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D~m

1. mommom

1-01. ~Es.

a. Circular btter ~. 4262 (Citil works lvo.65), dated
20 M-r l%, subject, Stendati ~Ject Flood Est~tes, whemln
ofigti Wtructions concemlng the preparation of standafi project
flooS estimates we= Issued.

b. Ozders & Re@atiom, parag~h k208.11 (Retised ~. 1951)
whereti the preparation of stand- project flood estates for certain
classes of pmJects is directed, and ~tructions am presented mg~~
the 8Masion of certain estimtes for approval of the CMef of ~lneers
priorto incorporation In project EPorts. (See quotation h ~ k-oa
hemln).

c. ~lneering ~ual, Citil Works, Fati CIKV, Chapter 5,
subject, Flood-Hydrograph Analyses end Computations.

1-02. ~ W SCOFS OF ~S BW~IN.

6. ~s bulletin retiews briefly principal classes of flood
analysee and esttites Involnd in the planning end des~ of flood con-
trol -d titiple-purpose proJects, with the p~ry ob~ecti~ of indicat-
lag the gene- application md purposes of Standard Project Flood Est~tes.

b. Genemlized rainfti crlterla and recommended procedures
for the c~tation of standard pro~ect stem rainfall end minfall-excess
q=tities for s- ~

T
e basins (classified herein as approx~tely

1,000 sqw tiles and less located east of 1050 longitude, are p~sented,
tith a concise explanation of their derl~tlon.

c. ?rocedures for &flvation of SE and SPF estimates for
large -Inage basins (exceed- approximately 1000 sq.ti.) are discussed
and lUustnted.

d. This bulletin 1s sub-titided into four Sections, as follows:



1. Introduction
11. OeneWlzed S= Est~tes for ~ ~e Basins

III. S= Est~tes for ~ Draimage Basins -
lV. ~Jects for which SPP Esttites an Required.

1-03. S~XFICATIONS OF A ST~ PROJECT ~M (Abbmv. “s=),

a. The “staW px9Ject storm” eat-te for a particular
tiiaage ma snd se-on of mar in which sno8#-aneltis not a major consider.
ation should mp~senv the most sewm flood-producing nmi.nfalldepth-area-
duration =lationship and isohyetal pattern of my storm that is conside~d
~asonably c&teri.{L lC of Lhe region in which the ~insge basin is lo-
cated, giving consideAmLion to the rumoff ch~tcristics and existence of
water =gulat ion st rectums in the basin. In &5riving standard pro~ect
storm rainfall est~tes applicable to seusond and areas in which meltimg
snow may contribute u sub:.tantlal vcilme of -off to the stanti pnJect
flood h~graph, appmp.”.a~e allowancco fur smw melt are included with
and conside~d as a part of the sv8n~ pmJecz storm ~infall. quantities
in cmtimg the SP7 h~g=ph. Where r100d3are p~~natl,y the retit

of melting snow, the SPF est-te is based on estimates of the most critical
combinations of snow, temperature end writerlosses considered nasonably
characteristic of the region.

b. The tem “scara” i6 used ti L bti sense to -an aay
period or sequence of rainf~ events that may coatfibute to critical flood
events in the Particular drai~e b~ia under study.

c. The tem “region” S,Oused abon is constmed to include the
ma surrounding the giw~n b~ti Sa which stoxm ptiuc ing factors = sub-
s~tially compa~ble; i.e., the gemral a~a Wthin which meteorological
influences and topography are sufficiently dike to permit @ustment of
stem data to a couznoiibasis of comparison with practical deg=e of
reliability. Such a “regian” includes a =V large area in the eastern
half of the United States where relief ia geaerelly -rate, and =latively
~ areas in certain sections of the western United States ~~ ext~me
topogmphy is encounte~d.

d. A general comparison of ~ stozms of record in the
region, supplemented my meteoralo~icel inms~igations, serve as a basis in
selecting xuinf~ cri~eria Lo represent the most seven storm that is con-
sidered “reasonably charac=erxstic” of a region. Certain stonus of extra-
ordinary severity ky be eliminated ae too &usu~ emd
adoption as the standard proj~ct stoxm.

3+. ST~ Xti-~”2 FWD (A”Gb~v. ‘S?F”)

●. In general terms, the standard prnject

extreme to warrant

f100d -y be defined



b. x~iltrntion losrnenassmd In courputingnanoff fm the SPS
•ho~d comspond to those considered reasonably likely to occur d-
stoN Or such magnitude# eetimated on tbe basia of data ob-ned f- the
* s of rainfall--off relationsin *or floods of -cord.

c. The S- pr-lples refer=d to*OW should be foUowed in
the ●election of tit araphs, in flood ruutlng creations, and h
other calculations related to the development of the SPF m=pho.

d. Appmpfiate allowances ahou.ldbe _ for ~ations U
the -al Mstrlbution and sequence of -U over the baeln _ tha
SPS. The S~ -all ●et-te should be Prepared h -table fozm to
Pe-t slgniflcent tiations In -al distrlbution, sequence, and intensities
to be taken into considention In computing runoff h~~hs.

e. In s- cases,p~icularly tith respect to very l-e
drainage basins, the Standard RoJect Flood h~raph estimate my, of
necessity, be based on a otudy of actual hmrapha or exes of record,
or on other proced=s not lnvol~ directly a S= est-te. In such cases,
the general principles and objectlns presented for the develo~nt of SPF
est-tes frun mlnfU and run-off cfitetia shouldsem as a guide.

f. It is apparent f- a study of depth-a~a-duration data for
-or atonns, and general consideration of the ~lative opportunities for
dra~e bas~ of ~ous sizes, shapes and locations to be sub$ected to
zalnfal.1Occ-nces of S~ catego~, that the statistic- pmbabiMt y of
SPF oc~nce vould vary with size of dzuinage area X other ~teom-
logical factors● For these, and a -r of othermasm that -t be

listed, it is not consibmd feasible to assl,gn~cific _ncy est~tes
to SW detections in general.

. Uhem otiy the highest peak discharge of a SPF h~raph
is Pertinentgto speciffc pro$ect studies, the SPF MY be nfemd to by
that peak disc-e as a matter of convenience.

~tically all.detafled studies of unusual storms completed
to date have been limlted to durations of 120 hours or less. In the devclop-
-nt of s-dard project flood cfiterla for vezy large drainage bastis or
those In which ~servoire se= to mdulate ~ff ~tes to a substantial
-at, it is necessary to cons~der ~off resultlng f- Mall over a
substantially longer period than 120 hours. In some cases, ~ff for 8
period of weeks or =nths prior to the occumnce of an extm~
120-hour atom must be taken into account In stties related to specific
pmJects. It Is appa=nt that the c~tation of hypothetical h~mphs
covering such an extended length of t-, follo~ p-edures inmlting
stem rainfall data and application of the unit h~~ph tec~que, would
be vezy laborious and subJect to many uncertainties as to proper basic
aaa~lone and crlterla. These difficulties can be ci~ed satisfac-
torily in most cases by develop- e “standard pro~ect flood sefiea- in
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vhich h~xuphs for periods antecedent tc and subciequentto s st~
pmJect stem of 120-hours duration em rep~sented by flows actually
observed in the basin, with such ~ustments M may be d-d appropriate
-r a gene- 8tudy of flood and storm characteristics in the region
involved.

●✎ Gene-. Flood ~ltudes IIJa particular ~e basin
are gova-d by ~tions of -y variable factors, the mst ~xtant

be~ the ~tity, Intensityj sequence and amal distribution of precipi-
tation, the Filtration capacity of the soil, - natural and artiflcid
sto~e effects during floods. C~Pating variations In these aevcral
factors usually serve to reduce flood nmoff mtes and ml-s to values
far below those that would mstit frozIcritlcal combinations of such factors.
Uhe= mlatinly lo~~od records of strem flow are availdleJ statistical
analyses of the =cord protide a val~mble mcms of estimating the magnitude
of flood flows that may be expected with frequencies bearing a reasonable
rebt ionship to the period of observation. Statit3ticalstudie6 lnvol~
consideration of flov records of numerous strew in a region of reasonably
c~ble h~logic end meteorological influeties provide mra reliable
est-tea Or~ flood potentialities and average frequencies of c~y
observed flood magnitudes than can be obtained frozIstudies of individual
station records. However, because of the number and range of variation
in independent -tiles involved and the wide range between flood _-
tu&s that -d =sult fm opt- combi!mtions Of critic81 flood-
producing factors as compared vith cozibinationsgenerally obse-d, statis-
tic~ analyses of actual strem flow reco* 6el*, if ever, protide a
reliable indication of extraordinary flood potentialities of a specific
drainage basin. Accordingly, in the planning and design of -or engineering
pro~ects for the regulation of etre- flow, statiaticti analyses of stmaan
flow records ut be supplemented by hypothetical flood est~tes based
on scientific studies of principal ~ood-producing factors Individually and
in tious combinations.

b. In accordance with the preceding discussion, -e classes
of basic flood est-tes are required in gene- flood control planning
and &s* Investigation:

(1) Statistical Analvse8 of Stre- Flow RecoxdJ3,including
flood--quency eet-tes (p~ferably on a regionalized b8sis) and XOUS
comhtions bf ftid characteristics and hydrologic features of the drain-
age basin.

(2) Standazd RoJect Flood (Abbrev. S?F) Estimates =p~-
sent~ M discharges that may be ●xpected from the mst severe c-bina-
tion of -teomlogic and hydrologic conditions that m considered reason-
●bly characteristic of the geographical region involved, e~luding efiremely
nre combinations.



(3) ~ Probehle (or ~ %saible)” Flood ~t-tes
repmsentm flood discharge that zmy be expected ~ the rnst seve= c-
btition Of-cfitical MtSO~~iC and hydrologic condittm that H ~a-
•~ly possible in the mglon.

c. Statlstic~ mood Studlea of ee-ral types have proven uee-
W @ enginea~ timstigations, the met pre-ent consisting of flood-
frequency est~tee. Flood-frequency determinations are used p~ly M
● basis for esthtlng the mean ~ benefits that may be expected -
the control or reduction of n- of relatively c~ oc~ce.

(1) Wpmeents a ‘&tandard* against Which * ~ of
p-ction fix selected fck-a proJect may be judged and c-red tith
protection protided at slmllar projects in uther localities. The SPF
est=te ut =flect = generalized ~ysin of M potentialities In
a ~gion, as cent-ed to an analysis of flood records at the specific
loctity that -y be tieleadlng because of the *quacies of mco*
or abno- sequences of hydrologic evusts d- the pe-od of strem
flow observation.

(2) Rep=sent the flood Mscharge that should be selected
as the deab flood for the pro$ect, or app-hed as nearly as practicable
in consideration of ecomc or other go=- l~tations, vhem srn
W &g= of risk can be accepted but an unwually ~ degree of p-
tectton la Justified by hazards to life sad ~ property~ues within
the ma to be protected. Estimates c leted to date indicate that SW

%flood Mscharges are generally equa3 to to 60 percent of ~
probable” floods for the same basins.

e. Maxi- Probable (or ~ Fossible) M est~tes m
appUcable to pmJecta where considemtion is to be given to tirtually
c~lete sectity against potential.fld. Applications of such est~tec
are ~y conf~d to the dete~tion of spillway ~~a for
h- h} but ti unusual cases my constitute the design flood for local
protection works where m exceptiu high degree of protection is
advisable -d econoinlctiy obtainable.

1-07. D=IGFJ -D

a. The tem “design flood” refers to the flood -mph
or peak Uschme =ue f=y adopted as the basis for designof a
particularproJect or section thereof after full ctisideration has been
given to flood chmcteristics, fiquencies, and potentitities, and the
eco~c and other practical considerations entering tito selection of
the des~ disc-e ctitetia. - tens ‘*s* flood” is s~s
tith “project des~ flood”~ ~though use of the lstter tem has been
gane-y discontinued In order to avoid possible confusion tith the tem
“standard project flood”. For convenience in ~ference, such texms as
“spiUway des~ flood”, “levee design flood”, “channel das~ flood”, etc.,
= wed whe= appropriate.
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b. The texm “&sign flood” or “reservoir design flood” w
be a~Med to the -st oevere flood that a particular meemlr nuy be
capable of ctim~ under en adopted plan of operation but euch ueage
haa little =ue ●xcept where the nservoir 2s proti&d p~ly for
protectt= of -e centere n- the dam. Usually selection of the flood
control -cation in a nse~ir is govc~ed by conai~ration of flood
control effects at ae~~ locationa ~trem, invol~ the anal~is
of a -r of flood sltuationa. Accordingly, application of the tem
“design f=” or “meervoir design flood” should be limited to those
ca6es in which the tem 10 actually indicative of the baais for a flood
control storage allocation, ~re detailed criteria being specified for
other cmes.

●✎ M the design of flood control pro$ecto lt -d of c-e
be &si*le to pmvl& p~tection again8t the ~ probable flood, if
this were feazible vithin acceptable limits of cost. However, it 18 sel~
practicable to profideabsolute flood protection by me- of local protec-
tion proJecte or =servolra: - uuually the costs are too high, and in ~
caees the acquisition of adequate rights-of-way for the purpose would
‘avol- maaonably dest~ction or ztodifications of properties along the
nOOhy. Aa a nale, s- risk mt be accepted in the selection of design
flood discha~es. A &cleion as to how much Ask etid be accepted in
each c=e is of ~st ~rtance and should be baoed on careful consider-
ation of flood characteristics and potentialities in the baain,the claas
of ma to be protected, and eco~c limitations.

b. The “design flood” for a particular pm$ect my be either
greater or leas than the stadard pmJect flood, depending to aza~fiant
extent upon eco~c factora and other p~tical conaiderationn gove~
the selection of design capacity in a specific caae. ~ver, ~lectiona
should not be governed by eatIlzatesof average annual benefits of a tangible
nature alone, nor should conatmction diffidtlee that may pnve tmble-
Some butnot inauncountable be ~d to dictate the dea~ flood selection,
PIchly uhem pmtectlon of high c-s urban or agricultural mas
is Inv’olved. XntUible benefits, retit~ f- p~tiaion of a high deg~e
of security against flooti Or a disaztroua ~itude, ~cluding the pro-
tection of * life, must be considered in addition to tangible benefite
that may be est~ted in ~etary texma.

c. The standardProJect Flood IS intended ae a practicable
expmseion of the degree of protection that should be sought M a general
rule in the designof flood control uorka for c~ties whe~ protection
of M life and unusually high-valued pmpexy is invulmd. Inaa!zuchu
SPF ●et~tes are to be baeed on gene~ized stud.ieeof meteorologic and
hydro&glc conditions in a region, the SW eatImates pmvidee a basis for
ceng the degree of protection protided by flood control pm~ects in
diffe=nt localities, thm promoti.aga mre consistent policy with ~spect
to selection of desi~ flood giving a comparable deg~e of protection for
similar claaeea of property.

6



II.

2-01.

G~ SPS =~ POR ~ ~E BASI16

o~

a. The ctiteria presented In this section apply specifically
areae eaet Of 105° longitude -d ~~ y to baaine lees

than ●pproximately 1000 aquam miles in ma. The minfall cfitefia ●m
baeiaed p~ly on ~ynla of -Jor sto- of mcozd that have
oc~d ti the SPZ, nurmer and fall eeaeone, during which convectl-
actitity ~a p~ent. The critefia= not gene- applicable to en-
oeaeono tithout special @u6tmento. ~h aa reco- Mcmte that
the most eeve~ (but not neceostily the ~st trequeat) ~ in ~o
-aa of less than ● few thousmd square miles, tithin the area commd
by the gene~zed charts, us-y ~uult ~ titenee MU during the
non-enow seaaon, the cfitiF.m presented hereinafter are considemd appllc-
able h the creation of S~ eetimates for mot baa-. Where tMs
conclualon is not conoidemd app~cable by the ~pozt~ ~ineer, devclop-
=nt of the S= estimate should be baaed on a epecial study of flood
p-cing factors affecting the particular baein. It is anticipated that
-h exceptions till apply only where ~f’f fnxn anew mlt, with or with-
out coincident &all, is ● major factor in the pmductim of unu8ual
floods.

b. VtioucI approaches to the stanwzation of kthoda ead
critetia related to the corsputationof S= and SW est~tes have been
studied du.r&g the pact two ycan. Becau6e of the ~abt~ty of factore
Involved, limitations in baelc data, and th nat~ of the pmbl~,
certain arbit~ ae-tions ead s~~ficatione of cfitefia have ~
necessary to c,btaia~aults Mtable for p~tical ue. Alth~ w
st~zation of cfiteria mot involve certain approximation, it baa
been concluded that adoptIon of genetized MU ctitefia substanti~
ae presented herein Is advisable for the purpose of MS- conalstency
betveen S~ estimates prepared by varloua offices, w well aa to ~ze
work requi~ in the preparation of est~tee.

c. The dewl~nt of generalized SPS nlnfall critefia for
dra~e -M less than approximately 1000 sq~ miles, located eaat of
1.05°l~~tude, Is mvcaled generally by the explanation of ~tes in
the fo~ ~mph.

a. Plate 1. Gene-ized Eet-tee, ~ Possible Prec%-

F
The isohyete on this chart represent the ~ probable

2 -hour MU over 200 square m.lles-a, ae est~ted hy the ~-
meteoml~ical Section of the U. S. Weather Bureau and exp~ ti ~
ROPOfi No. 23.
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b. Plate 2. SPS Index ~. The ieohywtellm Plate 2
mpmeent the ~ ●wmge depth of -U h 24 hoursover 200

c. Plate 3. SPS h&X RainfallIsoh~ 8 m Actual Stem
Values. Thin chart shows gmphicall y a c~leon betveen the selected
SPS Index Rainfall lsohyets and tiall values mco~d - actual
sto~ in variow geographical locatione for c~mble duratlone end
a~as. Data ~ all storm studies c~leted to date (approx, b) m

ehown on the cM.

d. Plate 4. Ratio of Actual Stoxm Values to ~ Mx ~infall.
h ~ (a) of Plate 4 the rainfall ~ues mco~d in actual etorma, M
Am on Plate 3, are plotted aga~t values indicated by S= Index Rain-
f~ Isohyets for corres~ geographical locations. The *r of
actual atom values exceeding varioua percentages of the ~ ~dex Rain-
fall are shuun graphic~y in Pigure (s) and the percentages of actual
atom values that eq~ed or exceeded variou8 SPS -x Rainfall mtlos
are tidicated in Figure (b). To ~tnte the z81atim ccmeistency of
=IAtionahips in tiffe~nt geographical arem, separate curves are plotted
in _ (b) for four mae, delineated by SPS Index~ isohyets ae
indicated on Plate 4, ~ WU ae for the total area eaet Of 105° longitude.
It my be obnemd that on the average app~tely 10 pement of the
stozme etudied to date have equal&d or uceeded the SPS ~ex Rainfall.
This percentage VIU of course vary ae additional *o= etties ~ c~-
pleted, but acme to illuetmte that the standafi pmJect stozm is not of
unprecedented magnitude regionally, although it is definitelyof a -r
category.

e. Plate 5. ~tion, ~cipitatlm - ~ or Storms of
Record, ~meoed in Percent of SPS Index Rainfall. - P~ -a
table the geogmphical location of m#u_ minfall d- each sto~ of
=coti wae dete~ed by 2-deg~ letitude-longitude qu-les, md the
co-spending SPS Index Mall vume was scaled ~ Plate 2; the a~~o
depths of miafall over selected -M in variw pefiode of ti.au?W=

obtained for the Corpe of ~ineers publications entitled “Stem Rainfall
in the Eaate~ United States”, euldconvetied to

fti, M ehom ti Plate 5. For etudy purpoees,
by geographical zones ae delineated on Plate 2.
mo= outstm sto~ of the 400 investigated

8

percent of SE Index Rain-
the data uem tabulated
Plate 5 @ludes 105 of ~
in detail.



f. ~te 6. ~e~zed ~pth--a<~s, ~k-~r ~Mall.
Conalderlng ti oto= tabtisted in Phte 5, the 24-hour tiue~ of Mex
MU Ratios (i.e. Percent of Index RalnfU) vem ~ed h o~er of
~sh~ ma8n.ltudefor each of the -M des~ted $n the COIW head-
ing- of PMte 5. The number of ~dex MU Ration exceeding=N.oua vulues
va6 dete~ed and converted to percent of the total rnnaberof stem @t&es
(am. ~). The C~ On PUte 6 dec~ted aa “~ meemd” m
obtaiaedby pbttlzig the highest value of Index MU *tio for each
area and -wing a smooth c- to envelope the plotted points. The set of
curves _er U, 5E, and 10E vaa obtained by plottX for each selected
uea the -ues of Xndex Ralnf~ Rat10 eq~ed or exceeded by 1 percent,
5 Pement, and 10 penent, respectinly, of the total -r of ~uea.
For purpose of cqrison, the set of curves dem~ted a6 U, 5A, UA,
25A and 50A were obt~d by plott~ the -an of the -et 1 percent,
5 Pe-nt, M percent, etc., of the Index Rainfall Ratio. for the ael.ected
nae ●

6* pbtes 7 ~ 8. ~eee Plates UC= prepared b the sw
manner ae Plate F us* data appl.lcableto ~-hour ~ g6-hour sto~ Pr-
iod6, mspectival;.

.h. Plates 9. S= Depth--a--tion Re18tion6hip6 by 2k-
Hour Stem Inc=ztents. FoLloW a gene- mtiev of the problem end
data analyzed, C~s lVos.25A on PMtes 6, 7, and 8 wem sekcted M
-ces to the volume of p~cipitation that should be aa~d ae occ~
b 24, ~, and g6-hour pefiods of Standafi Project Storms. Plate 9
mpmsents a mplottlng of c~s 25A fm P&teta 6, 7, md 8, with an
lnterpo-ted cw for the 72-hour ~tion, for conwtience la use.
Appllcationa of the cures In p~ SPS estktes for ba6ine of -Ou6
sizes are dlscuased he==er.

i. Plate10. Time-Distribution of 24-Hour S= Ralnf~.
- &vclopX Plate 10, charts 61zIllarto Plate 2 van p=~d from data
-ozded b actual sto- to rep=sent the maxIxumMmIn6andu
hours, respectively, over selected areae of less than 1000 eq.-ee
Collations of maxm 6-hour and 1.2-hour~tiall -.s tith the S=
-x RaMU *ues for ~oue geog=phical location6 meulted In curves
subs-t Ially ae tidlcated in Flg (a) of Plate 10. S~lant~ studies
ua~ dlffe=at methods of approach substantiated the mtits obta~ by
the fir6t =thod uithti acceptable =te of ~atlon. A mhtiwly
e~ensin study of hydrography of actual oto- showed that the ~
6-hour minfall my occur mu the beg-ing, =ddle or end of the --

24-hour -MU pefiod of a stem. kco~ngly, the ~uence of 6-hour
ralnf~ increments ticated in fig (b) of Plate 10 vae selected tor S=
est~tes applicable to drainage are- of appm~tely 1000 sq.d. and less,
on the baeis that such ● sequence would produce ctit~cal zunoff ~ mot

baelne. Rocedu=s for estMting t=~sttibutlon of tiall in S=
eatlmates for drainage baelna ~er th- appn~te~ ~ aq.ml. w
~d hemMer.
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~. plate u. x-Di8ttimi- Or~ 6-Eour SPS Rainfu
=yapa of @or stem approac~ !3~ lnteneitieo over mea of a rev
h-d sq~ miles or larger shov that the nte of ruinfti la ~
fairly wrOm da the ~ 6-hour petiod of the atoxm, vith exception
of intermittent short-period -ationa vhichuouallyproduce only ti
~ationa in *ream-now mtes at dovnat~- points after Uey storage
m nuadulated-al Variatlona in ~ace mff. Rainf~ nten during
lees iaten6e 6-hour petiode of the atom - ge-~y mon e-tic, end
may foUw many tiffemnt sequences and mte changes in Mfferent otom.
Eove=r, stutiem in~cate that aamauxptionof uniform Mall lntmltieo
d- auccesslve 6-hour perioti of the S=, vith exception of the -m
6-hr. petiod of ~ estimates applicable to ~ drain-e baa-, wuld
give satisfactory flood discharge eot~tes if ~aeonable conservatism Is
exercised in estimating infiltration losses and unit hydmgrapha. U
order to -sum safe est~tee of peak dlsc~es to be e~cted r- SPS
minf~ ov8r -ti~e mas less than approximately ~ sq~ ~les on
the ave~e, the ~ 6-hour UU of the S= ehould be broken dovn
into shorter unit perio& and higher intensities aeomd for the shorter
inte-s accordingto criteria presented on Plate U.

k. Plate 12, SPS Ioohyetal ~ttem. StuMes of Isohyetal

patterns resulting from etom in vhich the nwcimum 6 or 12-hour -U
is gene-y c~ble to SPS values ~wal that the Patterns over a few
thowand square miles or lese am ~y ●niptical h shape and that the
longer -S my be oriented in any direction, dean topogmphical Influences
are pronounced. Within these gene- Wt e, a vide variety of pattern9
might be selected vith equal validity. To simplify SPS cqations in
vhich areal dlstfibution of precipitation hae an ~rtant Influence on
nrn-off mtes and volms, a typical isoh~al pattern is~oented on Plate
12. The application of this isohyetal pattern IS explained later.

i. Plates 13, 14 and 15. These =late to i~uatrative
e~les, m dfscuased here~er.

a. General. The prepazution of a SPS estimate for a ~
dminage baaln u-~ generalized ctitetia ~sented on =ates 2 -9
to 12 involves the follovlag steps:

(1) Interpolate fmm genemlized uoh~ts on ~te 2 the
SH @dex minf~ comsponding to the location of the ~nage baain
under study (~fermd to hereinafter ae “project basin”).

(2) Mter Plate 9 with the SPS fix Rainfall value
dete~ed in stip (1)~ obtain the S= Index Rainfall Ratios corresponding
to 24, ~, 72 end ~-hour periods and an a~a equal to the total area of
the pm~ect baeln. Mtiply theee ratios by the SPS Index Rai.nfti to
obtain ave~e depths of minfa.11 vithln m isoh~ta.1 ama equti to the
dra~e area of the pmJect baein, and detemne Incremntd 24-hour
values by eubtmet Ion.

10



(3) -e the 24-hour sn -- --c determined in
8tep (2) h ● MU-a f~m*u to -tlm of aritlcd -ff ●t pm~ect

&cations -r c-ide-tiom, based m s 6-A w-A of M-c
Conditz- in the pmjact belein.

(4) ~pare ea omrlay of the isohyetal map shown on

Plate 12, c~=fi~ the iso~t *ues to Iaches of 96-hour SF9 MU
by dtiplyins the pe-nt

7
eXues~P’lato 12 by the SPSiadex~

valuedetead in step (1 .

(5) Superimpose the project basin out- o-r the total-
sto= isohyetal MP ob-ined in ctep (k)~ and plbter to &to* the
•va~e depth of total-ston tinfti o-r the beu~ @ each sub-difision
the-f that Is to be considered in est-tiag the S= ~weaa and
nmoff rutea.

(6) Subditide the total-store 9P’S-all ~ues obtained
in step (5) into 6-hour -MS h -co-e fith cfitefia ms~~d 0~
Plate 10. The seam sequence and 6-hourly pementage ~-fi~ion of *-
fall is aa~d for each day of the S=.

(7) If the c-* *UO of “ “ for the ~e -
P-r study, or ~tiant subdivisions thereof or vhich SPF discha~ee

m desi~, is less th- 16 hou.zn,*titide the ~ &hour s= --
f~ value of the ~ 2bhour M- i8to sho~r unit dmt ions in
acco~e with ctiteria presented on Plate U. (See p. 11 of refe=nce
cited in ~-ph 1*1 for exp-tia of %9 aad method of cauputation).

-ues obtained
to be used with

b.
of MU and

(8) Subtmt eotimated Infiltmtion I.ooseo~ S= RainfU
h otepa (6) @ (7) to obtain ralafU+xcess quantities
tit ~~raphe in contputingSPF discharges.

slnIpliflcation of Procedure in Special C-es. If analysea
nanoff recoxds h the project basin or c~le water-

sheds inticate that infiltration capac~ties owr the basfi-- re&tlvely
tifo=, @ subditiaion of the dra~e basin for hydrolxic masons 1s
not otheruiee =quired for pro$ect study purposes, the gena- pmedure
outlined abom may be smlified by omitt~ p~tion of the Isohmtal
pattern refemd to in step (4), simply using the &pthaa curve values
obtained la step (3), vithout cor=ctlon for basin shape.

c. mustmtive Exaurp‘10: C~tatlon of 9PS tiall for a
s~le ~e basin foUowing the steps outlined @ ~mph ~ abom
is demonstrated ,onPlate 14. The dra~e basin ud isohyetal omrlay
(step k) am shown on Plate 13. & this case, the existence of a flood-
control resenfoir in the ana is assumed in order to demonstmte the cen-
te~ of the stoxm over the uncontm~ed -a d the cmatlon of min-
f~ for the contm~ed and uncontm~ areas sepuately. &plaaation of
the cqation is as fo~owe !
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(1) Lineo 1 to 5 establish the index ~nfall and the
~it* m t= ~~t Of 24-hour xuinfti ~unts that would be
obtained for the enti= bssin without induction for the fact that the
●ton is~ts do not confom to the ehepe of the basin.

(2) Mea 6 to 3.2 incorporate the ~ustment required
for bas~ shape md the subdivision of ratifall mng sub-basins. These
lfies can be eliminated whe= these refinements a= not ~quim~. Values
given in US 6 to 8 vem obtained by planimeteting isohyets on Plate 13.
Vtiues of llne 9 H those of line 5 divided by the total-store ~~
(15.7 inches). Values of Mnes 10 to 12 ~ obtained by multiplying
-ues of line 5 by those of l-s 6 to,8 respectively.

(3) -es 1.3to 21 establish the hyetographs for each
-a. Six-hour percentage of ~- 24-hour rainf~ obtained ~ Plate
10, - applied to each successive 2k-hour period of rainfall. These H
multiplied by ~spective ~ues in lines 10-12 to obtain 6-hour tiall
WUnts in lines 14 to x6. The tabulation on Plate 13 indicates that tR
is 3 hm.m ti this case (seePlate 11). Appmptiate Percentages of ~
6-hour zuinfall in 3-hour intervals shown on Pkte U are entered in line
18, ~te 14. These am multiplied by the =epectlva values of the 66-hour
column, lines 14 to 16, to obtain 3-hour ~unte on lines 19 to 21.

(k) -es 22 to 29 eotablish rainfall excess ~ta ●

Hltration losses (lines 22 and 23) are subtracted from rainf~ ~unts
for the sub-as A ud B to obtain Mall excess ~unts for those eub-
-ae (lines 24 and 25). These w convetied to vol~s (Mnes 26 and 27,
and ~ added to obtain UaJ,l.excess vol~s for the total -a (line 28).
These ml-s ditided by the total area yield ave~e ~~-excess depths
for the totti -a (line 29). Values of line 24 and 25 would be used m
co~unction with ~it h~gnphs for the subareas in this case becauae of
the existence of a flood-control reservoir at the lower end of area A. fi
cases vhe= auvti~sion of the -a is macleonly to account for ~el
diffe~nc?- b loss rites, values of line 29 CM be used in conjunction vith
a unit -mph for the entl= ma.

2-04. ~~IOIV OF SW AS mK!~AGE OF ~ ~LE -D.
As stated in sub-paragraph 1-c)6d (2), estktes c~leted to date indicate
that SPP dlacharges baaed on detailed studies ufIuallyequal @ to 60 per-
cent of the ~- probable (or ‘km possible”) flood for the same
baein; a ratio of 50 pement Is conside~d ~pmsentative of average condi-
tions. ~ch ae computation of maximum probable floodest~tes are
no-y ~quired as the baeie of deei~ of spillways for high dams, it 16
convenient to est~te the SPP for nse~ir projects as equal to 5g percent
of the msxm probable flood h~gzuph to avoid the ‘p=paration of a
sepamte SPP estimate (see pa~ph 1-05 and 3-02 d regarding SW series).
AccoMngly, this convention is acceptable for ~semir projects in general.
The lule -y also be applied in est~ting SPF hydmgraphs for basins out-
side of the ~gion and -e of areaa covewd by gene~zed chartm preeented
herein vhem ma%- probable flood est~tea based on detailed h_teom-
l.ogicslinvestigations have been completed. Where snow ~lt or efi~
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341. ~~ The basic p~tplea timlmd In the pn~tton of
SPS and SW est-tes for ~e ~e basins an the sw as thoee
applicable to bas~ less then 1000 square tiles in -a, which have been
discussed in Section XIn However, generalizations of ctiteria become -re
dlfflcult as the size of area incnasee. Whereas SPF discha~e eet~tes
for ~ -as -~y gomrned ~ely by the ~ 6 or 12-hour
-~ associated with a severe thunderstorm sttuation, floods of SPF
categoxy on large drainage basins are gene-y the xt?sultof a succession
of =1.atively distinct rainfall events. ~though the intensity and quantitice
of =inf~ are ~rtant factors in the production of a flood in e large
dra~e basin, the lo~tion of successive inc~nts of ra~ti in the
basin, and the syncmnization of intense bursts of ~infall tith progression
of nmoff, m of equal or greater ~rtance in many cases than quantity
of totQ precipitantion. For e~le, the total raitiall over the -as
River basin during the period 25-31 May 1903, which ptiuced en estimated
peti dischfuge of 260,000cfs on the Kansas River at SCsnsasCity, was -6?
identical with the total precipitation that occumd over the basin 9-I.2
July 1951 to ptiuce a peti dlschazge of 510,000 cfs. Other e~les of
a similar natu might be cited. Accordingly, eelection of a S= for a
large basin cannot be predicated on a statistical ti~is of precipitation
quantities alone, but must be based on a review of hydmmeteorological data
for several outstanding etom of record in the basin md ~acent regions
in relation to h-logic characteristics of the basin under study. Cons.
ideration of major floods of record and historical account should alBo play
an ~rtant part in the oelection of SPF crltetis and final.egtimte.

3-02. ~: SPS ~- ~R CUMB~ RIVER ~VE OLD HICKORY
DAM SITE (11,700 SQ. MI.).

8. Selection of bdel Stem for SW Estimate. FoUow’lng is
a chronological outline of the pmedum used:

(1) Using the Corps of ~ineere publication “Storm Rdn-
fall in the United States, Depth.Area-~tion Mta”, appm~tely 30 storms
of record within a few hun~d miles of the Cuuiberlendbasin wem tentatively
listed for tmsposltion. To limitthe nwmber, only those storms that
produced rainfall exceeding an ave~e of 6 inches over 5,000 sq. ml. we=
included. The ave~e depth of rainfall over 5,000 and 10,000 sq. ml. was
listed for purpose of c~riBon.

(2) FoUowing a preliminary inspection of data referred
to above, It was etident that winter-season atom wem pre~tly the
moat oenre for the ama involmd, and that ground conditions wotid be most
favonble for flood runoff during the ~nter. Acco~ly, “’the list of
storms cited in sub-paragraph a was reduced by eliminating the leas ~rtmt
S-r and Fall Storms, and al~o certain winter atoms that did not show
isoh~tal pattere oriented favombly for transposition to tbe C~erland
basin. The final list of 19 storms conaidemd for tmsposition is shown
in table A of Plate 15.
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(3) The li8t Or 19 sto- -s refemd to the ~teo-
mlogical Sectian of the weather Mwsa for an opinion m-~ tmposi-
biUty and for an est-te of @ust=at =qtired. ~ t=pouitlons of
the 5,000 ●q. ml. center ~a of each ●tom van conslde=d~ one tMpoet-
tion be- _ to the lomr Cumberland basin (center at ClhrkstiUe, Term.)
and the other to the Upwr basin (center at Mide, w.) The transpoei-
tlon ~uxnt f~tom ~ohed by the Ueather Bureau ●m listed in the
5th and 6th CO1-6 of Table A, Plate 15.

(4) In ofier to facilitate a c~rlson of the relatim
mtude~ of MU q=tltiee that tight be e~cted over =OUS .ize
maa and In selected periods of time, the tabulation shown = Table A,
Plate 15, was completed by titiplfing the ra=a.11 ~uea obnerved In the
respectivestow by the ●=we Of the C-ksvlUe and tilde transposi-
tion factors.

(5) ~~ch as la=ti Wues lieted in Table A of Plate
15 =pnsent anxe depths witMn isohyets that differ f- the shape of
the Cumberland watershed, @uetment for such tiffemnces is necess~ to
date- the quantity of ninf~l t~t would fall on the watershed _
the t-posed atona. To ain~ze work, “basin shape” factors vem computed
only for the sewn moat Impotiant stem, ae listed in Table B of Plate 15.
The bash shape factor for each storm wee dete~ed by supe~s~ the
basin outllne over the total-store isoh~tal -p p=pared in the Part II
Sto= Study, planlmetering to dete~ne the s-me depth of mlnf~ vithln
the basti outltie, and ditiding thle wlue by the am-e Mall depth
for a co-eponting size =8 as reti f- the ~ depth-ma-~ to?
the storm. Results are Meted in the 5th, 6th, and 7th columns of Table B,
Pbte 15.

(6) ~pth-area-duration data for the seven most ~rtmt
sto- included in the study, lnclu~ng ~ustments for tmnsposlt ion and
basin shape, are tabulated in Table B, Plate 15. FoUowlng a gene- cm-
-son of tits shown on Table B, co~lde=ti on of seasonal ctiterlstics
of floods In the basin md the pxubuhle *ffects of =semir operations on
the re~tlon of =off, the t=aposed =d ~usted ston of 23-27 -h
1913 (OR 1-15) vas selected aU the 120 huur S= for the Cumberland basin
above Old Elckory, Term.

(7) AveWe -all -d ralufe31-excess q~tities for 7
sub-tisions of the --e area wre computed by 6-hour t- Inte-s
d- the 120-hour SPS, as e~hlned In ~=ph 3-02 ~.

Footnote: ~~seible rotatlm of lsoh~tal pattern was assumed as 20 degms,
but was lees in the seven stolme Mated in Table3 of Plate 15.



b. glo: c- atim of SR3 mnfa and MU Reoss
for ~rland River Basin above Old Elckory k site.

(1) He outline of the _rland baa~ VM 8upe~-4
o=r the totd-tie= i80h~t~ map of the 23.n March 1913 (OR 1-15 sto=
h the seam poeition assumed h c~~ the “basin shape”factor~femd
to In sub—~ h 3-02 a (5). Portions of the Isohyetal.-p tithln ●ach
of se=n sub-d.ltisionsof the bash vem planimetemd to dete-e the
amrsge depth of t@al.stonz rainfall befo~ ~~nt for tqsition.

(2) The tmpoaltion ~~ factor for e~h of the
seven sub-areas of the baa~ vere interpolated m a st~ght llne basis
frcsn values dete~ed by the _meteomlogical Section of the Weather
~au, for CMsvlUe, Term., and Burnside, ~. The total stem rati-
fall values c-ted for each of sewn sub-areas vere ~tiplied by the
appropriate tmnspos~tion factom to obtain the total-stozm SPS precip-
itationfor the ma.

(3) Precipitation stations vithti the out~e of the
Cumherland basin as supe~sed on the isohyctal ~p In step (1), and
stations ZMately ~acent thereto, W= listed on Stim Study Wna S-108
8-X the ~atlms as they appemd In the sub-areas. The ac~tim
p=cipitation at ●ach of these stations was then copied - the Foxm S-10
tatitions of the Fart II StomtStudy data.

(4) Average mass curves of -steal rainfti for the
23-n -h 1913 otortu(OR 1-15) ~re c-ted by 6 hour lnte~s for
each of the semn sub-areas of the basin, using data c~iled ti steps (1)
-d (3)~ follo~ the S- pmced~ used In cmtlng average =ss cur-
ves for “zones” In Fart II Stem StuMes (See Supplement C to ~ineer
~etin = No. 10, 1936 Form S-I.2). ~ese ave~e =ss c- ~ues
we= then @ueted to comspond to the S= minfall Wues for the
respectiw sub-mas, and 6-hour Increments of rainfall durm the SW
were reduced from this cum.

(5) Rainftil-excess during successi~ 6-hour pefiods of
the S= we~ c~uted by subt~t~ losses co~spondlng to en Infilt=tl=
Index of 0.02 ~ch per hour, tich confo~ to values deduced fzum an anal~ls
of a number of actual tinter floods in the area.

c. Variation in ~edure In Computm *infall-ticess. In
casputlag ralnf~l-excess mlues for the ~-hour SFS discussed In para-
gmph 3-02 b, 6-hour average Xosoes otir each uub-erea wem subtmcted
fxwI 6-hour a=~e ralnfti values for the seam c~site area. Treat-
ment of ●ach sub-area as ● unit wan satisfactory in the ~icular studY
becauseof the =ry low InfiltratIon index hmlved. Eowewr, in studies
applicable to drala~e basins of stilar size in which infiltration losses
are mlatlvely h~n, rainfall-excess q~tities shouldbe computed for
a-a sub-dltision corresponding to Thiessen polygons surrounting each
pmclpitatlon statIon, In order that appropriate Uowsnces my be made
for areas not co~md by rainfall exceeti~ losses during each period of

the Stozm.
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d. _le: SPF Seties. The defimtioa of 6 “SPP S*ries” for
the 11,700 sq. ti. drainage of the Cumberlsnd M-r basti abow Old Wckory,
Term., Covesng 6 4 + -nth Peflod m 23 Dec to 7 Uay im Outllned bebv:

(1) ~ovs for a three-mnth pefiod anteae&nt to the 8PF
flood -m aamd as equal to dailytischargeorecorded d- the pefiod
~ 23 bC 1932 to 22 Mar 19330 The purpose Or Includlng the “-tacedent”
flows was to protitia concretebasis of dete~ the stetua in exlstlng
M anticipated msemira In the bseti co-sponting to Xunoff contitiona
consldrred =aaonably Mkely to prevail ptior to the SPF. mrr m
the t--month period eelected was approximately 25 percent above the
am-e observed for the months of J~, Febxuary and -rch over ● 29-
YSM period of record fm 1919 to 1947. The ~ws by months were also dis-
tributed fairly uniformly and ~ationa we= fairly repmaentatlvc of flood
sequence obsemd d- the period of mcoti, excluting e few yesuYIof ext~-
o~ flood occ-nces. Although the general criteria adopted for sel-
ection of the “mtecedent” flow data are In tMs case tiitrary and eub$ect
to appreciable ~ations on the bmls of personal ~u~nt, the procedure
was ~pted as an expetientin tiew of the necessity of tak,lngtito accomt
the effects of antecedent conditions on muting of the SPF. It is ap~nt
that the cfitetiafollowed wlU mqulre ~ation8 In other cin-t-ces 8
but it is believed that reasonable results my be obta~d by ●xerctsd of
Ju@-t on the part of ~u.lic engtieere nsponsible for ouch stuties.

(2) Flowe for the 15-day petiod fxum 23 k to 7 Apr wre
c-ted from rainfall-excess est~tes derlnd from the selected 120-hour
stan~ pro$ect etonn which was based on a transposition of the 23-n Mar
1913 stem (OR 1-15) as discussed in paragmph 3-02 b.

(3) F~.Owsfor a 30-day period subsequent to the SPF wem
asswd as equslto daily discharge recorded d- the period fm 8 Apr to
7 My 1933. The 30-day period of flova “subsequent” to the SPF was ticluded
to petit a calculation of the the reqtired to draw down the resemlre
if runoff should equal approximately the ammge obsemd for comspoad~
pefiod onr the period of record. In general, the derlmtion of a SPF
Series is required only when mff before or afier the SPF is ~ely to
-uence conclusions reached by mut~ the SW h-graph thm etorage.

343. USE OF SPS G~= D--H C!UR~ ~ SELECTION OF STOM
~R COWARISOH. The genetized curves and data shown on Plates 5 to 9,
=y be used ti the selection of stem for detailed comparison In pm-
SPS est~tes for --e basins up to 20,000 square miles, In lieu of the
procedure out~ed h sub-paragmph 3-02 e. b this mer the nmber of
stonas re~~ det~ibd mtudy to dete-m ctit%cal mod producing capa-
btities may be reduced to a G -r. The ~r of the procedure
should be mabswtially M outllnad In ~=pha 3-02 b to 3-02 d.
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*1. G~ The purpose to be eemd by SPF est~tes - dls-
cu9ued b-~ ~ ~~ha l= and 1-08. ~ ~ caaeo the SPP est~te
=7 have ● 4or W- on eelectlon of the design ~ for a particular
pn$ect, uhe~ao b other caaes the eot~te My se- only aa an tidlcatton
of thq ~lal de- of protection p~sed for the project. SPF estimates
u’e useful la connection with p~tic~ all flood control @Wst@tione
but to reduce the work ~~d la pm~ect 6tudles, preparation of Sm
est~tea is required only for those pro~eots in tich the proposed des~
flood is ~0 re than one of eut~ted 25-year ~quency. To -her reduce
the W* inml~, approximate eot~tes ~ acceptable~em It la apm
that the des~ flood is strictly mted by ectic consldcmtiona and
is mabatanti~ less then the SPF. The ba81s of SW eetimates should be
clearly stated fi each cane.

4-02. Omm b mmom. Por convenience U refemnoe ~mph
4208.11 (Wtised -h 1951) is quoted below:

“Oesctibe any “standard ptiJect flood= est~te estabMahed aa a cfiterlon
h analyzlng flood possibilities and flood control m@mnts, eve the
baalo for its defi-tion and c~ it with floods of ~cord and tk
“des~ flood” ~y selected ae a baeis for the pm~ect des~. St~
pmJect flood dete~tlons till be pre~ for 100al flood protection
pro~ects titended to protect aga~t ~ (greater than those) ha- m
ave~e frequency of exceedence h the o-r of once in 25 yeara, and such
est~tes till be mabmitted to the Chief of ~lneera for appnval prior to
incorpo~tion into the w-y nport. Stendati project flood est~tes ~
be p~pared for flood control and ~tlple-purpose mservoim, but uuch
estlmates need not be aubmltted to the Chief of ~ee~ for advance appm~
unless conslde~d adtioable by-the repotii.ngofficer. Eat~tes will be
pmpa~d mbetantially In acco~ce with tecmcal lD6tmctlone iseued by
the Chief of ~tieers”.

&03. MR D~E PROJK!TS. In accordance ulth the O&R cited-m,
SPF’eetimateswill not be requlmd for -or dra~e” pro~ecto unless ouch
pro$ects se- aleo to pmtide protection =Unet flooti greater than those

having avc~e ~quency of appm~tely mce In 25 yeare.

4-04. mAL mmoN Pm7R!Ts. SW dete~nati~ ~ ~qulred for
local protection pmJects ticludcd In ~y reports that are Intended to
protide protection agalnet floods mater than those ha+ an ave~e fre-
quenty of occurrence of appmx~tel~ one in 25 ~ars. SPP eet=tes should
also be Included la Deftiite ~ject Wports, design ~renda, and other
special reports pertain- to the selection of design flood cfiterla for
local protection pro~ects; in the ew~t estimates havu been mi~tted to OCE
M reports bea~ specifically on SW dete-tiona, Inclusion of appmpfiate
mfemnces and e~eo of reeult~ wIU suffice for report purposes, although
Inclusion Or details petialn~ to prior SW esti~tes w a matter of reco~
18 deslmble where this c= be accomplished without -due expense.
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4-05. ~~VOIR ~. In some ~tances SFF eattites oerve u
the primary baels for selecting the oto~e capacity of fl- control mser-
voiru, and h such caaes the ●otlmate sWd be pm-d ulth eubstantitiy
the same cm and detdled study obsemd in comectiom vith dete~tiozu
for local pmtectio~ pro~ectm of c~ble lmpofiance. Huvever, in met
ca8ea selection of sto~e -d outlet capacittea for Rsemire m governed
by -iderations other than the SPF estimate, in tiich caee the SPF est-te
S@ of cecon~ ~rtance and may be appmrimated satiafactotilyby aaaum-
~ that the SPF equals 50 peroent of the epillmy des~ M for tha
proJect. (See ~ 24.).

4-06. SUBMX9SXON OF 9PP =TW= TO OCE FOR APPROVAL ~OR ~
momRATIoH m mm.

a. All SPF eottites required for inclusion h ~y =ports
under Instructions discussed abom should be submitted to OCE for approval
pfiorto i.nco~xntionin the ~y repofis,ulth the foUoulng exceptional

(1) S~ eet-tes for W drainage mat (lose than appro-
ximately1000 aq.Mien) baeed on generalized ra=~ cfitetia and pmcedurea
precented herein need not be eubmitted to OCE for adwce approval unless
the reportingoffIcerconsideM advanceapprovaladtisableh epecificcaees.

(2) SPF est-tea prepared for Indltidual resemire need
not be uubmitted to OCE for admce approval unless the est-te constitutes
the p= baeis for selection of the reeervoir otorege and outlet capacities.

b. With reference to SPF esttitee related to Definite -sect
kports and special atutiea, attention is titited to O&R, paragmph 4~4.10 h,
h vhich suWssion of appeatices or portions of repofie cove- hydrologic
featu=s for advance appm- by OCE is outl~~ed. SPP est~tes required
under Inetzuctione prese~ted above should be ticluded h mch admce uub-
tisslons. In special ca8es, conferences should be a~ed to pennlt m-
tiew o? S~ est-tes and =lated hmlogic dete-nations that have a -or
be- on the selection of deelgn -de for *rtant projects.

c. SPF esttites submitted for approval of OCE should be accm-
panled by eupportlng Infomtion, -d a statement indicating the purpose of
the particular estimate end the probable Influence that the est-te WU
have on selection of the des~ flood for the pro$ect involved (See pua-
graph 4-01)●

BY ~ OnER OF THE CHIEF OF EXi~ :

St@ey G. Reiff

ST- G. ~
Col.08el,Corpe of ~ra
hcutive
Citil Uorke
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~PARTMENT OF THE ARMY CORPS OF ENGINEER!
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FIG. (b) TTPICAL ARRAN@MENT

Of 6--R RAINFALL
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FIG. (C) TABUUTION W 0AT4 F- Fffi (a)
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DEPARTMENT OF THE ARMY CORPS OF ENGINEERS+

TIME DIS~IBUT1~ OF Mm -UR SPS RAINFALL

Iiainf U T~ m 6~our S= Rainfall,
Perio~ Exnressed in Percent of Total 6-Hour Rainfall

(~~~~;ton

?eriod) 6+ours 340urc 2~OU8 l-?iour

tit 100 33 26 10

2nd A 53 12

3rd 239 15

~th 38

Sth u

6th 11

T~AL 100

-~t ~o ‘801ected tmit rainfall duratim,m ~ 1s de~

If~iebetmn 6andu, uee~= 2

EtPimbetueen 4and6, wo~:l

W*(b .i”f”6s
VIL WORKS ENGINEER BULLETIN S2-8 PLATE NO. 1i

bam*9.



Zu) “ *

— .
IL WORKS E~lNEER BUETLN 52-8 PLATE NO.12



}.

2.

3.

Projoct hcotion: Lo?. 37; L-. 9*D (Index foinfotl* 13! y.
/so@ets cmres~ti fo tbs. of Plot. No. 12 with perce~lfoges

multiplied by index roinfoll of 13.5 rnchok

for definition ond opplicotion of mit -hydrogroph symbofs sw

Efigineorim Monuol for Civil Works, Port CXf V, Chopl(.r 5.

4. Ct onU Cp hosed m floods observed ot qoging stofI(vIs f at.

5. tR hosed on crtterio on PYote No. }1.
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STANDARO PROJECT STORM STUOIES

ILLUSTRATIVE EXAMPLE

APPLICATION OF ISOHYETAL PA~ERN
(MAXIMUM 96-HouR PERIOD OF sps)
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