
• 1n 

U. S. Geological Survey 

Resources lnvestigaf 

Prepared in cooperation the 

Susquehanna liver Basin Commission 



INSTRUCTIONS roR COMPLETING FORM NTI$-35 (Bibliographic Data Sheet ba~d on COSATI 
Gui4elines to :f.ormat .Standat~s for Scientific ·and Technical Reports Prepared by or for the Fedc;,·~1 Government, 
P&-180 600). ' 

1. Report Humb'er. Each individually bound report shall carry a unique • • .., ... uumeric designation selected by the pe!forming 

organization' or provided by the sponsoung organization. Use uppercase letters and Arabic numerals only. Examplu 

FASEB-NS-7_3:.:87 and FAA-RD-73..09. 

2. Leave blank. 

3. Recipient'~ lu::ce11ion Number • . Reserved for use by each report recipient , ,. 

~ 
I 

' 

.C. Title and Subtitle . Title should indicate clearly and briefly the subject coverage of the report, subordinate subtitle to the 
main title; When a report is prepared in more than one volume, repeat the primary title, add volume number and include 
subtitle for the s pecific volume. 

; 

' /> ~aport Dote. E!lch report shall carry a date indicating at least month.. and year. Indicate the basis .on JIL!W:h.. if. was...selcc~ 

(e.g. , date of issue, date of approval, date of preparation, date p11blished). 
f 

~. Perforrl! lng Organization Code. Leave blank. .· 
7. Author('l). Give name(s) in conventional order (e.g., John R. Doe, or ].Robert Doe). List author's affiliation if it differs 

from th; · performing organization. 
I 

8. Performing Organization Report Humber. Insert if performing organization wishes to assign chis number. 

9. Perfor~l~g Organization Home and Moiling Address. Give na~e..'J~treet, city, st.ate , and zip code. List no more than two 
levels of a n organ izational hierarchy. Display the name of the' organization exactly as it should appear in Government in• 
dexes s uch as Government Ret>octs Index (GRI). ' 

10. Project/Toak/Work Unit Humber. Use -the pro ject, task and ·work unit numbers under which the report was prepared. 

11. Controe't/Grant Number. lose. ..:-. .:....: t or grant n~mber under which report was prepared. 

12. Sponaorlng Agency Nome and Moiling Addrea1. Include zip code . Cite main sponsors. 

13. Type of Report and Period Covered. State interim, final, etc., and, if applicable, inclusive dates. 

14. Spon~rlng Agency Code. Leave blank. 

15. Supplementary Notes. Enter information not included elsewhere but useful, such as: l'r<'pared in <'UOpt'ntti,,n with . 
Translation ol .. . Presel)ted at conference ol ... To bt• published in .. . Sup~rst•dc:s . . . Supplements ... 
Cite availability of related parts, volumes, phases, etc. wi(h report number. 

16. Abstract. Include a brief (200 words or less) factual summary of the most significant information contained in the report. 
11 the report contains a significant bibliography or literature survey, me ntion it here. 

17. Key Words and Document Analy1i1. (o). De~criptor1. Select from the Thesaurus of F.n~ineering and Scientifi.: Terms the 
proper authorized terms that identify the major concept of the research and are sufficiently specific and precise to b,. used 
as index entries for cataloging. 
(b). Identifiers ond Open-Ended Terms. Use identifiers for project names, code names, equipment desi11narors, etc. Usc 
ope.n-ended terms written in descriptor form for those subjects for which no descriptor exists. 

(c). COSATt Field/Group. Field and Group assignments are co be taken from the 1964 COSATI Subject Category List. 
Since the majority of documents are multidisciplinary in nature, the primary Field/Group assignment(s) will be the specific 
discipline, area of human endeavor, or type of physical object. The application(s) will be cross-referenced with secondary 
Field / Group ass ignments that will follow the primacy posting(s). 

18. Distribution Statement. Denote public releasability, for example "Release unlimited", or limitation for reasons other 
. rhan •security. Cite any availabilitv to the public, other than NTIS, with address, order number and price, if known. 

19 & 20. Security Clonifieotlon. Do not submit classified reports to the National Technical Information Service. 

21. Humber of Pog•••. Insert the total number of pages, including introductory pages, but excluding distribution li•t,, if a ny ; 

22. NTIS Price. Leave blank. .... . e 



BIBLIOGRAPHIC DATA ,1 . Report No. 12- 3. ReciP,ient's Accession No. 

SHEET . .. 
' 

4. Title and Subtitle Technical Manual For Est:imating Low-Flow S. Report Date 

FreqUency Characteristics of Streams in the SUsquehanna 
. June 1976 
6. 

River Basin 

7. Author(s) 8. Performing Orsanization Rept. 

Jeffrey T. Armbruster No. USGS/WRI-7 6-51 
9. Performins Orsanization Name and Address 10. Project/Task/ Work Unit No. 

U.S. Geological Survey 
P. o. Box 1107 11 . Contract/Grant No. 

Harrisburg, Penna. 17108 

12. Spci_nsorins Orsanization Name and Addre.ss 13. Type o£ Report ac Period 

u.s. Geological Survey Covered 

P. o. Box 1107 Final 
Harrisburg, Penna. 17108 u . 

.. 

15. Supplementary Notes 

Prepared in cooperation with the Susquehanna River Basin Commission. 

16. Abstracts This report presents procedures for estimating low-flow frequency character-
istics for streams in the SUsquehanna River basin. The techniques can be used at 
ungaged sites as well as sites where insufficient data are available to make a reliable 
estimate. •Streams have been divided into two types~ajor and minor. Major streams 
are the Susquehanna, West Branch Susquehanna, Juniata, and Chemung Rivers. Points on 

' 2 2 
these streams with drainage areas of more than 2,000 mi (5,180 km ) are included

2
in 

this category. Points on these streams with drainage areas of less than 2,000 mi fall 
into the minor stream category. Generally minor streams are herein defined as those 
draining less than 2,000 mi2 (5,180 km2 ). Multiple-regression techniques have been 
used to develop relations for estimating the 1-, 3-, 7-, 30-, and 183-day duration 
low flows at recurrence intervals of 10, 20, 50 and 100 years for annual series data 
and the 1-, 3-, 7-, and 30-day duration low flows, at the same recurrence intervals, fOl 
six individual months, May through October, inclusive. 

17. Key Words and Oocument Ana lysis . 17o. Descriptors 

*Low flow, *regional analysis, *regression analysis, *geology, flow characteristics, 
hydrology, river basins 

171:1. Identifiers/Open-Ended Terms 

*Basin characteristics 

17c. COSATI Field/ Group 

18. Availability Statement 19 •. Security Class (This 21 . -No. of Pases 

No restriction on distribution Re~~tLASSIFIED 62 
120. Secunty Class (Thts 22. P rice 

Pa~ 
NCLASSIFIED 

f'OftM NTs•as uu:v. 10 711 ENDORSED BY ANSI AND UNES<X>. TfUS FORM MAY BE REPRODUCED USCOMM-OC •zes-PH 



TECHNICAL MANUAL FOR ESTIMATING 

LOW-FLOW FREQUENCY CHARACTERISTICS 

OF STREAMS IN THE SUSQUEHANNA 

RIVER BASIN 

By Jeffrey T. Armbruster 

U. S. GEOLOGICAL SURV£Y 

Water R.eso11rces Investigations 76-51 

Prepared in c.o.operation with th.e 

Susquehanno River Basin Commission 

June 1976 

; 

/> 



UNITED STATES DEPARTMENT OF THE INTERIOR 

Thomas S. Kleppe, Secretary 

GEOLOGICAL SURVEY 

Vincent E. McKelvey, Director 

For additional information write to: 

U. S. Geological Survey 
Water Resources Division 
Fourth Floor, Federal Building 
228 Walnut Street 
P. 0. Box 1107 
Harrisburg, Pennsylvania 17108 

II 



TABLE OF CONTENTS 

Abstract . . . . . . 
Introduction . . 

Data. . . 

Flow Characteristics . . . '. . . . . . . ;. 

Basin Characteristics. 

Analytical Methods .. 

Regionalization. 

Regression Model . 

Estimating Low-Flow Characteristics . 

Annual Series Data . 

Major Streams . . . . . 
Minor Streams . 

Monthly Series Data . 

Major Str earns . 

Minor Streams 

Application . .. 

Illustrative Examples. 

Conclusions . 

Reference s. 

Regression Equations .. 

III 

Page 

1 

2 

4 

4 

5 

7 

7 

8 

8 

8 

9 

10 

14 

14 

17 

17 

21 

24 

25 

27 



Figure 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

List of Illustrations 

Map showing location of the Susquehanna 
River Basin. . . . . . . 3 

Hydrologic soil-grouping map . ... In pocket 

Correction factors for annual series 
low .flows of the West Branch Susque­
hanna River, at the 10-, 20-, 50-
and 100-year recurrence intervals. 
Numbers in parenthesis are the 
duration of the low flows ..... . 

Correction factors for annual ser ies 
low flows of the Juniata River, at 
the 10-, 20-, 50- and 100-year 
recurrence intervals. Numbers in 
parenthesis are the duration of 
the low flows. . . . . . . . . 

Correction factors for annual series 
low flows of the Chemung River, at 
the 10-, 20-, 50- and 100-year 
recurrence intervals . Numbers in 
parenthesis are the duration of the 
low flows .. . . . . ...... . 

Map of the Susquehanna River Basin 
showing subarea boundaries for 
annual, September, and October 
low flows. . . . . . . . . . . . . 

Correction factors for monthly series 
low flows of the West Branch Susque -
hanna River. . . . . . . 
Correction factors for monthly series 
low flows of the Juniata River . . . . 
Correction factors for monthly series 
low flows of the Chemung River . . . 

IV 

4 

11 

12 

13 

. . . 15 

15 

16 



Figure 10 . 

11. 

12. 

List of Illustrations (cont') 

Map of Susquehanna River Basin 
showing subarea boundaries for 
May low flows, . , . .. , .. 

Map of Susquehanna River Basin 
showing subarea boundaries for 
June low flows . . . . . . . . 

; 

f . ' /> • Map o Susquehanna R1ver ' Bas1n 
showing subarea bound~ries for 
July and August lo~ fiows ... 

/ 

v 

. . . . ' . . 18 

19 

20 



List of Table s 

Page 

Table 1. Weighting factors for deter-
mining index of relative 
infiltration . . . . . . . . . . . . . . 6 

2. Summ<1;ry of regression equations 
for annual low flows of rnaj or 
streams. . . . . . . . . . . . . . . . . . . 28 

3a. Summary of regression equations 
for annual low flows of minor 
streams in subarea 1 . . . . . . . . . . . . 29 

3b. .Summary of regression equations 
for annual low flows of minor 
str earns in subarea 2 . . . . . . . . . . . . 29 

3c. Summary of regression equat i ons 
for annual low flows of minor 
streams in subarea 3 . . . . . . . . . . . . 30 

3d. Summary of regression equations 
for annual low flows of minor 
streams in subarea 3a . . . . . . . . . . . . 30 

3e. Summary of regression equ.a tions 
for annual low flows of minor 
str earns in subarea 4 . . . . . . . . 31 

4. Summary of regression equations 
for May low flows of major s tr earn s . . . . . 32 

5. Summary of regression equations 
for June low f lows of rnaj or str eams. . . . . 32 

6. Summary of regression equations 
f or July low flows of major streams. . . . . 33 

7. Summary of regression equations 
for Augu s t low f lows of major streams. . . . 33 

VI 

•. 



Table 8 . 

9. 

lOa. 

lOb . 

lOc . 

lOd. 

lOe . 

lla. 

llb. 

llc. 

lld . 

List of Tables (cont t ) 

Summary of regression equations 
for September low flows of major 
stream. s . . , . .. . . .. . .. . . . 

Summary of regression equations 
for October low flows of major 
s treams. . . . . . . . . . . . . 

1 

Summary of regression .~.qu a:tions 
for May low flows of fi inor streams 
in subarea 1 .. . . 1 •• •• •• 

Summary of regression equations 
for May low f lows of minor streams 
in subarea 2 . . . . . . . . . . . 
Summary of regression equations 
for May low flows of minor streams 
in subarea 2a. • . . . . . . . . . 
Summary of regression equations 
for May low flows of minor streams 
in subarea 3 . . . . . . . . . . 
Summary of regression equations 
for May low flows of minor stream s 
in subarea 4 . . . . . . . . . . . 
Summary of regression equations 
for June low flows of minor stream s 
in subarea 1 . . . . . . . . . . 
Summary of regression equations 
for June low f lows of minor streams 
in subarea la. . . . • . . . . . 
Summary of regression equat i ons 
f or June low flows of minor streams 
in subarea 2 . . . . . • . . . . 
Summary of regression equations 
for June low flows of minor stream s 
in subarea 3 . . . . . . . . . . . 

VII 

34 

34 

35 

. . . . 35 

. . . . . 3 6 

. . . . 3 6 

. . . . . 37 

. . . . 38 

. . . 38 

. . . . 3 9 

. . . . . 3 9 



List of Tables (cont') I 
Page I 

I 

Table lie. Summary of regression equations 
for June low flows of minor streams 
in subarea 3a. • • • . • . . . • . . . . 40 

llf. Summary of regression equations 
for June low flows of minor streams 
in subarea 4 . . . . . . . . . . . . . . 40 

12a. Summary of regression equations 
for July low flows of minor streams 
in subarea 1 . . . . . . . . . . . . . . 41 

12b. Summary of r .egression equations 
for July low flows of minor streams 
ln subarea la. . • . . . . . . . . . . . 41 

lZc. Summary of regression equations 
for July low flows of minor streams 
in subarea 2 . . . . . . . . . . . . . . 42 

12d. Summary of regression equations 
for July low flows of minor streams 
in subarea 3 . . . . . . . . . . . . . . 42 

12e. Summary of regression equations 
for July low flows of minor streams 
ln subarea 3a. . . . . . . . . . . . . . 43 

12f. Summary of regression equations 
for July low flows of minor streams 
in subarea 4 . . . . . . . . . . . . . 43 

13a. Summary of regression equations 
for August low flows of minor streams 
in subarea 1 . . . . . . . . . . . . . 44 

13b. Summary of regression equations 
for August low flows of minor streams 
in subarea la. , ..... . .... . 44 

VIII 



List of Tables (cont') 

Page 

Table 13c . Summary of regression equations 
for August low flows of minor 
streams in subarea 2 . . . . . . . . . . . . 45 

13d . Summary of regression equations 
for August low flows of minor 
streams in subarea 3 . . . . . . 45 

' 
13 e. Summary of • ' /> • regress1on .,equa t1ons 

for August low flows/ of minor 
streams in subarea 3·a. • . . . . . . . . . . 46 

~;; 

13f. Summary of regression equations 
for August low flows of minor 
streams in subarea 4 . . . . . . . . . . . . 46 

14a. Summary of regression equations 
for September low flows of minor 
streams in subarea 1 . . . . . . . . . . . . 47 

14b. Summary of regression equations 
for September low flows of minor 
st.reams in subarea 2 . . . . . . . . . . . . 47 

14c. Summary of regression equations 
for September low flows of minor 
streams in subarea 3 . . . . . . . . . . . . 48 

14d. Summary of regression equations 
for September low flows of minor 
streams in subarea 3a. . . . . . . . . . . . 48 

14e. Summary of regression equations 
for September low flows of minor 
streams in subarea 4 . . . . . . . . . . 49 

!Sa. Summary of regression equations 
for October low flows of minor 
streams in subarea 1 . . . . . . . . . . . . so 

IX 

r 



Table 15b. 

15c. 

15d. 

15e. 

List of Tables (cont') 

Summary of regression equations 
for October low flows of minor 
streams in subarea 2 . . . . . . 

Summary of regression equations 
for October low flows of minor 
streams in subarea 3 ..... . 

Summary of regression equations 
for October low flows of minor 
streams in subarea 3a, ..... 

Summary of regression equations 
for October low flows of minor 
streams in subarea 4 . . . . . . 

X 

50 

51 

51 

52 



FACTORS FOR CONVERTING ENGLISH UNITS TO INTERNATIONAL 
SYSTEM (SI) UNITS 

The following factors may be use4 to convert the English 
units published herein to the InternaVional System of Units (SI) . 

.-. ' 

Multiply English units 

inches (in) 
feet 

square miles (mi 2 ) 

cubic feet per second 
(ft 3 /s) 

I 
{ 

Length 

25.4 
. 3 048 

2.590 

FloUJ 

• 0283 2 

XI 

To obtain SI units 

mill imetres (mm) 
metres (m) 

square kilometres (km2 ) 

cubic metres per 
second (rn 3 Is) 



TECHNICAL MANUAL FOR ESTIMATING 
LOW-FLOW FREQUENCY CHARACtERISTICS OF 

STREAMS IN THE SUSQUEHANNA RIVER BASIN 
/ 

By Jeffrey T. Armbruster 

ABSTRACT 

This report presents procedures for estimating low-flow 
frequency characteristics for streams in the Susquehanna River 
basin. The techniques can be used at ungaged sites as well as 
sites where insufficient data are available to make a reliable 
estimate. 

Streams have been divided intp two types--major and minor. 
Major streams are the Susquehanna, West Branch Susquehanna, 
Juniata, and Chemung Rivers. Points on these streams with 
drainage areas of more than 2,000 mi 2 (5,180 km 2 ) are included 
in this category. Points on these streams with drainage areas 
of less than 2,000 mi 2 fall into the minor stream category. 
Generally minor streams are herein defined as those draining 
less than 2,000 mi 2 (5,180 km 2 ). 

Multiple - regression techniques have been used to develop 
relations for estimating the 1-, 3-, 7-, 30-, and 183-day 
duration low flows at recurrence intervals of 10, 20, SO and 100 
years for annual series data and the 1 - , 3-, 7-, and 30-day 
duration low flows, at the same recurrence intervals, for six 
individual months, May through October, inclusive. 
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INTRODUCTION 

Low-flow characteristics of streams have become increas­
ingly important in recent years. The major reasons for this 
stimulated interest are related to water supply for municipal, 
industrial, and agricultural uses, to protection of aquatic 
species, and in many areas of this country to legal indices for 
maintaining water-quality standards. Currently the low-flow 
characteristics of streams within the Susquehanna River basin 
are inadequately defined. 

Three previous studies, Busch and Shaw (1966), Hunt (1967), 
and Page (1970) provide low-flow information in the basin. The 
first two are compilations of low-flow frequency and flow­
duration data at gaging stations and correlated estimates at 
partial-record sites. The third is an evaluation of present 
data-collection programs in Pennsylvania using multiple-regres­
sion techniques. Equations were derived for estimating the 
lowest average 7-day flows at recurrence intervals of 2, 10, and 
20 years. Page's study was much broader in scope than the 
current investigation, and the low-flow characteristics were 
only a minor part of his study. The accuracy of his estimates 
of the derived low-flow regression equations as judged by the 
computed standard error of estimate of each relation (62, 94, 
and 108 percent, respectively), was considered inadequate for 
most uses. 

This investigation is the result of a cooperative program 
between the U.S. Geological Survey and the Susquehanna River 
Basin Commission, begun in 1974, to improve and expand the 
definition of low-flow characteristics for ungaged sites within 
the basin. 
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Figure 1. - -Map showing location of the Susquehanna River Basin. 
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DATA 

!n this repor~ streams will be classified as major or 
minor streams. Major streams are herein defined as those whose 
drainage area is generally larger than 2,000 mi 2 (5,180 km 2 ) 
and in one of the following river reaches: the Chemung River 
between its mouth and the mouth of Tioga River; the Susquehanna 
River from Marietta, Pa. to the mouth of the Chenango River; 
the Juniata River from its mouth to the mouth of Raystown 
Branch Juniata River; and the West Branch Susquehanna River 
from its mouth to Renovo, Pa. Minor streams are defined as all 
streams in the basin with drainage areas less than 2,000 mi 2 

(5,180 km 2 ) and not on one of the major streams. 

The primary reason for making a distinction between major 
and minor streams is that large streams are an aggregate of 
numerous smaller streams and, as such, factors affecting low 
flows on the larger streams tend to be integrated in the flow 
values. Thus, it is unlikely that all variables in each group 
will be the same. In regression analyses the very large streams 
also have a tendency to bias the model parameters when combined 
in the same regressions with small streams. 

Flow Characteristics 

Low-flow records at 115 regular gaging stations in the 
Susquehanna River basin were examined at the outset of the 
project. Fifteen of these were on major streams and all 15 
were used in the major stream analyses. Of the 100 minor 
stream stations, 11 were dropped from consideration either be­
cause of insufficient length of record or because of regulation 
during times of low flow. 

The average length of record for the 15 major stream 
stations was 55 years; the shortest record was 29 years. For 
the 89 minor stream stations used, the average length of record 
was 35 years. Only three of the records were shorter than 15 
years, and 26 stations had records longer than 40 years. All 
stations had records longer than 10 years. 

Low-flow characteristics commonly used are the discharges 
at selected recurrence intervals on a frequency curve of annual, 
seasonal, or monthly minimum flows of specified durations. For 
example, annual minimums are defined as the lowest average 
flow, for various numbers of consecutive days each year. 

4 
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Frequency curves are prepared by: (1) a graphical 

procedure described by Riggs (1968, 1972), or (2) fitting data 
to a theoretical probability distribution (often the log­
Pearson Type III distribution). Care must be exercised in 
using theoretical probability distributions for low-flow 
frequency curves (Riggs, 1971; Matalas, 1963). The graphical 
procedure is generally the base method of deriving low-flow 
frequency curves. 

An effort was made to fit the log-Pearson Type III distri­
bution to the annual and monthly minimum flows for various 
durations for all gaging stations us~ng the method of moments. 
At some stations and for certain du.ra'l'tions, however, it was 
necessary to use the graphical prdcedure because of poor fit 
by the theoretical distribution / A variety of causes of poor 
fit are discussed by Riggs (}968). 

More specific information on the flow characteristics 
examined will be presented in subsequent sections of this 
report. 

Basin Characteristics 

Basin characteristics include physical, climatic, soil, 
and geologic features of a drainage basin. In regression 
analyses, to be described in a subsequent section of this 
manual, low-flow characteristics are related to basin charact­
eristics. 

Three basin characteristics were found to be statistically 
significant, generally at the 5-percent level, in a majority 
of regression equations. They were drainage area, mean annual 
precipitation, and an index of relative infiltration. These 
characteristics as well as basin surface storage, which was 
found to be significant in several regression relations, are 
described below. 

Drainage Area (A).- -Area of a watershed, in square miles, 
as planimetered from best available Geological Survey topo ­
graphic maps. 

Mean Annual Preci itation (P).--Average depth, in inches, 
of prec1p1tat1on on a waters e 1n an average year, as determined 
from a National Weather Service map showing lines of equal 
annual precipitation. 
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Basin Surface Storage (St).--Percentage of a watershed 
covered by lakes and ponds, as planimetered from best available 
Geological Survey topographic maps. 

Index of Relative Infiltration (I).~-Relative capability of 
soils to accept and release water. This dimensionless index was 
described in detail by Armbruster (1976), and only a brief 
discussion will be given here. 

The index was based on a hydrologic soil grouping map (fig. 
2, in pocket) prepared for the Susquehanna River Basin Study 
Coordinating Committee (1970) by the U.S. Soil Conservation 
Service. The percentage of each basin covered by each soil 
group was estimated using a grid overlay. These partial areas 
(pa) were multiplied by a weighting factor (wf) given in table 
1. The partial products for each basin were then summed; that 
is 

The numerical value of the index has no physical significance; 
rat .. er, it is simply a gross means of accounting for varying 
soil characteristics. 

Except for values of (I) for each basin, most of the data 
were available from Page (1970), Darmer (1970), and Forrest and 
Walker (1970). 

Table 1.- -Weighting faato:r>s fo:r> detemining index of 
relative infiZt:r>ation. 

Soil Group Weighting Factor 

A 10.0 
B 5. 0 

I c 1.0 
I D 1.0 

_I Combined into one group because of a nearly 
insignificant amount of D .present in the basin. 
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ANALYTICAL METHODS 

Regionalization 

Regionalization is the technique or set of techniques used 
to extend streamflow records areally. Since only a relatively 
small sample of streams or points on streams are gaged, data are 
not available at many sites where information is needed. 
Regionalization provides ~ means to transfer data from a gaged 
site to an ungaged one. Improved estimates of flow character­
istics at gaged sites may also result from a regional analysis 
(Riggs, 1967). 

' " Thomas and Benson (1969) conducted a survey of known trans-
fer methods and concluded that "~**the method showing the most 
promise is one relating specific' streamflow characteristics to 
topographic and climatic cha~acteristics of the drainage basin 
by multiple regression***·" 

Multipie-regression analysis provides a means to determine 
the mathematical relationship between basin and flow character­
istics. For each relation, a measure of accuracy, the standard 
error of estimate of the flow characteristics, can be determined, 
as well as a measure of usefulness of each basin characteristic. 
Usefulness here is based on two factors: first, the statistical 
significance of the basin characteristics; and second, the 
reduction .in standard error resulting from including the var­
iable. A basin characteristic was included in a regression 
relation if it was significant at about the 5 percent .level . 

Previous attempts to generalize low flows for large areas, 
using multiple -regression techniques, have been essentially 
unsuccessful, because the standard errors were too high to 
justify use of the derived equations at ungaged sites . Riggs 
(1972) reported that one of the better regression applications 
to low-flow characteristics was derived by Thomas and Cervione 
(1970) in Connecticut. They related the 7-day 10 -year low flow 
to drainage area, mean basin elevation, and percentage of basin 
covered by stratified drift. The standard error of their 
relation was 68 percent . 
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Regression Model 

The form of the regression model used in this study is 

log Y = log c + b1log X1 + b2log X2 +, •• 

+ bn-llog Xn-1 + bnXn (1) 

where Y is a low-flow characteristic (for example , the annual 
7-day 10-year low flow), X1 to Xn are basin characteristics 
(Xn is the index of relative infiltration), cis a regression 
constant, and b1 to bn are regression coefficients. This model 
can also be written as 

(2) 

where all variables are the same as in (1) . When using the 
regression equations to estimate low-flow characteristics, either 
form may be used--it depends only on the preference of the indi­
vidual making the calculations. Note that model (1) is simply 
the logarithmic form of model (2). 

ESTIMATING LOW-FLOW CHARACTERISTICS 

This section of the report has been subdivided into two 
parts--one is a discussion of techniques and results from the 
annual series low-flow analyses and the other is a similar 
discussion of the monthly series low-flow regression analyses. 
Each of these parts has been further divided into two parts--one 
for major streams and the other for minor streams . The sub­
divisions were necessitated by slight variations in the methods 
used for analyzing each type of data. 

Examples showing the use of regression equations ~ will be 
presented in a subsequent section of the report. 

Annual Series Data 

The annual low-flow characteristics described in this 
report are the 1-, 3-, 7-, 30-, and 183-day discharges at 10, 20, 
50, and 100-year recurrence intervals. By definition, the annual 
7-day 10-year low flow, for example, is the discharge at the 10 -
year recurrence interval, taken from a frequency curve of annual 
values of the lowest mean discharge for 7 consecutive days (the 
7-day low flow). Stated in a slightly different way, the 7-day 
low flow will be less than the 7-day 10-year low flow at intervals 
averaging 10 years in length. · 
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For low-flow studies, the climatic year, beginning April 
1 and ending March 31, is used. The year is designated by the 
calendar year in which it begins. For example, the 1973 
climatic year runs from April 1, 1973, to March 31, 1974. All 
data were retrieved and analyzed using the climatic year. 

It was recognized at the outset of this project that 
regression estimates of 183-day duration low flows were far 
from ideal. However, the rules and regulations of the Sus­
quehanna River Basin Commission for review of water related 
projects require . evaluation of potential effects on the 183-
day low flows. Future flow simulation studies should provide 
more reliable estimates of long durat:i,.on low flows. Thus, 
until simulation studies have been com~leted, the regression 
relations for the 183 -day low flows~ "will serve as an interim 
computational tool for project re* iew. 

/ 

Major Streams 

Major streams were defined in a previous section of this 
report and the definition will not be repeated he!e· 

Regression model (1) was calibrated using flow character­
~stics from 15 major stream gaging stations. Drainage areas 
for streams in this analrsis ranged from 2,03 0 mi 2 (5,158 km 2

) 

to 25,990 mi 2 (67,314 km ). The regression relations thus 
derived were used to compute flows for the stations used. 
Computed· flow values were plotted against corresponding values 
obtained from station frequency curves. If the derived regression 
equations were perfect, the points should plot on a 45° line; 
since, however, most regressions are not perfect, some points 
will plot on either side of this 45° line. Stations on the 
West Branch Susquehanna, Juniata, and Chemung Rivers, each with 
a different but distinct pattern, however, plotted significantly 
to the left or right of the constructed line. This scatter 
indicates that the low flows for these streams were not affected 
in the same way by statistically significant basin character­
istics, as was the Susquehanna River. Recognizing this, the 
residuals (departure from 45° line) for each of these streams 
were plotted against their respective channel lengths on 
semi log paper. (Channel length is expressed in miles and is 
measured along the channel from the point of interest to th~ 
upstream basin divide.) These plots of residuals versus the 
log of channel length were consistently straight lines. 
Similar plots were made for each stream for each low-flow 
duration (i.e., 1-, 3-, 7-, 30-, and 183-days). Thus, for the 
West Branch Susquehanna, Juniata, and Chemung Rivers, curves 
were derived for use in correcting low flow estimates. The 
corrections were based on channel length. 
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Another set of regression analyses was made with corrections 
made for the streams above. The revised equations and standard 
errors are listed in table 2. When estimating low-flow char­
acteristics for points on any of the major streams, the regres­
sion equations shown in table 2 should be used. For the West 
Branch Susquehanna, Juniata, and Chemung Rivers, the correction 
factor shown by the appropriate curve in figures 3-5 should be 
added algebraically to the equation shown in table 2 before 
taking the antilogarithm. The standard error of estimate of the 
flow characteristic, corrected when appropriate, is the standard 
error for the equation used in the initial computation. This is 
true because the re· orted equations were derived using the 
adjusted data. 

Minor Straams 

Regression equations for estimating low-flow ·Character­
istics of streams in this category were derived using regression 
model (1) . The model was calibrated using data from all 89 
minor stream gaging station records. Subsequent to model 
calibration, residuals (the difference between observed data and 
flows computed using the derived regression equation) were 
plotted on a map. Examination of the plotted data indicated 
that areal bias existed between several regions of the Sus­
quehanna River basin. The bias is caused by flow variations not 
explainable with the basin parameters used. It was, therefore, 
necessary to subdivide the basin into five subareas which had 
similar residuals within themselves . (See fig. 6.) New sets of 
regression equations were then derived using gaging stations 
within each subarea. Thus, a set of relations was necessary for 
each subarea. (See tables 3a-3e.) An explanation of subareas 3 
and 3a can be found in Armbruster (1976) . 

Note on figure 6 that several subarea boundaries cross 
streams . Although efforts were made to avoid this, it was 
necessary to make crossings at the locations shown. For use in 
estimating low-flow characteristics on such streams, the equation 
provided for the subarea in which the point of interest lies 
s hould be used. 

One-day low flows can be determined using the 3-day low 
flows at any recurrence interval by use of the f ollowing relation, 

(1-day low flow) = 0.93(3-day low flow) 

The 3-day low flows are, of course, . estimated using the procedure 
described above. 
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Figure 3.--Correction factors for annual series low flows of 
the West Branch Susquehanna River, at the l'o-, 20-, 
50- and 1 00-year recurrence intervals. Nunbers in 
parenthesis are the duration of the low flows. 
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Figure 4.--Correction factors for annual series low flows of 
the Juniata River, at the 10-, 20-, 50- and 100-
year recurrence intervals. Numbers in parenthesis 
are the duration -of the low fiows. 
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Figure 5.--Correction factors for annuaZ series Zow fZows of 
the Chenung River, at the 10-, 20-, 50- and 100-
year recurrence intervals. Numbers in par enthesis 
are the duration of the Zow flows. 
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Figure 6. - -Map of the Susquehanna River Basin showing subarea 
boundaries for annual, September, and October low 
flows. 
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Monthly Series Data 

In addition to annual low-flow characteristics, monthly 
low-flow characteristics were analyzed for 6 separate months, 
May through October, inclusive. Specifically, the 1-, 3-, 7-, 
and 30-day low flows at recurrence intervals of 10, 20, 50, and 
100 years for each of the 6 months were examined. By definitior 
the 7-day 10-year May low flow, for example, is the discharge 
below which the lowest average 7 consecutive days of flow 
during May can be expected to fall at intervals averaging 10 
years. 

Major Streams 

Initial regression analyses for each month indicated that 
adjustments similar in nature to those used in the annual data 
analyses for major streams were necessary. 

Plots of computed versus observed low flows showed that 
the West Branch Susquehanna River, the Chemung River, and the 
Juniata River each behaved differently than the Susquehanna 
Riv . .P.r. This behavior was expected since each of these streams 
drain different physical and geologic regions. The Susquehanna 
River is, of course, an aggregate of the entire basin. The 
computed flows for the Susquehanna R~ver were in close agree­
ment to observed flows. 

A correction based on basin length was again found to be 
useful for the streams listed above. Residuals for each month 
from the regression analyses, for all streams except the 
Susquehanna River , were plotted against channel length. It was 
found that curves for individual months varied somewhat, 
depending on the month. Curves for these monthly series low 
flows were not noticeably affected by the number of days (1-, 
3-, 7-, and 30-) or recurrence interval (10, 20, 50, and 100). 
Rather, the curves seemed to vary only with the month being 
analyzed . Thus, corrections are applied to all estimated flow 
characteristics for the West Branch Susquehanna, Chemung, and 
Juniata Rivers, based on the month desired. The procedure for 
applying this correction factor is the same as described in the 
section, Annual Series Major Streams. 

All monthly-series major-stream regression relations are 
found in Tables 4-9. Correction factor curves are found in 
Figures 7-9 . 
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Figure B. --Correction factors for monthly series low flows of 
the Juniata River. 
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Minor Streams 

For this part of the investigation it was necessary to 
develop regression equations for each flow characteristic for 
each of 6 individual months. 

Experience gained with the minor streams annual data 
analyses plus an initial regression analysis for each month 
being studied, showed that the basin would have to be sub­
divided into several subareas. Because the- magnitude of flows 
for each month varies, it was hypothesized that subareas for 
each month might vary slightly with each other and with the 
annual analysis subareas. Studies of plotted residuals indi­
cated that the hypothesis was correct. Figures 6 and 10-12 
show the subarea subdivisions for eac~month. Note that low 
flows for the month of September ate' u·sually the lowest of the 
monthly data, and the subareas for September low flows are the 
same as for the annual series low flows, as expected . Explan­
ation of subareas 3 and 3a, can be found in Armbruster (1976) . 
For the mont.hs, June through August, it was also necessary to 
separate subarea 1, as indicated in Figures 11 and 12. Adjust­
ments s imilar to those used for subarea 3a were used for sub­
area la. The magnitude of the adjustment varied slightly with 
flow and hence the month. After adjustments were made to the 
f low characteristics in subarea la, subareas 1 and la were 
combined for the regression analyses. 

An equal and opposite adjustment was required in the f inal 
results for streams in subar ea la; thus, subareas 1 and la 
appear as 2 subareas, each having a separate set of regression 
equations . The equations, however, differ only in the regres­
sion constant, which is the same consta~t used previously to 
adjust the flow characteristics of streams in subarea la. 

APPLICATION 

When low-flow estimates are needed for a particular point 
on a stream, a hierachy of methods is used to obtain the desired 
estimate . If a regular gaging station record is available at 
or near the point of interest, the low-flow frequency curve for 
that station and duration should be used. The second possible 
source of data is low-flow partial - record measurements at the 
desired site correlated to concurrent base flows at a suitable 
index station. The relation line , thus defined, can be extended 
to provide a low-flow estimate at the low-flow partial record 
site (for example, of the 20-year low flow) . If neither of 
these t wo sources of basic data are available, then and only 
then should estimates be ba sed on the regression equations . It 
is emphasized that low-flow estima.tes based on data collected 
a t a point are almost always more reliable than low-flow estimates 
based on regional analyses. 
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Figu!'e 1 0. --Map of Susquehanna River Basin showing subar>ea 
boundaries fo!' May Zow fZows . 
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Figure 11. --Map of Susquehanna River Basin showing subarea 
boundaries for June low flows . 
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Figure 12. --Map of Susquehanna River Basin showing subarea 
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Regression equations for specific categories of streams, 
subareas, monthly or annual series, and flow characteristics 
are applicable only to the category for which they were derived. 
Also, the equations are applicable only to watersheds within 
the Susquehanna River basin and should not be used outside the 
basin. 

Estimation of the low flows using the regression equations 
presented in this report is relatively simple. An outline of 
the computation procedure follows: 

1. Determine whether annual .9.r monthly low-flow 
frequency characteristics are needed. 

( 

2 . Determine the subar~ for the site being 
investigated. 

3. Measure the basin characteristics required as 
input for the appropriate regression equation 
to be used . 

4. Make the indicated calculations. 

5. If the point of interest is in any of the 
major stream reaches except the Susquehanna 
River reach, determine the appropriate cor­
rection factor and apply the correction to 
the estimate calculated in step (5) above 
before taking the antilogarithm. 

Illustrative Examples 

Each of the following examples will show the procedure 
used to estimate low-flow characteristics. Estimates will be 
made for gaged sites. Although it is better to use station 
records to determine low flows at gaged sites, these examples 
simply serve to illustrate the techniques used for estimating 
at ungaged sites. By using gaged sites the reader will be able 
to compare the computed results and the low flows obtained from 
the station frequency curve. 
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Example I.--Estimate the annual 7-day 10-year low flow of 
Conodoguinet Creek at the Hogestown gaging station. (Station 
number 01570000) . 

1. From figure 6, the site is located in 
subarea 4. 

2. From table 3e, the basin characteristics 
needed are drainage area, mean annual 
precipitation, and index of relative 
infiltration. 

3. From topographic maps, drainage area 
is 470.0 mi 2 

4. From a National Weather Service map 
showing lines of equal annual precip­
itation, mean annual precipitation 
is 42.5 inches. 

5. From figure 2 and table 1, index of 
relative infiltration is 

Soil Group x Weighting Factor 

%A = 40 X 10.0 = 400 
%B = 25 X 5. 0 = 125 
%C = 3 5 X 1.0 = 35 
%D = 0 X 1.0 = 0 

I= 560/100 = 5.60 

6. From table 3e tne regression equation is 

logY= - 4.658 + 1.068 logA + 2.183 log (P-30) 

+ 0.218 I 

7. Substituting 

logY= -4.658 + 1.068(2.672) + 2.183(1 . 097) 

+ 0.218(5.6) 

logY= 1.811 

Y = 65 ft 3 /s (1.79 m3 /s) 

where Y is the estimated 7-day 10 -year low flow. 
The 7-day 10-year low flow from the station 
frequency curve is 64 ft 3 /s (1.79 m3 /s) . 
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Example 2.--Estimate the annual 7-day 20-year low flow of 
the Susquehanna River at the Wilkes-Barre, Pa. gage. (Station 
number 01536500). 

1. Because the site is on a major stream there is no 
need to determine a subarea number. 

2. From table 2, the only basin characteristic that 
is needed is drainage area. 

3. From topographic maps, the drainage are? is 
. 2 9,960mi. 

4. From table 2, the appropriate regression equation is 
I 

5. 

logY= -1.481 + 1.086 log~ 
/ 
r 

Subs t i tu t ing , . 
/ 

logY= -1.481 + 1.086(3.998) 

logY= 2.861 

Y = 726 ft 3 /s (20.56 m3 /s) 

where Y is the estimated 7-day 20-year low flow. 
The 7-day 20-year low flow from the station frequency 
curve is 692 ft 3 /s (19.60 m3 /s). 

Example 3.--Estimate the 7-day 20-year August low flow for 
the West Branch Susquehanna River at Renovo, Pa. (Station 
number 01545500). 

1. Because the site is on a major stream, there is no 
need to determine a subarea number. 

2. From table 7, the basin characteristics needed 
are drainage area and mean annual precipitation. 

3. From topographic maps, drainage area is 2,975 mi 2 • 

4. From a National Weather Service map showing lines 
of equal annual precipitation, the mean annual 
precipitation is 44 inches. 

5. From table 7, the appropriate regression equation is 

logY= -2.029 + 1.052 logA + 0.753 log(P-30) + CF, 

where CF is the appropriate correction factor . 
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mi. 
6. From topographic maps, the channel length is 136.8 

7. From figure 7, the correction factor is -0.210. 

8. Su bst i tu ting 

logY= -2.029 + 1.052(3.474) + 0.753(1.146) -.210 

logY= 2.278 

Y = 190 ft 3 /s (5.38 m3 /s), 

where Y is the estimated 7-day 20-year August low 
flow. The 7-day 20-year low flow taken from the 
station frequency curve is 180 ft 3 /s (5.10 m3 /s). 

CONCLUSIONS 

Estimates of low-flow characteristics of streams in the 
Susquehanna River basin can be determined by using the regres­
sion equations presented in this report. The accuracy of 
estimates can be evaluated by the standard error of estimate 
computed for each relation. 

Computationally, low flow estimates are not difficult to 
make. Determination of the appropriate basin characteristics 
is probably the most time consuming part of the computation. 

The procedures presented here are not intended to replace 
sound hydrologic judgment or other computational techniques at 
sites where sufficient data are available to permit more reliable 
estimates. Rather, the techniques illustrated here are intended 
to provide a tool for estimating low · flows at sites where 
little or no data are available. 
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TABLE 2.--SUMMARY OF REGRESSION EQUATIONS FOR ANNUAL LOW FLOWS OF 
MAJOR STREAMS. 

LOG Y = LOG C + 81 LOG A + 82 LOG(ST+l) + 83 LOG<P-30) 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
Y LOG C 81 82 83 PERCENT 

------------------------------------------------------------------_/ M1t10 -1.569 1.114 7.6 
M1t20 -1.651 1.120 7.5 
M1t50 -1.754 1.129 8.9 
M1t100 -1.855 1.143 10.5 

M3t10 
M3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7,50 
M7tl00 

M30t10 
M30t20 
M30t50 
M30t100 

M183t10 
M183t20 
Ml83t50 
M183t100 

-1.522 
-1.595 

1.695 
-1.752 

-1.414 
-1.481 
-1.501 
-1.605 

-1.782 
-1.862 
-1.946 
-2.018 

- 1.709 
-1.812 
-1.716 
-1.860 

1.106 
1.110 
1.120 
1.124 

1.084 
1.086 
1.075 
1.091 

1.022 
1.022 
1.022 
1.017 

1.033 
1.038 
1.039 
1.043 

.568 

.462 

.30~ 
.202 

.655 

.672 

.689 

.739 

.895 

.889 

.876 

.867 

7.1 
7.0 
8.6 

10.2 

7.5 
7.7 
9.6 

11.3 

8 . 7 
7.6 
9.9 
7.5 

7.0 
6.6 

10.0 
12.7 

------------------------------------------------------------------_! M1t10 IS THE 1-DAY 10-YEAR ANNUAL LOw FLOw. 
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TABLE 3A.--SUMMARY OF REGRESSION EQUATIONS FOR ANNUAL LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 1. 

FLOW 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) + 83 I 

REGRESSION 
CONSTANT, 

LOu C 

REGRESSION COEFFICIENTS 
-----------------------81 82 83 

STANDAt-<D 
ERROR OF 
ESTIMATE, 

PERCENT 
------------------------------------------------------------------M3,10 

M3,20 
M3,50 
M3tl00 

M7,10 
M7,20 
M7,50 
M7t100 

M30•l0 
M30t20 
M30t50 
M30.100 

Ml83t10 
M183•20 
M183t50 
M183tl00 

-3.968 
-4.042 
-4.17~ 
- 4.263 

-3 . ·';44 
-4.044 
-4. 115 
-4.110 

-3.848 
-3.954 
-4.080 
-4.127 

-3.527 
-3.576 
-3.!:>96 
-3.601 

1.354 
1.358 
1.372 
1.383 

1.346 
1.346 
1.347 
1.351 

1.342 
1. 34'3 
)...350 
1.349 

1.375 
1.349 
1.320 
1.298 

J / 

1.461 
1 . 370 
1.256 
1.170 

1.525 
1.491 
1.392 
11.. 25!:) 

1.62~ 
1.584 
1.521 
1.458 

1.950 
1.944 
1.893 
1.846 

.un 

.214 

.263 

.300 

.166 

.192 

.226 

.252 

.124 

.1 56 

.196 

.217 

44 
:,2 
63 
74 

38 
43 
51 
58 

34 
38 
45 
51 

39 
35 
32 
33 

------------------------------------------------------------------
TABLE 38.-- SUMMARY OF REGRESSION EQUATIONS FOR ANNUAL LOw FLOwS 

OF MINOR STREAMS IN SUBAREA 2. 

LOG Y = LOG C + 81 LOG A + 82 LOGCP-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERHOR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 82 83 PERCENT 
------------------------------------------------------------------M3tl0 -4.078 1.378 1.42o .134 29 

M3t20 -4.487 1.444 1.539 .148 36 
M3t50 -4.~45 1.510 1.685 ·.165 43 
M3tl00 -5.401 1.598 1.829 .173 53 

M7.10 
M7t20 
M7t50 
M7t100 

M30d0 
M30t20 
M30t50 
M30.100 

Ml83tl0 
Ml83t20 
Ml83t50 
M183t100 

-3.876 
-4.313 
-4.906 
-5.316 

-3.172 
-3.517 
-3.912 
-4.191 

-1.987 
-2.147 
-2.299 
-2.419 

1.332 
1.385 
1.449 
1.501 

1.222 
1.255 
1.287 
1.314 

1.105 
1.118 
1.136 
1.145 

1.394 
1.569 
1.835 
2.014 

1.153 
1.309 
1.509 
1.637 

.930 

.926 

.888 

.867 

.128 

.142 

.169 

.180 

.103 

.1 11 

.120 

.125 

• 050 
.054 
.056 
.061 

29 
35 
42 
48 

26 
30 
39 
45 . 

13 
14 
17 
20 

------------------------------------------------------------------



TABLE 3C. --SUMMARY OF REGRESSION EQUATIONS FOR ANNU~L LOw FLOWS 
OF MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + 81 LOG A + 82 LOG(P-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
Y LOG C 81 8~ 83 PERCENT 

------------------------------------------~--------------------- --M3tl0 -2.040 1.040 .633 .102 51 
M3t20 -2.267 1.076 .690 .105 61 
M3t50 -2.557 1 . 124 .770 .108 78 
M3tl00 -2.788 1.170 .814 .112 98 

M7t10 -1.957 1.031 .623 .099 48 
M7t20 -2.177 1.065 .689 .101 55 
M7t50 -2.416 1.107 .74d .102 66 
M7t100 -2.616 1.146 .790 .106 75 

M30t10 
M30t20 
M30t50 
M30t100 

M183tl0 
M183t20 
M183t50 
M183tl 00 

-1.812 
- 1.981 
-2.175 
-2.314 

-1.380 
-1.546 
-1.752 
-1.884 

.991 
1 . 017 
1.042 
1.064 

.955 

.952 

.952 

.950 

.698 

.732 

.787 

.818 

.761 

.817 

.896 

.941 

.094 

.098 

.103 

. 107 

.048 

.056 

.066 

.072 

42 
43 
46 
so 
28 
32 
39 
44 

------------------------------------------------------------------
TABLE 30.--SUMMARY OF REGRESSION EQUATIONS FOR ANNUAL LOw FLOWS 

OF MINOR STREAMS IN SUBAREA 3A. 

FLO W 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + 81 LOG A + ~2 LOGCP-30) + 83 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 
-----------------------81 B~ 83 

STANDARD 
ERRO~ OF 
ESTIMATE, 

PERCENT 
------------------------------------------------------------------M3tl0 

M3t20 
M3t50 
M3tl00 

M7tl0 
M7t20 
M7t50 
M7 tl 00 

M30tl0 
M30t20 
M30t50 
M30t100 

M183t10 
M183t20 
M183t50 
Ml83t100 

-3.040 
-3.267 
-3.557 
-3.788 

-2.957 
-3.177 
-3.416 
-3.616 

-2.812 
-2.981 
-3.175 
- 3.314 

-2.380 
-2.546 
-2.75~ 
-2.884 

1.040 
1.076 
1.124 
1.170 

1.031 
1.065 
1.107 
1.146 

.991 
1.017 
1.042 
1.064 

.955 

.952 

.952. 

.950 

.633 

.690 

.770 

.814 

.623 

.689 

.748 

.790 

.698 

. 732 

.787 

.818 

.761 

.817 

.896 

.941 

.102 

.105 

.108 

.112 

.099 

.101 

.102 

.106 

.094 

.098 

. 103 

.107 

.048 

.056 

.066 

.072 

51 
61 
78 
98 

48 
~5 
66 
75 

42 
43 
46 
so 
28 
32 
39 
44 

------------------------------------------------------------------
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TA8LE 3E.--SUMMARY OF REGRESSION EQUATIONS FOR ANNUAL LOw FLOwS 
OF MINOR STREAMS IN SUBAREA 4. 

FLO W 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + 81 LOG A + 82 LOG(P-30) + 83 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 
-----------------------81 B2 83 

STANDARD 
ERROR OF 
ESTIMATE , 

PERCENT 
------------------------------------------------------------------M3t10 

M3t20 
M3t50 
M3 tl 0 0 

M7t10 
M7t20 
M7t50 
M7t100 

M30 tl 0 
M30t20 
M30t50 
M30t100 

M183t10 
M183t20 
M183t50 
M183tl00 

-4.7c2 
-4.834 
-4.938 
-s.o2-c 
-4 .• 658 
-4.753 
-4 . 820 
-4.960 

-3.428 
-3.608 
-3.870 
-4.080 

-2.183 
-2.561 
-3.023 
-3.352 

1.030 
.959 
.895 
.831 

2.25£: 
2.38H 
2.507 
2.626 

1.068 2.183 
.989 2~ 30~ 
.903 2 ~. 407 
.845 , .-· 2 : 574 

.901 
;;:gr~ 
.775 

1.015 
.974 
.924 
.885 

1.809 
1.970 
2.168 
2.344 

1.129 
1.412 
1.773 
2.03H 

.219 

. 221 

.217 

.218 

.218 

.224 

.233 

.233 

.135 

.141 

.152 

.160 

.054 

.066 

.079 

.087 

43 
46 
55 
61 

40 
41 
44 
51 

31 
35 
43 
48 

17 
20 
26 
31 

---------------------------------------------------·--------------
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TABLE 4.--SUMMARY OF REGRESSION EQUATIONS FOR MAY LOW FLOWS OF 
MAJOR STREAMS. 

LOG Y = LOG C + B1 LOG A + B2 LOG<P-30) 

FLOW REGRESSION STANDARO 
CHARACTER- REGRESSION COEFFICIENTS ERROR OF 

ISTICS CONSTANT, ------------ ESTIMATE, 
Y LOG C Bl B2 PERCENT 

--~---------------------------------------------------M1tl0 -1.048 1.018 .563 8.6 
Mlt20 -1.129 1.019 .570 8.9 
Mlt50 -1.222 1.014 .600 11.2 
M1tlQO -1.303 1.015 .623 12.9 

M3tl0 
M3t20 
M3t50 
M3tl00 

M7t10 
M7t20 
M7t50 
M7t100 

M30t10 
M30t20 
M30t50 
M30t100 

-.970 
-1.067 
-1.179 
-1.257 

-.890 
-1.015 
-1.137 
-1.228 

-.610 
-.734 
-.883 
-.112 

1.001 
1.005 
1.012 
1.017 

.994 
1.000 
1.002 
1.008 

1.009 
1.023 
1.044 

.995 

.570 

.576 

.578 

.se5 

.557 

.581 

.606 

.618 

.477 

.439 

.384 

.381 

7.4 
8.8 

12.0 
13.9 

8.3 
10.3 
13.6 
16.6 

9.1 
9.8 

15.A 
20.9 

--------------~---------------------------------------

TABLE 5.--SUMMARY OF REGRESSION EQUATIONS FOR JUNE LOw FLOWS OF 
MAJOR STREAMS. 

LOG Y = LOG C + B1 LOG A + 82 LOG<P-30) 

FLOW REG~ESSION STANDARD 
CHARACTER- REGRESSION COEFFICIENTS ERROR OF 

ISTICS CONSTANT, ------------ ESTIMATE, 
y LOG C 61 82 PERCENT 

------------------------------------------------------M1 .10 -1.551 1.003 .827 7.8 
Mlt20 -1.689 1.019 .833 7.0 
M1t50 -1.805 1.030 .827 7.5 
Mlt100 -1.896 1.044 .818 10.7 

M3t10 -1.487 .985 .854 8.? 
M3t20 -1.614 .995 .875 7.8 
M3t50 -1.754 1.010 .885 7.5 
M3tl00 -1.838 1.021 .881 8.6 

M7tl0 -1.410 .967 .888 9.8 
M7t20 -1.547 .979 .913 9.2 
M7t50 -1.704 .998 .927 8.8 
M7 tl 00 -1.794 1.008 .935 9.3 

M30tl0 -1.121 .925 .965 10.7 
M30t20 -1.294 .937 1.013 12.0 
M30t50 -1.517 .967 1.039 13.0 
M30t100 -1.651 .984 1.052 15.3 

-----~------------------------------------------------
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TABLE 6.--SUMMARY Of REGRESSION EQUATIONS FOR JULY LOW 
FLOWS Of MAJOR STREAMS. 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) 

FLO~ REGRESSION STANDARO 
CHARACTER- REGRESSION COEffiCIENTS ERROR OF 

ISTICS CONSTANT, ------------ ESTIMATE, Y LOG C ~1 ~2 PERCENT 
------------------------------------------------------Mlt10 -1.825 1.032 .755 8.3 

M1,20 -1.932 1.042 .743 8.8 
M1t50 -2.053 1.059 .713 10.7 
M1t100 -2.118 1.068 .b85 13.0 

M3t10 -1.745 1.008 .789 7.6 
M3t20 -'1.817 1.009 .779 7.3 
M3t50 -1.910 1.019 .7~7 8.9 
M3t100 -1.964 1.024 ~ 7~6 10.6 

M7t10 
M7,20 
M7t50 
M7,100 

M30 tlO 
M30t20 
M30t50 
M30tl00 

-1.631 
-1.70~ 
-1.797 
-1.843 

-1.473 
-1.569 
-1.660 
-1.710 

• 975 r 

.974 

.9:79 

.979 

.931 

.917 

.898 

.885 

,,. 

.b30 

.831 

.ti20 

.813 

.•.HH 
1.042 
1 • 1 1 0 
1.14b 

14.1 
15.0 
17.4 
19.7 

TABLE 7.--SUMMARY Of REGRESSION EQUATIONS FOR AUGUST LOW 
fLOwS Of MAJOR STREAMS 

lOG Y = LOG C + 81 LOG A + 82 LOG<P-30) 

FLOW REGRESSION STANDARD 
CHARACTER- REGRESSION COEFFICIENTS ERROR Of 

ISTICS CONSTA~T, ------------ ESTIMATE, Y LOG C 81 82 PERCENT 
------------------------------------------------------M1t10 -2.114 1.113 .619 10.0 

M1t20 -2.271 1.142 .5~b 10.2 
M1t50 -2.451 1.179 .565 11.5 
M1t100 -2.575 1.201 .538 13.4 

M3tl0 
M3,20 
M3t50 
M3t100 

M7tl0 
M7t20 
M7t50 
M7 tl 0 0 

M30 tl 0 
M30t20 
M30t50 
M30tl00 

-1.985 
-2.12S 
-2.267 
-2.367 

-1.899 
-2.029 
-2.193 
-2.272 

-1.719 
- 1.856 
-~.018 
-2.135 

1.063 
1.084 
1.106 
1.125 

1.031 
1.052 
1.089 
1.102 

1.012 
1.040 
1.076 
1.108 

.704 

.698 

.687 

.674 

.769 
•• 753 
.708 
.o89 

.790 

.735 

.664 

.598 

8.8 
8.1 
8.o 
8.9 

8.7 
7.5 
7.3 
8.8 

8.4 
6.9 
8.3 

11.0 
------------------------------------------------------
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TABLE a.--SUMMARY OF REGRESSION EQUATIONS FOR SEPTEM~ER 
LOW FLOWS OF MAJOR STREAMS. 

LOG Y = LOG C + B1 LOG A + B2 LOG<P-30) 

FLOW REGRESSION STANDARD 
CHARACTER- REGRESSION COEFFICIENTS ERROR OF 

ISTICS CONSTANT, ------------ ESTIMATE, 
Y LOG C ~1 82 PERCENT 

------------------------------------------------------M1t10 -1.734 1.162 13.5 
M1t20 -1.847 1.171 14.3 
M1t50 -1.959 1.179 16.0 
M1t100 -2.043 1.187 18.0 

M3t10 -1.578 
M3,20 -1.644 
M3,50 -1.702 
M3tl00 -1.742 

M7t10 
M7t20 
M7,50 
M7t100 

M30 tl 0 
M30t20 
M30t50 
M30tl00 

-1.470 
-1.522 
-1.583 
-1.608 

-1.333 
-1.376 
-1.384 
-1.397 

1.127 
1.125 
1.120 
1.118 

1.106 
1.100 
1.096 
1.090 

1.101 
1.088 
1.065 
1.052 

7.8 
7.5 

10.0 
12.8 

7.6 
7.3 
9.5 

12.0 

11. 1 
11.0 
12.0 
13.4 

------------------------------------------------------
TABLE 9.--SUMMARY OF REGRESSION EQUATIONS FOR OCTOBER 

LOW FLOWS OF MAJOR STREAMS. 

FLOW 
CHARACTER­

ISTICS 
y 

M1t10 
M1t20 
Mlt50 
M1t100 

M3t10 
M3,20 
M3,50 
M3t100 

M7t10 
M7t20 
M7t50 
M7 tl 00 

M30 tlO 
M30t20 
M3o,5o 
M30t100 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) 

REGRESSION 
CONSTANT, 

LOG C 

-1.707 
-1.578 
-1.596 
-1.588 

-1.440 
-1.486 
-1.537 
-1.544 

-1.332 
-1.328 
-1.436 
-1.494 

-1.163 
-1.314 
-1.397 
-1.487 

HEGRESSION STANDARD 
COEFFICIENTS ERROR OF 
------------ ESTIMATE• 
~1 82 PERCENT 

1.164 7.8 
1.118 a.5 
1.104 9.2 
1.089 11.0 

1.106 7.0 
1.100 5.7 
1.094 6.2 

. 1. 0 84 8.0 

1.086 7.8 
1.066 7.7 
1.074 7.6 
1.078 9.2 

1.067 10.6 
1.078 1 1 • 1 
1.076. 11.8 
1.084 15.8 

------------------------------------------------------
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TABLE lOA.--SUMMARY OF REGRESSION EQUATIONS FOR ~AY LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 1. 

LOG Y = LOG C + B1 LOG A + 82 LOGCP-30) + 83 I 

FL OW STANDARD 
CHARA CTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
y LOG c B1 1:3~ BJ PERCENT 

------------------------------------------------------------------M1t10 -1.U3U 1.167 .o~7 27 
M1t20 -1 .l 7~ 1.190 .060 29 
M1t50 -1.346 1.218 .064 30 
M1t100 -1.459 1.237 .067 32 

M3t10 -.975 1.156 .058 27 
M3,20 -1.113 1.176 -;-- .061 28 
M3t50 -1.275 1.202 -,- .065 31 
M3d 00 -1.382 1.219 /' --- .068 32 

M7 tl 0 -.872 1.143/ .053 24 
M7t20 -1.022 1.._164 .058 26 
M7t50 -1.188 1.'188 .064 28 
M7tl00 -1.292 1.205 .065 29 

M30d0 -.358 1. 058 .051 19 
M30t20 -.583 1. 0 90 .068 24 
M30t50 -.816 1.1 22 .082 30 
M30t100 -.995 1.149 .094 35 

TABLE 10B.--SUMMARY OF REGRESSION EQUATIONS FOR MAY LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 2. 

FLOW 
CHARACTER­

ISTICS, 
y 

~OG Y = LOG C + 81 LOG A + 82 LOG(P-30) + B3 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COtFFICIENTS 
-----------------------81 B2 BJ 

STANDARD 
ERROR OF 
ESTIMATE.• 

PEKCENT 
------------------------------------------------------------------M1 tlO 

Mlt20 
MltSO 
M1tl00 

M3tl0 
M3t20 
M3t50 
M3tl00 

M7t10 
M7t20 
M7t50 
M7 tl 00 

M30d0 
M30t20 
M30t50 
M30t100 

-1.164 
-1.327 
-1.471 
-1.~86 

-1.164 
-1.313 
-1.489 
-1.615 

-1.071 
-1.253 
-1.47~ 
-1.623 

-.442 
-.545 
-.664 
-.738 

1.115 
1.130 
1.129 
1.135 

1.128 
1.137 
1.148 
1.154 

1.115 
1.137 
1.164 
1.182 

1.024 
.997 
.967 
.944 

35 

.084 

.091 

.098 

.102 

.087 

.094 

.103 

.112 

.085 

.093 

.106 

.113 

.060 

.068 

.077 

.081 

30 
35 
41 
46 

30 
34 
40 
46 

29 
33 
39 
44 

31 
29 
30 
33 



TABLE 10C.--SUMMARY OF REGRESSION EQUATIONS FOR MAY LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 2A. 

LOG Y = LOG C + B1 LOG A + ~2 LOG<P-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
y LOG c B1 B2, 83 PERCENT 

------------------------------------------------------------------M1t10 -1.641 1.115 .084 30 
M1t20 -1.804 1.130 .091 35 
M1t50 -1.948 1.129 .098 41 
M1t100 -2.063 1.135 .102 46 

M3,10 -1.641 1.128 .087 30 
M3t20 -1.790 1.137 .094 34 
M3t50 -1.966 1.148 .103 40 
M3t100 -2.092 1.154 .112 46 

M7t10 -1.548 1.115 .o85 29 
M7t20 -1.730 1.137 .093 33 
M7,50 -1.952 1.164 .106 39 
M7,100 -2.100 1.182 .113 44 

M30tl0 -.919 1.024 .060 31 
M30t20 -1.022 .997 .068 29 
M30t50 -1.142 .967 .071 30 
M30tl00 -1.215 ~944 .081 33 

--------------------------------~---------------------------------

TABLE 100.--SUMMARY OF REGRESSION EQUATION'S FOR MAY LOW FLOwS OF 
MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + 81 LOG A + B2 LOG<P-30) + 83 I 

FLOW STANDAHD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 ~2 83 PERCENT 
------------------------------------------------------------------Mlt10 -1.773 1.024 1.09b .062 26 

M1t20 -1.843 1.019 1.08~ .067 27 
M1t50 -1.953 1.022 1.100 .071 30 
M1t100 -2.0 02 1.022 1.089 .073 33 

M3t10 -1.702 1.020 1.065 .060 25 
M3,20 -1.808 1.016 1.087 .065 27 
M3,50 -1.956 1.018 1.132 .070 30 
M3t100 -2.032 1.017 1.141 .074 33 

M7t10 -1.572 1.002 1.030 .057 23 
M7t20 -1.639 .995 1.018 .062 24 
M7t50 -1.707 .983 1.009 .068 27 
M7t100 -l.74~ .980 .986 .072 29 

M30t10 
M30t20 
M30t50 
M30t100 

-.828 
-.947 

-1.077 
-1.187 

.992 

.973 

.949 

.931 

.650 

.664 

.672 

.698 

.027 

.039 

.054 

.065 

21 
24 
28 
31 

------------------------------------------------------------------
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TABLE 10E.--SUMMARY OF REGRESSION EQUATIONS FOR MAY LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 4. 

LOG Y = LOG C + 81 LOG A + B2 LOG(P-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COE::FFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
y LOG c B1 B2 B3 PERCENT 

------------------------------------------------------------------M1,10 -1.199 1.035 .336 .054 20 
M1,20 -1.39b 1.04-3 .412 .057 21 
Ml,50 -1.652 1.057 .509 .067 22 
M1,100 -1.852 1.068 .599 .074 24 

M3,10 -1.159 1.045 .302 .051 20 
M3,20 -1.36H 1 . 056 '• 384 .057 21 
M3,50 - 1.62H 1.068 ('481.J .066 22 
M3,100 -1.847 1.078 .598 .073 23 

I 

M7.10 -1.013 1.035 .266 .041 20 
M7,20 -1.214 1~ 043 .348 .047 20 
M7,50 -1.469 1.050 .4b9 .054 20 
M7,100 -1.662 1.056 .566 .060 20 

M30 .1 0 -.456 1.038 .026 23 
M30t20 -.641 1.050 . 038 23 
M3o.5o -.843 1.063 .049 24 
M30.100 -.990 1.073 .059 26 

------------------------------------------------------------------
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TABLE 11A.-- SUMMARY OF REGRESSION EQUATIONS FOR JUNE LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 1. 

LOG Y = LOG C + B1 LOG A + B2 LOG(P-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
Y LOG C 81 82 83 PERCENT 

-----------------------~------------------------------------------M1t10 -1.932 1.389 .061 29 
M1t20 -2.088 1.396 .090 29 
M1t50 -2.258 1.403 .120 31 
Mlt100 -2.359 1.406 .137 33 

M3,10 
M3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7t50 
M7t100 

M30t10 
M30t20 
M30t50 
M30t100 

-1.882 
-2.047 
-2.232 
-2.363 

-1.800 
-1.951 
-2.140 
-2.245 

-1.466 
-1.524 
-1.581 
-1.619 

1.384 
1.393 
1.405 
1.415 

1.382 
1.387 
1.398 
1.401 

1.372 
1.354 
1.332 
1.319 

.053 

.084 

.116 

.140 

.040 

.067 

.101 

.121 

30 
29 
29 
30 

30 
28 
28 
28 

37 
32 
30 
29 

------------------------------------------------------------------
TABLE 11B.--SUMMARY OF REGRESSION EQUATIONS FOR JUNE LOW FLOwS OF 

MINOR STREAMS IN SUBAREA 1A. 

LOG Y = LOG C + B1 LOG A + 82 LOG(P-30> + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICSt CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 82 83 PERCENT 
------------------------------------------------------------------M1t10 -2.233 1.389 .061 29 

M1t20 -2.389 1.396 .090 29 
M1t50 -2.559 1.403 .120 31 
M1t100 -2.660 1.406 .137 33 

M3t10 -2.183 1.384 .053 30 
M3t20 -2.348 1.393 .084 29 
M3t50 -2.533 1.405 .116 29 
M3tl 00 -2.664 1.415 .140 30 

M7,10 -2.101 1.382 .040 30 
M7t20 -2.252 1.387 .067 28 
M7t50 -2.441 1.398 .101 28 
M7,100 -2.546 1.401 .121 28 

M30t10 -1.767 1.372 37 
M30t20 -1.825 1.354 32 
M30t50 -1.882 1. 332 ' 29 
M30tl00 -1.920 1.319 28 

------------------------------------------------------------------
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TABLE 11C.--SUMMARY OF REGRESSION EQUATION~ FOR JUNE LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 2. 

LOG Y = LOG C + 81 LOG A + B2 LOG<P-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
y LOG c 81 132 B3 - PERCENT 

---~--------------------------------------------------------------M1t10 -2.1+51+ 1.196 .767 .123 28 
M1t20 -2.567 1.212 .737 .129 33 
M1t50 -2.684 1.234 .689 .135 41 
M1t100 -2.764 1.239 .691 .137 43 

M3,10 -2.344 1.178 .773 .112 20 
"'3.20 -2.466 1.196 e>767 .111 21 
M3,50 -2.594 1.210 - .159 .115 24 
M3t100 -2.636 1.214 ·' J' .714 .119 27 

M7d0 -2.258 1. 1641 .816 .097 17 
M7,20 -2.394 1.-178 .829 .099 19 
M7,50 -2.520 1:196 .818 .099 22 
M7,100 -2.606 1.208 .814 .099 24 

M3Q,10 -1.569 1.092 .667 .054 18 
M30,20 -1.719 1.098 .681 .060 23 
M3o,5o -1.990 1.134 .768 .054 28 
M30•100 -2.116 1.153 .71t:3 .05't 33 

------------------------------------------------------------------
TABLE 110.--SUMMARY OF REGRESSION EQUATIONS FOR JUNE LOW FLOWS OF 

MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 82 83 PERCENT 
------------------------------------------------------------------M1.10 -1.922 1.04o .908 .o8o 43 

M1t20 -2.110 1.067 .956 .082 50 
"'1,50 -2.30S 1.085 1.017 .086 57 
M1•1oo -2.452 1.101 1.054 .o88 64 

M3,10 -1.901 1.036 .933 .079 41 
M3t20 -2.116 1.067 .9,4 .081 48 
M3t50 -2.337 1.090 1.074 .084 55 
M3t100 -2.508 1.113 1.133 .086 62 

M7t10 
M7,20 
M7t50 
M7t100 

M30 tl 0 
M30t20 
M30t50 
M30t100 

-1.824 
-2.028 
-2.251 
-2.418 

-1.468 
-1.612 
-1.848 
-1.978 

1.026 
1.044 
1.072 
1.089 

1.032 
1.026 
1.037 
1.041 

39 

.940 
1.009 
1.08~ 
1.150 

.852 

.890 

.973 
1.007 

.076 

.081 

.084 

.087 

.052 

.062 

.074 

.083 

38 
43 
49 
55 

28 
29 
32 
35 



TABLE 11E.--SUMMARY OF REGRESSION EQUATIONS FOR JUNE LOW FLOwS OF 
MINOR STREAMS IN SUBAREA 3A. 

FLOW 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + B1 LOG A + B2 LOGCP-30) + B3 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 
--------------~--------B1 B2 B3 

STANDARD 
ERROR OF 
ESTIMATEt 

PERCENT 
-------------------~----------------------------------------------M1t10 

M1t20 
H1t50 
M1t100 

H3t10 
H3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7t50 
M7tl00 

M30 tl 0 
M30t20 
M30t50 
M30tl00 

-2.399 
-2.587 
-2.782 
-2.929 

-2.378 
.-2.593 
-2.814 
-2·. 985 

-2.301 
-2.505 
-2.72t:$ 
-2.895 

-1.945 
-2.089 
-2.325 
-2.455 

1.040 
1.067 
1.085 
1.107 

1.036 
1.067 
1.090 
1.113 

1.026 
1.044 
1.072 
1.089 

1•032 
1.026 
1.037 
1.041 

.908 

.956 
1.017 
1.054 

.933 

.994 
1. 0.7 4 
1.133 

.940 
1.009 
1.0B3 
1.150 

.852 

.890 

.973 
1.007 

.o8o 

.082 

.086 

.088 

.079 

.081 

.084 

.086 

.076 

.081 

.084 

.087 

.052 

.062 

.074 

.083 

43 
50 
57 
64 

41 
48 
55 
62 

38 
43 
49 
55 

28 
29 
32 
35 

----------------------------------------------------------------~-

TABLE 11F.--SUMMARY OF REGRESSION EQUATIONS FOR JUNE LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 4. 

FLOW 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + B1 LOG A + B2 LOG<P-30) + B3 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 

B1 82 83 

STANDARD 
ERROR OF 
ESTIMATE, 

PERCENT 
------------------------------------------------------------------M1t10 

Hlt20 
MltSO 
M1t100 

M3 ,-10 
M3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7t50 
M7t100 

M30t10 
M30t20 
M30t50 
M30t100 

-2.244 
-2.453 
-2.651 
-2.782 

-2.095 
-2.233 
-2.331 
-2.407 

-1.881 
-1.984 
-2.100 
-2.194 

-1.262 
-1.486 
-1.644 
-1.763 

1.036 
1.035 
1.030 
1.026 

1.012 
.988 
.965 
.948 

1.027 
1.010 

.991 

.937 

1.040 
1.020 
1.018 
1 • 0 13' 

.869 

.954 
1.034 
1.085 

.838 

.922 

.963 
1.004 

.695 

.735 

.776 

.833 

.442 

.579 

.635 

.699 

.096 

.105 

.112 

.117 

.097 

.095 

.098 

.100 

.084 

.088 

.094 

.096 

.045 

.053 

.058 

.060 

22 
30 
41 
49 

22 
28 
37 
43 

18 
25 
34 
42 

15 
21 
25 
30 

------------------------------------------------------------------

40 



TABLE l2A.--SUMMARY OF REGRESSION EQUATIONS FOR JULY LOW FLOwS OF 
MINOR STRtAMS IN SUBAREA 1. 

FLOW 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + B1 LOG A + 82 LOG<P-30) + 83 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 
-----------------------81 82 83 

STANDARD 
ERROR OF 
ESTIMATE, 

PERCENT 
------------------------------------------------------------------M1 dO 

M1t20 
M1t50 
M1t100 

M3,10 
M3t20 
M3t50 
M3t100 

M7,10 
M7t20 
M7,50 
M7t100 

M30 tlO 
M30t20 
M30t50 
M30,l00 

-2.2b3 
-2.477 
-2.7bi.J 
-2.935 

-2.191 
-2.371 
-2.599 
-2.755 

-3.722 
-3.904 
-4.060 
-4.860 

-3.404 
-3.630 
-3.886 
-4.028 

1.3b4 
1.380 
1.404 
1.414 

1.358 
1.366 
1.377 
1.386 

1.380 / 
1 •. .386 
1 ./391 
1.487 

1.358 
1.386 
1.411 
1.428 

-.,-­.-..,..-

1.530 
1.530 
1.481 
1.1$04 

1.562 
1.457 
1.393 
1.321 

.129 

.172 

.232 

.2o6 

.113 

.150 

.196 

.228 

.118 

.155 

.197 

.290 

.048 

.111 

.175 

.216 

39 
43 
51 
S7 

32 
35 
41 
46 

32 
36 
40 
59 

33 
30 
37 
43 

------------------------------------------------------------------
TABLE 128.--SUMMARY OF REGRESSION EQUATIONS FOR JULY LOW FLOwS 

MINOR STREAMS IN SUBAREA 1A. 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) + 83 I 

$LOW STANDARD 
CHA~ACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 B2 83 PERCENT 
------------------------------------------------------------------M1t10 -2.564 1.364 .129 39 

M1,20 -2.778 1.380 .172 43 
M1,50 -3.070 1.404 .232 51 
Ml,100 -3.236 1.414 .266 57 

M3,10 
M3t20 
M3,SO 
M3t100 

M7,10 
M7t20 
M7,50 
M7d00 

M30 tl 0 
M30t20 
M30,50 
M30t100 

-2.492 
-2.672 
-2.900 
-3.056 

-3.722 
-3.904 
-4.060 
-4.860 

-3.404 
-3.630 
-3.886 
-4.028 

1.358 
1.366 
1.377 
1.386 

1.380 
1.386 
1.391 
1.487 

1.358 
1.386 
1.411 
1.428 

1.530 
1.530 
1.481 
1.804 

1.562 
1.457 
1.393 
1.321 

.113 

.150 

.196 

.228 

.118 

.155 

.197 

.290 

.048 

.111 

.175 

.216 

32 
35 
41 
46 

32 
36 

.40 
59 

33 
30 
37 
43 

------------------------------------------------------------------

41 



TABLE 12C.--SUMMARY OF REGRESSION EQUATIONS FOR JULY LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 2. 

LOG Y = LOG C + B1 LOG A + 82 LOG(P-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE• Y LOG C 81 82 83 PERCENT 
-----~------------------------------------------------------------M1.10 -3.221 1.225 1.20~ .117 23 

M1,20 -3.513 1.244 1.340 .122 27 
Ml ,so -3.880 1.263 1.532: .128 32 
Ml,100 -4.153 1.277 1.684 .133 37 

M3,10 
M3,20 
M3,50 
M3,100 

M7,10 
M7,20 
M7,50 
M7,100 

M30•10 
M30,20 
M3o.5o 
M30•100 

-3.132 
-3.435 
-3.826 
-4.105 

-3.003 
-3.287 
-3.610 
-3.846 

-2.512 
-2.721 
-2.966 
-3.121 

1.202 
1.218 
1.238 
1.247 

1.184 
1.197 
1.209 
1.217 

1.157 
1.166 
1.177 
1.183 

1.185 
1.330 
1.540 
1.701 

1.149 
1.27~ 
1.424 
1.544 

.975 
1.010 
1.061:~ 
1.100 

.125 

.135 

.144 

.154 

.125 

.137 

.150 

.161 

.098 

.111 

.125 

.134 

21 
24 
28 
32 

21 
23 
27 
31 

19 
21 
24 
26 

-------~------~---------------------------------------------------

TABLE 12D.--SUMMARY OF REGRESSION EQUATIONS FOR JULY LOW FLOWS OF 
MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + B1 LOG A + B2 LOG<P-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 82 B3 PE~CENT 

------------------------------------------------------------------M1t10 -2.170 1.046 .961 .097 49 
Ml,20 -2.363 1.068 1.007 .099 59 
M1,50 -2.571 1.084 1.066 .104 61 
M1,100 -2.707 1.093 1.105 .107 68 

M3,10 
M3,20 
M3,50 
M3,100 

M7,10 
M7,20 
M7,SO 
M7,100 

M30t10 
M30t20 
M3o,so 
M30,100 

-2.163 
-2.351 
-2.561:3 
-2.712 

-2.074 
-2.245 
-2.439 
-2.580 

-1.864 
-2.057 
-2.266 
-2.423 

1.047 
1.067 
1.094 
1.104 

1.029 
1.044 
1.057 
1.072 

1.036 
1.051 
1.062 
1.077 

.986 
1.035 
1.084 
1.131 

.987 
1.034 
1.086 
1.121 

.970 
1.031 
1.113 
1.173 

.095 

.097 

.101 

.104 

.092 

.094 

.098 

.100 

.075 

.079 

.082 

.084 

49 
52 
58 
64 

48 
49 
54 
60 

44 
42 
41 
42 

------------------------------------------------------------------

42 



TABLE 12E.--SUMMARY OF REGRESSION EQUATIONS FOR JULY LO~ FLOWS Or 
MINOR STREAMS IN SUBAREA 3A. 

LOG Y = LOG C + Bl LOG A + B2 LOGCP-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, 
Y LOG C 81 82 83 PERCENT 

------------------------------------------------------------------M1.10 -3.170 1.046 .961 .097 49 
M1,20 -3.363 1.068 1.007 .099 59 
M1,50 -3.571 1.084 1.066 .104 61 
M1t100 -3.707 1.093 1.105 .107 68 

M3t10 
M3t20 
M3,50 
M3,100 

M7tl0 
M7t20 
M7t50 
M7t100 

M30t10 
M30t20 
M30t50 
M30fl00 

-3.163 
-3~351 
-3.568 
-3.712 

-3.074 
-3.245 
-3.439 
-3.580 

-2.864 
-3.057 
-3.266 
-3.423 

1.047 
1.067 
1.094 
1.104 

1.029/ 
1 •. 044 
1/057 
1.072 

1.036 
1.051 
1.062 
1.077 

.986 
1.,035 
1.1)84 

,, /1.131 

.987 
1.034 
l.08o 
1.121 

.970 
1.031 
1.113 
1.173 

.095 

.097 

.101 

.104 

.092 

.094 

.098 

.100 

.075 

.079 

.082 

.084 

49 
52 
58 
o4 

48 
49 
54 
60 

44 
42 
41 
42 

------------------------------------------------------------------
TABLE 12F.--SUMMARY Of REGRESSION EQUATIONS FOR JULY LOW FLOWS OF 

MINOR STREAMS IN SUBAHEA 4. 

FLOW 
CHARACTER­

ISTICS, 
y 

M1t10 
M1 t20 
M1 ,so 
M1t100 

M3t10 
M3,20 
M3t50 
M3,100 

M7,10 
M7,20 
M7t50 
M7.' 10 0 

M30 tl 0 
M30t20 
M30t50 
M30t100 

LOG Y = LOG C + 81 LOG A + 82 LOG(P-30) + 83 I 

REGRESSION 
CONSTANT, 

LOG C 

-3.173 
-3.431 
-3.617 
-3.772 

-3.092 
-3.325 
-3.547 
-3.6b4 

-3.023 
-3.274 
-3.586 
-3.744 

-2.203 
-2.289 
-2.346 
-2.394 

REGRESSION COEFFICIENTS 
-----------------------~1 82 83 

.946 

.929 

.880 

.854 

.967 

.938 

.918 

.897 

.975 

.944 

.916 

.886 

1.043 
1.026 

.991 

.974 

1.535 
1.674 
latH 9 
1.919 

1.468 
1.627 
1.747 
1.830 

1.439 
1.625 
1.816 
1.~32 

.860 

.841 

.823 

.803 

.128 

.135 

.135 

.138 

.125 

.131 

.133 

.135 

.125 

.129 

.140 

.143 

.093 

.102 
• 1 1 1 
.118 

STANDARD 
ERROR OF 
ESTI"1ATEt 

PERCENT 

30 
36 
47 
55 

28 
35 
45 
54 

26 
31 
39 
46 

18 
23 
32 
39 

------------------------------------------------------------------, . 

43 



TABLE 13A.--SUMMARY OF REGRESSION EQUATIONS FOR AUGUST LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 1. 

LOG Y = LOG C + B1 LOG A + 82 LOG<P-30> + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 82 B3 PERCENT 
------------------------------------------------------------------M1t10 -3.007 1.530 .265 58 

M1t20 -3.057 1.508 .279 58 
Mlt50 -3.124 1.484 .296 62 
M1t100 -3.177 1.468 .310 65 

M3t10 -2.982 1.536 .261 56 
M3t20 -3.040 1.516 .277 54 
M3t50 -3.109 1.494 .295 56 
M3tl 00 -3.168 1.482 .310 60 

M7t10 -2.951 1.546 .252 57 
M7t20 -3.000 1.524 .266 54 
M7t50 -3.057 1.499 .283 54 
M7tl00 -3.107 1.488 .296 55 

M30 tl 0 -2.152 1.419 .088 46 
M30t20 -2.448 1.452 .149 52 
M30t50 -2.640 1.457 .187 46 
M30tl00 -2.826 1.475 .226 46 

-----------------------------------------~------------------------

TABLE 138.--SUMMARY OF REGRESSION EQUATIONS FOR AUGUST LOw FLOWS 
OF MINOR STREAMS IN SUBAREA 1A. 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION CO[FFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 ~2 83 PE~CENT 

------------------------------------------------------------------M1,10 -3.609 1.530 .265 58 
M1t20 -3.659 1.508 .279 58 
M1t50 -3.726 1.484 .296 62 
MltlOO -3.779 1.468 .310 65 

M3t10 
M3t20 
M3,50 
M3 tlOO 

M7tl0 
M7t20 
M7,50 
M7tl00 

M30 tl 0 
M30t20 
M30t50 
M30tl00 

-3.584 
-3.642 
-3.711 
-3.770 

-3.553 
-3.602 
-3.659 
-3.709 

-2.754 
-3.050 
-3.242 
-3.428 

1.536 
1.516 
1.494 
1.482 

1.546 
1.524 
1.499 
1.488 

1.419 
1.452 
1.457 
1.475 

.261 

.277 

.295 

.310 

.252 

.266 

.283 

.296 

.o88 

.149 

.187 

.226 

56 
54 
56 
60 

57 
54 
54 
55 

46 
52 
46 
46 

------------------------------------------------------------------

44 



TABLE 13C.-- SUMMARY OF REGRESSION EQUATIONS FOR AUGUST LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 2. 

FLOW 
CHA~ACTER­

ISTICS, 
y 

LOG Y = LOG C + B1 LOG A + B2 LOG(P-30) + 83 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 
-----------------------B1 H2 B3 

STANDARD 
· ERROR OF 

ESTIMATE, 
PERCENT 

---------------------------------~--------------------------------M1t10 
M1t20 
M1t~O 
M1d00 

M3t10 
M3t20 
M3t50 
M3t100 

-3.858 
-4.413 
-5.174 
-5.797 

-3.746 
-4.345 
-4.981 
-5.317 

1.312 
1.382 
1.480 
1.553 

1.282 
1.338 
1.409 
1.447 

1.470 
1.720 
2.082 
2.417 

1.436 
1.140 
2-. O..f3 

·2 .1 71!. 

.123 

.134 

.149 

.159 

.135 

.156 

.182 

.182 

24 
29 
40 
55 

24 
30 
37 
41 

M7tl0 -3.599 1.246 • 1.426 .134 22 
M7,20 -4.069 1.290 1.647 .151 27 
M7t50 -4.648 1.344 1.~33 .172 35 
M7t100 -5.076 1.386 2.147 .187 40 

M30tl0 -2.834 1.152 1.175 .099 19 
M30t20 -3.042 1.169 1.178 .116 19 
M30t50 -3.250 1.183 1.186 .131 22 
M30tl00 -3i377 1.193 1.176 .14) 26 

-------~----------------------------------------------------------

TABLE 13D.--SUMMARY OF REGRESSION EQUATIONS FOR AUGUST LOw FLOWS 
OF MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + B1 LOG A + 82 LOG(P-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICSt CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 B2 83 PEKCENT 
------------------------------------------------------------------Mlt10 -2.388 1.025 1.064 .105 52 

M1t20 -2.572 1.049 1.110 .105 58 
Mlt50 -2.797 1.080 1.169 .106 70 
M1t100 -2.965 1.105 1.21~ .107 81 

M3tl0 
M3t20 
M3t50 
M3 tl 0 0 

M7t10 
M7t20 
M7t50 
M7 tl 00 

M30t10 
M30t20 
M30t50 
M30tl00 

-2.355 
-2.547 
-2.774 
-2.933 

-2.336 
-2.~39 
-2.778 
-2.682 

-2.051 
-2.200 
-2.352 
-2.460 

1.026 
1.057 
1.091 
1.121 

1.016 
1.054 
1.086 
1.053 

.996 

.995 

.991 

.991 

45 

1.074 
1.120 
1.176 
1.218 

1.127 
1.163 
1.240 
1.210 

1.092 
1.143 
1.201 
1.24~ 

.102 

.102 

.104 

.103 

.099 

.101 

.104 

.099 

.087 

.092 

.098 

.100 

51 
56 
62 
75 

48 
53 
61 
70 

47 
47 
50 
53 



TABLE 13E.--SUMMARY OF REGRESSION EQUATIONS FOR AUGUST LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 3A. 

LOG Y = LOG C + B1 LOG A + 82 LOG<P-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C 81 B2 B3 PERCENT 
------------------------------------------------------------------M1t10 -3.388 1.025 1.064 .105 52 

Mlt20 -3.572 1.049 1.110 .105 58 
M1t50 -3.797 1.080 1.169 .106 70 
Mlt100 -3.965 1.105 1.218 .101 81 

M3t10 -3.355 1.026 1.074 .102 51 
M3,20 -3.547 1.057 1.120 .102 56 
M3t50 -3.774 1.091 1.176 .104 62 
M3t100 -3.933 1.121 1.218 .103 75 

M7tl0 
M7t20 
M7t50 
M7tl00 

M30tl0 
M30t20 
M30t50 
M30tl00 

-3.336 
-3.539 
-3.778 
-3.682 

-3.051 
-3.200 
-3.352 
-3.460 

1.016 
1.054 
1.086 
1.053 

.996 

.995 

.991 

.991 

1.127 
1.163 
1.240 
1.210 

1.092 
1.143 
1.201 
1.245 

.099 

.101 

.104 

.099 

.087 

.092 

.098 

.100 

48 
53 
61 
70 

47 
47 
50 
53 

------------------------------------------------------------------
\ 

TABLE 13F.--SUMMARY OF REGRESSION EQUATIONS FOR AUGUST LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 4. 

LOG Y = LOG C + Bl LOG A + ~2 LOG<P-30l + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERRO~ OF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 82 B3 PERCENT 
------------------------------------------------------------------M1t10 -4.116 .924 2.126 .176 33 

Ml,20 -4.677 .903 2.466 .204 39 
M1t50 -5.300 .863 2.882 .233 48 
Mlt100 -5.521 .780 3.143 .238 58 

M3,10 
M3t20 
M3,50 
M3t100 

M7tl0 
M7,20 
M7t50 
M7,100 

M30 tlO 
M30t20 
M30t50 
M30tl00 

-4.060 
-4.588 
-5.132 
-5.304 

-3.901 
-4.342 
-3.098 
-5.301 

-3.071 
-3.430 
-3.831 
-4.157 

.952 

.928 

.897 

.817 

.948 

.921 

.941 

.868 

.951 

.889 

.825 

.789 

2.064 
2.365 
2.688 
2.891 

2.025 
2.286 
2.670 
2.902 

1.613 
1.907 
2.261 
2.517 

.178 

.212 

.245 

.255 

.168 

.196 

.239 

.249 

.120 

.135 

. 146 

.158 

31 
34 
44 
50 

28 
33 
43 
49 

22 
28 
36 
41 

------------------------------------------------------------------

46 



TA8LE l4A.--SUMMARY OF REGRESSION EQUATIONS FOR SEPTEMBER LOW 
FLOWS OF MINOR STREAMS IN SUBAREA 1. 

FLOW 
CHARACTER­

ISTICS, 
y 

LOG Y = LOG C + 81 LOG A + B2 LUG(P-30> + B3 I 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 

Bl 83 

STANDARD 
ERROR OF 
ESTIMATE, 

PERCENT 
------------------------------------------------------------------M1 dO 

M1t20 
M1t50 
M1t100 

M3t10 
M3t20 
M3t50 
M3 tl 0 0 

M7,10 
M7t20 
M7t50 
M7t100 

' M-30t10 
M30t20 
M30t50 
M30tl00 

-3.862 
-3.911 
-3.937 
-3.978 

-3.841 
.:.3.889 
-3.923 
-3.954 

-3.709 
-3.741 
-3.750 
-3.740 

-.3.563 
-3.687 
-3.841 
-3.932 

1.354 
1.344 
1.335 
1.334 

1.347 
1.337 
1.327 
1.321 

1.339 / 

l :§~~ 
1.311 

1.331 
1.325 
1.319 
1.316 

1.340 
1.268 
1.151 
l.07b 

1.402 
1.331 
1. 2<29 

.- 1.171 

1.360 
1.271 
1.138 
1.044 

1.496 
1.461 
1.43~ 
1.403 

.186 

.210 

.238 

.262 

.171 

.195 

.221 

.240 

.151 

.175 

.205 

.221 

.094 

.125 

.162 

.188 

43 
48 
55 
61 

39 
44 
so 
54 

35 
40 
45 
49 

30 
35 
42 
49 

--------------------------------------------------~---------------

TABLE 148.--SUMMARY OF REGRESSION EQUATION~ FOR SEPTEMBER LOw 
FLOWS OF MINO~ STREAMS IN SUBAREA 2. 

LOG Y = LOG C + B1 LOG A + B~ LOG(P-30) + 83 I 

- FLOW STANDARD 
CH~RACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICSt CONSTANT, ----------------------- ESTIMATEt Y LOG C 81 ~2 B3 PERCENT 
------------------------------------------------------------------M1t10 -3.808 1.296 1.437 .114 30 

M1t20 -4.374 1.370 1.661 .131 38 
~1,50 -5.085 1.472 1.952 .146 50 
M1,100 -5.630 1.560 2.174 .151 62 

M3t10 
M3t20 
M3t50 
M3t100 

M7d0 
M7t20 
M7t50 
M7.t100 

M30t10 
M30t20 
M30t50 
M30t100 

-3.642 
-4.131 
-4.648 
-s.o5o 
-3.416 
-3.723 
-4.130 
-4.404 

-2.861 
-3.139 
-3.449 
-3.699 

1.274 
1.340 
1.421 
1.508 

1.239 
1.294 
1.366 
1.414 

1.178 
1.213 
1.256 
1.293 

1.347 
1.527 
1.702 
1.840 

1.264 
1.311 
1.400 
1.456 

1.148 
1.191 
1.236 
1.294 

.119 

.133 

.141 

.126 

.117 

.124 

.132 

.140 

.075 

.083 

.092 

.092 

28 
37 
46 
55 
26 
30 
37 
43 

25 
34 
46 
57 

------------------------------------------------------------------
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TABLE 14C.--SUMMARY Of REGRESSION EQUATIONS fOR SEPTEMBER LOW 
fLOWS OF MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + B1 LOG A + 82 LOG<P-30) + B3 I 

fLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR Of 

ISTICS, CONSTANT, --------- -------------- ESTIMATE, Y LOG C B1 ~2 83 PERCENT 
-------------~-------------------------------~--------------------M1t10 -2.391 1.050 .932 .108 58 

M1t20 -2.566 1.078 .94B .110 68 
M1t50 -2.758 1.110 .95~ .113 85 
M1tl00 -2.891 1.132 .970 .115 99 

M3t10 
M3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7t50 
M7t100 

M30 tlO 
M30t20 
M30t50 
M30t100 

-2.384 
-2.582 
-2.804 
-2.927 

-2.277 
-2.455 
-2.662 
-2.787 

-2.122 
-2.285 
-2.481 
-2.592 

1.044 
1.079 
1.119 
1.143 

1.030 
1.056 
1.097 
1.121 

1.005 
1.024 
1.049 
1.066 

.975 
1.001 
1.038 
1.052 

.970 
1.008 
1.'041 
1.064 

1.048 
1.070 
1.113 
1.126 

.107 

.110 

.112 
• 1 1 1 

.101 

.104 

.lOS 

.104 

.094 

.100 

.106 

.108 

56 
66 
81 
94 

!)5 
59 
67 
74 

55 
54 
57 
62 

------------------------------------------------------------------
TABLE 14D.--SUMMARY OF REGRESSION EQUATIONS fOR SEPTEMBER LO~ 

fLOWS OF MINOR STREAMS IN SUBAREA 3A. 

LOG Y = LOG C + B1 LOG A + 82 LOG<P-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEffiCIENTS ERROR Of 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 82 83 PERCENT 
------------------------------------------------------------------M1t10 -3.391 1.050 .932 .108 58 

M1t20 -3.566 1.078 .948 .110 68 
M1t50 -3.758 1.110 .958 .113 85 
M1t100 -3.891 1.132 .970 .115 99 

M3t10 
M3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7t50 
M7t100 

M30tl0 
M30t20 
M30t50 
M30t100 

-3.384 
-3.582 
-3.804 
-3.927 

-3.277 
-3.455 
-3.662 
-3.787 

-3.122 
-3.285 
-3.481 
-3.592 

1.044 
1.079 
1.119 
1.143 

1.030 
1.056 
1.097 
1.121 

1.005 
1.024 
1. 049 . 
1.066 

.975 
1.001 
1.038 
1.052 

.970 
1.008 
1.041 
1.064 

1.048 
1.070 
1.113 
1.126 

.107 

.110 

.112 

.111 

.101 

.104 

.105 

.104 

.094 

.100 

.106 

.108 

56 
66 
81 
94 

55 
59 
67 
74 

55 
54 
57 
62 

------------~-----------------------------------------------------
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TABLE 14E.--SUMMARY Of REGRESSION EQUATIONS FOR SEPTEMBER LOw 
FLOWS OF MINOR STREAMS IN SUBAKEA 4. 

LOG Y = LOG C + B1 LOG A + 82 LOG(P-30) + ~3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COtFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----------------------- ESTIMAT~, Y LOG C B1 ~2 83 PERCENT ___________________ __________________ , . ___________________________ _ 
M1,10 -3.757 . 8o5 2.100 .140 51 
M1,20 -4.033 .771 2.296 .145 62 
M1,50 -4.321 .718 2.539 .146 79 
Ml,100 -4.547 .688 2.721 .147 91 

M3,10 -:-3.7&7 .818 2.161 .142 44 
M3,20 -4.079 .779 2.317 .151 52 
M3,50 -4.396 .715 2.6(19 .156 66 
M3,100 -4.629 .680 2 ". 860 .161 75 

M7d0 -3.70~ .848 ( 2.064 .145 39 
M7,20 -3.986 • 8-;12 2.266 .155 48 
M7t50 -4.238 .759 2.475 .161 60 
M7t100 -4.480 .727 2.670 .167 10 

M30t10 -3.066 . 888 1.747 .099 38 
M30t20 -3.290 .836 1.928 .107 47 
M30t50 -3.526 .775 2.138 .115 54 
M30tl00 -3.671 .733 2.271 .12.0 60 

------------------------------------------------------------------
TABLE 15A.--SUMMARY Of REGRESSION EQUATIONS fOR OCTO~ER LOw fLOWS 

OF MINOR STREAMS IN SUBAREA 1. 

· LOG Y = LOG C + B1 LOG A + 82 LOG(P-30) + ~3 I 

FLOw 
CHARACTER­

ISTICS, 
y 

REGRESSION 
CONSTANT, 

LOG C 

REGRESSION COEFFICIENTS 
-----------------------B1 82 ~3 

STANDARD 
ERROR OF 
E.STIMATt, 

PERCENT 
------------------------------------------------------------------M1t10 

M1t20 
M1t50 
Ml .100 

M3 tl 0 
M3t20 
M3t50 
M3t100 

M7tl0 
M7t20 
M7,50 
M7t100 

M30 tl 0 
M30t20 
M30t50 
M30t100 

-3.468 
-3.662 
-3.871 
-4.064 

-3.480 
-3.675 
-3.822 
-3.986 

-3.507 
-3.644 
-3.734 
-3.870 

-3.449 
-3.579 
-3.649 
-3.736 

1.320 
1.331 
1.340 
1.352 

1.324 
1.326 
1.330 
1.339 

1.339 
1.337 
1.333 
1.339 

1.338 
1.335 
1.339 
1.346 

49 

1.284 
1.~8~ 
1.291 
1 . 331 

1.317 
1.355 
1.330 
1.363 

1.357 
1.343 
1.285 
1.296 

1.491 
1.419 
1.263 
1.183 

.108 

.144 

.181 

.209 

.108 

.136 

.166 

.190 

.107 

.134 

.158 

.179 

.073 

.108 

.145 

.150 

31 
38 
49 
59 

30 
34 
45 
53 

31 
35 
46 

.54 

27 
29 
42 
54 



TABLE 15B.--SUMMARY OF REGRESSION EQUATIONS FOR OCTOBER LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 2. 

LOG Y = LOG C + B1 LOG A + B2 LOGlP-30) + 83 I 

. FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICSt CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 ~2 83 PERCENT 
-~------~---------------------------------------------------------M1tl0 -2.805 1.209 .904 .062 23 

Mlt20 -2.986 1.265 .867. .051 25 
Mlt50 -3.181 1.315 .831 .044 28 
Mlt100 -3.278 1.364 .764 .034 32 

M3t10 
M3t20 
M3t50 
M3t100 

M7t10 
M7t20 
M7t50 
M7t100 

M30t10 
M30t20 
M30t50 
M30t100 

-2.817 
-2.982 
-3.172 
-3.324 

-2.607 
-2.754 
-2.948 
-3.065 

-2.036 
-2.233 
-2.242 
-2.254 

1.218 
1.264 
1.327 
1.365 

1.182 
1.222 
1.273 
1.309 

1.140 
1.131 
1.130 
1.133 

.884 

.838 

.76'1 

.74J 

.797 

.746 

.704 

.665 

.581 

.66~ 

.513 

.42~ 

.078 

.075 

.070 

.073 

.085 

.081 

.078 

.075 

.046 

.045 

.044 

.041 

21 
24 
29 
31 

19 
19 
21 
25 

19 
22 
29 
33 

------------~-----------------------------------------------------

TABLE 15C.--SUMMARY OF REGRESSION EQUATIONS FOR OCTOBER LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 3. 

LOG Y = LOG C + 81 LOG A + 82 LOG<P-30) + 83 I 

FLOW STANDA~D 
CHARACTER- REGRESSION HEGRESSION COEFFICIENTS ERROR OF 

ISTICSt CONSTANT, ----------------------- ESTIMATE, Y LOG C B1 82 83 PERCENT 
------------------------------------------------------------------M1t10 -2.313 1.043 .939 .111 60 

M1t20 -2.491 1.057 .981 .120 63 
M1t50 -2.687 1.074 1.022 .131 69 
M1tl00 -2.825 1.079 1.071 .139 74 

M3t10 
M3t20 
M3t50 
M3tl 00 

M7t10 
M7t20 
M7t50 
M7t100 

M30' 10 
M30t20 
M30t50 
M30tl00 

-2.261 
-2.436 
-2.621 
-2.746 

-2.201 
-2.356 
-2.532 
-2.644 

-2.068 
-2.163 
-2.248 
-2.304 

1.036 
1.047 
1.064 
1.072 

1.026 
1.037 
1.051 
1.058 

1.000 
1.004 
1. 010. 
1.015 

.953 
1.000 
1.0313 
1.067 

.964 

.9913 
1.040 
1.064 

1.039 
1.022 

.990 

.971 

.107 

.116 

.126 

.135 

.104 

.112 

.122 

.130 

.089 

.096 

.102 

.106 

59 
bO 
65 
69 

57 
58 
61 
64 

57 
56 
57 
59 

------------------------------------------------------------------

50 



TABLE 150.--SUMMARY OF REGRESSION EQUATIONS FOR OCTOBER LOW FLOWS 
OF MINOR STREAMS IN SUBAREA 3A. 

LOG y = LOG C + B1 LOG A + 82 LOGCP-30) + 83 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR OF 

ISTICS, CONSTANT, ----~------------------ ESTIMATE, 
y LOG C 81 B2 83 PERCENT 

------------------------------------------------------------------M1t10 -3.313 1.043 .939 e1ll 60 
M1t20 -3.491 1.057 .981 .120 63 
M1t50 -3.687 1.074 1.022 .131 69 
M1 .1 00 -3.825 1.079 1.071 .139 74 

M3t10 -3.261 1.036 .9,53 .107 59 
M3t20 -3.436 1.047 1.000 .116 60 
M3t50 -3.621 1.064 ,,1 ·. 038 .126 65 
M3t100 -3.747 1.072 1.067 .135 69 

/ 

M7t10 -3.201 1e 026 I .964 .104 57 
M7t20 -3.356 1. 0'37 .998 .112 58 
M7t50 -3.532 1.051 1.040 .122 61 
M7t100 -3.644 1.058 1.064 .130 64 

M30d0 -3.068 1.000 1.039 .089 57 
M30r20 -3.163 1.004 1.022 .096 56 
M30t50 -3.248 1.010 .990 .102 57 
M30tl00 -3.304 1.015 .971 .106 59 

------------------------------------------------------------------
TABLE 15E.--SUMMARY OF REGRESSION EQUATIONS FOR OCTOBER LOW FLOWS 

OF MINOR STREAMS IN SUBAREA 4. 

LOG Y = LOG C + B1 LOG A + 82 LOGCP-30) + B3 I 

FLOW STANDARD 
CHARACTER- REGRESSION REGRESSION COEFFICIENTS ERROR QF 

ISTICS, CONSTANT, ----------------------- ESTIMATE, Y LOG C Bl B2 B3 PERCENT 
-------------------------------------------------------------~---Mlt10 -3.356 .869 1.750 .122 ~ 

M1t20 -3.534 .849 1.800 .133 53 
M1t50 -3.693 .824 1.829 .145 66 
M1t100 -3.804 .801 1.861 .154 77 

M3.10 
M3t20 
M3t50 
M3t100 

M7.10 
M7t20 
M7t50 
M1;1oo 

M30t10 
M3.0 '20 
M30t50 
M30t100 

-3.350 
-3.595 
-3.858 
-4.005 

-3.246 
-3.512 
-3.816 
-4.097 

.-2.991 
-3.269 
-3.558 
-3.794 

.880 

.852 

.837 

.814 

.917 

.893 

.859 

.852 

.967 

.934 

.892 

.868 

1.785 
1.918 
2.012 
2.079 

1.690 
1.846 
2.044 
2.202 

1.542 
1.690 
1.847 
1.987 

.124 

.139 

.160 

.172 

.123 

.136 

.149 

.162 

.104 

.1.21 

.141 

.154 

37 
42 
47 
53 

30 
35 
44 
48 

25 
29 
34 
38 

--------~-----------------------------------·---------------~~----
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