the country. A good reference on this is the City of
Austin, Texas Drainage Criteria Manual.

c) Rainfall Losses

I am extremely pleased to see that use of the Green-Ampt
method has been recommended. This is the only physically
based method in HEC-l that can be derived from fundamental
principles using the governing equation of flow. A very detailed
theoretical derivation and discussion is provided in Applied
Hydrology.

I do think that some of the statements in the Hydrology Manual
concerning the SCS method for infiltration are misleading and
incorrect. The statement, "rainfall losses are independent of the
duration of rainfall", is simply not true of the SCS infiltration
method. This is true of the SCS graph and equation that relates
runoff to rainfall for various curve numbers, but is not true for
the time variation infiltration method in HEC-l. Refer to the
discussion and derivations of this method in Applied
Hydrology. In most parts of the country the curve number, CN
can be selected from county soil survey maps which are based
upon soil types in a particular area. I personally feel that the
selection of CN values are certainly less subjective than the
selection of coefficients for the rational method. The statement,
"the initial abstraction is equal 0.2S", is not complete. This is the
accepted for antecedent moisture condition of II, but is only the
default in HEC-l. Other initial abstractions can be used in HEC-l
besides the 0.2S.

d) Channel Routing

I am somewhat concerned about recommending the use of the
kinematic wave for channel routing of urbanized channels.
Obviously the most accurate one-dimensional routing approach
is a full dynamic wave model solved by an implicit scheme such
as that found in the U.S. National Weather Service DAMBRK
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and DWOPER codes. However this method is not included in
the HEC-1 computer code as one of the channel routing
approaches. If you do include the kinematic wave, I feel that the
manual needs more explanation of the method and warnings
for users. The statement on page 91, "the routing process
involves minimal attenuation", is not completely correct. The
kinematic method solves a simplified form of the Saint Venant
equations. The simplification is that tne local acceleration,
convective acceleration, and pressure terms in the momentum
equation are ignored. These terms provide the mechanism to
describe back water effects, and describe the energy slope which
defines the frictional effects. A full dynamic wave model
includes all of these terms. For the kinematic wave method the
energy slope is simplified to be the channel bottom slope for
purposes of computing friction effects. So theoretically the
kinematic wave procedure provides for no flood wave
attenuation and is a pure translation of the wave. The
attenuation that does occur when applying this method is an
artificial attenuation due to numerical error that varies with the
reach length and time step. This discussion leads to the fact that
the kinematic wave could be used where backwater conditions
are insignificant and on relatively steep slopes where frictional
effects are minimal. I guess the question is, "Do the urban
channels in Maricopa County satisfy these conditions"?
Unfortunately the numerical scheme used in the HEC-1 is a
linear-explicit scheme which is not the most desirable. A non­
linear implicit scheme would have much more desirable. This
is discussed in detail in Applied Hydrology. Other methods
more properly account for numerical dispersion.

When we teach the use of the kinematic wave in the
shortcourse, Floodplain Hydrology using HEC-1, I try to bring
out these points as warnings. This method can be used in rather
limited situations where backwater conditions are insignificant
and on relatively steep channels. I have found that most
consulting engineers are not aware of these factors and basically
do not understand the kinematic wave method.

If the kinematic wave is used, a great deal of care will need to be
taken both in the application by consulting engineers and by
Maricopa County Flood Control District in checking the work of
consultants. I enclosed an article concerning the kinematic wave
method in HEC-1 and the discussion that resulted. As you can
see this method is a somewhat controversial subject. A much
better method is the Muskingum-Cunge method which is a



diffusion wave approach. Unfortunately though HEC did not
put this into the HEC-l computer program.

e) One major concern that I have about the manual is that it does
not address the hydrology and hydraulics of alluvial plains and
of alluvial fans. I'm finding out that the local engineering
community simply does not have an understanding of the
hydrologic and hydraulic aspects of alluvial situations. No one
has a real good handle on how we should hydrologically and
hydraulically model active alluvial fans. The FEMA procedure
for active alluvial fans simply is not physically based on any
sound hydraulic principles and should be used with extreme
caution, if at all. I would think that a good addition to this
manual would be to address some of the engineering (hydrologic
and hydraulic) issues associated with alluvial fan and alluvial
plains.

f) The use of worked out examples in the appendices is excellent.
This was a very good idea. Overall I think this is a very good
manual and should serve the community very well.

If you have questions about my comments, I would be very
pleased to discuss them. I would like to get a copy of your
Hydraulics manual and a final copy of the Hydrology Manual
when they are completed. My best regards and good luck on this
manual.

--------
Il rr~ys, Ph.D., P.E., P.H.
Chairman and Professor

LWM:slh
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other surfaces. Several different methods exist for the detention of

stormwater runoff including underground storage, basins and ponds on

ground surface, parking lot storage, and rooftop detention.

11.6.2 Selection of Detention Pond Size - Modified Rational Method

The modified rational method can be used to determine the

preliminary design, which is the detention pond volume requirements for

contributing drainage areas of 30 acres or less. For larger contributing areas a

more detailed rainfall-runoff analysis with a detention basin flow routing

procedure should be used. The modified rational method is an extension of

the rational method to develop hydrographs for storage design, rather than

just flood peak discharges for storm sewer design. The shape of hydrographs

produced by the modified rational method is either a triangular or trapezoidal

shape constructed by setting the duration of the rising and recession limbs

equal to the time of concentration, te, and computing the peak discharge

assuming various durations. Figure 11.6.3 illustrates modified rational
\

method hydrographs.

An allowable discharge, QA, from a proposed detention basin can be the

requirement that the peak discharge from the pond be equal to the peak of the

runoff hydrograph for predeveloped conditions. The required detention

storage, Vs, for each rainfall duration can be approximated as the cumulative

volume of inflow minus the outflow as shown in Figure 11.6.4.

The assumptions of the modified rational method include:

1) the same assumptions as the rational method (Section 11.2.2),

2) the period of rainfall intensity averaging is equal to the duration of

the storm;
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3) because the outflow hydrograph is either triangular or trapezoidal,

then the effective contributing drainage area increases linearly with

respect to time.

An equation for the critical store duration, i.e., the storm duration

which provides the largest storage volume can be determined for small

watersheds based upon the modified rational method. Consider a rainfall

intensity-duration-frequency equation of the general form

i = _--,a=--_
o c

(to + b)
(11.6.1)

where io is the average rainfall intensity (in/hr) for the specific duration and

return period; tD is storm duration in minutes; and a, b, and c are coefficients

for a specific return period and location. Consider the trapezoidal shaped

inflow hydrograph and outflow hydrograph shown in Figure 11.6.4.

Using the rational formula the peak discharge can be expressed in

terms of the storm duration

(11.6.2)

(11.6.3)

The inflow hydrograph volume Vi in ft3, is expressed as

Vi =60 (0.5) Q pl(to - tc) + ( to + tc)J

where te is the time of concentration for proposed conditions. The outflow

hydrograph volume V0 in ft3, is expressed as
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(11.6.4)

where QA is the allowable peak flow release in ft3 The storage volume Vs in

ft3 is computed using the above expressions for Vi and Vo

= 60 (0.5) Qp [( to - tc) + (to + tc)J - 60 (0.5) Q A (to + tc)

=60 Qp to - 30 QA (to + tc) (11.6.5)

The duration for the maximum detention is determined by

differentiating (11.6.5) with respect to to and setting the derivative equal to

zero:

where

(11.6.6)

di O d [ a c

dt = dt (to + b)
o 0

so

dVs- = 0 = 60 C A (-ac)
dt po

Simplifying results in

]
-ac

c+l
(to + b)

(11.6.7)

(11.6.8)

to (1-c) + b

c+l
(to+b)

QA
2C A =0

p
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which can be solved for tD using Newton's iteration technique,

F(t
O

)
=t ..:....1

O.
1 F(t )

o.
I

where

(11.6.10

and

I IqF(to/ I
F' (t ) = J =

o. dt
1 0

[ to (1-c) + b] (c+1)

c+2
(to+b)

(11.6.11)

(11.6.12)

Example 11.6.1

Determine the critical duration} tD, for a 15.24 ac watershed with a
"

developed runoff coefficient of Cp = 0.85. The allowable discharge is the

predevelopment discharge of QA = 32.17 cfs. The time of concentration for

proposed conditions is 21.2 min. The applicable rainfall - intensity - duration

relationship is

. 97.86
10 = 0.76

(to + 16.4)

Solu tion

The critical storm duration is found from solving equation (11.6.9) by

use of Newtons method with an initial guess of the duration of 30 min. The

computerized procedure begins by using Eq. (11.6.11)
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I I( 1 :30(1-0.76) + 16.41 32.17
F l tDi=l) = (30 + 16.4)0.76 - 2 (0.85) (15.24)

= 0.0148

and Eq. (11.6.12)

I I

F1lt
o

1=_ :30(1-0.76)+16.4:(0.76+1) + (1-0.76)
0.76+2 0.76+1l i=l) (30 + 16.44) (30 + 16.4)

= -0.00076

Applying Eq. (11.6.10)

t =30 _ 0.0148
0i=2 -0.00076

= 49.42 min

The procedure continues using tDi=2 = 49.42 min in the next iteration. The

results are presented below in Table 11.6.1.

Table 11.6.1' Application of Newton's Method (Example 11.6.1)
\

------------------------------------------------------
Iteration to F(to) F(to ) to

1 1 1 i=1

1 30.0000 0.0148436 -0.0007643 49.4203

2 49.4203 0.0051300 -0.0003251 65.1982

3 65.1982 0.0011547 -0.0001949 71.1222

4 71.1222 0.0000911 -0.0001653 71.6732

5 71.6732 0.0000006 -0.0001629 71.6772

The procedure actually converged to a duration of 71.6772 min (or 71.68 min.)

after five iterations using a convergence criteria of
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Example 11.6.2

Determine the maximum detention storage for the watershed in

Example 11.6.1.

Solution

The peak discharge for the duration of tD = 71.68 min is

= 42.16 cfs

Using equation1 QJIl,.~ ) the maximum detention storage is

= 60 (42.16) (71.68) - 30 (32.17) (71.68 + 21.2)

3
= ft = ac-ft

= 91674. ft
3

Alternatively the volume of storage, V5, needed for a detention basin is

the accumulated volume of inflow minus outflow during the period when

the inflow rate exceeds the outflow rate as shown in Figure 11.6.5. Using a

rainfall-in tensity-duration relationship of the form
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Time

Inflow hydrograph
~developedconditions)

Outflow hydrograph
(volume = Vr )

Figure 11.6.5 Inflow and outflow hydrographs for detention design. The
outflow hydrograph is based on the inflow hydrograph for predeveloped

conditions or on other more restrictive outflow criteria. (Source: Donahue,
McCuen, and Bondelid, 1981. Used with permission.)
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· e
1 =o t + fo

the volume of storage is

The duration that results in the maximum detention is

The time to peak, tp, is set equal to the time of concentration.

(11.6.13)

(11.6.14)

(11.6.15)

11.6.3 Hydrograph Design Method

There are several majoli design determinations involved in the

engineering design of stormwater detention facilities. These are: (1) ~

~lection of a design rainfall even!, (2) the volume of storage needed, (3) the

maximum permitted release rate, (4) pollution control requirements and

opportunities, and (5) identification of practical detention methods and

techniques for the specific project.

A simple design procedure for detention basins is now outlined that is

useful in practice.

1. Determine the watershed characteristics and location of the

detention basin.
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KINEMATIC WAVE ROUTING Ai'll) COMPUTATIONAL

ERROR

lly T. V. lIromndkn II' and J. J. DeVries'

AOSTRIICT: The st~ndard kinem~tic w~ve (KW) method used in m~ny
models of open ch~nncl now routing of rtlnoIT hydrogr~phs in w~tcrshed
models is examined as to the significance of the cornpulation~1 errors
due to numerical-diITusion and the selection of comput:llional effort. It is
shown that a wide mnge of modeling results ~re possible from a KW
Illodel depending on the choice of comput~tional re~ch length and
time-step size used in the KW appro.,imation. In comp~rison. the simple
convex hydrologic rouling method demonstrates only a small fr~ction of
the v~riation in results demonstrated by lhe KW Illodel. It is rec­
olllmended lh~l usc of the K\Vmelhod for channel rouling in walershed
models be reconsider ed.

INTnODUCTION

Models of watershed runoff tyrically inclllue a submodel fur arproxi­
mating the effects of unsteady flow in open channels (i.e., ch:lnnel routing)
for routing a runoff hydrograrh through a ch:lnnel reach. The various
methods used to arproximate the unsteady flow routing rroeess can be
grouped rrimarily into two categories: hydraulic routing methods which
approximate the governing flow equations of continuity, energy, or mo­
mentum; or hydrologic routing methods which represent (he effecls of
translation and channel storage on the inflow runoff hydrograrh. Uy far,
the most porular hydraulic method used in w:ltershed mouels is the
kinematic wave approach. One of the most popular hydrologic ch:lnnel
routing models is the convex method.

In this paper, the standard kinematic wave routing method is compared
to the standard convex routing method such as describeu :lnu emr10yed in
the HEC-l kinematic wave (KW) program (IIEC 1979) and the SCS
Engineering Handbook (1972), respectively. Several watersheu models use
the i<.w method for channel routing such as used in the IIEC-I KW
program and, therefore, the results of this study arr1y (0 KW rrograms in
general. The focus of this paper is not toward the accuracy of either routing
method in the arrroximation of flow routing effects but rather the
computational errors that are associated to either method. It is shown that
except for those conditions where there is no attenuation or subsidence of
the runoff hydrograrh peak flow rate due to channel stornge effects and
where the inflow hydrograph includes a mild rising and falling limb, the
KW model exhibits significant computational error and numerical-diffusion
efTects which depend 011 the user-specification of the KW modeling reach

'Oil'. of Waler Resollr. Eng/g., Williamson and Schmid, 17782 Sky Park IJlvd.,
Irvine, CA 92714; and Res. Assoc., Dept. of Civ. Engrg., Prince Ion Univ.,
Princeton, NJ 08544.

lAssoe. Dir. of the Water Resour. Or., Univ. of California, Davis, CA 95616.
Note. Discussion open until July I. 1988. To extend the closing date one month,

a written request must be filed with the ASCE Manager of Journals. The manuscript
for this paper was submitted for review and possible publication on May 16, 1986.
This paper is part of the Journal nf Ifydraulic EnK;nrrri"K, Vol. 114, No.2,
february, 1988. ©ASCE, ISSN 0733-9420/88/0002-0207/$ 1.00 + S.15 pCI' page.
Paper 1'10.22212.
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'" length and time-step sizes. In comparison, however, the simple convex
hydrologic routing method shows only a small fraction of the irregularities
associated with the KW modeling results.

As a result of the identified inconsistencies, use of a KW model to
approximate channel routing effects may be questionable for both hydro­
logic design studies where there is no model calibration, and for watershed
model calibration studies where the errors in the KW channel routing
models is accounted for in the watershed model by modifying the runoff
hydrograph subarea parameters (e.g., modifying the overland Oow-plane
roughness factors).

BACKGROUND

Use of the KW channel routing technique is popular among many of the
watershed models developed during the last decade. [To avoid confusion,
the K W routing method is defined to be the technique described in the
HEC TD-IO (1979)]. However, the literature contains several examples of
KW channel routing performance that indicate that this procedure may be
of limited value in comparison to other methods. For example, Akan and
Yen (1981) show that their comparisons of KW routing results to the
diffusion and fully dynamic computational solutions indicate that the KW
peak flow-rate estimates and hydrograph timing differ significantly from
the other comparable modeling results. Similar results were obtained by
Katapodes and Schamber (1983) that demonstrate the significant errors
developed from the KW models where the standard KW model is
"corrected" for dynamic routing effects. Weinmann and Laurenson (1979)
demonstrate the significant errors developed from the standard KW
approach.

The source of the KW routing errors can be grouped into two categories:
(I) Errors in the KW model fundamental assumptions; and (2) compu­
tational errors from the finite-difference numerical solution of the KW
approach. Typically, both errors are "seen" together, and comparisons
are reported in the literature that do not isolate the two sources of error.
For example, Doyle et al. (1983) write that, "It has been shown repeatedly
in flow-routing applications that the kinematic wave approximation always
predicts a steeper wave with less dispersion and attenuation than may
actually occur." Generally speaking, however, the KW does not attenuate
the peak flow rate, i.e., modeled attenuation of the hydrograph peak Dow
rate is under most circumstances a result of the computational errors in
approximating the K W flow equations. Ponce et al. (1978) write, " ... the
kinematic model, by definition, does not allow for subsidence." In
consideration of solving the K W Dow equations by using the method of
characteristics, Strelkol.T (HEC 1980) writes that" ... kinematic waves
can attenuate under certain conditions. Such attenuation is enhanced by
overflow into Dood plains, but can occur when kinematic shocks (as
distinguished from bores) are formed in the channel at the intersection of
the characteristics."

Therefore, attenuation of the hydrograph peak flow rate when using the
KW technique is essentially the result of computational errors including
numerical-diffusion and not due to the application of the KW flow
equations. This paper focuses on the magnitude and significance of these
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computational errors as produced by the well-known HEC-I KW program.
In this way, the second category of errors associated with the K W method
are evaluated. The first category of KW errors (i.e., the appropriateness of
the use of the KW flow equations) is essentially addressed by the statement
in Li et al. (1975) regarding the limitations of the kinematic wave
approximation: "local and convective accelerations must be negligible,
and the water surface slope is nearly equal to the channel bed slope."

STUDY PROCEDURE

The reported difficulties in the referenced KW model were investigated
during the course of a study to evaluate the accuracy of hydraulic and
hydrologic channel routing models. During the course of that study, the
significance of the KW computational errors were evaluated and then
separately studied to identify the implications, if any, in the use of a KW
channel routing model in a hydrologic model setting.

Several test cases were considered involving various rectangular chan­
nel reach lengths, slopes, friction coefficients, and base widths. In all
cases, a runoff hydrograph shape typical of those anticipated for flood
control studies was used. Use of a more peaked runolT hydrograph
worsened the computational errors identified for the set of test cases
reported in this paper.

Each test case involved a total channel length of 25,000 ft (7,620 m).
Throughout the length, all channel properties are held constant. The inflow
hydrograph was then routed through the channel using various (constant)
channel segment (Llx) and time-step (~I) sizes in the KW model. The
convex method was then applied to the same problem conditions using
identical channel segment sizes used for the KW model test, but with a
constant time-step size of five min.

In the following are presented the set of test results involving the
rectangular channel of 40-ft (J2-m) base width, a boltom slope of 0.0010,
and a Manning's friction factor of /I = 0.050. In this test, the largest
magnitude of computational error was noted for the set of tests considered
in our stud y.

Typically, depending on hydrograph shape, the slower the flow vel­
ocities, the more significant the computational errors. However, for steep
or peaked hydrographs, the errors were of the significance reported herein.
It is repeated that the errors reported herein are due to computational
errors, e.g., numerical-diffusion, and not due to the model's underlying
assumptions as to hydraulics of the flow. It is also noted that although the
HEC-I KW model is used for KW modeling purposes, other similar KW
models will also exhibit the properties described herein. The HEC-l KW
model is used for KW routing demonstration purposes only, and because
this particular KW model is well known and is one of the most frequently
used KW model programs.

CASE STUDY RESULTS

In BEC-I, the program selects Llx on the basis of ~I, or ~I is chosen on
the basis of Llx. The routing reach is always divided into at least two
segments, so that the maximum Llx is 1/2 the reach length. Because the
finite-difference solution used in the kinematic wave routing equations

209

_..... :- 'J _',is"'!'" ··r..... W'"-



lfGfPlO

4D.~"0

&-1000 " 1lOVT... ltLtOtU
(A11aoon I ••• 1.0 .....

---- ~sooo II "fIoCH

"'•• nooN.bl·e ....
-.- "toOO" l'OUT'" MA01(I

tA.·IOOOII, ,\J ...... ,

--- HO.ooofl MJOi
(lu.~n ••, •• .....,

lO 1.0 1:.&

TIfC(.~)

// 'f~,
II / \ \\

i / \~~
. "\~:--.

1/ <~.~~

, r ;:;:~""""'"I !
I I'/ II
/'/./

'-"

'0

1000
·OIH'\.OW HY~AAf'ti1

~._"
GOO I I \,.;'l4 lO,OOOfT/ \.-.. I .. , loD,ooon.

i tOO I I II I '~~:'.. _..
I ~,-"",,,,,,"-.. .........

400 I

, f I}' ~~"": '-, .................. ',,-

. I I / ~~'::
200 I , ) /) / -::.:::

/ U
o I = -=;. -::-::,:-:=:::

0 O~ '0 I.' r.o ... "0 B 40

T_I"""""I

1000

aoo

0 GOO

~

400

200

0
0 O~

211

FiG. 1. KW Outflow Hydrographs for L = 5,00011 and 10,000 ft (Inflow Hydrograph
Shown In Fig. 2)

~~

FIG. 2. Outflow Hydrographs for t:u = 2,500 ft, AI = 6 min for Various Channel
Lengths (L)

various L lengths and for an input 6t value of 6 min. Recalling that Qp<ak

(inflow) = 940 cfs (26.2 m3/s), the shaded area shown in Fig. 6 is the KW
Qpcak (outflow) values possible depending on the tu value chosen.

The convex routing model was also used to approximate the unsteady
flow problems attempted by the KW model. Typically, the convex model
performed most "poorly" when the KW model did and, therefore,
examination of the computational error for the same set of test problems
described for the K W model is appropriate. Because the convex model
demonstrated only a small fraction of the variation in results that the K W
model demonstrated, the convex modeling results are shown in table form.

I (min) x (tt) Qp<ak outflow (cfs) Time of peak (hr)

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

1 2.000 769 2.13

2 3,333 705 2.17

3 5,000 650 2.15

4 5.000 658 2.13

5 5.000 665 2.17

6 5,000 677 2.10

TABLE 1. 10,OOO-ft Channel Length KW Model Results

introduces numerical diffusion into computational results, noticeable dif­
ferences in routed hydrographs occur as t1t is varied in the reach. Table I
gives the results of routing a hydrograph (see the inflow hydrograph shown
in Fig. 2) through a 10,000-ft (3,048-m) long channel reach using various
values of 6t.

From Table I, as 6t gets smaller, the tu value used decreases such as to
satisfy the well-known Courant condition. As 6t - 0, tu - 0 and Q cak

(outflow) = Qpcak (inflow) = 940 cfs (26.2 m)/s) (see Fig. 5) where outflow
and inflow indicate the corresponding runoff hydrograph values. Thus, the
KW model results vary between 677-940 cfs (19.2-26.2 m3/s) based on the
selection of the model's computational effort to be used.

Fig. I contains KW model results for channel lengths of L = 5,000 and
10,000 ft (1,528 and 3,048 m) for two modeling attempts each. For L =
10,000 ft (3,048 m), it is seen that depending on whether tu = 2,500 or
5,000 ft (762 or 1,724 m), Qpcak (outflow) is 840 cfs or 680 cfs (23.8 or 18.3
m3/s), respectively. Again, a smaller tu would result in a higher Qpcak

(outflow) until the 940-cfs Qpcak (inflow) value is reached.
Fig. 2 shows the K W model outflow hydrographs for various channel

lengths L from L = 0 ft (0 m) (i.e., the inflow hydrograph) to L = 25,000 ft
(7,620 m). In all cases, tu = 2,500 ft (762 m) and t1t = 6 min. Again, the
Qpcak (outflow) values of Fig. 2 would raise (or lower) should a smaller (or
larger) tu value be specified in the K W model. This is demonstrated by
using a tu = 500 ft (172 m) and 6t = 2 min such as shown in Fig. 3.
Comparing Figs. 2 and 3, it is seen that using more computational effort in
the KW model [i.e., decreasing 6.x from 2,500 to 500 ft (762 to 152 m)]
increases the Qpcak (outflow) and also changes the hydrograph shape and
time-to-peak.

Fig. 4 summarizes the K W modeling results for the total channel length
of 25,000 ft (7,620 m). From the figure it is seen that depending on whether
6.x = 2,500 ft or 8,333 ft (762 or 2,540 m), Qpcak (outflow) = 640 or 400 cfs
(48.1 or 11.3 m3/s), respectively. Recalling the Fig. 3 value for L = 25,000
ft (7,620 m) using tu = 500 ft (152 m), Qpcak (outflow) = 800 cfs (22.7 m

3
/s).

Again, use of still smaller tu would increase Qpcak (outflow) to the 940 cfs
Qpcak (inflow) value.

Should the H EC-I KW model user input 6t, the results of the L = 25,000
ft (7,620 m) case study vary according to Fig. 5. Again, as t1t - 0, then tu
- 0 and Qpcak (outflow) - Qpcak (inflow).

Fig. 6 shows the HEC-I KW channel routing Qpcak (outflow) values for
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Fig. 7 shows the range of computational results from the HEC-l KW
model (where the program selects the computational parameters) and the
convex routing method (for a constant time step of five min). The
illustrated range of channel lengths vary from 0-25,000 ft (7,620 m). From
the figure, the convex method shows a variation of 5%. In contrast, the
KW model shows a variation of over 130% for L = 25,000 ft (7,620 m)
depending on the t:u values selected.

Fig. 8 compares the KW-produced range of results and the convex
routing results for the fast-flow problem of Table 2.
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In Table 2 are contained the Qpcak (outflow) values from use of the
convex model for the inflow hydrograph of Fig. 2 and for various values of
L. Three cases are considered for t:u values; namely, Q1 values indicate
three reaches composed of two 1O,000-ft (3 ,048-m) lengths and one 5,000-ft
(l ,524-m) length; Q2 values indicate five 5,OOO-ft Cl,524-m) lengths; and Q3
values indicate twenty-five 1,000-ft (305-m) lengths. For all tests, a 6./ of 5
min was used. Also included in Table 2 is an additional convex test case for
a different set of channel conditions that results in considerably highcr
channel-flow velocities. It is readily seen that after 25,000 ft (7,620 m), the
convex routing method involves computational errors due to the selection
of t:u values of the order of 5%.



(Outflow) ResultsTABLE 2. Convex Model and Diffusion Model Q.._....

SLOW-FLOW 8 = 40 fl; So = 0.001 It; FAST-FLOW 8 = 10 fl; So = 0.010 fl;
n = 0.050 " = 0.015

Convex Convex

L (fl) Ql Q2 Q3 Diffusion Ql Q2 Q3 Diffusion
(1) (2) (3) (4) (5) (6) (7) (8) (9)

1,000 922 9.18

2.000 903 935
3,000 332 931

4.000 869 926

5.000 858 855 761 935 920 922
6,000 838 920

7.000 828 918

8.000 817 915

9,000 804 910
10,000 831 795 795 647 929 930 904 885
11,000 786 904
12,000 775 903
13,000 768 900
14,000 760 895

15.000 750 751 560 925 889 829
16.000 745 889
17,000 737 888
18,000 730 885
19,000 725 881
20,000 757 716 717 500 910 921 875 757
21,000 712 875
22,000 706 874
23,000 699 871
24,000 695 867
25,000 721 689 689 450 907 916 862 627

COMPARISON TO DIFFUSION (ZERO INERTIA) MODEL

The next level of sophistication above the KW technique is the zero
inertia or the diffusion routing method. Akan and Yen (1981), Tingsanchali
and Manandhar (1985), Katopodes and Schamber (1983), Ponce et a!.
(1978), Weinmann and Laurenson (1979), Li et a!. (1975), and Doyle et a!.
(1983), among others, have shown the significant improvement in compu­
tational accuracy using the diffusion analog in comparison to the K W
technique.

Included 'in Table 2 are peak now-rate values at 500-ft intervals obtained
from a one-dimensional diffusion model of the test innow hydrograph for
both the considered slow-flow and fast-flow problems. The diffusion model
results are also plotted on Figs. 7 and 8.

From Fig. 7, it appears that the lower curve of values associated to the
KW approximation are close to the diffusion modeling results. However, it
must be remembered these KW results are strictly due to the algorithmic
errors (numerical-diffusion) in solving the K W equations. Had the K W
equations been solved exactly, then the top line [i.e., a constant Q = 940
cfs (26.6 m3/s)] would be the KW modeling results.

215

toO

••0

"0
700

'00

.00

700

'00

'00

000 ~

::HOfI

'll,OOO'0.000

OlffvtJotl {twa
1Mt'1'o1 Woct.l

10.000
l(lll

10,000

·TN4 K'W Sl)OIyIIOfl!No "'0' .1"_'Iol\;'_"'PDnt:~tl 01,19781

~,,\;:~"
DIU.,.*,

~:~:IIn"'li4Il

IlOOO

LIllI

214

roo

too

f ~.J[
400 0 ~ JO,ooo I!).,QO(l 20,000 2!l: i

too

'00

'00

'00

0 700

~0Il0

FIG. B. Variation In KW and Convex Method Modeling Results of Qpenk (Outflow)
for Various L Values from 0-25,000 11; Fast-Flow Problem (Dlffu810n Method
Results Shown by 0)

FIG. 7. Variation In KW and Convex Method Modeling Results of Qpenk (Outflow)
for Various L Values from 0-25,000 11; Slow-Flow Problem (Diffusion Model Results
Shown by 0)



ANALYSIS OF RESULTS

From the preceding results it is seen that the arbitrary use of the KW
method to model unsteady flow in open channels is subject to considerable
scrutiny due to the potentially wide variation in results possible by the
selection of tu or 6.t values. This "range of results" impacts the very
credibility in using KW or channel routing hydrologic models. A possible
remedy in using the standard KW approach (such as in HEC-l) may be to
require that all users choose Dox values sufficiently small as to guarantee a
good solution of the KW assumption, but in that case, Qpeak (outflow) =
Qpeak (inflow) due the lack of subsidence of the peak flow-rate fundamental
to the KW formulation. But many channel routing conditions do exhibit
peak attenuation due to channel storage effects, and, therefore, use of the
KW would contradict the fundamental channel routing characteristics.
Possibly, K W should only be used when there is negligible peak attenu­
ation in the channel. In that case, simple hydrograph translation would be
a simpler method to use than K W.

The convex routing method, on the other hand, is simple to apply, does
not demonstrate the computational deficiencies to the magnitude exhibited
by the HEC-l K W model, contains peak attenuation, and performs
translation for high velocity flows.

l3ased on the observed computational errors of the K W channel routing
method, the limitations fundamental to use of the KW method, and the
computational effort needed to approach a true KW hydrograph routing
approximation, we submit that use of the KW method for channel routing
needs a re-evaluation for use in hydrologic models unless guidelines are
developed to control the arbitrary use of KW in design studies.

It is not implied by this study that the simple convex routing technique
should be used as the standard flow routing method, but rather that the
uncertainty in the selection of KW discretization values for space and time
needs further attention from the program developers. Even though the KW
technique is conceptually more physically based than the convex method
and can potentially achieve the "correct" routing effects, the typical
general purpose computer program does not provide internal compu­
tational checks to optimize the time step and spatial increment sizes to
achieve this "correct" solution. Indeed, the typical goal of most canned­
program users is to simply achieve a successful run of the computer
program. With the demonstrated range of results possible from a widely
used program (i.e., HEC-l) based on KW, a policy statement regarding use
of such programs should indicate supplemental procedures required to
reach to the "correct" solution. Otherwise, such a policy statement may
need to eliminate the use of routing techniques such as KW in favor of a
crude convex approximation simply due to its reproducibility by the
average practicing floor control engineer in industry and local government
agencies involved with flood control planning.

CONCLUSIONS

The H EC-l KW model is studied to evaluate the significance of
computational errors due to the choice of the computational effort used to
approximate the unsteady flow effects in channel routing. It is shown that
the selection of tu and 6.t values may have a significant impact on the KW
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modeling results, and that the simple convex hydrologic routing method
demonstrates but a small fraction of the variations in results demonstrated
by the KW model used. It is recommended that hydrologic models that use
the standard KW method for channel routing be re-evaluated as to their
credibility and reliability in their use in the typical flood control design
selling of practicing engineers. Guidelines are needed in K W routing
models in order to eliminate the possible range of values due to compu­
tation error, or KW channel routing programs need internal checks to
select tu and 6.t such that an accurate solution of the KW equation is
achieved. KW programs also need internal checks to notify program users
when the KW flow equations may be inappropriate due to channel storage
effects becoming significant.
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Discussion by David R. Dawdy,' Associate Member, ASCE

.~I
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Reach Distance (It) Peak (cIs) Time 01 peak
(1 ) (2) (3) (4)

0 0 940 l: 15
I 1.667 939 1:20
2 3,333 938 1:25
3 5,000 937 1:30
4 6.667 937 1:35
5 8,333 936 1:40
6 10,000 935 1:45

6.( (min) tu. (fl) D.x (f1) N. Q (ets) D.I," (min)
(1) (2) (3) (4) (5) (6)

I 341 333-334 30 937 5
2 683 666-667 15 935 5
3 1,024 1.000 10 935 5
4 1,366 1,250 8 927 5
5 1.707 1.666-1.667 6 935 5
6 2.048 2,000 5 \/36 5

10 3,414 3,333-3,334 3 939 10

D.( (min) Nx QI Cl 6.x/6rl Q2 C2 D.x/D.f2 % increase
(1) (2) (3) (4) (5) (6) (7) (8) (9)

5 2 2,017 10 2.9 3.527 15 3.3 0- 4 2 2,054 10 3.6 3.654 15 4.2 36
3 2 2,064 10 4.9 3.759 15 56 66
2 2 2,092 10 7.3 3,961 15 8.3 12.3
I 2 2,033 10 14.6 3.749 15 16.7 6.3
I 4 2,107 10 7.3 3,968 15 8.3 12.5

TABLE 6. Relation of 6.( to tu for Proper KI

TABLE 7. Demonstration of Incorrect Chol

takes in hydrology, but can now also have the hydrology correct and mess
up with a computer application. The mathematically naive can develop an­
swers that common sense says are wrong. No matter how much the results
of mathematical na'ivete are to be deplored, the mcthod should not be blamed.
Properly used, the tool of kinematic wave routing is a powerful one.

ApPENDIX I. REFERENCES

Dawdy, D. R., and Saluja, H. (1986). "Kinematic wave routing in urban system
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DeVries, J. J. (1979). "Application of kincmatic wave routing techniques using HEC­
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TABLE 5. Result of Routing 9'!O-cfs Flood Peak down 40-ft- (12-m-) Wide Rect­
angular Channel with Slope 0.001 and II = 0.05

_~'f,:,>-_'7'~~'
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6.x m-I_ = Cl.IIlA . . . . • . . . . . . . • . . . . . • . . . . • . . . . • • . • • . • . . . . . . . . . • . . . . . . (l)

6t

With 5 min fixed as the time interval, the routing interval should be ap­
proximately 1,710 ft (520 m). Table 5 shows the results for the rectangular
channel chosen by the authors. The attenuation of the peak is only 1/2% in
10,000 ft (3,050 m). Part of that may be interpolation error. Table 1 should

have been constructed as Table 6.
Table 6 demonstrates that various values of !:it can be used, if the Courant

condition is met and the proper !:i.x is chosen. In the hands of a skilled model­
er the kinematic wave model does what it is supposed to do.

An example of incorrect use of the kinematic wave solution is the example
in the I-IE:C-I Training DOCl/ment No. 10 (DeVries 1979). That example uses
a 5-min interval for 61. The sensitivity of variation of computed peak dis-

charge to 6.x and !:it is shown in Table 7.
In conclusion. the kinematic wave is a good method for use in models for

urban design and planning. The small basin sizes and the often fairly steeper
prismatic channels in the urban environment cause the major attenuation of
the hydrograph to result from the timing of the flows from the various parts
of the basin. One advantage of the kinematic wave method is that it can be

developed with little or no streamflow data.
Any model in the wrong hands can result in misuse and incorrect answers.

This paper illustratcs that point. The problem has been exacerbated by the
wide usc of computers. The inexperienced hydrologist can still make mis-

'Fehruary. \988, Vol. 114, No.2, by T. V. Hromadka II and 1. J. DeVries (Paper

22212)
'Consulting Hydrologist, 3055 23rd Ave., San francisco, CA 94132.

which for the case used by the authors gives

A = (0~0:006)06 = 275.5 (2)

6.x = 300 (0.0806)(1.667Ao 667 ) = 1,710 ft (520 m) ············ (3)

KINE1\1ATJC WAVE ROUTING AND COMPUTAT!ONAL ERROR'

The authors were made aware that their results were incorrect in December

1986 (Dawdy and Saluja 1986).
The kinematic wave is not recommended for channel routing to model

attenuation of the flood wave, which it does not do when properly used.
Kinematic wave routing is recommended for use in basin modeling for urban
master planning. The difference in timing of the flows from different parts
of the urban basin is more important than attenuation of the flood wave.
Most of the authors' paper is not gemlane to the intended use of kinematic
wave models in basin modeling for urban planning and flood simulation.

The Courant condition should be understood for kinematic wave models
to be used properly. The authors neither explain the Courant condition nor
give an understanding of its implications. The Courant condition requires

that

'",
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The current version of HEC-I (January 1985) does not properly reduce
the finite difference distance, OX, increment for a given time step, DT, to
obtain a reasonable solution to the kinematic-wave equations. A new version
of HEC-l (July 1988) will automatically select a reasonable value of OX
and DT to obtain a solution of the KW cquations with a scheme proposed

by Leclerc and Schaake (1973).

KINEMATIC WAVE MODELING IN HEADWATER WATERSHED MODELS
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The authors have chosen an example that is unrepresentative of the prob­
lem facing most drainage engineers and that shows the KW technique at its
worst. Their example is for a 5-mi- (8-km-) long channel, where the absence
of lateral inl10w and the length of channel causes a KW shock to form. This
is not typical of most urban drainage problems, where there is lateral inl10w
for short channel length. The presence of the shock is apparent in the char­
acteristic solution shown in Table 8 at a distance of 20,000 ft (6.1 km).

A comparison is given in Table 8 of the characteristic and finite difference
solution obtained with the new version of HEC-l for the authors' example.
Two different finite difference solutions are shown, one using the automat­
ically selected DX and Dr, and another with a user-defined DX and program­
selected Dr. The solutions compare well with the method of characteristics,
at least until the shock forms. (Notice that there is some inconsistency be­
tween the discharges at 5,000 and 10,000 ft for program-selected DX and
DT. This resulted because individual channels had to be used to obtain flows

'Hydr. Engr.. Hydro!. Engrg. Ctr.. 609 2nd St.. Davis. CA 95616.

HEC-1 KINEMATIC WAVE ROUTING

The following symbols are lIsed in this discussioll:

Discussion by David Goldman,' Associate Member, ASCE

The authors have provided some useful comments on an error in the Hy­
drologic Engineering Center (HEC)-I kinematic wave (KW) channel routing
scheme. However, their routing example misrepresents the usefulness of the

KW approach.

INTRODUCTION

N., = number of length subdivisions used in solution;

Q = discharge;
ex, III = parameters of kinematic wave equation;

6.t = time increment used in solution;
6.t," = input time increment;
6..x = reach length used in solution; and

6..x* = optimal reach length.

ApPENDIX II. NOTATION
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TABLE 9. illustration of Convex-Routing Characteristic

91.5
85.1
808
77.2
75.6

Percent of peak
(3)

357 (10.1)
332 (9.4)
315 (8.9)
301 (8.5)
295 (8.35)

Peak outflow [cIs (em))
(2)

0.1
0.2
0.3
0.4

0.5

/:;t (hours) (inflow)
(1)

tained by varying 6.x and 6.1. These results diverge from the results of the
solution by the method of characteristics (Eagleson 1970). In the absence of
kinematic shock, the solution by the method of characteristics (MOC) in­
dicates no attenuation and steepening of the wave front. The MOC is a so­
lution technique that rigorously satisfies the KW mathematical model.

The authors have overlooked a major problem associated with the Soil
Conservation Service (SCS) convex routing procedure. The convex routing
is not very sensitive to the tJ.x selection by the user as indicated by the
authors. However. it is sensitive to variation in 6.1 (also selected by the user).
The basic computation steps involved in the SCS convex routing procedure
are: (I) Compute the routing distance increment based on a flow velocity
and user selected tJ.t; and (2) route the inflow hydrograph through the reach
at steps equal to this distance increment. Thus, by changing 6.1. the number
of routing steps is changed. If 6.1 is short, then 6.x is also short which results
in less attenuation of the peak discharge. Conversely, if 6.1 is long, more
attenuation is computed.

This characteristic of the convex routing is illustrated in Table 9.
The Soil Conservation Service (SCS) TR-20 computer program ("Com­

puter Program" J965) was used to rOUle an inflow hydrograph through the
reach at different 6.1S.

-'Basic data used to develop the information include drainage area equal to
1 sq mi (2.6 km2

), time of concentration of 2 hI', runoff curve number of
80, type II rainfall of 4 in. (102 mm), reach length equal to 200 ft (2,195
Ill), and flow velocity of 1.5 ftlsec (0.46 m/s).

The values used to develop Table 9 are all within the range of field ap­
plications. Increasing 6.1 over 0.5 hr and decreasing 6.t less than O. I hr will
widen the range of results. Theoretically, as 6.t approaches zero, the peak
outflow will approach the peak inflow.

Because of this sensitivity to 6.1 and the large range in results, SCS re­
placed the convex routing procedure with the modified Att-Kin routing pro­
cedure ("Computer Program" 1983). The modified Att-Kin procedure is not
sensitive to changes of 6.1, but it is sensitive to the reach length selected by
the user.

In the interim, SCS has been investigating linear and variable parameter
diffusion models (Ponce 1978, J979). Routing coefficients are based on the
6.x and 6.1 selected by the user and the models do not exhibit significant
sensitivity.

Sufficient computer technology and numerical techniques are available to
evaluate the accuracy and applicability of approximate flood routing models.
Several nondimensional parameters have been developed that indicate the

283282

Discussion by William H. Merkel'

The authors have demonstrated the negative aspect of finite difference so­
lutions to the kinematic wave (KW) equations very well. The writer agrees
with the observations that the finite difference solution exhibits sensitivity
to the selection of 6.x and 6.1. A very wide range of routing results is ob-

'Hydr. Engr., U.S. Soil Conservation Service, Engrg. Div., P.O. Box 2890,
Washington. DC 20013.
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CONCLUSION

The authors are correct that the KW channel routing solution in the Jan­
uary 1985 version of HEC-I needs improvement. This error has been cor­
rected in the July 1988 version. The KW method is most useful in quick­
responding (urban) headwater watershed situations where lateral inflows and
short channels prevent the formation of the kinematic shock.

The authors are mistaken in claiming that the KW technique should be
reevaluated for drainage design. Furthermore, they do not offer the useful
simple alternative that they claim should be used instead.

DIFFUSION ROUTING

Presumably, the authors presented diffusion routing results to show their
superiority for flood routing. Certainly, for a single channel, with specified
boundary conditions, the diffusion model will in general produce a more
reasonable hydrograph then a KW model. In their diffusion routing example
(Table 2), they do not specify the boundary conditions assumed. In Table
I, the difference between a cell-integrated numerical solution of the diffusion
equations (Strelkoff 1982) for normal depth and critical depth boundary con­
ditions is shown to be small for their example. However, would this dif­
ference always be small independent of reach length? Before diff-usion models
are used in a headwater model, like HECI, one probably should evaluate
the impact of the assumed boundary conditions for each reach length on the
hydrographs routed through the whole watershed.

at different distances. The automatically selected DX and Dr values were

somewhat different for each channel.)
The authors are not correct in saying that numerical diffusion is a signif­

icant part of KW routing schemes, at least when the scheme is applied prop­
erly. The presence of a kinematic shock will cause some problems for a
finite difference scheme, but this situation should not occur for problems
where the KW method is of interest.
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along with the range for the convex method and a line showing the true KW
solution (obtained by the method of characteristics with a shock following
scheme). The resulting variation for peak now rates is 8% at L = 25,000
ft (7,620 m) compared with the 130% (really 80% because the authors in­
cOlTectly assumed that there would be no attenuation) for HEC-l.

It should be noted that Kineros has built-in limits on the number of spatial
increments (which were overridden for this study). The size of dx increments
is based on an input "characteristic length" for the watershed defined as the
length of the longest cascade of overland now planes or the longest channel,
whichever is greater. This characteristic length is divided into IS dx incre­
ments and shorter elements have proportionally fewer, with a minimum of
five d.x increments. Therefore the allowable range of dx increments for Ki­
ncros is from 1,786 to 6,250 ft (544 to 1,905 m) for a 25,OOO-ft (7,620-m)

L (ft)

FIG. 10. Variation In Klneros and Convex Method Modeling Results of Qp for
Various L Values from 0 to 25,000 f1 (7,620 m)-Slow-Flow Case
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Discussion by Carl L. Unkrich6 and David 1\.. Woolhiser,'
Member, ASCE

Thc authors uscd the HEC-I computer program to evaluate the "standard
kinematic wave (finite difference) routing method" for severalopen channel
test cases. They reported mainly on the slow-flow case, and concluded that
the method is far too sensitive to the choice of computational increments.
However. two major assumptions are incorrect: (I) The slow-flow case, con­
trary to the authors' claim, does indeed attenuate due to kinematic shock;
and (2) not all kinematic wave finite-difference algorithms are as sensitive
to the choice of dx and/or dr as HEC-l. To illustrate the second point, the
Kineros program (Smith 1981), which uses a four-point implicit numerical
scheme with centered time differences and a weighti'ng factor of 0.8 for the
space differences at the advance time step, was used to simulate the same
slow-flow case. Solutions were obtained for the same combinations of dx
and elr as shown in Fig. 4. These solutions are shown in Fig. 9 along with
the HEC-l solution for dr = 6 min and dx = 8,333 ft (2,540 m). The Kineros
solution for dr = 2 min and dx = 500 ft (152 m) plots virtually on top of
the partially analytic solution obtained by the method of characteristics with
a shock following scheme. It is clear that the finite-difference scheme in
Kineros exhibits much less numerical diffusion than that in HEC-1 and that
with a reasonable number of dx increments (> 10) it provides quite accept­

able nUlllerical results.
The ranges of peak discharge obtained from Kineros for dx ranging from

1.000 to R.D] ft (3.5 to 2.540 01) and elr = 5 min are shown in Fig. 10

"I-Iydrol. Asst.. Univ. of Arizona, Tucson, AZ 85721.
'Res. Hydr. Engr.. U.S. Dept. of Agrie., Agric. Res. Service, 2000 E. Allen

Road. Tucson. AZ 85719.
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applicability of approximate flood routing models ("Computer Program" 1983;

Ponce et al. 1978).
The SCS is currently comparing selected approximate flood routing models

with a full dynamic solution of the routing problem. The linear and variable
parameter diffusion models show very promising results for conditions pres­
ent in many SCS flood routing applications. These models have the potential
to replace both the convex and modified Att-Kin procedures for SCS use.
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be greater than three days, yet the period of input at the upper boundary is
approximately 4 hr. The "fast-now" case meets the preceding criterion and
we see that the numerical errors introduced by the KW model are in fact
smaller than those in the convex method (Fig. 8).

The authors state that they arc evaluating only numerical errors introduced
by the HEC-l KW program rather than those due to the KW fundamental
assumptions. Yet by using an example that violates the fundamental as­
sumptions they leave the reader with the impression that the numerical errors
are more serious than they really are. If the finite difference equations in
the HEC-l model arc expanded in Taylor series, we find. for example. that
the error tern1S for the conservation fornl are (t::.x/2)(a 1Q/ax1) + I::,.t(a1Q/
aiat) + (I::,.t /2)(a 1A / ar) + O(t::.x)l.

If the Courant condition is exactly satisfied, this scheme can give exact
results, but in general it is of first-order accuracy and is more dispersive
than some alternative schemes. It is wonh noting that for nows meeting the
criteria for kinematic now, the second-derivative terms are very small over
most of the solution domain and, if reasonable c::"x and c::"t increments are
chosen, this finite difference scheme will give quite accurate results.

When perfonning an empirical examination of the accuracy of rectangular
grid finite-difference schemes it is always wise to have a more accurate so­
lution for comparison. Both examples used will lead to a kinematic shock
emanating from x = 0, ( = 0, and traversing the channel with a shock ve­
locity equal to the local velocity. Kinematic characteristics will be straight
Jines emanating from the line x = °and some will intersect the shock front.
A numerical shock following scheme similar to that used by Kibler and
Woolhiser (1970) was used to develop accurate hydrographs for both ex­
amples. Discharge hydrographs at various distances along the channel are
shown in Fig. II. For the slow now case, the hydrograph peak overtakes
the shock front at x = 12,490 ft (3,797 m), so for this case the peak docs
attenuate due to the peak overtaking the shock. Therefore, the line shown
in Fig. 7 as the true kinematic solution is incorrect after that distance and

ApPENDIX. REFERENCES

Ferrick, M. G. (1985). "Analysis of river wave types." Water ResOllr. Res .. 21 (2),
209-220.

Smith. R. E. (1981). "A kinematic model for surface mine sediment yield." Trans ..
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Discussion by David A. Woolhiser: Member, and David C. Goodrich,9
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where T = the wave period of the perturbation to steady uniform now; Vo
= the steady velocity; do = the steady depth; and So is the slope. If we relate
V o and do to the mean variables at the upper boundary, we find that T should

sRes. Hydr. Engr.. U.S. Dept. of Agric., Agric. Res. Service, 2000 E. Allen
Road, Tucson. AZ 85719.

·Grad. Student. Dept. of Hydro!. and Water Resour., Univ. of Arizona, Tucson,
AZ 85721.

Although we agree with the authors' conclusion that there is a need for
better guidelines for choosing c::"x and c::"t in some kinematic wave (KW)
routing models and for internal checks regarding the appropriateness of the
KW formulation from the physical point of view, we find that their analysis
is misleading. An analysis of their "slow-flow" case, which leads to the
infomlation shown in Figs. 1-7, reveals that according to current criteria
the (KW) model should not be used for this case. Ponce et al. (1978) showed
that for 95% accuracy of the kinematic wave solution after one propagation
period, the dimensionless period or should be greater than 171. This translates
into

·reach. For a dt of 5 min, which is sufficient to define the inflow hydrograph,
the range of Qp was 626-666 cfs (17.7-18.9 m3/s), a variation of only
6.4%.

The authors' choice of references regarding KW channel routing perfor­
mance is highly selective and may lead to incorrect conclusions by the reader.
For example, the cases examined by Akan and Yen (1981) involved back­
water conditions so it is not surprising that KW routing procedures did not
work well. Katapodes and Schamber (1983) were investigating dam-break
problems that lead to kinematic shocks. Since it is precisely in the vicinity
of shocks that the kinematic approximation breaks down, KW routing would
normally not be recommended for this problem. Weinmann and Laurenson
(1979) point out that for slowly rising hydrographs and moderately steep
slopes KW routing will give results that compare favorably with solutions
of the St. Venant equations. Ferrick (1985) provided a comprehensive anal­
ysis of river wave types, developed a set of scaling parameters and used
case studies to define the appropriate scaling parameter range for each wave
type. His criteria should provide useful guidelines for choosing the appro­
ptiate approximation for a given channel.
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lighten the journal's audience as to the levels of imprecision that exist In

the eonsidered routing techniques, and the lack of agreement among hy­
drologists as to any method that should be used.

The authors pointed out in the paper that the focus of the paper is not
directed toward defining the accuracy of either routing method (i.e .. kine­
matic wave or convex routing), but rather toward illustrating the computa­
tional eITors that are associated with either method. The comments further
demonstrate the range of results made possible by either routing method. In
fact, the Soil Conservation Service has modified the kinematic wave method
through the modified All-Kin procedure (discussion by Merkel). and the Hy­
drologic Engineering Center has also modified HEC-I (- HEC-I ~ 1988) to
"select a reasonable value of DX and DT to obtain a solution of the KW
equations" (Goldman). It is of some interest that Dawdy earlier wrote that
he "does not really feel 'comfortable' with HEC-I, ~ because he is sure that
"there is a bug in the stability criterion in the kinematic wave option, and
the model sometimes produces anomalous results. However, even wrong, it
is better than some other methods" (Dawdy 1987).

In the authors' experience, such as in short courses involving HEC-I, the
general users of the program often attribute the apparent attenuation of the
peak discharge in the KW option in HEC-I to channel storage effects. Be­
cause of the widespread use of HEC-l, it is important that engineers who
use HEC-l, or other general-purpose computer programs, be aware of the
mathematical underpinnings. The KW routing option is a case in point. Pro­
gram users often assume such computer programs to have considerably more
capabilities than they actually contain.

The authors assume that there is no debate over the assumption that it is
important to demonstrate to users possible computer-program spurious rc­
suIts. It simply isn't proper to usc a computer program with the philosophy
that "even wrong, it is better than some other methods."
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Dawdy, D. R. (1987). Discussion on "Evaluations of hydrologic models used to
quantify major land-use change effects." J. Irrig. alld Oraill. £IIXrg .. 113(3).

"HEC-I flood hydrograph package computer program." (1988). Hydrol. Engrg. Or.,
U.S. Army Corp of Engrs., Davis, Calif.

The authors are to be commended for developing a theoretical model,
which has been shown to be in good agreement with the experimental data,

'April, 1988, Vol. 114, No.4, by Amruthur S. Ramamurthy and Mysore G. Satish
(Paper 22384).

Jprof. of Civ. Engrg., Visvesvaraya Regional College of Engrg .. Nagpur-440
OIl, India.

'Grad. Student, Visvcsvaraya Regional College of Engrg .. Nagpur. India.
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The authors appreciate the time and effort spent by the many individuals
who provided discussions on this paper. Their contributions will further en-
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the vanatlOn at 25,000 ft (7,600 m) is 80% rather than 130%. Discharge
profiles at various times for both cases are shown in Fig. 12. An examination
of this figurc providcs more insight into the numerical dispersion effects of
the finite-difference scheme. Numerical diffusion is significant in the vicinity
of the shock fronts where a2QlaJ? is large. Although a shock front fOITns
for the fast flow case, it is small and does not affect the peak discharge.
Numerical accuracy will be very good for this case because the second de­
rivative teITnS are small over most of the solution domain.

Although the authors restrict their analysis to channels, it should be em­
phasized that kinematic modeling does an excllent job for overland flow and
for channels with overland lateral inflow, provided adequate numerical models
are used. For channels dominated by lateral inflow, the wavelength will be
larger than the channel length, and criteria developed for overland flow
(Woolhiser and Liggett 1967; Morris and Woolhiser 1980) are appropriate
to deteITnine if the kinematie wave fOITnulation is adequate.
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LOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

Dr. Larry W. Mays, P.E., P.H.
Chairman and Professor
Department of Civil Engineering
College of Engineering and Applied Sciences
Arizona State University
Tempe, Arizona 85287-5306

SUBJECT: Comments on Hydrologic Design Manual

Dear Dr. Mays:

BOARD OF DIRECTORS

Betsey Bayless
James D. Bl"uner
Carole Carpenter
Tom Freestone

Ed Pastor

Thank you for your comments on the Hydrologic Design Manual. Your input as
well as input from others, has helped us to improve the material contained in
the manual.

Our staff has put together the following response
indicate where changes will be made if necessary.
manual will be completed by the middle of August.

to your comments and
The final draft of the

A. In trying to define the variables in the rational equation, we recognized
that there is a difference in how i, excess rainfall is defined. However,
it was determined that for practical purposes the difference is.~ot

significant enough to invalidate its use. Using another form of the
equation may be more theoretically correct, but may confuse some
individuals, since the more commonly used form of the equation is the one
presented in the manual.

We recognize that the C coefficients should be expanded; however, rather
than provide all possible values, it would be better handled by leaving
this to the various municipalities to define through Maricopa Association
of Governments (MAG).

S·everal of the criteria required for hydrologic analysis are mandated by
the Uniform Drainage Policies and Standards. A copy of this document was
included as part of the information provided at the seminar. The criteria
will be refere~ced as such in the final text, but will not be, and in most
cases, c&nnot be technically supported. This includes the retention
requirements and the 160 acre limit for the Rational Equation.

At some point in the future, the IDF curves will be tabulated and
incorporated into the software provided. You wouldn't happen to have a
graduate student available for this, would you?
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B. The selection of the Clark Unit Hydrograph was based on the three criteria
used to put the manual together: reproducibility, practicality, and
relative accuracy. The Clark method is very flexible and with the proper
guidance given in the chapter on application, its use is as simple as
reading a textbook. Because the HEC-l program converts Snyder UH to
Clark, we felt it would be better not to lump parameters by using Snyder.

The basis for the time-area curves is from the analysis of data from
similar hydrologic conditions. The results of these analyses will be
presented in the Supporting Documentation Volumes of the Hydrologic Design
Manual, which will be available by the end of this year.

C. Since the Curve Number method is widely used, we erroneously felt it was
necessary to explain why we were not using Curve Numbers. The comments
tnat you found to be false or misleading in our explanation will be
removed.

D. ~e recognize that there are other routing techniques available, but they
did not meet our criteria for practicality. Other methods investigated
did not improve the final analysis significantly to justify their
inclusion in the manual. The flexible nature of the manual does not
preclude the use of other methods, should there be sufficient
justification.

E. The District recognizes the art of hydrologic and hydraulic analysis on
distributive systems is advancing, but did not find enough data applicable
to Maricopa County to formulate criteria. ~e determined that a chapter on
alluvial fans that addresses some of the hydrologic and hydraulic issues
was outside the purpose of this manual.

I hope these responses clear up some of the
correspondence. I recognize that until the
is available you may still have questions.
like to meet with our consultant or staff,
again I'd like to thank you for you input.

issues you addressed in your
actual data used for calibration
If, in the meantime, you would

please feel free to call. Once

Sincerely,

J~

COORD:

INFO:

)

STANLEY L SMITH JR.. P.E

D. DiEl[TY§liJ.tgfm~, P. E.

TLB/JMR/ag

k:f4~e:tJ '.jA'rt5' c.fiD

FILE: JMR

MFR: This letter was written in response to the above-referenced comments
that were submitted for review.



GEORGE V. SABOL CONSULTING ENGINEERS, INc.

1351 EAST 14lst AVENUE

BRIGHTON, COLORADO 80601

(303) 457-4015

13 August 1990

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

Subject: Hydrologic Design Manual for Maricopa County
review comments by Dr. Larry W. Mays, P.E., P.H.,
Arizona State University

Dear Mr. Rumann:

I have reviewed the comments by Dr. Mays in his letter of 30 May 1990,
and the Flood Control District's response in its letter to Dr. Mays of 30 July
1990. I agree with the District's response, and I offer the additional
response comments that you may wish to consider.

The District has already responded to most of Dr. Mays' comments on the
use of the Clark unit hydrograph, but I have one general and one specific
additional responses to add. First, I don't think that previous use of this
method or the absence of its use, need be a criterion in selecting the Clark
unit hydrograph or any other procedure for the manual. The Clark unit
hydrograph was selected and procedures for its use were developed after
extensive research and evaluation. Second, general time-area relations are
not recommended for all situations. Rather, two default relations (one urban
and one natural) are provided along with shaded zones where the time-area
relations are expected to lie. For unusually shaped watersheds, it is
recommended that the time-area relation be developed and that the derived
relation should lie in the appropriate shaded zone.

Dr. Mays is obviously in agreement with our recommendation to use the
Green and Ampt infiltration equation; however, he has concerns about
statements in the manual concerning the SCS CN method that he believes are
misleading and incorrect. There is no intent to mislead anyone and the
authors of the manual certainly would not attempt such deception. I don't
believe that any of the statements are incorrect. It probably is not possible
to resolve the disagreements between Dr. Mays and me in a letter, but for the
record, I will attempt to clarify a few points.

First, the statement, "rainfall losses are independent of the duration of
rainfall" is true for both the SCS CN equation and also as it is coded into
the HEC-1 program. A few simple HEC-l input files using the CN option and
changing only the duration of the rainfall will illustrate that the rainfall
excess is identical for any selection of storm duration.
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Second, Dr. Mays is correct that other assumptions about the initial
abstraction can be selected when using the CN option of the HEC-1 program.
The assumption that initial abstraction equals O.2S is the usual assumption
when using this method, and although that assumption is not required when
using HEC-1, no guidance is available for selecting the appropriate value for
the initial abstraction. The O.2S assumption for initial abstraction is not
related to the selection of antecedent moisture conditions (AMC) II or other
AMC. When converting to another AMC from the usual assumption of AMC II, the
CN is either adjusted up or down, but I know of no other adjustment that
corresponds to a modification to the assumption of O.2S as a function of the
assumed AMC.

Third, although the selection of CN may be less subjective than the
selection of the runoff coefficient of the Rational Method, I don't see how
that statement is germane to the overall evaluation of the CN method.

Concerning channel routing, we recognized that kinematic wave routing is
not the most accurate method that is available (but not necessarily contained
as an option in the HEC-1 program). While that routing method has
deficiencies, it is a method that is available in HEC-1 and for which general
guidance can be provided. The user of the manual is not constrained to use
the methods that are presented in the manual and this is so stated in the
Introduction. Muskingum-Cunge routing will probably be incorporated into the
manual when it becomes available as an option in HEC-1. I share Dr. Mays'
concern about the kinematic wave method and I hope that he has noticed that
the kinematic wave method for overland runoff routing has not been
recommended.

A "major concern" of Dr. Mays is that modeling of alluvial fans is not
addressed while he later states that, "No one has a real good handle on how we
should hydrologically and hydraulically model active alluvial fans." I
believe that the District has also noted this last deficiency and it is
undertaking the first step in resolving that deficiency; that is, implementing
a data collection program. I'm confident that guidance on alluvial fan
analysis will be incorporated into the manual when reliable guidance is
available.

I appreciate Dr. Mays' interest in the manual and that he took time to
share his concerns with us. However, I had trouble identifying a consistent
message in his comments: The Clark unit hydrograph was criticized because it
is not extensively used; the Green and Ampt procedure was endorsed although it
has been used only recently to any extent, and simultaneously the CN method
was defended; the use of kinematic wave routing in channels was questioned
while not providing a practical and readily available alternative; and he is
concerned about not addressing alluvial fans while indicating that the
technology is apparently not presently available.
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In defense of the manual, the authors have tried to walk a course
"between the devil and the deep blue sea." We have tried to prepare a manual
that represents a reasonable expression of the state-of-the-art for which the
theoritician and researcher may find a comfort zone, while simultaneously not
jeopardizing the usability of the manual by the practicing engineer and
hydrologist. I believe that the manual has been fairly successful in this
regard.

I hope that my comments are of service to you. It is difficult to
respond to Dr. Mays' comments in a letter, and Dr. Mays similarly may have had
difficulty in conveying his concerns. A meeting to resolve these matters may
be needed. I am available to meet with you and Dr. Mays to discuss the manual
and to address Dr. Mays' concerns, if desired.

Sincerely yours,
George V. Sabol Consulting Engineers, Inc.

~~
George V. Sabol
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Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

JAN 11 mo
Mr. Jim Morris
Arizona Department of Water Resources
15 South 15th Avenue
Phoenix, AZ. 85007

Dear Mr. Morris:

BOARD OF DIRECTORS

Betsey Bayless
James D. Bruner
Carole Carpenter

Tom Freestone
Ed Pastor

The purpose of this correspondence is to request that the Arizona Department
of Water Resources (ADWR) review and comment on the use of the Hydrologic
Design Manual for Maricopa County (HDMMC) for floodplain studies. Our staff
is confident that the preliminary draft now completed, will generate design
hydrology which is more representative of conditions in Maricopa County than
what has been used in the past.

I have enclosed a copy of the manual for your use, as well as an example of
its' application. Our goal is to have the manual ultimately published as part
of the Uniform Drainage Policy and Standards Manual by the Maricopa
Association of Governmeuts (MAG). In addition, we would like ADWR and FEMA to
accept it as an appropriate methodology for study and design work.

Should you have any questions, or if you would like to meet and discuss this
request, please feel free to contact either myself or Mr. Joe Rumann here at
the District, thank you.

Sincerely,

/f ST,.. L:V L SMI1'H. JR.. p.e
DEPUTY CH:EfO ~NGINEER

D. E. Sagramoso

Enclosures (2)

P.E.

JMRjeal

COOrd:~~

Info: yaP$--­
File: Hydrology (JMR)

D~
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FROM;

DATE;

"-
Ie.mes R. Morris, PE.~

David E. Creight84:~E.

April 1:3, 1990

DEPARTMENT OF WATER RE~OURC~~

ENGINEERING DIVISION
FLOODPLAIN MANAGEMENT

File; mefcd.man

SUBJECT; Review
County, Hydrology

comments on Flood Control District of Maricopa
Design Manual, Preliminary Draft December 1989

Review of subject draft prompts the following comments for
improving the adequacy of the material as a standard for flood
control studie.s for FEt'LJ\ FIS report.s, CLOt-JR, and LOMA' 5.

1. List of Figures
precipi tation). 0 '''' /'

- Correct the spelling (isopluvial,

2. Introduction Section 1.2 What I interpret here is
don't try to calibrate watershed events relying upon the guides
and parameter.s in this manual. T\1 fiT 15 (of-he. 7. l.,...--"

3. The first paragraph of Section 1.3 - Using the Manual, has
three very significant sentences in the 2nd, 3rd, and 4th (last)
sentences. The last sentence in Par. 3 is also pertinent to the
comments which follow.

4. Several of the introductory statements in topic sections
might best be compared to the description of Professor Harold
Hill in "Music Man", 'he doesn't know the territory'. /y07;!'!?. /)DG~

)T~7c ~I- ""'-;..I~ /Jr_

5. Section 2.1 General -- The mean annual precipitation of
more than 30" in the mountain regions of northern Maricopa

County is highly .suspect.. From known precipitation maps and
average annual station precipitation data, it appears
questionable whether any Maricopa County location has an average
which exceeds about 25" with a pos.::.ible exception of a very small
area on Mt. Ord near Sunflower (average precip= 23.13" in 29

)
1/ L L' -;e-years. O.I(/W'IL (1./11/\/, 10 "5)}1! 'AI/ I~ /'( /I ;;r ll"/I rl v/c- c

"leI.. "I/)~j) WH·C.11 ) i O(/7SI{)C /'fAR/(oIA C'O{)/,/ -1 ........-
6. Section 2.1.2 General Su~ner Storms -- The named tropical

storms such as Katrina (9-5-67) , Norma (Sept. 5, 1970), ~Toanne

(10-7-72), post-Kathleen (9-26-76), and Octave (9-27 to 10-3,-83)
appear to have possible cyclic-climatic association with ENSO
(El Nino) periods. The direction southeast to northwest appears
misleading. The southwest to northeast flow of the storm
centers and cells needs to be recognized appropriately. {;:: T ' //1 cI~~

7. Section 2.1.3 Local Storms -- One of the major significant
problems of periodic and damaging small drainage area flooding

1



events is the short-duration high-intensity rainfall events which
happen over differing segments of gaged watersheds and which
produce varying peaks and volumes at the downstream gage. Due to
channel percolation losses the statistical frequency analysis
attempts based on the gaging station record are highly distorted.
A specific example is the history of Centennial Wash and the /3 ,2

Harquahala Valley. The storm of August 26, 1964 inundated 8, 400 ~ I"'ll

cultivated acres. Precipitation recorded totaled 1.50" at
Harquahala Plains, with 2.5" purported on the south slope.s of
Burnt Mountain. 7,000 cfs was estimated in the flood area.
Volume of flooding may have ranged between 3,000- to 9,000+/­
acre-feet. The USGS Centennial Wash gaging station record shows
a mean daily flow of 11 cfs on 8/26, and 4.8 cis on 8/27, for a
total runoff of 31.3 acre-feet. The gaging station is about 21
miles downstream. This storm event was used as part of the
project justification for Saddleback and Harquahala FRS's. The
peak discharge at the gage for this event was less than the sta-
tion base (1,000 cfs) for reporting. This event will be referred
to again under section 6. Il (;,/u .) Bu; (',4"" 11tH ~J I u / .4 ~~TA 17!-=-

8. Section 2.5 Design Storm Distributions Table 2.2 and
Figure 2.17 appear to be good guidance for 6-hour storm areal
variations. ___

9. Section 4.1 General - pg 39. The vegetation-inter-
ception tabulation for hardwood tree can be very misleading.
Cottonwood and willow are also 'hardwoods' and have a very exten­
sive canopy during the growing season. A range of interception
values should be shown related to size of plant growth from seed-
ling-mature-harvested, or mowed (alfalfa, grass). -11/) /.5, JI/ST j:o/t

(/,,/F f fl ~ ,111. vii£..£.. NO 6t U 'l 1) /N THe.. /'1A,JU/lL,

10. Section 4.3 Infiltration pg 42-last paragraph, pg 43-last
par. Good idea.~

11. Section 4.4.1 Green-Ampt -- This section is based on
soil-moisture tension relationships derived from commercial farm
crops with particular orientation toward irrigation and irrigation
applications prior to soil-moisture reaching or falling below the
wilting range and wilting point. These review co~~ents are
oriented toward placing this manual in an arid-land stance
rather than a humid-region/irrigated crop orientation. 'I

#14 TH/J J5 Tfltlc) t!EC-1 c/1/, ;I/lM~'-C TtllJ Pb6Lc-"1 /31 ';1- Tt/'1r tfT P/J/' ,., /'~ "CII.!!::.lt"'7j,

11.1 Pg 5:3, 1st Para.: "Maricopa County has a large segment of So !
/'

its land area under irrigated agriculture .... " In 1988, 5.2% was -t'/l:

reported as irrigated cropland (306,205 acres in 9,225 sm). With ~ ~
95% of the county being non-agricultural lands, the emphasis on ~ ~

jCiwilting point as derived from agricultural studies for ~

association and adoption of guiding Green-Ampt parameters is mis- ~1/
leading. In 1961, Maricopa County had 555,240 acres of 6~

/i'~productive land (included irrigated, fallow, and idle). ~

!/tll1L D ';; r"" JF .; f'/J I',A I' fI • Q 1
~/

11.2 The concept of "dry" relating to vegetation wilting point <'"
...tImay have been based upon an irrigated agricultural crop/plant

mix. The display of "wilting point" data should be against
creosote bush, bursage, ironwood, palo verde, cholla, saguaro,

2



ocotillo, mesquite and other xerophyte vege~ative types. Tlle
Gor:cepit of dry used may have some applicability (wilting point at
a soil-moisture tension of -15 B..A~R for -:he 5% of cropped lands.
Double cropped acreage may be included in the acreage. Abandoned
farm lands should be rated as desert or rangeland. The 95% non­
cropped will include another small amount of urbanized lands
which are a mixture of irrigated landscaping and impervious.

11.3 Desert/arid-land vegetation varieties and wilting percentage
levels were discussed on 4/2/90 with Dr. William Ehrler of the
Desert Botanical Garden, Phoenix. From his background in plant
physiology and knowledge of studies on soil-moisture tension with
different sensors such as thermocouple psychrometers, membrane
pressure plate, neutron probe meter and various specific and
comparative plants such as agave, guayule, wild sunflower,
Cucurbita digitata (gourd), jojoba, and corn, the soil moisture
levels were expressed in terms of atmospheres (BAR). The SCS NEH
manual, Section 15 - Irrigation, Chapter 1 Soil-Plant-Water Rela­
tionships, in a general way relates moisture content to 5011­
moisture tension (atmosphere) by soil texture (clay, loam, sand),
and available and unavailable to plants (hygroscopic water) up to
15BAR in relation to wilting range and permanent and ultimate
wilting point.

11.4 Desert plants have capabilities
tension levels at about 25BAR for wild
for guayule. The SCS indicates that
the lower moisture limit. Definitive
the Sonoran desert and other Arizona
obtained. Whether they are available
explored.

to survive at moisture­
sunflower to below 40 BAR

60 BAR may approximate
field studies for most of

species have not been
and the sources should be

11.5 The function and possible correlation of the soil-moisture
tension to the wetting front capillary suctions (psi of PSIF) and
the volumetric soil moisture deficit (theta of DTHETA) need to be
examined. In relation to PSIF (inches), the FCD manual Table
4.2, column 3 may require revision to reflect soil-moisture
tensions in the range experience in desert soils (25 to 40 Bp~).

The role that stronger soil-moisture tensions may have in
maintaining an increased infiltration rate deeper in the soil
prism due to the root systems impact and depleted reservoir
capacity should be considered. ",1"'- rJ1j /1.2.. TO /1,.:5 ,I'll'c .alclf) F"u7c.U.c

i(ESEAR.C.1'f ?A..(I]C(Tf~ '£111 !3EyO;J!J (-IE 5cofJL 0;:: /"tAf',iUflL.

11.6. With a 10 day to 2 week irrigation rotation on most
agricultural land, other than some vegetables, 'saturated' does
not appear to be a reasonable guide. Parks and golf courses with
daily sprinkler system waterings may be close to normal for the
greens, and fairways with other than bermuda grass. The narrow
grass fairways through desert may have a net 'dry' DTHETA. The
DTHETA discussion appears divorced from water conservation and
restrictions on groundwater use on lands outside the operating
irrigation districts. ~c r I £-1 L I I', .

3'
11.7 On pg 49, par .1, 1st sent. "Under natural conditions, soil
seldom reaches a state of soil moisture less than ~he wilting
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11.12 The source and basis for modifications for Figures 4.3
4.4, 4.5, 4.6, 4.7, 4.8 and 4.9 should be more clearly identified
and discussed. The values obtainable from figures 4.3 and 4.4
from centroids of soil classes most often do not appear close to
the Table 4.2 parameter values. The relation to the spread of
values may be relatable to the standard deviation range.

point of vegetation". This sentence for most of Arizona and the
arid west must be specifically related to the vegetation
considered to be having the wilting point. This misunderstanding
of desert soils and vegetation, desert and irrigated crop,
reflects upon the DTHETA values and possibly the PSIF. The lump­
ing of nationwide data including a preponderance of data from the
humid eastern states may adversely bias the value derived from
arid land samples. Moisture percentage samples reported for the
McMicken Dam repair investigation (SHB for FCDMC) showed soil
moistures near surface, and at depth, upstream, downstream, and
on the dam axis, which were mostly in the range of 1% to 6 to 7~.

The vegegation had not died at these soil-moisture levels.
;-L \Hilt ERe ~EA12.. Ci4 ! I

11.8 Table 4.2 -- Green - Ampt Loss Rate Parameters - - The
Table 4.2 values for XKSAT (Col. 2), and PSIF (Col. 3) appear to
have been derived from Table 2 (Cols. 7 & 6)' of the Rawls,
Brakensiek & Miller (1983) report in HYD 109:1 ASCE pg 62, as
converted from centimeters to inches. These values are from 1200
soils, (5000 horizons) in 34 states. Table 2 shows the sample
size for each of 11 soil texture classes. Silt is not included
in Table 2, although it is in FCD Table 4.2. Twenty-six soils
were sampled in Ari zona. ((J?

11.9 In reviewing the Rawls (1983), Table 2, it is noted that
the 22i value with a reported range of +/- one standard deviation
values show an extremely wide spread with respect to the mean
value. This range ratio varies from about 0.15 to 6.7 of the
class mean. A display of arid land values within the +/- 1 SD
range needs to be examined for trends possibly present for
Arizona, and the possible area of Arizona, New Mexico and western
Texas-Oklahoma west of the 102 degree west meridian. The
relative role of expanding and non-expanding type clay minerals
should also be identified. /110 CUf..R..l,,{-r 1102:0.,1;4 b,A T'-f

11.10 For an Arizona and Maricopa County site specific
parameter value chart, it would be most appropriate to obtain
Arizona specific data as the initial data base before adjusting
for national data. This is particularly appropriate for
considering the possible (probable) impact of organic material on
the values. The desert Arizona soils which make up 95% of
Maricopa County are particularly noted for their low organic
content. IF (01,). C,4 nJ

(1)11.11. The Table 2 XKSAT values for loam and silty loam appear
to have been switched. The PSIF values for sandy-loam and loam

We 10 appear to have been switched. The XKSAT value for silt which
~f{~ f appears to have been obtained by averaging the silty-loam and

~ sandy-clay-loam values is thus miscalculated.

~

1 /tG/!..c..c I '.
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11.13 Figure 4.10 -- For the Ck scale, change rate to ratio, !
correct the vegetation cover illustrative point from 2.5 to 25. liS

11.14 Figure 4.12 - - With revision of Table 4.2, the
configuration of this relation function needs to be checked
against the corrected Table 4.2 values of XKSAT, and PSIF if
Table 4.2 was the basis for Figure 4.12. Spelling and XKSAT
example ordinate should be corrected. Ii~: / yv) &JfYv M\J»rJ.JJ...

@ 11: 1.5 Ta~le 4.3, . pg 6.3. Texture Classif ication (Col. 1 ) Silt
whlch was lncluded In Table 4.2 is not included in at least 2 of
the Brakensiek or Rawls references. Some checking needs to be
done for loam and silty loam in the loss rate. The Hydrologic
Soil Grol1ps from the pg 58 table may need to be reorganized to
include the texture omissions. A separate diagram developed from
the NEB Handbook and Soils Reports data and glossary should be
added to show the overlap in ranges for permeabilities/soil
groups. ;VEt3tJ IZJ t HECI<' TfitS (!AR.£rULl1

11.16 Table 4.4 - - With the Hydrologic Soil Group, Soil
Texture listing on pg 58, and the correlation to Table 4.3, the
CNSTL values appear to be inconsistently low. The logic for the
possibly conflicting display of values should be displayed.

501L. ,tXTuU 6r Pfj 5'l /S FOIL /IVFofUV!A 70N {)d"1'

11.17 Consideration needs to be given to the impact of soil
classification on derived flood-frequency values as displayed in
Shen, Koch, and Obeysekera (1990) (JHEND, 116:4 pg 495-514). The
skewing of runoff frequency relationships between frequencies
assigned to station record discharges and precipitation-runoff
modeled discharges is further distorted from the absence of

1'\ \ ",l~ channel routing percolation in the modeling. __
(ll:.~ it· ~

~ v {\ ~ (12,1 Section 5. - - Unit Hydrograph Procedures.
t-\I> rf"\.. J~\r\t The time-area relationships (pp 70-71) for unit hydrograph
~\r\ 0.. ~ methods, and the rainfall-areal distributir)n have co-dependent

~ \0 It<:J r -::-~lationships. A.. clea~er entl.!:c~ati?n sho1:,ld be made concerning
,S \i--\b '\ V-- ~ T,he extent of the tnstorlC precl.pl. tatl.on whlch has been used for
1''-, tt>'vv II ~"(v }parameter development and calibration. The reliability of most
\L,i /' ~'\~;;~t~ hydrographs , S-curves, and Lag time equations appear to hinge
~ ~ ~~ upon an assumption that a whole (total) watershed event occurred

t"~ lOt-' ~S to produce the gaging station data bas ic to the ,specif ic station
\) r<,~~tr' lag. Archive retrieval and re-publication of the specif ic dated
,~P"~ "~~~ Ievents used to develop lag curves is needed, with revision as
~ ~ (necessarY for events which have occurred during the last 40-50
o~ years since the earliest lag curves were presented in the 1940's.

The basic USCE 1940's data appears to have remained unchanged and
unreviewed. With the amount of evidence being developed that
discharges and runoff are cyclic, climatic, and non-random,
review of the data upon which lag curves have been developed is
!verdue.

12.2 Section 5.3 Limitations and Applications. - - The 5 and
10 sm values as guides, thresholds or ceilings appears to be a
parameter not often followed on large watershed and floodway
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studies. A check list of priority of acceptable and preferred
applications for the elements of this manual is suggested, with
attention to size of watershed area and subareas, routing length,
and routing method related to positively model~ the channel
percolation losses. IT I-I/! s 8eEN 1"'0' CA7t..O TI';AT 5/11.4-Ll- ,AliAS S lULL. UJ[

f LAi... IX: PRPif.DL{R. LI L /112 ~C ,f1 /l {.JI '\ .:.!!'A S' - ~ £,4 P rl" ,

12.3 Section 5.4, 5.5, & 5.5.1 Time of Concentration. The
Papadakis and Kazan (1987) adaptation is a conversion from feet
to mile length and slope, and minutes to hour time parameters.
The watershed size basis for the formula appears to be based on:
1. USCE airfield series of small areas, 2. University
laboratories using very small artificial watersheds, and USDA-ARS
data from 84 small rural watersheds. The 3 laboratory condition
watershed lengths varied for 40 feet to 500 feet. The field
watershed criteria are not identifiable from the reference
report, ~K 2~' The applicability to Maricopa County general,
unrestriced, unqualified use for areas such as Cave Creek,
Centennial- Wash, Waterman Wash, Jackrabbit Wash,/ and numerous
other medium to large watersheds should be verified. Should
watershed size be classified using a logarithmic scale from 1 to
10,000 sm'? ..JJOCll/1trJTfl7Iorl /YJ;::IrJUr<L,

12.4 The supplemental data base from AZ, . NM, CO, & WY may be
helpful for further review. Figure 5.4 provides an interesting
commentary on the applied over the theoretical Papadakis & Kazan
equation. At slopes of 300, 400, 500, & 607 ft/mi, corrections
of 11, 28, 38, & 46% need to be applied. ~

~ 12.5 Section 5.6 S-Graphs, & 5.6.2 Sources of S-Graphs.
The earliest S-graphs and Lag curves retrieved from DWR files

and library are dated 1946 and 1948. The parallel development of
the two charts and subsequent editions indicate that the
additional stations displayed for the Lag diagram (Figure 5.11)
has been for the purpose of supporting the original, rather than
possible revision and/or updating. NL I" J I fl - __

12.6 The inclusion of Verde River, Tonto Creek, and Salt River
above Phoenix with the reservoir system complex through which the
upper watershed runoff flows must be reservoir routed to reach
the Phoenix area causes a question to be raised about the blanket
appropriateness of the Phoenix Mountain S-Graph. The numerals
for figures 5.09 and 5.10 need to be large enough to be readable,
and the missing scale values added. The charts may need to be
replotted. The basic data for some of the stations in the upper
Gila River, especially the Lag curve, may not have been updated
for the major runoff events which occurred after 1947 (or 1945).
Only 3 of the 10 highest ranked discharge events for the Gila
River at the head of Safford Valley occurred during the record
for the 1948, 1952 reports. Those events currently are ranked 2,
5, and 7.

@12.7 Section 5.6.4 - Estimation of Lag ~ .11.
Corrections are needed for the following items: ~---- L

#18 - change Connor to Conner, and AZ to NM, ~fD~r
#19 - change length 30.0 to 130.0

6



.Q12date f01: Event.!2 of
Redrock Dec. 19, 1978, Dec. 28, 1984

Dec 23, 1965, Aug 12, 1967, Oct 20
1972, Sept 8-9, 1975, Dec 19, 1978,
Oct 2, 1983
1-1<3-52, 12-26-5~3, 12-23-65, 10-20­
-72, .3-:2-78, 12-19-78, 2-15-30

}
}

Salt R nr Roosevelt}21

and on the chart, #7 has been mis-identified as 17,
#1 appears to have been omitted,
#10 appears to have been mis-plotted,
check plotting of points ~3 & ~6.

~18 and ~19 are both non-record locations for streamflow and
hydrograph records. ~18 approximates Gila River near Redrock,
NM. As a minimum, stations in Arizona and New Mexico which
should have their Lag time data updated for revision or re­
verification are:
~.Q~ f13~~

18 Gila R. (Conner) nr
19 San Francisco R }
20 Blue R. nr Clifton

13.1 Section 6 - Channel Routing -- The exclu5ive
identification of only Kinematic Wave and Muskingum Routing and
excluding any reference to the Normal Depth (HEC-1 RS, Re, R.x,
RY records) guarantees that the lO-year, 50-year, and other low
year frequency discharges will artificially skew all model
derived frequency curves by excluding the use of the program
capability to include channel percolation losses. The Centennial
Wash August 26, 1964 example, previously referred to,
demonstrates even by the limited record available, the fallacy
and hazard of doing studies using less than the capability of the
programs available and the historic streamflow records for
calibration efforts. The Hassayampa River nr Morristown, Cave
Creek, and New River records provide further gage evidence of

I significant to total streamflow loss due to percolation.
'-- '?" 5;1oll.Lfl wE /d(Lua= ,,01?;>1/,'- »C:PT;! z:o,,a',,j(.,,

14.1 Section 7 - Application -
Section.7.3.2. Interesting to find the term 'channery' (sic)

used in Scotland and Ireland for gravel to be included with, etc.

(t) 14.2 ~4. Hydrologic Soil Groups: Fractured rock, bouldery
block talus slopes, and basalt covers need to be recognized for
their differences from solid or impervious rock areas. 01< ~

IN(U);)£'" /'

14,3 Section 7.4 =Parameters for Clark Unit fiyQro£IQBh~

~4. The caution is important that Tc is a function of the
excess rainfall intensity and varies with the duration and
magnitude 'frequency' of the storm. This is often overlooked, or
not even recognized when models are set up for differing
frequencies (5, 10, 25, 50, or 100 years). ~

14.4 Section I~ Notes, Applications of ~-GraEh5~ - The S­
graphs and Lag computations implies that the lag time has no
variation regardless of storm magnitude and differing storm
characteristics, one being location of storm cell in relation to
the gaging (or analysis) station. With major ranked discharges
showing indications of occurrence with cyclic-climatic trends,
the dates of events tor assessment of lag times need to be
reviewed. The lack of change between original publication about

7



1945 for most of the 18.g curve p:t._. -..J ~,.:­

examination of criteria and Qrta are needed.
points indicates

!t S ~ '. ~
15. AEE~n~ix ~ ~~ & C. The Loss-Rate Parameters
checked for XKSAT & PSIF after Table 4.2 is reviewed
as necessary. Occasional mispellings mar the
quality of the material. ~

need to be
and modified
professional

16. Examples. - - Correction to agree with Table 4.2 revisions.

8
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FLOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

~ AI -t 6 .. 90
Mr. David E. Creighton Jr., P.E.
Arizona Department of Water Resources
Engineering Division, Floodplain Management
15 S. 15th Ave.
Phoenix, Arizona 85007

RE: Hydrologic Design Manual for Maricopa County,
December 1989 Draft Response to Comments
Dated April 18, 1990 from D.E. Creighton to J.R. Morris

Dear Mr. Creighton:

BOARD OF DIRECTORS

Betsey Bayless
James D. BI'uner
Carole Carpenter
Tom Freestone

Ed Pastor

My staff and I of the Special Projects Branch, Hydrology Division, have
reviewed your comments concerning the subject draft manual. Our responses are
listed below, according to the numbering system in your memo:

1. We will correct this.

2. The point we are trying to make is that calibration requires a more
complex set of parameters (i.e. recorded rainfall depths and aerial
averaging, losses due to channel percolation, etc.) than is required
for design work.

3. We assume that this is a comment to James R. Morris.

4. We do not understand the intent of this statement. Please clarify if
you feel it is warranted.

5. We will change to 25 inches. Originally, the intent was to include
areas of the Bradshaw Mountains which contribute runoff to the Agua
Fria and Hassayampa watersheds in Maricopa County.

6. We will correct the direction of storm travel.

7. We again assume that this comment is directed to Mr. Morris. It is
true that the frequency analysis in this case is not representative of
the upstream event when one considers what the discharge might have
been if 1.5 inches of rain had been distributed over the entire
watershed above the gauging station. However, isn't the discharge
record at the gauge an indicator of how the watershed responds to all
historic rainfall events, including allowances for channel losses and
aerial rainfall extent? Again as a reminder, the Hydrologic Design
Manual (HDM) methods will be used as presented only for drainage areas
less than 100 square miles.



Page Two - Hydrologic Design Manual for Maricopa County,
December 1989 Draft Response to Comments
Dated April 18, 1990 from D.E. Creighton to J.R. Morris

9. The table was cited for information purposes only. The values will not
be used in any calculations.

11.1 The word "large" will be removed.

11.2 - 11.6
We consider these comments to be good future research projects, and
data from such projects will be incorporated into the HDM if/when it
becomes available. Our intention was to use DTHETA (saturated) for
irrigated agricultural lands, DTHETA (normal) for soils that are
usually maintained in a state of high soil moisture, and DTHETA (dry)
for all other soils. These soil moisture states apply to design
applications only. We will include the observation that abandoned
farmland should be treated as rangeland.

11.7 - 11.11
We are presently reviewing the loss rate parameter tables for
inconsistencies relative to their sources. Sources provided by you
will be considered.

11.12 Figures 4.3 and 4.4 will be removed from the final draft.

11.13 We will make these changes.

11.14 Figures 4.11 and 4.12, and their associated procedures, have been
deleted from the April 1990 draft version.

11.15 - 11.16
See comments for 11.7 - 11.11. The Hydrologic Soil Group table on page
58 has been deleted.

11.17 See comments for 17, page 1 of this letter.

12.1 We agree, although time-area relationships are more a function of
watershed shape and hydraulic efficiency than rainfall distribution.
Part of the reason for limiting application of the Clark Unit
Hydrograph to areas less than 5 square miles is because the data came
from small watersheds where complete aerial rainfall coverage is
assumed. Parameter development and testing will be referenced in the
Documentation Manual as explained at the Promulgation Conference.

12.2 We will consider inserting a summary table similar to the following:

Drainage Area

o - 160 acres
160 ac. - 5 sq.mi.

5 sq.mi. to 100 sq.mi.

Method of Determining Peak Discharge

Rational Method or Clark Unit Hydrograph
Clark Unit Hydrograph

Phx. Valley or Phx. Mountain S-Graph
(or subdivide and use Clark U.H.)

Channel percolation losses will not be addressed because of the lack of
a practical, reliable, and reproducible method of determining loss
rates.
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Page Three - Hydrologic Design Manual for Maricopa County,
December 1989 Draft Response to Comments
Dated April 18, 1990 from D.E. Creighton to J.R. Morris

12.3

12.4

12.5

As stated in section 5.3 of the HDM, use of the Papadakis Tc, as a
component of the Clark Unit Hydrograph, is limited to watersheds less
than 5 sq.mi. in size. This procedure will not be used for "medium to
large watersheds" unless they are broken down into sufficiently small
subbasins. Also, in Figure 5.5, watershed area is in acres.

Figure 5.4 provides a means of adjusting watershed slope based on the
non-linear relationship between slope and floodwave velocity, and has
been applied to other Tc equations.

We assume this is a comment to James R. Morris, however, we would like
to review your information if possible.

12.6 The S-Graph figures will be improved.
Verde/Salt River system would require
scope of the HDM.

A major hydrologic study of the
special consideration outside the

13 .1

14.2

14.4

15.

16.

In some of our model calibrations, we have used the RL card very
successfully in combination with Muskingum Routing. This combination
simulates peak attenuation due to both channel losses and wedge
storage. Again, no guidelines are given for use of the RL card due to
lack of an easily applicable procedure for determining channel
percolation losses. Also, special consideration would be given to
modeling these watersheds outside that provided by the HDM.

We will include a statement addressing this.

We agree that more data are needed. Unfortunately, a convenient
procedure for adjusting lag time based on return frequency does not
exist. Also, because we are applying a design storm, it must be
assumed that the entire watershed is covered.

We are in the process of reviewing these tables concurrently with the
Chapter 4 loss rate tables.

We will correct as necessary.

Thank you for your helpful and sometimes enlightening observations.
find enclosed your original redlined copy of the HDM as requested.
feel more comments are necessary concerning the April, 1990 version
HDM, please feel free to send them, or call.

Sincerely,

Joe Rumann
Hydrologist

Enclosure

Please
If you
of the

SDWjeal
Coord'~
File: Hydrology (JMR)

Info: ~lJW



GEORGE V. SABOL CONSULTING ENGINEERS. INc.

1351 EAST 14lst AVENUE

BRIGHTON, COLORADO 80601

(303) 457-4015

17 July 1990

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

Subject: Hydrologic Design Manual for Maricopa County,
review comments by Mr. David E. Creighton Jr., ADWR

Dear Mr. Rumann:

I have reviewed the comments of Mr. David E. Creighton Jr., in his
memorandum to Mr. James R. Morris in the ADWR memorandum of 18 April 1990, and
also the Flood Control District's responses in its letter of 16 May 1990. Mr.
Creighton has performed a very thorough review in which he has helped us to
identify several errors and deficiencies in the December 1989 draft of the
manual and he has also prompted us to substantiate the content of the manual.
The District's response to Mr. Creighton was very thorough and I agree with
those; however, I have provided additional comments to some of Mr. Creighton's
concerns that you may wish to consider. My responses, which follow, are
numbered according to the numbering system used by Mr. Creighton:
7. Two problems in performing flood frequency analyses using discharge

data for gaged watersheds are correctly identified. First, often the
storms produce only partial areal rainfall, and second, channel
transmission losses can be significant in reducing downstream
discharges. Of course these, along with other reasons, are why we are
using a rainfall-runoff procedure to estimate flood magnitudes for
selected rainfall frequencies rather than performing flood frequency
analyses of gaged watershed data. In that regard, we assume that for
the type of severe storms that we are attempting to model that the
rainfall does cover the entire watershed (with appropriate reduction of
both rainfall depth and intensity as a function of watershed area). I
believe that our design storm assumptions are appropriate in this regard
which negates a concern about partial area rainfall for local storms on
smaller (less than 100 square mile) watersheds. The second concern is
valid, and although we have not provided guidance on how channel
transmission losses are to be estimated, we do not necessarily intend
that transmission losses are not to be estimated. I believe that we all
agree that the engineer or hydrologist is responsible for estimating
transmission losses if it is believed that such losses are a critical
element of the analysis. Possibly we need to provide adequate
discussion of this concept in the manual to avoid future concerns about
this subject.

9. As the District correctly noted in its response, the interception values
are for information only. Interception is included in surface retention
loss. The magnitude of surface retention loss estimates could be
increased beyond the guidance provided in the manual for good cause. As
such, more extensive guidance on interception is probably not warranted.



Mr. J. Rumann
13 August 1990
Page 2

11. I disagree with this broad statement about the derivation and
application in Maricopa County of the published Green and Ampt equation
parameters. Soil-moisture tension influences only the DTHETA parameter
and not either the hydraulic conductivity (XKSAT) or the capillary
pressure (PSIF), and these two parameters are far more important in
severe storm rainfall losses than is DTHETA. The implication that XKSAT
and PSIF estimated from agricultural lands are not applicable to other
lands (arid or humid) does not seem valid. I think the question should
be, can Green and Ampt equation parameters be estimated as a function of
soil texture? If the answer is yes, and several researchers in this
area of study seem to think it is, then the question becomes, do the
parameter values (XKSAT and PSIF) vary for a given soil texture whether
that soil exists in a humid or an arid environment? The answer to the
second question would seem to be no for bare soil. However, vegetation
differences that exist between arid and humid zones will affect the
infiltration rates for a given soil texture. We recognize that fact and
we have tried to account for that as best we can in Figure 4.10. Since
the parameter values by Rawls and other are for bare ground, I would
argue that they are more appropriate for use in western rangelands than
eastern and midwestern pastures, forests, etc. where vegetation
influences could dramatically alter the effective hydraulic
conductivity.

11.2-11.5 and 11.7
In preparing the guidance for DTHETA, I referred to several publications
including the SCS NEH, Section 15 - Irrigation manual and talked to Dr.
Herman Bouwer of the ARS Water Conservation Lab in Phoenix. My
conclusion from those investigations was that the information on wilting
point and soil-moisture tension that are to be assumed for a design
storm are not available. Mr. Creighton's statement that, "Definitive
field studies for most of the Sonoran desert and other Arizona species
have not been obtained." may be because this information does not exist.
His next statement, "Whether they are available and the sources should
be explored." was done to my satisfaction. I did not believe that
further effort is warranted.

Mr. Creighton's concern seems to be centered on the wilting point for
native vegetation in Maricopa County and how that wilting point would
affect the Green and Ampt parameter values. Again, wilting point
affects the assumption for selecting DTHETA but should not affect either
XKSAT or PSIF. The assumption on DTHETA should be made with due regard
to likely soil moistures that may exist prior to a design storm. First,
there is very little volumetric difference in soil moistures for most
soils (clay is rather unusual in this regard but not of great
significance to us because of the low occurrence of this soil texture in
Maricopa County) whether the wilting point is 15 bars or 60 bars. I
think that we would all agree that within this range that the soil is
very dry and that the potential storage in the soil matrix is something
less than the soil porosity. I believe that the DTHETA for the Dry
condition of Table 4.2 adequately represents that assumption regardless
of what the actual wilting point is.



Mr. J. Rumann
13 August 1990
Page 3

11.6
The "Saturated" condition for DTHETA was recommended for irrigated
agricultural land because we believe that it is prudent to assume that
the design storm could occur shortly after irrigation application. This
is conservative, but defensible. In regard to water conservation and
other considerations concerning the selection of DTHETA, we recognize
that good judgement should be used in this selection and the engineer or
hydrologist should consider all reasonable factors in that selection.

11.8
The Green and Ampt parameter values for silt were taken from the Rawls
and Brakensiek (1983) paper (not the Rawls, Brakensiek, and Miller, 1983
paper) and were selected to fit between the adjacent soil texture
values.

11. 9 and 11.10
These comments will be considered and discussed with other professionals
in Arizona in regard to the need for this additional
research/information gathering. Further action should be undertaken, if
deemed necessary.

11.11
There was an error in the source of this information (Rawls, Brakensiek,
and Miller, 1983). This was confirmed by Rawls in April 1989. I have
recently communicated to Rawls and suggested that he publish a
correction.

12.1
A certain reliance has been placed on both the Corps' and the USBR's
analysis of data in the presentation of lag relations. The data base
certainly has not remained unchanged since the 1940's (see Design of
Small Dams, Third Edition, 1987), and I don't believe that the data has
remained unreviewed by either of these agencies or others. I
investigated other forms of lag relations (S-Graph Report, 1987) but
found no definitive result that was preferable to those already in use.

12.3
A certain amount of testing and verification has been performed and
results will be presented in the Documentation Manual. The Tc method is
not recommended for use with watersheds larger than 5 square miles and
therefore verification on medium to large watersheds is not necessary.

12.5
Further analysis of S-graphs and lag relations may be of value, however,
a need for revision has not been identified. Updating has been done
(see my response to 12.1).

12.7
Mr. Creighton's suggested corrections should be investigated and changes
made, as necessary. The need to expand or update the lag relation for
the identified flood events should be considered.



Mr. Joe Rumann
13 August 1990
Page 4

13.1
The manual does not preclude the user from any option within the HEC-1
program or other valid hydrologic analysis. This may need to be more
clearly stated in the manual.

14.3
To further expand on Mr. Creighton's correct observation about the Tc
equation being a function of rainfall excess, I would like to add that
this has the effect of incorporating nonlinearity into the unit
hydrograph approach which is often criticized for being linear. This
will aid in the best estimation of the smaller, more frequent events.

14.4
The lag equation is not a function of storm characteristics, however the
authors of the manual have not implied that "lag time has no variation
regardless of storm magnitude and differing storm characteristics." On
the contrary, on page 87 (April 1990 draft) is contained a discussion of
the need to adjust K. to reflect different hydraulic efficiencies for
differing magnitudes of runoff, and it is stated that this is due to
varying rainfall depths and intensities.

Mr. Creighton's comments have been helpful in sorting out some errors,
and have challenged me to critically reconsider many of my assumptions and
decisions. In this regard, his review has been appreciated. I hope that my
response is of service to you.

Sincerely yours,
George V. Sabol Consulting Engineers, Inc.

George V. Sabol



GEORGE V. SABOL Ph.I>., I'.E.

CONSULTING ENGINEER
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17 July 1990

Dr. Walter Rawls
ARS, U.S. Dept. of Agriculture
Agri. Research Center-West
Bldg. 007, Rm. 137
Beltsville, MD 20705

Subject: Maricopa County Hydrologic Design Manual

Dear Walter:

Last April I wrote to you concerning values of Green and Ampt
infiltration equation parameters that were published in the January 1983
Hydraulics Division journal, and a copy of that letter with your response is
enclosed to help refresh your memory about this "old" correspondence.
Maricopa County has completed its Hydrologic Design Manual and the manual is
being reviewed in the community. We have had several inquires about why we
have reversed some of the Green and Ampt parameter values from those that are
published in the reference for those values. It is important that we are
confident that the information in the manual is defensible and is from the
best available source. Therefore, I am asking for a confirmation and possibly
clarification of the data from that ASCE paper.

I have enclosed a copy of a table (Table 4.2) from the Maricopa County
Manual that shows the values of the Green and Ampt parameters that we are
recommending. The XKSAT values and the PSIF values are english unit
equivalents of the hydraulic conductivity and wetted front capillary pressure,
respectively, from the ASCE paper. Notice that I have reversed the XKSAT
values for loam and silty loam which is in agreement with my April 1989
correspondence and your reply.

However, notice that I have reversed the PSIF values for sandy loam and
loam from those reported in the ASCE paper. We may have talked about that
change at some time, but I don't have any record of such discussion. The
values from Table 4.2 seem to be correct, especially when compared to
graphical presentation of these parameter values (Rawls and Brakensiek, 1983),
and copies of those figures (from the manual) are enclosed. I have added
parameter values from the ASCE paper and other notes to those figures.

Complicating all of this is that the Green and Ampt parameter values from
the ASCE paper may be pervading the literature. Notice in another enclosure
that Dodson & Associates, Inc. (1989) are using the ASCE paper parameter
values in a commercially available version of HEC-1, and that Dodson
references an intermediate source (Chow, Maidment, and Mays, 1988). The trail
of use of the values from the ASCE paper is getting long!



Mr. W. Rawls
17 July 1990
Page 2

I have one request and one suggestion: First, please verify or correct
the values of XKSAT and PSIF that we are showing in Table 4.2 considering that
we are using the ASCE paper as the major reference. Do you have another
reference that we should use? Your comments and suggestions would be
appreciated. Notice that I added values for silt because that soil texture
class is not contained in the ASCE paper. I "selected" the values for silt
based on the figures in Rawls and Brakensiek (1983) that generally fit between
silty loam and sandy clay loam.

Second, it seems that with the growing popularity and use of the Green
and Ampt equation and the proliferation of a possible error or errors in the
ASCE paper, that another ASCE paper or technical note would be appropriate to
get us all on the same page. An expansion to include your best interpretation
of Green and Ampt parameter values would be of great value to the profession.

I thank you for your continued cooperation in our preparation of the
Maricopa County Hydrologic Design Manual. I hope that this doesn't cause you
much inconvenience. Please call me after you have had time to think about the
contents of this letter. I will be attending the ASCE San Diego meeting, and
possibly we could talk there if you also plan to attend.

Sincerely yours,
George V. Sabol Consulting Engineers, Inc.

George V. Sabol

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

Enclosures:
1. Copy of 3 April 1989 letter w/enclosure,
2. Table 4.2 from Maricopa County Hydrologic Design Manual,
3. XKSAT and PSIF figures, and
4. Green and Ampt parameter values from Dodson & Associates,

Inc. (1989)



GEORGE V. SABOL Ph.I1.. I'E.

CONSIiLTINn F:NC;INF;F:H
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ARIGHTON. COLORADO ROfiOJ

(:1():1) 4;'7·0!lR!l

3 April 1989

Mr. Walter Rawls
ARS, U.S. Dept. of Agriculture
Agri. Research Center-West
Bldg. 007, Rm. 137
Beltsville, MD 20705

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 em/hour and for silt loam is 0.65 em/hour, and the capillary
pressures are 8.89 em and 16.68 em, 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,

George V. Sabol

Enclosure: Copy of Table 2

Copy: Mr. Joe Rumann, Flood Control District of maricopa County
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wer's (4) findings that it is one·half the saturated hydraulic conductivity,
is calculated as

K = !S
2



Hydrologic Design Manual
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RaInfall Losses

general soil texture classification of the drainage area is available. The values of
XKSAT and PSlF from Figures 4.3 and 4.4 can be used if more specific soil texture
classification is available from a detailed soil survey for which the percentages of
sand and clay have been determined by an appropriate field soil survey. The use
of the information in Figures 4.3 and 4.4 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 so the values from Table 4.2 should be used.

The soil moisturedeficit (OTHETA) is a volumetric measure of the soil moisture storage
capacity that is available at the start of the rainfall. OTHETA is a function of the effective
porosity of the soil. The range of OTHETA is 0.0 to the effective porosity. If the soil is
effectively saturated at the start of rainfall then OTI-IE!A equals 0.0; if the soil is devoid'
of moisture at the start of rainfall the OTHETA equals the effective poroSity of the soil.
The porosity of soil as a function of soil texture (percent of sand and percent of clay) is
shown in Figure 4.5 CBrakensiek and others, 1984).

Under natural conditions, soil seldom reaches a state of soil moisture less than the
wilting point of vegetation. Figure 4.6 is a graph of volumetric soil moisture at
wilting point as a function of soil texture. Due to the rapid drainage capacity of
most soils in Maricopa County, at the start of a design storm the soil would not be
expected to be in a state of soil moisture greater than the field capacity. Figure 4.7
is a graph of volumetric soil moisture at field capacity as a function of soil texture.

Table 4.2
Green and Ampt Loss Rate Parameter Values for Bare Ground

Soli Texture XKSAT PSIF DTHETA1

Classification Inches/hour Inches Dry Normal Saturated
(1 ) (2) (3) (4) (5) (6)

sand 4.6 1.9 0.35 0.30 0
loamy sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 3.5 0.35 0.25 0
loam 0.25 4.3 0.35 0.25 a
silty loam 0.15 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

Selection of DTHETA:
Dry Nonirrigated lands, such as desert and rangeland;

Normal Irrigated lawn, turt, and permanent pasture;
Saturated = Irrigated agricultural land.
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HANDS-ON HEC-l. PAGE 44 CHAPTER t1 PRECIPITATION LOSSES I

SUBAREA: 1 2 3 .. IS 6 7 8 9

SUBAREA: 1 2 3 .. IS 6 7 8 9

Jl.~11It~l.ftl.ill!lt111
.:..;:._", .... ,' .::::.... :.::;::::::." }\:';:. /\:~.:. ,.,; :'" ::. ·.::;.::~f .;....:. :.::: . ,": ::-.t .;..;:·\::;)\t;::~:::; :.-. :~·:)f>}(:.) :;:::;.".... -:::/.;:~:~::: :::: :.:.:::: ::;::: ·rr~:::;:::}>:;:: :::

9l,Tabuiate the results iIi the correCt location on Table 4.23/ "::: ....,.,::::.:'.)':::.:0:::: ..:':,:::,":

I
I,
I
I
I

I
I
I
I
I
I
I
I
I

0.83
0.14
30

0.78
0.13
30

4.64
1.18
0.43
0.13
0.26
0.06
0.04
0.04
0.02
0.02
0.01

0.75
0.12

5

Hydraulic Conductivity
XKSAT (In/hr)

0.75
0.12
20

..'

0.75
0.12

10

0.75
0.12

10

0.75
0.12
20

0.75
0.12

15

0.75
0.12

10

0.2·S 0.2·S 0.2·S 0.2·S 0.2·S 0.2·S 0.2·S 0.2·S 0.2·S
78 78 78 78 78 78 78 77 76
10 15 20 10 10 20 5 30 30

0.417 1.95
0.401 2.41
0.412 4.33
0.434 3.50
0.486 6.57
0.330 8.60
0.309 8.72
0.432 10.75
0.321 9.41
0.423 11.50
0.385 12.45

Effective Porosity Wetting Front Suction
DTHETA PSIF (in)

TABLE 4.17 Green-Ampt Infiltration Parameters for Various Soil Classes

SoU Class

Sand
Loamy Sand
Sandy Loam
Loam
Silt Loam
Sand Clay Loam
Clay Loam
Silty Clay Loam
Sandy Clay
Silty Clay
Clay

INIT1AL ABSTRACTION
CURVE NUMBER
PERCENT IMPERVIOUS

INIT1AL WSS (in)
UNIFORM LOSS (in/ill)
PERCENT IMPERVIOUS

Source: CHOW, MAIDMENT AND MAYS (19881

4.3 INFILTRATION WORKSHOP

Ilii11Ii!!1.ltl'
TABLE 4.18 Rainfall Loss Data for Initial and Uniform Loss Method

,
f) 1989 Dodson & Associates. Inc .. 5629 FM 1960 West. Suite 314. Houston, Texas 77069, (713) 440-3787. All Rights Reserved

I
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The rainfall-runoff modeling procedure that is contained in the manual is physically
based, that is, the procedures are based-to the extent practical~n the physical

rocesses that occur during the generation of storm runoff from rainfall. While the
basic procedure is physicallybased this does not assure that the rigorous applica tion
of the procedures will, in fact, reproduce the actual rainfall-runoff phenomenon of
any storm that has occurred or may occur in the future. However, the procedure,

Executives.ry
::::~:tft~.~~.i~.}.~.i.~;.t.;j.f}/.~.~r~~~~~~r:;:;:;:;:;:::;.-

The objective of the HydrologiL Design Manual of Maricopa County is to provide
technical procedures for the estimation of flood hydrology for the purpose of
designing stormwater drainage fadlities in Maricopa County. Two methodologies
are defined for the development of flood. hydrology; the Rational Method, and
rainfall-runoff modeling using a design storm. For small, urban watersheds, less
than 160 acres and fairly uniform land-use, the Rational Method is acceptable. uSe
of this method will only produce peak discharges and runoff volume and this
method should not be used if a complete runoff hydrograph is needed, such asfor
routing through detention facilities. For larger, more complex watersheds or
drainage networks, a rainfall-runoff model should be developed. The HydrologiL
Design Manual ofMaricopa County provides guidance in the development of such a
model and the estimation of the necessary input parameters to the model. Although
not necessarily required, the use of the U.S. Army Corps ofEngineers' HEC-l Flood
Hydrology Program facilitates the use of the procedures that are contained in the
HydrologiL Design Manual of Maricopa County. (The HydrologiL Design Manual was
written to supplement the HEC-l Users Manual.) .

The HydrologiL Design Manual can be used to develop design hydrology rnagnitudes
for storms of frequencies up to and including the lOO-year event. The desi storm

E)C. f:)a..rv:t /')()f"\ Sis of6-' . e desi 0 II stormwater
, L\..r C rna e ti ex e t. detention and retention basi . According to the Unifonn

or C{I::l~I·.py #.is ramage Policies and Standards for Maricopa County, Arizona (February 25, 1987), all
~+a..1- t (\ development shall make provisions to retain the peak flow and volume of runoff

t.(\i\V'\ +or from rainfall events up to and including the lOO-year, 2-hour duration storm falling
Ca.ses W kel'e within the boundaries of the proposed development. Accordingly, the criteria to be
tI D _ r • ( applied to the 2-hour storm is also provided in the HydrologiL Design Manual.
'fV\e ~1"'IDI\cill-

Hc.#tCkl aNt 1\0+
}h e lJes «j f\ s/rx-
is u. sed."
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Rainfall

lili~~I:1 Depth-Area Relation
::::;::::::::;;:::;:::::;:::::;:

:-::-;;'-:::!-----:-::: The problem of spatial variability of rainfall is quite difficult to handle because of
---------- an irregular, limited network of rain gauges. Work in the southwest by the United

States Department ofAgriculture, Agricultural ResearchService, indicates that high
intensity storms do not have large areal extent. Most runoff producing
thunderstorms south of Tombstone cover less than twenty square miles.

The above argument supports development of areal reduction curves which reflect
the nature of the thunderstorms in the southwest. However, drainage facilities
(storm drains, channels, and culverts) should be sized to handle the peak discharge
resulting from the design storm critically centered above them to create the worst
case discharge. Retention/detention facilities serving as an outfall for a small
contributin area of u to 10 uare miles would not appear to· . areal
reduction of the depth. In all other applications, area r uctio eems appropriate
or runoff cal tions of contributing areas of any size.

See., COMMeh+- on

Procedure for Depth-Area Adjustments p.' ,-ralb Ie '2..1 .
Use the Depth-Area Reduction Curve developed for the historic storm of 1954 over
the Queen Creek area (U.S. Army Corps of Engineers, 1974). This curve was
developed for a major peak producing event within M..aricopa County and should
be representative of local conditions for design purposes.

2.3.1

Determine the size of the drainage area, and decide if areal reduction is
necessary.

Use Section 2.4 to calculate depth for the design frequency.

If more than one isoline is shown over the drainage area, calculate average
depth.

Use Figure 2.1 and Table 2.1 to select the reduction coefficient.

Multiply average rainfall by the depth reduction coefficient.

5
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Rainfall

Table 2.1
Depth-Area Reduction Factors

for 6-Hour Duration Rainfall

)

Area,
Square Miles

o
1

5
10

30
40
50

100
200
300
400
500

Ratio to
Point of Rainfall

1.0
0.987
0.96
0.94
0.91
0.89

0.87
0.86

0.80
0.72
0.66
0.61
0.57

/Jo
per

~ ('t.o. reJe..tC+.'0"

~Q.+eM.e,,-r 01\

'2
r.5 Se.c. 2 . .3.

II Selection of Appropriate Design Storm
:;:;:;:;:::;:;:;:;:;:::;:::::::;

::.:.:::j:!.:!!!j!:!j.:!:~.!!.~ The design hydrologist must specify the appropriate rainfall frequency, duration,
depth and the corresponding time distribution for any design purposes which
require calculation of runoff volume and peak discharge. Application of the Ration­
al Formula does not require a time distribution. The Hydrology Manual applies the
NOAA pr~edureswhich led to the 1DO-year, 6-hour mass curve for small areas up
to 0.5 miles .This mass curve is also known as Pattern 1, and will be discussed later.
If a particular application requires that a mass curve should be developed, the
following procedures (NOAA) or~ alternatively, a program referred to as PREFRE
by the National Weather Service can be used:

1. Using Figures 2.2 through 2.13, read rainfall depths for 2-,5-, 10-, 25-, SO, and
lOO-year return periods for (r and 24-hour durations, employing linear inter­
polation between isolines when required. The numbers on the isolines show
tenths of inches of rainfall (ie., 23 = 2.3 inches).

2. Plot the values from 1 for each dwation on a separate line on Figure 214, look for
any deviation from a straight line and makecorrections on the line. This process will
minimize any error due to transposition of values on the maps. Also, any error due
to reading and interpolating values between the isolines will be minimized. Note
that these numbers are already in partial-duration series, so there is no need for
annual to partial-duration conversion.

.;.;.:.-.;.;-;.;:::;.:::.;::.;.;::::.;.;:;.;.:.-, ':';::::':':':':"::.:.;.:.-.:.;-:.;.;.::;.:.:.;:;.;.:.;.:.:.;.:::.;.:.::;:;:::;.:::.:.;.:.;.;::.;.::::;.;.:.;.;:;::.;.:::::.:.:::.: .:.:::::::::::.: ::.:.:.:.;.:.:.;.:.:::.;.:..:::.::; ............................ :.:.:.:.;.:.::;.;::.:.:.;.
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FLOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

JUL 30 1990

Mr. David Ramirez, P.E.
Senior Civil Engineer
City of Mesa
P. O. Box 1466
Mesa, Arizona 85301-0904

SUBJECT: Comments on Hydrologic Design Manual

Dear Mr. Ramirez:

BOARD OF DIRECTORS

Betsey Bayless
James D. Bruner
Carole Carpenter
Tom Freestone

Ed Pastor

Thank you for your timely response to our request for review and comment. The
Special Projects Branch of the Hydrology Division has taken your comments into
consideration, and offers the following responses:

1. You requested that we expand upon or clarify our position in the Executive
Summary on cases where the Rational Method and not the Design Storm is
used. The Statement in question will be changed as follows:

"The design storm is of 6-hour duration and when utilized in the
Maricopa County Unit Hydrograph Procedure, may be used for the design
of all stormwater drainage facilities. In certain special ~ases, such
as very small watersheds and detention/retention basins, -alter~ative

methods and rainfall distributions may also be used."

2. Table 2.1 and Figure 2.1 were developed from the 6-hour data for the 1954
Queen Creek storm, and we feel are not applicable to a 2-hour storm.
Because we did not have a reliable aerial reduction curve for a 2-hour
storm and because the majority of retention/detention basins have
contributing watersheds less than 10 square miles, a policy decision was
made to ignore aerial reduction when using the 2-hour, 100-year storm for
retention/detention design.

We are proceeding with plans to have the Drainage Design Manual adopted by MAG
and portions incorporated within municipal ordinances by April, 1991.
Additional training sessions will be offered later this year.



L-tter to: Mr. David Ramirez, P.E.
vSubject: Hydrologic Design Manual

Page 2

Thank you again for attending our conference and for your comments. We will
contact you when the final version of the manual is available. If you have
any questions or comments, feel free to call me at 262-1501.

Sincerely,

J. M. Rumann
Hydro}ogist

TLBjJMRjag ~

COORD: ~ V~ / T r r
INFO: ~ , .BHD Co~?

FILE: JMR





City of Tempe
P.O. Box 5002
31 East Fifth Street
Tempe. AZ 85280
602-350-8371

Public Works
Department

May 31, 1990

Maricopa County Flood Control District
3335 W. Du~ango St.
Phoenix, AZ 85009

ATTN: D.E. SAGRAMOSO, P.E. CHIEF ENGINEERING AND
GENERAL MANAGER

RE: COMMENTS ON MCFCD HYDROLOGIC DESIGN MANUAL

rGi
II Tempe

Dear Mr. Sagramoso:

Thank you for the opportunity to review and comment on the
Hydrologic Design Manual. You and your staff have put together a
very impressive manual.

After reviewing the method for determining flows from a 100 year
storm, the results are very similar to the Rational Method that the
City of Tempe currently employs. The results are acceptable and
the City will accept either method.

However, the County's retention requirements are a different story.
Since the City adopted a storm drain ordinance in 1977, it has
required new developments to retain the 100 year, one hour storm
runoff. .l\ddition3.11J', variable "e" Factors are allo\~!ed onl,)' for
sizing storm drains. A "C" Factor of .95 is required for
calculating all retention quantities since roof area, paved parking
areas and retention basins take up a large portion of a typical
development. In a 100 year, one hour storm, the runoff from roofs
and parking areas would hit the retention basin so hard and fast
that percolation would be relatively insignificant, which justifies
the .95 "C" Factor for retention basins. Where central storage
basins are designed I' of freeboard is also required.

In light of the fact that Tempe has very little vacant ground left
to develop and since most of Tempe was developed using the above
criteria, this criteria will remain in effect.



Since cities in the valley have already adopted MAG Details and
Specifications, issuing the new manuals through MAG would make it
much easier for cities to adopt the new manuals. Since each city
has supplements to the MAG, it would also make it much easier for
each city to add criteria pecul iar to their area. This would
result in more widesprp.ad IIsage of the manuals.

If you have any questions or comments, please call me at 350-8897.

Sincerely,

CITY OF TEMPE

~C.~?E
James E. Bond., P.E.
Senior Civil Engineer

JEB: 11

cc: Lee Quaas
Bill Coughl in



LOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

JUL 301990

Mr. James E. Bond, P.E.
Senior Civil Engineer
City of Tempe, Public Yorks Department

P. O. Box 5002
Tempe, Arizona 85280

SUBJECT: Comments on Hydrologic Design Manual

Dear Mr. Bond:

BOARD OF DIRECTORS

Betsey Bayless
James D. Bruner
Carole Carpenter
Tom Freestone

Ed Pastor

Thank you for your timely response to our request for review and comment. We
are pleased that your review was a favorable one and that you will accept use
of the design methods presented in the manual.

On the subject of "C" Factors for retention design, it seems we disagree on a
specific design criteria. Our feeling is that in areas where rooftops,
driveways, paved streets, etc., predominate, the user will calculate an
appropriate "C" Factor from the guidelines presented. In areas where these
types of impervious covers are not as widespread, the 0.95 "C" Factor presents
an unrealistically conservative value. However, for the reasons outlined in
your correspondence, use of this value in Tempe can be justified.

We are proceeding with plans to have the Drainage Design Manual adopted by MAG
and portions incorporated within municipal ordinances by April, 1991.
Additional training sessions will be offered later this year.

Again, thank you for attending our conference and for you comments. We will
contact you when the final version of the Drainage Design Manual is available.
If you have any questions, please feel free to contact Joe Rumann at 262-1501.

Sincerely:

,sTANLEY L SMITH JR.• P.E

I
DEPUTY CHIEF ENGINEER

D. E._ Sagramoso, P.E.

TLB/JMR/ag

* See reverse for filing information.
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Mr. Joe Rumann
Flood Control District of Maricopa County
Hydrologist ill
3335 West Durango
Phoenix Arizona 85009

11 May, 1990

Dear Mr. Rumann;

I was recently asked to review the draft Maricopa County Hydrologic Design Manual.
This request came from Mr. Jeff Erichson, who is with the W.L.B. group in Phoenix. Mr.
Erichson sent me a copy of the manual, along with the computer program.

In general, I think the manual is a very good document and is one of the best county
hydrology manuals that I have seen. The manual is well organized, it provides good
information on the development of model parameters, and it also has some good examples.
However, there are a few sections in the manual that could be improved. The following is
a list of concerns that I had as I reviewed the manual:

1. Sections 2.4 and 2.5, which deal with the development of design storms, are
not clear in describing what level of design storm (return period and duration
of the event) should be used in specific types of studies. Specifically, section
2.5 states "The 2-hour storm is used for detention and retention design
purposes". No return period is attached to this event (e.g. 10,50, or 100 yr
event). likewise, it is stated that the 6-hour event should be used for all other
hydrologic analyses for watersheds up to 100 sq. miles. Again the return
period associated with the event is not mentioned. Also, I have great concern
over the statement that detention and retention facilities should be designed
with a 2-hour event. Detention and retention facility design is much more
sensitive to the volume of the hydrograph than the peak flow. Traditionally
these types of facilities are designed for 24-hour events. This may be
conservative for your area, but it is not unrealistic. If there are specific
reasons for the 2-hour event, it should be stated clearly in section 2.5. I
would suggest re-evaluating this criteria very closely. What ever is put in this
manual will be used throughout your county. I would suggest the use of 24­
hour storms for detention and retention facilities.

2. Section 5.5 deals with the development of coefficients to be used in the Clark
Unit Hydrograph procedure. In this section, regression equations for Tc and
R are shown. The data used to derive these equations is not presented.
When ever it is suggested that model parameters should be derived from
regression equations, the user should be fully aware of the limits of the
equations. I would suggest that the data used to derive these equations be
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summarized and published directly in the document. Also, a discussion of the
limitations of the equations would be pertinent. I would also suggest that a
discussion of model calibration be included, even though there is a limited
amount of gaged data in that area. And finally I would provide alternative
ways to calculate Te• The method that I most often use is to map out the
longest water course of each subbasin. Then break that into sections of
overland flow, shallow channel flow, and main channel flow. Manning's
equation can then be used to calculate bank full flow velocities, and a time
of concentration would be the sum of the three travel times. This is
documented in the most recent TR-55 manual from the SCS.

3. My last concern is in the area of channel routing. Of all the methods
currently available in the HEC-1 computer program, I would suggest using the
modified puIs method. The best application of this method would be to
develop storage-discharge relationships for each channel reach by using the
HEC-2 backwater program. If cross-section data is available, storage­
discharge information could be developed by running a range of discharges
through HEC-2 (any flows ranging from low to high). Then this information
could be used in HEC-1 to perform the channel routing with the modified
puIs method. Specific return period events could then be generated with
HEC-l. The peak flows from those specific events could then be entered into
HEC-2 in orde. to develop a flood profile of each event. Also, a new version
of HEC-1 is going to be released this summer. In this new version, there is
a new channel routing technique called Muskingum-Cunge routing. This
method is physically based, in that it only requires a representative cross­
section, channel slope, length, and an estimate of Manning's n values. The
cross-sections can be either a simple prismatic shape (trapezoids, rectangles,
and circular pipes) or an 8-point cross-section that has overbanks and a main
channel. The method provides for hydrograph attenuation based on the
physical cross-section properties and the magnitude of the inflowing
hydrograph. I have compared it to models that use the full unsteady flow
equations, and it compares very well over a wide range of channel
configurations and flow situations.

If you have any questions about my comments or would like to discuss this with me
further, please phone me at your earliest convenience (916-756-1104). I hope these
comments will help you in the development of this manual.

Sincerely,

2JPN(J ~ 6/1uMfJ1
Gary W. Brunner M.S., P.E.



LOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer ane! General Manager

-
JUL 30 1990

Mr. Gary W. Brunner, M.S., P.E.
Department of the Army
The Hydrologic Engineering Center
The Corps of Engineers
609 Second Street
Davis, California 95616

SUBJECT: Comments on Hydrologic Design Manual

Dear Mr. Brunner:

BOARD OF DIRECTORS

Betsey Bayless
James D. Bruner
Carole Carpenter
Tom Freestone

Ed Pastor

Thank you for your letter of May 11, 1990, including your review comments on
the Hydrologic Design Manual for Maricopa County. I appreciate your input and
apologize for the delay in responding. We recently had a seminar introducing
the manual to the community and asking for input. We are currently in the
process of responding to those comments and including changes in the final
draft. We anticipate that the final draft will be available by the middle of
August.

In response to your list of concerns, we include the following discussion:

1. We have clarified Sections 2.4 and 2.5 to instruct use of the 100-year,
2-hour event for retention calculations and use of the 6-hour
distribution, with the appropriate return frequency for all other
applications. Certain criteria in the manual have been mandated by the
Uniform Drainage Policies and Standards and the final draft of the
Hydrologic Design Manual will reference these criteria as such.

2. The analyses conducted in Section 5.5 for the estimation of parameters
will be presented in our Supporting Documentation Volumes to the
Hydrologic Design Manual, which will be available by the end of this year.
Guidance and limitations for the use of these parameters were included and
expanded upon in the Applications chapter of the final draft. After an
evaluation of various Tc equations, we selected a hydrologic equation over
a hydraulic equation.

3. We recognize that there are other methods for routing available, and will
accept their use if there is sufficient justification. However, for day
to day use, we feel the methods presented are straightforward and somewhat
conservative. Subsequent editions of the manual will more than likely
i»clude additional routing techniques.



Letter to: Mr. Gary Y. Brunner
; • Subject: Hydrologic Design Manual

Page 2

If you would like to further discuss the data or methods used in the manual,
please call me at 262-1501. Once again I'd like to thank you for your
comments, which have been very helpful.

Sincerely,

J. M. Rumann
Hydrologist

TLB/JMR/ag . ~

COORD'~Jrr
INFO: -~ ;:..r, .c:;.rm L-f\ 0

FILE: JMR





Serving the World's
Environmental Needs

6245 North 24th Parkway
SUite 208
PhoeniX, Arizona 85016

Telephone
(602) 954-6781

1lJ1',:O 1'90
JNM James M, Montgomery

Consulting Engineers, Inc,

•Flood Control District
of Maricopa County

3335 W. Durango
Phoenix, AZ 85007

May 31, 1990

ATTN:

SUBJECT:

Gentlemen:

Mr. J.M. Rumann
Hydrologist

Hydrologic Manual Review Comments

We appreciate the opportunity to attend the recent seminar on the draft Hydrologic Design
Manual and to review the manual prior to its finalization. Several hydrologists within JMM
have reviewed the manual, and we have found it to be clearly written and concise. We believe
the manual will be a useful tool in hydrologic investigations within Maricopa County.

In the process of our review, we have developed comments for District consideration prior to
finalizing the manual. These comments are provided below.

1. Pages 5 and 6 describe the use of depth-area reduction factors based on the 1954 Queen
Creek storm. We would prefer use of depth-area reduction factors based on average
regional conditions, rather than on a single storm. We believe that averaging storm
histories from throughout the hydrologic region in which Maricopa County is located
would have more likelihood of producing a "representative" or "typical" depth-area
relationship than use of a single storm event. It is noted that the Queen Creek depth-area
relationship gives values which are higher than those developed in the U.S. Weather
Bureau publication "Hydro 40" or those used by the Corps of Engineers in Las Vegas
Valley based on regional storm studies. Thus, the Maricopa County method will
produce higher rainfall (and runoff) than would be produced by these other regional
methods.

2. On page 29, use of the Rational Method is limited to drainage areas of 160 acres or less.
Although this limitation is reasonable for a single-subarea analysis, many flood
control agencies allow for use of a "modified Rational Method" for areas up to 1.0
square mile. The modified Rational Method provides an approach for developing a
link-node system of subareas, each analyzed by the Rational Method, connected by flow
paths (e.g., streets or channels). This method is easy to program and works well in
urban areas. It is easily applied by development engineers and meets the District
criteria of accuracy, practicality, and reproducibility. Various forms of this method are
included in the Hydrology Manuals of San Bernardino County Flood Control District,
Riverside County Flood Control District, Orange County Flood Control District, Los



Flood Control District
of Maricopa County
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3.

4.

Angeles County Flood Control District, and Clark County Regional Flood Control
District. It is suggested that the District consider including the modified Rational
Method in its hydrologic design procedures for urban areas up to 1.0 square mile.

Equation (2) and Table 3.1 on page 30 refer to the watershed resistance coefficient as Rh,
but Figure 3.1 denotes this parameter as "n". It is recommended that Figure 3.1 be
revised to agree with the text and table.

On page 35, it may be advisable to note in the text that equation (4) gives the 100-year, 2­
hour hydrograph volume.

5. A general note regarding rainfall losses (Chapter 4) is that losses during flood events
are not 'Nell knov:n or documented; therefore, any mode!ing must necessarily lump
numerous different and unrelated physical processes into only a few parameters. For
this reason, loss rates are often a calibration tool when comparing simulated versus
recorded streamflows and runoff volumes. Therefore, loss rates generated using any
procedure are estimates only and subject to change based on available calibration data
(if any).

6. On page 44, six reasons for rejecting use of the SCS Curve Number (CN) method of
computing rainfall losses are given. The first four reasons are theoretical
deficiencies; however, it could also be noted that all of the methods discussed have some
inherent theoretical limitations due to the simulation of complex hydrologic processes
with relatively simple mathematical expressions.

Deficiency Number 5 suggests that selection of CN values is too subjective. However,
use of tables published in numerous SCS reports and in other sources can provide
reproducibility to this selection not unlike that for selection of Manning's "n" values
for hydraulic analyses. In addition, it should be admitted that selection of parameters
for any loss rate method is subjective given the lack of "real" data and the complex
nature of the modeling problem.

Deficiency Number 6 states that the estimate of rainfall loss is very sensitive to CN at
low rainfalls. This condition is true for any loss method because the total rainfall is not
much larger than the maximum soil infiltration capacity.

We believe it may be premature to reject use of the popular CN method based on these
reasons, given its widespread use in hydrology studies throughout the country and flood
control agencies in the desert Southwest. The critical test is whether CN-based models
can be calibrated to historical rainfall-runoff events in Maricopa County. Information
in this regard was not included in the manual.

An alternative approach would be to calibrate CN values to Green and Ampt
simulations. This would involve determining a table of "modified" CN values for the
Green and Ampt parameters, based on numerous simulations of different watershed
conditions. If this could be accomplished, it would simplify the modeling process (since
only one loss parameter would have to be estimated for model input), yet would provide
results consistent with the desired Green and Ampt assumptions. However, one
potential problem with this approach would be that a "modified" CN developed from
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Green and Ampt parameters could become confused with a CN developed by the
standard approach.

Regarding unit hydrograph procedures discussed in Chapter 5, it is noted that
considerable recent research comparing various hydrologic modeling methods
indicates that more complex modeling methods, even though "physically based", do not
necessarily guarantee more accurate results. This is primarily due to the lack of
calibration data and the need to describe complex processes with simple equations
applied to lumped areas. Thus, the three-parameter Clark Unit Hydrograph Method
will not necessarily be more accurate than the one-parameter S-Graph Method. This
might justify use of the S-graph Method for areas smaller than the 5-square-mile limit
given in the manual. It is noted that several other agencies use this method for areas as
slnall as 1.0 square mile.

8. It may be beneficial to move the information provided on selection of proper
Muskingum routing parameters in Section 7.6 into Section 6.3 The Chapter 6
information on this method is of limited help on its own.

9. It is suggested that a section on model calibration be added to the manual. This step is
critical for use of any hydrologic model to assure reasonable results. Even if actual
calibration data are not available, guidance on reasonable discharge values based on
other studies (e.g., typical cfs per square mile, acre-ft per acre, etc.) would assist the
user in knowing whether model results are "in the ballpark".

10. MCUHP1 and MCUHP2 greatly simplify the formulation of a HEC-1 input file. It
should be noted in the program documentation and in the Hydrology Manual that the
most recent version of HEC-1 must be used (June 1988). Earlier HEC-1 versions do not
contain the Green and Ampt loss rate parameter option, and the use of Green and Ampt
with an earlier version will cause the program to abort. A user who is unfamiliar with
the HEC-1 program and its most recent update would find it difficult to discover why a
successful run could not be obtained.

Thank you again for the opportunity to review the draft manual. We hope you find our
comments useful. Should you have any questions on these comments, please do not hesitate to
contact us.

Very truly yours,

~K~,~
Fred K. Duren, Jr., P.E., P.G.
Acting Regional Office Manager



LOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street. Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

JUL 30 1990

Mr. Fred K. Duren, Jr., P.E., P.G.
James M. Montgomery
Consulting Engineers, Inc.
6245 North 24th Parkway, Suite 208
Phoenix, Arizona 85016

SUBJECT: Comments on Hydrologic Design Manual

Dear Mr. Duren:

BOARD OF DIRECTORS

BClsey BJyless
JJmes D. Bruner
Carole Carpenter

TOI11 Freestone
Ed Pastor

We would like to thank your staff for attending the seminar on the draft
Hydrologic Design Manual and for your thorough review of the draft copy: Your
comments have been quite useful and are being addressed individually below, as
follow:

1. You suggested that a depth-area relation based on the average of storm
histories would be more "representative" or "typical" for Maricopa
County. This is a practi.cal approach if the data base is extensive
enough to include a variety of storm events over several years. However,
we have found that, due to data limitations, an average depth-area
relation may result in "under-designing" of projects. In addition,
design hydrology should be flexible for application to different
watershed sizes. Since our design rainfall was based on the 1954 Queen
Creek storm and since this storm was the most extreme local event in
Maricopa County, it was used to develop the depth-area relation. A
comparison with the "Hydro 40" may not be appropriate since the database
used in "Hydro 40" was not from Maricopa County.

2. Application of Rational Method for drainage areas of up to 160 acres was
an administrative decision policy for peak flow calculations and
retention/detention requirements. Furthermore, the policy has required
application of a hydrograph procedure and, thus, a rainfall distribution
input for areas larger than 160 acres. As a result, the "Modified
Rational Method" cannot be considered.

3. Corrections will be made to the final draft.

4. Such notation will be made in the final draft.

5. Correct.
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6. The six reasons for our not choosing the SCS Curve Number (CN) method
were included only to emphasize the need for a more physically-based
approach. Although lack of data has a major impact on loss computations,
application of a physical model, i:e., Green-Ampt, would describe the
process in a more realistic fashion. We are revising the discussion on
the SCS Curve Number method to avoid future confusion.

7. Due to lack of data, comparison of a physically-based method, such as the
Clark Unit Hydrograph, with that of a one-parameter S-Graph is difficult
to achieve. However, since the Clark procedure offers a better
description of the individual variables which impact runoff, it should be
considered as an improvement over the S-Graph approach.

8. Will note.

9. Good suggestion.

10. Thank Youl

Again, we thank you for attending the seminar and also for your comments. If
you have any further questions, please do not hesitate to call me at 262-1501.

Sincerely,

J. M. Rumann
Hydrologist

TLB/JMR/ag fjA
COORD,~ ~.j~r7
INFO: J~ , CHD

FILE: JMR
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REMARKS

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

Subject: Hydrologic Design Manual for Maricopa County
review comments by Mr. Fred K. Duren, Jr., P.E., P.G.,
James M. Montgomery Consulting Engineers, Inc.

Dear Mr. Rumann:

I have reviewed the comments of Mr. Duren in his letter of 31 May 1990,
and the Flood Control District's response in its letter to Mr. Duren of 30
July 1990. I agree with the District's response, and I offer the additional
response comments that you may wish to consider.

1. In regard to Mr. Duren's comment 6, it is not likely that the CN method
could be calibrated to Green and Ampt simulations and give equivalent
results. The two methods are not amenable to such calibration, and would
probably result in considerable confusion.

2. In regard to Mr. Duren's comment 7, I believe that the "recent research
comparing various hydrologic modeling methods" was probably a comparison
of kinematic wave modeling as compared to unit hydrograph methods. The
three parameter Clark unit-hydrograph may not be more accurate than the
one parameter S-Graph (then again, it may), but the three parameter
method is certainly more sensitive to watershed changes, and that was a
major factor in selection of the Clark unit hydrograph method.

Mr. Duren's comments and corrections are appreciated. I hope that this
response of mine is of assistance to the District.

Sincerely yours,
George V. Sabol Consulting Engineers, Inc.

George V. Sabol





JERRY R. JONES & ASSOCIATES, INC.
ENGINEERS· PLANNERS· SURVEYORS

June 8, 1990 90JUJ-8 PH 4:07

Jerry R. Jones, P.E., R.L.S.
Roger E. Baele, P.E., R.L.S.
Frank W. Thomson, A.I.C.P.
Suzanne J. Shields, P.E.
Mark A. Hanshaw, P.E.
Matthew W. Flick, P.E.
Thomas E. Hosack, P.E.
Peter S. Miller, P.E.
C. Leon Vicars, P.E.
Douglas T. Oberg, P.E.
Michael G. Rhodes, P.E.
Thomas J. Lute, R.L.S.

Mr. Joe Rumann, Hydrologist
Branch Supervisor
Special Project Branch
Hydrology Division
Flood Control District of Maricopa County
3335 W. Durango Street
Phoenix, Arizona 85009

RE: Drainage Design Manual KOL I
Hydrologic Design Manual
JJA Job No. 290~018

Dear Joe,

Roger Bae1e and I appreciate the opportunity to participate in the
Promulgation Conference for the Hydrologic Design Manual. I felt
that the best way to familiarize myself with the new hydrology
manual would be to work through some examples. JJA is finalizing
an Area Drainage Master Study on the Apache Wash for the City of
Phoenix. In this study six different computer models/lag
relationships were tested to see which would generate 'reasonable'
runoff values. Model 1.2, which utilized the Pima County time of
concentration method with the SCS HEC 1 hydrograph was chosen
because it consistently produced the highest runoff values.

Every effort was made to use comparable data values from model to
model but, there was some minor descripencies inherent between the
models. The 100 year 24 hour storm with a type IIA rainfall
distribution was used for the modeling. The attached Table III
summarized 3 basins which were studied.

I used this basin data and Clark Unit Hydrograph from the FCD new
hydrology method for the computation of runoff for the three
basins. The Green and Ampt, IL and ULR soil texture and the IL and
ULR hydrologic soil group rainfall loss methods were used for each
basin and compared to the Runoff Summary Table from the Apache Wash
Report. The results of my computations are listed here.

Basin 12 Basin 30 Basin 50

LAG VEL. Q LAG VEL. Q LAG VEL. Q

G&A 0.26 13.3 4,268 0.32 10.6 718 0.40 12.2 1,613

Soil
Texture 0.25 13.9 4,259 0.32 10.6 707 0.40 12.2 1,562

HSG 0.26 13.3 4,494 0.32 10.6 751 0.40 12.2 1,560
Corporate Office: 3845 N. Business Center Dr. P.O. Box 1830 Tucson, AZ 85702·1830 (602) 292·2160 • FAX 292-9131
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*These methods use the time of concentration term and are converted
to a ILAG ' by multipling by 0.6 TL=0.6 TC. Velocity is basin
length/LAG.

The computed flow (FCD) was substantially higher than Model 1.2 for
Basin 12 which also has rainfall intensity term in its time of
concentration relationship. The higher flow values (3775 CFS ~ 4,268
CFS to 4,494 CFS) had the same lag time values which may be caused by
the difference in losses produced by using RCNs and losses used in
the FCD hydrology manual. Basin 12 consists of mountainous and
flatter desert areas.

Basin 30 computed runoff values (FCD) were very similar to Model 1.2
while the lag values were less (FCD). This basin is an laverage l

undeveloped desert watershed. The computed values (FCD) were
somewhat higher with an accompanying lower lag time as one would
expect. However, the velocity values seem a little excessive when
compared to Model 1.2.

My feeling from working with this manual (although briefly) is that
it is fairly sensitive to the slope of the watershed. This mayor
may not be of consequence since I do not have a good feel for the
value differences of the RCN and the FCD loss values. The
differences in the flow value may not be related to these
parameters. The following is a table which shows that for the FCD IL
and VLR HGS for example, the rainfall excess is less than Model 1.2
even the peak flow of the FCD calculations is higher.

Basin 12 Basin 30 Basin 50

LOSS EXCESS Q LOSS EXCESS Q LOSS EXCESS Q
(IN) (IN) (CFS) ( IN) (IN) (CFS) (IN) ( IN) (CFS)

Model
1.2 1.47 3.13 3,775 1.65 2.95 708 1.64 2.96 1,229

HGS 1.84 2.76 4,494 1.96 2.64 751 1.94 2.66 1,560

Since the flow values are larger with less excess runoff, the
difference must be in the unit hydrograph relationships and
probably the time-area distribution for the Clark Unit Hydrograph.
I used the HEC 1 default time~area distribution because the manual
provided only 6-hour distributions. I am not sure if these
differences will be of significance if a 6 hour storm was used for
the Apach Wash Study.

I did like the Green and Ampt Loss Method from a conceptual
standpoint, the ave. excess intensity varied through the peak of
the runoff where the soil texture, and HSG methods had at least two
time periods which did not change. Intuitively, there should be
some changes especially near the peak.



June 8, 1990
Mr. Joe Rumann
Flood Control District of Maricopa County
JJA Job No. 290~018

Page Three

Overall the manual was pretty clear and easy to follow. The
computations are lengthy compared to existing methods. One
suggestion would be to include a soil loss summary table in the
manual. It will help guide the user to fill in the proper blanks,
and also help the reviewer to receive information in a standard
format. The left hand side of the soil data table needs to be
rotated 180 degrees so the user could read both sheets from one
orientation. 1 had to turn the book around several times to read the
tables, hey how often does a private sector person get an opportunity
to knit pick the public sector.

Please review my computations and assumptions about the higher flow
values and if you need any other information or clarification please
call me. Again, thanks for seminar and opportunity to comment on
this manual.

Sincerely,
JERRY R. JONES &ASSOCIATES, INC.

Peter S. Miller, P.E.
Project Manager

PSM:jee
290-0l8c/PHX-l



Computer Model Verification

The results of this model were verified through independant hydrologic
calculations. The hydrologic models used for the verifications are:

HEC 1 Soil Conservation Service (SCS) Hydrograph SCS Lag Method
HEC 1 SCS runoff model, (utilizing Pima County Department of

Transportation (PCDOT)- Time of Concentration Method)
The PCDOT hydrology method

U.S. Army Corps of Engineers (USACOE) Flood Data Phoenix area

(Empirical Data)
U.S. Department of Agriculture (USDA) Walnut Gulch Regional

Flood Frequency Relationships

U.S. Bureau of Reclamation/Flood Control District of Maricopa

County (Preliminary Hydrology Manual) S Graph Method.

Model 1.1)

Model 1.2)

Model 1.3)

Model 1.4)

Model 1.5)

Model 1.6)

Model 1.1 was used as a basis for comparison. The first method resulted
in the lowest flow values. The HEC I, PCDOT Model 1.2 method produced the

highest results: The next highest was 1.3 PC DOT which produced flow

values an average of about 25% less than Model 1.2 HEC I PCDOT. This was

followed closely by Models 1.6, 1.5 and 1.4. The SCS HEC 1 (PCDOT) (Model

1.2) was chosen to model the existing hydrology conditions because it

produced the highest flow values. This method yielded travel velocities

in the order of 9 feet/ second which consequently produces slightly higher

flow values. Table III summarizes the results of this study. See Figure

2 for a plot of these computed values.

The flow values quantified by the hydrology analysis were used to develop
approximate floodplain boundaries for washes with flow values above 1,000

CFS as requested by the Flood Control District of Maricopa County

(FCDMC). These approximate floodplain limits closely match the reports of
flooding in the area. The majority of the development in the watersheds
is above Carefree Highway, within Maricopa County.

-18-



TABLE II 1
RUNOFF SUMMARY

Basin 12 Basin 30 Basin 50
(DA=1.89 Sq. Mi.) (DA=O. 5 Sq Mi.) (DA=1.15 Sq. Mi.)
LAG VEL. Q LAG VEL. Q LAG VEL. Q

MODEL (hrs) (fps) (cfs) (hrs) (fps) (cfs) ( hrs) (fps) (cfs)

1. 1)
HECl (SCS) 0.72 4.8 2,023 1.35 2.5 315 0.78 6.2 445

1. 2)
HECl (PCDOT) 0.26 13.4 3,775 0.39 8.7 718 0.66 7.4 1,229

1. 3)
PCDOT 0.29 12.0 2,495 0.34 10 595 0.66 7.4 876

1.4)
USACOE N/A N/A 1,417 N/A N/A 500 N/A N/A 920

1.5 )
USDA N/A N/A 1,360 N/A N/A 600 N/A N/A 1,014

1.6 )
USBR/FCDMC 0.61 5.7 2,430 0.57 6.0 577 0.80 6.1 1,076

Basin 12 consists of steep mountainous and flat valley sections. Model 1.1 uses

an average slope value 0.07 ft/ft. and the others use a weighted slope value.

The flow computation for Model 1.1 is artificially high and should compare with
relative value differences as shown by basins 30 and 50 for the same methods.
The runoff value for Model 1.1 would be close to 1200 CFS if a weighted slope
value is used in the lag calculation. This method does not account for variable

slope components in the watershed. Velocity ~ Basin Length/Lag Time.

Model 1.1 HECl SCS Lag=i**0.8 (S+1)**0.7/1900y**0.5 Where i=Hydraulic Length

S=l,OOO/CN~lO y=Slope in %: (see reference 18, page 19)

Model 1.2 &1.3 HECl (PCDOT) ~ Uses Lag (TL) Calculated From (PCDOT) Hydrology

Method and TL=0.6 TC _,
FLGvD GtJ \ l ; "I ,~. or

RECEIVED
Model 1.4 USACOE;... Regression Analysis See Plot in Figure No.2. JUNl119QO

Model 1.5 USDA~Walnut Gulch ~ Regression Analysis From Floo ~~~_'L~NG-+-~~~

Frequency Estimates in Southeastern Arizona by Boughton ~~ ,----~

Renard, Stone 1987 Q100 Env.=31.60**(0.77~0.00664LOGD

Where D=Drainage Area in Kilometers Square. QENV=Meter

**3/sec

Model 1.6 USBR/MCFCD Lag=26(n)(LcxLca)/(S)**1/2),**0.33,S.in Ft/Mile

~19;...



FLOOD CONTROL DISTRICT
of

Maricopa County

3335 West Durango Street 0 Phoenix, Arizona 85009

Telephone (602) 262-1501

D. E. Sagramoso, P.E., Chief Engineer and General Manager

JUl 3 1 T99
Mr. Peter S. Miller, P.E.
Jerry R. Jones & Associates, Inc.
Anchor Centre Two
2207 E. Camelback Road, Suite 302
Phoen~x, Arizona 85016-3446

SUBJECT: Comments on Hydrologic Design Manual

Dear Mr. Miller:

BOARD OF DIRECTORS

Betsey BJyless
James D. Bruner
Cal"Ole Carpenter
Tom Freestone

Ed Pastor

Thank you for attending the seminar on the draft Hydrologic Design Manual and
for your review comments/comparison of the methodologies. In response, we
would like to call your attention to the following:

1. You indicated that the methods outlined in the manual provided
substantially higher peak values when compared with your model 1.2. This
is mainly due to the selected rainfall distribution. The SCS Type-IIA was
not recommended in the manual since it does not account for rainfall
intensity as a function of the drainage area. Based on available data,
rainfall intensity decreases as the watershed size becomes larger. For
this reason, the rainfall pattern distributions were developed.

Furthermore, the 24-hour duration of the SCS Type-IIA distribution is more
indicative of a general storm. Data for Maricopa County indicates that
the peak producing events, typically occur during the monsoon season and
do not exceed a 6-hour duration.

We anticipate that the 6-hour pattern distribution will result in lower
peak values if applied to your project. It should be noted that since
there is no actual way to verify the peak runoff, a more conservative
value is not necessarily unjustifiable.

2. The velocities calculated in your example appear to be rather high when
the methods recommended in the manual are used. This is attributed to the
method used for velocity calculation, i.e., Vel. = length/LAG. The term
LAG is defined as the time from the center of mass of rainfall excess to
the peak of the hydrograph, and normally is not used to explain travel
time of water. Time of concentration, Tc, is sometimes used for this
purpose. However, Tc by itself is not representative of travel time
either, as the calculated velocity should be adjusted to account for wave
propagation speed.
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Subject:
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Mr. Peter S. Miller
Hydrologic Design Manual

3. You indicated that the methods outlined in the manual are fairly sensitive
to the slope of the watershed. This is a good observation, since every
attempt has been made to make the manual sensitive to the hydrologic
characteristics and physical conditions of the watersheds.

4. A comment was made regarding the use of time-area distributions with the
6-hour rainfall distribution. Please note that a time-area curve is only
a function of watershed geometry and can be used with any rainfall
distribution regardless of the duration.

5. You mentioned that the manual methods are time consuming and tedious.
Software programs MCUHPI and MCUHP2 were developed for the purpose of
simplifying the analyses.

We would like to thank you for participating in the seminar and for your
review comments. If you have any further questions, please call me at
262-1501.

Sincerely,

J. M. Rumann
Hydrologist

TLB/J~R/ag Y71
COORD:.~ PJo
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GEORGE V. SABOL CONSULTING ENGINEERS, INc.

1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601

(303) 457·4015

13 August 1990

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

Subject: Hydrologic Design Manual for Maricopa County
review comments by Mr. Peter S. Miller, P.E.,
Jerry R. Jones & Associates, Inc.

Dear Mr. Rumann:

I have reviewed the comments of Mr. Miller in his letter of 8 June 1990,
and also the Flood Control District's response in its letter to Mr. Miller of
30 July 1990. I agree with the District's response, and I offer the
additional response comments that you may wish to consider.

1. Using the peak discharges from Mr. Miller's letter and comparing the
results of Model 1.2 to the results designated G&A, I note the following:

Basin Ratio of Peak Discharges (I.2/G&A) % Increase
12 4,268/3,775 = 1.13 13
30 718/708 = 1.06 6
50 1,613/1,229 = 1.27 27

Considering the significant differences in model input; that is, rainfall
losses and unit hydrographs, the differences in magnitudes of peak
discharge are not surprising. The SCS Type II distribution was used in
all comparisons and it would be interesting to see how the results would
compare if the entire procedure from the manual, including design
rainfall criteria, were used.

2. On page 2, second paragraph from the bottom, is stated "the difference
must be in the unit hydrograph relationships." It should be noted that
the difference can be due to differences in intensity of rainfall excess.
The Green and Ampt infiltration equation usually results in higher
rainfall excess intensities as compared to the CN method.

Mr. Miller's comparison to results by several methods has been
informative and generally reassuring. I hope that this response of mine is of
assistance to the District.

Sincerely yours,
George V. Sabol Consulting Engineers, Inc.

George V. Sabol
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May 30, 1990

Mr. Dan E. Sagramoso, P.E.
Chief Engineer and General Manager
Flood Control District of Maricopa County
3335 W. Durango
Phoenix, Arizona 85009
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Edward A. Adair, P.E.
R. Gerald Green, P.E.
Samuel E. Kao, Ph.D., P.E.

Reference: Hydrologic Design Manual

Dear Mr. Sagramoso:

Thank you for inviting us to attend the symposium of the Hydrologic Design Manual.

After carefully reviewing the manual, we feel that the manual provides significant
improvement to the technical procedures for the estimation of drainage hydrology.

We look forward to applying this manual to our drainage projects.

Very truly yours,

AGK ENGINEERS, INC.

Samuel E. Kao, Ph.D., P.E.
Vice President

SEK/ap
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of
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Telephone (602) 262-1501

BOARD OF DIRECTORS

Betsey Bayless
James D. Bruner
Carole Carpenter
Tom Freestone

Ed Pastor

JUL 301990

Samuel E. Kao, Ph.D., P.E.
Vice President
AGK Engineers, Inc.
2255 North 44th St., Suite 330
Phoenix, Arizona 85008

SUBJECT: Comments on Hydrologic Design Manual

Dear Dr. Kao:

We would like to thank you for attending the seminar on the Hydrologic Design
Manual and for your recent correspondence. We are happy to hear that you feel
the manual will improve the technical procedures currently being used for

~ hydrological analyses.

If you have any questions regarding the manual, please do not hesitate to call
Joe Rumann of my staff at 262-1501.

Sincerely,

D. E. Sagramoso, P.E.

TLB/JMR/ag

COORD'~ .aj~ ~ ¥- r
INFO: J~ ~I ,e-(Dc..~Q
FILE: JMR

~

MFR: This letter was written in response to the above-referenced comments
that were submitted for review.
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