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FOREWORD

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

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

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

Coiee F A AN
Charles F. Sc /ﬁfg;

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

The United States Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein only because they are considered
essential to the object of this document.
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VOLUME I: RESEARCH REPORT

RUNOFF ESTIMATES FOR SMALL RURAL WATERSHEDS AND
DEVELOPMENT OF A SOUND DESIGN METHOD
by

Joel E. Fletcher, A. Leon Huber,
Frank W. Haws, and Calvin G. Clyde

Introduction

Problem statement

A basic consideration in the design of bridges and culverts is the esti-
mation of the rate of runoff expected during peak flow periods. Watershed area
alone does not account for the wide variation in peak rates of runoff found
among watersheds. Area alone ig insufficient even within homogeneous physio-
graphic areas. The addition of other indices such as precipitation, topography,
etc.,, is needed to reduce the unexplained variation in the magnitude of peak
rates of runoff to workable limits. However, this technique does not always
explain the large discrepancies between the estimated and measured peaks that
sometimes occur.

Potter (ref. 13) realized that a design engineer cannot always wailt for
streamflow measurements. He used watershed data at hand and developed the
method commonly known as the ‘*Bureau of Public Roads Method®® or simply Potter’s

method. This method is the subject of the present investigation.

Objective

The objective of this study is to improve the accuracy of Potter’s method
using more recent data while retaining its basic simplicity and independence
from complicated computational aides.

Statement of work

Work conducted in the present investigation proceeded as follows:

1. Verify, update, and extend Potter’s method.
2. Refine Potter’s method and other methods.
3. Field visits and evaluation,

4, Evaluation and analysis.



Summary of Potter’s Method

Introduction

The method proposed by Potter (ref. 13) depends on a graphical correlation
between the logs of the 10-year peak flow and the logs of the area, a topogra-
phic factor, a precipitation factor, and a correction factor largely represent=
ing the drainage density. The procedure begins with an estimate of the 10~-year
peak, qq (ATP) > based on the area, a topographic factor, T, and a precipitation
factor, 8. K.built-in check using the topographic factor, T, estimates an
approximate error at this point. If the error is greater than 30 percent, the
correction factor, C, is utilized. Prior to any computations the unknown
watershed is classified from a physiographic map into a zone depending on and
reflecting its climatic and geologic properties.

Procedure

i. Zone. Locate the desired crossing on a United States Geological Survey
(USGS) 7% minute quadrangle topographic map. Carefully outline the watershed
boundaries leading to the location of the desired culvert. By eye locate the
center of mass of the enclosed area and record its latitude and longitude.

With this location enter Potter’s zone map and read the proper zone,

2., Area. Carefully measure the watershed area outlined in No, 1. This
may be done by planimetering, digitizing, or counting the intersections or dots
on a dense grid. The area is expressed in thousands of acres.,

3. Topographic factor, T. On the topographic map, carefully measure the
distance up the main stream channel to its most remote point shown as either a
solid or broken blue line. This distance is expressed in miles and designated
as L', Record the elevation, Eq, at the culvert site. At a point 0.7 L up~
stream from the culvert site agaln read the elevation. This is elevation Ej.
Lastly determine the elevation of the most remote point on L'. This elevation
is E3. From these elevations E4, E;, and E3 and distances Lé and L3 the topog-
raphic factor, T 1s calculated as follows:

T = 0.7L'/(sl)lﬁ + o.3L'/(sz);i e e e e e e e e (D
where 0,7L' = Lﬁ and 0.3L! = Lé
1 1'5 [ 1.5
or T (0.7L7) -+ (0.3L7) . R €]
(E-Ep) (E4-E,)

4, Precipitation factor. Utilizing the location of the centroid of the
watershed to the nearest second, locate this centroid on the T-hour 10-year
rainfall map and read the precipitation to the nearest 0.01 inch. This value
is recorded as the precipitation factor, PGO'

5. Drainage density. Measure the total length of all drainage channels
shown as blue lines on the watershed map. This length in miles is called LL.
Drainage density, DD, is computed by dividing this length by the watershed area
in thousands of acres. The units of DD are miles per thousand acres.

2



6. "C" factor. Potter (ref. 13) constructed correction factor curves by
plotting the logs of the ratio, q10/ﬁ10 ATP) * against the logs of the ratio,
T/TAP. After he had obtained the curveg, Ee called the values of the ratio
g10/q10(ATP)’ read from the curves "C." Thus "C" is the value the estimated
q10(ATP) mist be multiplied by to obtain q10(ATPC)'

7. Potter’s flood frequency. Potter (ref. 12) developed what can be
termed an upper and lower frequency curve method for extrapolating short records
to determine the less frequent flood peaks. In Potter’s own words,

Frequency studies of the maximum annual peak rates of runoff
were made for each watershed. In order to minimize the error that
might result from the many short periods of runoff record, relations
between peak rates of high and low frequency were used to obtain
values of peaks that could be expected to be equalled or exceeded
on an average of once in 10 years (qq1g) and once in 50 years (QSO)‘
It has been found that when the maximum annual peaks for these
watersheds were plotted on extremal probability paper, they defined
two straight line frequency curves. (Potter, ref. 12)

A high degree of correlation (r2 > 0.9) was found to exist between the 10-year
peak as defined by the lower curve and the 10- and 50-year peaks as defined by
the upper curve. Thus, it is only necessary to determine the ¢q5 on the lower
curve to estimate the true qqg or qgzy. The lower curve is usually well defined
by even short records.

8. Peak flow estimate. UEnter the appropriate zone curves with the area,
A, the topographic factor, T, and the precipitation factor, P, and read peak
flow Jig. This yields a value for aTO(ATP . Now, enter the corresponding
curves for the relation between T, A, and and read a value for T(AP)- Express
the difference between this value and the measured value of T as a percentage
of error or

T oo~

error = x 100

(R

AP

If this error is smaller tham 30 percent, the estimate of qu(ATP is considered
to be an adequate estimate of the 10-year peak flow. If the érrofr is greater
than 30 percent, the estimate 410(ATP) Rust be multiplied by a *"C" value
obtained by entering the correction curve with T/TAP.

9. Errors and assumptions described by Potter.

a. Map scale, Potter (ref. 13) did not specify the scale of the USGS maps
from which he determined the watershed parameters. He presumably preferred
the 1/24,000 maps. From Potter’s notes, however, 1t appears that four or five
of his watersheds were located in areas where only 1/62,500 scale maps were
available, He made no mention of any adjustments for map scale.

b. Area. Potter used the published USGS areas which are in square miles
and converted them to thousands of acres by multiplying by the factor 0.640.
He recognized that these areas are subject to periodic revision.

3



PHASE 1

Verify, Update, and Extend Potter’s Method

Parameters and measurement

1. Map scales.” Only two map scales were encountered on the Potter water-
sheds, 1/24,000 and 1/62,500. No corrections were made for map scale until
the section on areal extension of the Potter method. These effects will be
discussed at that time,

2, Area, Potter’s areas and those determined by Utah State University
(USU) differ by only about 1 percent (1.08). Errors in area appear insignifi-
cant so no correction for map scale need be made. The major differences
found were due to new and more accurate maps which actually indicated some
"differing watershed boundaries.

3. Operator differences, The differences between operators were small
and non=significant so long as the same external controls were applied. In
the most complex operation, that of determining the topographic factor, T, the
differences, though larger, were still not significant as indicated by Students
t test (ref. 16). Both sets of topographic factors are given in Table 1 (p.
5=9) along with other data on the Potter watersheds. These data are basic to
all additional studies in this paper.

4, Interrelationships among parameters, Potter (ref. 13) stated that he
found a close correlation between drainage density, DD, and the topographic
factor, T, and thus decided to discard DD in favor of T. The Utah State
University data show a significant correlation between DD and T but there is
sufficient regidue to justify retention of DD. Furthermore, there are better
interrelationships among all of the other parameters that Potter did retain
than between DD and T.

5. Comparison between Potter’s original curves and new curves using
Potter®s data. The wvalues of the 10-year peak flow, qqgs Were determined by
USU as outlined by Potter (ref., 12), For example, Figure 1 (p. 10) shows the
extraction of the qqg upper value for Potter Zome I Watershed 19. In this
particular 16 years of record the values read from the upper and lower fre-
quency curves are not materially different. The second example is for a shorter
(10-year) record station, Figure 2 (p. 11). In this example, there is a sharp
break upward because of the outlier at 0.99 thousand cubic feet per second (Mcfs).

The regression line for the relationship between Potter’s 10-year peak
flows, qqi5, and the USU 10-year peak flows, qqg, has a one to ome slope and an
r% value of 0.94 using 96 watersheds, The two series of peak flows are not
significantly different as indicated by the t test.

The derivation of the curves for the relationships between the individual
parameters and the 10-year peak flow can also be influenced by operator dif-~
ferences. The curves for the relationships between q;; and area were fitted
graphically as Potter described plus a least squares fit in the ordinary

4



EY P YL

LT Y Y P YR L LAY T

LT P PP Y Y TP Y R L LY

LR L Y L Y Y L L LT

B T T P T L L L LY L]

avSmssEEseEmccanREeREDaan

L T T ey P LY LY

CLLI PP P D P Y v PR LT )

o e e B

[} ste B sr=te 6 ON G3NSWALYN OIMO NOLOOWEOD Sdvy ez ¥ v
[ ] s19 e as=00 OIHD NOSYIYY 1Y N LW 3ULIY was eslggzee * P12 B B
H (18] [ 1g=19 AIMO (1F14NANNNE WN NDU S2NNYE DOSTICE =z pr v
[ ] ") ] Cr=29 OfWO SUNQUALNDD ¥N WuD4 ¥ALLO Md9CKice ° Se=2  g¢ v
[ M (31 [ ] LE=08 OIND AJIMBI ¥N WD NOSNI4d43S d0p6TIge ° =2 v v
[ M 11 ] ] [ 201 ] ¥&5 ON QIHSUALYN CINO NOLIOWSOS Buy PESE =2 ¢v ¥
RN eETEaApARSEPaAE LY P LT RNy aasse -w dsadeless
L3 [1} [ E IS0 I 11T S 113 1N 0 QIMSNILYN SYXIL COVM BNV [ A1 ag=z 3 v
[ ] [13] ¢ 11 (T Y 1 28 ON QAWENIAYN DINO NOLDONROD EMY EL°SZ  gle=Z iy ¥
[ 31 ste 2 1] N [0 1 I 11 ODIMO FIVIASTINNODAN LY WD 138 datdegice ° Ei=Z  or ¥
LTI LY LI TP L ] - oAU RS SenEEasAEN AN R ASEARRT NSNS S SRRt LB RN e AN SasNtes st lanangSSUdasRaneS assupseas
L 34 14 z 640° =P8 §E~1 3 QIHSEALYN SYXIL 0Ivm WY 22y 1= 8¢ ¥
'3 31} ] ore’ W=ty pZedr § ON QaHekaLYM OIWD NOLIOKEOD Suv 29T 1t=2 9 v
[N (1] H N e FELE T TTT 96% ON AANSHAAYM QIHD NOLIOHRODD SNV 8C°92  et=3 g ¥
EX Il DI DT Y DT e L Ly Ll N ¥ LLLI LTI LT Y L P P R Y P sy T Ly Py A L R T P R et P LY DL LYY ) - ' T1 %}
1 [ ] 9ei’e i gr=rg  9Z~8¢ OIMO ATIFN &N NNE axy1a ediviipa g=2 gt v
1'% [ 1] 2 9410 TN #8=08  eC=1¢ T=N QIHSHFLYH(TISIIN) X34 OIVN QuY '14 93 Gt v
¢ gy z e [ 13 FILT T ge~1g Tun QAHREILYM(IIRITN) XIL QJ¥M BHY LT =2 kg ¥
SEPeN R - sapbtesadtde s . L L LY SesuRssEabaaw sasnda annsadesnsVacsudesnsnes LA T LY LT Y )
e 2 zzt'a |2 2% =10 21 ON OIHeNILYM OIHD NOLIOWEDD Suv tee g2 §=3 ¢ v
Rl 2 $£0°0 (TN 1M ] L4 ON QaWgaalvn OIND NOLIOHEOD Suv 9292 =2 It v
8" 2 rze‘e rie* IR ] 81 ON nuxzu:x OIKD NOLIDHE0D SHY 63" o2 r=2 ¢ v
mae - anm asemunen srenmmonsa ammasan massemsame
T8 ] zre’e zra° gt=96  fL=1¢ (T nnx:u:z %34 (M3€3IM)00¥n SHY gz L= Bt v
& ] (1M 11 M oe=rlk  SC~EY 89% ON UAHSHALYN OIMD NGLIOHEOD RNY 2892 2= 6z v
3% 2z [T1-M [ZT N PE=08  eeeIg @3=N CAMSYALYM XIL (MFEITINIOIVM Sav ei*zy I1=2 a3 v
LEEL LTS LT T L LI DL L L L L L T LU L LD L LTl - LR T L L LY T LY L4 11 ] - - . LEL L LT ) AL LA LT ELLLLE LYY ]
4 )] BR"HT  P22°97 An=pl  Go=PY NMOA WEN YNEYY LY NOOwE I7IN 2ecrivia ° 86=1 42 ¥
§*! 1 et ePICET RIe@L £G=IZY NHOA MAN NIANIT LY WD YONYKWNOL 274417 0269i2rd  ° gE=T 93 v
s 1 PRl $3@°FT  gfeel§ o=ty (] z__.oznzn NN N3 37 eedzsera 6= gZ ¥
- whsremmnhodede e AL L ET LTy L N adsnndsberabtSudssndpse - i ek LT R T I YLy )
6t 1 g*2t  y22°20  agedR  WG~RY O1KD zS.__un BN E0 TIW eUsseRCR f6=7  ¥2 ¥
£t 1 98¢ L2100 1LY 1 I=Zr N#0A MIN NOLIY43« MN 1IN FA0TD Au¥3L 20Gcietd * eg=T €2 v
el 1 [T EP 3T Lryety  Z5e@y CIKC FT1TTAHLING MN D YMBddINMY 31LLI7T 221ptice ° sy=1 2B ¥
61 [T] 3 26’9 yes°s  Ge=t®  Zi=tly OIKO NMOLS31MYHI ¥N 8D AZTUNIM B@1Zseco ° i1 12 ¥
e’ LT 1 L2 ¥R2'% 12wl SImYy XUDA WIN YUINOTJ Ly ¥D HANYND deGsptte re=1  o% v
8! 3] 1 [T 0 46°S  @g-R@  &Z~%y YNN2d WYQ ONINNLYWAd LY NNE WYeng ede2serce ° Te~1 61 ¥
LRI YL P T YT R I LT DY RY Y Y L P Y L L L DY LRI Y LN P LYY L LY L EY LYY Y DL LIy LY P LY Yy L L L L Pl Y Y YL LT L L LD D2
I} [T 1 1 M eeF's  Zrep@d  1Z=%y OIHO ANVILNNOS ALY WD ANNTYM BR6r6egd  ° te=1 &1 ¥
81 T 1 CE"r [T LT P 1 1Y 14 YUOA MIN YIWOM LBYD LY 13 LKOINGY QRgROcid * 1 S T |
1 [T ] T [T 0 B TT 111 OIHO FAONOGLMYN LY HD SNIN§OW dOTDIZFR ° k=t 91 v
AEeAE RS SSRGSl R NN G ESE S E eSS e B S @ ek o o e i ) i O ) 0 e e g e i A e
2t [T] 3 oea.e 98" yiel{ Bisgy MMOA MAN YNINWD Lv NODME ONIWdS G700 20GETYIR gel=1 &1 ¥
'l s1§ 1 069 206" Tr=00 - 4T=3¥ OIMO WAMOMYEQ AV ¥) WYEJ Pe6ZAICR ¥gli=t ¥l ¥
£t [T i 1144 e #E=8d ci-%F WA HEN NIT HEN W4ANOW &N ¥0OWE B9vVe Sdsisstes ° ¥zi=1 Qv ¥
O R e Y R SR B S Besemmas messtacsasusnaennan. Pyt S e
z°2 3 [1.1h¢ 2 .c- 31 (1«R8 62l SIONINTL “9IW IONMDD & YN3IYY 47 @dGdtlrge ° zZ=t ]
s 3 asrte (1113 NUCA MIN NISYQ WYMNAC LY ¥9 ONOQ dde@zcte  © 2=t v
a % wree Lepy 4: zopuzuzg.i DIV JADGY ¥ ANONIIN @0egoscd 81«1 ]
- LEE T L LT} I L L DL LD L L LY r:2 T3 rry] -
61 % 21's ity cu.a NIWAGO &Y ¥3 wWNd SdtaRZee  ° 103 Y
a2 1 111 M1 ity OIHO XIYMNON MN ¥3 %YMMON @digeive ° a~t v
a*2 1 [ 125} Fi-L1 1 OLHO FVIIAGNIND BN NNY NOSWallve @0TLr280 ° g=1 v
- Emsesaaunde Gascdiselclisessad sEssedEdunda - - reyy 2 1 L LT ] -
z'2 1 [ 13 M =ty YNOD ALID WNOYI LY 83 NOLEIVE @9dGGrSe ' g=1 ¥
[ 4 i3 11T¢ ] s2=pr Sol QAHTUALYH WNGYURAN FONILSYM Sa¥ 1 1 ge! v
z*2 3 [ 13} rely Ind QIHSAILYN NIBNOIBIM FHOWINNI4 BHY 1'1e re! v
- - I P Y L YT L L L LD RS ot man SeoeDesBAEN LYY 1% LI LYY T Y] SEeeeS s T L YLl -
62 82 T 1IN ] IG=9¢  Al=M QAWBUZLYM SIONIYII T1IAS0NYNMOR SHY (A} ] v
'z 212 1 AN 2r=gr Al=M QIHEMALYN NIENQIRIM FYOWINNA4SWY (3811 z=1 1]
g2 212 1 ua'e R8s Tr=0Y 133=x nu::u:, NIENOIRIN ZWOWINNAS S4Y go1c 1=l ¥
- aESctmadss - sesan I Tt Py Pl Ly YY) AN FOmEapadcGtsTESaARSaa
2Pd NSN @94 Mid YIYY Nd NZ uid YINV id vV :-: oNDT i . WYN NOILVLS ¥ 808N M SUY ¥ NALLO4 # O3S

o1 6 ] L e s ¥ E .z L

‘spoysaelem 133304 103 BIRG@ '] OI4RL




PLPPTE  BYL'T TErtT eed's  erItl wrgta a4 eSr°t se0*1  #99'2 3¢ [ ]33 [ 3] gi'et  sc'e 99°6 T
estrtd  RLE"L azes kpo'e peet 9023 [T [ 11381 | ¥4 ] [T L] [ 11.0'] % NTH 3 11°¢ gLt it'e iv v
L82Q°2 E8O°Z  @2R'ZT  eEs'T (el 92e’@  QuL°S  GE1'C ege‘s  es2ZtZ et 3% [13 e'e §1°s [T 846 or ¥
A i e T A - AARASsssANRARDanRee LLLI T YT LEYETY 1} L L L YT LA LD LIS L L L LT LY EL L LS LY ]
TEET 0 §2Z6°R  gPR°Q  @Fpte  SRC°0  @Ct°@  piste  evp's  geZs  @eC"@  ges’d gzt 102 Pl 1281 [ 143 94°C [T ]
Zort*e @IP°Q QEQ'e  481°@  €Z2T@ @11@  air'e  LEL'S  ette w2zt 4gT'R @ gig* M 1e°g ge'e ri'e ¥y ¥
OYCC S SER°T  ZLZT g0 CFEC® E£SC°9  BEE°T  @91°1  gects  Sset@  Acet@ 3¢ ars* ] (9°31  ag‘2 T gy ¥
EEL T Y YT R EYY LR YT L L YT L LYY L L LY L Y L LI Y Y Y LD LLTT T 1Y ET R R R YL RN T L LI Y Y Py R Y PRI L Y LR L L L R R P D P L P R Y R LS LYY Ty
CECT®Y  g92'2  gIR'Z  geZ"1 £92°T  erpt  eer'l  943°0 evg’s  Q9E"Y  BEFCT 4% 65c" M) 26t se'e T o ¥
ER2ER L2 a¥R'O  Tertd  EZErtd gl aed"1 @2t pot's  gIrte @Rt 3w et 2*a E198 ] Y] -T2 LI
5511 eer’t  gE's eepte (S4%0  @eL*e  gER'l  eEC°T  gects w29t A0EtR 3% rzy” [} 1 M3 8"t 38'E ar v
P e e L L L L L L LY T LYY R P T Y P YT L L LT L L Y 1L T ¥ Ny ey wesmsbdsTebsAEEsaENE Ry L L L L L L Ly L e S P T P Y T T T PPy
Lsgett  geity PRE'E  86L°8 BUL°G #9R°G GPL°C RE9'E ¢getd rgetD  pRd'E 4t LI [ [Pl 251 956 s¢ v
2948°C SIv'@  tpL'€  §TZB  @R¥'?  [4B°'B  GEFCE  @E¥"e  B(e'w geZ'P  BEI"® 2w or’ (A% Fig Fia T ek v
CIeg*t  g86"¢  ®e("Q (8¥*e LBr'B ¥QUT@ @et’T  ®NI"l  ggr1*e  geste  gs8Z'e 3¢ A [l grrat e ] 9% IS
T b A R R e RN A I 0 B R T e B O DT 5T A O T B W TR S R e R g g R 2 Y T S R I A A DY P R 0 6 D P 6 T 0% S G M R Q3 B K o AN R L L R e 08 T A PR D9 R RS DY Ny g B R RT -
BinE' GBL'W pr’e TET'e LA gge’ i poi'e P22°8 NI get’e [T 20 g I Tt gLt % a8t g8%g ¥
TgRety gau’e t6'e Lere gig'e tei‘e LBete g8es"2 B2’ i858 CEEM] PIS [0 2'e IR 18€ gua v
[4-3- PR S 33281 sEec R dogts 1et*e - 1-¥add Bepte LEtce Bgr'R  @Zv’o Fiy [N gre cree £y @ pi'e ¥
o o D D s R 5 O 1 43 A 8 R B L s 1Y T o £ D 8 S8 5 e 8 0 G0 R R o e B AT B K e
gipe” ge8?’n LAFAN ] g€t (2Tve L3 d8z'e ttee zpl'o  z3R'e I8 ges [ e 1] ge's €L ¥
829¢ " see 26z'e AN [ 3R 04% T4 GeetE aReER eel‘e  ps0'Q 3% 480 2 BEt28 Bi'e 98’5 Ze v
yseetl £LZ°¢ %t2'e Zeltw §rita gRac. ByE"e  gRe*B  @pl'e 2892 ¢ TN [ RS 86" @ FERE e oY
P L L L T T R L e kR e R R P N R L L L R R L L L T A T Y
cedey gel’2  @ott¥  1iite  gvite @wps eyE LN E9P*R POlCC EGICC 4% [Ty m.q ET RS (3L H g ¥
1zae” 160°@ ¢/@'@  gE@tw  reeTT  Rig*E  ziite  0@3*F  yZe'e  @pEce PRt 3¥ cep” ace (%% G279 n=,W 8% %
MEeC #ET'Z ¢sR'® BB 24RCR RE2°D [ 672 rRE*E LRECE 2BYTe & LN grs gl e e T gz v
CRBZtA  CZgtr  £Pitv WEPSS @RICE @pg°? gRRSL  BRE'r BABE  AMY'C  BEE"S g g’ zee FERNS ag 2" @g” i?
TaE LT BENCT gwncl gegtt arg TR grE s BY8°r  BETT1 gpets LS. ‘ ' 4
veely ERYTE iaite -1k o IRRES g2t grete FEAR LT AN [ 2 g5 b3

PO

L L L L L L T Iy T e e e LY PL R L L L L

LA Bt Bagty  R2EITL £LTE ARE . RFTT @agt H-[
[ATENE GE." a5 W R CRVT. R Rk ‘U782 U LR T-1-T L 20
A A ags " 3rg’w LN [T #EeTL 2gect 281°%, 24
e T T T T E T T T T
LG #L5%7  GBE°y RIS pEste FIAR S P2l S IS T £ A - 1 i
wann.. L BELG RLtE E prot 85t aiete e 8 JE ¥
g [T B0t BAER BRATR @waty RN Big"? 262} b1 (113 g @t
A e e N R L e o L e g R R R L R R e e L e R e R R Ll
LeBe” weTe M weets gy BLE%H et 20 168 F ga LA PR
RN BALc R R/ ARt [ ¥ Gés "3 ege' s k13 go¥ " ’ LD ife iy
58t 920%9  BER'C SPECH  CdE'P  S62°%  QEbUE  399°% 22 FT7A0 ghe @r' g PAod+ oo
o TR 300 o  R 0.4m  f 3 RD 08 T e  01 71 €g  7 m Cr D  F 020  4m 0  1 ABn m  3 0  10 n  d 9H B e e e
fegsta  gzE'y BaT L gRIE  EeTtC gercE  ARE*e  vER'e  Qette  s/LYtR Qv teit 2 al pEv L BFR ¥
[T I FELES ez [T XA agics usL*s  dezts LI.1- ) [2I: zrite b1} pie” b 1 et 5
$iBE°D  867°¢ PRE-AN-TEE Y-V - 1 AR 1 RS T-1 o B T T AL Le2te ggeta alita ap [ -3 8~ gerr geot 1eeg K
o S o Y T e A G R 7 R N 0 2 O 0 OO0 0 o e T g D A R e e
E4RE P BRI"LY @Re’lr  Qepty pge e  AprcE gasta  pErtg ges's 1158 1T Re] hE4S g’ 3° | SA [T 1 2y
WiRE*G BEBYS Bre’a 88z AgEY ¢og‘s 884t 3 tany 12103 (11381 LT e ceg* e 1284 gt e B8 e
L8ET e BFETZ [ LPAN LTI [ 1.2 -1 TR T A S T VA [1T1-00 BT a8 [ 174 azi Tezty R RI1%E asw &8s B
e L LT Y T e e T L Y L L T e LT ey ey Y D P P R Y LY PP PP R PR S AP PR DR L L L L AL I DL LA L LR Ll L TS b
fzREte  e83r  @en’! BGe g RE:*? g@E'E ziR*®  @Bgt@  @6f'®  elgte  ale’m vl TR 1R e Y] gec: s
TLBE4 BT @G0T pEats egets  aselh géft@  @E0°¢ Qsp°E @yeR O rig® £°% §5'Z grte gpt e L
G ogartt P A Byn s gL’ Tente 1. §2p°E eaete 200° 8 ae? et e’ rite FE [ I M ¥
I T T e e e Y e L el L e L e T L e R Y P LR L PR Y R A L Y PR PN LA L Ll LA L Ll Ll Ll bl L Ll il A B R L
I GRS LI dea am..« G857 BIETT L 2"V 2ZTeR ORICH et EIA rvit g°g e8*g TN ] res i *
CNgETE wgRtiE PERTE mBR'e ZgRTE s8It Tes’e  €f2fe  ¢iste  pest®  on: ez’ . L1 M [T Fts -
p9R°% B3¢ QER"r [ i zeo'e [3 134 epete scge P13 terte parta FEA 2rid ] fecy 15°a R’y ¥ ¥
g g P e T T T TP e
§482°  Zea'} s88° 2 TR R gfe-a 1L T 113 ] 14 LFThEA arrce qz: FI3 N _”«“ nm,m «o“M hm”. 4 ¥
f162°1  Ivete  GRZ'D PERSC FIZ2°H gRE’R /802 BIE'8  L90'g  PRETtR @L2e ARy g@tt ere 887 9% e8¢ I |
ZOLZTY geR*R zeets gwetu acm.m TIAE eGRtS  Le@te t2pte  wiecE  pERTE @Iy 887 [} g¥ce ere e9'e [
gt e T L T T P T L L T L L PP
v/ @1e (1] §20 907 @t 1D CLUED 46D AR una ».m B0 WAGS BID NSN BID Wlé NI AWd  SAH/T  BiR NN 00 NEA T N8N gls NEH & 93
6% 8L LE 2% ¥ &L T LT i oL Y : Pe , < I

*panuTIue) ' e@i4el



ez8°l  ec"z  Be'2 z [11] 2 T°8T  v@I'ST 9iedL ZEedC YINISWIA FUYONYNNY WN ¥D NILO3JY eddvgeia ° ey 95 v
cez"r ezg°v P2 z (31] r 6°CT  QER"CT  $C=8¢  IT=9f  WNITOWYD NAHON VIIANDIOVA UN MO wEnaNO4 SARGLITEG [ LT T I
cietzr  osrr P22 z (3] [ 4 TORT RBT'QY  iPmGs  tvese 930 290146 §HI00D 1V NAAIN YNILEINWD @dDecriD ° Sl=r 98 ¥
e e T Y PR LT Y LT LY LYY LT YT T r s sSspusnesnanasdse wae EssaEanEeOaUaRaanneg
960"t  2ge*z ge'2 1°e (31} » ir*s B4r°8  9C=ZR  IZege 9 N OMSASHON WN WD NOLSTACE d9BYYFIER ° €8 v
elr°l  @lc’t  9e’2 2'c (34 4 er's RBP°E  UE=8L  vEspg 2 N LNIGd HOIM MN ¥IAIW €330 43 sugesets ° 3 v
cIrted  #gr*a 102 |- d 4 [ 31'] r {0} TEE'R  vU=ER  1Cege YNIT0pNYD HAINON ALID NOSAD N ¥ aONYOON éesgiscd ° 16 v
renspassEsessEsseanttidlslrasEssulbliysnslislndcnlineeibosEngRaNasan® Prp——— LYY Y LI AR AL IS L LI L B LT D Yy
P21 00 1) S SRR 105 2t (31] r [T s 982°L  te=il  g¥e8e ONVIANYW FT1IASENAS N Nfl¥ AINId @20@96t2 ° 8I=F g8 v
(9T*a  Ges*d  Pe°2 1°2 [T 0] 948°%  PEeZ®  Qlege YNI08Y3 HIMON 0NN BN ¥d @vdd eeezrecd ° 6«r 69 v
etrta  rocta  pet? 1'e 1347 POC°9  9r=Z8  TZeg0 49 N 803§ NNId WA LY WIAIM ST1IW 48 A@GPEPER  © i=r 99 v
Y amm LI LT LD L TP T P Y LT Y N T T o e v g rpvprgey ppriprprppnregmpepr v Y YT TTT T T AL DL DAL EL L P L AL L LIS L AT DAY LY T
962°0  L98"@ EB3°2 2'e P rdi®y =G4 (r=sg 730 NOLONIWTIN LY 83 LOJTTIHE S@NLLYID “ i=r U
ZZgt0  9ectd L2°2 2'e gr*g 96C°C  OU=9¢  OPwse ONYIANYH JA0OND ALYZUIT Ly NON NISYQ e2d6.5380 9=r 59 ¥
ees*ad  dee*a 19°'2 2t e LA1 M LT YA T T 1Y YNICHYD WLNON YNYHYS WN 92 vIQ deepaeze ° §°Fr g9 ¥
T TY LIAY LY R Y LD LI LS R DY P L LA L R L R P LRI L P L E L DY L LT LT T PN Y repppppappnpapppepepepuepepupupepers prpeey ¥ ¥ TR T LY LS LD L LD L LI DL L L L L esasGaswans
ceg*e  pe2@  re'2 r°z 118 [ ez 14104 LYY LT 1Y U4 YOS3IKL38 BN HINYNE $77vd 30417 assoreta ° S=r 98 v
92%8 2 1t 11'2 e’z |31 v Lrtt YER*L  RGer(  zg=1y ASHIL MIN NOISNIWN3TA ¥N M@ LANTTYM BRsLsR%d  ° T=r 4 v
eL2%0  9R4%R R1°2 et (21] € [0 IR 71 20 S BRI LT FRRY LT YA 31T1AGINOLE NN BIALN HIZON Q26O ° te=c 29 ¥
i D D A CEET Y L LY P L L L LY L LT - - L L Y Y YT L Lt LR Y YT P LY DL L L L Ll -
s¥1°1  Q¢e*1  eL'Z £2 (211 ¢ 9%l TER"RI  are3s  pRepg OW SIWYP IS Mk NEAIW Asnaswncd oeesteze ° 12=¢ [
92z @gz*2  pa‘2 't ete ¢ ‘2l §ReIl 6e<ER  Zle=pg A% ATITARINOT Lv M3 SEvNOWY3E 48 ddgszce ° 92=¢ ¥
geg*z  @IL*Y  go'2 et 21} £ g'11  geg*Zt gi~pw AN ZTVIASINOY LY WD SSYMONYAR JW dedgsZge * Si=g v
mansmneesnn CamoesRsNlvalolanstlsadlanben Gedbsnpstenaean e asamasensases L L LA Lt bbb bl h o dd ol MmAREnae s -
fectEs  estrt2 212 [ 418 < g1t E1L7tL =gl AN NDANOWQZ Lv HIAIY NZMuve 34LI7 48 @0gZd4C0 gl=c [T
(18°8  f«48'0  a8'l 81 T [ e"al PR M 1 -1 5T P4 ONYYAGYH NIDDNYH &N WD AYMDIONOL 3TLAIT @eg2igle L=t o
PE2 A T T AL S} A 8t vig [3 e P9L°8  ge=20 YA 2IVIIYM WN HI MIAVIG QdGilveR ¢ ri=g 9z ¥
tssesssussssane - esesensnnw EEsAmpASENGan. »e e T T T e T TP P L T L T T Y
coe*t tie*e s8Rz z'e ezd € prets 1NN0SSIN Y1104 N 8D dIAYIE dd@Tgces (81 8¢ v
Yo 1 9i6°@ #2°Z 63 13 [ Br=0l YNNId dY9 YOUNYN LY WD YOVNYW 222Ciste * Zlet ¥yl ¥
eCe°3d  r¥g*@  £O'T 8t (3]} £ Bg=9¢ YNNId NOONGNZ« ¥N WI NOLKYY @R@TZ5T0 ° [ 184 [ R
e SYpgh i U P s R lpipuu iy e R Y
(et 9vscp  gtte 6°1 (31] [ ri‘e 4404 2 T L1 ¥ YA NOJNNYLE 171w WNYH4 AY 83 17139 DdarZote ° 6=¢ TL v
ZRE*O  B4L°@ 60'2 z e oze [ a1y qat r grets TENOSSIN Y7104 ¥N ¥D ¥RAYINE FLLIT POGICERY ° L=t 1Ly
0Z4%8 fes*d 68’1 L (21 H [T 2 162°C  GR=8L  re-8C ONYIANYW NMDLOTID BN NNW L1dMYS 205éepie ° LIS TR
L Y T L e e e L LY R L L P e Y Y L P PR PP LY P P L L L L LY Y LIS L Y LY P Y Y Y P Y PSP ALY PP Y P PR PN LRI L L LI L L L DL DL L LA LD )
PET0  Astt0 2e'Y et 1] £ 968°1  1@e9L  Lrely WuOA MIN NOLXNHL HN NODWE WYHYIVHE Q2dd80518 ° r=¢ 59 V¥
LET*@  s1Z2*Q (&'1 e* L 1] € [ 130} LIS Y 1 LA 4 YNNId ONOd ONIN 8N MO NMOOTLQ Wagerrie ° [ b v
grzta  zi12's  sR'2 [ 3 (1] £ z40° Brels  GSeyf IMNOSEIN YI10M ¥N ¥4 DNWHISG 09021040 ° Z=t i3 ¥
O R R D O 0 R O O T e
ote*a  gteta 12 [ M (31 ] [ sie* ste* Bg=28  #R=iC T1I=M QAWSAALYM YA SN@ENIVIS GuY gt I=¢ o9 v
yeC°E @932 9L°2 2 2 861  @Pe°6I rE=66  @0-§C ¥IN0 HILYMTIILE aN 8O TIINNOD QRecET(e as=2 Ep ¥
Cre’e  reeta  pe'l ] 2 2°61  ZR2°GL  WZ=6L C2=i¥ YNNI KMOLSINOS WN N3 AJNNW @B526EYQ ° =2 ry v
I LT ELYL T Yl Yy g ) - YT LYY T - - seosvsssaphteahanin -- M aeneneanisdspde -
9CR°T  ZeetR  el'l 13 2 e"s [3-3 g T 10T ] OIMO LiIMIL 4iv ¥ NOLLONNOD @@(sitge * 16=2 1]
EI R B 11 A BT L [ 2 ve y ave*s  Zo=ee 01RO 3TYQS99I8A LY NAN 916 YI0IDE dodgZ2ge ° grez v
TR t-T 5 I T ] 2 OIHO TVIASIANYZ uN NME ¥3GWIL @OS(vTRe ° or=t v
[ S [Py [t -n g -
L1 1A B22°*Y P31 [ 2 [T} 0IKO NOAMMYL LV w3 L7v @P@dscege ° Sr=t v
6re*o  9¥s*d  ees'd [} [ A ] (400 I [-L11 ] BINC ATVAAISSYA Lv ¥I NYIONI @@trg2gd ° Sped v
Z1s%0 et B8L'Y ] 2 ges'r L1104 48 ON QAMEWILYM DIMD NOLIOHEOD SuY (130 72 1 L1 L]
- aseeesEo ke s - NS g@HE0npw L L L T 1 LL LU YL Y LY L L LY LT T -
Ligta ety [] ] (304 94y Tyecd OIKMD QTAT4RINYT Ly HAAIN OVA 2BGOEZRG ° 0=t ]
ses°d  se's ] H ey ZTH“L  O5=20 OO AITAINIGII Ly MY ANIWOW B@pdCILd ° F1LH] ]
966" £(°1 [] 2 Treed OIND NOOSIT Ly N2 NOGSIT 0@@&eIgw ° Sf=Z v
S cumunans stumssatsmne 0
ezt*1 26 [ H 1§°¢ 160"  9E=r9  S@~Qr OIMO FVIIANIING BN B3 300T40 Q00200 ° =t PG ¥
9950 8" 'z 2 1130 4 ZOF L PieZq  SPelr OIKD QTAI46NY2 AV NN¥ AGNCL 02EOEICD ° £¢=2 $c ¥
ecz®l st €t 2z 91°¢ [T+ 24 S T-LT 1 BR-1 LT 1 OIHO ALIJ OIWD iY %233 ¥3N0N degagtied ° 2z 26V
LITLTY Y AL L L LY L L L P LD L] AAAARONRGESataRsSSan 6 T LYzl 3 LT 1] nases = N lEDASESS S USSR SAGYEORaaRESse
TeE°t  eertt g3 [ 2] ¥ 2 69°3 946°C  Tre=ge  sSE~@? OlWD YNINI[ WN ¥9 INGINIQIL 20T881Pd ° Ig=2 15 ¥
290 i@ 18°t [ 3} £ [] LT rée°t  ggets  ar-se DIKO WINIZ Lv ¥J ZaNMYME Septr2cl ° a2 96 v
IAY4L- I T A0 B TS (a1 L2} [] 12°2 LIS S TETY I LT N OIHO YITYQa% aN ¥2 INIV4 # 3 desie2co ° B2eZ &y ¥
- LY L Y LY Y L Ly L] ] SeswRsesaArebEtssanEesdvbasmn aeGdE e S SRS NSENRSEE AN I RANENESRENSELARE RS LSRN SRR TEANSSNRERSAEN LT 1) ame
L nsn 4 uid  O0d NBN 894 N¥id YUY Nd NZ Mld YIUY L4 vENY Ngn ONOT i INYN NOTLYLS # B98N & QMY & ¥3li0d & D3IE

‘penurIuC) [ ITGEL



seag"2 ace'p FLYd] [ LI oRs°y eze't 29.°c Aly*s [F I pas’e ar $ez°2 [ 2 e a9'e ag'a a5 v
pecite  088°'f  @L'T BRICZ ewZ'®  eeZ'l £94°Y  @%2°T  @gl*z  epi'T  vr 29LtY z° rite e’ 11 i1y 65 v
ceGT'e  OWE*Z 2262 @R’z eed'T eyt 694*E  @6y*T  BeeZ  esZ'T  €r 65" 1 1 z29's ps°2t  wl'y vs v
ke LI T LY P R T L L L L L L L L Y Ty o L N Y L N R N YN Y N R Y PRy eERssepanw eaca
ZeWo'e @2v6*2  GPR'®  @P(°@  eP/L'e  9Ls'@  eréd  C9e'R  9es’D @940 esi"@ 66 [ 1258 T3 ps"rz  ar*it pry €8 v
(9602 Q09'9  @00'c  @ee°c  2Gr°'C  e@s’t esi’E @G’y @Gl EEE'L  EDE'Y vy 111} 1 (TR FIA ] 6y 26 v
$621%8 B£2°T  09S'T Q09T SE5'T  e1@'T  ps4*t  219°Y  @pste @'t  egee't  &® ezt e'0 a6°c ae’'s {3 15 v
ZR2'e @AY % 2rs°C  Gs@'2 @281 @eR°¢ ede"E  @PS°C  @Ce°t  ered  A@2'T  wr seR*t 8% ss°e pe‘e r2°e 26 v
1461%@ BL2'CT  GLR*T @@Ll G401 glr'e edstZ  eRs't  ees*e  coz*t  eci‘t  ag sz1° 1" 15°2 az'y Er°e 69 7
SEPZ*C  GEL*S  SRZ'Z  EER'T  S6G'T  22p°R  ess°? @32 ete'd  gEe't @91 &¢ ({38 o'e 14 ga‘r [ S €8 v
£196°8 Q69"F  G2@°C  @BT°C £4L°Z SET'T es8vG @GP @Er*t  @6R°C  @es*Zz  yr (1.1 1t [T po‘e 61%¢ V1 I ]
z21s%e RAZ'r  @Ye’c  @Og°2  @Te"Z  espfe  @elt¥  @BS°T  eLe’@  Eevy'y  erZ't vy s’ 1 (9°c TN I AN 98 ¥
1868°¢ @par's 029 gor’t eez't - FT3 T V1 A 2I6°T edr’'e Qg3 grite w §i5° a'e e pe's 48°4 s8¢ v

amcsmuneca

. R 1
6(068°% B2I‘C Qg®®'zT eet'z e21°2 0252  eel°t  egas't  @Ts'T vy sez* e 69°3 er'e ec’s ve ¥
R42€%0  pP2L@ 2lete 24p'¢ elrte @22"@  erd’@  egc’e  aez'e  der'e  e6Y'e 24 ot p'e 501 P ey €8 v
BSE1°0 @EP°OT eee's e@s"t S22t @€L°@  Q68°Ct  eez'y  ege'e esLZ  e@sz  ¥e PN pe 123 F 10} 19 26

CEY YY) m-nmssamamananan -m sessasuans CLY T TS

L L e Y T L LY YY)

T Y P L LT P PPy

2C6P 0 QEF°6 219 @ee"y BZL°9  orR°T  @BL°Cl eer'IT eaf'r 219'z  eacl't  vel L 71 ' [T ] aL’e P{-Ay
LE9CT0 Qor's  et2'r  e@z°c  £28°Z @eR°l g0E°S RER"C  e¢s'e  epl*Zz  esE't et pee"t 1* 92 go'c srte
ZGEZ0 B9F°E  @ps‘r  ERZ'C RGP’ g2t @ie*2  ee2'T  est"t  ev."t ege°fl g1t it | T4°%E 266 1AL

P T L L L L LY P T

LR T e T Y YT

0 D A Y D e D e e A R e e

sggte @pZZ  @e1'  ess't  e26°T  @pptl  @es'T  esp'Z  eee't  esd’z  @mRtZ  yit [ 15841 cr'e es"é [P4F] (PR
az21"0 ges't  esv'l ggg't ezg°t g'¢  QBS'T @8t eés’e  2gr'l  RL'd [ pre” r2'y en’s L9 YR §
S19¥*3 QEY'S  eZ¥°P  R@T'y  OCR'Y  BEZ"Z  eR4"4  OeR'P 2@’z  epd'v  ees°e vy 11N zaty ee"s [T #L0v
CEErP*e C26°6  §9s°p  eR'vy  QRE°C gle'd aeb'y  @se°C  Q96°T  QBZ'C e@6°'%  vrl zos " [ 1AL es’ 9 46%d -T2
1£42%e @81°C  @Ze'Z e@r'Z 8K  erg’2  @GZ’C  @g*Z  R6s'e  2ect*? @RSl @9 rese Lot eL's FTAL] ve o
Type*o G222  g2@'Z  eze"t @l g2ett @eR'Z  @21'T  esr't 229t seetZ @ [ T1 g6°1 e6"§ §vep [
pES3"® @8R"t  4@2°'t  e@de"l 2@l @91°G  @i6"I  eer’l  ggz'e  ege'V  Agi*l  ve 8z 2 ece e1°¢ 299 [ AN
21141 @OR'6  #eL’:  eer'y [Pl BT 1 04 | aeZ 9T eec'ri @Sty BRg'Yy  ees°  wri 2ze” 6 6g'¢ -1 P30 LA
£Z/1°0 896°C  [6.°@  sec°® @650 (@20 @'l egp'l  2ec°0  Qee"2 @ts's  as T £ w2y #E°6 118 ] aL v
e eyt U s gy, S U
SZr1°@ gIL"@  zeL'®  &E2*Q  692°@  GeI°@  grR'e  gicte  @izto  gezc0  pevcR ¢ (118 2t 1e*z e$°2 9is 69 v
P52 pRLt® vegt?  B40°C  26CP0 26iC@ ger°®  gIPC@ (410 @pet2 @48°B 2 611 9*1 a2 1 -1 92°9 gs v
98Zy°1 esE°l ezl @re’e 296" eSO @rB'Z  @95°1 L0 2611 gRe‘?  vol 149° [\ 68°2 122 Lt i v
A ek Y sy o P O S A R D i R e b e e D e D e ) AR AR R TR O okl g A R R A R e D LA AL L L P L L LS ] LT L LT L L LI L YL L L L LD YL T )
B56C°T 4P@°®  @cC@'8  S2e*e  J2ZB'@  gpeetd 15@'®  Iv@'d  vde'd  e2e0  rie'0 w9 LN M fI°¢l #2%0 8’9 oy v
PLIS D BSL°4ZT e@L*0ZT Q0O STl Q5e°T peEHT  @8e*sl @61 pegtit Q89S 481 (7330 ST N 13 88°s 8L'e &9 v
6eR2°D eLr°s  20.°%  Qefr  PeP°F D% pertal decte  99:s°1 012°s  @dgs°'t 28 A7 ' Rz* ac°o1 26°¢ re v
0t e e o S e B R O o R R G R NGRS R OR G S
Zeelte GER'L  S&IMl 2eet@  Q46’E  GeSR ger*t RS2t Qfe*p  ZletR 9ZYtl 3@ ezp’ M e gs's ro's £ v
LPTL*E  e6P°S  @46'T  @BP*Z  Q8Q T 02T pst'r  @dg"c  Qe2°7 2ee*e  BEL°T  aet ere’ z* 29°2 28‘s 16'¢ 26 v
£L82°0 R24%2  Q42°T BEsTY BleTT Qe gik°Z QT2 RETR S64°1 wes*t 3@ TN z* [ P9 % 9Ls oy
Sesesnswael (LYY S LT LY X - seanSasaws -- L L L T astassoise "boNasseea
erse"e B2L°s  Bee*Z  @ec'! ase*z  0ee*Z  @2'r  BSSTC PRI s2e*z  oet'z g2} 34 28 13 10 16'S e v
1065%2 B19°4  O€T°% BTy Ov2°r  BO2'T  @#RE°9Z 229°f! 001°1  2ge’yr @AL'z Q2 AN z* L2y er's zi'e a“% v
TEEF°0 QSR  966°Z itz LIZ°Z  To'E e«2°R  @estr deste et 11 Sl ST z85° e (1804 ee"s pe's gc v
Y YT T PP LY P Y P T Y Y Y Y P P PN YL R P Y P LYy EagvasseEnnansa CL I LY P YT R P Y Y R P P P N Y YL D PR L RS P LT P e L L Y P YL LY Yy
cr2z°e gt (7134 ] et -T-T-RA - T -t BT L G- T A S 1 I R8- B 11 ] pag*t a2t eor* 1° e8°s oLy 19's Fi |
eIT6'Q erZ°C @09  dEe'Z  @6R°1  REe°®  pOCTP  @EG°C  @4e'P  GRe°V pel I eg" 1t si'p s 485 T
40622 @sa’) [-TL 08 p86*0  §Z2°T  RGEre  gIi*Z3  ERL"T Quct@ orgtt ari®t 3% §1g* L (20 4 or’s gr's [T
AR RSN AR AR AN AN RSS RIS SN ALAN AR NS LER I ERL RSN RAR R RS ARAR AN EANA RSSO NGl apaRatisansRagsnspstaNasslescEStennnay
SRIZTE §20°0  §4£°0 D498 @OS'C  gLr'e  zEete  ReeB  P€S*9  Ev¥L°9 DpE’D Qi we I'N T as'e 0% L ]
€PR2°@ 996°L @S1°C  pe2°y gZs'e  ecr's  @IS"T  BRI*T  Q9r*@  QRe’R Qre’e 2t see” N [T sy 196 [
PRI véS*2  Awct@  dct@  @9Lt@ G220 eprt@  RYr'e Qw23 gee'e  p2ste 2! N1 £ ar°e 1N rs's Y
- B A D R R s D Y D N R D N A o 0 R O R S A e g T P 0 O O i b e e A o O ol D e e i D e A A S g D O O D AT S e
gZ%1°@ Q18°9  @re*@d  PSCT@  PEC@  012°@  eRvt@  Jes'R  G22°@  2qetD  Ass'e () vep® ze* et ety c0°s 15 v
ziie'e 920 [ 11 2] ose* POP°T  ©@25°@  g(e°t  @pse @S0 Bre‘d  @ge'e QY 11 1 16°1 nnu' LM ec v
erZ1'e @69°e  @99c*e  Aly*d  G@Tr'e  epZ'e  eEf 2  GBee KT Lz’ ARs'e Q21 ses"* a'e [- 13 pR°2 1M &r v
LI LY PP LR LAY P AL PR R PY R L P R P DL LR YL P e vy py Yy - - - CIY TR Yy ] N S ALAER R RN SRR e
v/alo (1] s20 807 9o 210 CE*20 @60 AGS GZbH ABG WD NARS BTD NEN ATY Wid NI AHd €18771 Wig NN Q0 NSA 4 NEn @%« NEH & DS

‘ponuTIuO) | ATqEL



*piodax jo poraad aajjus ayjl 103 waie jJo Itun xad yead jyouna aBIL-Q1 IUL *V/01d¢¢
*paodai1 jo poriad aayiua ayjz ioy syead woirj jjouna yead snodurIuLISUT IBAL-OC Y] *050g ¢
*pI0231 jo pofiad aaTIu9 ayl Iojy sRead woxj jjyouny yead SNOIUBIUBISUT Ivak-G7 YL *szdgy

*poylam Tedtydex8 v yaym iaded raquny Boy Buysn pur piodax 3o poraad aayFjud Y3 103 syead wWoiy jjouna yead snoauejueIsuy IBIL-O SYL 90T o1d,;

paysep

*832 jo spuesnoy],

*paooax jo potaad aiafiud ay3 103 syead woiy jyouna ywad snoadueIUBRISUT IvIL-Q] IYj, .o~0w~
*paodax jo pojaad aafjua ayl ioj syead woij Jjouni yead snoauejueISUY ABIL €7 AYL €€ T0g
‘8661 03 207ad syead woxry jjouna ead snoaduejueisuf 1eL-0C YL, °06D ¥8S, 2

*830 3JO sSpuesnoyl °g¢6] 03 1oTad syead woiry jjouna Yead snoduejurISUT IBAL-GZ IYL °GZdD ¥8S¢ez
830 jo spuesnoyl -ggel 03 I07id BIEP WOlJ yyound }ead SNOIULIUEISUT IvIL-£E°Z L WD Y85y,

"8G661 ©3 x0Tad eaep jjouna YIFM SIOYINE 2yl Aq pPauUTWISIAP S¥ Jjouna ead snosuejuelsul 1eIL-Q] BYL 01D asfy;

*830 Jo spuesnoy] 193304 £q p2iiodei se jjounl fead snoauewjuelIsul IvIL-Q[ IYL QId ¥ldgz
‘uosuyor pue upwAUUd] jo dem IYJ WOIF IIJUID pAYsSIIIELM 9YI JO UOTIOas oyydeaBoysduyd Iy “°NZ RHdg
*adoys ueaw 83T Aq paprayp @Beureap rTedyoutad ayj jo yjdusy ayl *S1¥/,1gq

*239 ‘sederd ‘sduems ‘sojel £q pardnodo paysiaiem a9yl JO ®AIB IDEIANS 9yl jJo afejuedaad ay] °-a3eI0IS JUIDIAJ  ULS nsn,

*8210® Q01 X2d SI9TTW °sioyine ayl Lq paujmialap se L3ysuap aBeuteap aylL °qad NShgy
+dew oyydeaBodol 3jnum 3 3yl uo BUF] °aniq

10 PTIOS ® JIY3J2 Se PaIeaur[dp [SUUBYD 9yl JO pua 03 33IFS IIIATND Y3 Woly Tauueyd aBeurexp yedyourid ayl dn seTyW UT YIBuay ayr 7T ASAg,

-anoy zod S3YDUT UT AITSUSIUT UOTILITATIeid 3nuIm-QT IEBL-0T SYL ‘OTd ASMy;
‘sioyane ay3 £q paumisiap SE anTEA I AYL I NS0g,

Csprreto + Yspruto = 1
‘1931304 £q pe3iodai se anTea [ oYL ‘I ¥ldgy
‘sayouy  ‘sioyine 9y3 Aq psuTWIAISP se UOFIeITdFsad anoy-1 1BSA-QT SYL 094 OSfyy
‘soyoul -123304 £q pairoder se uoyieIfdydesd imoy-1 1B9A-QI UL '09d dldgg

cpaze mavaoxd a3xTa

yaq DATIASUON TTOO epaTYy Wy
B2I2 WITQCoIC 2DTAIBS U e

AdIFULG TFOS B3V ddg
‘auoz 121304 °NZ Wldg
*83I0® Jo spupsnoyl 193304 4q peiiodea se-eaae paysislem ayy ‘BAIY 14,
s210® jo spuesnoy] - Tduuosiad £ITSILATUN 9IBIS Yey £q painsesw SE Eale Paysiaiem YL €IV 0SA,
*s93nuUTW pue sa931¥3(g 133ULD PIYsIalem ay3 jo IpniyBuoy Byl ST UUNTOD STUL .wcoqm

*s93jnuTW pue s39189Q °©19]1USD paYsia3em |Y3 JO IPpNIFIB] Yl ST UUNTOD STYJL 3wy,

-s1aded A1ddns asjem £saang TeOT30T099 -g°[] 9yl UT paIsn siaqunu uoTiels Jur8ed piepuels aYy3l 3Ie ISIYL "#89SN¢

*spaysisies [ejudwyiadxe IT3Y3l 03 USATE SBY SOTAIAS YD1e9S9Y TeInI[ndTady 2yl siaaqunu 3y3l aie asay] #Syv;
*Iaqunu paysIalem PUE BUOZ §, 133104

*S3urpesy uwnyod peisqunu Jo uotjeuerdxy ‘ponuriuo) | 9Iqe]



61 ‘ON Paysaejem T auoz (1961) I23304 103 saAand Lousanbaiy iamoT pue 1addy 1 9and1g

(S4D3A) IVAYILNI 3ON3HHNI3IY

OO0l oS (0]] G Sl o)

LA LN L B LN B B o
g ) >
20 Z
*pPI023x Jo saeak 0T P
s
— ¥0
<
—{ o0 &
<
C
— 80 <
X

(o))
X
_...._
sl o
<
$19 W 00b'| —, d w
o
o) @
O
J
%
8l 2

TR

TR | L1 1| oz

10



OO0i

‘01 ‘ON Paysiaiem T 2uoz ([967) 12310J 10J soAaind Adusnbaiz zomoy pue 1addp

(S4D3 ) TVAHILNI JONIHHINDO3
oS 0] S gl

IR

LIl

— —

| I I ___: 1 _ FT 1 1

*PI0D21 JO sIeoh 27

S}JO N 09L ' —»

[e)

L1 |

___ | L1 J

*z @an81g

_
o
>
pd
Z
C
>
ooe I
<
>
X
<
C
oo =
-
m
>
X
L
r~
oog Q
<
o)
O
o
)]
008 o
-
(9]
-y
2

000l

11



manner and with log qq; minimized. These curves for Potter group 1 watersheds
are shown complete with Potter’s data points and USU measured data points in
Figures 3 through 6 for Zones I through IV, respectively (p. 13-16). Potter’s
curve through the mean is also shown for reference. The reader is invited to
draw his own conclusions regarding goodness of fit. In an effort to determine
exactly how Potter obtained his line USU also minimized the log x deviations
squared for the same data points. This line was nearer but still did not agree
with Potter’s line. The qqp vs. area relationships as represented by Potter’s
curves would tend to overemphasize the parameters other than area below the
mean and reverse this affect above the mean. The most plausible explanation
for the seemingly poor fit of Potter’s line to the data is that Potter used
graphical correlation to fit the data points and must have plotted the data

to different scales than those used in Figures 3 through 6 (p. 13-16). The fit
obtained by graphical correlation is scale dependent and can produce results
similar to those in the referenced figures. Figure 7 (p. 17) shows the regres=
sion line relating ten year peak flow, qip, to the watershed area, A, for all
Potter watersheds with no zoning.

The watershed parameters and other appropriate data as determined by both
Potter and USU are tabulated in Table 1 (p. 5-9). These basic data were either
determined from USGS maps or from the publications of the USGS, the Agricultural
Research Service (ARS), the Soil Conservation Service (SCS), and various State
agencies concerned with water data.

Statistical t tests (Steel and Torrie, ref. 16) show no significant dif-
ferences between the values of any of the basic parameters such as A, P factor,
T factor or qig determined by Potter or USU. The individual differences on
watersheds appear to be higher or lower on an essentially random basis since
there were no significant group differences. 1In the instance of drainage
density, Potter?®s values were not published so could not be compared. However,
the high correlation mentioned by Potter between DD and T factors yielded an
r2 value of 0.1602 with a log=-log transform on 96 watersheds. This value is
significant at the 1 percent level but obviously does not account for a major
portion of the variability by itself.

The correlation between DD and area is similar to that between DD and T
having an r2 value of 0.1647 with the same 96 watersheds. Both of the DD
relationships are much less correlated with area than the T factor where the
r< value is 0.5479 using the same watersheds and 0.2405 with 545 watersheds
(watersheds from all of the United States).

The relationship between the T factor and L//S has an r? of 0.9216 using
96 watersheds, and the t value between them is not significant, thus, there
appears to be little choice between these parameters. This relationship is
gimilar to the precision obtained for the two sets of measurements. L/yS is
a simpler parameter to visualize so should be 2 nreferred parameter if all else
were equal. It appears that the value of T published by Potter for the Zone II
Watershed 29 is in error, possibly in printing, since the (1) in front of the
decimal should be deleted to agree with the measured value.
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Potter zones. A study of the performance of Potter’s four zones seemed
to be in order. The map, "Problem Areas in Soil Conservation,' Figure 8 (p.
19), was entered with the centroid location of each of Potter’s watersheds to
obtain the problem area. The problem areas indicated are:

Zone I Zone IIL Zone ILL Zone IV
B~2 A=6 B-8 B=10
B-7 B=~5 B=~11 B-~11
B~8 B-8 B=-13 B=-12
B-9 B~15 B=14 B=~13
B-14 C=4 B=16
B-15 D-24 _B=17
B~16 B~20
c-8 B-26
C-9
C-10

Note: B=8 appears in three zones, B-15 appears in two zones, and B-16
appears in two zones.

The 10-year peak flow per 1000 acres (q10/A) was chosen as the parameter
to represent runoff. The qq1p/A values were tabulated, and t values were com-
puted for each pair of problem areas where sufficient samples existed. The
significant t values are compiled in Table 2 (p. 20).

The t values suggest the following conclusions:

1. Problem area A~6 is significantly different from all other problem areas
where sufficient data exist to make the t test.

2. Problem area B-20 is significantly different from problem areas B-10, 13,
and 16, and no other significant differences exist.

If this information is applied to Potter’s zones, it suggests that Zone II
is significantly different from the other zones except for the inclusion of
problem areas B-~8 and B-15. Because B~13, 16, and 20 are all in Zone ITI, there
are differences between Zones III and IV. The t value for Zone II was signifi-
cantly different from the other zones except III and in Zone III the value of t
was just below the 5 percent level. The same weak differences are borne out by
the similar slopes of the lines for each zone in Figures 3, 4, 5, and 6 (p. 13-
16). Furthermore, if log q10/A is plotted against log A, the range of difference
between the extremes is in the order of 14 percent which is certainly within the
point spread about the lines.

Graphical correlation. 1f we adopt the division of watersheds of Potter
(ref. 13) into Group 1 and Group 2, follow the graphical correlation technique
as outlined by Ezekial and Fox (ref. 6), and construct a set of curves from the
Group 1 data for the relation between log 0 and log A, the curves of Figures
3 through 6 (p. 13-16) are obtained for each respective zone. All values are
those derived by Potter. The residual y deviations or Ayq values from the
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Table 2. Significance of t values for differences between peak flows per
unit area and pairs of problem areas.

Problem Area B8 B1O Bl1 B13 B14 Bl B20 C4
A6 %k %k Kk *k * *%k * k%
B8
BlO *
Bl1l
B13 %
Bl4
B16 *

*t value gignificant at the 5 percent level.
k% . s
t value significant at the 1 percent level,

Blank spaces and missing problem areas indicate non-significant t values
or insufficient data to make the t test.

respective curves of Figures 3 through 6 (p. 13-16) are regressed against log
T. Table 3 (p. 21) gives the equations derived during this process for each
zone along with the correlation coefficient, r, indicating the goodness of fit
of each equation. Note that the relative magnitude of the effect of T is small
when compared to A as represented by the much smaller exponents and smaller r
values given by the Ay1 vs. log T relationship.

The residual y deviaticns from the regression of Ayq on log T or Ay
are next regressed against the log of the precipitation factor P6O’ to get the
relationships alsc shown in Table 3 (p. 21).

In order to allow some of the beneficial effect of the interaction that
may exist among the three independent variables being considered, 4, T, and
Pgos @ correction equation is then obtained by regressing qig against aTO(ATP)
as estimated from applying the proper zone equations for each of the 52 Group 1
Potter watersheds. This results in the correction equation also shown in Table
3 {p. 21) and shown graphically as Figure 9 (p. 22).

The results of the above derived equations were then tested against the
Group 2 watersheds, data from which were not used in the derivation of the
equations and are tabulated in Table 4 (p. 23). The error for the Group 2
data seems to be of the same order of magnitude as that for the Group 1 data,
thus indicating the validity of the approach.

When Potter tested his graphically derived equations against the Group 2
data, it became apparent that a correction factor was necessary. His approach
was to relate the correction factor, C, to an error in the estimate of the
topographic factor, T(AP): as a function of area and 10-year 60~minute pre-
cipitation. He found that the relative errors in the Group 2 data could be

20



Table 3. Equations relating 10 year peak flow, d1g> to area, A, topographic
factor, T, and the 10 year-60 minute precipitation, Pgg, derived
from Potter Group 1 data.

Zone Equation (i) (i)
N - T 0.5218
DY, = 1,0863 T0-0°%44 11 0.147
) 2.1855
DY, = 0.2239 Py 11 0.592
. . 0.5759
1 d1pcay = 0-6187 A 24 0.922
DY, = 1.0790 10-0398 24 0.117
B . _1.8489
DY, = 0.2643 P] 24 0.839
. ) . 0.4933
III G0(ay = 0-4647 A 9 0.754
DY, - 1.0053 T0-00805 9 0.013
_ 1.9448
DY, = 0.2852 P 9 0.323
o _ 0.6646
1w docay = 0-5450 A 8 0.851
DY, = 1.0018 700102 8 0.027
B o _1.7523
All Zonhes
Correction  djq.y = 1.02901 a}a?ﬁ%g) 52 0.963
Equation

Notes explaining the column headings:
(1) n 1is the number of watersheds used in the analysis.

(2) r 18 the correlation coefficient between two variables x + y. It
is calculated by:
T(x - x) By = ¥)
Ve - 5)25(y - 7)2

where x and y are the independent and dependent variables respectively.

r =
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Table 4. Comparison of lC-year runoff peaks and estimates {(Potter methods).

Watershed " - - Error Watershed - ~ - Error
Yo. 910 oAty T10(0) % of Yo. Yo Yogarrg)  T10eR ¥ ot
Mcfs Mcfs Mefs qu(K) Mcfa Mcfs McEs 4IO(K)
Zone I Zone IT (Continued)
Group 1 1 0.096 0.121 0.105 8.5 | Group 2 20 1.420 1.477 1.56% 9.5
2 0.270 0.231 0.211 -27.9 22 0.230 0.657 0.653 64.8
3 0, 440 0.424 0.407 - 8.1 23 0.385 8.737 0.740 47.9
4 0.400 0.340 0.321 -24.8 27 0.918 1.065 1.102 16.7
P 1.060 0.921 a-941 7.6 | 29 0.530 .949 0.973 45.5
12a 0.110 0.217 0.197 44,2 [ 30 0.830 0.5935 0.957 13.3
39 0,830 0.938 0.960 13.6 3l 0.590 0.979 1.008 4l.3
42 1.050 1.263 1.324 20.7 32 0.520 1.024 1.055 50.7
44 0.860 1.280 1.344 36.0 34 0.920 1,083 1.12) 16.6
50 1.550 1.189 1.241 -24.9 35 1.140 1.127 1.171 2.7
58 3.900 1.652 1.770 -120.3 36 1.250 1.149 1.196 - 4.5
40 1.100 £.245 1.304 15.7
Grouwp 1 §,, mean = 0.9605 Hcfs 45 2.100 1.587 1.685 -23.8
Percent Standard Error of Estimate = 77.5 48 2.350 1.609 1.721 ~36.6
Group 2 5 0.6%0 0.530 0.518 -33.2 [ Group 2 q;, mean = }.0202
8 0.860 0.818 0.828 = 3.8 ! percent Standard Error of Estimate = 36.7
9 0.860 0.930 0.952 9.6
10 0.910 0.903 0.924 1.5 | Zome III
18 1.750 1.523 1.622 - 7.9 | Group 1 2 0.635 0.546 0.535 -18.7
20 1.800 0.957 0.981 —8345: 3 0.370 0.566 0.556 13.5
22 5.600 2,638 2,936 -90.,7 3 0.490 0.580 0.571 4.2
13a 0.142 0.344 0.324 56.1 5 1.150 1.13 1.179 2.4
18b 0.179 6.344 0.324 44,9 10 2.000 1,225 1.281 56,1
3? ?-ggg ?-?gg i-?gg 33-? 12 1.500 1.372 1.448 - 3.6
: - . -5 14 0.580 , . ,
47 0.820 1.256 1.316 37.7 17 1.720 1 gfg : :gg _:: :
49 1.150 1.429 1.514 24.0 22 2,500 1.586 . it
53 1.870 1.739 1.872 0.1 R 1.694 47.6
55 2,050 1.812 1.956 - 4.8 | Group 1 q,, mean = 1.216
56 2,050 1.396 1.476 =38.9 | percent Standard Error of Estimate » 44.3
Group 2 q,, mean = 1.4182 Croup 2 1 0.014 0.070 0.058 75.9
percent Standard Error of Estimate = 55.7 6 0.710 0.662 0.659 - 7.8
7 3.600 1.229 1.286 ~180.0
Zome 1T 13 3.900 1.820 1.965 -98.4
Group 1 1 0.107 0.129 0.112 4.9 18 2,380 1.729 1.860 ~28.0
2 0.061 0.057 0.047 -31,2 1% 1.850 1.418 1.501 -23.2
3 0.155 0.200 0.181 14.2 20 1.550 1.433 1.518 - 2.1
4 0.092 0.102 0.087 - 5.5 21 8.700 2,441 2,700 ~222.2
5 0.096 0.103 0.088 = 8.9 Group 2 q,, mean = 2.838
6 0.092 8.137 0.120 23.3 10
7 0.420 0.393 0.375 ~12.0 | Percent Standard Error of Estfmate = $7.0
8 0.620 0.472 0.457 ~35.7 ] 20ne IV
9 0.160 0.1786 0.157 - 1.7
10 0.295 0,233 0.213 ~38.4 | Group 1 2 0.490 0,575 0.5686 13.4
11 0.150 0.230 0.210 28,6 6 1.240 1.223 1.279 3.1
14 0.900 1,011 1.061 13.6 7 2.900 1.536 1.636 -77.2
15 0.630 0.444 0.428 -47.3 1o 2,200 2.049 2.235 1.5
16 0.320 0.461 D.446 28.2 12 2.900 2.427 2,683 -8.1
21 0.630 0,630 0.624 -0.9 15 2.280 3.293 3.732 38.9
26 1,400 1.071 1.108 -26.3 16 2,130 3.158 3.563 40.2
28 0.660 0.868 0.883 25.3 17 3.700 3.616 4.129 10.4
33 0.940 1.234 1.292 27.2 | Group 1 4,. mean = 2.230
37 1. 300 1,153 1,200 - 8.3 1o
43 2.300 1.627 1.742 -32,1 | Percent Standard Error of Estimate = 44,8
46 1.900 1.571 1.677 -13.3 | ¢ 2 3 1.910 1 -
51 1.420 1.660 1.780 2002 00 -181 1.2a3 55.6
5 0.740 1.652 1,214 39.0
57 3,950 2.252 2.475 -59.6 p 1,060 1.715 1 B4k 1208
i 59 5.600 4.364 5.060 -10.7 9 1.150 1.818 1.963 4.4
Group 1 @ mean ~ 1.008 :; 1.600 2,302 2.534 3.9
0.750 . . .
Parcant Standard Ervor of Estimate = 38,7 . 3 2.258 2.482 69.8
Group 2 qlo mean = 1,202
Percent Standsrd Ervor of Estimate = Ib0.3
-~ ~
Error % of g 0 (K) is defined as 90 q1o(K)
184 x 100
1 OCK) (‘\ ~ 2i
- )
percent standard error of estimate is defined as 100 q1 0 9 (_K))
A
) 0 mean n-2
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greatly reduced by the development of a correction factor derived from using
the Group 2 data. However, this left no possibility of an independent check
of the method as this exhausted the data available to him at that time, but
gave the best fit he could achieve by graphical methods, which he then pub-
lished. USU tested an extemsion of the method described above which may be
termed as a modified Potter method and is described in the folliowing sections.

Improve Potter’s Method with Additional Years ©f pata

Determination of 10«year flood peak

Climate, record length, and the procedure for determining tie i10-year
annual flood peaks influence the values obtained. Schmidt {ref. 14) compared
the commonly used distributions for determination of flood fregquencies on 167
watersheds within the Great Basin and the Colorado River Drainage Basin. He
found that within the range of the data, the inverse cubic polynomial fit the
flood data consistently best} and Gumbel, log normal, and log Pearson LILI were
good fitting functions within the range of the data.

It was mentioned earlier, that the Potter values of qqn and those derived
by USU using the same upper and lower frequency method were not significantly
different by the t test. The r?2 value for this comparison was 0.789 indicating
that some differences in the form of '"noise'" exist but are sufficiently random
in nature that the t value is not significant. The r2 values for Potter 410
versus USU qqq with additional years of record were 0.679 and for USU g4, to
1958 and q1g to date, 0.895. The difference or unexplained variation is random
in nature. Note that there is a greater difference between operators than
between the two different sets with different numbers of years of record.

Other return periods

Table 5 (p. 25) shows the simple correlation ccefficients between dif-
ferent return values of annual flood peaks determined from the data through
1958 and to the present. Some watersheds were discontinued during the period
between 1958 and the present so the record lengths are variable but most water-
sheds had additional years of record between 1958 and the present. The distri-
bution of the record lengths may be seen in Figure 10 (p. 26).

The correlations between the various frequencies are all close but there
is a consistently closer relation between the qq3 and g5y values than between
410 and 4y ,33. There is a poorer relation with the qqy values derived by the
log extreme method than between values derived from different record lengths.
The correlations between the peak flow values to 1958 and the same frequencies
of q to date are as follows: 2.33 yr., r = 0.743; 10 yr., r = 0.946; 25 yr.,

r = 0.885; and 50 yr., r = 0.765. This suggests that Petter showed wisdom in
working with 410 values and then calculating other return periods from the qq4-.
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Table 5, Correlation coefficients, r, for various frequencies and record

lengths.
UsU Potter Usy Logsg Usu Usu
djy to 98 99  YptoPate 7 10 dy5 50

USU to 1958

4 -— 0.888 0.972 0.963 0.921 0.890

1y a3 0.835 0.933 0.812 0.856 0.708 0.661

2y 0.963 0.786 0.923 0.903 — 0.858

a5, 0.883 0.682 0.830 0.809 0.970 —
USU to Date

10 0.972 0.862 — 0.985 0.943 0.916

1, 43 0.827 0.871 0.832 0.838 0.714 0.683

45 0.921 0.795 0.932 0.936 — 0.992

15, 0.890 0.752 0.916 0.897 0.992 _—
log q,, 0.963 0.888 0.985 —- 0.932 0.897

Effects of record length on interrelationships
among parameters

Table 6 {p. 27) shows a group of correlation coefficients for watershed
parameters for the period through 1958 and with the records to date. <Con-
sistently, the coefficients are higher as the record gets longer, as one would
expect. All relationships have the same number of watersheds (96) in the
correlation.

Map scale effects

Map scales effect the physical parameters read therefrom principally
because the smaller the map scale ratio, the shorter are the lengths of the
drainages drafted in blue lines, If scales are other than the 7% minute
quadrangles, a correction factor must be used to make values comparable,
Figure 11 (p. 28) shows the relationship between L values derived from the
1:24,000 and 1:250,000 scale maps. The r2 is about 0.9 for this relationship.
It appears to be within the errors in the determination of q;, but note that
the curve slope is not 1:1 and that maps with scales nearer the 7% minute maps
would be between the 1:1 and the line of Figure 11 (p. 28).

Figure 12 (p. 29) gives the relationship between DD from the 1:24,000 and
the DD from the 1:250,000 scale maps. The r4 for this relation is naturally
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Table 6. Correlation coefficients, 1, for watershed parameters with l10-year
peak flows, qj, derived from watershed records through 1958 and
with additional years to date.

Usu 449 to 58 90 to Date qu/A to Date

Linear

USU Area 0.69]1%* 0.711%* =0.498%%
vsu T 0.417%* 0.470%* -0.529%%
USU Pggq 0.215% 0.266% 0.,552%%
L 0.523%*% 0.545%% ~0.601%*
USU DD ~0, 240 -0,179% 0.244%%
Storage -0.173 -0.168 0,.518#%%
Pi1o 0.209%* 0.234% 0.558%%
150 0.883%% 0.830%% ~-0.172
Log~log

Usu T 0.619%*% 0.64]1%* =0.727%*
UsSyU DD ~0.275%*% ~0,288%% 0.367%%

* 4s 5 percent probability.
*% is 1 percent probability.
(Note that the transformed data correlates better than the untransformed.)

somewhat poorer than for the L values, but the DD values are still usable if no
better maps are available.

The mean slope of a watershed can readily be determined even on the
1:250,000 map. Thus an estimate of L//S can readily be made. The relation
between Potter’s T and L/vS values measured from the same scale maps are given
in Figure 13 (p. 30). The r2 for this relation is 0.9216, so it could be used
with confidence.

Extend Potter’s Method to Additional Areas
in States Sampled by Potter

lLocation of Potter and new watersheds

The locations of Potter’s watersheds and the additicnal watersheds in the
same States are shown in Figure 14 (p. 31). The descriptions of each of the
Potter watersheds are given in Table 1 (p. 5-9) and the data for the additiomal
watersheds considered in this phase are given in Table 7 (p. 32-36). As may be
seen in Figure 14 (p. 31), the Potter States are Delaware, Illinois, Iowa,
Kentucky, Maryland, Missouri, Nebraska, New Jersey, New York, North Carolina,
Ohic, Oklahoma, Pennsylvania, Texas, Virginia, and Wisconsin.
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Watershed parameters

The data showing the additional watersheds and parameters are given in
Table 7 (p. 32=36). The values for the parameters in the additional watersheds
from the Potter states are considered to be representative of the Potter water=~
sheds themselves except that the additional watersheds represent more physi=-
ographic sections than Potter’s original watersheds.

Deviation of the modified Potter method
curves for testing the new data

The method described previously relating the 10~year peak flow to area,
topographic factor, and precipitation using only Potter Group 1 data was now
repeated using the USU extended data from all 96 Potter watersheds. Potter’s
zonation was retained primarily for testing purposes, The derived equations
are given in Teble 8 (p. 38) and are shown graphically in Figures 15 through
18 (p. 39-42). Equations for each of the four Potter zones as well as a set
lumping all the zones together were derived. The equations were then tested
against a sample of 25 watersheds selected randomly from Table 7 (p. 32-36).
The sampling was done by first randomly selecting one watershed from each
State, then by taking one more sample from each State in which six or more
watersheds were shown in Table 7 (p. 32=36) until a total of 25 watersheds
were selected.

Estimation of 10-year peak flow
from Potter type curves

Three different estimates of the 10-year peak flow were made for compari-
son purposes for each of the 25 watersheds. This comparison is given in Table
9 (p. 43). A 10-year peak flow estimate is obtained as follows using Figures
15-18 (p. 39-43): First, enter Figure 15 (p. 39) with the watershed area and
read the q10§A value from the proper curve {(zone or lumped). For example, if
the area is .%00 thousand acres in Zone I, read @10(A) as 1.15 Mcfs. Second,
enter Figure 16 (p. 40) with the value of T and reaa DYq. To continue the
example, if T for the above Zone I watershed was 1.15, read DYy as 0.99. DY,
is similarly determined from Figure 17 (p. 41) using P as the argument.

For example, if the above watershed had a Pgn of 2.20 inches, read DY; as 1.70.
The fourth step is to multiply the three above numbers together to obtain

dqq A7py = 1+15 x 0.99 x 1,70 = 1,94 Mcfs. The final step is to enter Figure
1& {p. 12) with ﬁ1 (ATP) as the argument and read @10 which is the estimate
of qqg. To concluge tﬁe above example, entering Figure 19 (p. 44) with a value
of 1.94 on the a10(AIP) axis the value for QTO(K) is read as 2.66 Mcfs. Alter-
natively, the same value could have been obtained by solving the respective
Zone I equations given in Table 8 (p. 38) for dqp(sy, DYy, DYy, and d10¢x) -

The values given in the comparison, Table 9 (p. 2%?, were developed in a manner
similar to that described above.

The comparison shown in Table 9 (p. 43) was designed to indicate the value
of zoning as opposed to lumping all of the data together to derive a single set
of equations., In addition, a third comparison was made to evaluate whether
there was much difference hetween the USU derived equations and those curves
published by Potter (ref. 13).
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Table 8. Equations relating 10 year runoff peak, qjp, to area, A, topographic
factor, T, and 10 year 60 minute precipitation, P60’ derived from all
Potter watersheds using USU data.

(1) ) (3 )
Zone Equation 610 PSEE n r
Mcfs percent
. ~ 0.55730
I dgeay = 0-45894 A - - 27 0.835
DY, = 0.98877 1 002446 - - 27 -0.054
_ 3.06468
DY, = 0.15197 P, - - 27 0.612
. ~ ~1.34956
dygep) = 1-08688 a4, 0vim0s 1.238 54.2 27 0,933
. _ 0.57097
11 qu(A) = {0.59009 A 38 0.862
oy, = 0.97075 T70- 02151 38 -0.061
oy, = 0.35018 plgt?03? 38 0.468
: . -1.15286
Yoy = 1-07015 315328t 1.301 85.7 38 0.902
. _ 0.72245
IIT qu(A) = (.47989 A 17 0.879
by, - 1.01359 1002862 17 0.054
pv, - 0.01752 ppgtP?7? 17 0.820
- - ~0.97539
dygy = 1-00742 43571333 2.249 41,0 17 0.962
. i 0.43263
v Gygeay = 0-81093 A 14 0.506
DY, = 1.001%7 7000638 14 0,010
pY; = 0.06867 popt 0% 14 0.399
. ~ £ 0.93455
Gy = 1-0%877 %5000 2,072 45.0 14 0.614
Lumped ;0 = 0.54572 473093 %6 0.85%
DY, = 0.98095 1 0- 02463 96 ~0.059
«
. 1.99847
DY, = 0.24383 T 96 0.534
. . -1,09129
Ty = 100959 a1 Yares 1.564 69.4 96 0.902

Notes explaining the column headings:

(1 EIO is the mean 10 year peak flow calculated from the observed 10 year peak
flows for each zone.

(2) PSpg is the standard error of estimate expressed as a percent of the zone 610'
It iz calculated by the equation:

n 2
100 HMayg = om0’

PS = a2

EE =
210
(3) n is the number of watersheds used in deriving the data,

(4) r 1is the correlation coefficient between two variables x and y. It is
calculated by:

I{x -~ x) (y - ;)
Vi - 27 26 - 72

where x and y are any two independent and dependent variables, respectively.
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Figure 17. The relationship of the y deviations, Ayz, from Figure 10 to its
P60 value.
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Figure 19. Mass error curves for 25 sample watersheds located in the Potter
States.
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The first error estimates were made using the lumped curves or equations.
The range in absolute error as a percent of the estimated qip was from 0.4 per-
cent to 169.7 percent with a mean absolute error of 60.5 percent. The standard
error of estimate was 127.4 percent of the mean qqq.

The second error estimates utilized the zone equations. They produced a
mean absolute error of 62.1 percent with a range from 17.8 to 122,3 percent
and a percent standard error of estimate of 157.3.

The third error estimates utilized the published Potter curves directly.
They produced a mean absolute error of 232.(0 percent ranging from 1.2 percent
to 2948.6 percent. The percent standard error of estimate was 197.0 percent.

The mass error curves for these three comparisons are shown in Figure 19
{(p. 44). The general conclusion evident from this phase of the study and sup-
ported by the testing on the 25 independently selected watersheds is that a
Potter type method is reliable and that the error distribution was not signifi-
cantly improved by zoning.

PHASE II

Refinement of Potter®s Method and Other Improved Methods

Flood frequency studies

Comparison of methods. The common comparisons between frequency methods
generally compare the goodness of fit of a particular set of data to a curve of
a known distribution. This criterion was used by Bock, Enger, Malhotra and
Chisholm (ref. 3) on 459 watersheds in the United States with Chi-square as a
test of the goodness of fit. Their trials indicated that the log normal distri-
bution was superior to Gumbel or log-Pearson Type III distributions and log
normal and Gumbel were both superior to log-Pearson Type III distribution.

In the first portion of the present study, data from 167 watersheds in the
Great Basin and Colorado River Basin were studied. The data were ranked, nor-
malized and plotted on extremal probability paper against the plotting position,
(n + 1)/m, where n 1is the number of years in the array and m i1is the position
in the array. Selected return period values were computed and tabulated for
each watershed and each distribution. The distributions and fitting equations
used were the cubic polynomial, the log normal, log-Pearson III, Gumbel, log-
Gumbel, gamma, the normal, Pearson 111, and log-gamma.

Within the range of the data (11 to 100 years) the cubic gave the best fit.
All others except log-gamma fit sufficiently well to be satisfactory. Since the
cubic polynomial scored best by every goodness of fit test! over the range of
the data, it demonstrates the inability of the goodness of f£it tests to indicate

1These tests were Chi=-square, probability of Chirsquare, Smirnov-Kolmogorov,
binomial, Cramer-VonMises, and Anderson=Darling.
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the extrapolation reliability of any distribution. Because of this, the data
were all plotted along with the three most commonly used distributions for
flood frequency analysis; the double exponential or Gumbel, the log normal,

and the log Pearson Type III distributions to serve as a guide to extrapolation.
The flood frequency plots are included as Appendix A to this report.

Ten-year flood peaks from these computations were compared on the Potter
watersheds to the Potter values of qqy and Potter’s (ref. 12) graphical upper
and lower frequency method by USU. The differences were not statistically dif-
ferent by the t test. The absolute values of the peaks were somewhat higher
with the Gumbel distribution though not significantly so.

Extrapolation. In the previous section we dealt with the problem of fit-
ting a set of data to a distribution or an equation. In this section we will
consider record lengths and extrapolation to return periods beyond the range of
the data,

A search was made for very long records which would most likely be a sample
of the variability of the local climate. Four such records were located, i.e.,
the Lake Erie outlet, Logan River, Santa Fe, New Mexico, precilpitation and
Mississippi River at Cairo, Illinois. The same kinds of results were obtailned
for the four records so the illustrations presented here will be drawn from the
Santa Fe precipitation record. Figure 20 (p. 47) shows curves constructed by
by dividing the hundred plus years of record into consecutive periods of 5
year, 10 year, 20 year, 50 year, and 100 year records. The highest and lowest
5-year value from the 20, 5-year records are the two points shown at 5 years in
Figure 20 (p. 47) as ratios to the value read from the 100 year record. The
two points at 10 years were derived in similar fashion from the ten 10-year
records and so on until the upper and lower curves are complete.

The third curve is the mean value of all the members of each group derived
from the same groups of records from which the extremes were drawn.

Figure 21 (p. 48) has similar curves to those in Figure 20 (p. 47) except
the 50~year event is forecast from the different record lengths, Figure 22 (p.
49} is constructed similarly to Figures 20 (p. 47) and 21 (p. 48) except the
100=year event is being predicted from each record length.

Figures 23 through 28 (p. 50-55) show the same error distributions with
the log-Gumbel and log~normal distributions. The Gumbel distribution appears
to be somewhat superior to either of the log methods for general extrapolation,
but appreciable errors mav be present when records are shorter than about 25
years on any of the distributions. This observation contrasts with the con-
clusions found by the fitting of curves within the range of the data where only
11 yvears of record produced satisfactory data fits to a distribution. This
finding is similar to that of Benson (ref. 2) for a synthetic 1000 years of
record.

One item observed is that one consecutive record period of even up to 50
years in length may have a widely divergent population from the next 50-year
record indicating long term persistence of c¢limatic highs and lows rather than
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short term variability only. Even with 50 vears of record, thes 50¢year anuuval
peak from one period of time might be as much as 200 percent different at the
extreme than the next 530~year period. 1In a practical record, one is never sure
where his estimate may lie in the possible range of climatic changes for the
site,

Determination of other frequencies from the gqp value. FPotter dectermnined
the 50-year flood peak, q5(p, from a curve made by plotting the log ¢f the qqq
against the log of the qg4. The d1g value is determined from the estimating
procedure, This §10 is then entered on the vertical scale and moved horizontal-
ly to the curve where the value of the g is read from the horizontal scale.

. ) 50
See Figure 29 (p. 57).

Potter reasoned that greater precision could be had on the iU -ycar peak
from frequency plotting than either more or less frequent returns. USU's pres-
ent investigation verifies that the greatest prediction accuracy is obtained
for the qij. The curve Potter gilves has slightly lower values ot 450 than USU
obtained from the Potter test watersheds only, but agreed very clusely when
USU used all of the samples from the Potter States. This suggests that perhaps
Potter developed his relationship from a larger sample. OUther return intervals
are related to the 10-year flood peak on Figure 30 (p. 58).

The USU writers believe that no single distribution can be used for all of
the United States. Where computers are available, the data poiuts should be
plotted on extremal paper and the multiple functions mentioned plotted, thus
allowing the engineer to inspect the result to determine whether they conform
to any of the distributions or whether a new relation such as Potter’s upper
and lower frequency should be drawn.

Examples of the data fit from selected stations in each State are given
in Appendix A.

Probable maximum peak runoff. All of the '"period of record' iumstantauneous
maximum flood peaks for each station with data available {well over 1000 in the
proper size range) were plotted against the area of the watershed from which
each came on log=log paper. The upper boundary of these points defines a curve
known as the probable maximum peak runoff curve. The curve derived for the 50
States and Puerto Rico is shown in Figure 31 (p. 59). For very small drainages
where the culvert cost is not prohibitive, this curve might be an acceptable
guide to sizing. Normally hydrologists consider this flow peak to be the cne
used where human lives are involved. This value would almost certainly be ade-
quate for setting maximum watershed sizes for which no other peak flow estimates
need be made,

Conclusions. It appears reasonable from this investigation and that re-
ported by Schmidt (ref., 14) as discussed previously to conclude that within the
range of the data, there is little choice between the different distributious

or methoJds except the log-gamma distribution.

When extrapolation becomes necessary, all of the methods tested=--Gumbel,
log=Gumbel, log normal, log«Pearson III, gamma, Pearson III, and normal=--gave
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closer results than the variability of the climate with time. It would appear
to be desirable to establish zonal norms through indirect methods such as tree
rings, varves, or some other technique, in order to determine whether or not a
time period when measurements were available was characteristic of the climatic
range for the area.

These USU writers feel strongly that where records must be extrapolated
appreciably beyond the range of the data, no single distribution should be
adopted, but all points should be plotted on extremal pager and a visual
determination made where the extrapolation line should go. The upper and lower
frequency procedure of Potter can be a good guide at this point.

Extend the Potter Type Procedures

Selection and location of watershed samples

Watersheds were selected so there were at least seven watersheds in each
physiographic section of the United States as defined by Fenneman and Johnson
{ref. 7). Whenever more than the minimum numbers of samples were located in
the same section the watersheds with the longest records were retained. The
first samples inspected in each section were those compiled by Bock, Enger,
Malhotra and Chisholm (ref. 3).

Figure 32 (p. 61) shows the location of all the sample watersheds within
the contiguous United States. Figure 33 (p. 62) shows the location of the
watersheds in Alaska, Figure 34 (p. 63) shows the location of those water-
sheds in the Hawaiian Islands, and Figure 35 (p. 64) shows the location of
watersheds in Puerto Rico.

Parameters Investigated

Potter limited the parameters used in the method he recommended to a
zoning or geologic parameter, a precipitation factor, area, a topographic
factor, and a correction factor "C." 1In the USU extension of the method to
the balance of the United States, it scemed desirable to include parameters
which would tend to make the method simpler and more versatile. No attempt
will be made to make a literature review on the subject but instead the reader
is referred to the reviews of Bock, Enger, Malhotra, and Chisholm (ref. 3),
Chow (ref. 4), Hydrocomp, Inc. (ref. 9), and Ben Chie Yen (ref. 22) for
references on the subject. Potter considered the parameters: geophysical
zone, area, watershed slope or topographic factor, precipitation factor, drain-
age density and "C" factor. Several of these parameters require manipulation
to obtain a usable wvalue after the direct measurement. Each of the basic ele-
ments is measured in the field or from maps, charts, etc. Each parameter to
be tested in this section is considered in the following subheadings.

Area

In this section the area used is that given in the USGS publications or
tapes except when their area was labeled "approximate." In this instance, the
watershed area was planimetered from the largest scale topographic map available;
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most commonly this was the 7k minute gquadrangle map. No corrections for map
scale were wade in the instance of areas. The area is expressed in square
miles.

Snow

In many areas of the United States a large portion of the annual peak run-
off events cccur as a result of snowmelt. Fletcher and Reynolds (ref. 8) showed
that percent normal (gy 33) annual runoff peaks were closely associated with
the percent normal annual 1 April snow waterequivalent. The 1 April snow water
equivalent was thus introduced to supplement the other precipitation factors and
to take advantage of the valuable data by the Soil Conservation Sexrvice Coop-
erative Snow Surveys in the western United States. The parameter used herein
is the l0-year snow water equivalent in inches of water. The values are read
rom the appropriate snow water equivalent maps in Appendix F.

Storage

Potter stated that he carefully avoided surface storage in his selection
of the watersheds used to develop his method. It may be seen in Table 1 (p. 5-
9) , that, out of 96 Potter's watersheds, only two had significant storage.
Another 7 watersheds had 1.7% of storage or less. Bar-Kochba and Simon (ref. 1)
indicated that small watersheds are much more susceptible to the effects of
storage than large watersheds, but that storages smaller than 25 acre-feet per
square mile c¢onld be considered as negligible for watersheds larger than 70
square miles, If this storage had an average depth of 1 foot, it would be
egquivalent te less than 4 percent of the total area. In correlations here
storages smaller than 1 percent are considered to be negligible. Because so
many watersheds have values of storage below this value, storage is handled
as a correction after the estimate of &10 is made from the other parameters.
To make this correction Figure 36 (p.65) is entered with the percent of the
aren occupied by storage and a multiplier is read off the vertical axis. The
qu is multiplied by this multiplier to get the proper 10-year peak flow
corrected for stoxage.

Slope parameter

During the wvisits to the States several people complained about the com-
plexity of the Potter T. Consequently, the parameter of channel length up to
the _crest of the watershed divided by the square root of the main/gtream slope,
L//E, was investigated. There was no difference between T and L/¥S as measured
by their respective correlations with gjg. In view of this finding USU decided
to extend this reasoning one step further and try the difference in elevation
between the top and bottom of the watershed, AH, as a parameter, Since AH is
read directly from a topographic map, it is much simpler than either cof the
other slope paramesters and L1f anything, the correlations between AH and qiqg
proved tn he even better than the more complex slope parameters. AH is in feet.

During the confirmation of Potter's original method, scme of the log gy
valoes covvelated poorly with log P factor, Peor whereas, log 410 correlated
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Figure 36. The relationship between percentage of watershed area covered by

lakes, ponds, swamps, playas, etc. to the multiplier required to
correct a peak runoff estimate for storage.

better with the corresponding arithmetic 10 minute precipitation, Py,, intensity,
even though the two parameters are closely correlated with each other (r2 > 0.9)
through a log-log transform. The third precipitation parameter, the R value,

was included when a national map became available from Transportation Research
Board Project 16=3. Each of these three precipitation parameters are read from
a map. R is defined as the mean annual rainfall erosivity index, EI, or the
total mean annual kinetic energy* times the annual maximum 30 minute rainfall
intensity (see Wischmeier and Smith (ref, 21) and Dragoon (ref. 5)).

Drainage density parameters

The so=called drainage density parameter, drainage density, D=factor or DD
is a relatively simple parameter. It 1is derived from the total lengths in miles

¥ = zéz (916 + 332 log I)d wherein I = rainfall intensity for a

constant period of time and d = depth during the same period. These E
values are summed for all storms each year and multiplied by the annual maxi-
mum 30 minute rainfall intemsity to get the year’s EI.
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of all drainage channels shown as hlue lines within the watershed, 1L, divided
by the area of the watershed in square miles. The second drainage density
parameter is the simple primary unit LL. LL is read directly from a 7% minute
quadrangle sheet, where one is available with a map measure. It is the total
length in miles of all blue lines which indicates stream channels within the
watershed boundary on the USGS map, If only a 1:250,000 scale map is available
the curve in Figure 37 (p. 68) is utilized to correct to the 1 to 24,000 scale
. value. LL is in miles. DD calculated from a 1:250,000 map may be corrected

to the 1:24,000 scale value with Figure 12 {p. 29).

Shape factors

Potter’s length of principal drainage channel L' is related to shape of
the watershed. The method Potter used to determine L, however, was map scale
dependent, This measurement was therefore modified to extend the length mea-
sured past the end of the blue stream channel line to the nearest most remote
crest of the watershed. With this modification, it was found that the simple
correlations with Qg Were actually improved and the L wvalues were independent
of map scale.

The original USU idea was to use one main axis and two minor axes at right
angles to this main axis as indices of shape of the watershed. The preliminary
correlations, however, indicated that the L/A parameter was equally well cor=-
related with qqy so the former was discarded in favor of L/A for simplicity.
This ratio was later reduced to just L since A was already a parameter.
Whenever the different forms of each parameter showed similar correlation values,
the simplest form was chosen for further investigation. When 958 watersheds
were used in a multiple regression covering all of the states plus Puerto Rico
the parameter most pertinent to the 10=year flood peak was the precipitation
parameter, R, followed closely by area, AH and LL. Pgq, L, and Py had some-
what lower weights but were still significant.

The reduction in the percent of explained variation of 410 from these vari-
ables with no zomation, is just under 74 percent. Dropping the latter three
parameters decreased the reduction by about 1 percent only, and substituting L
for the LL decreased the reduction by about 1 percent additional. The three
variables A, R, and AH give just over 72 percent reduction.,

Zonation

Potter®s original zones were deduced from the SCS problem area map (Figure
8, p. 19). The physiographic sections from the map of the physical divisions
of the United States prepared by Fenneman and Johnson (ref. 7) were selected
for the present zonation which both Potter and USU felt was desirable. The
preliminary work which USU did on the Potter watersheds (Phase 1) indicated that
qq /A could be used as a parameter to show the effects of zonation. From this
and using t as the statistical test method, Potter’s Zone II was significantly
different from his other three zones. As the Potter method was extended to
other watersheds, the similar physiographic boundaries and the smaller amounts
of other data on the map ¢of Fenneman and Johnson made it the most desirable of
the two maps to use.
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When the physiographic sections from the Fenneman and Johnson map were
compared to each other on the basis of their qIO/A value utilizing the t test
as the criterion of diffesrences, the physiographic sections were grouped into
hydrophysiographic zones in Potter’s states. Two or more sections were grouped
in the same zone when the t values between them were not significant and they
were in the same general area. These USU zones are as follows:

Usu Physiographic Sections
Hydrophysiographic from Fenneman
Zone __and Johnson
1 1, 34, 3B, 3C
2 3D, 3E
3 3F
4 4A, 4B, 5A, 5B
5 6A, 6B, 7A, 7B
6 6C, 8A
7 8B, 8C, 3D
8 8F, 8F, 8G
9 9A, B, 9C, 9D
10 9, 10
11 11A, 118, 11C, 11D
12 12A, 128, 13C
13 12C¢, 12D, 12E, 12F, 13B, 13E, 13F,
13G, 131, 131, 13K, 14A, 14B, 15A,
15B
14 13A, 13D
19 228, 22c, 22D, 22E, 21F

These 15 hydrophysicgraphic zones cover all of the 16 Potter States. The
same zonality test was applied to the balance of the test watersheds in the
United States and Puerto Rico. The additional sections combined are tabulated
as follows:

Usu Physiographic Sections
Hydrophysiographic from Fenneman

Zone and Johnson

15 16, 17, 18, 19

16 20A, 20B, 23A

17 20C, 20D, 20E, 21A, 21B, 21C, 22A
18 21D, 21E

20 238, 23D, 24A

21 24B, 24D, 24E, 24F, 24G

22 23C, 24C, 25

23 Ne¢ zones available--Alaska

24 Hawaii and Puertc Rico combined

It is interesting that no significant differences exist between the water-
sheds in Hawaii and Puerto Rico even without zoning of either being considered.
These two were combined since they were not significantly different even though
little physiography was considered. A map delineating the USU hydrophysiographic
zones of the contiguous United States is given as Figure 38 (p. 70).
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The 958 watersheds and their assoclated basic data used in this phase of
the study are given in Table 10 (p. 72-91) and are grouped within the 24 USU
hydrophysiographic zones defined above.

New Methods

The basic data used in the development and testing of the new methods are
compiled in Tables 1 (p. 5-9), 7 (p. 32=36), and 10 (p. 72-91). The watershed
numbers are in two categories, First, where available, the U.S. Geological
Survey (ref, 19) numbers and second, the USDA Agricultural Research Service
(refs. 17, 18) numbers are used to identify the watershed. The two services
official names are also given for each watershed. The other data have been
discussed earlier under parameters and Ifrequency studies.

The problem of new method development was approached on the basis of sup~
plying directly usable techniques for field use. The methods were investigated
starting from the simplest and most direct to those of increasing complexity.
They may be summarized as follows: The first procedure was to determine the
probable maximum peak runoff for the United States and Puerto Rico by plotting
the maximum flood peak of record, q,, from Tables 1 (p. 5-9), 7 (p. 32-36), and
10 (p. 72-91) against the area of tﬁe watershed in square miles from which it
came. The curve enveloping the upper perimeter of these points was determined
from the data and is shown in Figure 39 (p. 92).

For many uses the probable maximum peak runoff is needed since it forms
the boundary for the upper limit of runoff peaks for each fixed area. Thus all
finite frequency runoff peaks are smaller than the values represented by the
probable maximum peak runoff curve.

The second category of approaches was to assume that zonation was unneces~
sary. Combinations of the physical parameters are utilized to obtain a com=
bination which would be at the first portion of diminishing returns between
accuracy and simplicity. During the preliminary regressions and throughout,
the methods of Steel and Torrie (ref. 16) were used. The reader is referred
to this or other standard texts for explanations of the methods and limitations.

The preliminary filtering of variables consisted of simple correlations
with all variables. All of the significantly correlated variables were retained
for the preliminary multiple regression. The weighting of each variable was
determined from the values by the F test. Only those with significant weights
were retained for the later work and involved the seven variables A, R, DH, L,
Pgo» P1gs and LL. The F tests further revealed that the most important three
variables were R, A, and DH in that order and the most important five variables
were R, A, DH, L, and P60'

The first regression equation involving the three most important parameters,
A, R, and DH was derived from data from all of the watersheds tabulated in Table
10 (p. 72-91) except those that had 4 percent or more of their area in surface
water storage. It is called the 3-parameter all zone equation and is:
0.56172 R0.94356 DH0.16887

9 ~ 1.28015 A
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Table 10. Continued.

Zone 04
1 2 3 4 5 6 789 10 11 12 1
3 14 15 16 17 18
820 STATION STATION NANME SECT AREA e LAY LONG R Pip Pep L] LL 8TRG  OMEAN Q2 a2p G100 OPEAX
98 0102414009 MNARBUCK CREER NR MACKNEYVILLE, ALA, #A 6,78 go7e,8 33 N7 45 57 358 8,40 2,55 132 8,77 e,8 $176,4 1188,2 27e9,7 32784 2184.8
99 LAA1477888 SHELLPUY CREEX AT WILMINATON, OfL, SA 7,468 34n8,7 32 47 75 32 143 V.10 @0 111 0,38 €,1 171,88 §%382,7 92748 13359,%
-
100 1302177189  ASHLEY CREEK NEZAR CLAYYON, @A A 9,88 180, 34 32 83 26 Dper T.4? 2,36 240 LI 28,5 2M,7
181 (302181088 LITTLE PANTMER CREEK NEAR CLARKEAVILLE, 8A, dh 3,09 BE7.P 34 43 0% 24 78 7,58 2,45 228 2i2.7  182,9 1763,8
102 31302182000 PANTHER CREEX NEAR TOCCOA, G4, 44 38,88 6242,7 34 41 83 21 gar 7.9 2,48 1802 3035.8 2412,.6 175032,1 23824,8 15190,0
183 1302199208 N P BOARD B SUBWATERSHED 14 NR AVALON GA, 4a 1,09 ser. 200 7.67 2,45 1%y 42,1 342,01 1915.3 1103,7  724.0
104 1382295008 NILDCAT CREEK NEAR JYDCK SRIDSE, GA, A 1,99 3914 7.66 2,88 115 222,4 248,15’ ,8  #a9.4  dpd.p
1895 1392217009 ALLEN CREEK AT TALNO, GA, a4k 17,39 3pei,.Q 2,47 509 1577, 1419,8 %663,2 041,09 430¢,p
R me a1
188 1de2221008¢ MURDER CREEK NEAR MONTICELLC, GA. 4A 24,88 2791.3 2,88 ane 1417,4 1374, 4093,8 4349,0 3240.0
187 1382383 ROCK CREEX NEAR FAINNOUNT, GA, 4 B8 1149.7 2,43 103 530,4  AS6.8 22)8.7 2574,86 2200,8
198 2421979090  BASIN MUN AT LIBERTY GROVE, XD, A 2,31 2437,0 2,24 188 1888,7  882.6 JI655.4 4412,9
189 2481583088  BLADE RUN NEAR GLYNGON, HOD, 4 B,08 3777 2,58 278 187,90 153,85 Te9,2  e79,4
110 2401393508 CRANBERRY BRANCH NEAR WESTMINSTER, MO, dA 3,29 74,0 2,4t 19¢ 292,80 72,7 1889,4 2436,%
111 240{588982 PINEY RUN NEAR BYNESYILLE, WD, ah 11,48 242350 2.59 43 1218,5 786,80 4983,3 8a32,5 5720,¢
esmmcmsratmemeandeanranrEenr .
112 24016485589 LITTLE FALLY BRANCH REAR BETHESDA, WD, 44 J.P4 2587.2 2.83 185 1492,4 {313,3 9%462,2 4308,0 72,0
113 3702004988 1AL CREEK NEAR WAMAMA, N, €, dh 471 11977 2,53 229 532, 48,3 2022.7 2427.3 44p0,¢
114 3702087248 SYTARUS TRON CREEK TARI NR NEZLION, N, C. 42 0,89  137,4 2,53 [1] 64,8 56,3  244.9  292.2 172,90
reasn - B S R B e L
115 3792895088 EAST FORX DEEP R NEAR WIGN POINT, No C. 4 14,78 3igs,.e 2,38 i8¢ 55,13 8,1 1563,8 18p2.0 6783.0 415,02 6da0,.¢
116 3702115580 FORBUAK CHEEK NEAR YAGKINVILLE, N, C, 44 21,74 2178.8 2,03 258 59,78 9,2 1274,) 1229,3 27p7,4 2038,2 28400
117 3782192428 ATR KNOB CREEK MEAR FALLSTON, N. C. Ar 18,40 2404, 2.32 488 33,78 @,8 234,686 1@33,9 4767,5 3457.3 2Jéon,0
-- can memmmecnas [N,
118 4582154580 NORTH PACOLEY R AT FINGERVILLE B,C 4x 118,08 8838, 2,51 24985 24,04 {20,008 2,03 I%P4,2 IV62.6 14798,0 12378,9 12%588,0
1450 4382137089 NORTH TYGER RIVER NEZAR FALRNONT, 3.C. 4h 44,80 2060,.4 2,32 300 .33 7.8 0,9 169%,1 4583,7 4284, 3%10.0
124 4582164082 REECY RIVER NEAR GREENVILLE, 3,0, dA 40,68 3DA42 2,34 dee ? 48,78 £.8 2894,4  4455,3 490,86 apk0,0
. - .. - e, ———
121 S1918935¢0 CEDAR RUN NEAN WARRENTON, VA, 4h 13,00 3090,8 38 44 FT 47 445 T4V 2,34 620 4,854 9,52 @,8 i5i8.0 1m0e,8 OURVS.D 120A9,7 14580,0
12¢ 3101656280 PROAD RUN NEAR wARRENTON, Vi, 45 2,94 188,05 384 48 77 4P 15 ¥,.42 2,38 82 1.%° 6,43 9,0 18,0 103,8 231,8 261,68 208,09
123 3191898588 SQUTH ¥ GQUANTICD ¢ N® INOEPENDENY WILL, VA, 4h 7,80  D27,8 38 35 77 20 {re 8,18 2,80 140 48,33 2,97 0,0 542,68 842,85 1313,1 1427, 1240,9
P - - b 2 b b B T SR P
9101671588 HUDSON CREEK NEAR BOSMELLS TAVERN, VA, ah 4,40 Bap.2 38 P2 7R 11 58 T,83 2,03 124 4,28 8,58 @,p M7L.0  259,7 1835,9 22168,8 27390
121873508  TOTOPOTOMONY CNEEX NEAR ATLEE, VA, 4r 0,08 358,737 4B 77 33 280 8.0 2,82 81 4,72 12,1) @,@ 158,86 124,80 818,3 754,82  T48,Q
3102328402 3 g M F HARDWARE R NR NDATH GARDEN, VA, 4 0,50 3005,3 37 67 78 39 18 7,19 2,24  Bip 3,41 13,35 @,0 1148,4 B22,3 6144,7 745,86 6209,0
- J—— Ry . rasenanue iy cemearremmtee SN e m s e
4102031580 NORYH FORK WOORMANS RIVER NR WHITEHALL, VA, Ar 13,48 795,09 38 68 78 45 131 2.19 1790 &.87 28,87 @,9 i020,7 714.5 6481,4 7918,4 7620,0
S10205650¢ FINE CREEX AT FINE CREEK NILLE, YA, 42 23,08 1003,9 37 38 7T 49 28D 2,58 189 $,82 53,87 9,0 813,88 422,2 34p6,2 4289,7 3640,0
9102058502 NORTH WEMZRRIN RIVER NEAR KEYSVILLE, VA, 4h 9,20 1485,6 37 23 B 23 210 2.63 176 3,94 8,37 @a.@ 838,77 8587 2679,1 3i7r,2 2409,2
b L L LYY - LT LY 23 EL R e T L L P L e P T T
3192051308 NININGER CRENK NEAR BEDFORD, vi, (451,22 37 18 7D 2P 140 2,23 240 3,78 7,49 2,9 708, 6  S7a,t D2489,8 292),2 2220,
3102976502 GEORGES CREEX NEAR GRETNA, VA, 1194,4 38 58 7D (& t98 2,32 428 6,99 21,42 8,0 Sga,8 40,3 1792,0 1877.4 1440,
1931478080  CHRISTINA RIVER AT COOCHY BRIOGE, DEL, 2228.7 36 41 75 47 188 2,29 378 12,50 37,31 @,1 §5379,2 1484.4 Q853,2 4769,2 120,09
» - - CLLS Ll T LD UL LY .- e e P U e o e O T T o R P
2491841988  KUNTING CREEK AT JIMTOWN MD, 1197,8 39 38 77 24 148 2,27 (ase 9,92 3z,75 @&, V67,3  §3e.1 13e8,B 1463,3 1330,0
3421300502  34DOLE RIVER AT RIDGEWODD, N,J, 2878,7 42 9% 74 5 118 2,86 438 19,08 38,48 2,8 1048,% 9384 IN4D,T  4851,4
3 .Fu-—.ms HOMOKUS BROOK AT HOHOKUS, N.J. 2140,8 48 G0 T4 27 138 2.98 389 22,3 24,17 O, 1899,7 8582 2038,2 326¢,3
bk - -—— e we
3401 I04R8T  WEST DRANCH RANWAY RIVER AT NILLBUMN, N,J, 48 7.1 1311.2 4D 44 74 48 438 2,18 478,86  13pe,2 1397,2
4201473100 ZACHARIAS CREEK NR SHIFBACK, PA, 48 7,47 32¢5.3 42 12 73 22 148 6,43 2109,8 3920,3 4135,8
2191634000 ACCOTINK CREEK NEAR ANNANDALE, V4, 48 23,68 B200.) 3B %2 7T 16 4p 2,81 8,60 78,48 1653,2 10139,3 12343,5
Sna AR ERS RS TNERT AN
130 24M1037008 LITTLE CATOCTIN CREEK AT HWARMONY, MD, Sa 8,83 3132.6 39 26 7 30 148 2,37 838 3,97 16,19 952,88 476,02 6816,4 BEYY,D
140 2481648580 OWENS CREEK AT LANTZ, MO, 52 5,95 14e8,5 30 41 7 28 iy 2,18 Jey 3,78  S.24 $82,2 384,2 2263,7 2679,%
141 4R01B14p30 CONOCOCHEAGUE CREEX NR PAYETTEVILLE, Pa, Sa 9,09  346,¢ 35 38 TV 26 125 2,84  PrY 3,95 8,43 8,8 143 88,0 458,56 D144
.. .. - 4 e e T
142 S1031635218 MAPPY CREEX AY FRONT ROYAL, Vi, 5a 13,80 185,90 36 54 7B 11 148 2,61 1803 6,68 33,88 840,7 713,08 327p,4 3015,2 2490,p
143 9101802588 RUSH RIVER AT MABMINGTON, VA, 5A 15,20 1367.3 38 43 7B €% 148 2,19 1809 108,54 10,4 488,% 2481.1 334a,) 23e0.2
144 3102023380 SOUTH RIVER NEAR SYEELS TAVERN VA, Sh 15,7¢ 2725.4 37 8% 7P 18 148 2,18 1848 34,51 L8730 BABB,4 742,08 5953.2 470R
- smaave. - LU L L i - LT Y] eEmme et sontTrRE Y -
140 5102020289 NCORTM FORK HARDWARE R AT RED HILL VA, SA 11,80 3989,2 37 58 7B ¥ 190 2.24 251 v, 355,5 100842, 14041,5 7303.¢
146 3763445000 CATHEYS CREEMN NEAR BREVARD, N, C, S8 11,78 12%4,3 33 12 82 47 198 2,34 1032 25,34 695,84 1732, 1823,7 12688.%
147 3703441008 DAVIOSON RIVER NEAR BREVARD, N, C, 38 48,40 3993.0 38 18 82 42 198 2,34 Jles 7.0 3828,8 2724.% 8320.2 04RE, 1  Bd0e,?
- ve - - - LA L
148 3703442088 CRAB CREEK KEAR PENROSE, N, €, 58 18,98 2773.8 3% 18 42 ¥4 19¢ 2.34 1058 3,72 1308.9 82,1 959470 12482.1 11%08,0
149 703444000 BOVLSTON CREEX NEAR HORSESHOE, N, C, 5B 14,80 7841 35 21 82 38 148 2,33 428 11,48 36F.20 498,41 878,85 F37.% 1888.8 823 .p
L5 DTEM44408F SUUTH PORK MILLS R AT THE PINK B€DS, N, C, 50 9,99 10805.0 30 22 82 45 {%e 2,33 4854 4,08 7.3 730,.% €35, 2798,8 IOBY.F 2220,
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Table 10. Continued. - .

Zone 06
1 2 3 4 5 6 7 89 10 1112 13 14 15 16 17 18
STATION STATION WANE SECTY AREA Q18 LAY LONG L] Fis 8n L] N QMEAN 92 1. 1b} 0100 QPEAK

- Earn e ———

Jami3ree RUM €LOOW CREEK AT HYDE PARK N, Y. 41 47 73 08 138 S.80 1,03  ate 11,40 229.3 2%2.,2  S2y,1 87,3 3739
013721 £ BR WAPPINGER CR NR CLINTON GORNERS, N, Y. 41 49 73 4B 115 4,00 L. 53 D4 0,00 882,9  OMY,7 2268.8 2354,2 (340,20
3081370) LITTLE NAPPINGER CREEN AT SALY POINY, N, ¥, 41 49 T3 AR (45 &80 1.83 M8 (2,40 333,3 8333 t13VA.9 1587,2 iq0e.0
o R,
JapL3d8ene L ONEGEE CREEX AT WEBY MILYON, N. Y, 1334, 42 18 T4 I8 98 S.7D §,02 743 11.30 704,80 B0g,3 (860,0 2087.6 (876,
3091340080 . DTAGQUAGD CREEK AT PORT ALAIN, N, ¥, B300.0 42 BE 74 3B 23 5,3 1,84 ji81 {440 [ 49417 4931,7 10658.4 11809,8 9030,0
350130420¢  BANDSEA KILL AT PATTERSONVILLE, N, Y, 2I87.9 42 93 74 84 52 5,47 1,80 DED 4,88 0,8 589,6 417.7 4422,0 9369,4 2232,8
comame eamenemsrmchcracaT Tt taarTsmuen.
289 388.35430¢ PLOTTER KILL AT RYNEX CORNERS, N, Y, B 3T 454,80 42 4R 74 B4 03 3,04 472 Qe 2,48 6,8 272.,2 2,2 &I7,0  713.2 464,
28e 3604243848 ACRIBA CREEK NR BONSTANTIA: N, Y. AA 30,40 1384,3 4% 18 76 00 73 .40 .88 218 2,58 .0 7257 69,4  20%53,7 2¥51.3 120¢8.0
207 3894249058  CATPIEH CREEK AT NEW HAVEN, N, Y. 85 35,70 P20 48 20 FE6 28 3 4,00 1,58 180 18,20 18,8 23,7 447, 14B4,2 1717,3 ©50,2
e eyt
208 38943233509 NIDDLE BRANCH MODSE MIVER AY OLD FORGE, N §6  73B.8 4Y 4% Y4 S0 ap B0 1,89 2030 83,00 3IMN.0E 74,0 427,82 855,84  91l.,2  d62.0
Q0P Jepaadepee  INDEPENCE RIVER AT DONNATTSBURG, N, Y. BA 91,78 3337.8 43 45 FB 28 PT 4,90 1,59 427 23,0¢ (10,96 £.0 2014.4 578,98 36953 3432,
Zone 07
3889349760 EAST KILL NR JEWETT CENTER, N, ¥ 48 DO,RN 124098,8 4R 15 T4 38 PY 8,78 1,82 1980 12,80 27,70 2,0 GO8Q.2 5PR7.2 22164,3 29308.8 LP2I.4
eas e - im0 R o T e
I8g 340858 WATAVIA KILL AT WENSONYILLE, N, Y, p 13,08 0248,8 42 22 74 12 90 5,70 1,80 1850 6,00 13,00 P.¥ 2272,0 2382,9 100487,7 11723,9 4pav.e
3861361080 IMINGLE KILL AT CAIRD, N, Y, 85 13,00 203i,4 42 16 T4 80 7 85,77 1,83 3350 7,00 Q4,00 .0 A58,4  a87.% 3TIS.Y  4423.8 2170.2
I8A1365000 RONDDUT CREEK NEAR LOWES CORNERSE, N, Y. &5 30,88 8750,3 41 52 24 29 193 5,0) 1,08 2326 13,00 45,00 .0 2848.9 453,56 0430.8 {1Fe7,4 768e,Q
.- - we TposoaGsEe g - - - W iy R ik B e D g i A el e T e B S A
3601340080 CHESTNUT CREEK AT GRAWAMSVILLE, N, Y. ap RO.PP 38280 4 53 74 32 fpe B.94 1,0F  B4Q 5,38 12,47 2,0 1852.9 1828,2 «6487,2 5149.8 3pAy,e

3681414500 WILL BROOK AT ARENA, N, Y, BB 28,08 3332,0 42 #85 74 35 D7 5,78 |83 2420 19,98 59,25 8,82 1747,0 1572,3 4BP4,2 3468,1 4%0%,0
3601415980 TVERRY CLOVE KILL NEAR PEFACTON, N, Y, AN 14,10 1549,0 42 10 74 33 93 8,68 1,70 rd@ 5,20 32,20 @,® @11,2 79,8 2824,7 328@.3 4p10,@

- LS LI Ty O

- ECREANSEPRE AR - ErL Er PP PR LT LT -
2)7 3801410408 WILLONEMOD CHEEK NEAR LIVINGSTON MANOR, N, $p B3¢ TrRL,2 41 54 T4 20 8,83 1,83 1764 15,80 96,32 2.0 3805,5 3IS08,0 15037,0 18231,4 19700,M
218 3621423859 ORYDEN CREEK NEAR GRANYON, N, Y, 8 8,87  908.8 42 97 7S 14 9,60 1,78 780 6.1% 9,49 9,0 3sr,2  4@r,2 78,1 Bie.4 63,0
210 3461367800 WALNUT BROOX MEAR FLEIMINGTON, N.J, A 2,24 725.5 41 32 74 33 8,02 .91 420 2,73 4,24 2,8 387,4 264,4 (438,86 (086.4 [578.9
T e e by S Ty LT AR - - Y TP cmanesmamns avue e O e o T ey o e Wy
228 JBp143468¢ TROUT CREEX NEAR ROCK R0DYAL, N, Y. ¢ 2B, A8 1671,2 42 30 78 14 a8 B,81 1,78 8ge 7.24 18,54 9.0 9rp,.8  9rp,m 22%2,3 3%43,5 928,09
221 ME01428328 COLD 3PRING BRODK AT CHINA, N, ¥, BC 4,01 118,080 42 10 75 @4 88 5,80 )74 420 1,49 1,49 9,0 01,2 69,9  183,3  214,9 3350
222 J621301"00 SAGE BROOK NEAR SOUTH NEW BERLIN, T. 8C B,7F  100,1 42 32 TR 28 8% 8,44 1,67 250 0,98 1,78 @, 43,3 4,8 192,9 235,6  287.8
rmeTmssmse EeEseSusSEEnasEsenetarantanesanannE s [ T meemm e rme At et A R —— masNasesssesmamasesrasmESnonNanTmmeton.
223 363{52M20@ SHACKMAM BRODK NEAR TRUXTON, N, Y, Ac B,08  338,p 42 47 7O 0y 77 5,28 1,61 487 2,23 3,98 8,03 197,4 197,4 4m@,@ 332.p 487,

224 36031908500 ALBRIGMT CREEK AT EABT HOMEM, N, ¥, 3c 9,70 604,58 42 42 78 @7 80 9,22 ),62 529 5,34 34,38 2,1 42p,8 4arg,8 84,8 98,5 mr,.e
428 d533e89%500 MILL CREEX NEAR BERLIN CENTE QW10 8C 19,10 1638,4 4p 58 88 38 (15 O,40 (,73 63 .88 37,87 &,9 g@ig,t 17im,t 2232,3 2424.2 1PRA.B

[~ =ewa v - AsRaRMsANsRESNe BE T YL L T -w P T L L L ey amamw amusmenue
193592980 23PP2028 KALE CREEK NEAR PRICETONN, OWID 2680,7 41 88 8L B3 1p3 H.48 1,73 190 12,59 198,22 8,7 13%93,4 1339,9 4709,8 413,86 21868,
3003892109 93252138 HINKLEY CREEK NEAR CHARLESTOWN, OHID 701 41 12 81 @9 90 8,43 1,77 193 0,80 27,43 8,3 431,84 397,53 (825.4 (385.6 24ad.a
90309498 2I0P408% WALNUT CREEK AT COTLAND, OWID 1138.0 45 21 88 42 1p2 8,38 1,72  Gp 5,80 32,38 @,4 558, 3% 713,48 (7853, 2009,5 1470.@
- rwamam—— ———e R PO . e T

IpeIiezees 03102608 CLEAR CREEK AT DILWORTH, OKIO st 9,01 283,95 41 87 p3 5,83 1,68
3983116160 92116108 LITTLE CHIPRENA CREEK NEAR SMITHVILLE, OH 8C 18,48 1627.3 4p 52 140 8,52 1,75
3904210180 pA2ieIge HOSKINS CREEK AT WARTSGRUYE, ONID aC 8,11 489,0 41 38 P8 8,34 1,08

. eere - mane

232 4201448500 @1448569 DILLDOWN CREEK NEAR LONG POND, P
233 4203121988 RI101PEE SUGAT RUN AY PYNATUNING DAM, B4,
234 2481597¢00 ©1897pAE CRABTREE [REEK NEAR 3RANTON, ND.

o T e i A TR B S M

- ——————— - m R . e -
1,99 2,33 €.4 - 114,3  YF,7 808,89 36,1 ra9,p
5.50 82,52 8,81 924,7 B89.2 2%87.2 3¢6e.8 39id.e
b.20 28,74 1,3  275,3  209,2 1192.0 1479,6 1260,p

- b S mermmeea
1.6 188,88 1494 737.0  &38,0
2,8 74,7 f0s.n 2820,0
[.N] 684, 549, 4 Jice,p

e T L T

8 2,30 d81,P 110 8,24 1,98
88 35,51 .68

R 8,20 3,98

R35 2443876488 PIRTEOE0 BEAR CREEK AT FRIENDSVILLE, WD, Q953,85 30 30 70 24 8.0t 1,00 1858,8 1728,7 4653,
236 4201316909 ©1516588 COREY CREEK NEA® MAINEQBURS, PA, 198,90 41 a7 77 pi 8,81 L.74 777.9  Tee.t 2219,0
237 dpeyS|Tese OLILTREE ZLK MUN NEAR MAINEDBURG, PA, 888,59 41 40 8 % 8,51 1,74 501,909 74,1 1249,0

wnee

-

238 4201952580 15952000 MUNCY CREEK NEAR SONESTONN, PA BO14,8 41 2% t2as 2243,9 1882,0 19099, 8
239 4p03EPESEe SIDTENNE BIG PINEY RUN NEAR SALIJBURY, PA, 40 24,00 paed. ¥ 3P 24 302 1492.9 31122,3 5850, 9
248 403003208  g3943008 SREEN LICK RUN AT GREEN LIEK RE L1 2 N 978.9 48 &3 Tee 7,7 81,8 1480,
241 BASIESRSHE  E3RSZIEE SAND RUN NEAR BUCKHANNON, ¥, VA, N0 14,96 1043,9 38 98 Ses 203.2  #21,0 28%9,2 23508
248 S4U3UR4PN  9D00R40R COQUN CREEK AY MOGANTOWN, W, Vi, 00 1.9 198R.4 3P 8 1222 208,0  246,.4 1943,0 9430

GIROINNG STILLWATER CREEX AT BTILLWAT

ny,

-vu-n. 3.2 18170, 8 11815,

6,1  Aa2.0 1003,.5 21809
17,6 621,86 27972 3232.8
LR T8 24,4 3130

83389990 LTSBUN CREEX AT LISSON, ONEO
#3115580 BANNES RUN NEAR BUMNERFIELO, ONIO
JEPFERSON CREEK NEAR JEWETT, oWlO
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Table 10. Continued.

Zone 08
1 2 3 4 5 6 7 8 9% 10 11 12 13 14 15 16 17 18
STATION STATION NASE secy 1] Q18 LaT LONG R Pig Ps@ DH L LL STAG  QNEAN 62 CLL G100 GPEAK

.......-. .
39031107p8 23119798 CONOTYON CREEK AT JEWETY, OWID 8E 14,30 PII.F 40 22 B8P 58 149 5,88 1.75 1401 3.30 99,83 9,5 49,8 485,0
3993147608 93147998 TIMER RUN WEAR ZANESVILLE, OHIO SE 1B.6P $385.2 30 57 B2 06 (53 5,78 1,82 36D 5,58 33,62 183,02

1438,8 1174@,2
304),4 2070,8

39931508109 93150198 BELL CREEK AT MC CONNELSYILLE, OMIC 8 1,87  7PF.P 3% 39 B 5B 5,87 355 1,78 3,82 9.8 1713,0 190,09
- [ ——— - -
Iops23IA6Ee  DIZDE806 WOMINY CREZK AT CIACLEVILLE, ONID A 5,68 1830.2 26,87 @,01 918,51 728,9 3679.0 3820,0
I0p323816¢ D3I2IA100 BOUTH BRANCH | ITTLE SALT CAT JACKION, 04! OF 3,75 1825.8 11.86 8,1 874,80 881,8 1835,7  1400.p
I0ARS2E,27  ARS24,27 COSHOCTON DMID WATERSHED NO 469 SE 2,048 50,3 145 9,29 0.4 9,2 ze,B 15,6 104,08 123,8 78,7
seamassemve S S PP e S L
283 JOARS28,20 ARS26,23 COBHOCTON OMIO WATERSMED NQ 177 Br 0,120 188.3 42 22 BL 40 130 5,84 1,78 240 9,50 3.45 Q.0 ‘@, 28,8 288,31 364,20 248,82
294 IGARS28,27 AR3I26,29 COBHOCTON OHIO NATERSHED NO 183 oL 8,129 133, 42 22 81 47 (130 5,84 31,78 225 @,%9 2.85 1.9 46,3 33,3 248,3 292,4 192,
285 IpARS26.37 ARS2E.3C COSHOCTON OHID WATERSHED NO 198 8E 0,479 445,05 49 22 81 48 50 5,54 1,78 230 B.73  4.7P 1,80  i74,4 133,53 1048.4 1276,.6 13136.8
S - ey - reecasenrasanan
298 30ARS25,31 ARS28,31 COSHOCTON OMID WATERSHED NO 10 BE B,150 149.1 40 24 B1 48 (50 1,78 290 9.55 2,42 0.2 “.8 33.8 372.8
237 39ARIZG,37 ANBEZ WATERSWED NU S 8% 2,34 238.1 42 23 BL 48 {52 1,78 220 @,47 5,33 3,0 s@,2 58,8 523,32
295 35aRS%,33 ARS26,3Y COSHOCTON OHID WATERSHED 80 92 BE 1,44 482.0 42 25 8L 48 {82 1,78 3ee @79 12,89 B,0 164,35 175,86 7g9r,4 @3V, BTS2

P L L LI LT

OMID WATERSHED NO 94 aE 2,¥

LT TR TP L L L TP T L LS "

84 48 150 5,84 3,78 dzp 2,%@ 23,34 3,0 84,8 J84,8 1482,2 1704,7 (412,0

290 30ARI20,34

ARS268 34 COSHOCTON

263 SOARS26,.35 ARS2S,3% COAHOCYON ONIO WATERAMED NO 95 SE 4,04 BL 48 153 5,83 1,78  38p 3,39 49,84 Q.2 926,3 815,817y, A (990,95 1B580,.8
P&l IPARS28,38 ARS28.38 COSHOCYON OHIO WATERSHED NO 97 BE 7,18 2020.0 42 25 8L 48 145 5,84 (.70 41n 8,00 82,81 @, S25.0 925, 8 34783 @942 332,
cammresea T Yy e R PR cemasrmsmenanmar
282 d2e3e26808 @3928%2D SEVENMILE RUN NEAR RASSELAS, P&, 8F 7,84 1333.0 41 38 83 20 78 5,41 1,71 479 8,98 £.7F 2,0 504,8  483.6 2484.2 29P2.4 1520.2
263 5183207488 23207480 PRATER CAEZEK AT YVANSANT, VYA, 82 19,80 3233.,1 37 1} B2 @6 |S@ 6,74 .13 4p 6,20 135,88 3,0 (189,3 1e70,4 8598,2 4995,3 4532,0
284 3433037808 3337382 BKIN CREEK NEAR BROWNSYILLE, ¥, V4, 8E 28,7¢ p087,7 38 58 80 27 140 6,37 1,00 408 8,22 835,26 Q.2 1404,.0 1474,2 2471.0 2881,8 2282.0
Tt P S SRR ST T T ssevasmgesmnmye et me S m————

259 34231266508 2J0SpIP0 BALEM FORK AT SALEM, W, VA, BE 8,32 1020,8 3D L7 K@ 32 148 B,14 3.5 P9 3.54 16,57 @,.¢ 927,08 1mip,8 25978 2876,2 2282,0
264 5493213308 03213308 PANTHER CREEK NEAR PANTHER, W, VA, SE JE.0¢ 3923,1 37 1Y 82 p6 130 6,753 2,11 1086 0,42 41,67 9,8 {669.4 1489,5 S17s,8 Ppps.0 48@0,0
287 0102462008 22452808 DAVIE CREEK BELOW ASERNANT, ALA, OF 40,28 4JA2.0 33 19 37 13 320 8,31 2,80 100 14,80 45,80 2,0 248D.9 2682,0 62%9,.2 Q22,2 2892,0

— [——— - - i -

208 2103408282 DJ4MAPR3 WOOD CREEK NEAR LONDON, KV, 8r 39,88  520.7 37 12 B4 27 2,8 3p,8 343,00 838,2 897,1 524
280 2103407188 DI4R7INE CANE BRANCH NEAR PARKERS LAXE KY, BF B,07  211.8 38 52 B4 27 8,5 89,9 312,5 ¥s4,1 2)e,0
278 4723301098 PISIARE COPPER BASIN, AREA 3 NEAN DUCKTOWN, TENN 8F 2,218 t4,4 34 35 B4 20 -] 4.2 28,4 33,7 20,0

e ]
271 4793585948 CHESTUEE CREIERK ABOVE ENGLEWOOD, TENN,

27% 4703585888 MIDDLE € MELOW BY HwY 39 NR ENGLENOOD, TENN
273 4703363322 S0UTH CHESTUEE CR NR BENTON, TENN,

uow L -
274 Ay@3a78800 LITTLE BRUSH CREEX NR DUNLAF, TENN.
275 2193400520 POOR FORK AT CUBZALAND, KY,

casme ..
14208,7  1343,8  a%48,2 3IN3, 4110,92
1889,1 14778 a013,0 8544,7 3524,0
347,60 2347,8  S3as,2 3914.7 atdd.e
[
1945,0 1848,2 3938.,9 4396, I3
9958,0 437p,0 12492.0 1437E.0 1100¢

2758.8
3338,4
3948.8
3015.3 I 24 A3 D
a182.8 35 38 8 pe

278 2103421509 YELLOW CREEK BY PASY AT MIDDLESBEORD, KXY, 86 39,38 &B54.% 35 34 P} w4 3648,1 3B48,1 12109,2 11459,
e —— ———— - [ —
B77 2183487240 WEST FORK CANE BR NEAR PARKERS LAKE KY, 8G 8,28 70,8 368 82 B4 27 30,9 34,7 122,55 141,6 1,8
275 4703430608 NWHITE DAK CREER AT SUNBRIGHT, TENN, BG 13,88 3384.4 36 18 B4 4p 2138,7 209391,2 a4%93,9 912e,
270 4703401029 BIG CREEK NEAR ROGERSVILLE, TENN, B8GC 47,38 «p15.8 36 26 b2 57 2877,2 2877.2 &pa3,7 48338
T rrenemsepun - - [ -
288 4703534982 COAL CR AT LAME CITY TENN, 85 24,08 551,03 36 1Y B4 29 e,0 5039.4 305,08 7789 8721,1
281 4703538320 ROCK CR NR BUNBRIGHY TENN, 86 5,54 1483,8 39 12 84 40 183 2.18 aep 3,20 18,33 9.8 s, s 88,2 (935.8 2185.7
Zone

202 2301837433 EOOSE RIVER AT ROCKPORY, WE, L2 44 11 089 B9

283 2301101089 PARKER RIVER AT SYFIELD, #A%S, oa 21,60

423,85 484,22 748,53 Ba
ceasmema eevoa

220,7 229,7 47,4 8s2,

284 2501182888 ABZRJONA RIVER AT WINCHESTER, NASS, 0a 23,38 42 27 71 o0 32,4 3L, 1047,1 5234,3

20% 23011e5382 [EAST BRANCH NEPONSET RIVER AT CANTON, NASS, oA 27,20 42 89 71 o0 4p§,4  2376.3 2997,1
A -

2501160388 WADING RIVEN AT WEST WaNFIELD, MASS, 92 10,29  987,7 42 80 71 318 177,2 1920,8 123d.2

3301073088 OYSTER AIVER NEAR DURNAM, NH, $A 12,10 487,08 43 897 Y@ 3B [ 31,2 3%e,1 641,4 r22,.8

4401108060 ADAMIVILLE BRODK AT ADAMSVILLE, N,1 A B.80  J38.0 41 3Y 71 @8 193,38 147,33 480,82 838,08

YL tmmwe

4401117888 POTONOMUT RIVER NEAR EAST UREENWICH, R,I, 831,90 41 429,68 338.9  1D43,1 1387,0 2499,P
HON1128500 sTAFFORD BROOX NEAR WOODETOCK VALLEY, CONN, 8487 41 LI I97,3  1179.5 1474,.4
fDA1121P8P MOUNT HOPE RIVER NR WARRENVILLE, CONN 31g4.4 A1

memmmmsmspnm
29f 2001180980 PUALINGTOM BRODK NEAR BURLINGTON, CONN,
293 9001101988 NORTH BRLH PARK RIVER AT HARTFOARD, CONN,
294 2901104088 EIGHTMILE RIVER AT NORTH PLAIN, CONN,

830,.9 4}
2674,8 41
1862.8 4%

85,8 297,68  Aa3,.8 197,89 14882.9
1982,F §322,4 5933,7 8)42,8 1003¢.8
84,0 B823,4 2079,8 J35,2 23540

e
[
1
3 1837,.9 o10,8 7@78.9 90ed,7
]
]
e

295 dpeyio4%er EAST BA, EIGHTMILE R NR NORTH (YME, 9 02,.& 988.9 41 28 +8 719.8 643,88 120r,9 143,80 295¢8.8
290 ED91105080 NENUMKETESUCK RIVER NEAR CLINTON, CONM 98 11,60 813.2 41 18 - 481,27 A3}, 1 1212,56 14ee,3 139d.0
297 2001208200 LEADMINE BROOK NEAR THOMAATON, CONN, 98 24,080 5908,.8 41 42 0 23747 1859, L)3488,3 18393,9 1p400,0
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Table 10. Continued.

Zone 12
1 2 3 4 5 6 7 89 10 1112 13 14 15 16 17 18
3ED  BTATION TATION NANE Qi LAT LONG [ ] Pie MR oM R Q300 QPEAK

182,80 128.¢
476,35 228,90
223.1  164,8
483,7  298,p
751.0  £80.0

Jeesasoela  Swan CREEX TRIBUTARY NEAR AYR, N, Dak,
3009420050 SWAN CREEK TAIBUTANY NZAR CASBELTON, N, DaX,
3809906 ENGLINK COULEE TREB, NR QRAND PORKE, N. DAK,

1810 48 B8 57 31 105 5,03 1.88 20 2,79
R18.8 40 50 57 22 5P E.08 1,80 17 3,21
199,0 47 83 97 18 BP 8,88 1,74 gr 4,18
278,8 47 93 6T 2t 8% 5,88 1,78 {gr 8,48
R59,6 48 34 67 41 93 B89 1,87 3¢ 8,87

403 JABSe8288e  SALTMAYEN COULEE TRYS, WNR EXERADO, N, 04K,
494 55980808 CART CREEXK TRIBUTARY NEAR CRYSTYAL, N, DiK.

485 3299123528 EGG CREEN WEAR GLENIURN, N, Dax, 198,3 48 29 191 24 48 5,48 1.8 45 V.09 [} 330,1
e emmrmema——
485 J80812358¢ [EGC CREEX TAIBUTARY NEAR ODEERING, N, DAK, 22,1 40 22101 9 A5 0,18 1,64 23 e, 5.8 45,8 49,3
497 36S¢ad504 MINNEAPOLIS FLATS CR TAT NEAR ELDRIDGE, N. DAK, 48 %4 P8 M 87 2,73 1,02 b1 L] 32.1 118,3 148,80
408 4600473888 BHAEPER CREEX TRISUTARY NEAR QRIENT, &, DAK, 128 44 44 PO 3 65 4,43 1,98 a8 4.9 38,9 f1ea.8 (375,09 wuo a
U )
489 9SARE 31,1 FENNIMORE WISC, WATERSHED Wet 1a8 AR 30 PB 39 13D 0,9X 2,3 138 2,0 123,98 75.3 3886 623,7 562,22
410 ISARS 31,3 FENNINONE WISC, WATENSHED M=) 118 42 30 08 30 138 6,86 2,08 192 [N ] 23%.2 11.8 9r,4  187,9 [ 196
A1) SSARA 31,4 FENNIMONE wisC, WATERENED Wed 118 42 30 08 M 130 6,98 2,10 ies e,e ba 7% | 43,4 3217 388,72 303,.3
- FeswagssavaL sy on e n .
412 458639978 PINE CREEK NEAR ARDNORE, 8. DAX, 13¢ 43 A6 19Y 48 58 0,81 1,74 23 2,0 819.3 PaL,2 2393, 2621.,8 i35a2,e
413 4208483829 BAYTLE CAEEX YRIS, NA KEYDTONE, §, DaK, 13¢ 43 43 10 20 47 9,38 (.78 2,8 az.e 3.8 3we.e  Tiz.e@ {33%.e
414 asdcaesvep TEZPEE GULCH YRIB, NR KEYSTONE, 3, OAK, 13 43 87 19y 27 7 5,53 1,78 e, 1,3 e.2 4,1 “9 2.6
- - L L TE TP L LT P R LRI S 2 Y
415 4584NBTAS  SUNDAY GULCH NEAR HILL CITr, §, DaN, 13 43 33 18d 33 sa 3,88 1,74 2,8 27.9 14,8 213.4 253.5 179,80
416 4888408083 PALMER CREEXK NR HILL CITY, B, DaR, 13¢ 43 58 193 26 22 9,34 4,78 [ ] 08,2 Sa.8 (828,33 2323,6 4372.9
417 4885432290 POLD CNEEX MR WHITEMQOD, &, DAK, $36 44 #8108 43 54 8,88 1,70 (482 8,31 21,88 P8 320,9 260,4 2448,2 2084,8 1704,9
" - wvie waa - P
418 48€£8432058 POLO CHZEX *x-. NR WRITEWOOD, 3, DAK, %1 44 20 183 &) 53 9.52 1,72 AP B 44 2,85 2,8 Ste9 9,3 aar,.1 248, 137,2
419 4625437199 BOULDER CAEEK NEAR DEAOWOQOD, 8. Dax, t3¢ 44 23 103 39 33 B.aA7 1,73 S48 2,39 2,39 ?,.¢ 84,8 62,8  293.8  SER,2  2i2.¢
Zone 13
428 1705419%08 FAST FORK GALENA RIVER »4 nncznnr HILL: ILL. 12¢ 24 9@ L7 180 .88 2,00 %98 0,50 82,61 @,0 39,4 24792 L2083.4 pap2B,.8 15628,0
- iy - . D 1 R A 0 i B S
421 1999414458 N PN L MAQUOKETA R NR sunx»ao-¢-rrn~ 10WA 12¢ 4584,4 42 39 90 33 jee 6,88 2,1D  Afe 12,24 93,24 2,2 2001,8 j445.Y 7208,8 83275 riad,2
422 190%ai4asae | MAGUOKETA R TRISUTARY AT UUBLQUE, IOWA 120 1,91 2301.9 42 33 93 42 182 0,84 g1 23y 2,28 4,80 0,0 R40.1 8621,7 3839 45PQ.9 35%@.0
423 2705379988 GILMORE CREEK AY wINONA, MINN, 12C 8,88 2415,4 44 Y 91 41 133 4,69 2,08 Sup 4,81 12,00 2,0 T4, 3774 5283,8 84330 53800
- - - LR L LA AL L Ll L L LLAS L el L DAL DL L P TE L] Ll L] Wi SRaa L PP PR LI 2L LD LR P L g = - LEEET DT P PR Y T
424 4800432236 MILLER CREEK NEAR WHITEWOOD 8, Dak, 120 4,71 393.€ 44 D8 183 44 84 B,44 1,71 1435 Y.12 13,3z @, 42,0 b3S 81a.8 738,14 336,
A28 SUARS 45,1 COLBY WATERSHED NO. W=i WISCONZIN 12¢ o, 838 134,10 44 59 9% 23 124 4.mE .8 7@ 1,278 (.28 0,0 44,7 43,8 299.8 382,14 125 .0
48 S30N4085HE  KNAPP CREEK NEAR BLOOMINGOALY, W13 12¢ 3,47 a9.0 43 40 Hp 47 (58 6,88 2,27 @8y N.80 .31 9,0 1¥81,8  7I5,P 10473,.0 13278,0 14280,6
o A s T o 7 = T e R T T
427 9309430082 HOUNT VERNON CREEW NEaR MOUNT YERNON, W18, 12 18,08 D48 44 S8 $3 2% 124 4,08 .82 7@ 1,278 [,278 @,¢ 41,0 e(1,2 1788.2 2897,1 942,02
428 L703344%90 RANGE CREEK NEAR CASEY, Tii. 120 7,88 28 88 @2 1ve 4.88 9,08 62 4,9% 12,43 9.2 1185,1  rap.s $8ey,} 458p,.% 3309,p

429 17A54390@F CEDAR CREEK NEAR WINBLOW, ILL. 120 (.30

LT L T T LT AP P T

28 BO 36 14p 8,80 2,08  pB 2,ie 3,84 9,8 58,9 83,8 135.¢ 182,88 132,

. - e e e B e S R ey B R A LS

e L Lt L L T T R Lty

430 17ad52650¢ TEAPY CAEEX NEAR CUSTER WaRK, ILi, 120 tr.0B 41 La 8B 2€ 127 £,38 1,08 T8 8,69 7,81 @,2 2p4,y 138,58 9883 1219,1 1719.9
431 1704s50p@e  GIMLEY CREEX AT 3PARLAND, ILL, 120 S, 4p 2625.0 41 €2 80 26 148 8,47 2,08 R42 4,32 P07 B,6 1838.9 187@,1 2649,2 2929,7 e6%2,.p
437 1709563308 HICKORY CREEK ABOVE LAKE BLOGMINGTON, Til, 120 1B, 18 1384.9 4 37 88 87 1ag 6,83 2,07 8e 9,38 22,82 4, m 838.2  6§3,2 213p,1 445,272 1683,2
Ay B e P R P e i A carEn N AN e E e -
433 1729564088  £43T BRANCH PANTHER CREEK NEAR CRIDLZY, Ii., 120 8,38 Bad.l A2 45 B 54 4@ 8,42 7,08 24 F.48 11,35 B, P 234,2  181,9 117;.0 t1483,8 14700
434 L70%574p88 & M SANGAMOM RIVER NEAR NOKOMIS, ILL, 120 18,00 4BRG.E 39 2% B8P 15 168 8,40 2,17 8t 3,48 42,00 2,2 1633.7 1398,8 0082,5 |2240.2 s8s@2.¢
435 1792388%08 NUNRICANE CREEX NEAR ADODDMOUSE, IlL. 120 2,33  858.8 39 25 e 25 475 7,ib 2,28 65 2.33  B.e8 8,0 288,0 242,08 13731,4 1633, §788,¢
Y e . 7t © % R Y B T 2 8 3 At R R Y R R K S R g T A RN ma A bR m ey
436 17@2589%82 CANTEEN CREEX AT CASEYVILLE, ILL. 120 Q2,92 349).9 38 3% 00 2l 183 7,40 2,87 183 12,48 90,92 ©,0 282,58 72195.¢ §844.6 11751.7 1P20%,%
437 (TPUSORMRE  KAINASKTIA RIVER AT SONOVILLE, KLi. 120 1R IR R88,3 42 @Y BB 21 145 8,5B 1,86 113 S,88 23,87 .2 48,8 1721,3 2€17.4 1450,¢

438 1703591580  Asa CREEK AY SULLIVAN, ILL. 20 2,8 P33.8 30 I S48 38 180 8,27 2.8 14 .85 J.84 B,0 LIS

LR L e L L L T R L T T e L e R e e e L et L L L e L A e L LA Ll

1672.7  2881,2 1120,¢

.-

-

430 L7AI50NIBE  MAMYS RYVER NEAR SPARTA, ILL, 120 17,08 SOID.E 33 HE 8O 3G 19C ¥, 98 2,27 1BL 8,41 4448 0,2 8243,% $1973.8 774d,p
448 LTARS 17,6 FOWAMOSYILLE IiL WATERSHED smd 120 8,485  833.0 39 @2 A9 46 183 7,38 2.38 25 1,82} 3,837 12,8 1138,8  1338,2  B24 6
441 1993388088 BWUSH CREIEX NEAR NEBRASKA, ING, 120 31,78 3i21.0 39 €« 85 25 i7p €,3p 1,09 18T 7,28 28,07 @, 4147.7  4588,3 va4p,

PETT TR
440 1BARS 10,1 LAPAYETTE INDIANA NATERSHED
443 1BARS (Q,2 LAFAYETTY INDIANA WATERSHED
444 1BARS 10,4 L AFAYETTE INDIANA WATEZRSHED
- - -

e
445 10ARS 19,5 LAPAYETTE INDIANA WATERSKED wWef

s e P
87 18 128 4,35 |99 21 8,102 8,38 0,8
A7 18 136 5.3 (.09 11 8,088 Q,.f0e 8,8
87 16 138 8,39 (.0 ¢ B.17  @8.12 6,9 22,8 28.¢ i4.9

P P 0 0 T O O By R o e e B P B R S B

18 138 4,30 t.PE 10,9 p,102 2,% 2.8 15,4 29.8 11,8
448 16ARS 19,5 LAFATETTE INDYAKA WATERSHED wWe? 18 138 4,30 159 17 @874 3.1 3.8 28,8 35,4 15,8
447 IBARSIS, 1B LAFAYETTE INOIANA WATERSHED Me12 18 138 4,30 1,90 12,7 8,129 4.2 19,3 11
[ ——n cossmtmanen
448 (BARBLIP 11 LAPAYETTZ INDIANA WATERSHEC wWeid 18 138 4,30 L.P6 5.2 4.10 10 1%.8
449 10ARSID, IS LAFAYETTE INDIANA WATERSNED W28 18 135 8,39 (.09 s 0,123 3.4 11. « 12.8 .9
458 2pE31L30880 TOURY RUN AT MANSPIELD, ONlo 34 0% 1,88 192 4,88 453,46 4e8.1 (1879 1319.4 Pa3e
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