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FOREWORD

This report is composed of threc volumes: Volume I
is the Research Report; Volume 1! consists of recommendations
for establishing design manuals and Appendices B, C, D,
E, F, G, and H, which are the design aids required for
establishing design manuals; Volume III consists of Appendix
A, an accumulation of the data base used in the study.
FHWA chose to arrange the repcert as described to facilitate
distribution of the results. The methods reported herein
and designated as the Fedecral Highway Administration Methods
are designed to he applied to watersheds smaller than 50
square miles but may be used on areas up to 100 square
miles in size.

This document is disseminated under the sponsorship
of the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for its contents or use thereof,

Sufficient copies of Volumes I and Il will be dis-
tributed to provide a minimum of one copy to cach FHWA
Regional office, FHWA Division office and State Highway
Agency. Volume IIT will be distributed only upon special
request since it will be of interest primarily to individ-
uals wishing to verify equations or develop new equations.
Direct distributicon is being made to the Division offices.

e T Al
Charles F. Schgifey

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The
contents of this report reflect the views of the contractor, who is
responsible for the accuracy of the data presented herein. The contents
do not necessarily reflect the official views or policy of the Department
of Transportation. This report does not constitute a standard; specification,
or regqulation

The United Srates Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein only because they are considered
esgsential to the object of this document.
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INTRODUCTION

A baesic consideration in the design of bridges and culverts is the estie
mation of the rate of runoff expected during peak flow perlods. The most
widely used methods for this purpose have been either a hydrograph synthesis
approach using rainfall-runoff models or empirical equations relating hydro=
climatic and physiographic properties to a peak flow of a selected return
period. Since only the peak flow is required for the design of most minor
highway drainage structures, only the latter type methods have been considered
in this study.

A detailed examination and verification of the Bureau of Public Roads or
Potter’s method (ref. 1) for estimating peak flow of specified return periods
was conducted. Updated equations were derived using extended flow records and
the most recent maps to derive the most reliable flow frequency information
and to insure the correctness of the basic physiographic parameter measure~
ments, Potter’s method was judged to be soundly conceived and the revised
equations did significantly reduce the standard error of estimate when tested
on 25 randomly selected watersheds not used in deriving the equations,

The work of Boch, Enper, Malhotra and Chisholm (ref. 2) conducted for the
Federal Highway Administration was also reviewed as an aid in developing a
modified form of Potter’s method for the entire Uinited States and Puerto Rico.
Their work consisted primarily of applying multiple regression techniques
relating the peak flow to combinations of up to 28 different hydroclimatic-
physiographic parameters. Edighty-four different equations were derived and
published for estimating the peak runoff rates from the contiguous United
States but the inherent simplicity of Potter’s original work in which only
three predicting parameters are used was lost. The numbetr of equations pre-
sented and the difificulty of obtaining some of the basic parameter wvalues tends
to overwhelm the average field engineer and he gains the impression that it is
just too complicated to be useful to him. These factors were kept in mind as
the research was conducted in extending a Potter type method to the entire
United States and Puerto Rico. A multiple regression (MR) approach was used
instead of the graphical correlation (GC) approach of Potter because the
derived relationships from the MR approach are not scale dependent and because
the MR approach fully exploits the interaction that may exist among the pre-
dictor variables in reducing the variance of the prediction estimatee.

In addition to producing a method no more complex to use than Potter’s
the concept of risk was also incorporated into the design procedures, By risk
is meant the probability that one or more events will exceed a given peak flow
within a specified period of years. The return period of the design flood
peak can be medified according to the risk that one is willing to take in con-
junction with the usable lifetime of the project.

1



A final concept introduced into the design procedure is that of the prob=-
able maximum runoff peak derived as a function of watershed area. The flow
obtained from this relationshilp is considered to be the upper limit that may
be anticipated from the particular size watershed drainapge area and may thus
be considered the ultra=-safe or most comservative design flow peak realistical-~

1y expected.

All of the basic equations used in the design procedure are included in
the manual or the appropriate appendix as well as many of the corresponding
graphical solutions so that the field or design engineer may solve the equa=
tions on his pocket calculator if he so desires. This also facilitates the
preparation or modification of the graphs into other forms that some may feel
are more useful.

The authors emphasize that the method presented in this design manual is
particularly intended for use on watersheds smaller than 50 square miles but
may be used on areas up to 100 square miles. In addition, it is realized that
as time goes on and the method is used, data for improvements will become
available so that the exact procedures will be subject to further refinement.
However, it is believed that the material that follows does present a greatly
improved method for estimating runoff peaks more simply and reliably than
previously existing methods.



DESIGN PROCEDURE--FEDERAL HIGHWAY ADMINISTRATION METHOD

The design procedure for estimating the runoff from small rural water-
sheds, herein designated as the Federal Highway Administration (FHWA) Method,
is outlined schematically in Figure 1. There are nine basic steps involved in
estimating the design runoff peak necessary for sizing culverts and other high-
way drainage structures. Each of the steps is described in detail as follows:

Step I. Delineate the Watershed

The watershed is delineated by first plotting the culvert or drainage
structure site on a suitable topographic map. The United States Geological
Service (USGS) 1:24,000 scale map is recommended if available. The 1:250,000
Army Map Service (AMS) maps distributed by the USGS may be used if the drain-
age area of the watershed is large enough to insure its accurate determination.
After locating the drainage site, carefully outline the watershed boundaries
on the map and then measure the watershed drainage area, A, in square miles as
accurately as feasible by use of a planimeter, dot grid or other suitable
intergrating instrument.

Step II. Determine the Probable
Maximum Runoff Peak, Qp(max)

The probable maximum runoff peak is calculated as a function of the water-
shed drainage area from the equation

- 1013+92 +0.812 (log A) ~ 0.0325 (log A2}
Qp(max) )

in which
Qp(max) = the probable maximum runoff in cfs
log A = the base 10 logarithm of the watershed drainage area measured
in square miles.

+ e . . (})

Alternatively, Q (max) Bey be obtained graphically by entering Figure 2 on
the horizontal axis wgth the area, A, moving vertically to the curve and then
horizontally tc the left where Qp(max) is read from the vertical scale.

At this point in the design process, two decisions must be made. First,
if the design requirement specifies that the drainage structure be designed for
the probable maximum runoff peak because of the serious consequences resulting
from a failure and if it is feasible to install or construct a structure that
will safely handle such a large flow, the design flow becomes and the

: (max)
design procedure is complete,



1, DELTMEATE WATERSHED

Locate structure site on topographic map,
oitline watershed boundary, measure area
and locate centroid of watershed,

11, LCCTCRMINE PROBABLE MAXIMUM RUNDFT PEAK

10 [3-92+0.812(Log A)-0.0325(Log #)2]

O (max) =

111, DETERMINE REQUIRED MYDROPHYSIOQGRAPHIC PARAMETERS
A. Isg-erodent Factor, R ’ \
g. Elevatiog Differﬁnce, DH A DESIGN

. Percent ‘Surface Water Storage Area, $ BASED (N g =

D. Hydrophysiographic Zone ’ ptnaxy? DESIGN ~ “P(max) o=
E. Prineipal Draihage Channel Length, L max)
F,  10-year, 80-minute Rainfall, P
G, Lumilative Channel Length, LL
H. 10-year, I0-minute Rainfall Intensity, Pm

IV, DETERMINE ESTIMATED 10-YEAR RUNOFE PEAK, § Is A

‘ 210 !éi, MINTMUM CULVERT

SIZE SPECEFIED
BY' AGENFY? .

Select appropriate equations or nomographs and
celculate 4. (Adjust for storage if S is

greatar than 4 percent of A,)
Yes

¥. DETERMINE RETURN PERIOD FOR THE DESIGN FLOW, TD
Consider any risk of exceedance, Re, that may
be specified.

Re =1 - {1~ ;)" {see Fg. 6)

=1 Ypestan =

T —— (see Eq. 7}

LTS

VL. PREPARE EXTRAPOLATION CURVE FOR DETERMINING 9
Fit smooth curve through Oy 43, 8,4, Qg and

0100 on syitable probability paper.
. , CONFTDENCE No -
VII. DETERMINE QTD FROM THE CURVE PREPARED IN VI [NTERVAL NEEDED? — QTD
Yes

YIIT. DETERMINE CONFIDENCE INTERVAL ABOUT Q'l’
1]

Fstablish upper and lower values for 90

and repeat Steps VI and Y1I for each to
cbtain QU and (]L about (IT raspectiveiy.
D

I8, SELECT Qppo oy EROM Oy, QTD AND QL

‘ SToP )

Figure 1. Schematic diagram of the design procedure for estimating peak runoff
from small ungaged watersheds by the FHWA method.
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Figure 2, The probable maximum runoff peak curve for small watersheds in the
United States and Puerto Rico. (See also Figure 31 of Volume T,
Research Report.)

Second, if the agency has a policy that specifies that no culvert smaller
than a minimum size will be used, the carrying capacity of that minimum size
culvert must be calculated for the particular site delineated in Step I, This
flow, designated as Q,, is then compared with QP max) and if QP max) is less
than Q. the design flow is taken as Q. and the minimum sized culvert specified
by policy is adequate to carry the ultra~safe or virtually no-risk flow,,
Qp(max)- However, the more usual cases of estimating the design flow, QTD,
will require completing the remaining steps. . :
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Step III. Determine the Required
Hydrophysiographic Parameters

- The parameters that must be determined will depend on the particular
equation or nomograph that is selected for use. Pour different sets of equa-
tions have been derived and are tabulated in Tables K~1 through Be«4, The
estimation errors, etc. associated with the different equations are summarized
in Table g~-5,In addition to the drainage area, A, which has already been dis=
cussed in Steps I and II, the remaining parameters that enter into the equa-
tions are now described in their order of importance.

a. Iso-ercdent factor, R. The iso-erodent factor is a precipitation
parameter defined as the mean annual rainfall kinetic energy times the annual
maximum 30 minute rainfall intensity. In order to determine the R value, the
centroid of the watershed delineated in Step I must be located by eye and its
latitude and longitude recorded to the nearest minute. Then, read R for the
latitude and longitude from the proper iso=-erodent state map given in Appendix
C. This parameter is used in all of the equations.

b. Elevation difference, DH. The elevation difference is determined
from a topographic map by taking the difference between the elevation of the
main channel at its most distant boundary as measured along the channel and
the elevation at the culvert or drainage structure site. DH 1s used in nearly
all of the equations and must be measured in feet.

¢. Percent surface water storage area, S. Storage is defined as the per-
cent of the watershed area covered by lakes, ponds, swamps, plavas, etc. It
is determined from a topographic mep by planimetering or otherwise measuring
the surface water storage area within the watershed delineated in Step I, then
dividing by the watershed area, A, and multiplying by 100.

d. Hydrophysiographic zone.. In general a less biased and more precise
estimate of a dependent variable may be obtained from equations derived from
homogeneously grouped data. Consequently, the contiguous United States were
divided into 22 hydrophysiographic zones by grouping the physiographic sections
from the Fenneman and Johnson map (ref. 3) according to whether the gaging
stations within the section had nonsignificantly different 10-year peak flow
depths (q1O/A). The hydrophysiographic zcnes for the contiguous United States
are shown in Figure 3 and are given in Appendix B on a state~by-state basis.
The particular hydrophysiographic zone for a watershed is determined by enter-’
ing the proper state map in Appendix B and reading the zone in which the
centroid of the watershed delineated in Step I lies. Alaska was treated as
a separate zone, zone 23, and Hawail and Puerto Rico were combined to form
zone 24. The hydrophysiographic zone is necessary only if a zonal equation
is used or if an adjustment to the all zone equation value is desired.

e. Principal drainage channel length, L. This parameter is defined as
the length in miles of the principal drainage channel from the structure site
to the upper boundary of the watershed. It is needed only if the 5 or 7 param-
eter equations are used.




Table 1-A. The 3-parameter all zone regression equation
and correcticen equations for each of the 24
hydrophysiographic zones of the United States
and Puerto Rico. (See also Appendix H, Tables
H~1 and H-4.)

All Zone Equation - Q,, = 1.28015 A%-56172 094356 [ 016887

Zone Correction Equation

01 Yoy = 0-16166 31300
o By = 210583 5%
03 Sogo = 301000 2554,
04 oo = 094710 LS,
. a10(K) = 002681 ?‘1:(':(838:?; )
06 Goay = 116675 yan
07 axo(l() = 0.10677 [1;63(83!2%)
08 Sy T 074039 Gl

09 cAlm(!‘:) = (0.17280 211:(633:;)
0 Eim(}{) = 001207 El::(i‘a’fgoz)
11 Qo) = 024744 ’c‘l:o!és:sz )
) éim(K) = 0.64332 a::éﬁ%)
13 CAho(K) = 0.98668 3113(“5’,22 :
14 Eho(l{) = (.34563 a:}féﬁfz )
. Qoxy = 098994 qosasss
16 Ei,o(xy = 0.60069 a;ulélwz )
1 ano(l{) = 0.57246 a;g’(‘g:%)
2 (Alxo(K) = 235251 El?;fg,% )
19 g = 244503 G5
20 Qo = 017546 Qioyay,)
21 Gogey = 016894 G208
2 Gy = 015938 G250,
23 £hoasc) = 030461 ﬁi;‘(’;":g
24 an(K) = 0.87269 a:aoéﬁ )




Table 1-B. The 3-parameter regression equation for each
of the 24 hydrophysiographic zones of the United
States and Puerto Rico. (See also Appendix H,
Table H-1.) .
Zone Equation
All Zone &d = 178015 AP56172 go94sse Holsssv
0
1 &'10 = 0.02137 Aﬁu43975 Rl.]5383 Dl_fl-7m53
2 &m = 11.8893 'Ao.snss AR 039510
3 ‘i = 104104 A™5%? g 0.69141 )5
16 ’
4 (’i = 76.7226 A0.64795 RD»24'T44 DH0403545
10 :
5 {im = 1.14060 A%B1060 p0.81127 py0.16225
6 §, = | (03658 4032735 p-2.07865 1y0.711475
10
7 am = 141,135 ADB85T 043043 [y 043981
8 §, = 950775 AOSEN gooTIss DE8493
10
9 (*lm = 0.5005] A9 QOIS [30.39729
10 3 e 0.000613 AM0SIS R381I4 0S4
10 :
1 §, = 111147 ADETEIS 076204 058914
10 :
12 a = 0.0196] AP4TOL Rl8758 yp0.30700
10 .
13 a = 618115 AM6669¢ RO87M34 11001023
10 ’
or Q. = 66082 APSTSE goeNI
10 ’
14 Ei = 0.00353 AOAZSGZ Rl.wssz DI_}O&ZGBO
10 ’
15 a = 412,131 ALOOBS2 pOASNT [p0.18943
10 :
16 El = §00340 AL pO1IEL 1ypr-0.02694
10 .
17 & = 41165 AP95643 pO901I6 1ypr-0.49291
10 :
18 a = §300 80 Aﬂnﬂl'l‘?ﬁ Rﬂ.m?sa DH‘D.QB“9
10 ’
19 &m = 0.67503 AVH0P R1-26T6 11024140
20 a = (.88267 AM9%684 QL0137 [y0.06857
10 :
2 am = 880006 ADSHT RPAI04 1yp0.13987
22 a = 0.76272 AD.69452 Ro.ssau DHD.ZS’!'I'I
10 '
23 (’i = 968777 Ao999'75 Ro.mms DHo.sqsts
10
24 am = 12.8566 ADH6ESH RIATAI L0374




Table 1~-C. The 5-parameter regression equations for each of the
24 hydrophysiographic zones of the United Stateg and
Puerto Rico. (See also Appendix H, Table H-2.)

Zone Equation

AliZone  q, = 15102 A®477 RO-8386 DpO-17I6 (01764 p0.34r
1 Clm - 0.31006A-0'16” RO.I‘Q"IS DHO.&QG[ Ll.l‘aO P63°.3884

2 4, = 22.5512 AR067 0S4 013 10497 p0.1m27
10 Ll . w0
3 am = 13054 AD?M p0560 OSET25-0.7957 P;io.sau
4 4. = 43.1724 06940 pOISS1  [yr0.0566 § 01062 p1i102
10 : 0
5 am = 1.6364 AlUIT QU647 01830 [ 0.4034 P&.}zna
. am. = QO2UI6 ALOBSE RSO97T  pL7S6 y 12867 P;;M 327
7 Q. = 320432 AOSW RO-36%0 DHo.uss LO9603 po.7a3
10 : 60
8 Q. = 53.0874 A8 ROINS 0319 06958 p0.2225
10 : 60
9 4. = 77165 AVSHA ROOSAT [)0.3865 70090 pos11T
10 : 0
10 &10 = 35.8044 Al6963  pOA101  [3110.6609) 0.6123 P::”a
11 a“) = 5518.33 Ao-aﬁﬁﬂ R:1-4337 DI_IO-'HIS L'°-6144 P:D-SZ“S
12 Eilo = 000404 A'O.1357 R2.0116 DH0.2913LI.0946 P;g.ﬂasl
13 am = 190897 AD7PS  ROSIEZ  [ypy0.0065 [ -0.3461 %9359
14 §. = 10307 40927 pISI6E 10834 1568 p0.2637
10 60
15 &10 = 227.5250A1002  R0-2607 1301702 -0.0099 P;ASQI
16 am = 530760 AD2406 RO 103647 0.9600 P;’Mo-r
17 Eh = 180037 A8562 QL1895 [pr0.5077 01432 p-1.528S
0 ' 60
18 2110 =713.6830 A04249 ROT3Z  [y1y-D.4949; 0.6922 P;.s'ms
19 Elm = 0.7227 A04635  pl2180 111025697 0.0656 P;g.zow
20 a:o = 19367 AO9381 p0E3:2 [y0.00420.00042 Psxo.uze
21 am = 15.8713 ADM02  pp3027 DHC-0516 1 03632 P;;mo
22 Q. = 23789 AP RO DHOVS14 04756 po.s18s
10 ’ 60
23 Insufficient observations for deriving a 5-parameter equation
24 a = 14200 AS6925 Q08T [py06376[0.5060 p-1.1m6
10 ' : 80




Table 1-D. The 7-parameter regression equations for each of the
24 hydrophysiographic zones of the United States and
Puerto Rico. (8ee also Appendix H, Table H-3.)

Zone Equation
All Zone aw = 1.8816 AC-3977 RO-E32I pypp.1461] -0.0236] ] 0.2613p0 1891 P&'““”
1 am = Q79593 402759 RU.7417 0174102372 | 0.7087p19.7125 p-l6.18as
2 alo - 10~T.1187A0.8271 120.3514 D}f)3154L-0.9658 LI_?.3?.87P11‘;7.2401 Ps«;v.zzaf.
A = r16.2007,0.9416 pC.1385 3787 1-0.5201 04639 34,1201 p-31.9517
3 §, = 1078204 R DHO377L LL0-1639p 34.1281 p3
4 am = 2].8893 AO695¢ RO-1096  [3140.0598 1 0.1066 LL'°'°°“P;°{',5°°“ Ps’(;“‘”
A - 10119 03553 2164 7-0.1787 1 1-0.1748p2.5203 p-0.0776
5 g, = 29109 A 23 DHO3144 [ LL Y Pe
~ = (51798 4 14381 54283 7420 1-1.3539 1 7-0.0742 p-2.6780 p-10.9168
6 g, =10 A R )2 WAC b LL p2 !
A = 106-6019 2 0.7048 1502011 1907 ¢ 00621 1104642 p-s2707 plO.1224
7 q, = 10 A R DH*%7L L1’ P37 P
o = 0911 0250 0988 1 0.§322 03114 15268 03197
8 9, = 24.1002 A° K DH® L LE P, [ A8
- = 0379 01432 3401 70,8917 0.2879 09655 p1.8748
9 9, < 50.8080 A R DH° L LL Pl"; |
10 am = 1050850 20.0400  pAIZTA  [ypi-1.0786; D.4183 | 10.8884 Pir:).-n-rs P:O.zﬂs
N = 0.8616 -1.3781 6271 1 -0.7835 0.1630 DS.9753 -3.6368
i1 G = 597844 A R DT LI P P
- - 0.5358 1.3781 14387 1 0.7667 09198 1-8.7780 9.3897
12 9%, =807.3722 A R DH® L LIS Pm Peo
-~ — 0.7761 0.4431 .0095 104107 0.1424 pl.1422 -0.1525
13 q, = 64357 A K DHO-0098 17 LIf Lo P
- - ~£.3129 5 1.1471 2.3578 12258 1-0.9411 0.5105 p4.8292 -5.6504
14 9% 10 AR DH r LL L L
- - 0.8433 -.2586 1705 -01117 02228 pi.1934 1.6825
15 q, = 5537504 R DH* ™5 LL P P
- — 0.3052 0.7323 .39737 1.0963 0.1118 0259 1.4146
16 q,, = 574029 A K DH9-3%7% ] L P L
- - 0.5615 1.2801 67497 -0.0429 6.4032 1-1.5484 p-0.5034
17 q,, =1574954 A R DH-6249; LI L L
-~ — 16.0040 5 -0.1026 2.0758 .3202 7 1.3330 -0.0842 p-35.7861 pl6.6781
18 q, = 10 A R DHO-3202 1, 1 L P
- - 0.49¢62 1.2266 2391 7 6.094S5 -0.0867 p-3.7389 3.2559
19 q,, = 488575 A R NH3#1 LL L P
~ = 0.8760 T0.8465 02007 0.1091 01515 pe11600 19548
20 gq,, = 78890 A K DH-02001; LI L P
2 = 07867 1p0.2960 10539 10.3938 0.0486 p-0.4260 10.IH83
21 q,, = 26.7400 A iy DHO052 [ LL P Lo
~ — 01791 7746 DR85S £ 0.4975 0.2660 60977 4.2623
22 g, = 000184 A g DS [ LI 265 p&O¥T7 pd
23 Insufficient observations for deriving a 7-parame ter equation
24 0.0956

&lo =101.2426 Af).fm’?ﬁ R'.I 7080 DI_I-OA‘TI&GGLO.SZH LL0.1474 Pl'(l).6416 P

&0
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Table 2. Sdmmary of the prediction errors associated with estimating 10-year
peak runoff from the various regression equations given in Table 1.

Craremser nattons | -barmter Sostiors | hevmter Reactons| U ERE 1L e

Zone E,l o n PSpy  PS, T PS..  BS E Blpp PS5, r P8y PSpp  B5, T

ofe 3 % gy % gz ] ” z %
All Zone 1922 898 19 13 ¢.854 116 13 0.856 116 12 0.860 119 113 13 0.854
1 1058 42 84 13 0,774 76 it 0.844 67 11 0.876 97 92 16 0.595
2 4747 28 60 7 0.798 - 7 0.818 59 7 0.831 68 67 & 0.754
3 2295 14 108 9 0.925 110 10 0.930 97 n 0.934 105 105 9 0.912
4 1979 62 56 9 0.795 54 g 0.809 53 9 0.809 63 60 4 9.770
3 1432 35 4h 8 0.927 51 & 0.931 43 8 0.942 58 75 8 G.912
[3 214 12 &8 ? 0.840 32 & 0.970 33 5 0.971 92 92 io 0.622
7 2306 3 76 7 6.518 76 7 0.919 79 7 0.929 103 83 7 0,893
8 2679 29 Sk 7 0.952 47 & 0.364 44 1 G.958 27 oz 7 0.944
9 . 1170 37 83 3 0.850 87 g 0.865 83 8 0.879 88 88 9 0,800
10 1986 10 €7 12 0.882 63 13 0.908 47 17 0.914 7% 83 14 0.745
11 4320 32 43 T 0.90z 42 & G.921 39 6 ¢.923 81 6L 9 0.764%
i2 461 34 115 21 $.672 115 20 0.743% a8 19 0.793 105 107 23 0.587
13 2260 166 83 12 0.897 82 12 0.899% 85 12 0.801 108 9l 13 0.887
14 1304 30 132 17 0.762 134 i7 0.789 133 18 U.796 133 121 18 0.704
15 356 3? g1 14 0.795 91 14 0.300 87 14 0.808 118 101 21 0.375
16 624 21 95 3 0.897 73 7 Q940 7z 7 0.941 48 73 8 0.893
17 368 56 89 15 0.78& Tt 14 0.809 76 14 0.825 107 98 18 0.622
18 1311 14 107 23 0.643 |. 88 24 0.708 ny 20 0.857 143 124 23 ¢.520
1% 1586 40 a3 13 0,833 82 13 0,833 82 13 0.838 125 84 12 0.807
20 739 42 103 10 0.926 104 9 0.935 106 10 0.937 103 131 12 0.883
21 1625 68 67 8 0.924 58 7 0.931 (1 8 0.911 94 138 11 £.836
22 1013 22 36 5 0.974 34 4 9.979 3G 4 0.986 45 38 3 . 566
23 2519 & 35 5 0.961 - - - - - - 47 40 & 0.886
2% 12277 18 36 3 0.882 42 4 0.917 - 34 [3 8.924 92 72 "8 0.772
Average error of estimute 77.3% 73.3% 11.2% 91.5% 87.1%

Notes explaining the celumn hesdings:

13 the méan ten year peak flow caleulated from the cbserved ten year pesk flows for each zoue.

q
19
n is the number of watersheds used in deriving the eguation.
PSBE 15 the standard error of sseimate axprassad ag 2 parcant of the zone ?IU' It 10 calculated by the equation:
Hayg - 0000
PS.. - 402 10~ Tom
EE 3 n- 2
90
' Pse 13 the standard error of the log,, 1inear squution expressed as a percent of 1ogm7{m. It ig calculated by the
equation:
B 2
75 = .. 100 \/2(“’510“10 - Legiglioy?
o =
logig 110 o
r is the correlatfon coefficient between 99 and qm. It is calculated by the equation:
c - E(x -~ %) ¢y - F)

Vi - 02 v - 92
where x and y are any twe independent and dependent variables respectively.

df Degrees of freedom for hypothesis testing and varience cowputatlons, in genersl df = n -k = 1

k The number of independent variables used in an estimating equation.

£. 10-year, 60-minute rainfall, Pgy. The value of Pgp is the value in
inches read from the proper state map given in Appendix D at the centroid of
the watershed delineated in Step I. The values obtained should correspond
closely with those given by USWB 4 or Atlas 2 computations. P60 is required
only if a 5 or 7 parameter equation is used.

g. Cumulative channel lengths, LL. LL is the cumulative length in miles
of all drainage channels shown as blue lines within the watershed on a USGS
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7% minute quadrangle (1:24,000 scale) msp. If LL is measured from a 1:250,000
scale map 1t must be corrected by the equation

_ e 1.036
LL - 2.00 (LL250) o o 4 L] ] L4 » L4 . L » L] * . (2)

Alternatively, the-corrected LL value may be obtained graphically from Figure
4. This parameter is needed only if a 7-parameter equation is used.

100 :
T 1.036
80 ,. -2,
EPLL = 2,00 L2

60
50 (¥ = 0.83)

40
o 30

nN
o

ey

,000 SCALE MAP (MILES

N W Rt O

LL COMPUTED FOR 1:24

SRRk | T i e I
[ . i N S I : o B

0.3 1 2 .3 4 6 81 2 3456 810 20 30 40 6080100
LL MEASURED FROM 1:250,000 SCALE MAP, LL,., (MILES)

Figure 4., The relationship between LL measured on a 1:250,000 scale map to
that measured on a 1:24,000 scale map. (See Figure 37 of Volume I,
Research Report.)
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h. 10-year, 10-minute rainfall intensity, Py1p- The value of Py is the
value read from the proper state map given in Appendix E at the centroid of
the watershed delineated in Step I in inches per hour. This parameter is only
necessary if a 7-parameter equation is used.

Step IV. Determine the Estimated
10-year Runoff Peak, a10

The 10-year peak flow is estimated from one of the equations given in
Table 1 which relate &10 to the hydrophysiographic data determined in Step III.
For cxample, if the 3-parameter all zone equation 1s selected for this step,
only infermation through Step I1I»d would be required and ﬁio would be deter-
mined from the equation

.94 .
0.56172 RO 94356 DH0 16887

= 1.28015 A N &)

©0(3az)
given in Table 1-A by using the value of A, R, and DH evaluated in Steps I,
ITI-a and III-b above., If it is desired to adjust the all zone value for the
particular hydrophysiographic zone then gqq()y may be obtained from the proper
zone correction equation alsv tabulated in Table 1. For example, if the water-
shed delineated in Step I is in zone 22 then the correction equation from
Table 1-A is
1.30941 A

Gyoqry = ©-13938 dy53a7) Tttt

Alternatively, §jg may be evaluated graphically by using the nomograph
for solving Equatiom 3 and the correction curve for zone 22 solving Equation 4
contained in Appendix H-00 and H=46 respectively.

After the 10-year peak flow has been determined from the desired equations
or nomographs and curves, it must be adjusted if the area of surface water
storage, S, determined in Step III~c is greater than 4 percent. The storage
adjustment relatiecnship is given in Figure 5. Simply enter Figure 5 with the
percent storage and read the storage correction multiplier from the graph.

The product of §qg and the storage correction multiplier is the estimated 10-
year peak flow corrected for storage.

Step V. Determine the Return Period,
Tp» for the Design Flow

Often the return period for the design flow is specified by agency policy
as 50 or 100 or some other numher of years. If this is the case proceed to
Step VL with the Ty specified by policy. However, if the risk or probability
must be considered that one or more flows will exceed the design flow within a
specified number of years, usually taken as rhe usable lifetime of the struc-
ture, then the design flood peak must be modified to take this into account.
The modified return period for the design flood is determined by use of the
bincmial probability distribution given by ‘

PR=(1;)pk(1-p)n.k...,,..-..,,...(5)
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Figure 5. Storage correction curve. (Defines the relationship between the
percentage of watershed area covered by lakes, ponds, swamps,
playas, etc. and the multiplication factor required to correct a
peak runoff estimate for storage.)

in which
n = the usable lifetime of the structure in years
k = the number of flood events that exceed the T year flood event

. 1
the binomial coefficient, ki ?ﬁ-k}!

[EE)
b

the probability of the nominally specified design flood (p = 1/T)
the probability that exactly k flood events exceed the Twyear
flood in n years

vl
[ |

If we define the exceedence risk, R,, as the probability that a T-year
flood will be exceeded cne or more times in n years,

Re'_‘I-Po_-]-(-T) a-l-l!cl.-'o-()
in which
Po = the probability of no events exceeding the T-year flood and all
other symbols are as previously defined

Equation 6 may be used directly to evaluate the risk of exceedance to
ascertain its acceptability for the particular circumstances. If so, then the
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design return period is taken as T, the nominally specified design return
period, and one may proceed directly to Step VI. However, if the risk is
unacceptable or the risk has been specified as a design criteria, an adjusted
return period, TD’ may be obtained by rewriting Equation 6 as follows:

T = ___“1_'__ ° » . - . ° - ® . ° . - » - . (7)

D . (1'Re)1/n

The solution to Equation 7 is tabulated for several commonly used values
of Rg and n in Table 3 and a graphical solution is given in Figure 6.

Step VI. Prepare the Extrapolation
Curve for Determinigg»QTD

The extrapolation curve is prepared by plotting the mean annual, Q
the 50-year, Qsg, and the 100-year, Qqgg» floods estimated from their respec-
tive functional relationships to the adjusted q10 obtained in Step IV on any
suitable probability paper and fitting a smooth curve to the above four points.
The equations for this step are:

~ ~ 1.00243

QQ.SB - 0-46921 q10 L] . o L3 “ 3 - - Ll @ - . (8)
_ ~  1.02342

Qg = 1.45962 §, T )
i ~ 1.02918

Q1 00 - 1 .64380 q10 L} ® L] L) L3 L] . . . - . . (10)

Alternatively, the above flows may also be obtained graphically from Figure 7.
If Tp is 50 or 100, this step and Step VII are not necessary as the design
peak may be evaluated directly from Equation 9 or 10 or from Figure 7.

Step VII. Determine Qpr from the Curve
Prepared in Step IV

Qrp is determined by entering the graph prepared in the previous step at
the proper probability for the design return period, Tp, and reading the value
of Q from the ordinmate taking into accownt any scaling that may have been used
in preparing the extrapolation curve in Step VI,

~ After completing Step VII, consideratrion must be given to the uncertain-
ties that still exist in the design flow obtained in Step VI. This may be
handled in a variety of ways such as by arbltrarily assigning a safety factor
by which Qpp is multiplied or by determining an upper, Qp, and lower, Qp, value
based on the confidence interval associated with the uncertainty of the esti-
mate of qin. If a confidence interval about the estimated design peak flow is
not desired, then the design flow is based on Qp, after any safety factor
adjustments have been made and this phase of the culvert sizing is complete.
If the decision is made to calculate the confidence interval about QT s then
proceed to Step VIII.
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Table 3. Return period required for a specified risk of exceedance within the
-design lifetime of the project.

Acceptable Risk : Design Lifetime of the Project, n
of Exceedance, R Years
(Percent) 1 2 5 10~ 25 50 100 200
1 100 200 498 995 2488 4975 8950 19900
2 50 100 248 495 1238« 2475 4950 9900
5 20 39 98 195 488 975 1950 3900
10 10 19 48 95 238 475 950 1899
25 4 7.5 18 35 87 174 348 696
50 : 2 3.4 8 15 37 73 145 289
75 1.33 2.0 4.2 7.7 19 37 73 145
90 1.11 1.46 2.7 4.9 i1 22 44 87
95 1.05 1.29 2.2 3.9 8.9 17 34 67
98 1.02 1.16 1.8 3.1 6.9 13 - 26 . 52
99 1.01 1.11 1.7 2.7 5,9 11 22 b4
100 oy - " H i

50 f-
40:5: i1

3

A A s saney

RISK, Ry, OF an BEING EXCEEDED WITHIN THE LIFETIME OF THE PROJECT (PERCENT)

; Al AT

LD ; 8 S0t o T ‘ R e EREE) D K O .
1 2 8 4 % 5 2 0 40 50 100 200 300 400 500
DESIGN RETURN PERIOD, Ty, (VEARS)

-~ S {3 R B B

Figure 6, The risk or probability of exceeding a specified return period flood
peak within a period of 1, 2, 5, 10, 25, 50, 100, and 200 years,

17



100000 ==

MEAN ANNUAL, 50-VEAR, AND 100-YEAR FLOOD PEAKS (cfs)

Figure 7.

1000

100}

2
4 J—i-'lu
pEERS )
_';_L L
24 .. 1 d
: 4
et ‘f[‘ : ‘ -l B I
e J3L HW L
et : oL :
i ST
I . BEAN N i 27
e Pl /
. v b J_._l. | et pe o At * H
N L T H
10000 : I T ; 7
F'__“ N S s Tl s ah ; e H
_ - | . : gl L
g t- - et 2 - AR
o 1 S x L 1.1 1 | | HH
IR IR N A1 R [
T SRRy Vi Qoo 11T
B Bl 8 e 2 £ o s L £ SIS W 657 4 S e T 1 £
- T ! l’T i rd ) { !
ko 2L
. U — . e - H ;
. .{},m(;_ i 1R . T 9
R GRTLE nZd i anEErin B e i Ealli
or L .Waggf’,;, SN Q i ! 1]
H ] ! b
il il 50
L ] e [ o i o +
o ‘ 1 ;i - 7]’ 1 It
R R S (R AR A “H o
. I A o 1 )
F + 1 ‘ ; !
T T
i N -4
T %233 7 T | L
T H
T !
T T
T T
V06 R t D g —t : H
i i 1 ({1 f1

Ot
=
(=]
L]
—
fan
o
=
o
]

100 1000 1
10-YEAR FLOOD PEAK, g, (cfs)

Relationships between the mean annual, the 50-year, the 100-year
and the 10-year flood peak.

18



Step VIII. Determine the Confidence Interval

About QID

This step is accomplished by reading the appropriate upper and lower
values of ﬁ10 from the confidence interval curves given in Appendix G or H for
the equation used in Step IV. Repeat Steps VI and VIL for each of the values
of &10 and obtain an upper, QU’ and lower, QL’ estimate for QTD.

Step IX, Select QDes;gn from QU’ QTD and QL

The design flow is then selected from among the three values, QU’ QTD and
Q.
L
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ILLUSTRATIVE EXAMPLES

Some detailed hypothetical examples are now given to illustrate tha
application of the FHWA method for different situations.

Example 1

Problem: Determine the design peak runoff for a culvert located at the
site shown in Figure 9 on Small Creek, The expected lifetime of the culvert
is 25 years and the allowable risk of exceeding the desigh peak within the
project lifetime 1s 15 percent.

Solution: The FHWA method for determining the design peak may be illus-
trated by following the step by step procedure outlined in the preceding
section and shown schematically in Figure 1.

1.

Delineare the watershed. The structure site has already been
located on the USGS 1:24,000 scale map shown in Figure 8. The
watershed boundary has been drawn and the drainage area was nea-«
sured by planimeter and found to be 0.61 square miles., The centrodd
of the watershed was located by eye and found to be at Latitude 41°
40" 20", Longitude 112° 02" 06".

Calculate Qp(max) from Equation 1 or obtain graphically from Figure 2.

Qp(max) = 5,548.8 cia

Since no minimum culvert size was specified and because the design
criteria was given as the risk of exceedance during the lifetime of
the project, it is necessary to select an appropriate equation from
Table 1 (see also Appendix H) and determine the hydrophysiographic
parameters required to apply the selected equation. The all zone
3«parameter equation was selected for this example and the parame
eters required in addition to the drainage area, A, already deter=-
mined above are:

a. The iso=erodent value, R. In accordance with the detailed
instructions given under Step III, the approprilate iso-erodent
map covering the centroid location of 41° 48' latitude and 1129
02' longitude is Appendix C=4Y9, a portion of which is shown
herein as Figure 9. From Figure 9 the R value is read as 17.

b. The elevation difference, DH, is obtained from the topographic
map on which the watershed boundaries have been outlined (Figure

2t
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Topographic map illustfating the delineation of the watershed drain-
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Figure 9, Iso~-erodent map covering thé Small Creek watershed.

8) by subtracting the'elevation of the structure site,.E., from
the elevation of the main drainage channel at the top of the
watershed,.Et. Accordingly, DH = 5752 - 4600 = 1152 fr.

The percent surface water storage is determined from the'topo-
graphic map (Figure 8) and observed to be zero.

These are the only hydrophysiographic parameters required to apply
the 3-parameter all zone equation. However, in order to illustrate the
manner in which all of the other parameters may be obtained, they are
given as follows: '

d.

The hydrophysiographic zone is determined by locating the water-
shed centroidal location on the hydrophysiographic zone map
shown in Figure 3 (see also Figure 38 in Volume I). If Figure
3 1g not of sufficient resolution to make the proper zonal
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Figure 10.

determination, the zone may be read with greater resolution
from the state hydrophysiographic zone maps contained in
Appendix B. The zone for the example watershed is 17.

The principal drainage channel length, L, 1s measured on the
topographic map as the distance from the structure site up the
main channel to the watershed boundary. For this example L =
1.73 miles.

The 10-year, 60-minute rainfall, Pgqy, is taken from the iso-
hyetal maps covering the watershed centroidal location given in
Appendix D. A portion of the map covering the example water-
shed is shown in Figure 10. The P, value for this watershed
is read as 0.95 inches.

66

The 10-year, 60-minute rainfall, Pgp, isohyetal map for the area
covering the Small Creek watershed,
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g. The cummulative channel length, LL, is measured in a manner
similar to L except that it is the length in miles of all drain-
age channels that have some flow during the year indicated by
the blue color code used on the USCS 1:24,000 scale maps. LL
for the example watershed is 2,79 miles. (The blue lines on
the map are shown as dash dotted lines in Figure 8.) If IL had
been measured from a 1:250,000 scale map it should be adjusted
by the use of Equation 2 or Figure 4.

h. The 10~year, 10-minute rainfall intensity, Pyp, is determined
in a manner similar to determining Pgo except that the Pqq
ischyetal maps are given in Appendix E, The portion of the
map covering the example watershed is also given as Figure 11.

P10 is 3,01 inches/hour for this watershed.
Q
L L
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Figure 11. The 10-year, l0-minute rainfall 1ntenSity, Pigs isohyetal map for
the area covering the Small Creek watershed.
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&, The estimate of the 10-year peak, &10, is now calculated from the
equation or nomograph deemed appropriate for the particular situation.
For this example the 3-parameter, all zone equation was selected and
c$nsequently q10 is given by Equation 3 which yields a Value of 46.2
cfs.

ﬁS. The design return period is‘noﬁ‘calculated from Equation 7 using the
- exceedance risk, R., of 15 percent and an estimated project lifetime
of 25 years. )
1
T. = ’ = 154,33 years
D @015y P

The same value within the resolution of the graphical plotting could
have been read from Figure 6 by-entering with an R, of 15 percent on the
.risk axis, moving horlzontally across to the 25 year curve and reading
150 from the Ty, axis.

6. The extrapolation curve for determining Qp  is now prepared by plot-
ting the Qy 33, 419> Q3¢9 and Qqpg values ng probability paper and
fitting a smooth curve through the 4 points that extend beyond the
Ty return period. The Q values as determined from Equations 8, 9,
and 10 with a-ﬁ10 of 46.2 cfs are:

Q2.33 =21.9 cfs
QSO = 73.8 cfs
Q100 = 84.9 cfs

The extrapelation curve for this example 1s shown in Figure 12. It may
be observed that the value for Ty is often more easily read by converting the -
return period ro a probability by the following equation: -

P = (-—133“)100_,..._.........(11)
D
For this example P = 99,35 percent. FEntering with this Vvalue on the
probability axis of the graph paper gives

Qp, = 92.4 cfs

Since no confidence interval was specified the design peak flow Qi5p is
taken as 92.4 cfs. Note that the ordinate axis of Flgure 12 illustrating the
construction of the extrapolation curve is scaled by q10. Therefore the

/q value read from the curve shown in the figure is 2.0 which when multi-

plied by 46.2, the estimate of qqq, gives’QTD = 92.4 cfs. Other scale factors

could be chosen; however, the ratio of Q/ﬁ_1 has proven to be generally
satisfactory, particularly when used for evaluating the confidence interval
about the design estimate as will be shown in the following examples.
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Examgle 2

Problem:. Determine the 95 percent confidence interval about the mean for

‘the design flow calculated in Example 1.

Solution: The 95 percent confidence interval is obtained by completing
Step VIII of the design procedures. The confidence interval curves for the
3-parameter all zone equation are shown in Figure 13 taken from Appendix G.
The upper and lower values for the 95 percent confidence about a mean qqg of
46,2 cfs are 56,0 and 40.0 cfs respectively. Applying Equations 8, 9, and 10

50000 ——

20000
10000 -3
5000 -
2000 -
1000

500 -

200 4

100

Qy OBSERVED ALL ZONES {CFS)

50

20

N S P00 s 10 @0 so0 1000 2000 5000 10000 20000 50000
. { Q]O ESTIMATED FROM THE 3-PARAMETER ALL ZONE EQUATION {CFS)

Figure 13. 95 percent confidence/linterval curves about the mean and a point
- es:imacewEEde from the 3-parameter all zone equation. (See also
i | appendixliE-00.)
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to these values yields 26.5, 89.8 and 103.5 cfs for Q2.33» Qsg and Q1pp
respectively for the upper curve and 18.9, 63.6 and 73.2 ofs for rhe lower
curve. The extrapolation curves for the upper and lower confidence interval
are shown on Figure 12. Entering the extrapolation curve with the 150 yeat '
return period (99,353 percent probability) yields QU of 112.8 cfs and QL'of
79.6 cfs. o

The interpretation of these results is that there is a 95 percemt'prob=
ability that the mean of the true design flood is between 79.6 cfs and"1125%
cfsy {.e., 5 percent of the values obtalmed from this procedure will not = -~
encompass the mean design flow in the interval [QL, QU].

The field engineer must now assess the risks associated with the design
flow and select the particular value from within the interval that satisfies
the needs of his particular situation.

Example 3

Problem: Determine the 95 percent confidence interval about the point
estimate for the design flow determined in Example 1.

Solution: This problem is essentially the same as Example 2 except that
the point estimate confidence interval curves shown in Figure 13 (zlso Appendix
G=00) are used. The equationsg given for calculating 610 may be interpreted
either as an estimate of the mean 4 or a point estimate of qqp. In both
cases the estimate 1s the same but the variance of the point estimate is much
larger than the variance of the mean causing a wider confidence interval as is
apparent from examining Figure 13. The respective upper and lower confi-
dence interval values zbout the point estimate of 440 of 46.2 cfs are 300 cfs
and 7 cfs.

The upper and lower extrapolation curves for the point estimate confidence
interval are constructed by following the same procedure outlined in Exaniple 2
and are shown in Figure 12.

The values obtained for the upper and lower flows for a 150 year event are
637 cfs and 13 ¢fs respectively, Again it is up to the designer to assess his
particular situation and select the design flow best suited to his needs.

Example 4

Problem: Determine the design flow for the problem given in Example 1
using the 3J-parameter all zone equation corrected for bias when applied to
sites located in hydrophysiographic zone 17.

Solution: This problem is solved by simply applying the appropriate cor-
rection equation given in Table 1-A to ald in removing any zonal bias inherent
in the 3-parameter all zone equation. The equation from Table 1=A (also
Appendix H, Table 4, and Appendix H=41) is:
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n ~1.04580
400 P ¢

When applied to 46,2 ¢fgs, the original 10-year flood estimate, the corrected
610 becomes 31.5 cfs. The design flow is now obtained by following the same
procedure described in Example 1 except that 31.5 cfs is used for §qy rather
than 46.2 cfs. This gives a design flow estimate for Qp5q of 62.4 cfs.
Confidence intervals about this value as a mean or point estimate may be
obtained by applying the procedures described in solving Examples 2 and 3
except that the confidence interval curves given in Appendix H=41. (for zone
17) are used rather than the general curves given in Appendix G,

= 0.57246

Summary of Examples

Many other examples could be given, but they would only differ from the
four given above in the particular equations selected, the hydrophysiographic
parameters required for their solution and the confidence interval curves
selected from Appendices G and H, One situation thar is not covered in the
examples is that of the design according to the probable maximum flood. In
situations where the consequences of failure are extremely great, this desipgn
may be appropriate. When this is the case, only Steps 1 and IL of the design
procedure are required and Qy(max) is calculated from Equation 1. For Example
1, this value was 5,549 cfs compared to a 150 year event of 92.4 cfs given by
the 3-parameter all zone equation or 62.4 cfs given by applying the zone 17
correction to the 3«parameter all zone estimate. Situations where Qp(max)
might be appropriate would be the design inflow for determining the spillway
capacity of a dam where failure would cause great loss of life. It probably
would not be used on the bulk of the design work Involving minor highway drain-
age structures. '
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INSTRUCTIONS FOR PREPARING A DESIGN MANUAL SRR TS

FOR A PARTICULAR AREA

The instructions for preparing a design manual for any desired area may be
summarized as follows:

1. Take the material from this manual starting with the Design Procedure
Section through the illustrative examples and include as the flrst
section of the specific design manual. ; .

2. Select the appropriate materials from the appendices that apply to..
the particular area for which the manual is being prepared The
_appendices cover the following materlals. '

A.

Annual Flood Fredquency Curves and Data for the Contiguous United
States, Alaska, Hawaii and Puerto Rico.

Hydrophysiographic Zones by States for the Contiguous United
States, Alaska, Hawaii and Puerto Rico.

Iso=erodent Maps for the Contiguous United States, Alasks,
Hawaii and Puerto Rico. '

10=year, 1=hour Precipitation, Pgp, for Each of the Contiguous
States of the United States, Alaska, Hawaii and Puerto Rico.

10=year, 10-minute Rainfall Intensity for the Contiguous United
States, Alaska, Hawaii and Puerto Rico.

10~year Snow Water Equivaleant of the Western United States and
Alaska.

Scatter Diagrams for the Relationship Between the Measured and
Estimated 10-year Peak Flow and the 95 Percent Confidence
Intervals for the Mean and Point Estimates for All the United
States (Lumped) and for Each of the 24 Hydrophysiographic Zomes.

Equations, Nomographs and Correction Curves for Each of the
Hydrophysiographic Zones of the United States and Puerto Rico.

This material would probably be placed at the end of the manual or as an
associated appendix,
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3. Provide a collection of the appropriate equations, graphs and plot-

ting

paper that would facilitate the rapid and easy utilization of

the materials assembled in 2 above., Thig may include an abstraction

from

Table 1 of only the equations pertinent to the particular area

or the selection of a particular recommended equation for the area.

This
a.
bl

Co

d.

(=

could take the form of a short table of equations, including:
The equation for calculatin

q g Qp(max)
The 3-parameter all zone equation

The correction equation for the particular hydrophysiographic
ZONE Or Zones

The appropriate hydrophysicgraphic zone equations

Fquations 8, 9, and 10 relating Q342 Qs and Q100 to QIO'

The figures that should be included in this section are as follows and
clear copies suitable for reproduction are appended hereto:

Figure 2.

Figure 3,

Figure 5.

Figure 6,

Figure 7.

Figure 14,

The probable maximum runoff peak curve for small watersheds in
- the United States and Puerto Rico.

Hydrophysiographic zone map for the contiguous United States.
Storage correction curves,

The risk or probability of exceeding a specified return period
flood peak with a period of 1, 2, 5, 10, 25, 50, 100 and 200

years.

Relationship between the mean annual, the 50-year, the 100~
year and the 10-year flood peak.

Extreme value (Gumbel) probability paper.
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APPENDIX B

Hydrophysiographic Zones by States for the Contiguous

United States, Alaska, Hawaii, and Puerto Rico.

State Numbers are Those Agsigned by U.S,

Geological Sufvey.

The hydrophvsiographic zones in this appendix were delineated from
the physiographic sections of Fenneman and Johnson by combining all areas
whose values of qlolA_were not significantly different as shown by the
t test.

No separations were made in Alaska, Hawaii, or Puerto Rico. The
balance of the states are arranged alphabetically.

NOTE:
Scales of maps are different because some maps were not available

in a proper scale or it would be impractical to show for example Texas
in the same scale as Rhode Island.
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Appendix B«04. Hydrophysiographic zones of Arizona.
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Appendix B-05. Hydrophysiographic zones of Arkansas.
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Appendix B=08. Hydrophysiographic zones of Colorado.
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Appendix B=16. Hydrophysiographic zones of Idaho.
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Appendix B=17. Hydrophysiographic zones of Illinois.

46



87° 85°

» wvm— .

, , 12 2
432 I\ /A 43°
I 13 13

41°

41°

87° 85°
INDIANA
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Appendix B-21. Hydrophysiographic zones of Kentucky.
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Appendix 8«22, Hydrophysiographic zones of Louisianna.
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Appendix B=~23. Hydrophysiographic zones of Maine.
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Appendix B-10. Hydrophysiographic zones of Delaware.
Appendix B-24. Hydrophysiographic zones of Maryland.
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Appendix B~09. Hydrophysiographic zomnes of Connecticut.
Appendix B=25, Hydrophysiographic zones of Massachusetts,
Appendix B=44. Hydrophysiographic zones of Rhode Tsland.
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Appendix B-26. Hydrophysiographic zones of Michigan.
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APPENDIX C

Iscergdent Maps of Fach of the Contiguous United States

Alaska, Hawaii, and Puerto Rico. The R Values are the

Mean Annual Rainfall Kinetic Energy Times the 30-Minute

Rainfall Intensity Divided by 100 as Proposed by the Ag-

ricultural Research Service. State Numbers are Those

Assigned by U.S. Geological Survey.

The mean annual isocerodent of R value maps for each state are shown
in this appendix. The annual isocerodent value for each year is calculated

by the equation
12 months

(916 + 331 log 1) (130 tax)

EL = 00

wherein 1 is the intensity of each constant intensity period of time
times its volume in inches and 130 is the maxiwmum 30 minute dntensity for
the period of record.

In those areas where the EI values are unknown, they were computed

from regressions of the 2-year 6~hour rainfall volume and R. WNote, however,
that a different regression 1s needed for Type 1 and Type 2 storms.

NOTE:
Scales of maps are different because some maps were not available

in a proper scale or it would be impractical to show for example Texas
in the same scale as Rhode Island.
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Appendix C-01. Isoerodent, R, map of Alabama.
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Isoercdent, R, map of Arkansas.
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Appendix C~-06. 1Isoerodent, R, map of California.
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Lsoerodent, R, map of Florida.
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Isoerodent, R, map of West Virginia.
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APPENDIX D

10-Year, l-Hour Precipitation, P60 for Each of the Countiguous

States of the United States, Alaska, Hawail, and Puerto Rico.

The Numbers are Those Assigned by the

U.S. Geological Survey.

Appendix D contains state maps of the 10-year l-hour precipitation
for each of the states and Puerto Rico. The values were computed from
WB-40 and NKOAA ATLAS 2, W.B. Technical Papers 42 and 47 by the regreg-
sions given in each publication. Ischyetzl values are plotted in hun-

dredths of an inch.

NOTE :
Scales of maps are -different because some maps were not available

in a proper scale or it would be impractical to show for example Texas
in the same scale as Rhode Island.

134



235.
240
s R e AR + “i':" 5 A E.'f» |
245 s

250

210

Foudersamnn -

5 ., i [
¢ B T A N . ! N N

ALABAMA

Appendix D=(01. TIsohyetal map of 10-year 1-hour rainfall for Alabama.
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Appendika-OZ. Isohyetal map of i{Q=-year 1«hour rainfall for Alaska,
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Appendix D-04. Isohyetal map of 10-year 1-hour rainfall for Arizona. ‘
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ARKANSAS

Isohyetal map of 10-year l-hour rainfall for Arkansas.

Appendix D-05.
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FLORIDA

Appendix D-12. Isohyetal map of 10-year 1-hour rainfall for Florida.
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Isohyetal map of 10-year 1-hour rainfall for Georgia.
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Appendix D-153a,

HAWAIL

Isohyetal map of 1(Q=-year l-year rainfall for Hawaii.
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Hawaii.

fall for Kauai,

~hour rain

1

Appendix D-15b. Isohyetal map of 10-year



Appendix D-15¢. Isohyetal map of 10=-year 1-hour rainfall for Lanai, Hawaii.
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Isohyetal map of 10~year 1-hour rainfall for Idaho.
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ILLINOIS

Appendix D-17.

Isohyetal map of 10~year 1-<hour rainfall for Illinois.
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INDIANA

Appendix D-18. Isohyetal map of 10~year t-hour rainfall fer Indiana.
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LOUISIANNA

Appendix D-22, Isohyetal map of 10«yvear 1=hour rainfall for Louisiana.
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Appendix D=23. Isohyetal map of 10=year 1<hour rainfall for Maine.
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MICHIGAN

160

Isohyetal map of 10~year 1-hour rainfal

Appendix D-26.



HOSHONENITA

MINNESOTA

Appendix D«27, Ischyetal map of 1Q-year 1-hour rainfall for Minnesota.
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MISSISSIPPI

Appendixz D-28. Isohyetal map of 10-year l-hour rainfall for Mississippi.
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NEVADA

Appradix D-32. Isohyeral map of 10-year l-hour rainfall for Nevada.
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NEW JERSEY

Appendix D-34, Ischyetal map of 10=year 1-hour rainfall for New Jersey,
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Appendix D-33. TIsohyetal map of 10-year {-hour rainfall for New Mexico.
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Isohyetal map of 10«year 1-hour rainfall for Ohio.

Appendix D=-39.
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OKLAHOMA

Isohyetal map of T10~year 1-hour rainfall for Oklahoma.

Appendix D=40.
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pt SOUTH CAROLINA

Appendix D-45. Isohyetal map of 10-year 1-hour rainfall for South Carolina.

178



VIOMVA HLNOS

*ej0¥eQ Yinog I0J TTEJUTEL

Inoy=} IB9L-Q|

jo deuw

Tea1s4yost

"9y

a xTpuaddy

179



*998S9UUS], 10F TTRIUTRI Inoy

JISSINNAL

[ aeok-

oL ¥

o deu Te39Llyosy

*L%-@ xTpUaddy

180



-gexo] I103 TI®

juyea Inoy-

{ HNQ%IO F

yo dew Te394yosI

-gh-q x1puaddy

181



13

_____ 4 —

f { RahssyiL !

z ] LS

4 e L 5 -

X N B J _ s 227

2 /‘f\’:_____

| S 3 =

34 - A : > =4
0§

4 .

37

I n3 n2 m 110

Appendix D-49, Isohyetal map of 10-year 1-hour rainfall for Utah.
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Isohyetal map of 10-year 1-hour rainfall for Washington.

Appendix D-53.
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WEST VIRGINIA

Appendix D=54. Ischyetal map of 10-year 1-hour rainfall for West Virginia.
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WISCONSIN

Appendix D=55. 1Isohyetal map of 10-vear i=hour rainfall for Wisconsin.
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Appendix D=56. Isohyetal map of 10=year 1-hour rainfall for Wyoming.
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APPENDIX E

10-Year, 10-Minute Rainfall Intensity of the Contiguous

United States, Alaska, Hawaii, and Puerto Rico. State

Numbers are Those Given by the U.S5. Geological Survey.

Appendix E contains maps of each of the states and Puerto Rico as
computed from WB~40, NOAA ATLAS 2, W. B. Technical Papers 42 and 47 with
the regressions given in them with proper attention being given to the
different storm types in the same states in the Western United States.
The intensity values plotted are in hundredths of an inch per hour.

NOTE :
Scales of maps are different because some maps were not available

in a proper scale or it would be impractical to show for example Texas
in the same scale as Rhode Island.
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Appendix E-Q1, Isohyetal map of 10~year, 10-minute rainfall intensity for
Alabama.
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Appendix E«02. Ischyetal map of 10-year, 10-minute rainfall intensity for
Alaska.
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Appendix E-04. Isohyetal map of 10=year, 10

=minute rainfall intensity for
Arizona.
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ARKANSAS

Isohyetal map of 10-year, 10-minute rainfzll intemsity for

Arkansas.

Appendix E-Q5.
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FLORIDA -

Appendix E~12. Isohyetal map of 10-year, 10-minute rainfall intensity for
Florida,
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Appendix E-13. Isohyetal map of 10-year, 1Q¢-minute rainfall intensity for
Georgia. :
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Appendix E=15a.

030

JEEoN

Isohyetal map of 10~year, 10~minute rainfall intensity for
Hawaii, Hawaii,
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ity for Kauai, Hawaii. )

rainfall intens

10=minute

Appendix E-15b. Isohyetal map of 10-year,



Appendix E-15¢.
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Isohyetal map of 10-year, 10-minute rainfall intensity for

Lanail , Hawaii.
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Appendix E-16. Isohyetal map of 10-year, 10-minute rainfall intensity for
Idaho.
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Appendix E=17, Isohyetal map of 10-year, 10-minute rainfall intensity for
I1linois.
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Appendix E-18. Isohyetal map of 10-year, 10~minute rainfall intensity for
Indiana.

206



~

1S NO DS UM

*eMOT I0F

A3TSuoluT TTBJUTEI 93nUTW.(| ‘aeol-Q) JO

dew Te19Lyosy -6l=-A xTpuaddy

207

. R
PR




*gpsupy 10J £ITSUSIUT TIRJUTRI IINUTW-(}

¢aesk

0l 3o deu Te3l0LyosST *Q7-H XTpuaddy

7

|

i

t

i

|
o
. +

i

I

i

A KT Ty

208



*£Pn1usy aojz %u..nmn,mud,m TTeIUTeI 2InuTw-(| ‘aeak-g] Jo dewm Telefyos *iz-d x1pusaddy

=y
~EL
aRre)

Avae

209



LOUISIANA

Appendix E-22. TIsohyetal map of 10-year, 10-minute rainfall intensity for
Louisiana.
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Appendix E~23. Isohyetal map of 10-year, 10-minute rainfall intensity for
Maine.
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VERKONT

CONNECTICUT

Appendix E=09.
Appendix E=25.

Appendix E=-44.

Isohyetal map of 10=~year,
Connecticut,

Isohyetal map of 10-year,
Massachusetts.,

Isohyetal map of 10-year,
Rhode Island.
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MICHIGAN

Appendix E-26, Isohyetal map of 10=year, 10-minute rainfall intensity for
Michigan.
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MINNESOTA

Appendix E-27. Isohyetal map of 10-year, 10-minute rainfall intensity for
Minnesota.
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MISSISSIPPI

Appendix E-28. Isohyetal map of 10-year, 10-minute rainfall intensity for
Mississippi.
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MISSOURI

Isohyetal map of t0-year, 10-minute raivfall intensity for Missouri.

Appendix E=29.
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NEVADA

Appendix E-32, Ieohyetal map of 10-year, 10=-minute rainfall intensity for
Nevada.
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Appendix E-33. Isohyetal map of 10~year, 10-minute rainfall intensity for
New Hampshire,

Appendix E~50. Isohyetal map of 10~vear, 10-minute rainfall intemsity for
Vermont.
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Ischyetal map of 10=~year, 10-minute rainfall intensity for
New Jersey.

Appendix E~34.
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NEW MEXICO

Isohyetal map of 10=year, 10=minute rainfall intensity for

New Mexico.

Appendix E-35.
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Tsohyetal map of 10-year, 10-minute rainfall intensity for

Ohio.

Appendix E=~39.
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Isohyetal map of 10-year, lO-minute rajinfall intensity for Pennsylvania.

Appendix E-42.
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intensity for

Utah.

«49. TIsohyetal map of 10-year, 10=minute rainfall

Appendix E
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WEST VIRGINIA

Isohyetal map of 1U-year,'10-minute rainfall intensity for

West Virginia.

Appendix E-54.
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Appendix E~55.

Isohyetal map of 10~-year, 10-minute rainfall intensity
Wisconsin,

for
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Appendix E-56. Iscohyetal map of 10-year, 10-minute rainfall intensity for ‘
Wyoming.
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APPENDIX F

10-Year Snow Water Equivalent of the Western

nited States and Alaska,

Appendix ¥ contains the 10-year April 1 snow water equivalent maps
of each of the Western United States including Alaska. The maps were
complled using all of the snow course data for each state and determining
‘the 10-year snow water equivalent for each station. These wvalues were
cntered on the proper map and the isotopal lines constructed.

The states are arranged in alphabetical order.

NOTE:

Scales of maps are different because some maps were not available
in a proper scale or it would be impractical to show for example Texas
in the same scale as Rhode Island.
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ARIZONA

[

ivalent for

L snow water equ

i

-~year, 1 Apr

Isopotal map of 10

Arizona.

Appendix F=04,
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Appendix F-06.

Isopotal map of 10-year, 1 April snow water equivalent for
California,
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COLORADO

Appendix F-08. Isopotal map of lo-yeér, 1 April snow water equivalent for
Colorado,
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Appendix F=16. Isopotal map of 10~year, 1 April snow water equivalent for
Idahe.
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AL

| 4

Isopotal map of 10-year, 1 April snow water equivalent for

Montana,

Appendix F-30.
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NEVADA Ty

Appendix F-32. Isopotal map of 10-year, 1 April snow water equivalent for

Nevada.
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Isopotal map of 10-year,
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Appendix F-41. Isopotal map of 10-year, 1 April snow water equivalent for
Oregon.
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A

1 April snow water equivalent for

Isopotal map of 10~year,

Utah.

Appendix F-49,
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WASHINGTON

Appendix F~53. Isopotal map of 10-year, 1 April snow water equivalent for
Washington.
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APPENDIX G

Scatter Diagrams for the Relationship Between the Measured and
Estimated 10-Year Peak Flows with the 95 Percent Confidence s
Intervals for the Mean andPoint Estimates for all of the e

United States (Lumped) and for Each of the 24

Hydrophvsiographical Zones.

Appendix G contains scatter diagrams for the relationship between
the measured and estimated 10-year pesk flows with the 95 percent confi-
dence intervals for the mean and single samples for the complete United
States and Puerto Rico and for each of the 24 hydrophysiographic zones
delineated in the present study using 3-parameter lumped and zones equa=-"
tions. The first or left-hand graph shows the point scatter, and the right-
hand graph shows the regression line and the two sets of 95 percent confi-

dence interval lines. Appendix G-00 is labeled to show the pattern for
Figures throughout this Appendix.

The figureg are arranged with the all zone equation called zero and
each of the general equations with their respective zone numbers on rhem.
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APPENDIX H

Equations, Nomographs, and Correction Curves for Each of the 24 Hydrophy-

siographic Zones of the United States and Puertc Rico

-Appendix H contains nomographs for the all zone equation derived from
lumping all of the data together.

The three sets of equations derived for the same areas are included
as tables H~1, H-2, and H~3 for the 3-Parameter, 5-Parameter, and 7-Para-
meter Fquations respectively. In addition, a2 set of correction curves, K,
for each of the zones using the 3-Parameter all zone equation is given
along with a tabulation of the correction equations themselves.

Use of Nemograph;

Enter the nomograph with values of A and R and draw a line. Mark the
point of intersection on the turning axis and enter the chart again with
value of AH, Connect AH with the marked point on turning axis. The @10
is at the intersection of %4 scale. '
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Table H-1. The 3-Parameter regression equations for each of the 24 hydrophy~
siographic zones with their standard errors of estimate.
, , (0] @ @ @
Zone Correslion Equation PSggp Ps, n r
. % %
All Zone Gy = 128015 ADS6172pO843E pypaster 119 13 896 - 0.854
i Qe = 0.02137 A2 RIIGE pyppreess 84 13 f 0.774
E G = 11.8893 40573 poAT pypassio 60 1 b1 0.798
1 Qg = 104104 £ g0 e ame 108 9 I4 0925
4 4 = 767226 AT RIMTH pppessee 56 9 62 0.7¢5
5 Gy = 1.14069 AMMO pOELIT ppderss 44 8 k3 0927
6 dy, = LGOS A0 RO 88 7 12 0.840
7 Gp = 141135 AVHST ROUS ppie 76 7 33 0518
8 Qo = 9507 AT RRATIS ppfriied st 7 39 0952
K Qo = 0.5005] A9 ROAI ppaomio 8 8 n 050
10 g, =0.000613 A0 gasie DHO™ 67 12 10 ‘0,882
11 o = 111147 AT gomsies posid 43 7 2 0502
12 G, = 001961 AT RLISTE 04070 115 21 34 0572
13 iy = 618115 ATSHOH ROATEN 0010 83 12 166 0397
or g, = 66082 AT plam®
14 Qp = 0.00353 A2 gIAASE 082630 132 17 30 0.762
15 Ay, = 412,131 AL poeBT ppro4ems 91 14 37 0.195.
16 Qp = 599340 A0 oA pppomeRd 93 8 2 0.897
t7 H, = 41.2165 A %547 RIOOUE ppro-at 8 15 56 0.784
L8 G = 539980 A1 RO Qo048 107 23 14 0.643
19 Qg = 067503 AMOY RIA6T pd it 83 13 40 0.833
20 Q= 083267 VRS RLOIT 00687 103 10 ) 0926
21 G = BB00DE AT AT ppossss 67 8 ] 0924
22 G = 076272 A S ot 36 5 22 0574
23 q, = 9687.77 ¥ R possee 35 5 6 0.961
24 Q, = 128566 A0365% RIi™R o 56 5 18 0382

Notes explaining the column headings:

(1) PSy; s the standard error of estimate expressed as a percent of the zone q,. It is calonlated by the equation:

pg - 100 (4o~ )
Ser, The n-2
(2) s is the standard error of the log,, linear equation expressed us a percent of log,qy,. It is caloulated by the equation:
L 100 Z0ogo 950 - logp c‘Ilﬂﬂ())'l
¢ Iz, 2

{3) n s the number of watersheds used in deriving the equation.
) is the simple corcelation cocfficient between q, 5 and "iw‘ It is calculated by the equation:

.- 26 -X)(y-¥)
AT E TR T:

where x and y are any two independent and dependent variables respectively.
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Table H-2, The 5>-Parameter regression equations for each of the 24 hydrophy-
o siographic zones with their standard errors of estimate.

m ® o @
] PSe Ps, no r
Zone Correction Equation % %
AllZone  q = 15102 ADA®T RO DIPTIs plime paim 16 13 3 0856
1 g, = 031006 AP% P37 pfaaplies piou % n ) 0844
2 ‘im = 275517 AT R34y ana 04 P:.mv 59 Fl - 28 0818
3 G @ 13954 AOPM RO prisenpomen pidse 110 10 14 0920
4 g ® 431724000 RIS pEposiepoden plain 54 Cl 62 0800
5 Qo = 16364 AMRT AT ppbasnyods gl s 8 35 0931
6 aw = SIS 1N Le00nr DTG y <120 P‘-oﬂ»i.ﬂ’l a2 4 12 0970
7 Qg = 324432 ADS0¢ OIS ppoirosmd poud % 7 33 0512
8 9 = 530874 0505 RN pppise e ghmss a 6 » 0954
9 8, = 77165 ADSA pIOST pppasis e ghean 87 L] ¥ 0.865
10 i, = 355044 ALESST pOSIDL  ppDse00y 06123 P‘s‘ms <3 13 10 0908
i au « 551833 ADBSSE  pr337 u0ans ) D61 p:ooam & é 32 0921
12 "G = 000404 LT RIOUS ppoaIp L paatal s 2 M 0.748
13 G4, T 190892 A0TIF ROSIEH pEeeces Bl phiks . 12 166 0895
14 §o = 1000 Q0T LI pptossdp st pOI) 134 17 3 0.789
15 4, = 227.5250A107 ROMY pHTIMLAMN pasm L H iy 37 0.800
16 4y = SI9T60 AOTS ROWM IO Ak 7 1 a 0940
17 q, = 180037 L0052 glIes pyt-wToN plses b! 14 56 0.809
18 4, =713.6839 A% RN pyieelenl padm 88 2 ] 0.708
19 G, = 07227 40N RIS sy 0o poawd 82 13 4 0433
20 o = 19367 ANl P8 pytestyfomia plamt 104 9 42 0436
21 q, = 1SETLIAVR R pipesepn pasn 68 7 68 0531
2 G = 23789 05 ROHS ppeoej0ams posise 2 4 n 097
2 Insufficient observations for doriving a $-parameter equation - - 6 -
24 qy = 14200 AOSE RPORT pROemsss prams « 4 18 0917
Notes explaining the column headings: )
(1) PSpy  isthe standard erfor of estimate expressed as a percent of the zone Gyy. It is caloulated by the equation:
_a 3
| e
(2) PS,  isthe standacd error of the log,, linear equation expressed as a percent of 1og,, G- It is calcultted by the equation:
100 2(l0gyy 949 - 19810 Gi0g)”
* 10840 n-2

(3) n s the number of watersheds wsed in deriving the equation,
(4) r  isthe simple correlation coefficient between q,, and §,y. 1t is calculmad by the equation:

= S -X)(y-¥}
~NERXP TP

whete X and y ate any two independent and dependent vatiables respectively.
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Table H-3. The 7-Parameter regression equations for each of the 24 hydrophy-
siographic zones with their standard errors of estimate,

() Q) @ . @)
Zone Correstion Equation % l;'? " !
AllZone g, = 1.88.16 L0597 RPAIRS 1463 0033811 03413p 1091 IS 116 12 892 0.860
1 Qi = 10°9S70A0M0 ROIT pRPSINLOARTE [DINTRIINS gt IME 67 u ) 0.876
2 aw = ]OTIIBTA0A3TT pB.3SI6 [LP3Lse;-0.9658 Lesznpll;.iwl P;-l.nu 59 b 28 0.831
3 Go = 10782470518 RIS [EOIWTI01 |7 0168pMALIL pILOSET 97 11 14 0034
4§, = 218B03A04H RIS pyedsterdlcss [romiepisiet plom 53 s =) 0,309
5 §, = 29009 AP ROSHS pPMSpsam pprasmplan paete g5 g as 0342
§ §, = 10FITSALINL pEAIS QYR [LISE [ po0MipleTo plosie 33 5 12 osm
7 2’10 = 18 Ao.:ou RO Dﬂﬂ-l”‘lL-ouﬁl L101e42 P‘-:.Q'N‘l ?‘LMON ” 7 33 0929
g §, = 241002 A0 ROV pyps 0mm | [03id plsss pasim 4 6 » 0968
9 q, = SDBOE0AMITS ROMM pypasteeir [joaem possss prans 83 L] 4 0879
10 a“’ = 10”'“”A°'“°‘. R&JI‘P& DH-I.MMLQJI” L1088 pl‘;ﬂ‘is P‘:JHI 47 17 19 0914
1 q, = 59784 AMISIE RIIBT pyeannjoTs [ [016% pSas prlhdss ¥ 6 2 0933
12§, =807.3722 AUSES RIATH pDEOISTIOMST |01 PO I 89 8 u 073
13§, = 64357 AMTM ROASL DHpevsspeMr (e prisst phisis gy 1” 166 0501
14- a‘o = lod‘SL”AI-H'u RL“?O DHFJMII L-O.“H LLd‘SlOSP::QM R‘-:W 133 18 30 0.196
15 :1“; = 55.3750A0M3 RO.ISH DHO.IWSL-O.UI’! LLQ.HMP::OZ“ P;.-m 97 14 » om
16§, = 57400 ADXR ROT DEORLLME [ poiusphasy pleiss 7 7 21 0941
17, =157495¢.40541 RIAMI DEOSMLOMES [p0A0m prsas plsom 76 14 56 0825
18 g, = 10'6°0WA008 RIOT ppESmR LN | 000 pasTSl plesTL g1y 20 4 0857
19 q, = 48857SAMWG RIS pOImijome [[oueTpamm plass 8 12 40 0838
20 G, = 78800 AMTX ROMés DHTIROLIG [[$d613 prlI0 pleses 106 16 L 0937
21 G, = 267400 AP RN pROaTe B! | 2048 p oAl geolss 59 & &8 0931
2 g, = 000IBAAMT R ppameppes o plan puaen 30 4 ] 0986
23 Insufficient cbservations for deriving & 7-paramerer equation - - ] -
24 Elm. =101.2426 AMS® RUPN  pyOsRe N g poaem pl';’“‘“ 2;‘”” n 4 18 0924

Notes explaining the column headings:
(13- P8,  isthe standard error of estimate expressed as 4 percent of the zone Tgo- It is caleulated by the equation:

. 100 = (g0 -G '
PSEE To n2

(2) PS,  isthe standard error of the log,, linear equation expressed as a percent of log,. q,o. Tt i8 calculated by the equation:

160 Jw@_

Ps, = e
° logyly n2
@) n it the number of watersheds usad in deriving the equation.
@ is the simple lation coefficient b qy4 and &10- Tt is caleulated by the equation:

Z(x-X)(y-¥)
.=

~J EG-XP (v -¥)

whers x and y are any two independeni and dependent varlables respectively.
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Table H-4.  Correction equations for the 3-Parameter all zone equation for
each of the 24 hydrophysiographic zones of the United States and

Puerto Rico.
_(}) : @) ()] “ 5
Zone Correction Equation Qs Plpy P8, n r
efy % %
0 Gy = 016168 31700, 1058 © ey 16 42 0.595
02 Qogy = Z10583 gt 4747 67 ' m 0.754
03 Gogy ™ 301600 55875, 2295 105 9 14 0912
04 Qo = 034119 S 1979 60 9. 62 0.770
05 g = OO2EBLYNNR 1472 7s 8 3 0912
06 Yoo = 116675 Q00 2014 9 10 12 0622
07 Goan = 0106775507, 2306 8 7 3 0893
o8 Gogo = 07403 Gt 20m 62 S » 0944
% o ™ 017280350, um 8 9 n 0900
0 Gy = 0012075070 1986 83 14 10 0.745
1 Qogy = 024744 4,505 4320 61 9 2 0764
2 dopg = 0sa2§ 000, 45t 107 - 23 kT 0.'581.
£3 oay = 098668 FET, 2260 s 13 166 0,087
14 oy = 0345635007, 1304 121 18 30 ome
1 g = 098994 HLY) 356 101 n 37 0375
ts gy ™ 060069 G, 624 7 s 21 0893
7o Yoy = 057206 3,009, 368 98 18 56 0.622
18 Qoo = 225251 8000, 1311 124 23 14 0.520
18 Qoo = 244605 QAT 1586 ” %) “© 0807
20 Gy = 017596 30007, 75 131 2 a 0383
u Qg = 0.16894 G000 1625 138 n 8 0.836
n oy = 04593800 1013 38 (1 27 0966
2 Yogo = 030461 GRS 2519 40 6 6 0.886
24 a0 = O8I QN 1227 7 6 18 017
Notes axplaining the column headings:

M is the mean ten year pesk flow calculated from ihe ob d ten yoar peak flows for each zone,
{2) PSy, Isthe standaxd error of estimate expressed as # percent of the zone ;. It is calculated by the equation:

fz(‘he '61
PSEE._I:'O—O_ ‘ g M

R
(3) Ps, is the standdand error of the log,, linear equation expressed as a percent of 10g,,®,, . It s calcuiated by the equation:
o100 J E (ogg a5 - Jogy, Ge))’
' - .
10g1p 950 a-2

@ n  isthe number of watersheds used In deriving the equation, . ]
) 1 lsthesimple correlation coefficient between q,, and §,,. [t i5 calculated by the equation:

- E(x-X) (y -
. . ;E(x-;)’(y-;%

where x and y are any two independent and dependent varigbles respectively.
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Ten Year Peak Flow, Q10 (CFS)

Three parameter zone 11 nomograph.
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Appendix H=25. Scatter diagram and correction curve for the 3-parameter all

zone equation for Zone 01.with the 95% confidence intervals for -
a mean and a point estimate shown.
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Appendix H-26. Scatter diagram and correction curve for the 3-parameter all
. zone equation for Zone 02 with the 957 confidence intervals for
a mean and a peint estimate shown.
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Appendix H-27. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 03 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H-28. Scatter diagram and corraction curve for the 3=parameter all

zone equation for Zone 04 with the 95% confidence intervals for
g mean and a point estimate shown.
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Appendix H=29. Scatter diagram and correction curve for the 3=parameter all

zone equation for Zome 05 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H=-30., Scatter diagram and correction curve for the 3=parameter all

zone equation for Zone 06 with the 95% confidence intervals for
a mean and a point estimate shown,
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Appendix H=31.. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 07 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H=-32. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 08 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H-33. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 09.with the 957 confidence intervals for
a mean and a point estimate shown.
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Appendix H-34. Scatter diagram and correction curve for the 3-parameter all

zone equation for Zone 10 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H-35. Scatter diagram and correction curve for the 3=parameter all

zone equation for Zone 11 with the 957 confidence intervals for
a mean and a point estimate shown,
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Appendix H-36. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 12 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H-37. Scatter dlagram and correction curve for the 3-parameter all

zone equation for Zone 13 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H«38. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 14 with the 957 confidence intervals for
a mean and a point estimate shown.
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Appendix H«39. Scatter diagram and correction curve for the 3~parameter all
zone equation for Zone 15 with the 957 confidence intervals for
a4 mean and a point estimate shown.,
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Appendix H=40. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 16 with the 95% confidence intervals for
a mean and a point estimate shown.
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Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 17 with the 95% conf1dence intervals for
a mean and a2 point estimate shown, :
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Appendix H-42, Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 18 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H-43. ' Scatter diagram and correction curve for the 3-parameter all
: zone equation for Zone 19 with rhe 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H-44. Scatter diagram and correction curve for the 3=parameter all

zone equation for Zone 20 with the 95% confidence intervals for
4 mean and a3 point estimate shown.
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Appendix H-45. Scatter diagram and cotrection curve for the 3=parameter zll
zone equation. for Zone 21 with the 95% confidence intervals for
4 mean and a point estimate shown.
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Appendix H=46. Scatter diagram and correction curve for the 3-parameter all
zone equation for Zone 22 with the 95% confidence intervals for
a mean and a point estimate shown.
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Appendix H=47., Scatter diagram and correction curve for the 3=-parameter all
zone equation for Zone 23 with the 957 confidence intervals for
a mean and a point estimate shown.
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Appendix H=48. Scatter diagram and corxrection curve for the 3-parametéi'\all

zone equation for Zone 24 with the 95% confidence intervals for
a mean and a point estimate shown.
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FEDERALLY COORDINATED PROGRAM OF HIGHWAY
RESEARCH AND DEVELOPMENT (FCP)

The Offices of Research and Development of the

Federal Highway Administration are responsible
for a broad program of research with resources
including its own staff, contract programs, and a
Federal-Aid program which is conducted by or
through the State highway departments and which
also finances the National Cooperative Highway
Research Program managed by the Transportation
Research Board. The Federally Coordinated Pro-
gram of Tlighway Research and Development
(FCP) is a carefully selected group of projects
aimed at urgent, national problems, which concen-
trates these resources on these problems to obtain
timely solutions.  Virtually all of the available
funds and stall resources are a part of the FCP,
together with as much of the Federal-aid research
funds of the States and the NCHRP resources as
the Statcs agrec lo devole lo these projects.”

FCP Category Descriptions

1. Improved Highway Design and Opera-
tion for Safety

Safety R&D addresses problems connected with
the responsibilities of the Federal Highway
Administration under the Highway Safety Act
and includes investigation of appropriate design
standards, roadside hardware, signing, and
physical and scientific data for the formulation
of improved safety regulations,

Reduction of Traffic Congestion and
Improved Operational Efficiency

™

Trafhe R&D is concerned with increasing the
operalivnal effiviency of existing highways by
advancing technology, by improving designs for
cxisting as well as new facilities, and by keep-
ing the demand-capacity relationship in better
belance through traffic maragement techniques
such as bus and carpool preferential treatment,
motorist information, and rerouting of traffic.

* The complete T-velume official statement of the FCI’ is
available from the National Technical Infermation Serviee
(NTTS), Springfield, Virginia 22161 (Order No. PR 242037,
price $45 postpaid) Single copieg of the introductory
volume are obtainable withont charge from  Program
Analysis (HRD-2), Offices of Resesrch and Develonment,
Federal Highway Adminigtration, Washington, 0.C. 20390,

3 E\ﬁvironmental Considerations in High-
way Design, Location, Construction, and
Operation
Environmental R&D is directed toward identify-
ing and evaluating hLighwuy elements which
affect the quality* of the human environment,
The ultimale goals are reduction of adverse high-
way and traffic impacts, and prolection and
enhancement of the environment.

4. Improved Materials Utilization and Dura-
bility
Materials R&D is concerned with expanding the
knowledge of materials properties and technology
to fully utilize available naturally occurring
materials, to develop extender or substitute ma-
terials for materials in short supply, and to
devise procedures for converting industrial and
other wastes into wuseful highway products.
These activities are all directed toward the com-
mon  goals of lowering the cost of highway
construetion and extending the period of main-
tenance-free operation,

5. Improved Design to Reduce Costs, Extend
Life Expectancy, and Insure Structural
Safety
Structural R&D is concerned with furthering the
latest technological advances in structural de-
signs, fabrication processes, and construction
techniques, to provide safe. cfficient highways
at reasonable cost.

6. Prototype Development and Implementa-

tion of Research

This category is concerned with develuping and
transferring research and technology into prac-
tice, or, as it has heen commonly identified,
“technology transfer.”

7. Immproved Technology for Highway Main-
tenance

Maintenance B&D objectives include the develop-
ment and application of new technology to im-
prove management, fo augment the utilization
of resources, and to inerease operational efficiency
and safety in the maintenance of highway
facilities.
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