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| WINTRODUCTION

A major component of a river or stream is the ad-
joining land area which, in the event of a flood,
helps to carry or store excess flow. This area is a
flood plain. As man develops and builds structures
in flood plains, flood hazards are created and can
be of such severe magnitude that action must be
taken to control the development of flood plains.

The 1983 Nebraska Flood Plain Management Act
directs the Nebraska Natural Resources Commis-
sion (NNRC) to prepare maps adequate to develop
or suppori reasonabie flood plain regulation by
local governments. This report presents the results
of the flood plain siudy done on the Elkhorn River
from the Madison-Antelope county line upstream to
the Antelope-Holt county line.

The contents of the report include engineering
data, maps, and profiles indicating the approximate
extent of flooding which could be expected in the

event of a future 100-year flood under existing

_conditions. The information, as presented, is in-

tended to be used as an aid in the identification of
local flood problems to promote proper land use in
areas which are subject to flooding.

It should be emphasized that the flood hazards
presented here are evaluated as of the date of this
report and are subject to change with additional
developments in the flood plain. Special plans and
recommendations for the solution:of flood problems
are not included in this report as these are properly
the responsibility of local government. Use of flood
plain regulations, zoning or subdi\ifision regulations,
floodproofing and construction of flood protection
works or a combination of these abproaches may be
implemented by planners to guide those who intend
to use the flood plain. | -







SRl HE STREAM AND ITS VALLEY

The Elkhorn River is the fourth largest tributary of
the Platte River and draing an area of about
4 480,000 acres (7,000 square milas) in northeast-
ern Nebraska. The Elkhorn River rises in Rock
County and flows generally east-southeast to Cum-
ing County where it veers to a generally south-
southeast direction which it follows to its conflu-
ence with the Platte River in Sarpy County. Surface
topography in the Elkhorn River basin ranges from
approximately 2,700 feet to approximately 1,100 feet
above Mean Sea Level.

The entire Elkhorn River Basin is agricultural in
character. The upper reaches of the basin are

sparsely populated and have few incorporated com-
munities. The lower reaches of the basin are more
densely populated and have a relatively large num-
ber of incorporated communities. The population of
the entire basin is approximately 117,000 persons,
according to 1980 census figures.

The climate of the Elkhorn River Basin is transi-
ticnal between the humid east and the semi-arid
western plains. The lower reaches of the basin lie
mostly in a molst-subhumid climate while the upper
reaches lie mostly in a dry-subhumid climate, The
basin Is generally well suited for raising livestock
and growing of feed and grain crops. The spring
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months are cool, normally with considerable rain.
Summers are hot and relatively dry. Autumn is gen-
erally pleasant with occasional rains, and winters
are cold with significant precipitation in the form of
SNOW.

Average annual precipitahon ranges from ap-
proximately 29 inches in lower reaches of the basin
to approximately 21 inches in the upper reachas.
Mermally, 65 to 67 percent of the annual precipita-
tion occurs during the growing season betwsen
May and September. The average number of frost
free days is approximately 160 with the average an-

Efkhorn River in Madison County .

nual temperature being about 50 degrees Fahren-
heit.

Flood records dating back to 1881 indicate that
damaging floods occur within the Elkhorn River
drainage area nearly every year. The extent of late
winter and early spring flooding is often aggravated
by lce jams.

About 354,000 acres of land in the Elkhorn River
Basin are subject to inundation by a flood event ex-
pected to ocour once in & hundrad years. This rep-
resents about B parcent of the land area.

Changes in the River

Eikchorn Rivar in Sarpy Coumty

Elkhorn River in Rock Coundy
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WENGINEERING REPORT

STUDIES COMPLETED

Hoskins-Western-Sonderegger, Inc. conducted a
study for the Nebraska State Historical Society re-
garding the feasibility of restoring the Mill Dam at
Neligh in January 1980. As part of this study, flood

. elevation profiles for the 1-year, 5-year, 10-year, 25-

year, and 100-year frequency floods on the Elkhorn
River were established. The study area started ap-
proximately five miles downstream of the Mill Dam
and extended approximately two miles upstream.
The Federal Emergency Management Agency
(FEMA) has also prepared flood maps for Clearwa-
ter, Neligh, Oakdale, Tilden, and Antelope County.

HYDROLOGIC REQUIREMENTS

Hydrologic analyses were carried out to establish
the 100-year flood discharge. The Log Pearson |l
method of flood frequency analysis as outlined in
the publication ‘“Guidelines for Determining Flood
Flow Frequency: Bulletin #17B", was used. The an-
nual peak discharges obtained from the United
States Geological Survey (USGS) gaging stations
on the Elkhorn River near Norfolk from 1940
through 1983 and at Neligh from 1932 through 1985
were used in the:computations. 100-year discharges
of ;30,000 cfs from- cross section 138 through cross
sectlon 148 and 21,700 cfs from cross section 150
through cross section 184 are used in this study.
These dlscharges are shown in Table 1.

TABLE 1

100-YEAR FLOOD DISCHARGES
LISTED BY REACH OF THE ELKHORN RIVER

HYDRAULIC REQUIREMENTS

Valley cross sections were surveyed at represent-
ative locations throughout the study area. The loca-
tion of these cross sections are shown on the
Flooded Area maps, and are also indicated on the
Flood Elevation Profile in Appendix C. Cross sec-
tions that inciude a decimal point were addltlonal
cross sections usually taken at bridges to improve
accuracy in those areas.

Realistic adjustments were made to the valley
cross sections for use in the computer program to
eliminate areas which would be ineffective in carry-
ing floodwater. Such areas included gravel pits,
small lakes and ponds, and small tributaries or
ditches running nearly pareliel to the cross sections.

Measuremenits at bridges were taken to establish
the area and shape of the bridge opening, size and
location of. piers, and the elevation of the low steel.
This information is used to hydraulically model the
brldge structure.

Values of Manning’s roughness coefficient were
selected for each cross section based on channel
and overbank conditions along that cross section.
These “n” values were varied horizontally along
each cross section to reflect the variations in shape
and size of cross sections, obstructions, vegetation,
and the meandering of the channel.

REACH Q100
XSEC to XSEC (cubic feet per second)

140.3-149 30,000

150-184 21,700




HYDRAULIC ANALYSIS

The computer program entitled, “HEC-2 Water
Surface Profiles”, obtained from the Hydrologic En-
gineering Center of the Corps of Engineers in Davis,
California, was used to determine the water surface
profile of the 100-year flood. Appendix B contains a
short description of the HEC-2 computer program.

Energy losses caused by structures such as
bridges and culverts were modeled using either the
“normal bridge” routine or the *special bridge”
routine. Bridge data used for the modeling is given
in Table 2.

After a natural water surface profile was deter-
mined for the 100-year flood, the cross sections
were modified to permit an encroachment on the
100-year flood plain which would cause a maximum
rise of one foot in the water surface elevation, thus
establishing the boundaries of the floodway. This
modification was accomplished by using an option

‘in the HEG-2 program which establishes flood plain

encroachments. This option computes encroach-
ments so that the conveyance within the en-
croached section at a water surface elevation one
foot higher than the natural water surface elevation
is equal to the original conveyance. The encroach-
ments were determined so that an equal loss of con-
veyance (at the higher elevation) occurred on each
overbank, if possible. If half the .conveyance loss
could not be obtained on one overbank the differ-
ence was made up, if possible, on the other over-
bank except that encroachments were not allowed
to fall within the main channel.

During flocds, debris collecting on bridges and
culverts could reduce the conveyance of the fiood
plain resuiting in greater water depth (backwater ef-
fect) upstream of the structures. Since the occur-
rence and amount of debris are indeterminate fac-
tors, only the physical characteristics of the struc-
tures were considered in computing the water sur-
face profiles. Similarly, maps of the flooded areas
show only the backwater effects of the bridges and
culverts and do not reflect any increase in water
surface elevation which might be caused by debris
collecting against the structures or by deposition of
silt in the stream channel under structures.

Water velocities during floods depend largely.on
the size and shape of the cross sections, condition
of the siream and valley, and the bed slopes (alf of
which could vary at different locations on a stream).
During a 100-year flood in the study area, flood
water velocities ranged from app;r'oximately 0.4 feet
per second to approximately 12.7 feet per second.
Waters flowing at the higher velocities are capable
of causing erosion to stream banks and fill around
bridge abutments as well as transporting large ob-
jects. In developed areas, such as towns or farm-
steads, higher water velocities would tend to in-
crease as floodwaters are forced to flow around
buildings and other obstacies which inhibit flow.
Point velocities in these areas may be much higher
than the average velocities which are shown.

. TABLE 2
BRIDGES ACROSS THE ELKHORN RIVER
IN ANTELOPE, COUNTY, NEBRASKA
Bridges are assigned the number of the nearest downstream'cross section. Elevations are in feet above Mean Sea Level.
' ELEVATIONS
100-year | -
‘Bridge Stream Low Bridge Flood Elev)
Number identification Bed Steel Floor Upstream
148.2 County Road 1674.4 1686.8 1690.2 1684.7
152.2 U.S. Highway 275 1689.3 1698.8 1704.4 1699.1
154 Chicago Northwestern R.R. 1695.2 1706.8 1712.6 1705.1
9.4 0Old State Highway 14-70 1717.6 1733.6 1734.7 1726.7
114 State Highway 14-70 1721.2 1733.7 1739.8 1731.5
161.4 County Road 1757.6 1762.5 1764.4 1763.5
163.3 Chicago Northwestern R.R. 1758.1 1762.8 1764.7 1765.9
165.4 U.S. Highway 275 1769.6 1780.3 1785.0 1777.8
168.2 County Road 17797 1786.4 1789.3 1786.4
175.2 County Road 1798.2 1808.5 1810.5 1807.4




SUMMARY OF RESULTS

Table 3 contains the 100-year flood water surface
elevation, floodway elevations, depth of floodwaters
in the channel, and average floodwater velocities in
the channel and overbank areas at each cross sec-
tion location. Also included in this table is the total
width of the floodway at each cross section. All
elevations in this report are based on bench marks
using the United States Geological Survey (USGS)
monuments through the study reach and are re-
ferred to mean sea level, A complete description of
the USGS and the NNRC surveyed bench marks
used in this study can be obtained from the local
Soil Conservation Service (5C5) office, the local
Matural Resources District (NRD) office, or from the
Matural Resources Commission.

All areas contained In the flood plain are shown
on the Flooded Area maps in Appendix C. An index
map showing the general relationship of these areas
is found on Plate 1. The aerial photographs which
were used for the background of these maps were
taken at an altitude of 15,000 feet by Western Air
Maps, Inc. of Lenexa, Kansas, in May of 1985. Chan-
nel cross sections used in developing the computer
model were originally surveyed in the spring of 1882
and were updated in October of 1887. Additional
cross section information around Meligh was ob-
tained by using aerial photography and a stereo
plotter,

On the aerial photographs in Appendix €, the
area within the 100-year flood plain is outlined in
red. Therefore, the area inside this red line would be
inundated in the event of a 100-year flood. The area
shaded in yellow represents the floodway. This area
is reserved in order to discharge the 100-year flood
without cumulatively increasing the water surface
elevation by more than one foot. (see Figure 2)

Actual flood limits may vary from those shown on
the Flooded Area Plates due to map limitatiens, diffi-
culty in interpretation betwesen cross sections, and
changes in surface characteristics since study com-
pletion. In any case, the floodwater elevation (as
taken from the Flood Elevation Profile Plates in Ap-
pendix C) should be the determining factor when
deciding whether or not a specific property is sus-
ceptible to flood damage.

B3 A

B - h

Water flowing al figh valocitles is capabe of causing erosion o
streambanks and il around bridge abutmants as wall as rans-
porting farge objecis,

Water velociiles durlng floods depend largely on
the slze and shape of the cross sections, condition
of the stream and valley, and the bed slopes.

In developed areas, higher waler velociies would tend to in-
crease as flood waters are forced o flow around building and
ather obslacles which inhitit flow,




SUMMARY OF RESULTS:
ELKHORN RIVER FLOOD PLAIN STUDY
ANTELOPE COUNTY
Cross Saction
Location 100-¥1. Flood Depth of 100-Year Flood Average
Crasa {Rhver Milaa Waler Surface Flood Velogity (it./eec.)® Floodway Todal
Sectlon From Madison- Elevation Waerharn fri Lt In Right Elevatlon Floodway
Number Antelope County Ling) {M.3.L.) Channel (it.) Owarbank Channel Overbank {M.5.L.Y Width (i)
140,30 Q.48 1656.7 9.7 1.10 3.658 1.03 16574 2250
141,00 042 1657.4 B.ga 1.69 348 1.02 16682 2050
14200 087 1659.1 B1S 1.5% 4. 00 1.41 16600 2600
143.04 1.85 1682.0 5.08 1.28 5.64 2.26 16683.0 24040
1441 2,83 1687.4 B.93 1.7 8.57 2.22 1688.0 2200
145.00 aTs 1673.2 1035 1.04 59,97 1.86 1674.2 2050
14800 4. 83 1677.5 1036 274 £33 1.14 1678.4 1300
147.04 5452 1680.9 1065 13 508 1.62 1681.7 1250
148.00 6.24 1683.7 9,70 .05 7.14 L] 1664.8 175
148.10 .31 1664.3 B3 1.06 B.BS kel 16851 1176
14820 832 1684.7 1028 1.B4 B.11 L 18853 1175
14834 6.38 16885.0 10.23 1.88 B.20 - 168867 1175
14800 T.18 16891 5,84 1.25 4.78 1,14 1680.0 1560
150.00 B.6& 1693.5 F.55 0.7E 354 1.24 16944 .4 2600
151.00 9.50 1696.8 B.32 047 .43 2.82 1897.8 505
15200 4.61 1697.8 B.83 1.28 7.83 1.85 162688 660
1852140 367 16948.4 210 i B.50 Lt 1668.2 316
152,20 5.88 1E698.1 5.78 ak T84 Ll 17001 316
152,30 8.74 17001 10,42 1.24 B.00 1.67 1700.6 400
153.00 1019 17024 5.50 1.38 4. 78 1.35 1703.3 1160
154.00 1079 17081 9.87 1.65 5.74 .76 170861 1749
2.00 11.33 1707.7 9.69 1.28 528 et 1708.5 2850
3.00 1240 17110 9.80 1.87 4.48 Ll 17117 2850
4.00 13.03 128 2.84 1.41 417 1.59 1713.6 2100
500 13.80 1715.0 T.46 bol! 3.95 133 1716.0 2050
6.00 14.48 1717.4 7.88 k 5.07 1.85 1718.3 1755
T7.00 1483 17181 893 1.3 4,54 1437 1719.9 BED
8.00 15,45 17232 8,63 2,45 6.47 1.64 17241 1905
9.00 15.85 17257 a.61 iy G149 1.82 1728.6 1566
8.10 15,94 1728.3 8.74 e 610 1.76 1727.0 1116
.20 15,94 17262 8.56 b 6.3 6.08 1727.0 1116
.30 15.94 i728.2 . 2481 [ 527 B.0G 17a7.0 1118
240 15895 17267 .15 e .80 1.52 17273 1116
50 16,08 17ET 4 415 s 578 1.59 17278 ' 116
10,00 1618 17281 9.8 211 8,83 1.48 1728.68 1400
11,08 16,62 17310 10.06 1.67 887 2158 1732.0 436
1110 16.68 17314 10.08 o 763 £ 17322 304
11.203 16,60 17313 10.08 x 7.80 &S 17322 304
11.30 16.68 1731.4 1037 . T7.74 064 17323 304
1140 16,68 1735 10.26 kot 748 et 17324 304
11.50 16.74 17323 10.78 1.82 8.29 2.085 17328 468
12.00 17.21 1734.3 10,80 1.06 370 1.21 17361 1780
13.00 17,87 1735.7 10.03 1.21 3.86 i R0 1736.6 2850
158.00 1877 1738.3 .18 0.86 3 1.7 1739.2 1780
167.00 19.81 17428 149 1.99 4,89 1.37 1743.7 1040
156.00 20.77 1748.5 8,36 1.50 6,39 1.35 1749.4 1430
158.00 217 1783.7 TAB 1.35 3.60 0.62 1754.7 2200
160.00 23.50 1758.4 845 1.80 505 2.08 1758.3 1460
161.00 24,78 17683.3 576 1.38 483 1.18 1784.3 310
161.14 4. 70 17834 57 148 . A62 1,18 17644 300
161.20 24,78 17634 BT 1.02 4.1 1.68 17644 3100
161.30 2478 17683.4 5.84 1.00 4.05 1.66 1764 .4 310
161.40 24,80 1783.5 5.87 1.34 3.50 1,13 1764.5 3100
161.50 24 82 1763.6 5.88 1.34 349 1.12 1764.6 300
162.00 24,93 1764.4 B.88 2.568 4.74 1.04 17653 1900
163.00 25.02 17851 T.06 2.36 4,30 0" 1765.8 2150
163,10 25.02 1764.8 B.T& ¥.38 5.01 9.68 1765.8 2150
163.20 25.03 1TE5.7 7.58 418 37T 4.75 17660 2150
163.30 2503 17859 TB3 1.64 3.20 1.08 1766.2 2150
“*7ier flow in 1his ovarbank ares. Continued
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n— - — TABLE 3
Continued
Cross Section
Location 100-Yr. Flood Depth of 100-Year Flood Average
Cross (River Miles Water Surface Flood Velocity {it./sec.)* Floodway Tolal
Section From Madison- Elevation Waters In Left In Right Elevation Floodway
Number Antelope County Line) {MSL) Channel (it.) Overbank Channel Overbank (M.S.L.) Width (it.)
164.00 26.85 1770.4 3.71 1.55 3.02 1.69 1771.2 2650
165.00 27.42 1775.6 6.29 0.37 8.22 , 1.72 1776.3 600
165.10 27.47 1776.3 6.66 i 12.57 *E 1777.2 285
165.20 27.47 17763 6.72 2.03 12.71 2.03 1777 285
165.30 27.48 1777.5 7.88 1.47 10.68 1.47 1777.7 285
165.40 27.48 1777.8 8.21 b 10.01 o 1777.9 285
166.00 27.54 1780.0 9.96 0.58 3.08 0.7 1780.0 850
167.00 28.11 : 1780.7 7.50 0.80 2.58 0.86 17811 3350
168.00 26.93 17821 558 1.83 418 2.29 1782.8 1650
189.00 29.54 17853 5.85 1.37 4.87 143 1786.1 2550
169.10 29.58 1785.6 5.90 1.35 4.76 14 1786.4 2550
169.20 26.59 1786.4 8.70 1.08 3.55 1.12 1787.4 2550
168.30 29.63 1786.5 6.62 1.10 3.65 114 - 17875 2550
170.00 - 3019 1788.6 B6.09 1.38 Co410 1.56 1789.6 2250
171.00 30.82 1791.6 5.76 194 412 1.91 17925 2100
172.00 31.59 1795.5 5.69 1.87 4,37 1.87 1796.4 1900
173.00 32.05 1798.5 6.80 1.89 5.54 1.76 1799.3 1850
174.00 32.59 1801.9 7.20 1.97 4.87 1.77 1802.6 2200
175.00 33.25 1805.7 7.M 116 575 1.62 1806.5 2209
175.10 33.29 1806.0 7.79 #* 5.97 1.68 1806.8 2209
175.20 33.29 1807.4 9.15 0.81 3.34 113 1808.1 2209
175.30 33.33 1807.4 9.03 0.84 3.47 1.16 1808.2 2600
176.00 33.91 1809.4 8.05 1.57 5.75 1.08 18104 2350
177.00 34.41 18126 8.59 1.63 5.32 1.20 1813._6 2650
178.00 3512 1815.9 7.67 1.29 4,80 1.97 1816.6 2600
179.00 35.43 1817.4 7.48 1.39 4.48 . 1.40 1818.2 2250
180.00 36.10 1821.0 747 1.57 6.61 1.51 1822.0 1800
181.00 36.61 18247 8.39 1.55 5.24 ¥ 15825.3 1800
182.00 3717 : 1827.4 8.52 1.65 5.67 1.24 1828.2 1650
183.00 37.65 18304 B.74 1.32 597 1.80 1831.3 1800
*¥ No flow in this overbank area.
i _ __
- 100 YEAR FLOOD PLAIN >
*
t— FLOOD FRINGE FLOODWAY FLOOD FRINGE =3
et STREAM CHANNEL
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WAPPENDIX A

1. ANNUAL PEAK DISCHARGE - The highest flow
rate recorded at a given stream location during .a
specified year.

2. BENCH MARK - A permanent marker or monu-
ment of known elevation and horizontal location.

3. CONVEYANCE - A measure of the carrying ca-
pacity of a stream reach.

4. CRITICAL DEPTH - The stream . flow depth
when the Froude number equals unity. Also the
stream depth when specific energy is at a minimum.

5. CROSS SECTION - “XSEC”. Surveyed ground
points along a defined line that show the trend of
the fiood plain.

6. DISCHARGE - The volume rate of stream flow
usually expressed in cubic feet per second.

7. ENCROACHMENT - Any natural or. man -made
obstructions in the flcod plain which adversely af-
fects the natural passage of flood waters. !

8. FLOOD - An overflow of water onto normally
dry land. Floods have two essential charactenstlcs
the inundation of land is temporary; and the land is
adjacent to and inundated by overflow from a river,
stream, ocean, lake, or other body of standlng
water.

9. FLOOD FREQUENCY - The average frequency

statistically determined, for which it is expected that
a specific flood level or discharge may be equalled
or exceeded.

10. FLOOD FRINGE - That portion of the 100-year
flood plain which is outside the floodway |n which
total encroachment may occur (see Figure 2)

11. FLOOD STAGE - The elevation at Whllt‘:h over-
flow of the natural banks of a river, stream, or water-
course. begins in the reach or area |n WhICh the
eleévation is measured.

12. FLOODWAY - The channel of a nver cr stream
and the adjacent land areas that are necesslary to be
reserved.in order to discharge the 100—year flood
without: cumulatively increasing the water surface
elevation more than one foot (see Frgure 2) The
area included within the floodway on the Elkhorn
River is shown as a shaded yellow. area on the
Flooded Area maps in Appendix C. b

13 IGAGING STATION - A partrcular sate on a
stream river, canal lake, or reservoir where system-

atlc observatlons of gage height or d:scharge are
collected

DEFINITIONS

14. HYDRAULIGS - That branch of engineering
dealing primarily with the flow of water and the ap-
plication of fluid mechanics.

15. HYDROLOGY - The scientific study of the vari-
ous processes involved in the hydrologic cycle.

16. LEFT OVERBANK - The bank which lies to the
left side of the stream as one looks downstream.

17. 100-YEAR FLOOD OR BASE FLOOD - The
flood having a one percent chance of being
equalled or exceeded in magnitude in any given
year. Contrary to popular belief, it is not a flood oc-
curring once every 100 years. The 100-year flood
magnitude is based on statistical analysis of stream
flow records available for a particular stream and
analysis of rainfall and runoff characteristics in a
particular region or watershed.

18. 100-YEAR FLOOD PLAIN - The area adjoining
a river, stream, or watercourse covered by water in
the event of a 100-year flood. The boundaries of the
100-year flood plain for the Eikhorn River in Ante-
lope County are shown as red lines on the Flooded
Area maps in Appendix C. The elevations of the 100-
year flood in this area are shown on the Flood

_ Elevation Profile in Appendix C.

19. PHOTOGRAMMETRY - The science of mak-
ing rehable measurements from aerial photographs.

20. FIEACH A longitudinal segment of a river or
stream. :

21. RIGHT OVERBANK The bank which lies to
the nght side of the stream as one looks down-
stream.

22. ROUGHNESS COEFFICIENT (Manning’s) -
Denoted by ‘'n” is a measure of surface roughness.

23. STAGE - The elevation of floodwaters above
some reference datum, that datum usually being the
established elevation of a stream gage.

24, SUBCRITICAL FLOW - Flow in an open chan-
nel with a méan velocity less than the velocity which
occurs at -critical depth

25, SUPERCRITICAL FLOW - Flow in an open
channel: |W|th a mean velocity equal to or greater
than the Nelocnty whlch occurs at critical depth.

26. TOPOGRAPHIC MAP - Maps which show
plammetrlc detail plus terrain relief.

27. WATER SUHFACE PROFILE - A graph show-
ing the: relatronshrp of water surface elevation to
location, the|latter generally expressed as a dis-
tance upstream from some reference point.

1
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WAPPENDIX B

A. General

The HEG-2 Water Surface Profiles Computer Pro-
gram was developed by the Corps of Engmeers Hy-
drologic Engineering Center in Daws ‘California, in
1972. The program has been contmuousiy updated
by the use of error corrections and modlflcatlons

The program computes and plots |'the water sur-
face profile for river channels of any, cross section
for either subcritical or supercritical fllolw conditions.
The effects of various hydraulic struclz’gures such as
bridges, culverts, weirs, embankments, land dams
may be considered in the computatlon"s. The princi-
pal use of the program is for determlnmg proflles for
various frequency floods for both natJraI and modi-
fied conditions. The latter may incluce channel im-
provements, levees and floodways. I put may be in
either English or Metric units. bl

The Nebraska Natural Resources‘ Gommlssmn

{NNRC) uses HEC-2 to compute requ red| elevations

and other data for the 1% iannual frequ:elncy flood
(the “100-year flood"’). This mformat:on |s|then used

~to delineate flood.plains in the state and‘to enforce

L.B: 35, the state statute regulating fI od‘plaln use.
HEC-2 is also used to delineate a floodway for en-

forcement purposes This floodway |s‘cornputed by -

using Method 4 in the HEC-2 Program
one-foot rise ir
error method: |Tl'h|s trial and error. mf,-t g involves
manually specﬂylng station locations of"lencroach-
ments on each cross section and .che clﬁllng the re-
sulting flood elevatlon against the natu‘ll'ﬁl non-en-
croached flood elevation for a one foot: r||se in flood
elevation. ‘ [k

The “Nebraska Natural. Resources (?lQmm|35|on

has IBM PC-XT version of HEC-2 da|t|e August of
1985, , Ji-

B. Basic Theory

The computatlonal procedure appIIES Bernoulh S
Theorem for the total energy at each! cross section
and Mannlng s formula for the 1fr|ct|c>n| head loss be-
tween cross 'sections. In the program)’ average fric-

tion slope for a reach between two créss sections is

(specrfymg a

iflood elevation) and b a trial and -

GENERAL OUTLINE OF HEC-2 PROGRAM

as used by the Nebraska Natural Resources Commission

Flood Plain Management Section

determined in terms of the average of the convey-
ances at the two ends of the reach. Other losses are
computed using one of several methods. The criti-
cal water surface elevation corresponding to the
minimum specific energy is computed using an
iterative process.

C. Subcritical or
Supercritical Flow

The computation begins at a control section (/oca-
tion of known water surface elevation) in the river
channel and proceeds upstream for subcritical flow
or downstream for supercritical flow. The direction
of flow is specified by the user. in cases where flow
passes from subcritical to supercritical or vice-
versa, during computations, it is necessary to com-
pute the -entire profile twice assuming alternately
subcritical and supercritical flow. From the above
results the most likely water surface profne can be
determined.

D. Starting Elevation

The watef surface elevation for the beginning cross
section may be specified in one of three ways: (1) as
critical depth, (2) as a known elevation, (3) by the
slope area method. By setting the variable STRT :on
card Jt, e'qual to -1, critical depth will be computed
and used as the starting water surface elevation.
With vanable STRT left blank the starting water sur-
face elevatlon is specified by variable WSEL on card
J1. When| using the slope area method, STRT is set
equal to: the estimated slope of the energy grade
line (must be a positive value) and WSEL is used.as
the |n|t|a|| estimate of the water surface elevation.
The flows computed for the fixed slope and esti-
mated depth are compared with the starting flow
and the, lmtlal depth is adjusted until the computed
flow is wnthln 1% of the starting flow. The last as-
sumptlon of initial water surface elevation thus
determlned is then used as the. startlng water sur—
face elevatlon for water. surface profile computa-
tions. -
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E. Discharge

The river discharge may be specified and altered in
several ways. The variable Q on card J1 specifies
the starting discharge for single profile runs. When
it is desired to change the discharge for a single
profile run, the variable QNEW on card X2 can be
used to permanently change the discharge at any
cross section.

An alternate procedure uililizes the QT cards. QT
cards may be used to specify starting discharges
and to permanently change discharges at any cross
section in a data set.

F. Manning’s “n”

Since Manning’s coefficient of roughness “n” de-
pends on such factors as type and amount of vege-
tation, channel configuration and stage, several op-
tions are available to vary *'n”. When three “n”
values are sufficient to describe the channe! and
overbank roughness, the first three fields of card NC
(“n”’ value change) are used. Any of the “n”’ values
may be permanently changed at any cross section
by using another NC card. Often three values are
not enough to adequately describe the Ilateral
roughness variation in the overbanks in which case
card NH (“n” value - horizontal) is used. These ‘‘n”
values will be used for all subsequent cross sections
unless changed by another NH card or NC card.
Data indicating the variation of Manning's *'n"’ with
river stage may be used in the program. Mehning’s
“n” and the corresponding stage elevation (begin-
ning with the lowest elevatfon) are entered on card
NV (“n” value - vertical). -

Manning’s “‘n”’ can be determined from known hlgh
water marks along the river reach if the dlscharge
relative ratios of the “n’! values for the channel and
overbanks, and the water surface elevatlon at each
cross section are known.

G. Multiple Stream Profiles

The water surface profile computations may be
computed up both forks of a river or throughout a
whole river basin for single or muitiple profiles in a
stngle computer run.

~ H. Critical Depth

Computation

Critical depth will not be computed for all cross sec-
tions in this program unless that option is requested
on the J2 card, since this takes about half the com-
putation time. However, the program will check
each cross section to see if the depth is close to
critical. If the depth is near critical, it will calculate
critical depth using subroutine DC by determining
the point of minimum specific energy using a dis-
charge weighted velocity head. Critical depth will al-

ways be computed for a supercritical profile and it
~ will be determined for low flow for the cross section

14

upstream of a special bridge.

I. River Cross Sections

Cross sections are required at representative loca-
tions throughout the river reach. These are loca-
tions where changes occur in slope, cross section-
al area, or channel roughness; locations where
levees begin or end; and at bridges. In general, for
rivers of flat slope and fairly uniform section (drop of
three or four feet per mile) cross sections are taken
at least every mile. For steeper slopes and very ir-
regular cross sections, four or five cross sections
per mile may be necessary. Where an abrupt
change occurs in the profile, several cross sections
are used to describe the change regardless of the
distance. Every effort is made to obtain cross sec-
tions that accurately represent the river geometry.
Each point in each cross section is given a station
number corresponding to. the horizontal distance
from the first point on the,Iett . The station number
and corresponding elevation of each point are input
as variables on card GR. Up to 100 points may be
used. Cross sections may be orientéd looking either
upstream or downstream :since the programs con-
siders the left side to be the jowest station number
and the right side the hlghest For con3|stency, the
NNRC usually sets up cross section looking: down-
stream. The left and nght statlons separating the
channel from the overbank: areas are specified as
variables on card X1, End' pomts of.a cross:section
that are too low (below: the computed water surface
elevation) will automatlcallly‘ be exténded vertlcally
by the program and a: message giving the vertical
distance extended will be ;iarlnted

The previous ¢ross sectlon may be used as the cur-
rent one (for uniform channels) with or without a
modification, or the currer|1t cross sectlon may itself
be modified by using the optlons available in the
program.

Channel encroachments may be included in the
analysis by using varlables on card X3. ENCFP is
used to specify a: wudth' between encroachment
areas which is centered in ‘the channel midway be-
tween the left and right| bank stations. This width wil!
be used for each cross sectlon until another value
of ENCFP is entered. Another'method for specifying
encroachments is to ente the station and elevation
of the encroachment as v |ables STENCL and ELE-
NCL on the left and STE NCR and ELENCR on the

right. If only the statlon is ‘reqmred the elevation

should be omitted and |t will be assumed to be very -

high.

J. Interpolated
Cross Sections
Sometimes it is necessary to insert cross sections

between those specified on the GR cards because
the change in velocity heads between cross sec-




tions is too great to accurately determine the hy-
draulic gradient. Variable HVINS on card J1 is used
to specify when interpolated cross sections should
be used. This variable specifies the maximum

~ change in velocity head allowed between cross sec-

tions. If this value is exceeded, up to three interpo-
lated cross sections will be generated between
given cross sections. Interpolated cross sections
should be omitted when computing several profiles
on the same stream in order to use exactly the same
cross sections.

K. Distance Between Cross Sections

The actual distance between cross sections used in
the computation is specified on card X1 as variables
XLOBL, XLOBR and XLCH for the left overbank,
right overbank, and the channel respectively. These
three values can be equal. There are conditions
where they will differ, such as at river bends, or
where the channel meanders considerably and the
averbanks are siraight. Where the distance between
cross sections for channel and overbanks are differ-
ent, a discharge-weighted reach length is deter-
mined based on the discharges in the main channel
and left and right overbank segments of the reach.
Thé;‘dis‘charge used for each segment is an arith-
metic average of the discharge determined for that
segment at cross sections at each end of the reach.

L. Transition Losses

Expansion or contraction of flow due to changes in
the .channel cross section is a common cause of
energy losses within a reach. Whenever this occurs,
the loss may be computed by specifying on card NC
the expansion and contraction coefficients. The
cosfficients are multiplied by the absolute difference
in Vélocity heads between the cross sections to give
the! energy loss caused by the transition. Where the
change |n river cross section is small, coefficients
CEHV and CCHYV are on the order of 0.3 and 0.1, re-
spectlvely When the change in cross sections is
abrupt such as at bridges, CEHV and CCHV may be
as ‘hlgh ?s 1.0 and 0.6. These values may be
chdnge} at any cross section by inserting a new NC
card, however, these new values will be used until

changed allgam by another NC card.

M. aBrIdgie Losses

Energy losses caused by structures such as bridges
and culverts are computed in two paris. First, the

Iosses dule to expansion and contraction of the

cross sectlon on the upstream and downstream .
srdes of tr|1e structure are computed. Secondly, the :
Ioss through the structure itself is computed by ei- .

ther theln%rmal bridge routine or the special bridge

routlne‘
The nor bridge routine handles the cross section
at the bridge just as it would any river cross section

with thé.g;(g:eption that the area of the bridge below

the water surface is subtracted from the total area
and the wetted perimeter is increased where the
water surface elevation exceeds the low chord. Pier
losses are accounted for by the increased wetted
perimeter of the piers as described on card GR. The
normal routine is particularly applicable for bridges
without piers, bridges under high submergence,
and for low flow through circular and arch culverts.
The special bridge routine computes losses through
the structure for low flow, weir flow and pressure
flow or for any combination of these. The type of
flow is determined by a series of comparisons. First,
the energy grade line elevations are computed as-
suming alternately low flow and pressure flow con-
trol. The higher energy grade line elevation deter-
mines the appropriate type of flow. If pressure flow
appears to control and the energy grade line is’
above the minimum top of roadway elevation, then a
combination of pressure flow and weir flow exists. If
the energy gradient is below the minimum top of
roadway, then pressure flow alone controls. If low
flow appears to control, and the corresponding
energy gradient elevation is above the minimum top
of roadway elevation, then a combination of low
flow under the bridge and weir flow over the road-
way approach exists. If the energy elevation is
below the minimum top of roadway, then low flow
controls.

The special bridge routine can be used for any
bridge, but should be used for bridges with piers
where low flow controls, for pressure flow, and
whenever flow passes through critical depth when
going through a structure. The computer program
will automatically shift from the special bridge rou-
tine to the normal bridge routine when there are no
piers and low flow conirols.

N. Output

The output from the HEC-2 Program includes the
following:

1) Alisting of all input data.

2) A summary of results at each cross section
consisting of water surface elevation, slope
of channel, velocities in the channel and in
the overbank areas, etc.

3) A table of specific results at each cross sec-
tion as requested by the user. This table is a
convenience option and may be omitted by
the user.

4) Cross section plots of any or all of the river
cross sections to any scale may be re-
quested by the users.’

5) A profile plot which includes not only the
water surface elevation, but the critical
water surface elevation, energy grade line,
channel bottom, left and right bank eleva-
tions, and the maximum elevation of the
cross section may also be requested by the
user.
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AWt A PPENDIX C

FLOODED AREA MAPS AND FLOOD ELEVATION PROFILES
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AR A PPENDIX D

SCHEMATIC OF A FLOOD PLAIN STUDY

REACH OF THE STREAM AND VALLEY

]

HYDROLOGIC REQUIREMENTS | HYDRAULIC REQUIREMENTS

HYDRAULIC ANALYSIS

DELINEATION |

PRESENTATION OF THE
FINAL REPORT
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