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FOREWORD

Within the federalism that is a distinguishing characteristic of
the governmental structure of the United States, the responsibility
for managing the water and related land resources of the Nation's
river basins is shared among Federal, State, and local governments,
and private enterprise.

In response to the practical problems that confront them, Federal
agencies are continually developing technical methods to improve the
performance of their assigned responsibilities. Where agencies have
different but related assignments, methodological differences in mak-
ing the same types of technical determinations tend to develop. The
determination of flood flow frequency is one of the technical methods
that has experienced separate agency evolution over the years, and
consequent differences in technique.

With the growing need for improved flood plain management,
desirability of a basic, uniform method of establishing flood frequen-
cies for general use throughout the Nation is manifest. A consistent
approach to estimation of the average annual value of flood losses--

a major analytical component in determination of the best measure,

or best combination of measures, in flood plain management--is de-
pendent upon equable analysis of flood frequencies whether determined
by Federal, State, local government or private engineers.

With this need in mind, the uniform technique for determining
flood flow frequencies set forth in this bulletin was adopted by the
Council's Hydrology Committee. It is hoped that this base method
will commend itself for use by State, local government and private
engineers, and that it will be looked upon as a desirable first step
in the development through further study, research, and experience
of a more precise and complete technique. The Water Resources
Council has adopted the uniform technique set forth in the bulletin



for use in all Federal planning involving water and related land
resources, It has done this, however, with the understanding that
efforts directed toward finding methodological improvements will
be continued and adopted when deemed appropriate.

All who are interested in improving determinations of flood
flow frequencies are encouraged to submit comments, criticisms,
and proposals to the Water Resources Council for consideration by
its Hydrology Committee.

Stewart L. Udall

Chairman, Water Resources Council

December 1967



TOWARD A UNIFORM TECHNIQUE
FOR DETERMINING FLOOD FLOW FREQUENCIES

In a letter of September 10, 1966, the Executive Director informed
the Hydrology Committee that the Council had assigned it responsibil-
ity for developing a uniform technique for the determination of flood
flow frequencies. The Hydrology Committee of the Council consists
of technical staff members of the Federal departments represented
in the Council and of the Tennessee Valley Authority. The Committee
devotes its efforts to techmnical matters in hydrology and has published
many hydrologic bulletins that are nationally used..

The Council's assignment was made in conformance with Recom-
mendation 2 of the report by the Task Force on Federal Flood Control
Policy, "A Unified National Program for Managing Flood Losses. nl/
Recommendation 2 called for the establishment of a panel to examine
methods of frequency analysis and to provide a set of techniques based
on the best known hydrological and statistical procedures.

In a letter of October 20, 1967, the Chairman of the Hydrology
Committee submitted the Committee's report to the Council. The
letter and report contained (i) a resume of the Committee's activities
in this field, (ii) recommendations regarding a technique of flood flow
frequency analysis for gaged areas, (iii) an outline of the recommended
base method of analysis, (iv) appropriate tables of constants for use
with the base method, and (v) a discussion of further and immediate
problems requiring the Committee's attention in this field. The
Committee's letter and report were based on the report of the Work
Group on Flood Flow Frequency Analysis, an ad hoc work group es-
tablished by the Committee. Two professional statisticians were
employed as technical advisors to the group. The group's main
findings were that of six methods tested, three fitted the data well
and showed no bias., The recommended base method is one of these
three.

In its meeting of October 25, 1967, the Water Resources Council
accepted the Committee's report and recommendations and agreed
that they should be published.

1/ House Document No. 465, 89th Congress, 2nd Session.



Recocmmendations

The recommendations of the Hydrology Committee are:

""1. The Hydrology Committee agreed that the state of
the art with respect to flood flow frequency methods, as
with most other hydrologic techniques, has not advanced
to the point where complete standardization is feasible
or appropriate. For that reason, the Committee recom-
mends that a base method be adopted with provisions for
using other methods where adequate justification is
presented. ’

'"2. On the basis of current use by Federal agencies,
availability of detailed instructions and computer pro-
grams, and flexibility in application, the log-Pearson

Type III distribution (with the log-normal as a special

case) is recommended for adoption as a base method for
flow frequencies. In those cases where information exists
which indicates some other type of distribution or technique
should be employed, such use should be acceptable provided
appropriate justification is given. A concise summary of
the log-Pearson Type III method is presented in Bulletin
No. 13, April 1966, '""Methods of Flow Frequency Analysis, "
prepared under the auspices of the Subcommittee on
Hydrology, Inter-Agency Committee on Water Resources.l/

"3, In view of the importance of flood flow frequency
estimates in the expanding field of water resources de-
velopment and related programs for managing flood losses,
continuing efforts by the Hydrology Committee are needed
to encourage and coordinate efforts of the member agencies
in improving existing techniques and procedures in this
field. In this connection, the Committee will establish
appropriate ad hoc work groups when required for specific
tasks; major emphasis, however, will be directed toward
bringing such matters to the attention of the full Committee.
Some immediate problems requiring attention are outlined
in Attachment 4. "2/

1/ Now the Hydrology Committee, Water Resources Council.

2/ The material in Attachment 4 is given later in this pamphlet
under the title ""Additional Considerations in Flood Flow
Frequency Analysis.



THE BASE METHOD

The Pearson Type III method, as originally presented by H. A. Foster
(Ref. 1) in 1924, is described in Bulletin 13 (Ref. 2) in Foster's own
words. As used by Foster, the method required the use of the natural
data in computations of the mean, standard deviation, and skew co-
efficient of the distribution. The current practice, and the recommenda-
tion of the Committee, is first to transform the natural data to their
logarithms and then to compute the statistical parameters. Because of
this transformation the method is now called the log-Pearson Type III
method.

Outline of the Method

The following symbols are used in the outline submitted by the Work
Group on Flood Flow Frequency Analysis, which based its work on the
presentation in Bulletin 13:

arithmetic magnitude of an annual flood event

logarithmic magnitude of Y

number of events in the record being used

mean of the X's

X-M

standard deviation of the X's

skew coefficient )

Pearson Type III coordinates expressed in number
of standard deviations from the mean for various
recurrence intervals or percent chance

Q = computed flood flow for a selected recurrence

interval or percent chance

non oy

N 0K 2 E
i

The events considered here are flood flows in the annual series.
(Definitions of hydrological and statistical terms used here are found
in the Glossary of Bulletin 13). In the work, the physical units used
for Y (such as cfs) are also those for Q.




The outline of work is as follows:
1, Transform the list of N annual flood magnitudes Y,
Y2, « . . . s Yy to a list of corresponding logarithmic

magnitudes X1, X2, . . . . , XN.

2. Compute the mean of the logarithms:

XX
Moo= S

3. Compute the standard deviation of the logarithms:

N-1

_ .\/ Y x2 - (2X)2/ N

4. Compute the coefficient of skewness:

NXx3
(N-1)(N-2)8®

g =

NYx® - 3NLXXXZ + 2(XLx)°
N(N - 1)(N - 2)8®

5. Compute the logarithms of discharges at selected re-
currence intervals or percent chance:

log Q = M+KS



Take K from Table 1 or Table 2 for the computed value

of g and the selected recurrence interval or percent chance.
Log Q is the logarithm of a flood discharge having the same
recurrence interval or percent chance.

6. Find the antilog of log Q to get the flood discharge Q.l/

Tables of K Values

Tables 1 and 2 were made from larger and more complete
tables prepared by H. Leon Harter (Mathematical Statistician,
Wright-Patterson Air Force Base) and the U.S. Soil
Conservation Service. Copies of those tables are available,
free of charge, from the Central Technical Unit, Soil
Conservation Service, 269 Federal Center Building,
Hyattsville, Md. 20782.

Computer Program Sources

Federal agencies such as the Bureau of Reclamation, Corps
of Engineers, Geological Survey, Soil Conservation Service,
Tennessee Valley Authority, and others, have prepared
computer programs for the log-Pearson Type III method.
These programs are in various computer languages and for
various types of computers. Inquiries regarding these pro-
grams should be addressed to those agencies.

References

(1) "Theoretical Frequency Curves,'" by H, A, Foster: American
Society of Civil Engineers, Transactions, v. 87, p. 142-203: 1924,

(2) "Methods of Flow Frequency Analysis,'" by the Subcommittee
on Hydrology, Inter-Agency Committee on Water Resources:
Notes on Hydrologic Activities, Bulletin 13, April 1966. For
sale by the Superintendent of Documents, Government Printing
Office, Washington, D.C. 20402. Price 35 cents.

1/ The frequency line can be shown by plotting each Q versus its
respective percent chance on lognormal probability paper and
drawing a continuous line through the plotted points.



10

9.6°C
0.9°C
£9L°'C
9¢8°¢
6%76°C
iv0°¢€
(A0
€ce e
[AL N>
10%°¢
68%°¢
GLG'E
199°¢
Snl'e
8¢8°¢

016°¢

066°¢
690'Y
71"y
£CT’'Y
86T Y
cle’y
KAAA
cgicy
78S %
¢S99y
81LYy
£8L°Y
L98°Y
606 "%
0L6°Y%

Y

00¢

92¢°t
00%°¢
[44/ AN
6°e
e19°¢
989°¢
66L°T
%78°C
168°¢C
LS6°C
[44108%
L80°¢
6%1°¢
11C°¢
1L2°¢
oce’¢
88¢°¢
VALY
66%7°¢
€66°¢
S09°¢
969°¢
SoL e
£€6L°¢
008°¢
ev8°¢
688°¢
Te6°¢
€l6°¢
€10y
160°%

001

%60°¢C
L0T°C
6G61°C
T112°¢
192°¢
T1€°¢
6G€°C
LoY'¢
139/
86%7°C
[/
G86°C
979°¢
999°¢
90L°¢
EwL T
08L°¢
Gg18'¢
8%8°¢
188°¢
c16°¢
n6°c
0L6°C
L66°C
€20°¢
870°¢
TL0°¢€
€60°¢
VAR A
7e1'e
[4 ] 82

[4

0§

T16L°1
G8L°1
818°1
6%8°1
0881
016°1
6€6°1
L9671
£66°1
810°C
£E70°C
990°C
£80°C
801°¢
BZ1°C
aw1'e
€91°¢
6L1°C
£61°C
A TAA
612°C
0€Ce
owe'e
87T
967°'¢
[4° T
L92°¢
¢Lee
6L2°¢
LLe'e
8LC°T

KA

S¢

i8C°1
6C°1
T0€°1
60€°1
L1e°1
€2e°1
8¢ 1
€ee’1
9¢e’1
6€€" 1
ove"1
el
ove "1
6€£€°1
LeE"1
€ee’1
62€°1
VZAT
81¢°1
01¢e°1
0e°1
76C°1
VA TAN
VXA
[ATAN!
062°1
8EC1
VI
012°1
G6T°1
081°1

ot

01

sie2X UT JBAJ2]U] 20U21aNd9Y

v8°0
9¢8°0
0€8°0
7280
918°0
808°0
008°0
06L°0
08.°0
69L°0
8G6L°0
S%L°0
ceEL’0
61L°0
S0L°0
069°0
GL9°0
099°0
€%9°0
L29°0
609°0
¢66°0
7LS°0
6Gs'0
LESTO
816°0
66%7°0
6L%°0
09%°0
o770
0c%'0

14

0
L10°0-
£€0°0-
060°0-
9%0°0-
£80°0-
660°0-
911°0-
¢e10-
87170~
791°0-
081°0-
66170~
01z'o0-
G?¢’0-
o%¢- 0-
VAT
89C°0-
¢8¢0-
76¢°0-
Log°0-
61¢°0-
0€e 0"
Tve°0-
16€°0-
09¢°0-
89€°0-
9.£°0-
78€°0-
06€°0-
96¢€ °0-

o<

aduey) Jusada9d

S

7870~
9%8° 0~
068°0-
€68°0-
GG8°0-
968°0-
LS80~
LS8°0-
9680~
%6870~
6870~
8%8°0-
7%8°0-
8€8°0-
(A%
GZ8°0-
L1870~
80870~
66L°0-
8870~
LLLto-
G9L70-
¢SL 0"
6€L°0"
gzl 0"
T1L°0-
969°0-
189°0-
999°0-
159°0-
9€9°0-

08

00sC°1

§JUSTOTJJo00 MaNs oALlJTsod 103 sSonjeA J -- | o198l

8T 1-
0LT'1-
86T 1-
ST 1-
1€2°1-
91¢"1-
00C " 1-
€81°1-
991°1-
(917 1-
8Z1°1-
L0171~
980°1-
790" 1-
0°1-
810°1-
7660~
0L6°0-
%60~
0¢6°0-
G68°0-
698°0-
7%8°0-
618°0-
G6L°0-
TLL°0-
(yL°0-
7¢L" 0"
¢0L70-
18970~
099°0-

06

T111°1

S%9°1-
919°1-
98G6°1-
GGG 1-
726" 1-
6% 1~
8G%°1-
XA/
88¢°1-
£6e 1~
Lie’1-
08¢ 1-
Ewe1-
90t 1-
89T 1~
T€1°1-
€60°1-
960°1-
0c0 1~
786°0-
6%6°0-
716°0-
¢88°0-
068°0-
6180~
06L°0-
¢9L°0-
9¢€L°0-
T1L°0-
889°0-
§99°0-

G6

9¢s0°T

T4 A 0
tsee-
8L1°C~
701°¢C-
6¢0°Z-
GG6°1-
088°1-
908" 1-
€eL 1"
099°1-
88G6°1-
816" 1~
67y 1-
£8¢°1-
8IE 1~
96¢ 1~
L61°1-
ov1°1-
L8071~
LE0° T~
066°0-
9%6°0-
S06°0-
£98° 0~
¢€870-
66L°0~
69.°0-
o%L 0"
%1L°0-
069°0-
L9970~

. . - . . . - . v . . - -

s & e s s = e e &
N ANANANNNNANNNNAH A A e

-

OO~ ONITNAN 1O~ OINTOANAOANWOMNS OGN -

66
(3)
IULTTFF20)
1010°1 M8



11

£99°0
069°0
Y1L°0
%L°0
69L°'0
008°0
£€B'O
698°0
L06°0
6%6°0
$66°0
o' 1
L60°1
GG1°1
91¢°'1
78¢°'1
ISE°T
VANt
106°1
18¢°1
%99° 1
6%L 1
LE8 T
976°1
910°¢
801°¢
102°¢
%67°¢C
88€°C
8%°'¢C
9/.6°C

0]

00¢

£99°0
069°0
%1L°0
owL'o
69L°0
66L°0
¢e8°0
£98°0
S06°0
9%6°0
066°0
LEO'T
[80°1
o111
(6171
9621
81€°1
€8€°1
6771
81" 1
886°1
099°1
€EL'T
908’1
088°1
666" 1
620°¢
%01°¢
8L1°¢C
[4 TN
9¢¢ T

001

999°0
689°0
#1L°0
ovL*0
89.°0
86L°0
0€8°0
798°0
006°0
6€6°0
086°0
€20°1
690°1
9111
991°1
LT1T°1
0L2°1
VA
6LE°1
CEY 1
[A3/A!
676" 1
9091
£€99°1
0CL'1
LLL T
€8 1
068°1
S%6° 1
000°¢
%60°¢C

0s

999°0
€89°0
¢1L°0
8¢L°0
%9L°0
£6L°0
£28°0
GG8'0
888°0
£€26°0
6S6°0
966°0
GE0'T
GL0°T
911°1
L6171
86T°1
ove'1
8t 1
%2e°1
99¢°1
LO%°T
8771
88%°1
826°1
961
909°1
EV9°1
089°1
91L°1
T6L°T

174

099°0
189°0
20L°0
%ZL'0
LYL"0
TLL°0
S6L°0
618°0
78°0
698°0
668°0
0¢6°0
%60
0l6°0
%66°0
810°1
%0°1
790°1
980°1
LOT°1
8C1'1
9171
991°1
€81°1
00Z°1
911
T€T°1
e 1
86C°1
0ltc'1
¢8¢'1

01

01

sie9A UT TBAJIDIU] 20UQIANIIY

9¢9°0
16970
999°0
189°0
969°0
T1L°0
€eL’0
6€L°0
¢SL°0
€9L°0
LLL°0
88.°0
66L°0
80870
L1870
6Z8°0
Z£8°0
8€8°0
7%8°0
8%8°0
268°0
¥68°0
968°0
LS80
LS8°0
968°0
6680
£€68°0
058’0
9%8°0
8’0

0¢

96¢£°0
06£°0
78€°0
9.£°0
B89¢€°0
09¢°0
16€°0
THe"0
0€€’0
61¢°0

L0E°0

762°0
¢87°0
892°0
%6C°0
LAY
1 YA
0120
G61°0
081°0
791°0
8%1°0
¢ET'0
911’0
660°0
€80°0
990°0
0s0°0
£€0°0
L1070

0¢s

2duey) 3usdisd

1

14

0ty o-
ot7%°0-
09%°0-
6L%°0"
66%°0-
81¢°0-
LE€S 0"
6GeG’0-
7460~
¢65°0-
609°0-
{290~
€%9°0-
099°0-
SL9°0-
069°0-
€0L70-
6T1L°0-
zeL’0-
%L’ 0~
8G6L°0-
69.70~
08L70-
06L°0-
008°0-
808°0-
918°0-
%280~
0£8°0-
9€8°0-
w8 0-

08

006C°1

E§JUD1013J000 Ma38 SALIe33U 103 SoNTEBA j--'¢ 9UBL

081°'1-
G61°1-
012’1~
¥eT 1-
8L 1~
06¢ 1~
792°1-
LT 1~
%8¢ 1~
76C° 1~
¢0e 1"
01e"1-
811~
VA
6T€°1-
eee’1-
LEETT-
6eE"1-
ove"1-
THe"1-
o%e "1~
6£€ T~
9¢€°1-
EeEe 1~
8ce 1~
€Ce 1~
L€ 1~
60¢°1-
T0€°1-
¢6C 1~
871~

06

TTI1°1

£00°2Z-
L00°¢-
010°¢-
¢10°¢-
€10°¢C-
¢10°¢-
110°2-
600°2-
900 ¢~
100°¢2-
966°1-
686°1-
186" 1-
¢L6 1"
¢96° 1~
166° 1~
86" 1
GC6°1-
0161~
768°1-
LL8° 1~
868" 1~
6€8° 1~
618°1-
L6L° 1"
WL T
06L°1-
9¢L 1~
00L°1-
€L9°1-
Sv9°T1-

g6

92s0°1

150°%-  0°¢-
€10° - 6'C-
€l6°¢-  8°'zT-
z€6°€-  LU2T-
688°€- 9°Z-
cv8'¢-  §Ue-
008°€-  H'z-
€sL°e- €'z
soL'e- -
9¢9°¢-  1'z-
s09'¢-  0°'2-
€55°€- 61"
66%°¢c-  8'1-
wopte-  L°1-
88€°¢-  9°1-
ocee-  §'1-
1L2°¢-  %'1-
112°¢-  €°1-
6v1°€-  7°1-
£80°¢-  1°1-
720°€-  0'1-
LS6°2- 6" -
168°z- 8" -
wz8'z- L' -
csL'c- 9 -
989°z-  §' -
§19'¢- % -
gtz €8 -
A A AR A
0o%'z-  1° -
9z¢ ¢- 0
66
(3)
JUSTOTFFS0D
10T0°T #93s



12

ADDITIONAL CONSIDERATIONS IN FLOW-FREQUENCY ANALYSIS

There are important considerations in flow-frequency analysis
beyond the type of distribution that may be used to fit the data. Some
of these considerations are discussed below.

A short record of flood flows may contain large sampling errors
because of chance geographical or temporal variations in rainfall
during the period of record. Therefore a short record may be a
poor indicator of the basic long-time distribution of floods at the
site.

Flood flow frequencies often need to be determined for sites where
there are no streamflow data. It is possible to examine the individual
flood records within the region as a unit and to develop generalized
relationships that apply anywhere in the region including ungaged sites.
This approach often overcomes many of the uncertainties due to sam-
pling error at individual sites. Several methods of regionalization
have been developed to date; a study of such methods, and recommen-
dations for their use, should be part of the continuing program of the
Committee.

Another problem is the treatment of a record that contains one or
more events of rare frequency--the so-called outlier problem. By
using historical information at the site or at nearby sites it is often
possible to assign a realistic recurrence interval to each outlier.
This information is incorporated into the set of data to define the
overall distribution. An alternative is to compute the frequency
distribution omitting the rare events, plot the frequency line, and
then to adjust the line to conform to the historical information.
Where no historical information is available, an obviously very rare
event may be excluded from the computations. The specific treat-
ment that is used to handle outliers should become a matter of record.

Where streamflow data are lacking at the site or where a regional
analysis is not justified, the use of hydrologic methods, such as
rainfall-runoff relationships and unit hydrograph studies, may be
the only feasible approach.

In the flood series for some streams in arid regions, it is not
unusual for one or more of the flood values to be zero. This poses
a difficulty when using a logarithmic transformation because the
logarithm of zero is minus infinity. One way around the difficulty
is to add a small constant to all the items of data. A second is to
determine the frequency relation from only non-zero items and
afterwards to adjust the relation to the full period of record. This
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method does not retain the zeros. A third method is to consider a
two-step or conditional probability. If Z is the percentage of zero
items, the frequency relation is based on the nonzero items, and
defines the probability in 100 - Z percent of all years; Z percent

of future years are considered as having expected values of zero.
Or, for any one year, the expected probability of a zero flood is

Z /100, and the expected probability of any other size of flood,
given that the flood is not zero, is that furnished by the developed
frequency relation. This may be thought of as a separation into two
frequency relations, both solvable, which are then recombined.

The skew coefficient has greater variability between samples
than the mean and standard deviation, and it is therefore a less
reliable estimator of a population statistic for a particular site.
Use of a regionalized skew coefficient to replace that coefficient
computed from the station data has been recommended at times.
The standard error of estimate of a sample skew coefficient Sg,
taken from a normal population having zero skew, is given by

6N(N - 1)
(N - 2)(N + 1)(N +3)

where N is the number of years of record.” For a selected confidence
level, this can be used to test whether or not a skew coefficient com-
puted at a site is significantly different from zero. If a regional
average skew coefficient is considered appropriate, the average of
the Sg's, divided by W'/;l-, where n is the equivalent number of
independent stations, should be used to test whether the regional
value is significantly different from zero.

Sg

In the use of the log-normal and log-Pearson Type III distributions,
an adjustment for length of record, referred to as '"expected proba-
bility,'" has been applied to the probabilities. On the basis of
comparative studies, it appears that the average fit of the log-Pearson
is slightly improved by the-use of this adjustment. However, the
adjustment has been developed theoretically only for a normal (and
log-normal) distribution, and its use for a log-Pearson Type III dis-
tribution is arbitrary. Simulation (Monte Carlo) techniques could be
used to develop similar correction factors for the log-Pearson Type
IIT distribution.
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HYDROLOGY COMMITTEE

Person Agency DeEa.rtment
H. N. Holtan Agri. Research Service Agriculture
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A, J. Zeizel Housing and Urban
Development

R. N. Hull Bureau of Indian Affairs Interior

C. C. Crane Bureau of Land Management "

A, A, Berk Bureau of Mines "

R. G. Comstock Bureau of Reclamation i

John E. McLean Fed. Water Pol. Control Adm. "

E. R. Leeson Geological Survey "

C. F. Izzard Bureau of Public Roads Transportation

D, C. Woo n "

Neal C. Jennings Federal Power Commission

Donald F. Parsons n

J. W. Beverage Tennessee Valley Authority
C. D. Eklund n
B. J. Buehler "

Reuben J. Johnson (ex officio) Water Resources Council

* Chairman agency, fiscal year 1968
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Person Agency Department
D. L, Brakensiek Agri. Research Service Agriculture
John A. Adams Forest Service "
Wendell A. Styner Soil Conservation Service "

William H. Sammons " " u "

Dwight E. Nunn Corps of Engineers Army
John F. Miller ESSA, Weather Bureau Commerce
Kenneth F. Hansen, Bureau of Land Management Interior

Cecil C. Crane " " H " "
Frederick A. Bertle Bureau of Reclamation
James J. O'Brien L & L L
Manuel A. Benson *. Geological Survey "
N. C. Matalas " n "

Frank K. Stovicek Bureau of Public Roads Transportation

D. C- Woo 1" 1" " 1 1"

Neal C. Jennings Federal Power Commission
D. W. Newton Tennessee Valley Authority

C. D, Eklund "

Victor Mockus Water Resources Council

*

Chairman

CONSULTANTS USED IN AN ADVISORY CAPACITY

Joan R. Rosenblatt National Bureau of Standards

Geoffrey S. Watson The Johns Hopkins University

ARMY - MRC VICKSBURG, MISS.
DEC. 1967



