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FLOOD INSURANCE STUDY
TOWNSHIP OF NORTH TOWANDA, PENNSYLVANIA

1.0 INTRODUCTION

1.1

Purpose of Study

This Flood Insurance Study investigates the existence and severity
of flood hazards in the Township of North Towanda, Bradford County,
Pennsylvania, and aids in the administration of the National Flood
Insurance Act of 1968 and the Flood Disaster Protection Act of 1973.
This study will be used to convert North Towanda to the regular
program of flood insurance by the Federal Insurance Administration
(FIA). Local and regional planners will use this study in their
efforts to promote sound flood plain management.

In some states or communities, flood plain management criteria or
regulations may exist that are more restrictive or comprehensive
than those on which these federally-supported studies are based.
These criteria take precedence over the minimum federal criteria for
purposes of regulating development in the flood plain, as set forth
in the Code of Federal Regulations at 24 CFR, 1910.1(d). 1In such
cases, however, it shall be understood that the state (or other
jurisdictional agency) shall be able to explain these requirements
and criteria.

Authority and Acknowledgements

The source of authority for this Flood Insurance Study is the Na-
tional Flood Insurance Act of 1968 and the Flood Disaster Protection
Act of 1973.

The hydrologic and hydraulic analyses for this study were prepared
by Gilbert Associates, Inc., for the Federal Insurance Administra-
tion, under Contract No. H-4557. The hydrologic and hydraulic
analyses for the Susquehanna River were previously conducted by the
Susquehanna River Basin Commission. This work was completed in
January 1979.

Coordination

In June 1977, an initial Consultation and Coordination Officer's
(CCO) meeting was held with representatives of the FIA, the Township
of North Towanda, and Gilbert Associates, Inc. (study contractor).
The purpose of the meeting was to identify the streams to be studied
by detailed and approximate methods.



2.0 AREA

During the course of the study, the United States Geological Survey
(UsGS), the Bradford County Planning Commission, and the Northern
Tier Planning and Development Commission were contacted for local
flood information. The Pennsylvania Department of Transportation
and Conrail were contacted for information concerning highways and
railroad bridges, respectively. A final CCO meeting attended by
representatives of the FIA, the township, and the study contractor
was held on April 16, 1980, to present the results of this study.

STUDIED

Scope of Study

This Flood Insurance Study covers the incorporated area of the Town-
ship of North Towanda, Bradford County, Pennsylvania. The area of
study is shown on the Vicinity Map (Figure 1).

The Susquehanna River and Sugar Creek were studied by detailed
methods. The areas studied by detailed methods were selected with
priority given to all known flood hazard areas and areas of projected
and proposed construction for the next five years, through January
1984.

Hemlock Run, an unnamed tributary to the Susquehanna River, and an
unnamed tributary to Sugar Creek were studied by approximate methods.
Approximate methods of analysis were used to study those areas
having low development potential and minimal flood hazards as iden-
tified at the initiation of the study. Negligible flood hazards
were determined to exist on Hemlock Run and the tributary to the
Susquehanna River, and no flood boundaries were mapped for those
streams. The scope and methods of study were proposed to and agreed
upon by the FIA.

Community Description

The Township of North Towanda is located in the central portion of
Bradford County in northeastern Pennsylvania. The township is
bordered by the Township of Burlington to the west, the Township of
Towanda to the south, the Borough of Towanda and the Township of
Wysox to the east, the Township of Sheshequin to the north, and the
Township of Ulster to the northeast. The township contains a total
land area of 8.8 square miles. According to the U. S. Bureau of the
Census, North Towanda had a population of 801 in 1970, a 20.6-percent
increase from 1960 (Reference 1).
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2.4

North Towanda's land surface is generally hilly and broken. To

the north and southwest are high hills, between which Sugar Creek
flows through the township from west to east. The flats along the
creek are widest near the junction with the Susquehanna River. The
area is underlain with flat sedimentary rocks, and most of the soils
are of glacial till origin, with valley bottoms covered by glacial
outwash sediments and flood plain alluvium.

The township has a humid continental climate and an annual average
temperature of 47 to 50 degrees Fahrenheit (°F). The average summer
temperature is 70°F, and the average winter temperature is 30°F.

The average annual rainfall is 35 inches; the average snowfall with-
in a year varies from 30 to 70 inches, with a snow cover of an inch
or greater present more than 70 days each year.

Principal Flood Problems

The past history of flooding on the streams within the Township of
North Towanda indicates that flooding can occur during any season
of the year. The main flood season in the study area is in late
winter and spring, with the largest number of floods of major size
occurring from February to May. The spring floods are produced by
heavy rains falling on accumulated snow. Floods occurring during
the early summer are often associated with tropical storms moving up
the Atlantic coastline.

Floods on Sugar Creek occur as a result of backwater from the Susque-
hanna River and high flow on the creek itself. Disastrous floods
occurred in March 1936, May 1946, June 1972, and September 1975,

The corresponding recurrence intervals for the floods were 19, 1le,
480, and 46 years, respectively. The 1972 Tropical Storm Agnes

flood was the greatest on record. Substantial damage occurred to
houses and businesses. The James Street bridge across the Susque-
hanna River in North Towanda collapsed on June 23, 1972, as a result
of the flooding.

Flood Protection Measures

There are no existing local flood protection projects in the town-
ship. There are a number of dams and reservoirs within the Susque-
hanna River basin upstream of the Township of North Towanda that
provide flood protection. The flood hazards within the township
have been reduced with the completion of the Tioga-Hammond Reservoir
and will be further reduced upon completion of the Cowanesque Reser-
voir.



3.0

ENGINEERING METHODS

For the flooding sources studied in detail in the community, standard hy-
drologic and hydraulic study methods were used to determine the flood
hazard data for this study. Flood events of a magnitude which are ex-
pected to be equalled or exceeded once on the average during any 10-,
50-, 100-~, or 500-year period (recurrence interval) have been selected

as having special significance for flood plain management and for flood
insurance premium rates. These events, commonly termed the 10~, 50-,
100-, and 500-year floods, have a 10-, 2-, 1-, and O0.2-percent chance,
respectively, of being equalled or exceeded during any year. Although
the recurrence interval represents the long-term average period between
floods of a specific magnitude, rare floods could occur at short intervals
or even within the same year. The risk of experiencing a rare flood in-
creases when periods greater than one year are considered. For example,
the risk of having a flood which equals or exceeds the 100-year flood
(one~percent chance of annual occurrence) in any 50-year period is about
40 percent (four in ten) and, for any 90-year period, the risk increases
to about 60 percent (six in ten). The analyses reported here reflect
flooding potentials based on conditions existing in the community at the
time of completion of this study. Maps and flood elevations will be
amended periodically to reflect future changes.

3.1 Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak dis-
charge-frequency relationships for floods of the selected recur-
rence intervals for each flooding source studied in detail affect-
ing the community.

The discharges for the Susquehanna River were adopted from the
Flood Insurance Study for the Township of Wysox (Reference 2).
Regulating effects by the upstream dams were taken into considera-
tion in the hydrological analyses.

The discharges for Sugar Creek were obtained from the regional
flood-frequency method developed by the U. S. Army Corps of Engi-
neers (COE) (Reference 3). A summary of drainage area-peak dis-
charge relationships is shown in Table 1, "Summary of Discharges."

3.2 Hydraulic Analyses

Analyses of the hydraulic characteristics of the flooding sources
studied in detail were carried out to provide estimates of the
elevations of floods of the selected recurrence intervals along each
of these flooding sources.



TABLE 1 - SUMMARY OF DISCHARGES

DRAINAGE AREA PEAK DISCHARGES (cfs)
FLOODING SOURCE AND LOCATION {sg. miles) 10-YEAR 50-YEAR 100-YEAR 500-YEAR

SUSQUEHANNA RIVER
At Towanda gaging station
(#01531500) 7,797.0 140,000 192,000 212,000 270,000

SUGAR CREEK
At the confluence with
the Susquehanna River 190.0 18,110 31,480 38,640 59, 300

Cross sections were located at regular intervals along the stream
lengths and at significant changes in ground relief and land use or
land cover. The ground and channel bottom elevations at the cross
sections were obtained by field survey. Cross sections were also
taken at close intervals above and below bridges in order to compute
the significant backwater effects of these structures. Some of the
cross sections used in this study were obtained from the Pennsyl-
vania Department of Transportation from data collected during their
relocation study for U. S. Route 220.

Channel roughness factors (Manning's "n") used in the hydraulic
computations were chosen by engineering judgment and based on field
observations of the streams and flood plain areas. The values
chosen were compared with tables published by Ven Te Chow (Reference
4). For the Susquehanna River, the channel "n" value was 0.020, and
the overbank "n" value was 0.044. For Sugar Creek, the channel "n"
value was 0.035, and the overbank "n" values ranged between 0.040
and 0.070.

The starting water-surface elevations for Sugar Creek were determined
using the slope/area method. The starting water-surface elevations
for the Susquehanna River were determined using the known elevation
from the Wysox Flood Insurance Study (Reference 2). Water-surface
elevations of floods of the selected recurrence intervals were
computed through the use of the COE HEC-2 water-surface profiles
computer program (Reference 5). The hydraulic model was tested and
the "n" values adjusted within an acceptable range by using the
water-surface elevations published in the Borough of Athens Flood
Insurance Study (Reference 6). When a satisfactory model was
achieved, the water-surface profiles were computed for floods with
recurrence intervals of 10-, 50-, 100-, and 500-years.



Flood profiles were drawn showing computed water-surface elevations
to an accuracy of 0.5 foot for floods of the selected recurrence
intervals. Locations of selected cross sections used in the hy-
draulic analyses are shown on the Flood Profiles (Exhibit 1). For
stream segments for which a floodway is computed (Section 4.2), se-
lected cross-section locations are also shown on the Flood Boundary
and Floodway Map (Exhibit 2).

For the stream studied by approximate methods, the 100-year flood
elevation was determined using normal depth calculations.

All elevations used in this study are referenced to the National
Geodetic Vertical Datum of 1929 (NGVD), formerly referred to as Sea
Level Datum of 1929. Locations of the elevation reference marks
used in the study are shown on the maps.

The hydraulic analyses for this study are based on the effects of
unobstructed flow. The flood elevations shown on the profiles are
valid only if hydraulic structures remain unobstructed, and dams and
other flood control structures operate properly and do not fail.

FLOOD PLAIN MANAGEMENT APPLICATIONS

The National Flood Insurance Program encourages state and local govern-
ments to adopt sound flood plain management programs. Therefore, each
Flood Insurance Study includes a flood boundary map designed to assist
communities in developing sound flood plain management measures.

4.1 Flood Boundaries

In order to provide a national standard without regional discrimi-
nation, the 100-year flood has been adopted by the FIA as the base
flood for purposes of flood plain management measures. The 500-year
flood is employed to indicate additional areas of flood risk in the
community. For each stream studied in detail, the boundaries of the
100- and 500-year floods have been delineated using the flood eleva-
tions determined at each cross section; between cross sections, the
boundaries were interpolated using topographic maps at a scale of
1:24,000 with a contour interval of 20 feet (Reference 7). 1In cases
where the 100- and 500-year flood boundaries are close together,
only the 100-year boundary has been shown.



For the stream studied by approximate methods, the boundary of the
100-year flood was delineated using the topographic maps referenced
above and the Flood Hazard Boundary Map for the Township of North
Towanda (Reference 8).

The boundaries of the 100- and 500-year floods are shown on the
Flood Boundary and Floodway Map (Exhibit 2). Small areas within
the flood boundaries may lie above the flood elevations and, there-
fore, may not be subject to flooding. Owing to limitations of the
map scale and lack of detailed topographic data, such areas are not
shown.

Floodways

Encroachment on flood plains, such as artificial fill, reduces the
flood-carrying capacity, increases the flood heights of streams, and
increases flood hazards in areas beyond the encroachment itself.

One aspect of flood plain management involves balancing the economic
gain from flood plain development against the resulting increase in
flood hazard. For purposes of the Flood Insurance Program, the con-
cept of a floodway is used as a tool to assist local communities in
this aspect of flood plain management. Under this concept, the area
of the 100-year flood is divided into a floodway and a floodway
fringe. The floodway is the channel of a stream plus any adjacent
flood plain areas that must be kept free of encroachment in order
that the 100-year flood can be carried without substantial increases
in flood heights. Minimum standards of the FIA limit such increases
in flood heights to 1.0 foot, provided that hazardous velocities are
not produced. The floodways in this report are presented to local
agencies as minimum standards that can be adopted or that can be
used as a basis for additional studies.

The floodways presented in this study were computed on the basis of
equal conveyance reduction from each side of the flood plains. The
results of these computations are tabulated at selected cross sec-
tions for each stream segment for which a floodway is computed
(Table 2).

As shown on the Flood Boundary and Floodway Map (Exhibit 2), the
floodway widths were determined at cross sections; between cross
sections, the boundaries were interpolated. In cases where the
boundaries of the floodway and the 100-year flood are either close
together or collinear, only the floodway boundary has been shown.
Portions of the floodway widths of the Susquehanna River and Sugar
Creek are located outside the corporate limits of the Township of
North Towanda.
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The area between the floodway and the boundary of the 100-year flood
is termed the floodway fringe. The floodway fringe thus encompasses
the portion of the flood plain that could be completely obstructed
without increasing the water-surface elevation of the 100-year flood
by more than 1.0 foot at any point. Typical relationships between
the floodway and the floodway fringe and their significance to flood
plain development are shown in Figure 2.

l 100 YEAR FLOOD PLAIN AI

FLOODWAY FLOODWAY
FRINGE FLOODWAY FRINGE
STREAM
CHANNEL
FLOOD ELEVATION WHEN
CONFINED WITHIN FLOODWAY
‘% ENCROACHMENT ENCROACHMENT
F SURCHARGE* |
T Em==

i

AREA OF FLOOD PLAIN THAT COULD FLOOD ELEVATION
BE USED FOR DEVELOPMENT BY BEFORE ENCROACHMENT
RAISING GROUND ON FLOOD PLAIN

LINE A - B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C-D IS THE FLOOD ELEVATION AFTER ENCROACHMENT

*SURCHARGE NOT TO EXCEED 1.0 FOOT (FIA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

FLOODWAY SCHEMATIC Figure 2

5.0 INSURANCE APPLICATION

In order to establish actuarial insurance rates, the FIA has developed a
process to transform the data from the engineering study into flood
insurance criteria. This process includes the determination of reaches,
Flood Hazard Factors (FHFs), and flood insurance zone designations for
each flooding source affecting the Township of North Towanda.

11



5.1 Reach Determinations

Reaches are defined as lengths of watercourses having relatively the
same flood hazard, based on the average weighted difference in
water-surface elevations between the 10- and 100-year floods. This
difference does not have a variation greater than that indicated in
the following table for more than 20 percent of the reach.

Average Difference Between

10- and 100-Year Floods Variation
Less than 2 feet 0.5 foot
2 to 7 feet 1.0 foot
7.1 to 12 feet 2.0 feet
More than 12 feet 3.0 feet

The locations of the reaches determined for the flooding sources of
the Township of North Towanda are shown on the Flood Profiles (Exhibit
1) and are summarized in the Flood Insurance Zone Data Table (Table 3).

Flood Hazard Factors

The FHF is the FIA device used to correlate flood information with
insurance rate tables. Correlations between property damage from
floods and their FHFs are used to set actuarial insurance premium
rate tables based on FHFs from 005 to 200.

The FHF for a reach is the average weighted difference between the
10- and 100-year flood water-surface elevations expressed to the
nearest 0.5 foot, and shown as a three-digit code. For example, if
the difference between water-surface elevations of the 10- and 100-
year floods is 0.7 foot, the FHF is 005; if the difference is 1.4
feet, the FHF is 015; if the difference is 5.0 feet, the FHF is 050.
When the difference between the 10- and 100-year water-surface
elevations is greater than 10.0 feet, accuracy for the FHF is to the
nearest foot.

Flood Insurance Zones

After the determination of reaches and their respective FHFs, the
entire incorporated area of the Township of North Towanda was
divided into zones, each having a specific flood potential or
hazard. Each zone was assigned one of the following flood insurance
zone designations:

12
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Zone A: Special Flood Hazard Areas inundated by the
100-year flood, determined by approximate
methods; no base flood elevations shown or
FHFs determined.

Zones A7, A9, All, Special Flood Hazard Areas inundated by the
Al4, AlS8: 100-year flood, determined by detailed meth-
ods; base flood elevations shown, and zones

subdivided according to FHF.

Zone B: Areas between the Special Flood Hazard Area
and the limits of the 500-year flood, in-
cluding areas of the 500-year flood plain
that are protected from the 100-year flood
by dike, levee, or other water control
structure; also, areas subject to certain
types of 100-year shallow flooding where
depths are less than 1.0 foot; and areas
subject to 100-year flooding from sources
with drainage areas less than 1 square
mile. Zone B is not subdivided.

Zone C: . Areas of minimal flooding.

Table 3, "Flood Insurance Zone Data," summarizes the flood elevation
differences, FHFs, flood insurance zones, and base flood elevations

for the flooding sources studied in detail in the Township of North

Towanda.

5.4 Flood Insurance Rate Map Description

The Flood Insurance Rate Map for the Township of North Towanda is, for
insurance purposes, the principal result of the Flood Insurance

Study. This map (published separately) contains the official de-
lineation of flood insurance zones and base flood elevation lines.
Base flood elevation lines show the locations of the expected whole-
foot water-surface elevations of the base (100-year) flood. This

map is developed in accordance with the latest flood insurance map
preparation guidelines published by the FIA.

6.0 OTHER STUDIES

The Flood Insurance Study for the adjacent community of the Township of
Wysox has been prepared (Reference 2). This study is in exact agreement
with that study. The Flood Insurance Studies for the Borough of Towanda

14



7.0

and the Townships of Towanda and Sheshequin are currently being prepared
(References 9, 10, and 11). Upon completion, those studies will be in
exact agreement with this study.

This study is authoritative for purposes of the Flood Insurance Program,

and the data presented here either supersede or are compatible with pre-
vious determinations.

LOCATION OF DATA

Survey, hydrologic, hydraulic, and other pertinent data used in this
study can be obtained by contacting the office of the Federal Insurance
Administration, Regional Director, Region III Office, Curtis Building,
Sixth and Walnut Streets, Philadelphia, Pennsylvania 19106.

BIBLIOGRAPHY AND REFERENCES

1. U. S. Department of Commerce, Bureau of the Census, 1970 Census 9£
Population, Number of Inhabitants, Pennsylvania, Washington, D. C.,
U. S. Government Printing Office, 1971.

2. U. S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Insurance Study, Township of Wysox, Bradford
County, Pennsylvania, Washington, D. C., August 1, 1977.

3. U. S. Army Corps of Engineers, New York District, Hydrologic Study,
Tropical Storm Agnes, New York, December 1975.

4, Ven Te Chow, Open-Channel Hydraulics, New York, McGraw-Hill, 1959.

5. U. S. Army Corps of Engineers, Hydrologic Engineering Center, HEC-2
Water Surface Profiles, Davis, California, November 1976.

6. U. S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Insurance Study, Borough of Athens, Bradford
County, Pennsylvania, Washington, D. C., September 15, 1976.

7. U. S. Department of the Interior, Geological Survey, 7.5-Minute Series

Topographic Maps, Scale 1:24,000, Contour Interval 20 Feet: Towanda,
Pennsylvania, 1967, Photorevised 1978; Ulster, Pennsylvania, 1957,
Photorevised 1969.

8. U. S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, Township of North Towanda,
Bradford County, Pennsylvania, August 6, 1975.

15



9. U. S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Insurance Study, Borough of Towanda, Bradford
County, Pennsylvania (Unpublished).

10. U. S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Insurance Study, Township of Towanda, Bradford
County, Pennsylvania (Unpublished).

11. U. S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Insurance Study, Township of Sheshequin,
Bradford County, Pennsylvania (Unpublished).

Commonwealth of Pennsylvania, Department of Environmental Resources,
Pennsylvania Gazetteer of Streams, Part I by L. C. Shaw and W. F. Busch,
Harrisburg, Pennsylvania, 1971.

Commonwealth of Pennsylvania, Department of Environmental Resources,
Bulletin No. 9, Hydrologic Data of the June 1972 Flood in Pennsylvania,
Harrisburg, Pennsylvania, August 1974.

Commonwealth of Pennsylvania, Department of Environmental Resources, in
cooperation with the U. S. Geological Survey, Water Resources Bulletin

No. 13, Floods 32 Pennsylvania, A Manual for Estimation of Their Magnitude
and Frequency by Herbert J. Flippo, Jr., Harrisburg, Pennsylvania,

October 1977.

Heverly, C. F., History and Geography of Bradford County, Pennsylvania,
1615-1924, Towanda, Pennsylvania, 1926.

16



YIAIY YNNVHINOSNS

$311408d 00014

(09 q¥oiavys)

¥d 'VONYMOL HLYON 10 dIHSNMOL

UOI1BAISIUILIPY 3DUBINSU| |BIaPa
AONIOV LNIFINIOVYNVIN ADNIOHINT TvH3Id3d

01P

(QASN) 1334 NI NOILVAII3

o o o o o =
= R N = R 3
\
\ | "/
— [a e
] 1 o 0 @ o 2
1 o 6 Q@ 0o (@]
0 3 0 0 o =2
@ o JJw Ko
Ww o —
1 r o« w =
4 ¢ T @ 5 ung
! / Ww << 0o
2 > > W ou uw 9o
\ m.UYYR ML
3
|27 W SWWW_.& (8}
1 w
1 \ (7]
1 r w _
| \Y -
J IZN |
v
RO
m =, B
! |
_ |
|
1
\
{
\ — ._../
1
|
. |
| 1
1 \
L \
|
]
1
|
\
\
w Vaum\\
AT
\
A33H 9] /
DN TN i \
\
//
] NS
1 '/
— 1 N
e N
11 1 ’l
||
I~
)
\ \
\
\ /TN
=)
r \_V/
i
|
1 /
1 /
{
| /
1
1 /
| Vam
N\ = )
| \vim4
I P
w h
1
| ]
1 I
I
E i | N
N I~ = T ¥ l\.lrv
h 5 “ / 4
= [ ]
e _ y,
] 7T,
T ji ..
/
. i
1
1 \
/ Paim N
\ = m|)
—ﬁ V=
| \
1
|
M ST\
Wit aivaddHpd | 4 A
= o o =) o o o
N R N ~ R 3 3

130

120

110

100

90

80

70

60

50

40

30

20

10

STREAM DISTANCE IN HUNDREDS OF FEET ABOVE CORPORATE LIMITS




(09 a¥oiavys)
4INY VNNYH3NDSAS ¥d ‘YONVMOL HLYON 10 dIHSNMOL

Mw.__&ag m OQQ.—..— UOIIRJISIUIIPY 3DUBINSU| |BIdPa]

AINIOV LNIWIDVNVIN AONIOHIWI 1vd3d3 4

500 YEAR FLOOD
100 YEAR FLOOD
50 YEAR FLOOD
10 YEAR FLOOD
STREAM BED
CROSS SECTION
LOCATION

LEGEND

O

195
59
I
=
)

o

et
[
|
N

p— e Ee | a——

160

£

' d

N\

150

(o pu— om— b f——

140

T

1]

130

o

—

~

(GASN) 1334 NI NOILvA313

740
730
720
700
690

02P

190

180
STREAM DISTANCE IN HUNDREDS OF FEET ABOVE CORPORATE LIMITS

170




Y3349 dYINS

$3114044 00014

("09 ayo4avyg)

Vd 'VONVMOL HLYON 10 dIHSNMOL

UOI1BASIUIWPY 3dUBINSU| [BJapad

AONIDV LNFWIDVYNVYW AONIDHIWNI 1vd3Id3d

03P

o o) o 0 o 0 o o)
R X X R R N N =
[ A
| \
- b 1 N ]
o 3 » 1 [a =]
N < faz > 5838 z
\ \ O O o (@]
5 3 300 o =2
\ 3 e o Jd 3w kO
1 A\ € o L+t L o R.H
L1 [s S 72}
< g = <
\ w w < < @ no
\ \ > > W w gy 0o
\ o o > > mnuL
\ g8 8 2 825 o
| [} w
\ \ m
\ 4 _
1
| L= | 11RO
< { \ I I
= { I
el N1 -— _
L]
\
{ \
\ \
] \
\
\
\
{ 1|
\ v \
|
\ \
1 \
\ N\
m C = O
T v/
BN b [ '
197
1
| N
= H
~ |
= 1
_1% M { NS
o N
4
s N
|
’ \
|
i
. \
3 2 ¥ ® i & R + P 4
~ ~ I~ S LS
2] 6 h b b 0
i 2 b i i 2 S q 8 8
1
\
q L]
- < 5 2R il
It N =TIV T
R | e 51§ S
Ba ¥
1
h |
N i
\ 7=
oy m——— v
F Y
Y HNOD
N,
L]
>
s N
P N
"~
...D.IF - o
<7l
o~ N
= T= ]
——
[ AN
A= =
=K
N
hes N
" N,
< zr
= N
Wﬂ
<{ \
{n 143 Y NNYHENDS$A
—HHHMEINEH nf, N
=) 0 o 0 o o o 0 o 0
3 3 @ 8 S = = R R 3
(QAON) 1334 NI NOILVAI3

60

56

50

45

40

35

30

25

25

20

15

10

STREAM DISTANCE IN HUNDREDS OF FEET ABOVE MOUTH




(‘09 ayoiavyg)
¥3342 4VINS ¥d ‘VONVMOL HLYON 40 dIHSNMOL

m m._—mc ~_ m = Q Q._..— UOIIBJISIUILIPY 3DUBINSU| |eJ3pad

AONIDOV LNINIDOVNVIN ADNIOHIWI 1vd3Id3d

70

65

60

o [To] o w o [Te) o
S R R N N R R
\ /* w
\ a o
\ /d OODD zZ
\ y f © o QR 9 o
\ N\ 4 3 O 0 o g2
\ FFLLECO
t RRFFBE.”
\ . \ \ < ¢ T 5 ug
\ \ w w < < g »no
\ \ > > W w 4y 9o
\ N OOYYRWL
\ I mewmﬂc
\ \ \ — w
\ \ m
’ \ L —
\ a |
A I I I )
\ AVAY _ 7T [ I ..O
\ \ _
3 |
\ .
\ AN I
— — I _
\ ——
v \
\ 1 \
\ \ v
\ \
’ T
\ 1 ;
\ s ) \
1
\ 1 \
|
\ \
- \ o '
1 i i
\ \ \ \ i
\ \ \ :
L }
\ i\
\ \ 1
\ \ W _ \
\ |
\
—— ——— \ \ ;
\ | 992
v X
\ \ A 1B
| Q
. N
< o
5 \ 1A N
< v/
e) \ N
N 1
|1 \\
\ \
\
Iy \
N
\
\
\\ \
1 \ \ \
1 \ \
1 AN
W\
\
\ \
\ \
|
1
\ \
L }
\ \
[WAY
\
— 1
\ \ \
\ \
\
f-
\ /TN
——{ O])
[\ \_V
1 \
| VA \
\
LIEEA
\ A\
A \
\ YA
\
\ N
\
-— '\v
-— Ad
‘v
\
| | 1
\
A \
\ \
\
\ \
A
A
o D o [Te] o [Te} [Te) o
2 g g g 5 2 g N 8

(QASN) 1334 NI NOILVAII3

04P

80 85 90 95 100 105 110 115 120 125
STREAM DISTANCE IN HUNDREDS OF FEET ABOVE MOUTH

75




JEELHR LRI

$3114044 00014

(09 aqyoiavya

Vd ‘'VONVMOL HIYON 10 dIHSNMOL

UOI1e1SIUIWPY BJUBINSU| |BIaPa

AONIDV INFWIDVNVIN AODNIDHIINI 1vH3IA3d

05P

) To) o 10 o 0 o
R ~ ~ = R R R
f
\
A f DDDD
N | 880 0o g
, oo - 2w EO
\ | RRFFB&.H
f < €« T s ug
\ ,, w w < < & 0o
\ > > W w w 9o
/ X ] OOYYRWL
- \ \ 8 BE2B826 &
\ \ w
[C)
w _ _
-
Ay _
Y \ | _ |
\ \ A + ___
\ . _
\ |
\ \ _
\
1 1 \
\ \ \
| VLY A \
\ \ \ \
\
g1l \
ul )dHOD \ - \ X
\ \ M \
\
\ \ \
\ A \
\ \ \
\ " \
\ \
\ \ \
\
\ \
\ \ .
\ \
[ £,
— S
~ 7/
< \ \ N N
1
\
\ A
\ \ \
\ \ n
\ /
\ \ T
\ \
\
\ \ \
\
LY
\
N \
\ \
A )
\ \
\
\ \
\ \ \
\
apharm Yo/ sy f A
SN Jaaop \ \ /
\
’ A J
\
\ \
\ \ \
\ \ \ \
\ \
\ \ \
\ \ N
\ N
\
\ \
\ \ s
\ RAY
\ \ /
\
\ N
\
\ \ N
\ /
\
\ N
o o 7o)
8 R S 8 S i3 2 N g
(GAON) 1334 NI NOILVAI3

190

185

180

175

170

165

160

155

150

145

140

135

130

125

STREAM DISTANCE IN HUNDREDS OF FEET ABOVE MOUTH




Y3349 ¥vans

$3111044 00014

("09 auoiavyg)

UO11LBIISIUIWPY 3JUBINSU| |BJapa4
AONIOV INFJWIDVYNVIN AONIODHINWT 1vH3Ia3d

Vd ‘'VONVMOL HLYON 10 dIHSNMOL

06P

o ° 2 g 3 2 2 2
[o0] [o0] [¢0] o0} ~ ~ ~ ~
- , \ e
< \ - N [a =]
QT 3 a o
o O 2
wil= A \ o O
\ \ \ AY 9SS 5606 a 2z
\ N\ e o -2 Jw ko
I \ N\ c o =% @ gF
\ 4 g T £ 53 ung
\ \ \ w w < < & «no
\ \ > > W ow g 9o
\ N C ; o o ~ > mL
1 \ / w
f A - (U]
\ \ , r _
\ ! : Aﬁ |
A A — N—— _
\ T s Loy | |O
| J s
_ AN _ |
A ONE |
i | Hﬂw - M W /r,
o \ T : _
< M \ ,_ i
Pum,F | 1 ! ; ' AN
A m \
A :
\ ! T \
W r
| ! , A
i !
1 ﬁ —d j X
T ! STN
LY i _ : R —GG— >/
- = ~— ——— : 31 Nn0Y dIHSNMAL
< A\ A\ N i
N N\ i M
z \ \
. A\ :
\ ! \ ﬁ ” \
5 ) EERRIREE" SPIEES T
[ &5 i oh &~ : _7M H v._tl, ' '~ "..l
: | ; I
T ” |
I ! ;
H | Lo
3 Y SN 1R o 3
M M M~ ; ﬁ M~ : | ~ ~ ~
4/ ] 47_ | H .
\ \ ! N\ , e
N i il _
_ N
TN R SR
: . —+ -~
\ \ 1 /
\ \ |\ L
\ 1 : N i
\ \ | 7 “
/L. ,
M = !
\ v
\ v \ ”
N\
A} T
\ \
\ v REAY
\ 1
\ EEEA
\ \
\
NI
< /
\
i
o i \
! \
\
\
\ '\
AUA \
AVEAY ; \
\ WA ) \
,
A\ } 1
\ \ \
A)
\[ N N
A) i
\ N
\
\ /i
N P
N\ "\
\ p
\ / ; Hv
|
\ \ W \ b
\
\ f \
V \
\ |
\ \ f
AY A W
\ \ f
I
(=] [Te] o Te) o [Te] o [To] o
8 2 2 R R ~ ~ 4 =
(QADN) 1334 NI NOILVAIT3

250

245

240

235

230

225

225

220

215

210

205

200

195

190

STREAM DISTANCE IN HUNDREDS OF FEET ABOVE MOUTH




JEELHR LN

$311404d 00014

(09 a¥oiavyg)

Vd 'VONVMOL HLYON 10 dIHSNMOL

AINIDV INIFWIDOVYNYIN AONIDHIWT Tvd3d3d

UOI1BIISIUILIPY JDUBINSU| |BIBP34

07P

830

825

820

8156

810

805

800

795

™

Lt

]

-1

-

>

LOCATION

gt
P

| gt

500 YEAR FLOOD
100 YEAR FLOOD
50 YEAR FLOOD
10 YEAR FLOOD

STREAM BED
CROSS SECTION

-

P

-

L 4=

LEGEND

"

et}

‘\5/ N

N

NN/ VY

O

T

gt
-

ol

]

gt

P

et

Lt

p—

I

P
R

L [

ot
R oy

|

L

ot

L | ]

———
]

e il

-

sl
q—

SR T

H 4

™
et

pot
o

Y/

RE

s NN

-

NA

gt

e il

pre™?

ot

——

-

"1

—

!

—"

|t

L]

-

I~

|t

P

o]

|t

-

et
——

-

-~

o [

sl

t"1

]

P s

LD
NV

830

825

820

815

{QADN)

810

1334

Ni

w
Q
®

NOILVA3I3

800

795
790

315

310

305

300

295

290

285

280

275

270

265

260

2565

250

STREAM DISTANCE IN HUNDREDS OF FEET ABOVE MOUTH




(‘09 ayoiavyg)
43349 YvINs ¥d ‘VONVMOL HLHON 10 dIHSNMOL

W m.—_ m Q G & = Q Q.—& UOIBJISIUILLPY BDUBINSU| [RI3P3H

AJONIOV INIWIDOVNVIN AONIDHINWT 1vH3ddd

o ) o re) o 0 o
3 & &8 & & b= b
TT T 1]
— BEEE
[«
o o 8 a -d
© &6 Q@ 9 @]
; LLOOD_HN
— L ouw <J J w 750
- € L o FE
- < < T s ug
: w w < € &€ no
, YY%EESO
OOOYmmL
o 2882k &
w
Q
w — _
T -
- 1 RO
w I I
|
_ |
!
f
, an
iy
N\ ™
STV HOq \ =/
Y/
L 3
7 ™
[} )l
I 72
/N
N
\
|
\ \ 2
A= <
! ™
\ Nl
\ \
\
"'
i
- 3 0
\ g
s | ™
\ 1 1
| \
\
\|
2] \
< |
mm i 2
\ \ \ ™
\ NV
L ¥
N T\ b
N \
\
\
\ 3 N
\
N o)
]
Arr ™
\ \ [N 4'
A\ \
\ A \
\ N\
\ \ \ 0
\ \ \ &
\ \
I~
\ \ 1
\ \
[\ \ ~
\ \
\ ' ~
\ \ \ Q
— N ™
\ \
\
\
\
\ A
\ \
\ \ v
\ =
o 0 o 0 o S o 0 o ®
< - —
P &8 & & & b= o 8 2

{QADN) 1334 NI NOILVAI13

08P

STREAM DISTANCE IN HUNDREDS OF FEET ABOVE MOUTH




	INTRODUCTION 
	AREA STUDIED   
	ENGINEERING METHODS 
	FLOOD PLAIN MANAGEMENT APPLICATIONS 
	INSURANCE APPLICATION 
	OTHER STUDIES 
	LOCATION OF DATA 
	BIBLIOGRAPHY AND REFERENCES 

