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ACCURACY OF COMPUTED WATER SURFACE PROFI LES
- = = EXECUTI VE SUWARY = = -

| NTRODUCTI ON

Water surface profiles are con?uted.for a variety of technica
uses. Profiles are conmputed for flood insurance studies, flood
hazard mtigation investigations, drainage crossinganal ysis, and
other simlar design needs. Tens of thousands of profile anal yses
are performed each year. The_accuracY of the resulting conputed
profiles has profound inplications. 1n the case of f]ood

I nsurance studies, the conputed profile is the determning factor
of the acceptability of parcels of land for devel opnent.  For
flood control projects, the water surface elevation is inportant
in planning and design of project features and in determning the
econom ¢ feasibility of proposed solutions. Forhighway stream
crossings, the conputed profile can affect bridge desigh and is
the mechani smfor determning the effect of a bridge crossing on
upstream water |evels. The accuracy of conputed profiles is thus
of major interest to the water resolrces comunity. Simlarl
with the large nunber ofstudies performed each year, the cgs¥ of
acquiring essential data, such as cross-sectional geonetry is
significant. The relationship between mappi ng accuracy and
resultant conputed profile accuracy is therefore of major
interest to engineers responsible Tor providing cost-effective
techni cal anal ysis.

The water surface profile for the significant majority of
streams can be conputed using the step-profile (standard-Step)
met hod for steady flow. The nmethod is based on solving the steady
fl ow equations using a cross section to cross section, “step by
steP_Procedure. Errors associated with conputing water surface
profiles with the step-profile nethod can be classified as
t echni que qullcablllty,.conputatlon, and data estimation errors
(McBean 1984). The applicability of the technique is the
responsibility of the professional engineer and nmuch experience
Is available to assist in making an appropriate applicability
decision.  Conputation errorsinclude nunerical round-off and
nunmeri cal solution errors. The formeris ne%Jlngle_u5|ng
today's nodern conputers and the latter can be mnimzed by
enPonlng readi |y avail able mathematical solution techniques.
Data estimation errors may result frominconplete or inaccurate
data collection and inaccurate data estimation. The sources of
data estimation errors are the accuracy of the stream geonetry
and the accuracy of the nethod used and data needed for the °
energy loss calculations. The accuracy in stream geonetry as it
affects accuracy of conPuted profiles is therefore of inportance.
The accuracy of energy |oss cal cul ations depends on the validity
of the energy |oss equation enpl oyed and the_accurac% of the
energy |oss coefficients. The Manning equation is the nost ,
connnnl¥ used open channel flow equation and Manning's n-value is
the coefficient neasuring boundary friction.



This investigation focuses on determning the relationship
bet ween:

* survey technol ogy and accuracy enployed for determning
cross-sectional geonetry,

* degree of confidence in Manning's coefficient, and

* thernesulting accuracy of the conputed water surface
profile.

A second conponent of the study devel oped equations that may
be used to estimte the upstream and downstream study limts
needed for data collection and analysis to ensure that accurate
profile analysis is performed in the vicinity of a highway stream
crossing. The HEC-2 Water Surface Profiles conputer program
(Hydrol ogi ¢ Engi neering Center 1982) is used asthe conputational
tool to conpute the profiles for the investigation.

| NVESTI GATI ON STRATEGY

The strategy adopted for the investigation was to assenble an
array of eX|st|nP HEC- 2 data sets and ad{ust the data sets in a
carefully controlled manner and observe the error effects. The
error effects are determned by conparing the profiles conputed
for the adjusted data sets with the profiles conputed for the
original data set. The data adjustment strategy is that of Mnte
Carl'o sinulation, which incorporates within its nmethodol ogy the
interaction among the several sources of error. Probability
density functions are derived that define the error distributions
for survey cross-sectional measurements and Manning's roughness
coefficients. FError analyses are Ferforned for conventional
field surveys, and 2-, 5-,; and |o-foot contour interval aerial
spot elevation survey and topographic maps. Three |evels of
reliability of Manning's roughness coefficient are studied,
vary|n? from n-val ues sel ected through professional judgnent to
accPrF ely calibrated n-values based on observed historical
profiles.

~ Conparison of conputed base condition profiles and Monte Carlo
sinulation profiles enables calculation of nmean absolute and ‘
maxi mum absol ute errors for each streamreach and error condition
Regression equations are derived for predicting profile error as a
function of survey technol ogy, selected accuracy, Manning's
roughness coefficient and stream hydraulic properties.
Regression equations are also developed for estimating the
uEstreanland downstream di st ances from a hi ghway stream crossing
that are needed for data collection and water surface profile
analysis. Profile calculation data are needed downstreamto
assure that any initial profile error does not inpact on the
profile at the crossing. Profile calculation data are needed
upstream a di stance equal to the estimated convergence |ocation
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of the profile resulting from stream crossing structure headl oss.

Several inportant study bounds were adopted to ensure _
consi stency in decisions involving data processing and anal ysis
strategy, and to confine the investigation to a nmanageabl e set of
I ssues.” The study bounds are:

1.  The discharge (flow rate) corresponding to the |-percent
chanpg flgm1|s used and errors in discharge values are not
consi der ed,

2. The HEC-2 Water Surface Profiles conputer grogran1|s used
for all water surface profile conputations. The programis
applicable for natural stream geometry, one-dimensional,
gradual |y varied, rigid boundary, steady flow conditions,

3. Only subcritical flow conditions are considered,

4. The incremental increase in error caused by |ocal
features such as bridges, culverts, dams, and radical bends
are not considered.

~Monte Carlo analysis provides a way to estinate the
statistical properties of outputs (profile errors) of
numerical nodel s when one or nore of inputs (surveyed cross
section and Manning's coefficient errors) are random variables.
The input variables used in a water surface profile calculation
model differ fromthe true val ues because they are derived from
measured data. Since the errors in these inputs are unknown, the
eval uation of their effect on the profile is al so unknown. A way
to deal with this problemis to acknow edge that the inputs are
sanpl es drawn at random from a popul ation of l|ikely data sets.
This approach allows probabilistic statenents to be made
regarding the relationship between input errors and out put
(profile) errors.

The adopted Monte Carlo sinulation strategy is shown
schematically in Figure 3.1. HEC 2 data sets obtained from Corps
field offices are assenbled in a data file for analysis (step 1
of Figure 3.1). The data sets are subsequently edited (step 2)
to produce consistent data sets. This process elimnates al
but the 1- and | o-percent chance di scharge val ues, renoves all
bri dge data and non-surveyed cross sections, and edits all data
sets to the same expansion and contraction |oss coefficients.
The data sets are subsequentIK eval uated to define appropriate
reach lengths and to assure that all profiles are subcritical.
O the 140 original data sets, 98 are retained for the profile
accuracy analysis after editing.

The edited data sets are further nodified to devel op the base
condition data sets. Interpolated cross sections are added to
mnimze nunerical integration error (step 3). Conparison of
profiles conputed fromthe several commonly used friction |oss
approxi mation techniques of; average friction slope, average
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conveyance, and geonetric and harmonic mean friction slope shows
significant differences, nore than afoot, in reaches of many
streanms. Asignificant nunmber of the original data sets under-
estimate the profiles as conpared to those calculated with nore
accurate integration of the energy |oss-distance function made
possi bl e by using closer-spaced cross sections. The cross
sections are linearly interpolated at 500 foot spacings fromthe
surveyed cross sections (step 3). These cross sections are not
requited for better definition of physical and hydraulic changes
along the stream but only for increaSing the nunber of _
computation steps. The original data sets adequately define the
geonetric variations.

The edited data sets
become the base HEC-2 data
base water surface profile
charts that illustrate the
represented by the adopt%d

e

d

th the interpolated cross sections
sets (step %} used to generate the
(step 95). igure 4.4 contains several
f stream characteristics
a sets. Abase profile is

data sets and subsequently conpared
for the adjusted HEC-2 data Sets.

The.ad%usted HEC-2 data sets are devel oped using the Mnte
Carlo sinulation approach to randomy adjust survey cross-
sectional coordinate points and Manning' s coefficiénts for errors
associated with these paraneters. Analysis conditions are
specified (step 6) and neasurenent error statistics are used to
random y adj ust each coordinate point and Manning's coefficient
in the data set (step 7). No adjustnents are made for field
surveys since they are considered to be without error. Cross-
sectional adjustments are perforned for aerial spot elevations
and topograpllc maps for 2-, 5-, andl|o0-foot contour intervals.
The probability density functions (PDF) of errors for these
conditions are obtained from published nappln? st andar ds.
Manning' s coefficient analyses are perfornmed for three |evels of
reliabrlity of the estimates ranging from professional |udgment
based on field observations to precisely calibrated estinates.

cal cul ated for each of t
with the profiles conpute

The various conbinations of survey and Manning's coefficient
conditions result in 21 different error evaluation situations
for each of the 98 edited data sets. ~The adjusted data sets (step
8) are then processed by HEC-2 to yield the error ?ondltlon
predicted water surface profiles (Step 9), Each of the adjusted
?roflles s conpared with the base condition profile (step 10)

0 determne the nean absol ute reach error (average error over the

stream reach) and absol ute maxi mum reach error

The profile conputed for the ad*usted HEC-2 data set for a
specified survey and Manning's coefticient represents one of a
Set of possible profiles based on the PDF's of the two error
sources. It is therefore necessary to generate sufficient
replicates of each condition analyzed to develop a reliable set
of the error statistics of the nean absolute and maxi num absol ute
reach errors. The resulting nmean absolute reach error val ues and
maxi mum absol ute reach error val ues were subsequently used to
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derive regression equations for predictin%kyater surface profile
errors for specified survey accuracy and Manning's coefficient
reliability conditions.

SURVEY METHODS AND ACCURACY

A stream cross section is a vertical section through the
surface of the ground taken perpendicular to the flow The cross
section is defined by distance and el evation coordinates taken at
changes in topography along the cross-sectional alignnent.

The nunmber of cross sections that are taken vary with stud¥
requirenents and stream characteristics. Suryey met hods used 1o
measure cross-sectional coordinates include field surveys .
performed with |and surveying instruments, aerial spot elevations
devel oped from aerial stereo nodels, topographic maps generated
fromaerial photo raphz procedures, and hydrographlc surveys

that are needed when the size and depth of streans prevent

measur enent by other neans. Measurement errors for these nethods

are a function of industry adopted accuracy standards, equipment,
terrain, and |and surface cover

Aerial photogrammetry is an increasingly used technolo%y for
determ ning cross-sectional coordinate data.  The data can De
easily processed to the desired fornmats for direct conputer
anllcatlon. Two distinct products are spot elevations along the
al 1gnment of the cross sections and topographic nmaps from which
the cross sections are subsequently taken. ~Both techniques are
derived from basic photogrammetry technol ogy.

~The accuracy of aerial technology for generating cross-
sectional coordinate data are governed bY napplng I ndustry
standards. Table 5.2 is a sunmary of relevant accuracy .
standards. Cross sections obtained from contours of topographic
maps devel oped b¥ phot ogrammetric methods are not as accurate as
those generated from spot elevations. The elevation errors of
aerial spot elevations and points on the topographic map are
sgatlall¥ uncorrel ated and random (Hydrol ogi ¢ Engi neering Center
1985) herefore, measurenent errorS for adjacent cross-

sectional coordinate points obtained from either procedure are
not correlated.

The study was performed based on the follow ng adopted
survey accuracy statenents.

1. Field surveys are considered to produce precise, exact
replication of the base condition cross-sectional geonetr
with no errors. This represents the [ower, no neasurenen
error bound on the computed profile accuracy anal ysis,

2. Aerial spot elevation and topographic map cross-

sectional measurement errors are based on the nape*pg
I ndustry accuracy standards shown in Table 5. 2.
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TABLE 5. 2

Aerial Survey Procedures
Vertical (Elevation) Accuracy*

Aerial survey map accuracy forspot el evations and topo%raphic
maps is defined by the naPR|n? industry standard. Standard Map
Accuracy is described by the followng criteria:

1. The plotted position of all coordinate grid ticks and
monuments, except benchmarks, will be wthin 0.01 inch
fromtheir cal cul ated positions.

2. At least 90 percent of all well-defined planinetric
features shall be within 0.033 inch of their true
ositions, and all shall be within 0.066 inch of their
rue positions.

3. At least 90 percent of all contours shall be within one-
hal f contour of true elevations, and all contours shal
be PA}PIH one contour interval of true elevation, except
as follows:

For mapping at scales of 1* = 100' or |arger in areas
where the ground is conPIeter obscured by dense brush
or timber, 90 percent of all contours shall be within
one contour interval or one-half the average height of
the ground cover, whichever is the greater, of true

el evation. Amcontours shall be within two contour
intervals or the average hei ght of the groundcover

whi chever is the greater, of true elevation. Contours
in such areas shall be indicated by dashed |ines.

Any contour which can be brought within the specified
vertical tolerance by shifting its plotter position .033
inch shall be acceptéd as correctly plotted.

At |east 90 percent of all spot elevations shall be

wi thin one-fourth the specified contour interval of
their true elevation, and all spot elevations shall be
within one-half the contour interval of their true

el evation, except that for 5-foot contours 90 percent
shall be within 1.0 foot and all shall bewithin 2.0
feet.

*Sour ce: Brochure from Cartwight Aerial Surveys Inc.
Sacramento, California.

The Hydrol ogi ¢ En¢ ineering Center
December 1966




vertical felevation) errors are analyzed. FErrors in
hori zontal cross-sectional coordinates are not considered
significant,

3. The accuracy of h drographic surveys for channel cross
sections is taken to be the sanme as that used for the
overbank or floodplain portions of the cross sections,

4. The magnitude and frequency of errors due to

human m stakes in neasurenents or cal culations (qunqers ,
are not readily definable and are not considered. Blunders
are Iargely negat ed through normal verification of
measurenents wth other sources of data.

The probability density function for the aerial survey spot
el evations and topographic maps may be estimted
fromthe values specified in Table'5.2. Table 5.3 is a
tabul ation of the standard deviations for the selected contour
intervals for both aerial spot elevations and topographi c maps.

TABLE 5.3

St andard Devi ati ons

Aerial Spot EIevati%?s ?Pd Topogr aphi ¢ Maps
ee

Cont our Standard Devi ation Standard Devi ation
[ nt erval Aerial Spot El evations Topogr aphi ¢ Maps
2 0.30 0. 60
5 0. 60 1.50
10 1.50 3.00

Adj usting cross-sectional coordinate values for the Mnte
Car}olflnulatlon for aerial spot elevation surveys is performed
as follows:

1. Determne the standard deviation for the contour
interval being evaluated (Table 5.3),

2. Calculate the standard nornmal deviate by first .
?eneratlng a uniformdistribution of random nunbers varying
rom0 to 1. Transformthe values to represent the normal

(Gaussian) distribution,

3. Calculate the randomerror for the cross-sectional

coordi nate el evation u3|ng the generated standard norm
deviate and the standard deviation for the survey nethod and
accuracy standard for the specified contour interval,

4, Add the randomerror to the base coordinate point
el evation val ue,



5. Repeat 2. through 4. for all coordinate points and
cross sections in the HEG-2 data set.

Asimlar process is followed for adjusting cross-sectiona
coordi nate val ues associated with reading points from
tppo?raphlc,naps. The difference is the addition of steps to
sinulate being able to read the map only at contour |ines.
Figure 5.4 contains cross-sectional adjustnment exanples.

MANNI NG S COEFFI Cl ENT ERRORS

Accurate estimtion of Manning's coefficients is hanmpered by
| ack of observable field attributes and spatial variation along
the stream Reliable estimtes of Manning's coefficients are
difficult even with use of docunented procedures, field
reconnai ssance, and calibration nethods (Chow 1959 and Federa
H ghway Adm nistration 1984).

Statistical information on Manning's coefficient estinmation
errors is largely nonexistent. Therefore, an experinment is
devised to obtain the error probability density functions
required for the Monte Carlo simulation. Staff of the Hydrol ogic
Engi neering Center and participants in two training coursSes
attended by experienced Corps of Engineers hydraul ic engineers
are asked to estimate the Manning's coefficient associated with
the |-percent chance flow for 10 widely different streamreaches.
The participants are given a photograph and description of each
stream and a method for estimating Manning's coefficients from
Qpen _Channel Hydraulics (ChOM/19553. Study experience
signifrcaniTy (nituenced the estimates of Some participants,
while others rely prinmarily on conparisons of photographs and
descriptions provided in reference materials.

~_ The experinent, though approximte in nature, provides
insight into the variations possible in estinmating Manning's
coefficient. Afew outliers aredel eted and hi stograns ofthe
estimations constructed for each of the 10 reaches. Figure 5.5
contains plots for five of the streamreaches illustrating the
variability of the estimates. The log-nornmal distribution
provides the best fit to the histogramdata and is therefore
adopted to represent the probability density function of errors
associated with estlnatln? Manning' S coefficient. The nean of
the estimates of each of the 10 hrstograms is taken as the true
coefficient val ue.

~ Review of the histograms indicates a greater variance of
estimates for higher Manning's coefficient values than for |ower
coefficient values. Estinmates of Manning' s coefficient for
concrete channels, for exanple, have |ess variance than those for
a densely vegetated stream as one woul d expect since the range of
possibilities is larger. Asinple |inear regression analysis
devel oped a relationship for the standard deviation of errors as

9
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a function of the nagnitude of the roughness coefficient.

The relationship represents an n-value estinmate that would
be representative of mninmumeffort based on professiona
judgnment. It reflects estimates derived from photographs of a
stream a |imted set of background and descriptive infornation,
and made without interaction with other professionals. The other
extreme is perfect know edge of Manning's coefficient - ng
estimation error and no need for adjustment of the base
coefficient values in the Monte Carlo sinulation. This condition
can be approached by skilled and experienced anal ysts using

reliable calibration data. Mst estjmates used in gra tice for
profile conputations fall somewhere between these bounds.

A reliability coefficient (Nr) is postulated to enable
numner i cal anab%3|s of the error in Manning's n-value. Nr ranges
fromO to 1, ere

Nr = 0, when the n-value is known exactly. This represents
perfect confidence in the estinated val ue.

Nr = .5, when reasonable efforts are nade to substantiate
the estimate, but detailed, intensive calibration is
not successful. Mdderate confidence exists in the
estimted val ue.

Nr = 1.0, when an approach simlar to that tested in the
experiment is used to estinmate the coefficient.
Modest confidence exists in estimted val ue.

. The derived Nhnn!n%{s,n-value error equat}on can be
multiplied by the reliability coefficient to reflect the
confidence of an n-value estinmate. Tne rocedur e for. randon
adj usting Manning's coefficient for the Monte Carlo sinmulatio

IS

1. The overbank and channel Manning's coefficients are
retrieved fromthe base conditions HEc-2data files (they
are contained on NC records),

2. The natural logarithns of the values are determ ned,

3. The reliability level (N) is selected and the
associ ated Manning"s coefficient standard deviation is
conput ed

4. Arandomnornal standard deviate is generated. A sjngle

deviate is used to adjust the channel and overbank n-val ués
simul taneously to sinulate the |ikelihood of the estimtes
;n practice to be consistently high or low at aspecific
ocation,

5. The adjusted Nhnnin%'s coefficients are cal cul ated by
adding the product of the normal deviate and standard

11



deviation to the base condition n-val ue,

6. The adjusted Manning's coefficient is obtained by taking
the antilog of the value calculated in 5. above,

7. Steps 1 through 6 are repeated for each set of Manning's
coefficients in the data file (HEC-2 NC records).

COMPUTED PROFI LE ERRORS

The specific error conditions anal yzed are docunmented in
Table 6.1. A total of 21 survey and Nr” conbination error ,
conditions are analyzed for each of the 98 data sets. Processing
these error conditions wth the nunber of replicates needed to
yield stable error statistics resulted in about 50,000 HEC 2

execut i ons.
TABLE 6.1
Survey and Manning' s
Coefficient Error Conditions

Reliability of Manning's Coefficient (N)

Cont our _ Aer al _
I nt erval Field spot Topo%Laphlc
(feet) Surveys El evati ons pS
No Error 0,.5,1.0 N.A. N. A
N A 0,.5,1.0 0,.5,1.0
5 N. A 0,.5,1.0 0,.5,1.0
10 N. A 0,.5,1.0 0,.5,1.0

Profile errors are conputed as the absolute difference (in
feet) between the base data set conputed profiles and the
adj usted data set conputed profiles. The error calculations are
made at the 500 foot interpolated cross section spacing. The
reach mean absolute error 1s the sumof the absolute differences
di vided by the nunber of locations. The reach maxi num absol ute
error is the largest absolute difference that occurs within the
stream reach.

Cunul ative frequency plots for the nean errors resulting from
the Monte Carlo sinulations for the 98 data sets were devel oped
to display the ran%e of errors generated in the analysis.

Figures 6.2 and 6.3 present the frequency plots for both the nmean
absolute errors and maxi num absolute errors at the extrenes of

Manning's coefficient reliability. Note that the errors are

%rpupe I n bands correspond|n? to the survey contour intervals.
his indicates that the profile errors vary distinctly in

magni tude with the 2-, s-, and lo-foot contour intervals. Note
al so that as Manning's n-val ue becones less reliable, the

12
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grouping into contour interval bands is |less distinct.

_Regression anal yses are performed to devel op equations for
Rredlct!ng the conputed water surface profile error. The severa
ydraulic variables tested as explanatory variables include the

| - percent chance flow rate, Manning' s coefficient, cross-
sectional top width, hydraulic depth, and channel sl ope. .
Manning' s coefficient, cross-sectional top width, and hydraulic
depth are streamreach | ength weighted values. The dom nant
hydraulic variables are slope and hydraulic depth. A _

di mensionless termto account for joint variation in Manning's n-
val ue confidence and contour interval is fornulated for inclusion
In the regression equation. = Several conbinations of .

di mensi onl'ess wei ghted coefficients are tested for this termand
the best val ues sel ected.

The adopted regression equations derived for predicting

conputed profile errors for the three survey methods
are tabul ated bel ow.

Fi el d Surveys

Enean = .076+HD' $0%s* 11w (5anr) « 65 (Equation 6.3)
and Emax = 2.1(Emean)'® (Equation 6.4)
wher e: Emean = nmean reach absolute profile error in feet,

Emax = absolute reach maxinumprofile error in feet,
HD = reach nean hydraulic depth in feet, _
S = reach average channel slope in feet per mle,
Nr = reliability of estimation of Manning's

coefficient on a scale of 0 to 1.0.

Aerial Spot El evations

Enean = .076*HD" %0%s*2le(54Nr + sn) -5 (Equation 6.5)

and Emax = 2.1%(Emean) ‘° (Equation 6. 6)

where: Sn = the standardized survey accuracy being_analyzed -
the contour interval 2-, 5-, go-feet divided by
10; and other variables are as previously defined.

For the special case of Manning's coefficient being precisely
known (Nr = 0),

49

Enean = .0731#*s*4%4gn-83 (Equation 6.7)

Topogr aphi ¢ Maps

.13

Enean = .45+HD"35#s5°13%(nr + Sn) (Equation 6. 8)
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and Emax = 2.6*(Emean) 2 (Equation 6.9)

~For the special case of Manning's coefficient being
precisely known (Nr = 0),

Enean = .632#5°234gn1:18 (Equation 6. 10)

The goodness-of-fit of the regression equations can be
expressed using the coefficient of determ nation and the standard
error of regression. The coefficient of determ nation defines the
proportion of the total variation of a dependent variable
exg ained by the independent variables. For exanple, a value of
0.90 indicates that 90 percent of the variation is accounted for
by the independent variables. The standard error of regression
I's the root-nmean-square error. Table 6.2 summarizes the
%oodness-of-flt statistics for the adopted regression equations.

able 6.3 shows standard error values for selected profile
accuraci es.

~The regression equations were adapted to nonographs to
facilitate ease of use. Figures 6.5 and 6,7 are nonographs for
aerial spot elevation surveyland correspondi ng topographi ¢ map
accuracies for Manning coefficient estimation reliabilities (Nr)
of 0 and 1.0, respectively.

TABLE 6. 2

Regression Anal ysis
Goodness-of-Fit Statistics

o Field and Aerial Spot Topog&aphic
Statistic El evation Survey p
N =10 Nr >0 N =10 Nr >0
Coeff. of Deter-
m nation .67 .68 .77 .64
Standard Error (Se)
(log units, base 10) .21 .17 .19 .20
TABLE 6.3

Profile Accuracy Prediction Reliability*
Aerial Spot Elevations Surveys

Predi cted +1Se -1Se +2Se -2Se
Error (ft) (£t) (£t) (£t) (£ft)
.10 .15 .07 .21 .05
.30 .44 .20 .64 .14
.50 .73 .34 1.07 .23
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TABLE 6.3 cntd
Topogr aphi ¢ Maps

Predi cted +1Se -1 Se +2Se -2Se
Error (f£t) (£t) (£t) (£t) (ft)
.50 .79 .32 1.26 .20

1. 00 1.58 .63 2.51 .40
1.50 2.38 .95 3. 77 .60

The values are the plus and mnus limts.

SUMMVARY of PROFI LE ERROR RESULTS

Profile errors resulting fromuse of comonly applied field
survey methods of obtaining cross-sectional coordinate data are a
function only of Manning's coefficient reliability. Co utep

rofile errorf#s felﬁtlvely snallleven for rough eStIanBS 0
nning's coefficient. For exanmple, for hydraulic depth of 5
f eet a%d stream sl ope of 10 fee?pper ny{etypﬁe predlcPeg mean
errors are 0, .47, and .74 feet for reliability of Manning's n-
value of 0, .s, and 1 respectively.

Profile errors resulting fromuse ofaerial spot elevation
surveys for obtaining cross-sectional coordinate data varies with
the contour interval and reliability of Mnning' s n-val ue. gor
exanpl e, for hydraulic depth of 5 feet and stream slope of 1
feet per mle, the predicted mean errors for precisely known
Manning's n-value is .06, .13, and .22 feet for contour intervals
of 2-, 5-, and lo-feet respectively. Simlarly, the predicted
mean errors for lowreliability of° Manning's n-value (Nr = 1) are
0.75, 0.78, and 0.83 feet, respectively.

The relatively small profile error for the aerial spot.
el evation survey method is due to the high accuracy of aerial
spot el evation surveys and the randommess of the neasurement
errors at the individual coordinate points. The latter results
i n conpensating errors along the cross-sectional alignment. For
the error prediction determned fromthe regression equations to
be valid, eight or nore cross-sectional coordinate points are
needed to ensure that the randommess and thus conpensatory error
process has occurred.

_ Note also that the error in conputed water surface profiles
I ncrease S|gn|f|cantl¥_MAth decreased rellabllltY of Manning's
coefficient. The profile errors resulting fromless reliable
estimates of Manning's coefficient are several tinmes those
resulting fromsurvey neasurement errors alone. Figure 6.7a
readi |y shows the insignificant effect of survey contour
intervals on the profile error when less reliable Manning's
coefficients are used. For reliability of Manning's n-val ue of
1.0, the error in the conputed water surface profiles wll
probably be greaterthan .75 feet for streamreaches with
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avera?e sl opes greater than 10 feet per mle regardless of the
aerial spot survey contour interval

_ There is significantly greater error forlarger contour
intervals for topographic ‘maps than for aerial spot elevation
surveys. Data from topographic maps are sinply |less accurate
than data from spot elevation nethods. élsg, to Ogrﬁ hic ma
cross-sectional elevations can only be obtailned gt t B contoBr
intervals. For exanple, for the same values of hydraulic depth
(5 feet), streamslope (10 feet per mle), and Manning' s n-val ue
reliability %0 and 1), respectlvel¥, the predicted mean errors
are .16, 0.47, and 1.06 feet: and 1.28, 1.60, and 2.13 feet.
Significant mean profile errors (greater than 2 feet) na¥ be
expected for anal yses involving steep streans, |arge contour
intervals, and unreliable estimates of Manning's coefficients.

TABLE 6.7

SURVEY ACCURACY REQUIREMENTS
FCR SPEC! FI ED PROFI LE ACCURACI ES
(Hydraulic Depth is 5 Feet)

Manni ng' s n-val ue Manning' s n-val ue
Reliability - N\r =0 Reliability - Nr =1
Stream Profile Acguracy Aerial Survey Topo Map  Aerial Survey  Topo Map
Sl ope Enean Cont our Cont our Cont our Cont our
(ft./m.) (feet) I nterval I nterval I nterval Interval
1 .1 10 foot N A N A N. A
1 .5 10 foot 5 foot N. A N. A
1 1.0 >10 f oot 10 f oot 10 foot 2 foot
1 1.5 >10 f oot 10 f oot 10 f oot 5 foot
1 2.0 >10 f oot 10 foot >10 f oot 10 foot
10 .1 2 foot N. A N. A N A
10 .5 10 foot 5 foot N. A N. A
10 1.0 10 foot 5 foot 10 foot N. A
10 1.5 >10 f oot 10 foot 10 foot 2 foot
10 2.0 >10 f oot 10 f oot 10 foot 5 foot
30 .1 2 foot N. A N. A N A
30 .S 10 foot 2 foot N. A N. A
30 1.0 10 foot 5 foot 10 f oot N. A
30 1.5 >10 f oot 10 foot 10 foot 2 foot
30 2.0 >10 f oot 10 foot 10 foot 5 foot

%Denotes maxi mum survey contour interval to produce desired accuracy.
Emean s nmean absolute reach error.

The Hydrol ogic Engineering Center
December 1966
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The error prediction equations may be used to determne the
nagpln% required to achieve a desired conputed profile accuracy.
Table 6.7 i's an exanple for selected stream sl opes and Nr val ues
of 0 and 1.0, and for a hydraulic depth of 5 feet. The table
shows that a 10 foot contour interval for aerial spot elevations
is sufficient except for nmean profile errors of less than .1
feet for steeP streans. Simlar tables for other conditions nay
be devel oped fromthe nonmographs or equations .

UPSTREAM AND DOMWNSTREAM STUDY LIM TS

Establ i shment of the upstream and downstream study boundaries
for profile calculations are required to define [imts ofdata
collection and subsequent analysis. Calculations nust be
initiated sufficiently far downstreamto assure accurate results
at the structure, and continued sufficiently upstreamto
accurately determ ne the inpact of the structure on upstream
water surface profiles. Underestimation of the upstream and
downstream study | engths may produce |ess than desired accuracy
of results and eventually require additional survey data at
hi gher costs than could be obtained with initial surveys. On the
ot her hand, significant over-estinmation of the required study
l ength can result in greater survey, data processing, and
anal'ysis costs than necessary.

The downstream study |l ength is governed by the effect of
errors in the starting water surface elevation on the conputed
water surface elevations at the structure (see Figure 7.1). Wen
possi bl e, the analysis should start at a |location where there is
ei ther a known (hlstorlcall¥ recorded) water surface elevation or
a downstream control where the ﬁrof|le passes through critica
depth. Observed downstream hi water marks are relatively
conmon for calibration of nodel's to historical events, but are
unlikely to be available for evaluations of hypothetical events
such as the |-percent chance event. Alternative starting
el evations are needed for stream conditions where high water
marks and control locations are nonexistent or are too far
downstreamto be applicable. Two conmmonly applied starting
criteria are critical depth and normal depth. The starting
| ocation should be far enough downstream so that the conputed
Proflle converges to the base (existing condition) profile prior

o the bridge location

The upstream study length is the distance to where the
profile resulting froma structure-created headloss
converges with the profile for the undisturbed condition. The

magni tude of profile change and the upstream extent of the
structure-induced disturbance are two of the primary criteria
used to evaluate the inpacts of nodified or new structures.

Regressi on anal yses were performed to devel op prediction

equations for determning study limts. HEGC2 base data sets
were run fora variety of starting conditions and structure
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headlossval ues. The results were then used in the regression
analysis. The resu]tln? equations and associ ated nonogr aphs
provide the capability tor determning the extent of required
survey and nmapping and ot her hydraulic parameter data collection.

STUDY LIMITS FOR DATA COLLECTION AND ANALYSIS

DOWNSTREAM DISTANCE (Lg) 4 UPSTREAM DISTANCE (t,,)
(CONVERGENCE DISTANCE) (CONVERGENCE DISTANCE)

STARTING
LOCATION PROJECT INDUCED

INCREASED PROFILE —
ELEVATION

MODIFIED PROFILE —
==
— — BASE PROFILE

NEW OR MODIFIED
STRUCTURE

NORMAL
DEPTH 7
CRITERIA \

CRITICAL
DEPTH
CRITERIA

The Hydrologic Engineering Center
December 1986

FlcRe 7.1 Profile Study Limts

The adopted regression equations are:

Ldc = 6600*HD/S (Equation 7.1)
Ldn = 8ooo*HD*%/s (Equation 7.2)
Lu = 10,000*HD. 6*HLo5/ S (Equation 7.3)

where: Ldc = downstream study |ength (along main channel) in feet
for critical depth s artln? condi tions, _
Ldn = domnstrean1stud¥ l ength (a ong_na|n channel) in feet
for normal depth starting conditions,
HD = average reach hydraulic depth (I-percent chance fl ow
area divided by cross section top width) in feet,
s = average reach slope in feet per mle, and
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HL = headloss rangi ng between .s and 5.0 feet at the channe
crossing structure for the |-percent chance flow

The equations were converted to nonographs to present the
results in a convenient form Figures 7.4 and 7.5 are. the
nonographs for downstream nornal depth starting conditions and
upstream reach |ength, respectively.

The goodness-of-fit of the re?ression_equations can be
expressed using the coefficient of determnation and the standard
error of regression. The coefficients of determ nation for
equations 7.1, 7.2, and 7.3 are .89, .83, and .90 respectively.
The standard errors of regression for the three equations are
0.26, 0.22, and 0.18 (in [og units), respectively.

SUMVARY AND CONCLUSI ONS

Aerial Survey and Topographic Map Accuracy. Streamcross-
sectTonal geonetry obtained 1rom aerial surveys (aerial spot
el evations and topographic naﬁs) that conformto nmapping I ndustry
standards are nore accurate than is often recognized. cross-
sectional geonmetry obtained fromthe aerial spot elevation
surveys is about tw ce as accurate as cross-sectional geometry
obt ai ned from topographi c maps derived from aerial surveys for
the same contour interval

Profile Accuracy Prediction. The effect of aerial spot
el evalion SUrvey or topographiC mapping accuracy on the accuracy
of conputed water surface profiles can be predicted using the
napplng_lndustry accuracy standards, reliability of Mannings's
coetficient, and stream hydraulic variabl es.

_Manning's Coefficient Estinmates. The reliability of the
estimation of MBNNing s coefficient has a major inpact on the
accuracy of the conputed water surface profile. Significant
efffgt shoul d be devoted to determning appropriate Manning's
coefficients.

Addi tional Calculation Steps. Signjficant conputational
errors can result fromusing cross-sectional spacings that are
often considered to be adequate. The errors are due to _

I naccurate integration of the energy |oss-distance relationship
that is the basis for profile conputations. This error can be
effectively elimnated by adding interpolated cross sections
(nmore cal cul ation steps) between surveyed sections.

Aerial Survey Procedures. Aerial spot elevation survey
met hods are generally nore cost effective than field surveyS when
more than 15 survey cross sections are required. Use of aeria
spot el evation survey_technology ermts additional coordinate
points and cross sections to be obtained at small increnental
cost. The coordinate points nay,be formatted for direct input to
commonly used water surface profile conputation conputer prograns.
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PREFACE

The Accuracy of Conputed Water Surface Profiles stud¥ was
erformed by the Hydrologic Engineering Center (HEC), Waler
esour ces Support nter, U S. Army Corps of Engineers, Davis,
California, forthe Federal H ghway Adm nistration, Department of
Transportation.

This docunment describes the results of an investigation of the
effects of using survey and mappi ng technol ogy for. determ ning
cross-sectional “coordinate geonetry,and the Teliability of
Manni ng' s roughness (n-vaIueP coefficient on the accuracy of
conputed water surface profiles. The, objective of the
Investigation is to develop a method for determning the needed
survey and Manning's n-val ue accuracy in order to obtain a desired
profile accuracy. = Arelated aspect ofthe study was the
devel opment of a nethod for estimating upstream and downstream
study limts needed for data collection for subsequent profile
conmput ati ons.

The research study was conducted by M chael Burnham, project
manager, under the difection of Darryl "Davis, Chief, Planning
Division, the HEC. Robert Carl, also of the Planning Division,
contributed significantly by deyelo?ln% the data YOCGSSIH?
strategy, and Subsequent’ analysis of the over 50,000 conpufer
programexecutions required for the study. alfredo Montal vo
provi ded val uabl e insights and assistance early in the study and
John Peters offered excellent technical advice throughout. ~ Keith
Nel son and Barbara Bauer, University of California student
interns, performed most of the data editing tasks. M. Bauer also
perforned the data processing associated with the statistica
error analyses. Kinberly Powel| and Beverly Porter t&ped t he
final report. Bill S. Eichert was Director” of the HEC during the
conduct of the study.

Several consultants provided val uabl e assistance in the study
and warrant special acknow edgment. Dr. Dennis MLaughlin
Massachusetts Institute of Technol ogy, formulated the basic Mnte
Carl o approach and assisted as a consultant throughout the
I nvestigation. = John Buckley ofBorcalli, Ensign, "and Buckl ey
COnsuIt!nP Engi neers, Sacranento, California, prepared the
Conmercial _Survey Guidelines for Water Surface Profiles docunent
Which clarified SUrvey techni ques. and defined Survey accuracies
and costs. This document is published separately. ~Don Johnson of
Cartwight Aerial Surveys Inc., Sacramento, California, provided
I nportant insights into the technology of aerial photography and
the associ ated accuraci es and costs.




The gui dance and suggestions offered by the contract nmanager,
Roy Trent, O fices of Research, Devel opnent and Technol ogy, and by
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CHAPTER1
| NTRODUCTI ON

|-1. Study Backaground and Purpose

Water surface profiles are conmputed for a variety of technica
uses. Profiles are conputed for flood insurance studies, flood
hazard mitigation investigations, drainage crossing analyses, and
other simlar design needs._ Tens of thousands of profile analyses
are performed each year. The.accuraCY of the resulting conputed
profiles has profound inplications. 1n the case of flood
I nsurance studies, the conputed profile is the determ ning factor
of the acceptability of parcels of land for devel opnent. ~ For
f1ood control pr%}eqts, he water surface elevation is inportant
in planning and design of project features and for determning the
econom ¢ feasibility of proposed solutions. Forhighway stream
crossings, the conputed profile can affect bridge design and is
t he mechani sm for determning the effect of a bridge crossing on
upstream water |levels. The accuracy of conputed profiles is thus
of major interest to the water resources comunity. Simlarly,
with the large nunber of studies performed each year, the cost of
acquiring essential data, such as cross-sectional geonetry, is
significant. The relationship between mappi ng accuracy and
resul tant conputed profile accuracy is therefore of najor interest

to engineers responsible for providing cost-effective technical
anal ysi s.

The study has two separate conponents. The first conponent
devel ops equations for predicting the effects of cross-sectional
survey nethod and accuracy (field surveys, aerial spot elevation
surveys, and toPographlc maps) and uncertainty in Manning's
coefficient _on the accuracy of the conmputed water surface
Proflles. The second conponent devel ops equations to estinate

he upstream and downstream study limts needed for data
collection and analysis to enable accurate profile analysis to be
performed in the vicinity of a highway stream crossing.

|-2.  Profile Conputations

The water surface profile for the significant mgjority of
streans can be computed using the step-profile (standard-step)
nethod for steady flow, The method i's based on solving the steady
fl ow equations using a cross section to cross section, step by
steP_Procedure. Erfors associated with conputing water surface
rofiles wwth the step-profile nethod can be classified as ba5|%
heory, conputation, or data estimation errors (McBean 1984). he
applicability of the thegry is the responslblllay of the

prof essi onal “engi neer.  Conputation errorsincl ude nunerical
round-of f and nunerical solution errors. The former is negligible



using today's nodern ponButers and the latter can be mnimzed by
enPonlng readily avail able mathematical solution techniques.

Data estrmation errors may result frominconplete or inaccurate
data collection and inaccurate data estimation. The sources of
data estimation errors are the accuracY of the stream geonetry and
the accuracy of the method used and data needed for energy |oSs
cal culations. The accurapy in stream geonetry as it affects
accuracy of conputed profiles is therefore of "inportance. The
accuracy of energy loss calculations depends on the validity of

t he energy,lpss equation enpl oyed and the accuracy of the energy

| oss coerficients. The Manning equation is the mbst commonly used
open channel flow equation and the coefficient neasuring boundary
friction is Manning's n-val ue.

This investigation focuses on determning the relationship
bet ween ‘

(1) survey technol ogy and accuracy enpl oyed for determ ning
cross-sectional geonetry,

(2) degree of confidence in Manning's coefficient, and

(3) th%_nesulting accuracy of the conputed water surface
profile.

A second conponent of the study devel ops equations that may be
used to estimate the upstream and downstream study limts needed
for data collection and analysis to ensure that accurate profile
analysis is performed in the vicinity of a highway stream
crossing. The HEGC-2 Water Surface Profiles conputer program
(FMdroIo I ¢ Engineering Center 1982) is the conputationa

tool used to compute the profiles for the investigation.

[-3. Error Analysis

The strategy adogted for the investigation was to assenble an
array of existing HEC-2 data sets, adjust the data sets in a
care ull¥ controll ed manner and observe the error effects. The
error effects may then be determ ned bY conmparing the profiles
conputed for the adjusted data sets with the profiles conputed for
the original data set. The data adjustnent strategy is that of
Monte Carlo simulation, which incorporates within its nethodol ogy,
the interaction anong the several sources of error. Probability
density functions are derived that define the error distributions
for survey cross-sectional measurements and Manning's roughness
coefficients. FError analyses are performed for conventional field
surveys, and 2-, s-, and [o-foot contour interval aerial spot

el evation survey and tpPp?raphlc maps derived from aerial surveys.
Three levels of reliabili of Manning's roughness coefficient are
studi ed, varying from n-val ues sel ected through professiona
Ludgenpnt to accurately calibrated n-values based on observed

i storical profiles.



~ Conparison of conputed base condition profiles and Mnte Carlo
sinulation profiles enables calculation of nean absolute and
maxi mum absol ute errors for each streamreach and error condition
Regression equations are derived for predicting profile error as a
function of survey technol ogy, selected accuracy, Manning's
roughness coefficient and stream hydraulic properties.

Regressi on equations are devel oped for estimating the
uEstreanland downst ream di stances from a hi ghway stream crossing
that are needed for data collection and water surface profile
analysis. Profile calculation data are needed downstreamto
assure that any initial profile error does not inpact on the
profile at the crossing. Profile calculation data are needed
upstream a di stance equal to the estimted convergence |ocation
of the profile resulting fromstream crossing structure headl oss.

~The collection of HEG-2 input records from conpleted Corps of
Engi neers studies yielded 140 HEC- 2 data sets. O these, 98 were
ultimately used in the analysis. Over 50,000 HEC-2 program
executions were required to generate the profiles needed to
anal yze the streamdata sets for all desired error conditions.

Several inportant study bounds were adopted to ensure
consi stency in decisions involving data processing and anal ysis
strategy, and to confine the investigation to a nmanageabl e Set of
I ssues.  The study bounds are |isted bel ow.

(1) The discharge (flow rate) corresponding to the |-percent
chance flow is used and errors in discharge values are
not consi dered.

(2) The HEC-2 Water Surface Profiles computer programis
used for all water surface profile conputations. The
programis applicable for natural strean1geonetry, one-
di mensi onal, gradually varied, rigid boundary steady
flow conditions.

(3) Only subcritical flow conditions areeval uated.
(4) The increnental error contributed by the inpact of |oca

features (bridges, culverts, dans, and radical bends in
streams) are not consi der ed.

1-4. Summary of Fi ndi ngs

The mgjor findings of the research study are:

(1) Aerial Survey and Topographic Map Accuracy. Stream
cross-sectional geonetry obftarned from aerial surveys
(aerial spot elevations and topographic maps) that
conformto mapping industry standards are nore accurate
than is often recognized. ~Cross-sectional geonetry
obtai ned from aerial spot elevation surveys is about

3



tw ce as accurate as cross-sectional geometry obtained
from topographi c maps derived from aerial surveys for the
same contour interval

(2) Profile Accuracy Prediction. The effect of aerial spot
erevation survey or topographi c mapping accuracy on the
accuracy of computed water surface profiles can be
predi cted using-the mapping industry accuracy standards,
reliability of Mannings's coefficient, and stream
hydraul i c vari abl es.

(3) Manning's Coefficient Estimates. The reliability of the
estimatl on of Nhnnln%'s coeffrcient has a major inpact
on the_accurac¥ of the conputed water surface profile.
Significant effort should be devoted to determ ning
appropriate Manning' s coefficients.

(4 Additional Calculation Steps. Significant conputationa
errors can result fromusing cross-sectional spacings
that are often considered to be adequate. The errors
are due to inaccurate integration of the energy loss-
di stance relationship that is the basis for profile
conputations. This error can be effectively elimnated
by adding interpolated cross sections (nore calcul ation
steps) between surveyed sections.

(5) Aerial Survey Procedures. Aerial spot elevation survey
methods are generally nore cost effective than field
surveys when nmore than 15 survey cross sections are
required. Use of aerial spot elevation survey technol ogy

ermts additional coordinate points and cross sections

0 be obtained at small increnmental cost. The coordinate
poi nts na¥ be formatted for direct input to commonly used
wat er surface profile conputation conputer prograns.

1-5.  Report Organization

_ The report includes an executive sumary, preface, an
introductory chapter, eight chapters that describe the study

met hodol ogy” and results, and several appendices. Chapter 2

descri bes sel ected aspects of open channel h¥draullcs and concepts
of water surface profile conmputations. Chapter 3 provides a
detailed description of the research strategy. Chapter 4 _
describes the streamprofile data sets that were gathered, editing
that was performed on the data sets, and docunentS the adopted
base condition data sets. Chapter 5 describes the source and
nature of errors in cross-sectional geonetry and Manning' s
coefficient. Chapter 6 describes the error analysis and presents
the results of this portion of the investigation. Chapter 7
describes the study limt analysis forestinmating the upstream and
downstream study li'mts. Chapter 8 summarizes and references a



sug?ested approach for locating and collecting data for water
surtace profile calculations. A brief exanple is presented.

The main report is supplenented by four Appendices and a
separate report. Appendi x A describes the Federal |nsurance
Adm nistrations's regulatory policies applicable to water surface
profile anal yses for "highway stream crossings. APPendiX B
Il lustrates adjustments to cross sections and proflles based on
the Mnte Carlo sinulation technique. Appendix C provides a
listing of the error analysis results. Appendix D, Data
Management Procedures, bound separately, describes im detail the
data managenent and PropeSS|ng appl i ed throu%QFut t he anal ysis.
Al'so, bound separately is Commercial Surve | delines for
Water Surface ProfileS whiCh documents the survey technol ogy
appropriate for determning the natural stream geonetry.
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CHAPTER 2
WATER SURFACE PROFI LE CALCULATI ON CONCEPTS

2-1. General Overview

Comput ation ofa water surface profile for a natural streamis
a conplex task. The present, generally accepted nethod of
calculating the water surface profile i's based on several |
| nportant Sinplifying assunptions. The water surface profile for
the significant ngjority of streans can be conputed using the
step-profile (standard-st e1p) met hod for steady f |l ow (U. S. Army
Cor ps of.Englneers 1959). he widely applled,HEC-Z,cpnputer
pro?ran1|s ased on this nethod. The nethod is a finite
difference solution of the differential formof the energy
equation witten between successive natural stream cross  Sections.
The inportance of the basis for the nethod of solving a
differential equation using a numerical approxinmation approach
w1 become apparent later”in this report.

Thi s chapter presents basic concepts of open channel
hydraulics relevant to water surface profile calculations.

nphasis is on the uncertainties associated wth applying the

concepts when perforn1n? the calculations. The material is not
I ntended as a conplete Treatise on the subject but is intended to
hi ghli ght inmportant concepts relevant to this study. More
conpl et'e descriptions of open channel flow hydraulics may be found
in several well recognized publications such as Open Channel
Hydraulics (Chow1959), Open _Channel Flow,( Hendeérson 196e),
conput ation of Water-Surface Proriles in Open Channels (U S
Ceol 0gi cal SUrvey.1984), Backwater Ccurves In Rver Channels (U S
Arny_ r ps_of Eng|neers 1959), and |HD Volune 6 Water Surface
Profiles (The Hydrol ogic Engineering Center 19757.

2-2. Open Channel Flow Concepts

. 2-2.1. Basic Concepts. Flowin a natural river changes wth
time; the rafe of change depends on the size of the stream the
season of the year, and many other factors. The flow pattern is
typically three-dinensional “with a single dimension adequate to
describe’the flow field. Many streams flow on alluvial beds
resulting in a non-rigid flow boundary.

. The step-profile nethod is applicable for steady, one-
di nensional rigid boundary flow. ~ The degree to. which the careful
application of "the step-profile nethod can provide satisfactory
results is an issue for debate, The step-profile nmethod may be
applled by experienced professionals in a way that mnimzeS the
potential “source of errors. The cross. section is subdivided to
Pernlt apprOX|nat|on of the variation in velocity transverse to

he direction of flow. The vertical velocity variation is usually

7



uninportant.  Different flow | or
overbanksections. The flow r file

s carefully selected to satisfy the steady flow approxi mation
For this investigation, it is asumed that the application of the
step-profile nethod of analysis is appropriate and that it is
being applied in an experienced, professional manner.

engths are specified
at

channel and
e used for the pro
I

f
Il e conputation
P
C
t
r

-2.2.  Steady, Uniform and Non-uniformFlow. Ve

I of a
n motTon can change rn boin t1me and space. \We
h

ed

C

o0

y
e
ned as
me, the
S

s constant with respect to tine, the flowis de
dy. Wen velocity at a location changes with t
IS Ined as unsteady. Aconstant velocify (and th
stant depth) wth respect to distance along a prism
bed as uniformflow Natural streams do not hav
_ channel s but instead, the cross-sectional geometr
varies along the stream Non-unjformflow occurs whén the
vel ocity changes al ong a stream because the geonetry or roughness
changes: Flow is considered to be one-dimensional when all™ .
|nPortant aspects of the fIOM/Phenonena can be explained by single
val ues of velocity and depth at each cross section throughout the
P?Phlf ... in effect one velocity and depth at each |ocation on
e stream

i
u

0
n t
def

[
t
tic channel
ave

Steady flowin a Iong streamwi th an approximately prismatic
channel occurs at a constant depth, called normal depth. Since
adj acent streamreaches wil| in practice have different
roughnesses, geometric configurations, flows, or invert slopes
each reach can be thought ofas having a different normal depth.
The natural streamwater surface profile therefore consists of a
series of transitional curves, each converglng toward normal depth
fromone reach to the next. Since the profile transitions for
gradual chan%es I n roughness, geometry, or flow are not likely to
e abrupt, the pressure distribution in a vertical colum of water
W ll remain hydrostatic and thus the flow can be classifjed as
gradual ly varied. Figure2.1 illustrates selected transitiona
profile ‘curves that occur forstreans with mld sl opes.

2-2.3. Flow Continuity. Discharge is the product of the
cross-sectional area of Tiow and the nean flow velocity. The
di scharge through a cross section is the sumof all the  discharges
t hrough™ t he conponent subareas ofa cross section, or

Q=2oi= i20(v1:m1) = V<A (Equation?2. 1)

where: V = the average velocity, _
A= the total "area ofthe cross section,
Q = di scharge, and _
| = el ement” ofthe cross section.
n = nunber of cross section el enents
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Thus, for reaches having constant discharge at successive cross.
sections, the equation of continuity restults in the relationship

Q = V,*A, = V, %A, (Equation 2.2)

2-3.  Enerqgy Equation

~2-3.1. Derivation of Fquations. The equation for the
principle of conservation of ener%y my be witten between
adj acent cross sections. Figure 2.2 1S a definition sketch for
t he ener?Y_prlnC|pIe applied to a natural stream The velocity
head coefticient used to correct the one-dinensional equation
calculations for the usual two-dimensional velocity fi IS
omtted to sinplify the presentation and di scussion. -2 and
other water surface profile prograns account for varied velocity
across the section put it is not inportant to the discyssion Wete.

O her mnor energy loss terms are left out as well. e resulting
equation is

Ws, + V,%/29 = ws, + v,%/29 + n, (Eguation 2.3)

(See Figure 22for definition and illustration of ternmns)

The potential and kinetic eneQ?y terns in the above equation
are equal to the water surface and vel gocity head terns,
respectively. I'nspection of Figure22shows that the energy | oss

due to friction for the reach is ﬂ function of .the rat%_ofenergy
loss and the reach length. A sinple approxinmation of this
loss is

h, = L*§; (Equation 2.4)

and by substitution,
he/L = ((WS, = WS;) + (V,% - v,%)/29)/L = §, (Equation 2.5)

Witten as a differential equation, the rate ofenergy |oss
at a point on a streamis

dhg/dx = d( WS - v2/2g)/dx = S, (Equation 2.6)

10



J |DATUM 1 i

\Wer e H G L. = hydr aullc rade li ne
EGL = e er gy | | ne
2z = ¢/ evalion of the streanmbed above the datum
Y = depth of flowin the channe
L = di stance al ong t he streambed between the cross

sections

V = average velocity of flow area

_g = acceleration due to gravity _

sf = average S| ope of the energy gradeline

o = S| ope of the streanbed

= headloss due to friction

w§ = Water surface elevation above the datum

no. = cross-sectional nunber

The Hydrologic lnqinoozinq Center
December 198

'TGURE 2.2 Mter Surface Profile Computation Dingram
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~The total energ | 0SS betmeen two sections may be cal cul ated
by integration of EQquation 2.6 as

=L

h, = 8 p*dx (Equation 2.7)

?th of stream
grati

r
S

n

a on i ncrement, and

te of energy |oss, sonetimes referred
iction sl'ope, at any given |ocation.

he le
nt egr
he a
asfr
The ot her | osses nornallg accountedfcn such as expansi on and
contraction | osses, have been on1tte for clarity. These |osses
are described in Section 2-3.3. Equation 2.7 iS the correct
representation o&gperpx | 0ss, whereas Equation 2.4 is a sinple
e tha

aﬁ proxi mati on. t friction slope is not constant
roughout the reach.

2-3.2. Manning's Equation. The enpirical Manning's equation
conmmonly applred in wafer surface profile calculations defines the
rel ationship between surface roughness, discharge, flow ?eonetry,
and rate of friction [oss for a given stream | ocation.

Q = 1.49%A%R? 345 /20 (Equation 2.8)
where: n = Manning's rou hness coefficient,
Q = discharge ic feet per second),
A= flow area square eetf
R = hydraulic radius (feet), and
s, = friction slope (feet per feet).

Manni ng' s _equation in conjunction with the continuity equation
(Equation 2.2) may be used to estinmate the rate of energy |oss due
to boundary friction between syccessive cross sections.

Rearrangi ng Equation 2.8, the friction slope at a crosssection
may be estimted as

S = (n*Q/1.49%a%R?/3)2 (Equation 2.9)

2-3. 3. Exp? sion and Contraction Losses, An abrupt change in
w geonetry from expansion or contraction of the channel and

flo

floodplain flow area results in a local energy [oss from
increased internal fluid friction and turbul’énce | osses. These
| osses are approxi mated by

12



he = c*|(v,2 - v,%)/24q] (Equation 2.10)

where: he = expansion or contraction energy | 0ss, and
C = expansion or contraction coefficjent ,
and other parameters are as previously defined.

Separate but constant |oss coefficients were adopted for
e?pgn5|on and contraction | oss conputations for the research
study.

2-4. Step-Profile Analysis

. 2-4.1. Analysis Concepts. The water surface profile for the
significant majorrt{y of streams can be conputed using the step-
profile nethod for Steady flow (U S, Ar rps of ENgineers
1959). The nmethod is based on solving the steady flow equations
u5|n%_a Cross section to cross section, step by Step procedure.
The di stance between cross sections is known and water surface.
el evations assuned and calculated in an iterative process. This
I s acconplished by successively performng an energy bal ance.
bet ween consecutive cross sections until a stable condition is
achi eved and thus the water surface elevation known (Chow 1959 and
Henderson 1966). It is a sinple numerjcal integration solution
of %he differential energy equation witten between adjacent cross
sections.

2-4.2. Analysis Assunmptions., The key assunptions for the step-
profile analysr's procedure are listed below.

(1) The flow is steady.

(2) Manning's equation is valid
energy | oss due to boundary
stream

for conputi
friction in

>
OO

C
(3) Manning's roughness coefficient roughness is valid for
gradually varied flow and is constant forthe reach.

(4) The change in el evation ofthe streanbed between cross
sections1s small.

(5) The stream cross-sectional boundary is rigid.

(6) Flow is one dinmensional (vertical and |ateral velocity
variation in the flow direction is small).

(7) The vertical pressure distribution is hydrostatic (flow
I's gradual |y varied).

13



2-4.3.  Friction Loss. The energy Ioss due to boundary
eg

friction for a sireamreach is the |n ra o the rate of energ ¥
| oss over the reach length.  Several SIHR |ed a prOX|nat|ons 0
this energy |oss have Deen developed. ey ute a
representa Ive rate of energy Ioss (average vaIue) hat can then
be multiplied b¥hthe | engthto conmpute the | oss. Reference

Equat i on 2 4, e frlctlon | oss approxi mation methods incl ude:

si npl e average, harnonic nean, and geometric nean of the friction
sl opes of the ends of the reach, and the average of the conveyance
at the reach ends (Hydrol ogi ¢ Engineering Center 1982). In
equation form they are

(1) Average Friction Sl ope Egquation
g = (8g9 + 8g5)/2 (Equation 2.11)

(2) Average Conveyance Equation
e = ((Q, + Q)/(K, +K,))2 (Equation 2.12)

(3) Ceonetric Mean Friction Sl ope Equation

S, = (8,4, £2) (Equation 2.13)

(4) Harnonic Mean Friction Slope Equation

S, = (2%8,4,%8,,)/(8ey + Sg3) (Equation 2.14)

|f the reach lengths are short, all of the above equations
rovide essential|ly the same result in profile conputations. As
he reach length iS extended, the resulting representative rate of
friction loss is increasingly different and the nDst accurate

aPPrOX|nat|on to use depends’on the flow regine. gure 2.3
ustrates this concept for the comonly occurrln backmater (M)
and drawdown (M2) curves. It also shows th s the cross

sections are placed closer together (dx becones snaller th%
representative friction slope approaches a constant vaIue lgure
.4 shows the effect of addi ng nore cross sections (nore
I ntegration steP over two reach lengths. The result is a better
|ntegrat|on of the friction rate variation overthe reach. and
theréfore a nmore accurate calculation of the profile. IS occurs
even though the additional cross sections may only add conputation
steps and do not necessarily reflect changes’in géonetry.

14
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The choice of the friction loss equation for this study is
made insignificant because such short reach |lengths are used that
t he values conputed from Equations 2.11 to 2.14 are the sane. .
| nterpol ated cross sections were inserted at 500 foot intervals in
all data sets used in the study. The various friction |oss
equations then yield essentially the sane results. The
i nterpolation procedure is described in Section 4-5.

2-4.4.  Cross-Sectional Location Criteria. Cross-sectional
| ocations coincide wth the calculation steps of the finite
difference profile analysis process. The cross sections are
typically located to ensure the assunptions stated in Section 2-
42are nmet. The appropriate cross-sectional location criteria
may be determned fromreview of the parameters of Equations 2.6,
2.7, and 2.9. Cross sections are commonly |ocated for physical
and hydraulic reasons as summarized bel ow. Nunmerous references
detail procedures for cross-sectional |ayout including: HEC-
2 Water Surface Profiles (Hydrologic Englneer|n%}§bnter 1982),
Water Surface ProfilTes (Hydrol ogic Englneerln%h nter 197s), and
Conputaiion of Vafer-Surface Profiles 1n Qpen Channels (U.S.
Geol ogi cal Survey 19847,

(1) Cross sections should be |ocated at distinct changes
In stream bed sl ope.

(2) Cross sections should be placed immediately upstream
and downstream of |ocations where changes in discharge
occur .

(3) Cross sections should be located to accurately
describe variations in geonetry, including
| ocal abrupt expansions and contractions 1n flow
geonetry.

(4) Cross sections should belocated to accurately describe
variations in channel and overbank resi Stance.

(5) Cross sections are required at bends in the streamto
ensure that channel and overbank reach lengths are
correctly defined.

(6) Interpolated cross sections na¥ be required to provide
sufficient computation points to accurately conmpute the
energy | oss.

2-4.5. Conputational Procedure. The unknown water surface
el evation at _a crosssection is determned by an iterative
solution of Equation 2.5 where the water surface elevation of the
adj acent cross section is known. The conputational procedure is

(1) assume a water surface elevation at the target cross
section.

17



(2) Based on the assuned water surface elevation,
determ ne the corresponding total conveyance and
vel ocity head.

(3) Wth values fromstep 2, conpute the representative reach
friction slope. Solve Equation 2.4 for headl oss.

(4) Wth values fromsteps 2 and 3, solve Equation 2.5 for

WSz.

(55 Conpare the conputed value of .M with the val ues
assuned in step 1. Steps 1 throfigh 5 shoul d be repeat ed
until the values agreew thin the specified tol erance,
say .01 feet.

(6) Repeat for next cross section |ocation.

(Hydrol ogi ¢ Engi neering Center 1982)

2-5. Profile Analysis Errors

The physical properties of topography, roughness, discharge,
and slope, of a natural stream mmrnghLy variabl e and spatiall
and tenﬂorally het erogeneous. In addition, sone conditions suc
as roughness continuously change throughout the year, while
others such as floodplain and channel topography change nore slowy
unl ess altered by man or natural disasters.” Athough further
i nformation can always be extracted by finer examnation, it is
inpractical, in fact inpossible, to define the variability
perfectly. H%draullc vari ables affected by data [imtations
I ncl ude: di scharge, boundary roughness, and flow.geonetr%. Thi s
i nvestigation is focused on determ ning the relationship between
thefspurces of error in basic data and resultant error In conputed
profile.
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CHAPTER 3
PROFI LE ACCURACY ANALYSI S STRATEGY

3-1. General Approach

The adopted analysis strategy was fornulated to {olntly
eval uate the effects of errors i'n survey data and estimation of
Manni ng' s coefficient on errors in the Conputed water surface
profile. The combined effect of these errors ranges from
conpletely additive to conpletely conpensative. his goal .
precluded fornul ating an anal ysis strate%% based on application of
conventional sensitivity analysis. The NMonte Carlo sinulation
approach incorporates the interaction of error sources and was
adopted for the study.

3-2. Monte Carlo Sinulation Concepts

Monte Carlo analysis provides a way to estimate the _
statistical properti'es of outputs (profile errors) of nunerical
model s when one or nmore of inputs (surveyed cross section and
NhnnlnP's coefficient errors) are random variables. The input
variabl'es used in a water surface profile calculation nmodel differ
fromthe true val ues because they are derived from neasured data.
Since the errors in these inputs are unknown, the evaluation of
their effect on the profile is also unknown. A way to deal with
this problemis to acknow edge that the inputs are sanples drawn
at random froma population of likely data sets. This approach
al | ows probabilistic statements to be made re ardlnP t he
rel ationship between input errors and out put gprofl e) errors.

Probability theory uses the probability density function
(PDF) to describe the likelihood (probability) of obtalnlngaa
particular value froma parent population. Forthe Mnte Carlo
aPproach used herein, each survey nethod and companion acpurapY
standard, and Manning's coefficiént nust have a PDF defining its
error distribution. “The ppr's shoul d be based on reliable
experinmental data to assure validity of the analysis.

3-3. Methodol ogy

The adopted Monte Carlo sinulation strategy is. shown
schematically in Figure 3.1. = HEC-2 data sets obtained from Corps
field officés are assenbled in a data file foranalysis (step 1
of Figure3.1).  The data sets are subsequently edited {step 2)
to produce consistent data sets. This process elimnates all” but
the 1- and | o-percent chance di scharge val ues, removesal | bridge
data and non-surveyed cross sections, "and edits all data
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sets to the same expansion and contraction coefficients. The data
sets are subsequently evaluated to define appropriate reach

|l engths and to assufe that all profiles are represented by
subCritical flow conditions. the 140 original data sefs, 98
are retained for the profile accuracy analysis after editing.

The edited data sets are further nodified to develop the base
condition data sets., Interpolated cross sections are added to
elimnate the nunerical integration error. The cross sections are
linearly interpolated at 500 foot spacings fromthe surveyed cross
sections &step 3). The edited data sets with the interpolated
cross sections become the base HEC-2 data sets (step 4) used to
generate the base water surface profile (step 5). Abase profile
I's calculated for each of the 98 data sets and subsequent|y
conpared with the profiles conputed for the adjusted HEC-2 data
sets. Chapter 4 nore conpletely describes the data editing and
cross-sectional interpolations perforned.

The_adiusted HEC-2 data sets are devel oped using the Mnte
Carlo simulation approach to randomy adjust survey cross-
sectional coordinate points and Manning's coefficiénts for errors
associated with these paraneters. Analysis conditions are
specified (step 6) and measurement errof statistics are used to
random y adgus each coordinate point and Nhnnln?'s coefficient in
the data set (step 7). No adjustnents are nade for field surveys
since they were considered to'be without error. Cross-sectiona
adj ustments are performed for both aerial spot elevations and

t opographi c maps for 2-, s-, and | o-foot contour intervals. _ The
probabil'ity density functions (PDF) of errors for these conditions
are obtained from published mappi ng standards (see Chapter 5).
Manning's coefficient analyses are performed for three |evels of
reliabrlity of the estimtes ranging from professional judgenent
based on field observations to precisely calibrated estimtes.

The various conbinations of survey and Mannjng's, coefficient

conditions result in 21 different error evaluation situations

for each of the 98 edited data sets. The adjusted data sets (step
8) are then processed by HEC-2 to yield the errorcondition
predi cted water surface profiles (step 92: Each of the adjusted
rofiles is compared with the base condition profile (step 10)

0 determne the nean absolute reach error (averageerror over the
stream reach) and absol ute maxi numreach error

The profile computed for the adgusted HEC-2 data set for a
specified survey and Manning's coefficient represents one of a set
of possible profiles based on the ppor's of the two error sources.
It Is therefore necessarr to generate sufficient replicates of
each condition analyzed to develop a reliable set of the error
statistics of the mean absol ute and maxi num absol ute reach errors.
The resulting mean absol ute reach error values and nmaxi mum

absol ute reach error values are subsequently used to derive
regression equations for predicting water surface profile errors
for specified survey accuracy and Manning's coefficient
reliability conditions.
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3-4., Data Managenent and Processing Overvi ew

~3-4.1. (eneral. Data proceSS|n8 and managenment represented a
mej or task for the study. Over 50,000 HEC-2 program executions
were performed, necessitating the successful interfacing of

several analysis and utjl|t¥ programs and data management systens.
The processing used a mx of conmercial software, standard HEC
software, and newy devel oped software.  An overview of study data
processing and managenent 1s shown in Figure 3.2.

Dat a naniBuIation s performed by the nemﬁX devel oped utility
progranms SETU %Hydrologlc Engi neering Center 1985) and COWPER
gAppenm><l). he water surface Froflles are conputed by the HEc-

Prpgram ~and the regression analyses are performed with the
Mil tiple Linear Regression program (Hydrol ogic Engineering Center
1970) and the STATGRAPH CS PC program (STSC, Inc. 1984). _
I nterpol ations of cross sections at the selected 500 foot spacing
are performed by the INTSEC utility program (Hydrol ogic
Engi neering Center 1982). Data managenent and data storage
software used include the HEC-DSS (Hydrol ogi c Engi neering Center
1985) and the | NFO Data Base Managenent System (Henco Software
Conpany 1981).

3-4.2 Procedural Summary. Edited HEC-2 data sets are
retrieved by the nultipurpose SETUP program whi ch subsequently
perforns cross-sectional and Manning"s coefficient adjustments,
retrieves interpolated cross sections fromthe | NTSEC program
generates JCL (job control |anguage) and disk file nanes, and
submts HEC-2 jobs. The HEC-2 program perforns all water surface
profile calculations. The results are stored in HEC DSS

Wt er surface.ProfiIe errors (difference between the base and

the conputed profile resulting fromthe adjusted data set) are

cal culated by the COWER program FError results and associ ated

E%draullc variables for each HEC-2 data set are stored in the INFO
M5. INFOis a relational data base software system which allows

multiple files to be related to each other through common

variables. It also allows selective retrieval of data based on

user-specified criteria, sorting of data, and generation of

reports.

“Equations for predicting errors in water surface profiles are
derived by re?re55|on anal yses. These are deve!oged y
re r933|nﬁlre ated error data and hydraulic variables using the
Mul'tiple Linear Regression Program {MLRP) and STATGRAPHI CS
software. The report generation capability of INFOis used to
devel op data in a format acceptable by the regression prograns.
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The Procedures were devel oped over an 8 nmonth period and
the final processing acconplished in about six weeks. Data
management and processing is performed onthe Harris 1000

m ni comput er |ocated at the Hydrol ogic Engineering Center. Mich
of the regression analysis is performed on an | BM PC XT.
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CHAPTER4
ESTABLI SHVENT oF BASE CONDI Tl ONS

4-1. Quervi ew

_This chapter describes the data collection and editing
activities performed to establish the base condition data sets.
The data sets are HEC-2 input files for water surface profile
anal yses.  This phase of the research also identjfies the energy
| oss nunerical integration errors described in Chapter 2, and
devel ops the nmeans for mnimzing the effect on study results.

4-2. Data Collection

The collection of HEC-2 input files yiel ded over 140 data sets
presenting a wide variety of streamconditions. (f these, 98
e retained for use. . The data sets were obtained fromthe
| I owi ng Corps of Engineers District offices: St. Louis, Ft
rth, Jacksonville, Los Angel es, and Sacramento. The data
| lection criteria were based on acquisition of data sets that:
r

0
19 eﬁ esent a diversity of streans, contajn cross-se t}ona
I

r
a
f

So=o

r 2
that are obtained from detailed séreeys, 3) contained tlow

s for the |-percent chance event, and W) Qad been thoroughly
ed and applied in planning, design, or tl0od Insurance

e

a
?e

dies. Figure 4.1 is a discharge-slope scatter diagram that
u

S

n <O -0

a
a
{
| lustrates the wide range of stréams represented by fhe data

S
u
I
t

wn —

e

4-3. Data Editing

Data editing adjusted each of the HEC-2 input datasets to a
consi stent base.” The process is described bel ow.

(1) Plot all cross sections.

(2) Renove all bridge data and sinplified cross sections
obvi ously not obtained fromdetailed surveys.

(3) Elinmnate all but the 1- and | o-percent chance flows.
Mai ntain Manning's coefficient values as specified in
t he datasets. nvert all expansion and contraction
coefficients to .5 and 0, respectively, to _be _
consistent with values recommended by the Federal H ghway
Adm nistration. Table 4.1 tabulates the data editing
actions taken for each ofthe HEC-2 data records.

(4 Verify the data using the HEG 2 Edi gram

t pro
Hydrol ogi ¢ Engineering Center 1974) gnd make required
corrections.
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FIGURE 4.1 Discharge-Slope Scatter Di agram

4-4.,  Analysis Reach Determ nation

- The editing resulted in a clean, consistent set of HEC-2 data
files. Nhn¥ data sets, however, were too |ong (stream reaches of
20 to 60 mles) and had significant variation in flow between the
first and last cross section. The criteria applied to derive
appropriate reach length data sets are described in subsequent

par agr aphs.

(1) Reaches nust have a reasonably constant water surface
profile slope for the |-percent chance event. The flow
regi me nmust be subcritical throughout the entire reach.

(2) No reaches are included where lateral inflow for the
| - percent chance event exceeds |b-percent of the total
or where the difference in flowis nore than 25-
percent between the first and | ast cross section.

(3) Reach lengths must be sufficient to performthe desired
anal yses.
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Dat a
Record

Tl
T2
T3

J1

JR
JS
J2
J3
J4

J5
Jé
IC
NC

NH

QT

SB
X

RC
Cl
X2
X3
x4

X5
BT

CR

E)
ER

SF
s
NS
cs

JC,TW
JWC, TN
NG, TC
,CR,EE

TABLE 4. 1
HEC-2 Data Editing Actions

Analysis

Pur pose

Comment Information
First Titl e Record
Second Title Record
Third Title Record

Job Starting Conditions

Starting Rating Curve
Starting Split Flow
Hultiple Profiles
Summary Qut put Options
Punch Card Qption

Print Control Option

Friction Loss Option

| ce Data

Manni ng' s Coeffici ent

Expansi on/ Contraction

Hori zont al Manning’s
Coeffi ci ent

Vertical Manning's
Coeffi ci ent
Di scharge Tabl e

Bridge Encroachnent Table

Special Bridge

Cross-Sectional Data

Rating Curve

Channel Improvement
Cross-Section Data
Ineffective Flow Areas
Addi tional Gound Points

Profile Elevation Table
Bridge Profiles

Gound Profile

End- of - Job
End- of - Job

Miscellaneous
Dat a
Recor ds

Mbdi fications of Data Records

Al ways del eted
Changed t 0 STREAM NAME- FHWASTUDY
Changed to EDI TED DATA
Changed to 1 or 10 s chance
di scharge

INQ Changed to 2 (1 and 10
s chance discharge) or 1 (if
only 1s chance discharge)

Never encount er ed

Never encountered

Used to suppress unwanted out put
Al ways del eted

Always del et ed

Used to suppress unwanted out put

Program defaul t al ways used

Never encountered

Manning’'s val ues not changed. Set
CCHV = 0 and CEHV = 0.5

Val ues weighted to get overbank

and channel n values for NC records

Val ues weighted to get overbank
and channel n values for NC records
Changed to 1 & and 10% chance

di schar ge

Al ways del eted, cross-sectiona
di stance adj usted

Al ways del eted, cross-sectiona
di stance adj usted

Unchanged/ i nt er pol at ed
sections I enpved

Never encountered

Never encountered

Al ways del et ed

Deleted in the vicinity of bridges

Al points changed to CR record
points, NUMST (X record) adjusted
accordingly

Al ways del et ed

Al ways del eted, cross-sectiona
di stances adj usted

Unnodi fied, unless as previously
descri bed

Requi r ed

Requi r ed

Goup of data records never
encount er ed

December 1986
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(4) Data sets are selected with sufficient variation in
stream characteristics to assure independence.

4-5.  Friction Loss Criteria

4-5.1. ~ Overview.  Conparisons of profiles conputed fromthe

several fricTion Ioss approximation techniques show significant
differences, nore than a foot in reaches of nmany streans. f ure
4.2 is an exanple of the difference in proflles cal culated fr
various friction |oss approxi mtion_ methods. As|?n|f|cant nunber
of the original data sets under-estimted the P | es as conpared
to those calculated with more accurate integration of the energy

| oss distance function using closer-spaced cross sections.

The difference in calcul ated profiles denonstrates the need
for nore calculation steps to accurately integrate the energy
| oss-rate distance relationship equatlon gEqua ion 2.7) as
described in Section 2-4.3. Increasing the nunber of cal cul ation
steps is acconplished byinterpolating |nterne late cross
sections. These cross sections are not required for better
definition of hy3|cal and hydraullc changes along the stream but
only for |ncrea3|n the nunbér of conputation steps. The origina
data sets adequately defined the geonetric variations.

4-5.2.  Cross-Sectional Interpolation. The HEC conp gr
program | NTSEC (Hydrol ogi ¢ Engi neering Center 1981) is use to add
I nterpol ated crosS sections. ~The cross sections are inserted at a
uni form 500 foot spacing for all data sets. This interval is
adopted after testing several spacings for the range of stream
types.. The interval is judged to beadequate when nearl ¥
Identical (wthin .02 ft) profiles are obtained for all friction
| 0SS apprOX|nat|on techniques. Geater spacings of interpolated
cross sections may be possible for very [arge 3treams but
addi tional research is required to make defrnitive

reconmendat i ons.

The INTSEC program interpol ates. between two ad{acent Cross
sections which define the flood plain geonetry at their res ectlve
| ocations. The program divides each cross section |nto
overbanksegment, (2) left segnent portlon of channel, rlg
segment portion of channel, and (4) right overbank se nent

first and |ast P0|nt of each segment are tied to the Tirst and

| ast points of the correspondln% segnent of the other section.

The |nterpolat|on I's perforned devel oping a |inear equation

bet ween each cross- sectlonal 0|nt and a correspondlng l'ocation
(based on percent distance o correﬁgondlng I ne segment) ofthe
adj acent section. See Figure 4.3 uations for x Vversus channel
| ength and fory versus channel |eng th are devel oped for each
point. Points between the first and | ast points of the segment
are |ocated on the other section by the corresponding distance

30



424.00

(FEET M.S.L)
419,00 420, 00 421.00 422.00 423.00

ELEVATION

418.00

LEGEND

Average Friction Equation
(Equation 2.11l)

Ceonetric Mean Equation
(Equation 2.13)

——
—*  Harnoni c Mean Equati on
B —

417.00

416,00

(Equation 2.14)
500" Cross Section Spacing
(211 Equati ons)

DISTANCE (MILES)

[ =]

(=]

'3

n

-e

M RAAARRALABAAAASEERARAAANAREERARAASAREAAR RN R AREAREE NS AR L EE N LERRARAE R E &
6. 00 6.50 7.00 7. 50 8. 00 8.50 8. 00

The Hydr ol ogi ¢ Engineering Center
December 1966

FIGURE 4.2 Profiles Using Alternative Friction Equations
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FIGURE 4.3 Cross-Sectional Interpolation

wei ghtinge of the sections. This process is repeated for all

poi nts and segnents of each section.
and y coordinate points equal in nu

mber to the sum 0

The result is an

th

ray of x

e nunber

of coordinate points in the two original section mnus the five
end points of each segment. The |jnear equations generate

I nterpolated cross-sectional coordinates at user-sgeC|f|ed
intervals along the channel reach.

4-6. Base Condition Data Sets

The water surface profiles generated from HEC-2 profi
conputations for the edited data records for each strea
that include the interpolated cross sections represent
condition water surface profiles for the study. Table
stream characteristics and hydraulic variables for each
data sets. Figure 4.4 contains several charts that illu
range of stream characteristics represented by the 98 ad
setS used for the study.
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TABLE 4.2

Hydraulic Variables - Base Data Sets
(Based on | -Percent Chance Flow)

REACH 1% CHANCE REACH MANNING’S TOP  HYDRAULI C NO. OF
DATA FILE LENGTH FLOW SLOPE n FOR W DTH DEPTH SURVEYED
|.D. (mi) (ctfs) (ft/mi) REACH (ft) (ft) SECTI ONS
S01Ml 3.6 10,700 4.2 0.050 1,840 3.1 16
S02M1 4.0 10, 200 6.8 0. 061 1,100 4.0 23
S03M1 3.2 6, 500 4.5 0.074 1, 850 3.4 9
S04ML 1.6 10, 000 8.7 0.061 740 4.7 8
SO5M1 4.2 5,500 8.8 0.056 500 3.7 12
SO06M1 7.6 7,500 8.4 0.069 640 5.5 21
SO7M1 11.3 2,300 3.6 0.059 1, 000 2.0 56
S08M1 4.7 700 2.9 0.034 390 2.5 33
SO09M1 2.7 900 6.3 0.042 740 1.0 16
S10M1 4.0 800 4.3 0.036 270 2.9 32
S11M1 2.4 1, 800 3.4 0.039 690 2.2 22
S12M1 3.0 700 6.5 0.037 260 2.6 19
S13M1 1.6 700 3.6 0.044 720 0.9 10
S14M1 5.0 4,600 3.2 0.029 350 6.1 41
S15M1 6.6 3,400 4.8 0.037 860 2.3 42
S16M1 3.8 3,100 4.6 0.039 690 3.5 25
S17M1 5.1 1, 800 5.6 0.039 970 1.2 30
S01M2 7.5 35, 400 5.6 0.045 1,120 9.0 19
S02M2 1.7 14, 000 9.1 0.053 870 4.9 8
S03M2 5.6 12, 000 3.2 0.083 1,510 5.5 14
S04M2 9.9 16, 600 3.5 0.045 1,090 6.4 35
SO5M2 2.1 14,100 9.5 0.067 730 6.4 13
S06M2 9.4 20, 900 3.8 0.051 1,980 5.6 42
S07M2 8.8 20, 100 7.4 0.054 1,430 5.7 31
S08M2 8.7 42,300 3.6 0.071 3,250 6.0 6
SO9M2 9.5 33, 300 2.9 0.067 2,270 9.4 16
S10M2 9.5 19, 800 3.7 0.051 2,120 4.0 35
S12M2 1.4 10, 800 6.6 0.040 980 2.9 5
S13M2 9.9 33, 600 2.6 0.086 3,660 7.5 19
S14M2 20.9 22,500 2.3 0.079 2,300 7.0 30
S16M2 10.8 18, 700 4.1 0.077 1,650 6.4 11
S18M2 20.4 45, 100 2.2 0.063 1,510 12.0 36
S22M2 21.0 58,500 2.2 0.060 1,490 15.0 22
S26M2 11.5 51, 400 2.8 0.065 1,830 11.0 27
S29M2 9.5 27,400 3.8 0.061 1, 200 8.0 18
S30M2 8.3 27, 400 4.1 0.060 1,150 8.5 21
S31M2 4.0 27,400 5.0 0.063 1,220 8.0 7
S32M2 9.9 61, 000 2.0 0.057 2,940 9.0 20
S3IIM2 10.0 69, 500 2.5 0.045 1,280 13.0 17
S3ITM2 16. 2 50,300 3.3 0.056 810 15.0 31
S41M2 10.1 30,800 5.0 0.057 820 12.0 22
S42M2 17.2 03,400 2.7 0.049 1, 900 13.0 28
S44M2 21. 7 83,400 2.5 0.045 1, 760 12.0 40
S46M2 7.7 60,400 5.8 0.058 2,740 6.9 16
S47M2 6.4 43,400 6.0 0.072 1,820 8.1 14
s48M2 7.1 34,200 6.9 0.072 2,070 5.8 15
S49M2 3.4 30,000 9.9 0.067 1,530 5.7 8
S50M2 9.4 47,200 6.4 0.C63 2,250 7.5 25
S51M2 4.3 41,200 7.2 0.069 2,040 8.2 18
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TABLE 4.2 (Continued)

Hydraulic Variables - Base Data Sets
(Based on | -Percent Chance Flow)

REACH 1% CHANCE REACH MANNING S TOP  HYDRAULIC NO OF
DATIA FILE LENGTH FLOW SMPE n_ FOR W DTH DEPTH SURVEYED

(mi) (cts) (ft/mi) REACH (ft) (ft) SECTI ONS
S52M2 7.7 51,000 8.8 0.062 2,378 6.3 27
S53M2 3.2 37,900 7.9 g.966 2,060 6.1 11
S54M2 5.3 11, 300 6.8 g.042 820 4.6 25
S55M2 6.9 90, 000 8.8 g.0932 3,058 5.3 54
S56M2 5.6 38,000 2.8 g.029 1,200 8.0 6
S01M3 7.1 161, 000 3.5 g.0943 3,260 9.4 17
SO5M3 5.3 118, 000 8.0 g.041 3,960 7.5 49
80181 5.2 6, 900 10.9 g.0952 740 3.3 14
§02S1 1.2 6,700 27.2 g.0953 480 2.7 6
S03S81 3.9 3,100 13.0 g.0952 220 3.4 12
S04S1 1.6 8, 100 22.7 g.849 590 3.1 11
S05S1 2.6 5,000 36.9 g.0953 349 3.0 18
50681 2.8 5,200 37.8 0.07% 300 4.1 21
S0781 3.3 6,700 13.4 g.0957 760 2.9 12
s0881 4.1 6,100 19.4 g.0971 450 4.1 19
S09S1 1.4 5,700 37.6 g.061 110 7.3 6
$1081 3.2 6,900 28.7 g.850 180 5.9 16
S1181 2.3 7,900 16.9 g.965 670 3.9 10
§1281 1.6 3,800 21. 4 g.965 518 2.5 9
S1381 1.6 5,900 46.4 g.0972 179 6.1 42
$14S1 2.2 3,700 39.2 0.068 240 3.5 43
S15S1 3.6 3,500 27.4 0.064 330 3.6 81
§16S1 g.6 8,900 24.4 g.852 240 5.9 4
S17S1 1.9 2,900 43 .4 g.051 200 3.9 8
s18s1 2.5 2,600 21.0 g.0973 390 2.6 20
519S1 1.5 2,900 57.8 0.062 100 4.6 33
52051 1.7 1, 900 34.7 g.856 230 2.9 12
2181 1.4 2,500 24.4 g.0951 340 2.1 14
52281 3.0 800 11.2 g.0937 350 1.2 18
s23s1 1.6 9,400 26.1 g.034 860 2.2 9
s0l1s2 2.4 15,700 12.9 g.0952 909 4.3 14
50282 1.2 11, 800 16.6 g.0953 820 3.5 8
$03S2 5.4 37,600 10.1 g.0859 1,270 7.6 12
S04S2 10.1 19, 500 15.6 0.062 630 8.0 74
50582 3.7 12, 000 25.4 g.087 390 7.9 29
§06S2 4.2 16, 500 16.6 @.855 570 5.1 8
§07S2 4.4 20,800 12.8 g.966 1,100 5.3 13
§0882 4.6 24,000 12.1 g.0957 820 6.5 16
$0982 3.1 17,300 14.6 g.856 740 5.1 19
S10S2 3.5 15,700 12.4 g.058 800 4.7 30
S11S82 2.4 11, 000 20.1 0.064 360 6.5 6
§1282 3.6 28,800 17.5 g.879 2,020 3.7 19
§1382 4.9 34,000 106.0 g.122 350 12.9 69
§1782 4.5 50,000 18.6 0.040 1,440 6.0 48
81852 1.9 50,000 15.2 g.845 1, 000 7.8 22
819s2 4.6 39,000 30.8 g.839 1,990 3.8 26
82082 2.8 14,700 24.8 g.830 580 3.5 16
S0183 10.7 270,000 15.4 g.031 710 20.0 9
80283 5.7 152,000 15.9 g.867 1,480 13.9 15
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CHAPTER 5

QUANTI FYI NG POTENTI AL ERRORS | N SURVEYS AND
MANNI NG S COEFFI Cl ENT

5-1. General Approach

This chapter describes the nethod used to adjust cross-
sectional coordinate values and Manning's coefficients for survey
measur enent and Manning's coefficient estimation errors.
Probability density functions (PpFs) are devel oped for the survey
and Manning' s coefficient errors. The application of the PDF's in
the Mnte Carlo sinmulation analysis is described in detail.

di scussion of the survey methods and associated accuracy standards
I's al so included.

5-2. Survey Methods and Accuracy

5-2.1. General. A streamcross section is a vertical section
through the surface of the ground taken perpendicular to the
stream fl ow (American Congress on_ Surveying and Mapping 1981).
The cross section is defined by distance and el evation
coordi nates taken at changes in topography along a cross- _
sectional alignment. Figure 5.1 shows cross-sectional coordinate
measurements representing the natural topography along a
specified alignnent.

The nunber of cross sections that are taken vary with study
requirements and stream characteristics. Survey methods used to
measure cross-sectional coordinates include: (1) field surveys
performed with |and surveying instruments, (2) aerial spot .
el evations devel oped from aerial stereo nodels, (3) topggréfhlc
maps generated from aerial photogramretry procedures, and (4)
hydrographi ¢ surveys. Measurenent errors for these nethods are a
functron of industry adopted accuracy standards, equipnent,
terrain, and |and surface cover.

5-2.2. Field Surveys. Field surveys are normally perfornmed
by 2-4 person Crews. Methods relating to survey equi pnent
i nclude: (1) hand levels, (2) conventional |evels, and (3)
El ectronic Distance Meters (EDMs). A baseline or survey contro
is performed prior to the survey. The baseline survey °
establishes tenmporary benchmarks and l[and surface coordinates
near the cross-sectional |ocations, based on nearby pernanent
U S. Geol ogical Survey or |ocal benchmarks. |t also assists in
deflnln% drstances between cross sections. Figure 5.2 shows the
survey baseline concept.
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SURVEYED CROSS SECTION

The Hydrol ogi c Engineering Center

I December 1966

FIGURE 5.1 Cross-Sectional Concepts

(1) Hand Levels. Cross-sectional coordinates may be

(2)

estrmated using a hand |evel and tape when distances are
short and vertical accuracy is not critical. Thisis
the |east accurate method of field survey and is
performed byone or two persons. Hand | evel surveys are
applicable forprelimnary surveys andfor augnenting
nore detailed surveys.

Conventional Levels. The survey crew usually_consists of
an | nstrument man, rodman, and note keeper. ~ Typical

equi pnent includes a surveyor's |evel, rod,and tape.

The [evel most comonly used is the tripod mounte
automatic or self-leveling instrunent. ~The survey
accuracy depends on procedures used for distance.

measur ément's and elevation r eadi ngs of the surveying rod.
Distance is neasured with steel "or cloth tapes, “stadia
(estimation of distance fromthe survey rod graduations),
and pacing. Elevation measurenent accuracieS typically
range fromprecise (.1 foot or less) to the nearest foot.
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(3) Electronic Distance Meters. Total station Electronic
D stance Meters measure drstances and cal cul ate
differences in vertical elevations by either conparin
t he phase differences between transnitted and returne
el ectromagnetic waves or by conputing the distance from
the round-trip transit tine of a pul Sed signal {Amerlcan
Congress on Surveylng and Mapping and the ASCE 1981).
Total station epM's determne horizontal distances and
el evations of cross-sectional data points nore rapid
than the conventional |evel procedures. A two-person
survey crewoften can efficiently performthe surveys.
Many EpMt's Store survey cross-sectional data on a
magnetic cassette tape. The data may be directly
transferred to plotters for verification and formatted
for i nput to water surface profile conmputer program
anal yses (Hydrol ogi ¢ Engineering Center 1985?.

Table 5.1 is a list of survey nethods, related, equipment,
and vertical elevation accuracies for the several field survey
net hods descri bed.

_ 5-2.3. Aerial Photogrammetry Aerial photogrammetry is an

i ncreasingl y used technol ogy for_determning croSs-sectional
coordinate data. The data 'can be easily }Igroces_sed_to t he desired
formats for direct conmputer application. wo distinct products
are: (1) spotelevations along the alignment ofthe cross
sections, and (2) topographic maps from which the crosssections
are subsequent !y "t aken. oth techni ques are derived from basic
phot ogramretry procedures. Achievable accuracies depend on the
factors listed in the fol |l ow ng paragraphs.

(1) Preflight Planning. Preflight pIann;n% defines the
arrcraft TTrght elevation and overflight pattern needed
to coverthe study area. Coordination with field
surveys are required_to establish horizontal and
vertical controls. The desired map and photograph
scal e, contour interval, and horizontal accuracy
determine the flight el evation and ground control marker
sizes. The wdth of the floodplain (cross-sectional
Ianths) determines t he nunber of flights along the
stream

(2) Horizontal and Vertical Control. Gound contro
ROIDIS estapnlTshed Py Treld survey crews provide
orizontal and vertical control for the sfudy area. The
control points are tied to anational or local datum

(3) Elights. Flights should betimed to reduce shadows on
€ photographs. Aerial surveys are normally taken
ng the winter season for areas with heavy vegetation
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TABLE 5.1

_ Fiel d Surveys
Vertical (El evati on¥ Accuracy

Equi prent Accur acy Renar ks

Hand Level +0.2' @ 50 Wth support oflevel and careful
sighting, can obtain +o0.1*e 50'.

Stadia +0.4' e 500 Usi ng double target intercept of

rod can expect +0.2' e 500
for |and surface sl opes
| ess than 30 degrees.

Conventional Level +o0.05'e 800 Sights [imted to 200" to 300°*
Wye-Dumpy can produce readings to 0.01".
Depends upon the skill of
the observer.
Automatic Level +0.03' ¢ 800’ Automatic level results simlar,

but faster in operation than
conventional |evels.

E.D.M with Theo- +0.05' @ 500’ Depends upon type of instrunent
g%ifp or Total and skill of operator.
ation

Source: American Congress on Surveying and Mapping and the Anerican
Society of Gvil Engineers, "Definitions ofSurveying and Associated
Ternms,” reprinted 1981.

The Hydrologic Engineering Center
December 1966
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(4) Phot ogrammet ri cProcessing. Photographic plates are
produced fromtne 1TTght negatives and used in a ,
stereoplotter to obtain spol elevations or topographic
maps. The stereoplotter is an analytical devicé which
links a proce53|n? conputer, data sforage system
digital plotting table, and a printer for hard copy
oufput.  Cross-sSectional data can then be easi
devel oped, stored, and plotted. An advantage of the
spot elevation nethod is that the coordinaté data may be
formatted for input to water surface profile conputer
programs (Hydrol ogi ¢ Engineering Center 1985, and
Moffitt and Mikhail 19865.

_The accuracy of aerial technol ogy forgenerating cross-
sectional coordinate data are governe by nappi ng industry
standards. = Table 5,2 is a summary of relevant aCcuracy standards.
Cross sectjons obtained fromcontours of topographic naps
devel oped by photogrammetric nmethods are not as accurate as those
generated fiom spof elevations. The elevation errors of spot
el evations and points on the topographic nap are spatlallg
uncorrelated and random (Hydrol ogi'c Engineering Center 1985).
Therefore, measurement errors for adjacent cross-sectional
coordfnﬁtg points obtained fromeither procedure are not
correl at ed.

5-2.4. throgrthlc Surve¥s. Hydr ographi ¢ surveys determ ne
cross-sectional geometry below (he wafer Surface. They are
required when the size and depth of the stream prohibits use of
ot her nethods to estimate the channel dinmensions. See Figure 5.3.

Al hydrographic survey nethods require shore control for
al i gniment “and di stance” det erm nati on.

Channel  cross sections for small streans may be obtained by

person wading the stream wusing a cloth tape for distance and
taff or rod readings froma levél. An Electronics Distance
Met er (EpM) may be used in place of the tape and level to record
bot h_di stance "and el evation readings. Forlarger streans
requiring a boat, soundings may be obtained fromlead-Iines or
recordi ng sonar devices (Sound Navigation Ranging). Both methods
use EpM's or ot her shore control inStruments to position the boat
on the cross-sectional alignnent.

a
S

F?drogra hic survey accuracx varies significantly depending
on bottom Surface, calmess of the water surface, and stream
velocity. Staff or rod readings have simlar accuracjes as other
field survey Proceduresu Forcal mwater conditions with firm
stream beds, the lead-lines survey nethod may be accurate within
a foot, and sonar devices accurate wthin .2 of a foot
(Hydrol ogi ¢ Engineering Center 1985).
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TABLE 5.2

Aeri al survey Procedures
Vertical (Elevation) Accuracy*

Aerial survey map accuracy for spot elevations andt opographic
maps is defined bythe mapping industry standard. Standard Map
Accuracy is described by the Tollowing criteria:

The plotted position of all coordinate gﬁidticks and
nonuments, except benchmarks, will be within 0.01 inch
fromtheir calculated positions.

| | -defined planimetric
features shall be within 0.033 inch of their true
| be within 0.066 inch oftheir

At least 90 percent of all contours shall be within one-
hal f contour of true elevations, and all contours shall
be within one contour interval of true elevation, except

For W&Pﬁl ng at scales of 1» = 100 or |arger in areas
( e groundi s conpletely obscured by dense brush
or tinber, 90 percent of all "contours shall be within
one contour interval or one-half theaverage hei ght of
t he ground cover, whichever is the greater, oftrue
elevation. Al contours shall be within two contour
interval s or the average height of the groundcover,
whi chever is the greatér, of "true elevation. Contours
in such areas shal'l be indicated by dashed |ines.

Any contour which can be brought within the specified
vertical tolerance by shifting its plotter position .033
inch shall be acceptéd as correctly plotted.

At |east 90 percent ofall. spotel evations shall be
within one-fourth the specified contour interval of
their true elevation, and al| spot el evations shall be
within one-half the contour interval of their true

el evation, except that for b-foot contours 90 percent
shall bewithin 1.0 foot and all shall be within 2.0

1.

2. atleast 90 percent ofall we
ositions, and all shal
rue positions.

3.
as follows:
wher e
feet.

*Sour ce:

Brochure from Cartwight Aerial Surveys Inc.,

Sacramento, California.

I The Hydrologic Engineering Center
December 1986
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TYPICAL CROSS SECTION WIDTH

| % CHANCE FLOW WATER SURFACE

LH = SECTION LENGTH OF HYDROGRAPHIC SURVEY IF REQUIRED

The Hydrologic Engineering Cantor
| December 1966

FI GURE 5.3 Hydrographic Survey Concepts

5-3. Survey Error Analysis

5-3.1. Survey Errors. The study was perforned based on the
fol | ow ng adopied survey accuracy statenents.

(1) Field surveys areconsidered to produce precise, exact
replication of the pasecondition cross-sectional
geometry Wth noerrors. This represents the |ower, no
measurenment error bound onthe computed profile
accuracy anal ysis.

(2) Aerial SPOt el evation and topographi c map cross-
sectional measurement errors are based on the napg%ng
i ndustry accuracy standards shown in Table 5.2. Only
vertical Felevatlon) errors are analyzed. Errors in
hori zontal cross-sectional coordinates are not
consi dered significant.

(3) The accuracy of hydrographic surveys forchannel cross
sections is'taken’to be the sanme as that used for the
overbank or fl|oodplain portions of the cross-sections.
Therefore, hydrographic survey accuracy is not
separately anal yZed.
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(4) The magnitude and frequency of errors due to
human m st akes in neasurenents or cal cul ations
(blunders), are not readily definable and are not
considered.. Blunders are largely negated through
n?rgﬁ! verification ofmeasurements wth other Sources
of dat a.

5-3.2. Derivation of Error Probability Density Functions.
The PDF for the aerral survey SpOl el evatlons and toOpograpni c maps
may be estimted fromthe aerial mapping industry accuracg
standards (Hydrol ogi ¢ Engineering Center 1984, and Funk 1959).

y

The accuracy standards require that the errors be nornal
distributed. Since the error distribution is normal, the standard
deviation of the errors associated with the specified accuracy of
the contour interval may be estimated fromthe values specified in
Table 5.2. Table 5.3 is a tabulation of the standard deviations
for the selected contour intervals for both aerial spot elevations
and toBo raphic maps. The conpl ete por's can be devel oped from
the tapul'ated standard deviations and properties of the nornal
BrobablI|ty,d|str|but|on. This resulting error distribution wll
e in nost” instances an upper bound on the survey errors that can
be expected. The mapping Industry is generally acknow edged as
significantly exceeding these standards.

TABLE 5.3

_ Standard Deviations of
Aerial Spot Elevations and Topographic Mps

(feet)
Cont our Standard Deviation Standard Devi ation
| nt er val Aerial Spot Elevations Topoar aphi ¢ Maps
2 0.30 0. 60
5 0.60 1.50
10 1.50 3.00

5-3.3. (Oross-Sectional Error Generation. Adjustingcross-
sectional coordinate values ror the Monie Carlo simulation is
performed as |isted i n subsequent par agr aphs.

(1) Determne the standard deviation (SD) for the contour
interval being evaluated (Table 5.3).

(2) Calculate the standard nornmal deviate (k) by first
generating a uniformdistribution of random nunbers
varying from0 to 1. Transformthe values to represent
the normal (Gaussian) distribution. The process is
di scussed in Appendix D.
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(3) Calculate the randomerror for the cross-sectiona
coordi nate el evation using the equation

ERRCR = k*SD (Equation 5.1)

where:  ERROR = magni tude of elevation (in feet) error for cross-
sectional coordinate point,
k = generated standard nornal deviate, and
SD = standard deviation for survey nmethod and accuracy
standard for specified contour interval.

(4) Add the randomerror to the base coordinate point
el evation val ue.

(5) Repeat (2) through (4) for all coordinate points and
cross sections in the HEC-2 data set.

5-3.4. Exanple Cross-Sectional Adjustnent. The cross-sectional
coordi naTe P0|nts (rncruding those of_tne interpolated cross
sections) of the base data Sets areadjusted to sinulate survey
and naﬁplng measurement errors. The adjustnent procedure varies
with the survey or mapping nethod and accuracy (contour interval)
under study. No adjustments to cross-sectional coordinate data
are made for field Survey methods. Only vertical or elevation
errors are considered to have a significant inpact on the conputed
water surface profile error. No horizontal nmeasurement errors are
consi dered. Also, measurenment errors for adjacent cross-sectiona
coordinate points obtained fromaerial spot elevations or

t opogr aphi ¢ mappi ng nethods are not correl ated (See 5-2.3(4?).
The cross-sectional coordinate point adjustnment procedures for
aerial spot elevations and topographic mapping nethods are shown
on Figure 5.4 and are described in subsequent paragraphs.

(1) The contour interval (2=, 5-, or lo-foot) of the aeria
spot el evation survey nethod is specified.

(2) The aerial spot elevations are assumed to be taken at
the same | ocations as the coordinate points of the base
cross section (see Figure 5.4 and Appendi x B).

(3) Each coordinate point is randomy adjusted in the
vertical direction using the Monte Carlo error
?eneratlon process described in Section 5-3.3

or the aerial spot elevation survey nethod.

(4) The procedure is repeated for all cross sections of the
data set.
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The Hydrologic Engineering Center
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FIGURE 5.4 Cross Section Adjustnent Exanples
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~ The procedure used to sinmulate cross-sectional coordinate
oint errors associated with reading the points off of
opographic maps is listed in the foll ow ng paragraphs.

mu
r

(1) The topographic map contour interval (2-,5=, or 10-
foot) to be analyzed is specified.

(2) The base cross section invert coordinate point of the
channel is taken as an initial invert coordinate point
of the cross section to be adjusted.

(3) The coordinate points defining the initial topographic
map cross section are obtained by interpolating the
coordinate points fromthe base cross section at even
contour intervals (see Figure 5.4 and Appendi x B).

(4) Each coordinate point of the initial topographic cross
section, including the invert coordinate, is randonly
adjusted in the vertical direction using the Mnte Carlo
error generation procedure described in Section 5-3.3
for topographic nmap data.

(5) The procedure is repeated for all cross sections of the
data set.

5-4, Manning's Coefficient Errors

5-4.1. CQverview. Accurate estimtion of Manning's
coefficients i's hanpered by lack of observable field attributes
and spatial variation along the stream The coefficients are
often used as a means of calibrating a conmputer nodel to reproduce
hi gh water marks, thus accounting for a nunber of undefined
effects. Therefore, calibration can result in distortion of the
coefficient values. Reliable estimates of Manning's coefficients
are difficult even with use of documented procedures, field
reconnai ssance, and calibration methods (Chow 1959 and Federal
H ghway Adm nistration 1984).

5-4.2. Derivation of PDF. Statistical information on
Manni ng's coeffrcrent estimation errors is |largely nonexistent.
Therefore, an experiment is devised to obtain the error PDFs
required for the Monte Carlo simulation. The HEC staff and
participants in two HEC training courses involving experienced
Corps of Engineers hydraullp engi neers were asked to estimte the
Manning's coefficient associated with the |-percent chance flow
for 10 widely different streamreaches. See Table 5.4. The
participants are given a photo?raph and description of each
stream and a nmethod for estimating Manning's coefficients from
pen_Channel Hydraulics (Chow 1959). Table 5.4 is filled out by
each parfrcrpant rn the experinent. Study experience
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TABLE 5.4
MANNI NG *s COEFFI CI ENT EXPERI MENT FORM

The purﬂose of this experinent is to estimate the Manning's
n-val ues ofthe stream/|ocations shown in the slides. The
estimates should coincide with a |-percent chance event. The
estimates nmay be based on available materials. However, you are
asked not to discuss themwth others participating in the

exerci se.

Statistical results ofthe n-value estimates will be used to
eval uate the effectsof the reliability of n-values on conputed
water surface profile accuracy. No names will be used in this
exerci se.

SLI DE N- VALUE
NO. DESCRI PTI ON OF STREAM ESTI MATE

1 A60 square m|e basin near Houston,
Texas. The channel surface is a conb-
ination of concrete (lower flows) and
grass (higher) flows). The concrete
Section i s deSigned for a |o-percent
chance event.

2 Upper Gila River, New Mexico. A 30
squarem | e basin, channel 10 yards
across.

3 A 90 square mle Pennsylvania stream
channel 25 yards acr 0sS.

4 700 square mle southern Illinois
stream channel 30 yards across.

5 20, 000 square mle Chio River,

channel 250 yards across.

6 7600 square m|e Mskingham River,
channel 250 yards acr 0ss.

7 4000 square n | e Arkansas River,
channel 85 yards across.

8 1000 square m | e southern M ssissippi
stream channel 100 yards across.

9 ss0square mle Cache Creek, Ca.
basin, channel 35 yards across.

10 900 square m | e Col orado stream
channel 50 yards across.
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significantly influences the estinates ofsone participants,
whi'le others'rely primarily on conparisons of photographs and
descriptions provided in  referencematerials.

.. The experinent, though approxjmte in pature, provjdes
insight into the variations possible in estimating Manning's
coefficient. Qutliere are deleted, and histograns of the
estimations constructed for each of the 10 reaches. Fiqure

5.5 contains plots illustrating the variability of the st it es.
Anal ysi s of estinates using uniform normal, and Io%-norna
probability distributions of the histograns shows the |og-norna

distribution provides the best fit. The IoP-nornaI distribution
I's therefore adopted to represent the PDF of errors associ ated
with estimting Manning' s coefficient. Thﬁ mean of tp?,estinates
ofleach of the 10 histograms is taken as the true coefficlent

val ue.

.~ Review of the histograms shows agreater variance of
estimates for higher Manning's coefficient values than for |ower
coefficient valuées. Estimies of Manning's coefficient for
concrete channels, for exanple, have |esS variance than those for
a densely vegetated stream simpl e llne?r regression is
performed to determne the relationship of the magnitude ofthe
coefficient with the standard deviation of errors i'n estimting
t5hg coefficient. Agraph of this relationship isshown in Figure

The equation derived to account for variation of the
standard deviation wth magnitude of Manning's coefficient for
the [og-normal PDF is

SD = nqef-382 +.101nmn? g (Equation 5.2)

where: SD = standard deviation of Manning's n estimates, and

n = Manning's coefficient for roughness.

5-4.3. Reliability of Estimates. Equation 5.2 represents a
coefficient eStrmaie fﬁ%f woul d be characterized as a mninmum
effort based on ProfeSS|onaI judgenment. |t reflects estimates
derived from photographs of a stfeam a limted set of background
and descriptive information, and made without interaction with
other professionals. The other extrene is perfect know edge of
Manning' s coefficient = no estimation error and no need for
adj ust ment of the base coefficient values in the Mnte Carlo
sinulation. This condition can be approached by skilled and
experienced anal ysts using reliable calibration“data. Mbst
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| GURE 5.6 Manning's Coefficient vs. Standard Deviation

estimtes used in practice for profile conputations fal
somewher e between these bounds.

_Areliability coefficient (Nr) is postulated to enable
considering the error in Manning's n-value in the sinulations. N
ranges fromO0 to 1, where

Nr = 0, when n-value is known exactly. This represents
perfect confidence in the estinated val ue.

Nk = .5, when reasonabl e efforts ar e made to substantiate
the estimate, but detailed, intensive calibration i s not
schessfuI. Moderate confidence exists in the estinated
val ue.

Nr = 1.0, when an approach simlar to that tested in the
experlnnnt_is used to estimate the coefficient. No
detailed field investigations or calibration is applied.
Mbdest confidence exists in estimted val ue.
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Ageneral form of Eguation 5.2 incorporating the reliability
concept nmay be witten as

SD = Nr*(.582 + .1 Ol n(n)) (Eguation 5.3)

5-4. 4, Nhnnin?'s Coefficient Adjustments. The procedure
for randonm y adjusiin nning s coeffrcrent for the Monte Carlo
simulation i's |isted bel ow

(1) The overbank and channel Manning's coeffi
retrieved fromthe base conditions HEC 2

(they are contained on NC records).
(2) The natural logarithns of the values are determ ned.

(3) Thereliability level (Nr) is selected and Equation 5.3
aS.Uﬁgd to obtain the Manning' s coefficient standard
evi ation.

(4 A random normal standard deviate (k) is generated as
before (Section 5-3.3). Asingle déviaté is used to
adj ust the channe] and everbank n-val ues si nul taneously
to simulate the |ikelihood of the estimates in practice
to be con5|stentl¥ high or low at a specific location.
The magnitude of the adjustment, however, is a function
of the individual overbank and channel val ues and the
selected reliability Ievel

(5) The adjusted coefficients are calculated fromthe

equation
In(n),q4 = 1n(n) + k*SD (Equation 5.4)
wher e: 1n(n)adj = t he natural Iogarithn1mad1usted
Manni ng's coefficient (n-value), .
in(n) = the natural |ogarithmof the unadjusted
or base condition Manning's coefficient
(n-valuez defined in step 2, _ _
k = normal standard deviate as described in
Section 5.3, and _
SD = standard deviation of |ogarithms of the
Manni ng's coefficient (n-value).

(6) The adjusted Manning's coefficient is obtained by
taking the antilog of the value calculated from
Equaton 5. 4.

(7) Steps 1 through 6. are repeated for ?afg ?et 0
|

f
Manning's coefficients in the data HEC-2 NC
record)
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- 5-4.5, Sunnary Error PDFs are devel oped to represent
estimation errors for cross-sectional coordinates and for

Manni ng' s roughness coefficient. Strategies arefornmulated to
enabl e generation oflikely HEG2 data sets representative of the
error PDF's. Systematic aPpI i cation of the strategiesfor all
error conditions for all data sets yields the requisite HEC-2 data
sets that arethen processed to conpute the profiles reflecting
the estimation errors. Data are thus now available for performng
the conputed profile error analysis.
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CHAPTER 6
PROFI LE ACCURACY ANALYSI S

6-1. General

Asdescribed in Chapter 5, Mnte Carlo sinulation techniques
are applied to generate random survey measurenment errors and
Manning' s coefficient estimation errors. The BEC-2 data sets
contai ni ng the adjusted cross sections and adj usted Manni ng' s
coefficients areprocessed with HEC-2 to produce conputed
profiles. forthe conditions analyzed. This chapter describes the
conmput ati on OEzt he profile errorS for each conbination of error
conditions.  Regression equations and nomographs are devel oped to
predict profileerrors given stream characteristics, survey
nmethod and accuracy, and Manning's coefficient estimation
reliability (Nr).

6-2. Error Calculation Procedure

A total of 21 survey and Nr conbination error conditions are
anal yzed for each ofthe data sets. Field surveys are taken as
exact: thus, profile errorsforthis condition are a function
only of Manning's coefficient reliability. Aerial spot
el evations and topographic map accuracies are evaluated for 2-,
5-, and 10- foot contour intervals and N values of 0, 0.5, and
1 (g.l EIhle specific error conditions analyzed are docunented in
able 6. 1.

TABLE 6.1

Survey and Manning's.
Coefficient Error Conditions

Reliability of Manning' s Coefficient (Nr)

Cont our _ Aerial .
| nt erval Field spot Topogr aphi ¢
(feet) Surveys El evations Maps
No Error 0,.5,1.0 N.A. N. A
2 N A 0,.5,1.0 0,.5,1.0
) N.A. 0,.5,1.0 0,.5,1.0
10 N.A. 0,.5,1.0 0,.5,1.0
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ofile errors are conputed as the absolute difference (in
feet) between the base data set conputed profiles and the
adj usted data set conputed profiles. The error calculations are
made at the 500 foot interpolated cross section spacing. The
reach mean absolute error 1s the sumof the absolute differences
di vi ded b¥ the nunber of |ocations. The reach maxi num apsol ute
error is the largest absolute difference that occurs within the
streamreach. Figure 6.1 illustrates the error conputations.

Cunul ative frequency plots for the nmean errors resulting from
the Monte Carlo simulations for the 98 data sets were devel Oped to
display the range oferrors generated in the analysis. Figures
6.2 and 6.3 present the frequency plots for both the nean absolute
errors and maxi num absol ute errorsat the extrenmes of Manning' s
coefficient reliability. Note thatthe errors are grouped in
bands corresponding to the survey contour intervals. hi s
indicates that the profile errors vary distinctly in nmagnitude
with the 2-, 5=, and |o-foot contour intervals. “~Note al'so that as
Manni ng' s n-val ue becones |ess reliable, the grouping into contour
interval bands is |ess distinct.

6-3. Profile Replicates

6-3.1. Ceneral. The conputed profile error foran HEc-2 run
represents Bul omepossibl e errorassoci ated with each survey

met hod and Manning''s coefficient estimation reliability. The
single result of "a single reach error anal ysi s does_not
necessarily permt development of stable érror statistics of nean
and variance for the error analysis condition. Therefore, a
series of replicate analyses are performed for each of the

conbi nations evaluated to provide a representative sanple of
errors. Each replicate yields an alternative error result. The
mean reach maxi num absol ute and nean absolute errors for the
conmon sets of replicates are averaged, respectively, to produce
a stable and consistent error result for the error "conditions
evaluated. Figure 6.4 illustrates the replicate analysis
performed.

A nmethod is devel oped to determne the nunber of profile
replicates needed to assure that the conputed nean erroris
W thin specified limts with astatedprobability. The replicate
requi rements may be described by exanple. SuppoSe a stream reach
data set has 15 cross sections and 3 records defining the
geonetry and Manning's coefficients, respectively. How nmany
replicates (adjusted data sets with Monte Carlo generated cross
sections and Manning' s coefficients) are required so that the
true mean error for the stream (data set) lies between specified
bounds, with a stated probability?

6-3.2. Replicate AQ%roach. The statistical analysis concept
used to determne the nunber of replicates required to provide
stable results for a streamdata set is called significance
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Reach Absol ute Mean Error = 6.15/15 = .41 feet
Reach Absol ute Maximum Error = .88 feet

105 1 1 I I ] 1
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DI STANCE PROFI LE PROFI LE ERROR ERROR
(ft.1 ELEV. ELEV (ft.) (ft.)
500 102. 10 102.78 +.68 .68
1000 102. 15 102. 87 +.72 .72
1500 102. 17 102. 96 +.79 .79
2000 102. 21 103. 05 +.84 .84
2500 102. 24 103.12 +.88 .88
3000 102. 56 103. 24 +.68 .68
3500 102. 87 103. 32 +.45 .45
4000 103.18 103. 43 +.25 .25
4500 103. 32 103.54 +.22 .22
5000 103.53 103. 65 +.12 .12
5500 103. 73 103. 73 .00 .00
6000 103. 94 103. 86 -.08 .08
6500 104. 02 103. 92 -.10 .10
7000 104. 13 103. 99 -.14 .14
7500 104. 25 104. 05 -.20 .20
sum 6. 15 ft.
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December 1966

FIGURE 6.1 Profile Error

Conput ati on
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testin?. To estimate the nean of a sanple drawn randomy froma
nornal Ty distributed population of unknown nmean and standard
deviation, a two-sided "e" test of hypothesis about the means

Is used. Error acceptances are specitied, statistics conputed,
and the required sanple size is estinated gBowker and Li eber man
1965). The error tol erances chosen are: the Monte Carlo
sinmul ation experiments will yield estimates of nmean errors that
are wthin | o-percent of the true error, with (2) a 5-percent
chance that the true nean error is within the |o-percent

tol erance band but based on sanple conputed statistics, the
decision criteria would conclude it is not, and (3) a |o-percent
chance that the true nean error lies outside the tolerance band
but based on sanple conputed statistics, the decision criteria
woul d conclude that it is within

The determnation of the nunber of replicates necessary for
each data set required an initial assunption of the ratio of the
mean error to the variance of the errors. A value of .31is
initially assumed and later verified during the analysis. The
nunmber of NC records used to define the channel and overbank
roughness values and the nunber of stream cross sections are
consi dered independently. The governing condition determning the
nunber of replicates needed is al mpst always the |ack of
sufficient NC records, neaning a shortage of independent sanples
for variations in Manning's coefficients.

~The above tests the hypothesis that the true mean error falls
within a stated acceptance band about the sanple mean error, given
sel ected levels of significance and the probability of the

hypot heses being correct. The sanple size is a by-product of the
hypothesis testing. The significant assunptions are that the
errors are randomy distribdted in accordance with the nornal
Probablllty.den5|ty function and that the error statistics related
0o NC (Manning's coefficient) variance and cross-sectional (survey
error) variance are independent.

Appendi x D (bound separ at el contains a tabulation of the
nunber of replicates for each HEC-2 data set required to yield
stable results. The required nunmber of replicates varies from3
to 60 for each of the 98 data sets.

6-4. Regression Anal yses

6-4.1. Regression Analysis Variables. Regression analyses
are performed to develop equations Tor predicting the conputed
water surface profile error.  The general formof the error
prediction equations adopted is

log Error = C + a*log X + b*log Y + g*log(d*Sn + e*Nr)
(Equation 6.1)
or
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Error = cwx®syPs(assn +0 {001 (Equation 6.2)

wher e: C = regression constant, ,
a,b,g = power coefficients for variables X Y, and
d*Sn + e*Nr), . . .

Sn = standardized contour interval (interval divided by

10), . : . .
d,e = survey and Manni ng' s di mensi onl ess wei ght
coefficients, respectjvely, and
Nr = Manning's n-val ue estimate confidence.

_The several hydraulic variables testedas expl anatory
variabl es include the |-percent chance flow rate, Manning's
coefficient, cross-sectional top wdth, hydraulic depth, "and
channel slope. Manning's coefficient, cross-sectional top w dth,
and hydraullc,dePth are length melﬁhted val ues. The dom nant
hydraul i ¢ variables are sl ope and ¥draullc depth.  Several

conbi nations of dinensionless weight coefficients for the term
(d*Sn + e#Nr) were tried for field and aerial spot elevations
surveys and topographic maps. . The selected val ues are those that
provi ded the best regression fit. The conplete set of error

val ues for each streamdata set, survey method and accuracy, and
reliability of estimation of Manning' s coefficient are provided
in Appendi x C

. 6-4.2. Field Surveys. The adopted regression equations for
field surveyS are

+60,5.11

Emean = .076%HD * (5#Nr) * 65 (Equation 6. 3)

and Emax = 2.1(Emean)'® (Equation 6. 4)

wher e: Enmean

mean reach absolute profile errorin feet,
!
|

Emax = absol ute reach maximumoprofile error in feet,
HD = reach nean hydraulic depth in feet, _
8 = reach average channel slope in feet per mle,
a

n
Nr = reIiabiIitY of estimation of Manning's
coefficient on a scale of 0 to 1.0.

Equation 6.3 reflects only the error of estimating Manning's
coefficient since there is no error for field surveys used to
obtain cross-sectional coordinate data.

6-4.3. Aerial Spot Flevations. The regression equations to
predi ct conputed profiTe errorstrom aerial spot elevation survey
measurement errors and Manning's coefficient estimtion errors
are
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60,5-11

Enean = .076%HD" #(5#Nr + sn) 5% (Equation 6.5)

and Emax = 2.1%(Emean)"'® (Equation 6. 6)

where: Sn = the standardized survey accuracy being anal yzed -
the contour interval 2-, 5-, 10-feet dI vi ded by
10; and other variables are as previously defined.

Forthe special caseof Nr = 0O, mh?n Manning's coefficient is
prec%sely known, a tighter regression fit I's given by the
equation

.49 .83

Enean = .0731%s°*“#sn (Equation6. 7)

6-4.4. Topographic Maps. The regression equations to
pred| Ct profile errorsiTOm ongraphl C map survey NEASUr enent
errors and Manning's coefficient estimtion errors are

Enean = .45%HD" 33#s°13+(Nr + Sn) (Equation 6.8)
and Emax = 2.6%(Emean)'® (Equation 6.9)

Fort he special case when Manning's coefficient is precisely
known (Nr = O), the profile error can be found with greater
accuracy with the equation

Enean = .632%s°234gn1*18 (Equation 6. 10)

6-5. Reliability of Results

The goodness-of-fit of the re?re33|on,equat|ons can be
expressed using the coefficient of determnation and the standard
error of regression. The coefficient of determnation defines the
proportion of the total variation of a dependent variable
exBIalned by the independent variables. Forexanple, a vaIHe of
0.90 indicates that 90 percent of the variration I's accounted for
bX the independent variables. ~The standard error of regression is
the root-nmean-square error. Table 6.2 sunmari zes t he goodness-of-
fit statistics for the adopted regression equations. %able 6.3
shows standard error values for selected profile accuracies.
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TABLE 6.2

Profile Accuracy* Regression Analysis
Goodness-of-Fit "Statistics

Field and Aerial Spot Topogr aphi ¢
M a

Statistic El evation Surve P
N =0 N> 5 NN=0 N >0

Coeff. of Dgter-

mnation (K< .67 .68 .77 .64
Standard Error
(Log Units, Base 10) .21 .17 .19 .20
*hman reach absolute profile error analyses.

TABLE 6. 3

Profile Accuracy Prediction Reliability*
(in feet)

Aerial Spot El evati ons Surveys

Predicted +1se -| se +2Se -2Se
Error (£t) (£t) (££) (£t) (£t)
.05 .07 .03 .11 .02
.10 .15 .07 .21 .05
.20 .29 .14 .43 .09
.30 .44 +20 .64 .14
.40 .59 .27 .86 .19
.50 .73 .34 1. 07 .23

Topogr aphi ¢ _Maps

Predicted +1se - | Se +2Se -2Se
Error (fe) (ft) (£t) (£t) (£t)
.25 40 .16 .63 .10
.50 79 .32 1.26 .20
.75 1.19 .47 1. 88 .30

1. 00 1.58 .63 2.51 .40
1.25 1.98 .79 3.14 .50
1.50 2.38 .95 3. 77 .60

* The values in the table arethe plus and minus limts in feet
for the stated standard error criterion.
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6-6. Nonpbgraph Adaptation

~The regression equations are ad%Pted t 0 noxnographs to
facilitate ease of use. Figures 6. 6.6, and 6.7 are nonographs
for aerial spot elevation survey and corresponding topographic nap
accuracies for Manning coefficient estimation reliabilities (Nr)
of 0, .5 and 1.0, respectively.

For exanpl e, suppose a stream has a hydraulic depth of 10 feet
and a slope of 20 feet per mle. If lo-foot aerial spot elevation
surveys are used and the Manning's coefficient is not well known
(Nr = 1) , what is the predicted nean error for the profile? Using
Flgure 6.5a, draw a line through the given values of slope and
hydraulic depth until it intersects wth the turning line. This
intersection point and the contour interval value are aligned to

ive the nean error, 1.35 feet. Forlo-foot topographic mps, a
0 foot per mle slope and |ow Manning' s coefficient reliability
give a predicted profile error of nearly 3 feet.

6-7. summary of Profile Error Results

6-7.1. Field Survey Results. The profile errors resulting
fromcomonly appl1ed Trelfd survey net hods of obtaining cross-
sectional coordinate data are a function only of Minning's
coefficient reliability. Conputed profile error is relativel
smal | even for rough estimates of Manning's coefficient. Table
6.4 shows the range of mean profile errors expected for streans
with hydraulic depths of 5 feet. The table is derived from
Equation 6. 3.

6-7.2. Aerial Spot Elevation Results. Errors for aerial spot
el evation surveys tor obfaining cross-sectional coordinate data
varies wth the contour interval and reliability of Nhnnlng's n-
value. Table 6.5 tabulates errors for a stream hydraulic depth of
5 feet. Different errors would be predicted for other hydraulic
depths. Ferthe range of data anal yzed (stream sl opes varg|ng
from1l to 30 feet per mle and contour intervals of 2 to 10 feet),
the mean profile error is less than .5 feet when Nhnnln?'s n-val ue
Is exactly known. For flat streamreaches gslope of 1 foot per
mle), the profile erroris less than .1 feet even if a 10 foot
contour interval is used for the cross-sectional measurements.

The relatively small profile error for the aerial spot
el evation survey nethod is due to the high accuracy of aerial spot
el evation surveys and the randormess of the measurement errors at
t he individual coordinate points. The latter results in
conpensating errors along the cross-sectional alignment. Forthe
error prediction determned fromthe regression equations to be
valid, eight or nmore cross-sectional coordinate points are needed
to ensure that the randommess and thus conpensatory error process
has occurred.
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AERIAL SPOT ELEVATION SURVEYS (Nr =.5)
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5 - § s divided by 10, in f?.
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1 - 3
=
Nr = Reliobikty of Manning’s n;
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. in the estimarted value.
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Where:

Emean = meon absolute
error of reach,in It

S = stream slope,in
r0./mi

Sn= contour interval of
topographic map
divided by 10, in 7.

T T T T
°

HD = hydrouilic depth, in 1t

T

- Nr = Reliobikty of Manning’s n;

8 Nr =.5 represents moderate confidence
LL in the estimated volue.
r'y

' The Hydrologic Engineering Cantor:
b [ December 1996

FIGURE 6.6 Profile Errors - Moderate Reliability of Manning's
Coefficients
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AERIAL SPOT ELEVATION SURVEYS (Nr = 1)
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Where:

Emeon = mean absolute
o ww ofreach,inft

S = stream slope, in
£1./mi

sn=contour interval of
ropogr aphic map
divided by /0, in ft.

HO = hydroulic depth, in ft

Nr = Reliobility of Manning's n;

Nr * 1.0 represents /imited confidence
in the estimated value.
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Emean = meon absolute
o wwofreach,inf?

S r stream s/ope, in
£0./mi

Sn = contour interval of
topographic map
divided by 10, in ft.

HO = hydroulic deoth, in f1

Nr = Reliabifity of Mamning ’s n;

Nr = .0 represents l/imited confidence

in the esti,
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December 1986
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TABLE 6.4

Field Survey
Water Surface Profife Errors

St ream Manni ng' s Coeffi ci ent Profil e grror
Sl ope Reliability Enean
(ft./mi.) (Nx) (£t.)
1 0 0
1 .5 .36
1 1.0 .57

10 .0 :
10 .5 .27
10 1.0 .74
30 .0 0
30 .5 .53
30 1.0 .a3

*Emean = Mean absol ute reach error for hydraul i c depth of 5 feet.

Table 6.5 al so shows that the error in conputed water surface

rofiles increases significantly with decreaaodrellabllltr of

nning's coefficient.” The profile Frrors resultin fronl ess
reliabl'e estimates of Nhnnlng s coefficient are sevéral times
those resulting from survey measurenent error. The re{ative
Insignificance of the aerial spot elevation survey contour
intervals on the profile error when less reliable Manning's.
coefficients are used can be seen in Table 6.5 and is graphically
deP!cted in the nonographs_of Figures 6.6a and 6.7a. For.{ess
reliable estimates of Manning's Coefficients (Nr =1.0), it 1S
|ikely that the error in the conputed water surface profiles wll
be greater than ,7s feet for streamreaches wth average s| opes
greater than 10 feet per mle regardless of the accuracCy of the
Spot el evation contour interval.

6-7.3.  Topographic Map Results. = Asummaryof the profile
error_associ ared wi using ropographi ¢ maps for cross-sectiona
coordinate data is shown on Table 6.6. The t§8| |ists the
estimated error for slopes ranging from1l to eet per mle and

contour intervals of 2-, 5-, and lI'o-feet. There is significantly

/1



TABLE 6.5

Aeri al survey Met hod Ef f ect
On Water Surface Profile Accuracy

Stream Cont our Emean” f Or Emean” f Or
Sl ope | nt erval N =0 N =1
(ft./mi.) (feet) (feet) (feet)
1 2 .02 .59
1 o) .04 .61
1 10 .07 .64
10 2 .06 .75
10 5 .13 .78
10 10 .22 .83
30 2 .10 .85
30 o) .22 .88
30 10 .39 .93

*Emean = Reach mean absol ute error where hydraulic depth is
assumed to be 5 feet.

reater error for Iarqer contour intervals ﬁortopo%raphlc maps
han for aerial spot elevation surveys. Data from opograPhlc_
naPs are simply |less accurate than data from aerial spot elevation
net hods. Al So; topographlc map cross-sectional elevations can
only be obtained at the contour intervals. Because of the
randommess of the error the conpensating error phenomena may be an
I nportant issue for streans that have small cross section
el evation variation conpared to the map contour interval. If less
than eight coordinate points areobtained fromthe nap, the actua
profile errorwi |l be |arger than predicted by the nonmpgraphs and
equations. Significant frean profile errors (greater than 2 feet)
may be expected for anal yses 1nvolving steep streans, |arge
con%Pur,lngervaIs, and unreliable estimates of Minning's
coefficients.

~ 6=7.4. Summary. Error in Manning's coef[|0|ent caB have a
significant Impact en the profile accuracY. ess relrable
estimates of Manping's coefficient general|ly produce profile
errors several tineS those obtained when the values are exactly
known. ~ The contour interval ofaerial spot elevation surveys is
essentially uninportant unless, the Manning's coefficients, qre
reliably eStimated. wever, iftopographi'c naps are used ftor
cross-sectional geometry, both the contour interval and Manning's
coefficient error have a significant bearing on the profile

12



error. The results show that reliable Nhnnlng S coeff|C|ent
estimates are required for accurate water surface profile
anal yses. For detailed studies with S|?n|f|cant survey cost s,
detailed calibration and verification studies are required to
provi de appropriate estimtes of Manning' s coefficients.

TABLE 6.6
Topogr aphi ¢_Map Ef f ect
On Water Surface Pro#’Ie Accuracy
S%{eam lC?ntOU{ Eﬁean*oﬁor Emean” f Or
ope nterva [ - [ =
(£8./01.) (teet) (1eet) (f et)
1 2 .09 .95
1 ) .28 1.19
1 10 .63 1. 58
10 2 .16 1. 28
10 0 .47 1.60
10 10 1. 07 2.13
30 2 .21 1. 48
30 5 .61 1.84
30 10 1.38 2.46

*Emean = Reach nean absol ute errorwhere hydraulic depth
s assuned to be 5.0 feet.

The research results may be used in reverse by determ ning
the mapping required to achieve a desired conputed profile
accuracy. Table 6.7 |s an exanﬁle of this tgpe of agpllcatlon
for sel’ected streamslopes and Nr val ues of
hydraulic depth of 5 feet. The taple shows that a 10 foot
contour interval for aerial spot elevations is sufficient except
when nmean profile errors of less than .1 feet are sought for
relatively steep streans. Tables simlar to Table 6. my be
devel oped from the nonpgraphs or equations for other stream and
reliability conditions.

a
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TABLE 6.7

SURVEY ACCURACY Rl‘.‘QUIl?.D!EN‘l‘S1
FOR SPECI FI ED PROFILE ACCURACI ES
(Hydraulic Depth is 5 Feet)

Manni ng' s n-val ue Manni ng' s n-val ue
Reliability « Nr = 0 Reliability - Nr =1
Stream Profil € Acguracy Aerial Survey Topo Map Aerial Survey  Topo Map
Sl ope Emean Cont our Cont our Cont our Cont our
(ft./mi.) (feet) Interval Interval Interval Interval
1 .1 10 f oot N. A N. A N. A
1 .5 10 foot 5 foot N A N A
1 1.0 >10 foot 10 foot 10 foot 2 foot
1 1.5 >10 f oot 10 foot 10 foot 5 foot
1 2.0 >10 f oot 10 foot >10 f oot 10 foot
10 .1 2 foot N A N. A N. A
10 .5 10 foot 5 foot N A N A
10 1.0 10 foot 5 foot 10 foot N A
10 1.5 >10 f oot 10 foot 10 foot 2 foot
10 2.0 >10 f oot 10 foot 10 foot 5 foot
30 .1 2 foot N. A N A N. A
30 .S 10 foot 2 foot N.A. N A
30 1.0 10 foot 5 foot 10 foot N A
30 1.5 >10 f oot 10 foot 10 foot 2 foot
30 2.0 >10 f oot 10 foot 10 foot 5 foot

;Denotes maxi mum survey contour interval to produce desired accuracy.
Emean s mean absolute reach error.

The Hydrologic Engineering Center
December 1966
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CHAPTER 7

DELI NEATI ON_OoF STUDY BOUNDARI ES
FOR WATER SURFACE PROFI LE ANALYSI S

7-1. CGeneral Concepts

Establ i shment of the upstream and downstream study boundaries
for the profile calculation is required to define linmts of data
col l ection and subsequent analysis. Calculations nust be
initiated sufficiently far downstreamto assure accurate results
at the structure, and continued a sufficient distance upstreamto
accurately determ ne the inpact of the structure on upstream
wat er surface profiles. Underestimation of the upstream and
downstream study | engths may produce |ess than desired accuracy
of results and eventually require additional survey data at
hi gher costs than could be obtained with initial surveys. On the
ot her hand, significant over-estimtion of the required study
IenPth_can result in greater survey, data processing, and
analysis costs than necessary.

The downstream study length is governed by the inpact of
errors in the starting water surface elevation on the conputed
wat er surface elevations at the structure (see Figure 7.1). \Wen
possi bl e, the analysis should start at a [ocation where there is
ei ther known (historically recorded) water surface elevation or a
downst ream control (Chow 1959 and Henderson 1966) where the
profile passes through critical depth. Chserved downstream hi gh
water marks are relatively conmon for calibration of nodels to
historical events, but are unlikely to be available for
evaI#atlons of hypothetical events such as the |-percent chance
event .

Alternative starting elevations are needed for stream
condi tions where high water marks and hydraulic control conditions
are nonexi stent or are too far downstreamto be applicable. Two
commonly applied starting criteria are critical depth and nornal
depth. "~ The starting |ocation should be far enough downstream so
that the conputed profile converges to the base ?eX|st|ng
condition) profile prior to the bridge |ocation.

The upstream study length is the distance where the profile
resulting froma structure-created headloss conver%es with the
profile for the undisturbed condition (seeFigure/.1). The
magni tude of profile change due to bridge created headloss and the
upstream extent of the structure-induced disturbance are two of
the primary criteria used to evaluate the inpacts of nodified or
new structures.
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STUDY LIMITS FOR DATA COLLECTION AN@ ANALYSIS
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The Hydrologic Engineering Center
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FIGURE 7.1 Profile Study Limts

Regression anal yses to devel op prediction equations for
determining study l1mts are perforned on data resulting fromHEC-
2 runs for the base data sets fora varlﬁty of startln% condi tions
and structure headloss val ues. The resulting equationsS and
associ at ed nonographs provide the capability for determning the
extent of required survey and mapping and other hydraulic
paraneter data collection.

18



7-2.  Reqression Anal ysis

7-2.1.  Ceneral Procedures. Regression equations, were
devel oped forestimating tne downstream study Iength for nornal
and critical depth downstream starting conditions and for the
upstrean1studg ength for_stream crossi ng headloss val ues
ranglng from0.5 feet to 5.0 feet. The eyal uations were perforned
u5|n% ata for 80 of the original streamadata sets. The anal yses
are based on the |-percent chance events. Only actual surveyed
cross sections are used in the analysis.

. Streans selected for the regression analysis are those with
adj acent downstream reaches of sufficient lengths to assure
convergence of starting condition profiles before the |ocation of
Interest, as depicted by reaches Aand B in the example of Figure
7.2a. The water surfacé elevation of the converged profiles in
Reach Ais used as the starting water surface el évation for
Reach B. This profile becones the base profile through Reach B,
and i s subsequently used as the basis for conparison, of _
downstream normal and critical depth starting conditions profiles
and upstream headl oss-induced profiles.

_ Downstream reach length anal yses are perforned by u5|ng t he
critical and normal depth starting condition options of HEC 2
(Figure 7.2b). Upstream distance determ nations are performed

computing profiles for the 80 data sets and determning
convergence distance for the designated structure-generated
headlossVal ue.

The nodified and base condition profiles are considered

converged when the profiles were within 0.1 ft. Thiﬁ t?lerance
criterion_is consistent with simlar criterion used N% he
National Flood Insurance Program (Federal Energency Managenent

Agency 1982).

7-2.2, Hydraulic Variables. The several hydraulic varjables
eval uat ed as explanator% variaples In the regression analysis
include the |-percent chance discharge, Manning' s coefficient,
channel slope, cross-sectional top wdth, and ﬁdraullc dept h.
Manning's coefficient, cross-sectional top width, and reach
hydraul'ic depth are Iength weighted values. Table 7.1 |ists the
Qy?raulgc paraneters and profile convergence distances for the 80

ata sets.

Several trials ofdifferent conbinations of variables and data
transforns weretested in the regression anal yses.  Channel sl ope
and, reach hydraulic depth are consistently dom nant independent
variables. “The apal ysis forupstreamreach |ength also included
t he channel crossing’structure headloss val ue.
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KYDRAULIC VARIABLES o r REACH

TABLE 7.1
Study Limt Analysis Summary

DOWNSTREAM STUDY LIMIT (ft)

UPSTREAM STUDY LIMIT (1)

DATA AVERAGE AVERAGE REACH REACH MEAN
TILE REACH 1% CHANCE MANNING'S MEAN HYDRAULIC NOFMAL DEFTH CRITICAL DEFTH CROSSING STRICTURE HEADLOSS
1.D. SLOPE FLOW n VALUE TOP WIDTM OEPTH CRITERION CRITERION ()

(te/ml)  (cte) [$4%] [£4%) ) [$4%] .3 1.0 3.0 5.0
so2rz 1.2 30.200 0.088 3810 15.5
803r2 1.0 33,800 0.061 3390 13.1 6.700 9,900
sosrz 1.8 87,600 0.064 2640 10.9 19, 300 27.700 9,600 14.100 48,800
Soer21 . 3 90,000 0.027 700 19.0 10.600 31,800 16,200 26.900 62,300 87,000
sonry 1.6 120.000 0.050 3200 15.7 08,600 49,300 55.700
s02ry 1.7 120.000 0.047 2500 14.8 28,0800 47,200 20,200  21.900
3031 4.5 7.300 0.071 1050 3.4 9,000 5.500 4,500 6.100 10.300 11.500
S04M1 6.7 10,200 0.061 740 4.7 7.000 7.100 5.000 8, 500 1.200
306M1  s.4 7,500 0.089 640 5.5 10,300 7.600 1.600 3.900  10.800 11.406
S12M1 6.5 700 0.037 2060 2.6 2. 400 2.000 2,400 3.000 6.000 10.100
1M1 40 3.900 0.037 060 2.3 4.100 3.000 1.500 3.100 10.400 13,160
81M1 5.6 2.000 0.030 970 1.2 1,600 500 1,000 1.300 2.000 4,400
sz 9.} 12.400 0.053 870 4.9 3.300 3.300 3,100 3.400 5,200 8,100
805M2 a . 5 16,100 0.067 710 6.4 4,500 8,800 3.900 5.900 8.100 9.800
somz 7.4 21.700 0.054 1430 5.7 800 800 1,400 2,600 8,800 0.500
sowMz 2.9 32,200 0.087 2270 9.4 23.300 34,900 19.600 25,200 36,400 44,900
sioM2 2.4 26,500 0.052 2710 4.6 7,900 6.700 7.000 9,100 14.200
S11M2 4.4 16,300 0.050 1730 37 2,100 2.500 2.500 4,600 9,400 12,27
S22 6.8 10,800 0.040 980 2.9 1.300 1.200 1.500 1,900 2,700 4,300
1Mz 2.0 33.400 0.088 3666 7.5 40.400 40.400 20.000 37,400  42.900 44,900
sz 2.2 22,000 0.002 2670 5.0 20.700 26.700 17,700  20.600 26,000 33,400
812 2 . 2 22,200 0.075 1910 a.2 25.400 24.630 13,900 21.200 32,000  37.200
S1M2 b.1 22.900 0.077 1840 es 16.900 19.200 13,800 19,000 224,200 25.300
8$1IM2 4.5 14,500 0.078 1220 3.9 3.000 6.100 4,400 6,400 12,000 14,000
S19M2 2 . 2 43,400 0.071 1400 12.8 35.000 44,700 20,900 30.600 43,800 50,100
S20M2 2 . 0 A8, 000 0.076 1070 170 43, son 50.300 21,800  30.700 48,800
s .3 50,300 0.074 990 18.8 45,900 52.000 PO.100  30.560  51.500
s2a2 2.2 50.200 0.060 1170 16.5 18.000 29,200
M2 2 .1 59,200 0.059 1610 13.1 14.000 47,8070 16,100 28,800 50,800
S22 2.2 57,100 0.050 1320 14,0 25.700 46.500 19.000 29,400 48.100
s2mM22 . 4 57,000 9.060 1550 .t 10,200 41,700 17.200 31,400 43,600
sz 2.5 52,000 0.066 1000 10.6 24.200 27,900 18,700 23.600 35.600 40,209
samz 3.0 50,800 0.063 1600 108 8,700 21,160 10,300 17,400 29,400 32.000
s2m2 2.0 33,600 0.061 1140 L] 19,800
sz 3.1 27,400 0.061 1200 8.0 16,200 17,200 11,700 13,600 19.700 23,800
M2 4.1 27.400 0.060 1150 8.3 5.100 #.400 5.300 6.600 16.600 21,500
sz 5.0 27.400 0.003 1220 8.0 a.000 7,900 5.100 7.200 12,800 17.000
g 20 01,000 0.057 2940 8.0 .00 41,400 22.100 30.100 42.500 r3.700
s3mM2 1.4 60,500 0.044 1550 10.6 23.200 23,700 15.900 19.100 27.600  33.600
sz 2.0 08,500 0.048 1040 15.5 11,000 40,200 17.000 25,000 42,100

rm Hydrologic Engineering Center
December 1966
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HYDRAULIC VARIABLES OF REACR

TABLE 7.1 (Continued)
Study Limt Analysis Sunmary

DOWNSTREAM STUDY LIMIT (ft)

UPSTREAM STUDY LIMIT (fe)

DATA AVERAGE AVERAGE REACH REACH MEAN
FILE REACH 1T CHANCE MANNING'S MEAM HYDRAULIC NORMAL
I1.D. SLOPE TLOW n VALUE TOP WIDTH DEPTH CRITERION
(fe/mi) {cl») [£4%)] ) [§48)
8352 2.8 83,000 0.048 1210 12.2 33,400
syemM2 2.8 34,000 0.057 1130 13.3 37,200
S3m2 3.0 30,300 0.088 750 14.2 24,000
sisM2 3.0 30,300 0.03%8 e10 1.3 36,000
sz 2.9 43,400 0.05% 760 13.3 33,500
S40M2 4.3 40,300 0.057 720 13.4 23,200
S4iM2 5.0 40.000 0.057 820 11.0 23.200
sa2M2 2.9 83,400 0.852 2020 11 2 30.300
sSa2 2.0 83,400 0.040 1690 13.7
SeaM2 2.3 es.400 0,042 2060 11.6 26,200
sasM2 2.7 83,400 0.044 1500 12.8 13,700
M 8.0 40,000 0.072 1820 8.1 2,400
a2 8.9 32,200 0.072 2070 5.8 3,800
SagM2 9.9 28,100 0.067 1530 5.7 2,000
sz 7.2 40,700 0.069 2040 8.2 4,200
s3wM2 7.0 38,700 0.088 2060 8.1 2,000
s36M2 2.e se.000 0.028 1200 L] 22,800
80181 10.9 7.200 0.052 740 33 2.400
30281 27.2 8,900 0.053 ARG 2.7 1.300
30381 13.0 4,500 0.052 220 3.4 800
SOAS1 22.7 0.200 0.049 590 3.1 4D0
30381 3e.9 5.100 0.053 A0 J0 500
806881 37.e 8,200 0.073 oo 41 1,2n0
S0981 378 4,600 0.061 110 7. 870
81281 21.4 3.100 0.085% 310 2 700
S$1481 39.2 3.000 0.068 240 500
81781 4).4 1,000 0.0s81 2n0 1,200
8228F 11.2 800 0.0837 %0 1.000
82381 28.1 10,300 0.034 LLD] 2 €0on
30182 12.9 17.300 0 0852 ocn (3 } 2.300
%0282 18 68 15.300 N 033 ¥y R I 1,200
803%2 101 37,800 0 0% 1270 16 [ L]
80582 2%.4 14,300 0.087 39%0 , @ 2,400
80682 16.6 15,100 0 055 570 5.1 2,400
80782 12.8 20,700 0.068 1100 53 6,600
sons2 i4.e 15,600 0.0% 748 51 2.198
31382 22.5 33.000 0.041 1900 30 290
81852 22.5 24.000 0 0852 1970 30 12"
81832 15.2 50,000 0.0s5 100" , R 2,900
30183 15.4 274.000 0.031 710 199 1.300

DEFTH CRITICAL DEFTH

CROSSING STRUCTURE HEADLOSS

CRITFRION )
ofer) H 1 0 3.0 5.0
24,000 21,800 29,200 4,500 41,300
38,500 22,200 27,700 41,100
30,300 14,400 20,800 30,100 36,000
13,500 16,200 22,700 33,900 38,300
35,600 18,000 23,500 38,000 37,700
28,700 12,300 17,900 28,809 38,400
23,800 16,000 20,700 26,300 30,900
39,200 28,300 33.000 41.500 0.700
29.300 37.000
33.900 18,700 272.300 39.500 re.300
23,590 13,400 20,800 30,500 33,700
6,500 4,400 6,400 11,600 13,900
4,300 3,000 4,600 8,000 9,700
2,400 2,100 3,000 4,800 8,700
4, 800 3,800 4,900 7.800 9,100
3.300 2,600 3,400 5,600 6,800
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a. Devel opment of Base Profile
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7-2.3. Downstream Reach Length. The adopted regression
equations for normal amdCritical depth starting conditions are:

Ldc = 6600*HD/S (Equation 7.1)
and,

Ldn = sooo~up*8/s (Equation 7.2)

where: Ldc = downstream study |ength (along main channel) in feet
for critical depth sfarting conditions, _
Ldn = downstream study length (along main channel) in feet
for normal depth starting conditions,
HD = avera%e reach hydraulic depth (I-percent chance flow
area divided by cross section top width) in feet, and
S = average reach Slope in feet per mle.

_7-2.4. Upstream Reach Length. The adopted equation for
estimating The upstreamreach length IS

Lu = 10,000%HD" $#nL 5/s (Equation 7.3)

where: Lu = the estimted upstreamstudy |ength (along main
channel) in feet required for convergence ofthe nod-
ified profile to within .1 feet ofthe base profile,
HD = average hydraulic depth (] -percent chance event flow
area divided by the top wdth) in feet,
S = average reach slope in feet per mle, and

H. = headloss rangi ng between .s and 5.0 feet at the channel
crossing structure forthe |-percent chance flow.

7-3. Reliabhility of Results

The goodness-of-flt of the re?re33|on_equat|ons can be
expressed using the coefficient of determnation and the standard
error of regression. The coefficient of determ nation defines the
proportion of the total variation of a dependent variable
expl ai ned by the independent variables. Forexanple

, a
coefficient” of determnation of .90 indicates that 90 percent of
the variation is accounted for by the independent variables.

The standard error ofregression is the root-nean-square
error. Tables 7.2 and 7.3 summarjze the goodness-of-fit
statistics of the adopted regression equations.
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TABLE 7.2

Study Length Regression Analysis
Goodness-of -Fit Statistics

Downst ream Study Length Upst r eam
o Nor mal Depth Critical Depth St ud

Statistic Criterion Criterion Lengt h
Coeff. of Deter-

m nat i on .83 .89 .90
Standard Error

(Log Units, Base 10) .26 .22 .18

TABLE 7.3

Study Length Adjustnents for
One Standard Error” (Se) of Estimate

(in feet)

_ Downst ream Study Length Upst r eam
Predicted Nor mal  Dept 1tical Dept StudY
D st ance (ft) Criterion Criterion Lengt h
(Eg. 7.1,7.20r 7.3) +1Se +1Se +1Se

1, 000 1, 800 1, 700 1, 500

5, 000 9,000 8, 000 8, 000
10, 000 18, 000 17,000 15, 000
15, 000 28,000 25,000 23,000
20, 000 37, 000 34, 000 30, 000
25,000 46, 000 42,000 38, 000
30, 000 55, 000 50, 000 45, 000
35, 000 65, 000 59, 000 53, 000
40, 000 73,000 66, 000 61, 000

The Hydrologic Engineering Center
December 1986
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7- 4. Nomograph Adapt ation

The equations were converted to norm(rzjraﬂhs to present the
results in aconvenient form The nonographs can be used to
estimate study limts for data collection purposes. ForeXarg)l e,
I f the average hydraulic depth and sl ope downstream of a bridge
are fivefeet ‘and five feet per mle, respectively, the
downstream reach length for critical depth starting criterion can
be estimated from Figure 7.3. _The val ue 1dc = 6, 600 feet 1s read
directly off the nonograph. Simlarly, for normal depth
criterion, a value for rdan of about 5 800 feet is obtained from
Figure 7.4.

The upstream study limts can be estimated in asimlar,

manner using Figure 7.5. Again, foran average hydraulic
depth of fivefeet, a slope of five feet tpermle, and a
structure-induced headloss of five feet, the estimted required
upstream study distance Lu is 12,000 feet.
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TYPICAL CROSS SECTION
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S =  Averoge reach s/ope The Hydrologic Engineering Center

December 1986

FIGURE 7. 3 Downstream Reach Length Estimation - Critical Depth
Criterion
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TYPICAL CROSS SECTION
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S = AMO’O reach slope I The Bydroll,..oqic lnqin«ring Center

FIGURE 7.4 Downstream Reach Length Estimation - Nornal Depth
Criterion
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stud%_and_nethodologies. Prof essional experience, -judgment, and
ilities of the analyst also influence the [evel-of-detail.

capa
a-2.3. Review of Previous Study Data. The availability of
hydr ol ogi ¢ sFUﬁTE§'§ﬁﬁ'ﬁﬁf§?‘§UTTﬁf%‘ﬁTﬁr|Ie anal yses may
signifijcantly reduce the data collection, verification, and
analysis effort. Federal (e.(%.IE Corps _of Engineers, Federal

e
Enmergency Managenment Agency MA), U. S. Ceol'ogi cal Survey, U S.

Soi | "ConServation Service),” state, and |ocal agencies shoul d be
contacted to determne the availability of dataand information.
Data may include: (1) the |-percent_chance discharge val ues, QF)
Manni ng”s roughness coefficients, (3) cross sections, (4) hi
water marks for historic events, and (5) topographic maps an
aerial photographs of the study area. = Aerial ~“photogranmetry
firms shoul d”be contacted for map availability.

The use of water surface profile conputer prograns and
previously devel oped data may reduce the study effort and yield
consistent results with respect to prior inveStigations.
Determ nation of whether the study area is part of the National
Fl ood Insurance flood plain reqgulatory program or under other
state or local regulatory policies is'requited. |f so, nuch of
the anal ysis data should be avail abl e, nsi stent procedures are
required where regulatory policies exist.

a-2.4. Field Reconnaissance. A fl%Jd reconna|s%?nce of the
study area snourd be nade aiter the study purpose and level-of-
detajl are established, previous study data assenbled, and
prelimnary cross-sectional |ocations determned. Field
reconnai ssance_ includes interviews of |ocal agency personnel and
residents, review of |ocal documents, and visual inspection of
the study area ﬁkwdrologlc Engi neering Center 1980). . Exanpl es of
;nfprgaﬁuon that ‘may be obtained froma field reconnai ssance are
i sted bel ow

(1) Meteorological and physical data of the study area.

(2) Historic high water marks and photographs for profile
cal i bration studies.

(3) General know edge of flow paths, blockage by debris, and
frgququy of hisStoric overtoppings of stream crossings
and roads.

(4 Design discharge of highway crossings and other physical
works in the study area.

(s) Information on authorized and anticipated future
devel opment that may inpact on the design or regulatory
water surface profile.

(6) Verification of cross-sectional |ocations and
determ nation ofsurvey procedures.
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(7) Estimation of Manning' 8 coefficient8 including
docunent ati on from visual inspection, aerial and ground
phot ogr aphs.

(8) Estimation of geonetrg of one to five typical
cross sections (with 8ay 8=10 coordi nate %0|nts) and
Manning's coefficient8 at key | ocation8 throughout
the study area. Hand levels, t opographi c maps, and
ot her equi pment and data may be used.

a-3. Hydraulic Variable Estimation

8-3.1. Overview | nformati on needed to perform water
surface profile analyses includes: (1) cross-sectional data, (2)
di scharge, and (3) Manni ng' 8 roughness coefficients. The data
are used to derive data collection (study) 1limits. The data
shoul d be obtained from previ ous study data if possible. \Wen
not available, the data may be derived by anal yses, surveys, and
field reconnai ssance. The value8 are subsequently adjusted (or
cal i brated) so that observed diecharge-frequency rel ati onshi ps
and high water mark8 are reproduced a8 accurately a8 possi bl e.

8-3.2. Cross-Sectional Layout. Cross-sectional |ocations are
t he caleculation | ocation8 In the ﬁrofile conput ation. The cross
sections are | ocated to ensure that the basie concept8 and
principle of the step-profile procedure are nmet a8 described in
Section 2-4. The cross sections 8houl d be layed-out on U. S.
Ceol ogi cal Survey Quadrangl e Topographi c Map8 a8 described in
Section 8-4. The [ocation8 and alignment8 should be adjusted and
verified during field reconnaissance of the 8tudy area as
necessary.

a-3.3. One-Percent Chance Flow. The |-percent chance flow
rate may be estimated from 8treanflow data or by various
statistical net hod8 where record8 are nonexistent. For areas
where 10 or nore year8 of stream f| ow records are avail able the
U. S. Ceol ogical Survey (1982) publication Quideline8 for
Determ ning Flood Flow Frequency procedure8 8hould be appli ed.
Procedures f or ungaged condition8 vary significantly i n detail
and applicability for estimating the |-percent chance flow
Common procedure8 i ncl ude simplified ® gquation8, transfer from
similar gaged watersheds, regression equations, and rainfall-
runof f analysis nethods. A principal reference describing the
met hod8 is the U.S. \Water Resources Council (1981),

Estimating Peak FlowFrequencies for Natural Ungaged Watersheds.
Q her reference8 for ungaged watersheds incl ude the

[ lLocations
(Hydrol ogi ¢ Engi neering Center 1980) and Hydrologic '

%&%%%?d Watersheds Using HEC-1 (Hydrol ogi ¢ Engi neering Center
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.8-3.4. Mnning's Coefficient. The i or%?nce of usin
reliable estImateigﬁr‘wﬁﬁﬁrﬁ§*§‘Tbughness_ oefficrents whe
conputing water surface profiles is enphasized in Chapter 6.
Estimation guidelines may be found in such references as
Qui de for Selecting Manning's Roughness Coefficients
TOr_Natural_Channel S_and Flood Prains (Federal Hyghmgy |

ura

Adm ni strati on1984), Roughness Characteristics o
Channels (U S. Geolo |T%ﬂg1iﬁTRﬁTTi3777‘§ﬁ6‘C5€ﬁ7Cﬁaﬁﬁ€T“
Hydraurics (Chow 1959).

DeveloplnP reliable Manning coefficient estimates for water
surface profiles typically requires use of aerial photographs and
field reconnai ssance in conjunction with the above or simlar
references. Reach photographs and typical values also provide
val uable aids.  Theinitial estimates shoul d be adjusted and
calibrated to historic highwater marks. The calibration process
shoul d be perforned for events in therangeof the |-percent
chance event when possible.

8-4. Delineation ofProfile Analysis Limts

Chapter 7 describes the analysis needed to estimate the
upstream and downstream|limts of the profile analysis. A
strategy for determning the analysis limts is provided bel ow.

(1) Review available data (such as proposed crossing.
alternatives and nmaps) including those from previous
studies (such as water surface profiles, highwater
marks) to determne scoRe of investigation, expected
maxi mum headl oss, and channel obstructions.

(2) Roughly estimate study limts on a map, such as a U.S.
Geol'ogi cal Survey Quadrangle map, for the purpose of
estimating reach hydrauliC paraneters.

(3) Conduct prelimpary field reconnai ssance, deternmining
two to five typical cross sections by visual .
observation, available maps and/or rough pacing, and
hand | evel s for upstream and downstream reaches.

(4) Estimate hydraulic depth oftypical cross sections at
the upstream and downstream study limts using (as

0 e
avai | abl e) applicable highwater marks, normal “depth
calculations of sinplified cross sections, previous
study data, charts and tables (Chow 1959 and Federa

|
t abl

H ghivay Adm nistration 1961) and judgment.
ope

9
previous study data or f?onlslnple field surveys
procedures such as hand |evels.

(5) Estimate the channel sl from topographi c maps,

(6) Estimate the downstreamstudy limt for critical or
normal depth starting criteria, as preferred, from
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Figures 7.3 0r 7.4, rolﬁoctivcly. NOTE: |f a known
starting elevation, such as a streamgage, orcritical
depth control point falls within the €stimted study
limts, thenthat |ocation should be used to establish
starting elevations for the profile calculations.

(77 Estimate the hydraulic depth associatedwith a typical
upstream reach cross section, the average reach sl ope,
and the maxi muminduced headloss anticipated in the
anal ysis of the new or nodified bridge configurations
from (1).

(8) Estimate the upstreamreach length using Figure 7.5.
The upstream | ength may be adjusted (to be
conservative) by adding distance based on the standard

error Uusing Table 7.3 it desired.

(9) Once the upstream and downstream study reach |engths
are determned, cross-sectional and other hydraulic
paraneter data collection needs can be defined and a
data collection plan devel oped based on physica
characteristics, costs and other factors.

8-5. Cost Effective Anal yses of Survey Methods

The study results allow conparisons of survey accuracy |
requirements” offield, aerial spot elevations, and topographic
map net hods for obtaining cross-sectional coordinate data. The
conpari sons are based on m ni mum survey accuracy (contour
interval) requirements to meet specifi'ed profile accuracy |evels.
Table 6.7 is an exanpl e conparison for aerial Spot el evations and
topo%raphlc map methods. Cost estimates for the survey nethod
may Dbe devel oped and comparisons made to determne the cost
eftective nethod of obtaining the surveyed Ccross-sectional
coordinate information.

A decision on survey method and accuracy shoul d al so consider
ot her uses forthe survey infornmation, such'as the use of
t opographi c_map data for cut-and-fill analyses. Since aeria
spot “el evations (characterized herein as significantly nore
accurate thantopographi c_maps) and topographi c maps ‘may be
derived fromthe same aerial photograph Sstereo nodels, both
met hods may be used for water surface profile anal yses and other
applications at acost increnent |ess than the conbi ned
i ndi vidual costs. The need for field surveys of unique features,
such as bridges, and hydrographic surveys bel ow existing water
surfaces are other conSiderations in selecting the survey method.

Regi onal cost curves and tables for field surveys, aerial
Sﬁ°t el'evations, and topographic maps may be used t0 expedite the
the survey nethod sel ection process. Figure 8,1 Shows an
exanpl e of total survey costs versus nunber of cross sections for
the aerial and field survey nethods. This exanple is based on a
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2000 foot reach and a 2=foot contour interval accurac¥ﬂ The cost
curves, developed for Northern California, showthat Tield
surveys are less costly than aerial spot elevations for a few
sections (fewer than 10 cross sections). However, the aeria

met hod becomes significantly less costly as the wdth of the
floodplain and the nunber of cross sections increase. The

exanpl e al so shows that the total cost of the aerial spot.

el evation survey method increases only slightly with the increase
in floodplain width and nunber of cross sections. Simlar cost
curves nmay be devel oped to include topographlc_nappln? an
hydr ogr aphi ¢ survey costs, additional contour intervals, and
terrain and | and cover.

The basic straIegy,for performng a cost conparison analysis
of survey nethods isTisted bel ow

(1) Adopt a target level of water surface profile
accuracy.

(2) Estinate thenunber of requiredsurveyed cross sections
for the limts of the study using guidelines described
in Section 2-4.4 and ot her "referénces such as
Conput ation of Water Surface Profiles in Open Channels
éU. S>. (eologlcal oSurvey 1984[) and the HeC-Z Vater

urface Profile user's manual (Hydrologic Engineering
Center 1987a).

(3) Determne the required mninumlevel of the survey
accuracy based on the stream characteristics, target
profile accuracy, and the reliability of Manning's
coefficient estlnates.

(4) Review available survey data from previous studies and
specific survey needs, “such as bridge and hydrographic
survey | ocations.

(5) Review applicability of various survex net hods
consi dering access, " land cover and other factors.

(6) Estimate costs of the various survey nethods and
requirements,.

(7) Select the most cost effective survey method [hat meet s
the needs and requirements of the study. Table 8.1
provides a sinplified exanple of a cost conparison
anal ysis of selected survey procedures.
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TABLE 8.1

Exanpl e survey, cost

Conpari'sons
Specified No. of Cont our Estimate
survey rofile Cross | nt erval Survey,
Met hod Accur acy Sections Required cost
Field Surveys 1.0 feet 15 N.A. Lee $ 9,000
Aeri al Survexa 1.0 feet 15 10 foot,,. 5, 500
Topogr aphi ¢ Maps 1.0 feet 15 5 foot 15, 500

* Exanpl e based on an average 2000 foot w de cross section,

flat terrain wth [ight cover. Average streams|ope is 10 feet
per mle. The reliability of estimation of Manning's coefficient
IS assumed to be precise (NR= 0) due to the availability of a
long period-of-record of a nearby streangage and historicC high
water mark for calibration. Ahydraulic depth of 5 feet was
assumed for the exanple.

**Cost values are for illustration pur poses only.
***From Table 6.7.
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APPENDI X A
FLOODPLAIN REGULATORY PQOLI Cl ES

A-1. Overview and Purpose

Thi s appendi x describes general guidance and procedures for
state highway agencies and others in coordinating nmodified or new
Réoposed hi ghway stream crossings with the Federal Energenc%

nagenent ‘Agency (FEMA)and conmunities participating in the
Nati onal Fleodl nSurance Program It also provides conditions
whi ch nust be met prior to FEMA'sapproval of changes in
f1oodpl ains, floodways, or base flood elevations resulting froma
proposed hi ?hvva Crossing. The procedures are general |y
applicable To other typeS of water surface profile analyses.

A-2. The National Flood |nsurance Program

The National Flood Insurance ProgranlgNFIP) IS a major.
Federal floodplain managenent program Its prinar obgectlves
are: §1) to provide f]ood insurance coverage, and (2) to pronote
w se floodplain policies that regulate future devel opnent to
mnimze the potential for flood damage, The NFIP was initiated
by t he National Flood | nsurance Actof1968. The NFIP

Vv
0

subsequently becane a significant Federal in
hazargun1t|gat|on wth the passage of the Fl
Protection Act of 1973.

ol venent in flood
od Disaster

In order to particjpate in the Flood | nsurance Program (FIA),
each community nust: (1) |dent|f¥ the |-percent chance f1ood
event floodplain and 1l oodway; (2) provide appropriate _
f1 oodproofing orrestrictions on new devel oprrent or substantia
I mprovement of ol d devel opnent in the floodplain; and (3) develop

a local land use management programfor its flood prone areas.

Each conmmunity is divided into flood hazard areas that
eflect the regul'atory aspects of the NFIP. The regul atory
| oodway carriest he baSe flood (I-percent chance flow) w thout
ncreaS|n% the water surface elevation nore than one foot at any
oint. The remainder of the roodPIaln bet ween reqgul atory
| oodway and the |-percent chance tlood boundary is defined as
he flood f ri nge.

. Wthin the flood fringe, newdevel opment orsubstanti al
i nprovements, such ashi ghway stream crossings, are allowed
rovi ded thatal| residential devel opnents are el evated to above
he base flood |evel and non-resident; al develoe nt are eleyated
or floodproofed abovethe base flood [evel. Developnent wthin
the regulatory floodway is only allowed if there is no increase
in flood elevation (Federal H ghway Adm nistration 1980).
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A-3. Variations in Floodplain Requl ati ons

The National Flood Insurance Program requires a nunber  of
criteria as the mninum standards for adoption of ro odpl ai
nmanagenent regulatrons by local conmmunities, enrol n% inth
program  The NF| P enphasi zes that these crrterra and standards
are mninumrequirements. Direct state regul atjon of ysers is
usual |y authorized only if |ocal governmenfs tail to adopt and
adm nister regul ations” meeting mninumstate standards State
floodway criteria are shown in _Tabl0 1 (Federal H

Adm ni stration 1980 and Water Resources Council 19 2)

r.o
aln
the

A-4. Profile Analysis of NFIP Areas

A4-2, Overview and Background. The | ocal comunity with |and
use Jurrsdrctron Whetner 1t 1s acity, county, or state, has the
res onsrbrl for enforcrng Nat i onal FIood I'nsurance Program

?u ations | that communi y is participating in the NF
Defermnation of the status of a comunity's participation in the
NFI P and review of applicable NFIP maps and ordi nances are
essentjal initial first steps in conducting water surface profile
anal ysis of nodified or new hi ghway stream crossings.

Where NFIP maps are available, their use IS mandatory in
determning if a highway streamcrossing alternative w |
encroach on the base™fl oodpl ain. hree types, of nEP 3r§
published: (1) a Flood Hazard Boundary hhz gg a Flood Boundary
and Fl oodway Map; and (3) a Flood Insurance e Map. A Flood
Hazard Boundary Map is generally not based on a detalled
hydraulic stu y, and, therefore the roodealn boundarles are
approximate. A Fl oodpl ain Boundary and Fl oodway %enerally
derived froma detailed hydraulic stud and shouId provr
reasonably accurate |nfornat|on The ﬁydraulrc data are
avai |l abl € through regional offices oftHe Federal Emergency
hanagenent Agency (FEMA).  The hy raulrc data are normal | |n t he
form of con%uter i np ut data sets’for cal cul atrnd wat er sufface
rofiles he Fl oo Insurance Rat e NBP IS usua Iy devel oped at
he same time as the water surface i [ e anal ysi's nodel and has
?ggg)flood el evations added (Federal Emergency Management Agency

The analysrs of ro osed new or altered hi
crossrngs general ly tall within three situatio
the NFIP rég uIatrons These are: (1) detailed od | nsurance
st udi es have been performed and a regulatory f s in
effect; (2) a comunity is partjcipafing in the regu ar program
but no regulatory floodway has been established: and (3)
comunity or area is not in the NFIP. Follonrngngaragraphs
describe”the anal ysis considerations and requireéments” of
performng water surface profile analysis for these conditions
(Federal H ghway Admi nistration 1985).

way stream

gh
ns with regards to
| ood
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Alabama

Al aska
Arizona
Arkansas
California
Col or ado
Connect 1 cut
Del awar e

I

[ I1inois

| ndi ana

| owa
Kansas
Kent ucky
Loul si ana
Mal ne
Maryl and

MasSachusetts

M chi gan
M nneSota
M ssi ssi ppi
M ssouri

TABLE A- |

STATE rroopwaYCRI TERI A

NFIP =Statecriteria are the sane as the NFIP criteria

MR( ) = State criteria are morerestrictive than

criteria. \hen appropriate,

Mont ana NFl P
Nebr aska NF| P
Nevada _ NF| P
New Hanmpshire NFI P
New Jersey MR(.2)
New Mexi co NFl P
New York NF| P
North Carolina NFl P
Nort h Dakot a NFI P
thio MR(.5)
Gkl ahona NFl P
O egon _ NFI P
Pennsyl vani a NFI P
Rhode" | sl and NF| P
South Carolina NF| P
Sout h Dakot a NFI P
Tennessee Nl P
Texas NFI P
Ut ah NF| P
Ver mont Nl P
Virginia NFl P
Washi ngton NFl P
West Mirginia NFI P
W sconsin MR(.1)
Wom ng MR(.1)
he NFIP

the allowa

le 1ncrease in

the water surface elevation is indicated in feet.

( Feder al
of the Nationa
FHWA/RD-80/015.

H ghway Admi nistration 1980)
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a4-2. NFIP-Requlatory Floodway in Effect. For connypities
where the NFTP‘TEg%TETTGﬁ%‘ETE‘Tﬁ‘%TT@ET‘Eﬁﬁ‘re ulatory. Tl oodway
defined, the initial alternative analyzed shoul d be a hi ghway
stream crossing with all conmponents excluded fromthe floodway.
The design, which essentially spans the floodway, nust also [Tmt
the rise of the base flood ([-percent chance evént profile)
within the regulatory criteria (normally one foot). The .
alternative nmust be sufficiently detailed to show the associated
|nPactf on the base flood and to provide a reasonabl e cost
estimte.

VWere it is not practical or cost-effective for the highway
stream crossing to span the floodway, alternative designs That
modi fy the floodway should be investigated.  The Rro;ect my
normal |y be considered as belng,cpn5|stent wiith the Tegul atory
standards if the hydraulic conditions can be inproved So that no
water surface elevation increase results for the proposed design.
For f| oodway conponents, such as piers, which have a minor effect

on the floodway water surface elevations, these nodifications nay
be easily acconplished.

For alternatives where the hlghmay stream crossing components
encroach in the floodway and result in increased floodway profile
el evations, nore extensive nodifications may be required. ten,
the community will be willing to accept an alternative floodway
configuration to acconmodate a proposed crossing providing the
NFIP Nimtations on increases in the base flood profile are not
exceeded. This is best acconplished when the floodway is first
established. However, where the commnity is willing to anend

an established floodway to support this option, the floodway

may be revised.  Mdifications analyzed to alter the floodway
hydraulics to mtigate the increase’in the revised conditions
protile are |isted-bel ow,

(1) Increase the flow conveyance areaupstream and/or
downstream of the structure.

(2) Mdify the flow alignment through the structure.

(3) Reduce the roughness to increase the efficiency ofthe
base flood flow

(4) Increase the flow gradient in the vicinity of the
structure.

(5) Mdify design of the Pi ers and the crossing abut nents to
reducé | osses through the structure.

(Federal Emergency Management Agency 1982).

The comunity has the ultimate responsibility for
denmonstrating that an alternative floodway coanPuratlon meet s
the NFIP requirenents. However, this responsibility may be borne
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EX the agency proposing to construct the hi ghway crossing.
oodway revisions must be based on the water surface profile
data sets used to devel op the affective floodway but updated to
reflect existing encroachment conditions. This allow8
determnation ofthe increase in the bare flood elevation caused
by encroachnment8 since the original floodway wa8 established

The increase to the profile nmust be referenced to the
exi sting condition8 profile devel oped when the floodway was first
established. The base and nodified conditions water surface
profile analysis nust extend far enough upstream and downstream
to evaluate the inpact of the proposed hi ghway stream crossi ng.
Downst ream di st ances must be sufficient to niti?ate starting
condition8 profile error8 prior t0O downstream fl oodway revisions
associated with the structure. Upstreamdistances nust be
sufficient so that the nodified condition8 profile essentially
converge8 to that ofthe base condition. he distances will vary
dependi ng on the nmagnitude ofthe floodway revision and the
hydraulic characteristics of the stream  The research procedures
derived and presented in Chapter 7 are applicable for defining
upstream and downstream anal ysi s distances. Chapter 8 descri bes
an anal ysis strategy for the distance det erm nati ons.

|f the water surface profile analysis i nput data representing
the original regulatory condition8 is unavallable, a new data sef
shoul d be established using the original cross-sectional
t opographi c i nfornation, where possible, and the di scharges
contained in the Flood Insurance Study which establish the
orlgjnal flcmdma¥. The Profile analysis shoul d then be perfornmed
confining the effective rlow area to the currently established
f1 oodway and calibrated to reproduce within 0.10 foot. The
profile accuracy procedure8 devel oped and presented in Chapter 6
may be used to assist in this analysis. Modified floodway
conditions arethen eval uated using the above procedures.

The increase to the profile nust be referenced to the _
exi sting conditions profile devel oped when the floodway was first
establ i shed.

Data submtted to FEMA in supPQrt of a floodway revision
request should include the itenB |isted bel ow

(1) Copy ofcurrent regulatory Flood Boundary Fl oodway Map,
showing existing conditions, proposed highway crossing and
revised floodway limts.

mput er i nput and output results)
F? regul atory conditions |-percent
00

he 'exi sting and ifi
or  devel opment that has

no
chance flood event. Any f (

occurred in the existing flood fringe area must be
ing%rporated into the nodified conditions fl oodway
nodel .

(2) Cbe of profile analysis éco
of 't |

|

|
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. Wen it is clearly shown to be inappropriate to designa

hi ghway crossing to avoid encroachment on the floodway and where
the fl oodway cannot be nodified such t hat the structure coul d be
excluded, FEMAW || approve an alternate roodmaY w th backwat er
In excess ofthe 1 foot maxinumonly when the follow ng

condi tions have been net.

(1) A location hydraulic study has been performed in
accordance with Federal -aid H ghway Program Manua
FHPM) 6- 7-3-2 "Location and Hydraulic Design of
ncroachnents on Floodplains® (23 CFR 650, Subpart A)
and FawA finds the encroachnent is the only practicable
alternative.

(2) The constructln? agenc
arrangenents with affe
comunity to obtain f

conpensate them

effects of the s

d property owners and the
|ng easenents or ot herw se
| ood | osses due to the

gency has made appropriate

h affected

ali | ood

for future

tructure.

(3) The constructing agency has mde approprlate
arrangenents to assSure that the National Flood _
| nsurance Program and. Fl ood Insurance Fund do not incur
any liability for additional future flood |osses to
existing structures which are insured under the Program
and grandfathered in under the risk status existing

prior to the construction of the structure.

(4) Prior to initiating construction, the constructing
a?ency provides FEMAW th revised flood profiles,
flroodway and fl oodplain mapping, and background
techni cal data necessary for FEMAtO iSSu€ revised
Fl ood I nsurance Rate Maps and Fl ood Boundary and
FI oodway Maps for the affected area upon conpletion of
Egngtructure (Federal Emergency Management Agency

A4-3. NFIP-No Requlatory Floodway. Forcomunities where a
detailed flood Tnsurance study has been performed but no _
regul atory fl oodway designated, t he base-condition flood profile
s the focus of the analysis. The highway stream crossing shoul d
be designed to allow no more than the regulatory criteria (1
foot) increase in the base profile established Tromthe flood
i nsurance study. \Were it Is not practical or cost effective to
desi gn the highway crossing and meet the regulatory criteria, the
procedur es outiinea under Fl oodway Encroachient Wier e pemon-
strably Appropriate shoul d"De TOITOWEd in requesting a revision
of The base reguratory profile.

‘A4-4, H ghway Encroachment on Unrequl at ed Fl oodpl ains.
Desi gn of hIE%ES‘lsfrean1crOSS|ngs oufsiae Of 1NeE NﬂiP

communities or identified flood hazard areas should be based on
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sound engineering principles, economcs, the flood hazard
potential” of the area, and other factors. The base or existing
wat er surface Rroflles and revised profiles resulting fromthe
bri dge encroachnment nust be conputed and conpar ed. he upstream
and downstream profile distances_should be defined based on the
procedures described in Section 7-2.

The profile analysis of the nodified condition should _
normal |y be carried far enough upstream so that convergence with
the base profile is within .1 feet  (Federal Er_rergencg/ Managenent
Agency 1932 and Federal H ghway Adm nistration 1985).
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APPENDI X B
EXAVPLE CROSS- SECTI ONAL AND PROFI LE REPLI CATES

. This appendi x presents exanples of the Mnte Carlo sinulation
ad{ustnents to cross sections and sanples of resulting conputed
water surface profiles from Mnte Carlo adjusted cross sections.
The cross-sectional adjustments sinulate data measurement errors
associ ated with 2-, s-, and | o-foot contour intervals of aeria
spot . el evation surveys and topographic maps. The. rofllgs are
replicates generated fromthe adjusted cross sections an
Manni ng's n-val ues for a selected HEC-2 data set. Al thou P t he
di scusSion centers about the selected results of a particular
stream and anal ysis conditions, the results areconsistent with
tpoge derived fromanalysis of the 50,000 BEC-2 runs for the
st udy.

Fi gures Bl and B2 areexanpl es of cross section replicates for
an HEC2 base condition cross section for a S-foot contour
Interval of aerial spot elevations and topographic mapping methods
of obtaining cross-sectional coordinate data, respectively. Two
replicates and the base cross section are shown to illustrate
possible Mnte Carlo adjustments to sinmulate aerial spot
el evations and topographi ¢ mapping data measurenent errors. The
aerial spot elevation adjustments (FhﬁlreBl) are made at each of
the base cross section coordinates. e topographic map |
adj ustments (B2) are made at interpol ated coofdinate |ocations of
t he base cross section at S-foot contour intervals. Conﬁarlsons
of the aerial spot elevation results of FigureBl1 with the
t opographic map results of Figure B2 clearly show the aeria
procedure to produce the nore accurate representation of the base
condition cross section. This is due primarily to the difference
in accuracy and to a |esser degree, the fewer ctoordinate points
that result when using topographic maps.

Figures B3 and B4 show adjusted replicates for 2-, and | o-f oot
contour interval 8 of aerial spot elevation surveys and to ogr aphic
naP?lng, respectively. The figures are included to illustrate the
difference in inpact” of the contour interval of the two nethods.
The contour interval has significantly less effect on the aerial
5ﬁot el evation method for obtaining cross section coordinate data
than for topographic maps. The effect of fewer coordinate points
and larger errors associatedW th a | arger contour interval is
Illustrated in the lo-foot contour plof of the topographic map
representation shown on Figure B4

Figures BS through B8 show the base profile and profile
replicates computed Tor adjusted cross sections generated for 2-,
5-, |o-foot contour intervals ofaerial spot elevations and
t opographic map nethods, for two reljabilities of Manning's n-
val ue estimtes. Each adjusted profile represents one réplicate
of many possible for each survey,nethod and. associ ated accuracy
(contour interval), and reliabifity of Mnning's n-val ue.
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Figures B and Bé show t he base and sel ected 2-, 5-, and 10-
foot aerial spot elevation cross section data replicate profiles
for high (Nr-0) and low (Nr-1) reliabilities of estimatin
Manni ng' s coefficient. comparison of the profile plots of the
two figures clearly show that the aerial spot elevation (Figure
B5) produces relatively accurate results for the stream |
regardl ess of the contour interval, and that the reliability of
estimating Manning's coefficient (FigureB6)can have a
significant inpact on the conputed water surface profiles.

Figures B7 and B8 show simlar results for topographic nmaps to
that of the aerial spot elevations. Figure B7 shows that the
contour interval has a greater inpact on the accuracy of the
profiles resulting fromgeonetry data devel oped from topographic
map data than fromthose ofaerial spot elevations of Figure B5.
The effect of the reliability of Manning's n-value estinate can
al so be seen by conparing Figures B7 and BS.
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APPENDIX C
PROFI LE ERROR SUMVARI ES

This appendix provides a complete listing of the hydraulic
vari abl e8 and error resultsfor the 98 stream data sets. The
listing includes 21 different profil e analyses corresponding to
each of the error condition8 anal yzed for each of the 98 data
sets. Page8 127 through 154 1list the profile error results for the
aerial spot elevation survey net hod for defi ni ng cross-sectional
coordi nate data. Page8 155 through 177 list the calculated errors
gor t opogr aphi ¢ map net hod of defining cross-sectional coordi nate
at a.

Definition of TernB8

Data Set |.D. The data file |abel associated
wth an input HEC 2 data set

Average Q100 (cfs) The average |-percent chance flow
rate in cubic teet per second for
t he analysis reach. The Q100 was
det er m ned by averagi ng the
discharge val ue8 of the f£irst and
last cross sections.

Aver age Sl ope (ft./mi.) The average slope in feet per
mle for the analysis reach. The
slope is the difference in bed
el evation between the first and
last cross sections di vi ded by
t he channel distance in n|es.

Hydr Depth (ft) The mean reach hydraulic depth in
feet of the stream under anal ysis
calculated a8 the flow area
divided by the top width of the
flow at the cross-sections.

Wi ght ed val ue8 were cal cul ated by
cross section and by analysis
reach.

Manni ng' 8 n-val ue The reach nean val ue of Manning's
coefficient forstream roughness.

Survey Accuracy (ft) Contour interval in feet used for
various | evel 8 of surveys for
def i ni ng cross-sectional
coordi nat e dat a.

Nr The reliability of the Manning's
coefficient estimate where: 1.0 =

125 APPENDI X C



lowreliability estimate: .5 =
moderaterel i ability estinate:
and 0 = known exactly,

Mean Absol ute Error The reach nmean absolute profile
error in teet of the analysis
reach conput ed by sunmi ng’t he
calculated profile error at 500
foot intervals and dividing b
the total nunber of calcul ations
poi nts.

Maxi mum Absol ute Error The reach naxi numabsol ute error
in feet.
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

. Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope Depth n Accuracy Reliability Error Error

|.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S12M1 700 6.5 2.61 0. 037 2 0.0 0.061 0.190
S12M1 700 6.5 2.61 0. 037 5 0.0 0.136 0. 436
S12M1 700 6.5 2.61 0. 037 10 0.0 0.434 1. 053
S12M1 700 6.5 2.61 0. 037 0 0.5 0.192 0.477
S12M1 700 6.5 2.61 0. 037 2 0.5 0. 252 0.657
S12M1 700 6.5 2.61 0. 037 5 0.5 0. 247 0. 653
s12m1 700 6.5 2.61 0.037 10 0.5 0. 540 1.234
S12M1 700 6.5 2.61 0.037 0 1.0 0. 306 0. 746
s12M1 700 6.5 2.61 0. 037 2 1.0 0.497 1.094
S12M1 700 6.5 2.61 0. 037 5 1.0 0. 350 0.798
S12M1 700 6.5 2.61 0.037 10 1.0 0.490 1.275
S13M1 700 3.6 0.93 0. 044 2 0.0 0. 066 0.192
S13M1 700 3.6 0.93 0. 044 5 0.0 0.124 0.302
S13M1 700 3.6 0.93 0. 044 10 0.0 0.529 1.034
S13M1 700 3.6 0.93 0. 044 0 0.5 0. 095 0. 236
S13M1 700 3.6 0.93 0. 044 2 0.5 0.123 0.279
S13M1 700 3.6 0.93 0. 044 5 0.5 0.148 0.373
S13M1 700 3.6 0.93 0. 044 10 0.5 0. 499 0.967
S13M1 700 3.6 0.93 0. 044 0 1.0 0. 169 0.393
S13M1 700 3.6 0.93 0. 044 2 1.0 0. 147 0.337
S13M1 700 3.6 0.93 0.044 5 1.0 0.215 0. 509
S13M1 700 3.6 0.93 0.044 10 1.0 0.517 1.111
S oM 800 4.3 2.92 0. 036 2 0.0 0. 050 0.173
Sl oM 800 4.3 2.92 0.036 5 0.0 0. 098 0. 360
SI oM 800 4.3 2.92 0. 036 10 0.0 0. 344 0.849
SI oM 800 4.3 2.92 0. 036 0 0.5 0.116 0. 289
S OM 800 4.3 2.92 0. 036 2 0.5 0. 282 0.613
SI oM 800 4.3 2.92 0. 036 5 0.5 0.292 0.699
SI oM 800 4.3 2.92 0. 036 10 0.5 0.375 0.964
S oM 800 4.3 2.92 0. 036 0 1.0 0.409 0.814
S oM 800 4.3 2.92 0. 036 2 1.0 0.413 0.858
SI oM 800 4.3 2.92 0. 036 5 1.0 0.516 1. 087
S oM 800 4.3 2.92 0. 036 10 1.0 0.540 1. 130
$22s1 goo 11.2 1.21 0. 037 2 0.0 0.079 0.279
s2281 goo 11.2 1.21 0. 037 5 0.0 0. 159 0.515
$22s1 g8oo  11.2 1.21 0.037 10 0.0 0. 485 1.384
$2281 800 11.2 1.21 0. 037 0 0.5 0. 092 0.245
$22s1 800 11.2 1.21 0. 037 2 0.5 0.118 0.381
s22s1 800 11.2 1.21 0. 037 5 0.5 0.189 0.594
$22s1 800 11.2 1.21 0. 037 10 0.5 0.478 1. 360
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Profile Error Analysis Summary
Aerial Spot El evation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (£¢t) Val ue (ft) Nr (ft) (f)

S22s1 800 11.2 1.21 0. 037 0 1.0 0.193 0.513
S22s1 800 11.2 1.21 0. 037 2 1.0 0.211 0.591
S22s1 800 11.2 1.21 0. 037 5 1.0 0.278 0. 842
$22s1 800 11.2 1.21 0. 037 10 1.0 0.503 1. 464
SO9M1 900 6.3 1.03 0.041 2 0.0 0. 061 0.178
SO9M1 900 6.3 1.03 0. 041 5 0.0 0. 137 0.395
SO09M1 900 6.3 1.03 0.041 10 0.0 0.543 1.237
S09M1 900 6.3 1.03 0. 041 0 0.5 0.098 0. 152
S09M1 900 6.3 1.03 0. 041 2 0.5 0.135 0.281
SO9M1 900 6.3 1.03 0. 041 5 0.5 0.173 0.441
SO9M1 900 6.3 1.03 0.041 10 0.5 0.544 1.282
SO9M1 900 6.3 1.03 0.041 0 1.0 0.214 0.334
SO9M1 900 6.3 1.03 0. 041 2 1.0 0.220 0.411
SO9M1 900 6.3 1.03 0. 041 5 1.0 0.235 0.517
SO09M1 900 6.3 1.03 0.041 10 1.0 0.577 1. 258
SERY 1,800 3.4 2.16 0. 039 2 0.0 0. 051 0.225
SIIM 1,800 3.4 2.16 0. 039 5 0.0 0.112 0. 388
SIIM 1,800 3.4 2.16 0.039 10 0.0 0.404 0. 940
SIIM 1, 800 3.4 2.16 0. 039 0 0.5 0.210 0.344
SITM 1,800 3.4 2.16 0. 039 2 0.5 0.223 0.427
SIIM 1,800 3.4 2.16 0. 039 5 0.5 0.225 0.494
SIIM 1,800 3.4 2.16 0. 039 10 0.5 0. 468 1.016
SIIM 1,800 3.4 2.16 0. 039 0 1.0 0.428 0.701
SERY 1,800 3.4 2.16 0. 039 2 1.0 0. 485 0.831
SIIM 1,800 3.4 2.16 0. 039 5 1.0 0. 489 0.873
SIIM 1,800 3.4 2.16 0. 039 10 1.0 0.614 1. 246
S17M1 1,800 5.6 1.24 0. 039 2 0.0 0. 056 0.175
S17M1 1,800 5.6 1.24 0. 039 5 0.0 0.116 0.338
S17M1 1,800 5.6 1.24 0. 039 10 0.0 0.534 1.106
S17M1 1,800 5.6 1.24 0. 039 0 0.5 0.128 0. 547
S17M1 1,800 5.6 1.24 0. 039 2 0.5 0.118 0.420
S17M1 1, 800 5.6 1.24 0.039 5 0.5 0. 165 0.545
S17M1 1, 800 5.6 1.24 0. 039 10 0.5 0.572 1. 255
S17M1 1,800 5.6 1.24 0. 039 0 1.0 0.200 0.731
S17M1 1,800 5.6 1.24 0. 039 2 1.0 0.215 0.814
S17M1 1, 800 5.6 1.24 0. 039 5 1.0 0.234 0. 794
S17M1 1,800 5.6 1.24 0. 039 10 1.0 0. 550 1.398
S20s1 1,850 34.7 2.01 0. 056 2 0.0 0. 306 2. 326
S20S1 1,850 34.7 2.01 0. 056 5 0.0 0. 352 2.416
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Profile Error Analysio Summary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope Depth n Accuracy Reliability Error Error

|.D (cfs) (fe/mi) (ft) Val ue (ft) Nr (ft) (ft)

$2081. 1,850 34.7 2.01 0. 056 10 0.0 0. 552 2.990
$2081 1,850 34.7 2.01 0. 056 0 0.5 0. 365 2.335
$20S1 1,850 34.7 2.01 0. 056 2 0.5 0. 363 2. 348
$2081 1,850 34.7 2.01 0. 056 5 0.5 0.402 2. 467
$2081 1,850 34.7 2.01 0. 056 10 0.5 0.599 2.901
$20s1 1,850 34.7 2.01 0. 056 0 1.0 0.471 2.336
$2081 1,850 34.7 2.01 0. 056 2 1.0 0. 492 2.206
$20S1 1,850 34.7 2.01 0. 056 5 1.0 0.571 2.375
$2081 1,850 34.7 2.01 0. 056 10 1.0 0.619 2.793
SO7M1 2,292 3.6 1.96 0. 059 2 0.0 0. 052 0.303
SO7M1 2,292 3.6 1.96 0. 059 5 0.0 0.083 0.322
SO7M1 2,292 3.6 1.96 0. 059 10 0.0 0.288 0.835
SO7M1 2,292 3.6 1.96 0. 059 0 0.5 0.226 0. 605
SO7M1 2,292 3.6 1.96 0. 059 2 0.5 0. 165 0.473
SO7M1 2,292 3.6 1.96 0. 059 5 0.5 0.210 0.691
SO7M1 2,292 3.6 1.96 0. 059 10 0.5 0.361 1.034
SO7M1 2,292 3.6 1.96 0. 059 0 1.0 0. 449 1.196
SO7M1 2,292 3.6 1.96 0. 059 2 1.0 0. 537 1.365
SO7M1 2,292 3.6 1.96 0. 059 5 1.0 0. 433 1.130
SO7M1 2,292 3.6 1.96 0. 059 10 1.0 0. 488 1.271
§2181 2,450 24.4 2.12 0. 051 2 0.0 0. 085 0. 259
s21s1 2,450 24.4 2.12 0.051 5 0.0 0. 168 0. 468
S21s1 2,450 24.4 2.12 0. 051 10 0.0 0. 386 1.034
S2181 2,450 24.4 2.12 0. 051 0 0.5 0. 240 0. 505
S§21s1 2,450 24. 4 2.12 0.051 2 0.5 0.199 0.417
§21s1 2,450 24.4 2.12 0. 051 5 0.5 0. 266 0.602
s21s1 2,450 24.4 2.12 0. 051 10 0.5 0. 444 1.176
s2181 2,450 24.4 2.12 0. 051 0 1.0 0.296 0. 604
s2181 2,450 24.4 2.12 0. 051 2 1.0 0. 404 0.723
s21s1 2,450 24.4 2.12 0. 051 5 1.0 0.333 0.788
s21s1 2,450 24.4 2.12 0. 051 10 1.0 0. 557 1.312
$18S1 2,575 21.0 2.63 0.073 2 0.0 0. 068 0.235
s18sl 2,575 21.0 2.63 0.073 5 0.0 0.124 0. 356
S18S1 2,575 21.0 2.63 0.073 10 0.0 0. 308 0.841
S18s1 2,575 21.0 2.63 0.073 0 0.5 0. 257 0.502
s18s1 2,575 21.0 2.63 0.073 2 0.5 0.241 0. 497
$18s1 2,575 21.0 2.63 0.073 5 0.5 0. 245 0.586
S18s1 2,575 21.0 2.63 0.073 10 0.5 0. 356 0. 940
s18s1 2,575 21.0 2.63 0.073 0 1.0 0.539 0.970
S18s1 2,575 21.0 2.63 0.073 2 1.0 0. 469 0. 864
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi nmum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S18s1 2,575 21.0 2.63 0.073 5 1.0 0.492 1.001
$18s1 2,575 21.0 2.63 0.073 10 1.0 0.674 1. 455
S17s1 2,850 43.4 3.92 0. 051 2 0.0 0.172 0.858
S17s1 2,850 43.4 3.92 0. 051 5 0.0 0.215 0.917
S17s1 2,850 43.4 3.92 0. 051 10 0.0 0.441 1.385
S17s1 2,850 43.4 3.92 0. 051 0 0.5 0. 356 0. 858
S17s1 2,850 43.4 3.92 0. 051 2 0.5 0. 346 0. 894
S17s1 2,850 43.4 3.92 0.051 5 0.5 0.344 1.038
S17s1 2,850 43.4 3.92 0.051 10 0.5 0.533 1.431
S17s1 2,850 43.4 3.92 0.051 0 1.0 0. 682 1. 461
S17s1 2,850 43.4 3.92 0.051 2 1.0 0.616 1.333
S17s1 2,850 43.4 3.92 0. 051 5 1.0 0. 605 1. 364
S17s1 2,850 43.4 3.92 0. 051 10 1.0 0.714 1. 555
S19s1 2,870 57.8 4. 60 0. 062 2 0.0 0.477 1.372
S19s1 2,870 57.8 4. 60 0. 062 5 0.0 0.503 1.376
S19s1 2,870 57.8 4. 60 0. 062 10 0.0 0. 668 1.770
S19s1 2,870 57.8 4. 60 0. 062 0 0.5 0.613 1.777
S19s1 2,870 57.8 4.60 0. 062 2 0.5 0. 608 1.685
S19s1 2,870 57.8 4. 60 0. 062 5 0.5 0.601 1. 647
S19s1 2,870 57.8 4.60 0. 062 10 0.5 0.780 2.078
s19s1 2,870 57.8 4. 60 0. 062 0 1.0 0.838 2. 065
S19s1 2,870 57.8 4. 60 0. 062 2 1.0 0.910 2.293
S19s1 2,870 57.8 4.60 0. 062 5 1.0 0. 836 2.263
§19s1 2,870 57.8 4.60 0. 062 10 1.0 1.016 2. 559
S16M1 3,050 4.6 3.48 0. 039 2 0.0 0. 053 0.144
S16M1 3,050 4.6 3.48 0. 039 5 0.0 0.118 0. 319
S16M1 3,050 4.6 3.48 0. 039 10 0.0 0. 345 0. 807
S16M1 3,050 4.6 3.48 0. 039 0 0.5 0. 447 1.264
S16M1 3,050 4.6 3.48 0. 039 2 0.5 0.343 0.978
S16M1 3,050 4.6 3.48 0. 039 5 0.5 0.371 1.010
S16M1 3,050 4.6 3.48 0. 039 10 0.5 0.461 1. 140
S16M1 3,050 4.6 3.48 0. 039 0 1.0 0.627 1.547
S16M1 3,050 4.6 3.48 0. 039 2 1.0 0. 861 2.058
S16M1 3,050 4.6 3.48 0. 039 5 1.0 0.770 1.792
S16M1 3,050 4.6 3.48 0. 039 10 1.0 0.770 2.169
S03s1 3,077 13.0 3.38 0. 052 2 0.0 0. 046 0. 149
S03s1 3,077 13.0 3.38 0. 052 5 0.0 0. 095 0.298
S03s1 3,077 13.0 3.38 0. 052 10 0.0 0.235 0. 762
S03s1 3,077 13.0 3.38 0. 052 0 0.5 0. 406 0. 553
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Max imum

Set Q100 Slope Depth n Accuracy Reliability Error Error

I.D (cfs) (ft/mi) (f¢r) Val ue (ft) Nr (ft) (ft)

$03s1 3,077 13.0 3.38 0. 052 2 0.5 0.436 0. 646
$03s1 3,077 13.0 3.38 0. 052 5 0.5 0. 336 0. 600
$03s1 3,077 13.0 3.38 0. 052 10 0.5 0.430 1.016
S0381 3,077 13.0 3.38 0. 052 0 1.0 0. 646 0.894
S03s1 3,077 13.0 3.38 0. 052 2 1.0 0. 747 1.072
S03s1 3,077 13.0 3.38 0. 052 5 1.0 0. 686 1.044
S03s1 3,077 13.0 3.38 0. 052 10 1.0 0. 846 1.511
s15s1 3,458  27.4 3.63 0. 064 2 0.0 0.221 0. 959
S15s1 3,458  27.4 3.63 0. 064 5 0.0 0. 250 0. 936
s15s1 3,458  27.4 3.63 0. 064 10 0.0 0. 403 1. 310
S15s1 3,458  27.4 3.63 0. 064 0 0.5 0.429 1.179
S15s1 3,458  27.4 3.63 0. 064 2 0.5 0. 460 1. 370
S§1581 3,458 27.4 3.63 0.064 5 0.5 0.419 1.411
S15S81 3,458  27.4 3.63 0. 064 10 0.5 0.573 1.692
S15S81 3,458  27.4 3.63 0. 064 0 1.0 0. 739 2. 087
S1581 3,458  27.4 3.63 0. 064 2 1.0 0.768 2. 085
S1581 3,458  27.4 3.63 0. 064 5 1.0 0.728 1.928
S15s1 3,458  27.4 3.63 0. 064 10 1.0 0.854 2.087
S14S1 3,655 39.2 3. 49 0. 068 2 0.0 0.327 1. 421
S14S1 3,655 39.2 3.49 0. 068 5 0.0 0. 348 1.434
S1481 3,655 39.2 3. 49 0. 068 10 0.0 0.464 1. 549
S1481 3,655 39.2 3. 49 0. 068 0 0.5 0.519 1.575
S1481 3,655 39.2 3. 49 0. 068 2 0.5 0.520 1.533
S1481 3,655 39.2 3. 49 0. 068 5 0.5 0.479 1. 452
S14S1 3,655  39.2 3.49 0. 068 10 0.5 0.614 1.787
S1481 3,655  39.2 3.49 0. 068 0 1.0 0. 859 1. 962
S14S1 3,655  39.2 3.49 0. 068 2 1.0 0. 950 2.271
S14S1 3,655 39.2 3. 49 0. 068 5 1.0 0.854 1. 955
S1481 3,655 39.2 3.49 0. 068 10 1.0 0.996 2.534
s12s1 3,825 21.4 2.53 0. 065 2 0.0 0. 056 0.148
S12s1l 3,825 21.4 2.53 0. 065 5 0.0 0.117 0. 307
S12s1 3,825 21.4 2.53 0. 065 10 0.0 0.296 0. 851
S12s1 3,825 21.4 2.53 0. 065 0 0.5 0.226 0.277
s12s1 3,825 21.4 2.53 0. 065 2 0.5 0.224 0.361
s12sl 3,825 21.4 2.53 0. 065 5 0.5 0.290 0.551
S12s1 3,825 21.4 2.53 0. 065 10 0.5 0. 387 0.977
s12s1 3,825 21.4 2.53 0. 065 0 1.0 0.413 0. 507
$12s1 3,825 21.4 2.53 0. 065 2 1.0 0. 409 0.571
s12s1 3,825 21.4 2.53 0. 065 5 1.0 0. 464 0.752
s12s1 3,825 21.4 2.53 0. 065 10 1.0 0.707 1. 370
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliability Error Error
[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (fr) (fv)
.................................................................... =-Sgmt e
S14M1 4,600 3.2 6.09 0. 029 2 0.0 0.109 0.581
S14M1 4, 600 3.2 6. 09 0. 029 5 0.0 0. 146 0.734
S14M1 4,600 3.2 6.09 0. 029 10 0.0 0. 257 1.134
s1aM1 4, 600 3.2 6.09 0. 029 0 0.5 0.274 0.870
S14M1 4,600 3.2 6.09 0. 029 2 0.5 0.318 1. 002
S14M1 4,600 3.2 6.09 0. 029 5 0.5 0.271 0.876
S1aM1 4,600 3.2 6.09 0. 029 10 0.5 0.304 0.884
S14M1 4, 600 3.2 6. 09 0.029 0 1.0 0.435 1. 080
S14M1 4,600 3.2 6.09 0. 029 2 1.0 0.674 2.597
S14M1 4,600 3.2 6.09 0. 029 5 1.0 0. 502 1.521
S14M1 4,600 3.2 6.09 0. 029 10 1.0 0. 699 2.417
S0581 5010 36.9 3.00 0. 053 2 0.0 0.171 0. 604
S05S1 5010 36.9 3.00 0. 053 5 0.0 0.197 0. 645
S05S1 5010 36.9 3.00 0. 053 10 0.0 0. 340 0.993
S05S1 5010 36.9 3.00 0.053 0 0.5 0.310 0. 849
S05S1 5010 36.9 3.00 0. 053 2 0.5 0. 349 0.978
S05S1 5010 36.9 3.00 0.053 5 0.5 0. 365 1.063
S05s1 5010 36.9 3.00 0. 053 10 0.5 0. 400 1. 369
S05s1 5010 36.9 3.00 0. 053 0 1.0 0.564 1.771
S05s1 5010 36.9 3.00 0. 053 2 1.0 0.569 1. 637
S0581 5010 36.9 3.00 0. 053 5 1.0 0.521 1.711
S05s1 5010 36.9 3.00 0. 053 10 1.0 0. 606 1.757
S06S1 5,197 37.8 4,12 0.073 2 0.0 0. 247 2.878
S06S1 5,197 37.8 4.12 0.073 5 0.0 0.272 2.915
S06S1 5197 37.8 4,12 0.073 10 0.0 0. 448 2.847
S06S1 5,197 37.8 4,12 0.073 0 0.5 0.590 2.893
S06S1 5,197 37.8 4.12 0.073 2 0.5 0. 608 2.982
S06S1 5,197 37.8 4.12 0.073 5 0.5 0. 564 3.004
s06s1 5197  37.8 4,12 0.073 10 0.5 0. 589 3.168
S06S1 5,197 37.8 4.12 0.073 0 1.0 0.989 3.079
S06S1 5,197 37.8 4,12 0.073 2 1.0 0.884 3. 117
S06S1 5,197  37.8 4,12 0.073 5 1.0 0.841 2.915
S06S1 5,197  37.8 4,12 0.073 10 1.0 0. 920 3.116
SO5M1 5,493 8.8 3.74 0. 056 2 0.0 0. 036 0.115
SO5M1 5,493 8.8 3.74 0. 056 5 0.0 0.078 0. 255
SO5M1 5,493 8.8 3.74 0. 056 10 0.0 0.190 0. 589
SO5M1 5,493 8.8 3.74 0. 056 0 0.5 0.318 0.398
SO5M1 5,493 8.8 3.74 0. 056 2 0.5 0. 320 0.450
SO05M1 5,493 8.8 3.74 0. 056 5 0.5 0.411 0.634
SO5M1 5,493 8.8 3.74 0. 056 10 0.5 0.411 0. 895
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope Depth n Accuracy Reliability Error Error

I.D (cfs) (ft/mi) (£ft) Val ue (ft) Nr (ft) (ft)

SO5M1 5,493 8.8 3.74 0. 056 0 1.0 0.721 0.920
SO5M1 5,493 8.8 3.74 0. 056 2 1.0 0.832 1.088
SO5M1 5,493 8.8 3.74 0. 056 5 1.0 0. 689 0. 957
SO5M1 5,493 8.8 3.74 0. 056 10 1.0 0.651 1.136
S09s1 5675 37.6 7.30 0. 061 2 0.0 0.063 0.171
$09s1 5675 37.6 7.30 0. 061 5 0.0 0.132 0. 360
0981 5,675 37.6 7.30 0.061 10 0.0 0. 348 0. 859
$09s1 5,675 37.6 7.30 0.061 0 0.5 0.754 1.240
S09s1 5675 37.6 7.30 0. 061 2 0.5 0.638 1. 106
S09s1 5,675 37.6 7.30 0. 061 5 0.5 0.730 1.270
S09s1 5,675 37.6 7.30 0.061 10 0.5 0.812 1.608
s09s1 5675 37.6 7.30 0. 061 0 1.0 1. 352 2. 158
S09s1 5675 37.6 7.30 0. 061 2 1.0 1.235 2.039
S09s1 5,675 37.6 7.30 0.061 5 1.0 1. 106 1.858
$09s1 5675 37.6 7.30 0. 061 10 1.0 1.523 2. 837
s13s1 5880 46.4 6. 07 0.072 2 0.0 0.764 3. 842
S13s1 5880 46.4 6. 07 0.072 5 0.0 0. 754 3. 861
S13s1 5880 46.4 6. 07 0.072 10 0.0 0.828 3.630
S13s1 5880 46.4 6.07 0.072 0 0.5 1.035 3. 681
S13s1 5880 46.4 6. 07 0.072 2 0.5 1.076 4.092
S13s1 5880 46.4 6.07 0.072 5 0.5 0. 985 3.742
S13s1 5880 46.4 6.07 0.072 10 0.5 1.139 4,133
$13s1 5880 46.4 6. 07 0.072 0 1.0 1.275 4,137
§$1381 5,880 46.4 6. 07 0.072 2 1.0 1.417 4,137
s13s1 5,880 46.4 6.07 0.072 5 1.0 1.328 3. 847
s13s1 5880 46.4 6.07 0.072 10 1.0 1.590 4,218
s08s1 6,075 19.4 4.05 0.070 2 0.0 0. 065 0. 268
s08s1 6,075 19.4 4. 05 0. 070 5 0.0 0.129 0. 420
S08s1 6,075 19.4 4. 05 0. 070 10 0.0 0.277 0.879
$08s1 6,075 19. 4 4,05 0.070 0 0.5 0. 457 0.995
S08s1 6,075 19.4 4. 05 0.070 2 0.5 0.420 0.913
s08s1 6,075 19. 4 4,05 0.070 5 0.5 0.477 1.111
S08s1 6,075 19.4 4,05 0.070 10 0.5 0.471 1. 306
S08s1 6,075 19.4 4.05 0.070 0 1.0 0. 855 1. 960
s08s1 6,075 19.4 4.05 0.070 2 1.0 0.843 1.778
S08s1 6,075 19.4 4.05 0.070 5 1.0 0. 892 2.083
s08s1 6,075 19.4 4. 05 0. 070 10 1.0 0.970 2.29s
SO03M1 6,530 4.5 3.39 0.074 2 0.0 0.051 0.141
S03M1 6,530 4.5 3.39 0.074 5 0.0 0. 09s 0.282
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absolute
Data Average Average Hydr Mnning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliabiiity Error Error

|.D (cfs) (ft/mi) (ft) Value (ft) Nr (ft) (ft)

SO03M1 6,530 4.5 3.39 0.074 10 0.0 0. 260 0.812
SO3M1 6,530 4.5 3.39 0.074 0 0.5 0. 309 0. 569
S03M1 6,530 4.5 3.39 0.074 2 0.5 0. 268 0.509
SO03M1 6,530 4.5 3.39 0.074 5 0.5 0. 348 0.675
S03M1 6,530 4.5 3.39 0.074 10 0.5 0.432 1. 060
SO3M1 6,530 4.5 3.39 0.074 0 1.0 0. 656 1.129
S03M1 6,530 4.5 3.39 0.074 2 1.0 0. 661 1. 206
S03M1 6,530 4.5 3.39 0.074 5 1.0 0. 637 1.271
S03M1 6,530 4.5 3.39 0.074 10 1.0 0.648 1.292
S02s1 6,688  27.2 2. 65 0. 053 2 0.0 0. 083 0.328
S02S1 6,608 27.2 2.65 0. 053 5 0.0 0.136 0.412
S02s1 6,686  27.2 2.65 0. 053 10 0.0 0. 350 0. 852
S02s1 6,688  27.2 2. 65 0.053 0 0.5 0.313 0.727
S02s1 6,688  27.2 2.65 0.053 2 0.5 0. 346 0.818
S02s1 6,688  27.2 2. 65 0. 053 5 0.5 0.384 0.823
s02s1 6,688  27.2 2. 65 0.053 10 0.5 0. 447 1. 049
S02s1 6,688  27.2 2.65 0. 053 0 1.0 0. 627 1. 495
s02s1 6,688  27.2 2. 65 0. 053 2 1.0 0.510 1.235
s02s1 6,688  27.2 2. 65 0. 053 5 1.0 0.554 1. 396
S02s1 6,688  27.2 2.65 0. 053 10 1.0 0.750 1. 597
S07s1 6,700 13.4 2.89 0. 057 2 0.0 0. 045 0. 169
S07s1 6,700 13.4 2.89 0. 057 5 0.0 0. 089 0.304
S07s1 6,700 13.4 2.89 0. 057 10 0.0 0.243 0.778
S07s1 6,700 13.4 2. 89 0. 057 0 0.5 0.270 0.318
S07s1 6,700 13.4 2. 89 0. 057 2 0.5 0.270 0.419
s07s1 6,700 13.4 2.89 0. 057 5 0.5 0.278 0.515
S07s1 6,700 13.4 2.89 0. 057 10 0.5 0.393 1. 007
S07s1 6,700 13.4 2.89 0. 057 0 1.0 0. 445 0.527
S07S1 6,700 13.4 2.89 0. 057 2 1.0 0.481 0. 647
S07s1 6,700 13.4 2.89 0. 057 5 1.0 0.479 0. 742
S07s1 6,700 13.4 2.89 0. 057 10 1.0 0.614 1.290
S| CSl 6,900 28.7 5.90 0. 050 2 0.0 0.079 0.319
Sl OSl 6,900 28.7 5.90 0. 050 5 0.0 0.141 0. 441
Sl oSl 6,900 28.7 5.90 0. 050 10 0.0 0. 353 1. 060
Sl CSl 6,900 28.7 5.90 0. 050 0 0.5 0.471 1.132
Sl oSl 6,900 28.7 5.90 0. 050 2 0.5 0.454 1.275
Sl CSl 6,900 28.7 5.90 0. 050 5 0.5 0.501 1. 264
Sl oSl 6,900 28.7 5.90 0. 050 10 0.5 0. 557 1.673
Sl CSl 6,900 28.7 5.90 0. 050 0 1.0 0.919 2. 368
Sl oSl 6,900 28.7 5.90 0. 050 2 1.0 0. 926 2.306
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Profile Error Analyeis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data  Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope Depth n Accuracy Reliability Error Error

l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S10s1 6,900 28.7 5.90 0. 050 5 1.0 0.898 2.730
s10s1 6,900 28.7 5.90 0. 050 10 1.0 1.004 2. 387
Sa Sl 6,910 10.9 3.32 0. 052 2 0.0 0. 060 0. 260
Sa Sl 6,910 10.9 3.32 0. 052 5 0.0 0.108 0.513
Sa Sl 6,910 10.9 3.32 0. 052 10 0.0 0.241 0.978
Sa Sl 6,910 10.9 3.32 0. 052 0 0.5 0. 306 0.894
Sa Sl 6,910 10.9 3.32 0. 052 2 0.5 0.316 0. 695
Sa sl 6,910 10.9 3.32 0. 052 5 0.5 0.251 0.894
Sa Sl 6,910 10.9 3.32 0. 052 10 0.5 0.381 1.293
Sa Sl 6,910 10.9 3.32 0. 052 0 1.0 0.733 1.717
Sa Sl 6,910 10.9 3.32 0. 052 2 1.0 0.520 1.314
Sa Sl 6,910 10.9 3.32 0. 052 5 1.0 0.511 1.326
Sa Sl 6,910 10.9 3.32 0. 052 10 1.0 0. 626 1. 980
S06M1 7,450 8.4 5. 49 0. 069 2 0.0 0. 054 0.210
SO6M1 7,450 8.4 5.49 0. 069 5 0.0 0.073 0.325
S06M1 7,450 8.4 5.49 0. 069 10 0.0 0.148 0.429
SO6M1 7,450 8.4 5.49 0. 069 0 0.5 0.278 0. 668
S06M1 7,450 8.4 5. 49 0. 069 2 0.5 0.417 1. 002
SO06M1 7,450 8.4 5. 49 0. 069 5 0.5 0.476 0.973
S06M1 7,450 8.4 5.49 0. 069 10 0.5 0. 357 0.887
S06M1 7,450 8.4 5. 49 0. 069 0 1.0 0. 766 2.444
SO06M1 7,450 8.4 5. 49 0. 069 2 1.0 0. 626 1.484
SO06M1 7,450 8.4 5.49 0. 069 5 1.0 0. 968 2. 160
SO06M1 7,450 8.4 5.49 0. 069 10 1.0 0. 456 1.434
SIS 7,925 16.9 3.92 0. 065 2 0.0 0. 088 0. 454
SIS 7,925 16.9 3.92 0. 065 5 0.0 0.128 0.498
SIS 7,925 16.9 3.92 0. 065 10 0.0 0.252 0.792
SIS 7,925 16.9 3.92 0. 065 0 0.5 0. 359 0.726
SIS 7,925 16.9 3.92 0. 065 2 0.5 0.393 0.779
SIS 7,925 16.9 3.92 0. 065 5 0.5 0.395 0. 899
SIS 7,925 16.9 3.92 0. 065 10 0.5 0.411 0.957
SISl 7,925  16.9 3.92 0. 065 0 1.0 0.716 1. 400
SISl 7,925 16.9 3.92 0. 065 2 1.0 0.651 1.220
SIS 7,925 16.9 3.92 0. 065 5 1.0 0.742 1.445
SIS 7,925  16.9 3.92 0. 065 10 1.0 0.593 1.231
S04S1 8,070 22.7 3.10 0. 049 2 0.0 0.076 0.270
S04S1 8,070 22.7 3.10 0. 049 5 0.0 0.163 0. 467
$04S1 8,070 22.7 3.10 0. 049 10 0.0 0. 353 0.978
80481 8,070 22.7 3.10 0. 049 0 0.5 0. 206 0.526

135 APPENDI X C



Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr Mnning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (f¢) Val ue (ft) Nr (ft) (ft)

S04S1 8,070 22.7 3.10 0. 049 2 0.5 0. 265 0.615
S0451 8,070 22.7 3.10 0. 049 5 0.5 0.281 0.697
S04S1 8,070 22.7 3.10 0. 049 10 0.5 0.492 1. 286
S04S1 8,070 22.7 3.10 0. 049 0 1.0 0.491 1.326
S04S1 8,070 22.7 3.10 0. 049 2 1.0 0. 399 0.931
S04S1 8,070 22.7 3.10 0.049 5 1.0 0.518 1. 259
S04S1 8,070 22.7 3.10 0. 049 10 1.0 0.596 1. 530
S16s1 8,850 24.4 5.85 0. 052 2 0.0 0. 069 0.132
S16S1 8,850 24.4 5.85 0.052 5 0.0 0.130 0. 246
S16S1 8,850 24.4 5.85 0. 052 10 0.0 0.276 0.529
S16s1 8,850 24.4 5.85 0. 052 0 0.5 0.412 0.749
S16S1 8,850 24.4 5.85 0. 052 2 0.5 0. 443 0. 768
S16S1 8,850 24.4 5.85 0. 052 5 0.5 0.474 0. 743
S16S1 8,850 24.4 5.85 0.052 10 0.5 0.572 0.929
S16S1 8,850 24.4 5.85 0.052 0 1.0 0. 987 1.488
s16s1 8,850 24.4 5.85 0. 052 2 1.0 0. 775 1. 250
S16S1 8,850 24.4 5.85 0. 052 5 1.0 1. 004 1. 466
S16S1 8,850 24.4 5.85 0. 052 10 1.0 0.934 1. 636
$23s1 9,355 26.1 2.21 0.034 2 0.0 0.080 0.242
$2351 9,355 26.1 2.21 0.034 5 0.0 0.148 0. 456
$23s1 9,355 26.1 2.21 0.034 10 0.0 0.378 0.932
s23s1 9,355 26.1 2.21 0.034 0 0.5 0.175 0. 362
S23s1 9,355 26.1 2.21 0.034 2 0.5 0.185 0. 406
$23s1 9,355 26.1 2.21 0.034 5 0.5 0.194 0.535
$23s1 9,355 26.1 2.21 0.034 10 0.5 0.378 1.033
$23s1 9,355 26.1 2.21 0.034 0 1.0 0.288 0. 631
$23s1 9,355 26.1 2.21 0.034 2 1.0 0. 357 0.712
S23s1 9,355 26.1 2.21 0.034 5 1.0 0. 289 0. 680
S23s1 9,355 26.1 2.21 0.034 10 1.0 0.490 1. 165
S04M1 9,973 8.7 4.68 0. 061 2 0.0 0. 049 0.143
S04M1 9,973 8.7 4.68 0. 061 5 0.0 0. 090 0. 240
S04M1 9,973 8.7 4.68 0. 061 10 0.0 0. 245 0.675
SO4M1 9,973 8.7 4.68 0.061 0 0.5 0. 462 0. 497
S04M1 9,973 8.7 4.68 0. 061 2 0.5 0.541 0.638
S04M1 9,973 8.7 4.68 0. 061 5 0.5 0. 604 0.799
S04M1 9,973 8.7 4.68 0.061 10 0.5 0. 602 1.032
S04M1 9,973 8.7 4.68 0.061 0 1.0 1.024 1.112
SO4M1 9,973 8.7 4.68 0.061 2 1.0 0.939 1. 070
S04M1 9,973 a.7 4.68 0.061 5 1.0 1. 309 1.525
S04M1 9,973 a.7 4.68 0. 061 10 1.0 1.035 1.511
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absolute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope  Depth n Accuracy Reliability Error Error

|.D (cfs) (ft/mi) (£ft) Val ue (ft) Nr (ft) (ft)

SO02M1 10, 243 6.8 3.96 0. 061 2 0.0 0. 059 0. 467
S02M1 10, 243 6.8 3.96 0.061 5 0.0 0. 085 0. 441
S02M1 10, 243 6.8 3.96 0.061 10 0.0 0. 167 0.761
S02M1 10, 243 6.8 3.96 0. 061 0 0.5 0.246 0.820
S02M1 10, 243 6.8 3.96 0.061 2 0.5 0. 285 0. 856
S02M1 10, 243 6.8 3.96 0.061 5 0.5 0.242 0.723
S02M1 10, 243 6.8 3.96 0.061 10 0.5 0.412 0.973
S02M1 10, 243 6.8 3.96 0.061 0 1.0 0.511 1. 491
SO02M1 10, 243 6.8 3.96 0.061 2 1.0 0. 443 1. 802
S02M1 10, 243 6.8 3.96 0. 061 5 1.0 0.532 1.908
S02M1 10, 243 6.8 3.96 0. 061 10 1.0 0.562 1. 520
S12M2 10, 750 6.6 2.92 0.048 2 0.0 0. 090 0. 357
S12M2 10, 750 6.6 2.92 0.048 5 0.0 0.129 0. 402
S12M2 10, 750 6.6 2.92 0.048 10 0.0 0.314 0. 750
S12M2 10, 750 6.6 2.92 0. 048 0 0.5 0. 359 0.721
S12M2 10, 750 6.6 2.92 0. 048 2 0.5 0. 359 0.713
S12M2 10, 750 6.6 2.92 0. 048 5 0.5 0.320 0.687
S12M2 10, 750 6.6 2.92' 0. 048 10 0.5 0. 349 0.877
S12M2 10, 750 6.6 2.92 0. 048 0 1.0 0.526 0.917
S12M2 10, 750 6.6 2.92 0. 048 2 1.0 0. 493 0.894
S12M2 10, 750 6.6 2.92 0.048 5 1.0 0.674 1.224
S12M2 10, 750 6.6 2.92 0.048 10 1.0 0. 659 1. 402
S11s2 11,000 20.1 6.49 0. 063 2 0.0 0. 064 0. 555
S11s2 11,000 20.1 6.49 0. 063 5 0.0 0.108 0.585
S11s2 11,000 20.1 6.49 0. 063 10 0.0 0. 249 0.976
S11s2 11,000 20.1 6. 49 0. 063 0 0.5 0. 643 1.523
S11s2 11,000 20.1 6.49 0. 063 2 0.5 0.575 1. 416
S11s2 11,000 20.1 6. 49 0. 063 5 0.5 0.595 1. 286
S11s2 11,000 20.1 6.49 0. 063 10 0.5 0. 622 1. 640
S1182 11,000 20.1 6. 49 0. 063 0 1.0 1. 358 3.183
S11s2 11,000 20.1 6. 49 0. 063 2 1.0 1.210 2.344
S11s2 11,000 20.1 6.49 0. 063 5 1.0 1.139 2.709
S11s2 11,000 20.1 6.49 0. 063 10 1.0 1.063 2.190
S54M2 11, 300 6.8 4.58 0. 042 2 0.0 0. 037 0.144
S54M2 11, 300 6.8 4.58 0. 042 5 0.0 0.072 0.282
S54M2 11, 300 6.8 4.58 0. 042 10 0.0 0.194 0.715
S54M2 11, 300 6.8 4.58 0. 042 0 0.5 0.463 0.938
S54M2 11, 300 6.8 4.58 0. 042 2 0.5 0.448 0.912
SS54M2 11, 300 6.8 4.58 0. 042 5 0.5 0. 457 0. 965
S54M2 11, 300 6.8 4.58 0. 042 10 0.5 0.424 1. 051
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data  Average Average Hydr Manning's  Survey Manni ng' s Mean Maximum

Set Q100 Slope  Depth n Accuracy Reliability FError Error
[.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
.................................................................... S-M-- o .--S--W-
S54M2 11, 300 6.8 4.58 0. 042 0 1.0 0.783 1.551
S54M2 11, 300 6.8 4.58 0. 042 2 1.0 0.923 1. 805
S54M2 11, 300 6.8 4.58 0.042 5 1.0 0. 608 1.281
S54M2 11, 300 6.8 4.58 0. 042 10 1.0 0.716 1.576
S0252 11,790 16.6 3.53 0. 053 2 0.0 0. 057 0. 157
$0282 11,790  16.6 3.53 0. 053 5 0.0 0.139 0. 382
S02S2 11,790 16.6 3.53 0. 053 10 0.0 0.420 1.081
50252 11,790 16.6 3.53 0. 053 0 0.5 0.242 0. 602
S02s2 11,790 16.6 3.53 0. 053 2 0.5 0.293 0.731
502s2 11,790  16.6 3.53 0.053 5 0.5 0.294 0. 689
50282 11,790 16.6 3.53 0. 053 10 0.5 0. 445 1. 067
50282 11,790 16.6 3.53 0. 053 0 1.0 0. 602 1. 435
50282 11,790  16.6 3.53 0. 053 2 1.0 0. 640 1.594
S02s2 11,790 16.6 3.53 0. 053 5 1.0 0.512 1. 455
50282 11,790 16.6 3.53 0. 053 10 1.0 0.736 1.873
S0582 11,979  25.4 7.85 0. 087 2 0.0 0. 056 0.181
50582 11,979  25.4 7.85 0. 087 5 0.0 0.114 0. 375
50582 11,979  25.4 7.85 0. 087 10 0.0 0.288 0.920
S0582 11,979  25.4 7.85 0. 087 0 0.5 0.698 0. 942
S05s2 11,979  25.4 7.85 0. 087 2 0.5 0.678 0.973
S0552 11,979  25.4 7.85 0. 087 5 0.5 0.895 1.332
50582 11,979  25.4 7.85 0. 087 10 0.5 0. 963 1.789
50582 11,979  25.4 7.85 0.087 0 1.0 1.537 2.084
$05s2 11,979  25.4 7.85 0. 087 2 1.0 1.653 2.297
$05s82 11,979  25.4 7.85 0. 087 5 1.0 1.852 2. 566
$0582 11,979  25.4 7.85 0. 087 10 1.0 1. 802 2. 867
SO03M2 11, 985 3.2 5.53 0. 083 2 0.0 0. 032 0.125
S03M2 11,985 3.2 5.53 0. 083 5 0.0 0. 061 0.236
S03M2 11, 985 3.2 5.53 0. 083 10 0.0 0.175 0. 707
S03M2 11,985 3.2 5.53 0.083 0 0.5 0.561 0.630
S03M2 11, 985 3.2 5.53 0. 083 2 0.5 0.508 0. 606
SO3M2 11, 985 3.2 5.53 0. 083 5 0.5 0. 469 0. 622
S03M2 11, 985 3.2 5.53 0.083 10 0.5 0.508 0.963
S03M2 11, 985 3.2 5.53 0. 083 0 1.0 0. 827 0.930
S03M2 11, 985 3.2 5.53 0. 083 2 1.0 1. 096 1.248
S03M2 11, 985 3.2 5.53 0. 083 5 1.0 0. 896 1.111
S03M2 11, 985 3.2 5.53 0.083 10 1.0 1.008 1. 467
S02M2 14, 037 9.1 4.85 0. 053 2 0.0 0.171 0.795
S02M2 14, 037 9.1 4.85 0. 053 5 0.0 0.201 0. 812
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absolute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (fe/mi) (ft) Val ue (ft) Nr (fv) (ft)

SO02M2 14, 037 9.1 4. 85 0. 053 10 0.0 0. 333 0.986
S02M2 14,037 9.1 4. 85 0. 053 0 0.5 0. 392 0. 966
S02M2 14, 037 9.1 4. 85 0. 053 2 0.5 0.361 0.914
S02M2 14,037 9.1 4.85 0. 053 5 0.5 0.417 1. 160
S02M2 14,037 9.1 4. 85 0. 053 10 0.5 0. 383 0.941
S02M2 14,037 9.1 4. 85 0. 053 0 1.0 0.599 1.437
S02M2 14,037 9.1 4. 85 0. 053 2 1.0 0.592 1. 422
S02M2 14, 037 9.1 4.85 0. 053 5 1.0 0.518 1. 365
S02M2 14, 037 9.1 4. 85 0. 053 10 1.0 0. 602 1.591
SO5M2 14, 100 9.5 6. 39 0. 067 2 0.0 0. 047 0.141
SO5M2 14, 100 9.5 6. 39 0. 067 5 0.0 0. 107 0. 380
SOSM2 14, 100 9.5 6. 39 0. 067 10 0.0 0.230 0. 756
SOSM2 14, 100 9.5 6. 39 0. 067 0 0.5 0. 764 0.942
SO5M2 14, 100 9.5 6. 39 0. 067 2 0.5 0. 642 0.849
SO5M2 14, 100 9.5 6. 39 0. 067 5 0.5 0. 667 0.929
SOSM2 14, 100 9.5 6.39 0. 067 10 0.5 0.615 1.174
SO5M2 14, 100 9.5 6. 39 0. 067 0 1.0 1. 300 1.521
SO5M2 14, 100 9.5 6. 39 0. 067 2 1.0 1.104 1.341
SO5M2 14,100 9.5 6. 39 0. 067 5 1.0 1.119 1. 507
SO5M2 14,100 9.5 6. 39 0. 067 10 1.0 1. 256 1.931
$20S2 14,665 24.8 3. 46 0. 030 2 0.0 0.104 0. 355
$20s2 14,665 24.8 3.46 0. 030 5 0.0 0.203 0.722
§20s2 14, 665 24.8 3.46 0.030 10 0.0 0.417 1.510
$20s2 14,665  24.8 3. 46 0. 030 0 0.5 0.205 0. 607
$20S2 14,665  24.8 3. 46 0. 030 2 0.5 0. 246 0. 688
$20s2 14,665 24.8 3. 46 0. 030 5 0.5 0. 259 1.203
$2082 14,665 24.8 3. 46 0. 030 10 0.5 0.421 1. 458
$20S2 14,665 24.8 3.46 0. 030 0 1.0 0. 452 1.268
$20s2 14,665 24.8 3. 46 0. 030 2 1.0 0. 450 1.314
$20s2 14,665 24.8 3. 46 0. 030 5 1.0 0. 382 1.091
$2082 14,665  24.8 3. 46 0. 030 10 1.0 0.563 1.748
$10S2 15,725 12.4 4. 69 0. 057 2 0.0 0. 039 0.135
§1082 15,725 12. 4 4. 69 0. 057 5 0.0 0. 081 0.278
$10s2 15, 725 12. 4 4. 69 0. 057 10 0.0 0. 204 0.711
$10S82 15, 725 12. 4 4.69 0. 057 0 0.5 0. 354 0. 587
$10s2 15,725 12.4 4.69 0. 057 2 0.5 0.371 0.619
$10s2 15,725 12.4 4.69 0. 057 5 0.5 0. 398 0.722
$1082 15,725 12.4 4. 69 0. 057 10 0.5 0. 459 1.096
$10S82 15,725 12.4 4.69 0. 057 0 1.0 0. 848 1.338
$1082 15,725 12.4 4.69 0. 057 2 1.0 0.731 1.172
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

I.D (cfs) (ft/ml) (ft) Val ue (ft) Nr (ft) (ft)

$10S2 15,725 12.1 4.69 0. 057 5 1.0 0.709 1.231
$10s2 15,725 12.4 4.69 0. 057 10 1.0 0.760 1.548
S01S2 15,745  12.9 4,32 0. 052 2 0.0 0.101 0.413
S01S2 15,745  12.9 4. 32 0. 052 5 0.0 0.127 0. 487
S01s2 15,745  12.9 4,32 0. 052 10 0.0 0.228 0. 749
s01s2 15,745  12.9 4. 32 0. 052 0 0.5 0. 247 0.701
S01s2 15,745  12.9 4,32 0. 052 2 0.5 0.292 0.939
S01s2 15,745  12.9 4,32 0. 052 5 0.5 0. 353 0.972
S01s2 15,745  12.9 4,32 0. 052 10 0.5 0. 437 1.179
$01s2 15,745  12.9 4,32 0.052 0 1.0 0.663 1.744
S01s2 15,745  12.9 4. 32 0. 052 2 1.0 0. 664 1.941
S01s2 15,745  12.9 4. 32 0. 052 5 1.0 0. 800 2.148
S01s2 15,745  12.9 4. 32 0. 052 10 1.0 0.675 2.104
S06S2 16,450 16.6 5.06 0. 055 2 0.0 0. 043 0.144
50682 16,450 16.6 5.06 0. 055 5 0.0 0. 089 0.295
50652 16,450 16.6 5. 06 0. 055 10 0.0 0.204 0. 659
S06S2 16,450 16.6 5.06 0. 055 0 0.5 0.621 0.719
$0682 16,450 16.6 5.06 0. 055 2 0.5 0.579 0. 740
S06S2 16,450 16.6 5. 06 0. 055 5 0.5 0.562 0.814
S06S2 16,450 16.6 5. 06 0. 055 10 0.5 0.728 1.294
$06S2 16,450 16.6 5.06 0. 055 0 1.0 1. 209 1.412
S06s2 16,450 16.6 5. 06 0. 055 2 1.0 1.231 1. 485
S06S2 16,450 16.6 5. 06 0. 055 5 1.0 1.127 1.487
50682 16,450 16.6 5.06 0. 055 10 1.0 1.197 1.822
S04M2 16, 595 3.5 6.38 0. 045 2 0.0 0. 061 0. 437
S04M2 16, 595 3.5 6.38 0. 045 5 0.0 0.102 0.670
S04M2 16, 595 3.5 6.38 0. 045 10 0.0 0. 263 1.611
S04M2 16, 595 3.5 6.38 0. 045 0 0.5 0.323 0. 982
S04M2 16, 595 3.5 6.38 0.045 2 0.5 0. 306 0. 940
S04M2 16, 595 3.5 6.38 0.045 5 0.5 0. 252 0.983
S04M2 16, 595 3.5 6.38 0.045 10 0.5 0.498 1.441
S04M2 16, 595 3.5 6.38 0. 045 0 1.0 0. 696 1.911
S04M2 16, 595 3.5 6.38 0.045 2 1.0 0. 537 2.232
S04M2 16, 595 3.5 6. 38 0. 045 5 1.0 0.623 1.760
S04M2 16, 595 3.5 6. 38 0.045 10 1.0 0.721 2.113
$09s2 17,300 14.6 5.09 0. 056 2 0.0 0.072 0.737
$09s2 17,300 14.6 5.09 0. 056 5 0.0 0. 090 0.733
$09s2 17,300 14.6 5.09 0. 056 10 0.0 0.183 0.741
S09s2 17,300 14.6 5.09 0. 056 0 0.5 0.521 1.378
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

. Absol ute Absol ute
Data  Average Average Hydr  Manning's  Survey Manni ng' s Mean Maxi num

set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

$09s2 17,300 14.6 5.09 0. 056 2 0.5 0. 326 1.074
$09s2 17,300 14.6 5.09 0. 056 5 0.5 0. 560 1.338
$09s2 17,300 14.6 5.09 0. 056 10 0.5 0.523 1. 494
$09s2 17,300 14.6 5.09 0. 056 0 1.0 0.871 2.261
$09s2 17,300 14.6 5.09 0. 056 2 1.0 1.024 2. 157
$09s2 17,300 14.6 5.09 0. 056 5 1.0 0.948 2.137
S09s2 17,300 14.6 5.09 0. 056 10 1.0 0. 845 2.064
S0482 19,461  15.6 7.95 0. 062 2 0.0 0. 206 1.103
S04S2 19,461 15.6 7.95 0. 062 5 0.0 0.228 1. 177
50482 19,461 15.6 7.95 0. 062 10 0.0 0.319 1. 472
S04S2 19,461 15.6 7.95 0. 062 0 0.5 0.729 2.358
S04S2 19, 461 15.6 7.95 0.062 2 0.5 0.676 2.185
S04S2 19,461 15.6 7.95 0. 062 5 0.5 0.718 2.276
$04S2 19,461 15.6 7.95 0. 062 10 0.5 0.761 2.335
80482 19, 461 15.6 7.95 0. 062 0 1.0 1. 489 4,739
S04S2 19,461 15.6 7.95 0. 062 2 1.0 1. 310 4.200
S04S2 19,461 15.6 7.95 0. 062 5 1.0 1.312 4.291
S04S2 19,461 15.6 7.95 0. 062 10 1.0 1.299 4.076
SO7M2 20,050 7.4 5.74 0. 054 2 0.0 0. 043 0.182
SO7M2 20,050 7.4 5.74 0. 054 5 0.0 0. 069 0. 329
SO7M2 20,050 7.4 5.74 0. 054 10 0.0 0.170 0. 890
SO7M2 20,050 7.4 5.74 0. 054 0 0.5 0.444 1.783
S07M2 20,050 7.4 5.74 0. 054 2 0.5 0. 389 1.325
SO7M2 20,050 7.4 5.74 0. 054 5 0.5 0. 337 1.363
S07M2 20,050 7.4 5.74 0. 054 10 0.5 0.303 1.112
SO7M2 20,050 7.4 5.74 0. 054 0 1.0 0.727 1. 944
SO7M2 20,050 7.4 5.74 0. 054 2 1.0 0. 658 2.104
SO7M2 20,050 7.4 5.74 0. 054 5 1.0 0.618 2.539
S07M2 20,050 7.4 5.74 0. 054 10 1.0 0. 649 2.172
S07s2 20,800 12.8 5.29 0. 066 2 0.0 0.073 0.795
$07s2 20,800 12.8 5.29 0. 066 5 0.0 0.092 0.771
S07s2 20,800 12.8 5.29 0. 066 10 0.0 0. 166 0.733
S07s2 20,800 12.8 5.29 0. 066 0 0.5 0.502 1.112
S07s2 20,800 12.8 5.29 0. 066 2 0.5 0. 448 1.215
S07s2 20,800 12.8 5.29 0. 066 5 0.5 0.576 1.208
S07s2 20,800 12.8 5.29 0. 066 10 0.5 0.574 1.278
S07s2 20,800 12.8 5.29 0. 066 0 1.0 1.047 1.915
S07s2 20,800 12.8 5.29 0. 066 2 1.0 0.991 2. 143
S07s2 20,800 12.8 5.29 0. 066 5 1.0 1.236 2.319
S07s2 20,800 12.8 5.29 0. 066 10 1.0 1.141 2. 263
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr  Manning's  survey Manni ng' s Mean Maximum

Set Q100 Slope  Depth n Accuracy Reliability FError Error

l.D. (cfs) (ft/mi) (f¢) Val ue (ft) Nr (ft) (ft)

S06M2 20, 910 3.8 5.61 0.051 2 0.0 0.041 0. 250
S06M2 20, 910 3.8 5.61 0. 051 5 0.0 0. 083 0.471
S06M2 20, 910 3.8 5.61 0. 051 10 0.0 0.198 1.243
S06M2 20, 910 3.8 5.61 0. 051 0 0.5 0. 259 0.690
S06M2 20, 910 3.8 5.61 0.051 2 0.5 0.335 0. 883
S06M2 20, 910 3.8 5.61 0.051 5 0.5 0.238 0.786
S06M2 20, 910 3.8 5.61 0. 051 10 0.5 0. 409 1.184
S06M2 20, 910 3.8 5.61 0.051 0 1.0 0.511 1.219
S06M2 20, 910 3.8 5.61 0.051 2 1.0 0. 530 1. 769
S06M2 20, 910 3.8 5.61 0. 051 5 1.0 0.425 1.278
S06M2 20, 910 3.8 5.61 0. 051 10 1.0 0.538 2. 060
S16M2 21,188 4.1 6. 63 0.077 2 0.0 0. 027 0.128
S16M2 21,188 4.1 6. 63 0.077 5 0.0 0.055 0.263
S16M2 21,188 4.1 6. 63 0.077 10 0.0 0.132 0.628
S16M2 21,188 4.1 6.63 0.077 0 0.5 0.588 0. 658
S16M2 21,188 4.1 6. 63 0.077 2 0.5 0. 496 0. 592
S16M2 21,188 4.1 6. 63 0.077 5 0.5 0. 607 0.776
S16M2 21,188 4.1 6.63 0.077 10 0.5 0. 498 0. 947
S16M2 21,188 4.1 6. 63 0.077 0 1.0 1.163 1.299
S16M2 21,188 4.1 6. 63 0.077 2 1.0 0. 980 1.114
S16M2 21,188 4.1 6. 63 0.077 5 1.0 1.133 1.332
S1leM2 21,188 4.1 6. 63 0.077 10 1.0 1.081 1.502
S14M2 22,135 2.2 5.83 0. 082 2 0.0 0.020 0. 144
S14M2 22,135 2.2 5.83 0. 082 5 0.0 0. 039 0.176
S14M2 22,135 2.2 5.83 0. 082 10 0.0 0.093 0.372
S14M2 22,135 2.2 5.83 0.082 0 0.5 0.513 1.187
S14M2 22,135 2.2 5.83 0.082 2 0.5 0. 580 1.201
S14M2 22,135 2.2 5.83 0.082 5 0.5 0. 450 1. 160
S14M2 22,135 2.2 5.83 0.082 10 0.5 0.610 1. 689
S14M2 22,135 2.2 5.83 0. 082 0 1.0 1.179 2.374
S14M2 22,135 2.2 5.83 0.082 2 1.0 0.704 1.661
S14M2 22,135 2.2 5.83 0. 082 5 1.0 0. 829 2. 252
S14M2 22,135 2.2 5.83 0. 082 10 1.0 1. 040 2. 351
S08s2 24,000 12.1 6.48 0. 057 2 0.0 0. 041 0. 153
508s2 24,000 12.1 6.48 0. 057 5 0.0 0.070 0.233
$08S2 24,000 12.1 6. 48 0. 057 10 0.0 0.153 0. 506
S08s2 24,000 12.1 6.48 0. 057 0 0.5 0.470 1.255
$08s2 24,000 12.1 6. 48 0. 057 2 0.5 0.413 1.329
S08s2 24,000 12.1 6.48 0. 057 5 0.5 0.611 1. 696
$08s2 24,000 12.1 6. 48 0. 057 10 0.5 0.531 1.417
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absolute
Data  Average Average Hydr Manning's  Survey Manning * s Mean Maximum

Set Q100 Slope Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S08s2 24,000 12.1 6.48 0. 057 0 1.0 0.908 2. 458
S08s2 24,000 12.1 6. 48 0. 057 2 1.0 1. 244 3.224
$08s2 24,000 12.1 6. 48 0. 057 5 1.0 0.870 2.763
S08s2 24,000 12.1 6. 48 0. 057 10 1.0 0.918 2. 462
S10M2 24,900 2.4 4.59 0.052 2 0.0 0.038 0.188
S10M2 24,900 2.4 4.59 0.052 5 0.0 0. 066 0.244
S10M2 24,900 2.4 4.59 0.052 10 0.0 0. 154 0. 681
S10M2 24,900 2.4 4.59 0.052 0 0.5 0.243 0. 669
S10M2 24,900 2.4 4.59 0. 052 2 0.5 0. 206 0.777
S10M2 24,900 2.4 4.59 0.052 5 0.5 0.298 0.764
S10M2 24,900 2.4 4.59 0.052 10 0.5 0.343 1. 257
S10M2 24,900 2.4 4.59 0. 052 0 1.0 0.463 1.232
S10M2 24,900 2.4 4.59 0. 052 2 1.0 0. 485 1.405
S10M2 24,900 2.4 4.59 0. 052 5 1.0 0.721 1.921
S10M2 24,900 2.4 4,59 0. 052 10 1.0 0. 565 1. 447
S29M2 27, 444 3.8 8.03 0. 061 2 0.0 0.021 0. 087
S29M2 27,444 3.8 8.03 0.061 5 0.0 0. 049 0.192
S29M2 27,444 3.8 8.03 0.061 10 0.0 0.127 0. 422
82912 27,444 3.8 8.03 0. 061 0 0.5 0. 559 1.558
S29M2 27,444 3.8 8.03 0.061 2 0.5 0.541 1.416
S29M2 27,444 3.8 8.03 0. 061 5 0.5 0. 463 1.290
S29M2 27,444 3.8 8.03 0. 061 10 0.5 0.626 1.740
S29M2 27,444 3.8 8.03 0.061 0 1.0 0.873 2.212
S29M2 27, 444 3.8 8.03 0.061 2 1.0 1.222 3.218
S29M2 27,444 3.8 8.03 0. 061 5 1.0 1.149 3.098
S29M2 27,444 3.8 8.03 0. 061 10 1.0 0. 956 2. 249
S30M2 27, 444 4.1 8. 47 0. 059 2 0.0 0.039 0.176
S30M2 27, 444 4.1 8. 47 0. 059 5 0.0 0. 047 0. 195
S30M2 27, 444 4.1 8. 47 0. 059 10 0.0 0.165 1.011
S30M2 27,444 4.1 8. 47 0.059 0 0.5 0.414 1. 048
S30M2 27, 444 4.1 8. 47 0.059 2 0.5 0.373 1.201
S30M2 27, 444 4.1 8. 47 0.059 5 0.5 0.707 1.776
S30M2 27,444 4.1 8. 47 0.059 10 0.5 0. 460 1.295
S30M2 27,444 4.1 8. 47 0. 059 0 1.0 1.034 3.076
S30M2 27, 444 4.1 8. 47 0. 059 2 1.0 0.838 2. 341
S30M2 27,444 4.1 8. 47 0.059 5 1.0 0. 757 2.541
S30M2 27,444 4.1 8. 47 0. 059 10 1.0 1. 080 3.085
S31M2 27, 444 5.0 7.95 0.063 2 0.0 0. 037 0.228
S31M2 27,444 5.0 7.95 0. 063 5 0.0 0. 054 0. 262

143 APPENDI X C



Profile Error Analysis Summary
Aerial Spot El evation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr Mnning's  Survey Manni ng' s Mean Maximum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D. (cfs) (ft/mi) (fv) Val ue (£t) Nr (ft) (fr)

S31M2 27, 444 5.0 7.95 0. 063 10 0.0 0.179 0. 608
S31M2 27, 444 5.0 7.95 0.063 0 0.5 0. 468 1.044
S31M2 27, 444 5.0 7.95 0.063 2 0.5 0.436 0. 960
S31M2 27,444 5.0 7.95 0. 063 5 0.5 0.628 1.338
S31M2 27, 444 5.0 7.95 0. 063 10 0.5 0.502 1.277
S31M2 27,444 5.0 7.95 0. 063 0 1.0 1.010 2.032
S31M2 27,444 5.0 7.95 0. 063 2 1.0 0.934 2. 006
S31M2 27,444 5.0 7.95 0. 063 5 1.0 0.849 1.977
S31M2 27, 444 5.0 7.95 0. 063 10 1.0 1. 005 2.195
S1282 28,775  17.5 3. 67 0.070 2 0.0 0. 042 0.191
S1282 28,775 17.5 3.67 0.070 5 0.0 0. 062 0. 246
S12s2 28,775  17.5 3. 67 0.070 10 0.0 0.183 0.579
$1282 28,775  17.5 3.67 0.070 0 0.5 0.327 0. 853
S1282 28,775 17.5 3. 67 0.070 2 0.5 0.313 0.825
s12s2 28,775 17.5 3. 67 0.070 5 0.5 0.411 1.132
$12s2 28,775  17.5 3.67 0.070 10 0.5 0.478 1.193
S1282 28,775 17.5 3. 67 0.070 0 1.0 0. 922 2.261
$1282 28,775 17.5 3. 67 0.070 2 1.0 0. 812 2. 097
$1282 28,775 17.5 3. 67 0.070 5 1.0 0.716 1.699
S12s2 28,775 17.5 3. 67 0.070 10 1.0 0.783 2. 065
S12F2 29,100 0.8 10.20 0.126 2 0.0 0.015 0.034
S12F2 29,100 0.8 10.20 0.126 5 0.0 0. 039 0.074
S12F2 29,100 0.8 10.20 0.126 10 0.0 0.136 0.230
S12F2 29,100 0.8 10.20 0.126 0 0.5 1.018 1. 508
S12F2 29,100 0.8 10.20 0.126 2 0.5 0.988 1.714
S12F2 29,100 0.8 10.20 0.126 5 0.5 1.328 1.816
S12F2 29,100 0.8 10.20 0.126 10 0.5 1. 064 1.772
S12F2 29,100 0.8 10.20 0.126 0 1.0 2. 286 3.422
S12F2 29,100 0.8 10.20 0.126 2 1.0 2.558 3.678
S12F2 29,100 0.8 10.20 0.126 5 1.0 2.080 3. 046
S12F2 29,100 0.8 10.20 0.126 10 1.0 2.632 3.923
S49M2 30,000 9.9 5.73 0. 066 2 0.0 0. 052 0.420
S49M2 30,000 9.9 5.73 0. 066 5 0.0 0.071 0.420
S49M2 30,000 9.9 5.73 0. 066 10 0.0 0.132 0.430
S49M2 30,000 9.9 5.73 0. 066 0 0.5 0. 540 0.985
S49M2 30,000 9.9 5.73 0. 066 2 0.5 0.416 0. 868
S49M2 30,000 9.9 5.73 0. 066 5 0.5 0.509 0. 922
S49M2 30,000 9.9 5.73 0. 066 10 0.5 0.494 1.061
S49M2 30,000 9.9 5.73 0. 066 0 1.0 0. 789 1.698
S49M2° 30,000 9.9 5.73 0. 066 2 1.0 0.990 1.734
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr  Manning's Survey Manni ng' s Mean Maxi num

Set Q100 Slope  Depth n Accuracy Reliability Error Error

|.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S49M2 30,000 9.9 5.73 0.066 5 1.0 0.912 1.736
S49M2 30,000 9.9 5.73 0.066 10 1.0 1. 006 2.025
SO9M2 33,250 2.9 9.41 0.067 2 0.0 0. 040 0.121
S09M2 33,250 2.9 9.41 0.067 5 0.0 0.094 0.279
S09M2 33,250 2.9 9.41 0.067 10 0.0 0.185 0.608
SO9M2 33,250 2.9 9.41 0.067 0 0.5 0.783 1.325
SO9M2 33,250 2.9 9.41 0.067 2 0.5 0.803 1. 448
S09M2 33,250 2.9 9.41 0.067 5 0.5 0.778 1. 247
S09M2 33,250 2.9 9.41 0.067 10 0.5 0.530 1.174
SO09M2 33,250 2.9 9.41 0.067 0 1.0 1.247 2. 147
S09M2 33,250 2.9 9.41 0.067 2 1.0 1.099 1. 995
S09M2 33,250 2.9 9.41 0.067 5 1.0 1.574 2.649
SO9M2 33,250 2.9 9.41 0.067 10 1.0 1.744 2.807
S13M2 33,575 2.6 7.46 0.086 2 0.0 0.018 0.081
S13M2 33,575 2.6 7.46 0.086 5 0.0 0.035 0.166
S13M2 33,575 2.6 7.46 0.086 10 0.0 0. 100 0.538
S13M2 33,575 2.6 7.46 0.086 0 0.5 0. 485 0.911
S13M2 33,575 2.6 7.46 0.086 2 0.5 0. 560 0.859
S13M2 33,575 2.6 7.46 0.086 5 0.5 0.615 0.902
S13M2 33,575 2.6 7.46 0.086 10 0.5 0.492 0.951
S13M2 33,575 2.6 7.46 0.086 0 1.0 1.221 1.977
S13M2 33,575 2.6 7.46 0.086 2 1.0 1.111 1.778
S13M2 33,575 2.6 7.46 0.086 5 1.0 1. 435 2.107
S13M2 33,575 2.6 7.46 0.086 10 1.0 1.371 2.067
S13s2 34,000 106.0 11.98 0.122 2 0.0 0.564 2.263
S13s2 34,000 106.0 11.98 0.122 5 0.0 0.571 2.261
S13s2 34,000 106.0 11.98 0.122 10 0.0 0.680 2. 583
S13s2 34,000 106.0 11.98 0.122 0 0.5 1.224 3. 897
S13s2 34,000 106.0 11.98 0.122 2 0.5 1.393 3.705
S13s2 34,000 106.0 11.98 0.122 5 0.5 1. 419 3.953
S13s2 34,000 106.0 11.98 0.122 10 0.5 1.303 3. 683
S13s2 34,000 106.0 11.98 0.122 0 1.0 2. 555 7.489
S13s2 34,000 106.0 11.98 0.122 2 1.0 2.618 7.378
S13s2 34,000 106.0 11.98 0.122 5 1.0 2.194 6. 255
S13s2 34,000 106.0 11.98 0.122 10 1.0 2.458 9.194
S48M2 34,150 6.9 5.82 0.072 2 0.0 0.034 0.363
S48M2 34, 150 6.9 5.82 0.072 5 0.0 0.047 0.354
S48M2 34,150 6.9 5.82 0.072 10 0.0 0.100 0.473
S48M2 34, 150 6.9 5.82 0.072 0 0.5 0. 383 0.972
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absolute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

............................................................................ ----Sg-
S48M2 34, 150 6.9 5. 82 0.072 2 0.5 0.482 1.099
S48M2 34, 150 6.9 5. 82 0.072 5 0.5 0. 509 1.158
S48M2 34,150 6.9 5.82 0.072 10 0.5 0.542 1.354
S48M2 34, 150 6.9 5. 82 0.072 0 1.0 0.816 1. 946
S48M2 34,150 6.9 5.82 0.072 2 1.0 0.790 2.031
S48M2 34,150 6.9 5. 82 0.072 5 1.0 0.990 2.215
S48M2 34,150 6.9 5.82 0.072 10 1.0 0. 951 2. 040
SO01M2 35, 350 5.6 9.04 0. 045 2 0.0 0. 050 0.329
SO01M2 35, 350 5.6 9.04 0. 045 5 0.0 0. 087 0. 600
S01M2 35, 350 5.6 9.04 0. 045 10 0.0 0.151 0. 885
S01M2 35, 350 5.6 9.04 0. 045 0 0.5 0.434 1. 254
S01M2 35, 350 5.6 9.04 0. 045 2 0.5 0. 546 1. 063
SO01M2 35, 350 5.6 9.04 0. 045 5 0.5 0. 405 1.240
SO01M2 35, 350 5.6 9.04 0.045 10 0.5 0.623 1.471
S01M2 35, 350 5.6 9.04 0. 045 0 1.0 1.077 2.513
S01M2 35, 350 5.6 9.04 0. 045 2 1.0 1.095 2. 339
S01M2 35, 350 5.6 9.04 0. 045 5 1.0 1.164 2.500
SO01M2 35, 350 5.6 9.04 0. 045 10 1.0 0.998 2.239
S03s2 37,600 10.1 7.61 0. 059 2 0.0 0. 051 0.738
S03s2 37,600 10.1 7.61 0. 059 5 0.0 0.074 0.740
$03s2 37,600 10.1 7.61 0. 059 10 0.0 0. 167 0.736
S03s2 37,600 10.1 7.61 0. 059 0 0.5 0.621 1. 263
$03s2 37,600 10.1 7.61 0. 059 2 0.5 0.512 1. 300
S03s2 37,600 10.1 7.61 0. 059 5 0.5 0.429 1.287
S03s2 37,600 10.1 7.61 0. 059 10 0.5 0.570 1. 486
S03s2 37,600 10.1 7.61 0. 059 0 1.0 0.877 2. 287
S03s2 37,600 10.1 7.61 0. 059 2 1.0 1. 320 2.719
S03s2 37,600 10.1 7.61 0. 059 5 1.0 1. 308 2.615
S03s2 37,600 10.1 7.61 0. 059 10 1.0 0. 996 2.441
S53M2 37, 850 7.9 6.14 0. 066 2 0.0 0.021 0. 066
S53M2 37, 850 7.9 6.14 0. 066 5 0.0 0. 041 0.138
S53M2 37, 850 7.9 6. 14 0. 066 10 0.0 0.120 0. 353
$53M2 37, 850 7.9 6. 14 0. 066 0 0.5 0.580 0.829
S53M2 37,850 7.9 6. 14 0. 066 2 0.5 0. 545 0.781
S53M2 37,850 7.9 6. 14 0. 066 5 0.5 0.376 0. 569
S53M2 37,850 7.9 6. 14 0. 066 10 0.5 0.481 0.816
S53M2 37,850 7.9 6.14 0. 066 0 1.0 1.072 1. 493
$53M2 37, 850 7.9 6. 14 0. 066 2 1.0 0.901 1. 340
S53M2 37, 850 7.9 6.14 0. 066 5 1.0 1.121 1.643
S53M2 37, 850 7.9 6. 14 0. 066 10 1.0 0. 885 1.383
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data  Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S56M2 38, 000 2.8 8. 04 0. 029 2 0.0 0.028 0.096
S56M2 38, 000 2.8 8. 04 0. 029 5 0.0 0. 064 0.210
S56M2 38,000 2.8 8. 04 0. 029 10 0.0 0. 156 0. 490
S56M2 38,000 2.8 8. 04 0. 029 0 0.5 0.493 0.591
S56M2 38, 000 2.8 8.04 0. 029 2 0.5 0.635 0.771
S56M2 38, 000 2.8 8.04 0. 029 5 0.5 0. 465 0. 607
S$56M2 38, 000 2.8 8. 04 0. 029 10 0.5 0.519 0.811
S56M2 38, 000 2.8 8.04 0.029 0 1.0 1.111 1. 326
S56M2 38, 000 2.8 8.04 0. 029 2 1.0 1.314 1. 569
S56M2 38, 000 2.8 8. 04 0. 029 5 1.0 0.916 1.136
S56M2 38, 000 2.8 8. 04 0. 029 10 1.0 1.217 1. 569
S41M2 38, 800 5.0 11.79 0. 057 2 0.0 0.047 0.424
S41M2 38, 800 5.0 11.79 0. 057 5 0.0 0.074 0. 388
S41M2 38, 800 5.0 11.79 0. 057 10 0.0 0.158 0. 750
S41M2 38, 800 5.0 11.79 0. 057 0 0.5 0.786 1.999
S41M2 38, 800 5.0 11.79 0. 057 2 0.5 0. 805 1. 692
S41M2 38, 800 5.0 11.79 0. 057 5 0.5 0.816 2. 057
S41M2 38, 800 5.0 11.79 0. 057 10 0.5 0. 864 2.025
S41M2 38, 800 5.0 11.79 0. 057 0 1.0 1.180 3. 277
S41M2 38, 800 5.0 11.79 0. 057 2 1.0 1.888 4.006
S41M2 38, 800 5.0 11.79 0. 057 5 1.0 1.586 3. 648
S41M2 38, 800 5.0 11.79 0. 057 10 1.0 1. 757 4.015
S19s2 39,000 30.8 3.77 0. 039 2 0.0 0. 202 0.711
S19s2 39,000 30.8 3.77 0. 039 5 0.0 0.241 0.877
S19s2 39,000 30.8 3.77 0. 039 10 0.0 0. 369 1. 035
S19s2 39,000 30.8 3.77 0. 039 0 0.5 0. 269 0. 887
S19s2 39,000 30.8 3.77 0. 039 2 0.5 0. 261 0.797
S19s2 39,000 30.8 3.77 0. 039 5 0.5 0.319 1.019
S19s2 39,000 30.8 3.77 0. 039 10 0.5 0. 349 1.087
S19s2 39,000 30.8 3.77 0. 039 0 1.0 0.437 1. 546
$19s2 39,000 30.8 3.77 0. 039 2 1.0 0.319 1.028
$19S82 39,000 30.8 3.77 0. 039 5 1.0 0.403 1. 346
S19s2 39,000 30.8 3.77 0. 039 10 1.0 0.517 1. 680
SS51M2 41, 200 7.2 8. 24 0. 069 2 0.0 0. 027 0.088
S51M2 41, 200 7.2 8. 24 0. 069 5 0.0 0. 060 0.174
S51M2 41, 200 7.2 a. 24 0. 069 10 0.0 0.149 0. 443
S51M2 41, 200 7.2 8. 24 0. 069 0 0.5 0. 950 1.741
S51M2 41, 200 7.2 a.24 0. 069 2 0.5 0.722 1. 266
SS1M2 41, 200 7.2 8. 24 0. 069 5 0.5 0.771 1.637
S51M2 41, 200 7.2 8. 24 0. 069 10 0.5 1. 020 1.832
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi nmum

Set Q100 Slope  Depth n Accuracy Reliability Error Error
[.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S51M2 41, 200 7.2 8. 24 0.069 0 1.0 1.228 2.315
S51M2 41, 200 7.2 8.24 0.069 2 1.0 1.616 2.936
S51M2 41, 200 7.2 8. 24 0.069 5 1.0 1.694 3.206
S51M2 41, 200 7.2 8. 24 0.069 10 1.0 1.679 3.067
S08M2 42, 250 3.6 6.78 0.071 2 0.0 0.041 0. 280
S08M2 42,250 3.6 6.78 0.071 5 0.0 0. 080 0. 556
S08M2 42,250 3.6 6.78 0.071 10 0.0 0.205 1. 357
S08M2 42,250 3.6 6.78 0.071 0 0.5 0. 647 0.842
S08M2 42, 250 3.6 6.78 0.071 2 0.5 0.674 0.955
S08M2 42, 250 3.6 6.78 0.071 5 0.5 0.676 1.123
S08M2 42, 250 3.6 6.78 0.071 10 0.5 0.675 1.669
S08M2 42,250 3.6 6.78 0.071 0 1.0 1.193 1.583
S08M2 42, 250 3.6 6.78 0.071 2 1.0 1.158 1.592
S08M2 42, 250 3.6 6.78 0.071 5 1.0 1.183 1.726
SO08M2 42, 250 3.6 6.78 0.071 10 1.0 1. 360 2.388
S47M2 43, 350 6.0 8.11 0.072 2 0.0 0.042 0.174
S47M2 43, 350 6.0 8.11 0.072 5 0.0 0. 054 0.228
S47M2 43, 350 6.0 8.11 0.072 10 0.0 0.122 0.628
S47TM2 43, 350 6.0 8.11 0.072 0 0.5 0. 653 1.377
S4TM2 43, 350 6.0 8.11 0.072 2 0.5 0. 709 1.526
S47M2 43, 350 6.0 8.11 0.072 5 0.5 0. 647 1. 309
S4TM2 43, 350 6.0 8.11 0.072 10 0.5 0.898 1.780
S47M2 43, 350 6.0 8.11 0.072 0 1.0 1.107 2.527
S47M2 43, 350 6.0 8.11 0.072 2 1.0 1. 262 3.052
S47M2 43, 350 6.0 8.11 0.072 5 1.0 1. 503 3.222
. S47M2 43, 350 6.0 8.11 0.072 10 1.0 1. 276 2.786
S18M2 43, 400 2.1 12.07 0. 055 2 0.0 0.028 0. 386
S18M2 43, 400 2.1 12. 07 0. 055 5 0.0 0. 035 0.372
S18M2 43, 400 2.1  12.07 0. 055 10 0.0 0.115 0. 449
S18M2 43, 400 2.1 12.07 0. 055 0 0.5 0. 550 1. 500
S18M2 43, 400 2.1 12.07 0. 055 2 0.5 0. 450 1.421
S18M2 43, 400 2.1 12.07 0. 055 5 0.5 0.929 2.018
S18M2 43, 400 2.1 12.07 0. 055 10 0.5 0.835 2.923
S18M2 43, 400 2.1 12.07 0. 055 0 1.0 0.903 3.318
S18M2 43, 400 2.1 12.07 0.055 2 1.0 0.998 3.415
S$18M2 43, 400 2.1 12. 07 0. 055 5 1.0 1.179 3. 357
S18M2 43, 400 2.1 12. 07 0. 055 10 1.0 1.571 4. 547
SSOM2 47,225 6.4 7.46 0. 063 2 0.0 0.034 0.476
S50M2 47,225 6.4 7.46 0. 063 5 0.0 0. 055 0.485
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Profile Error Analysis Sumary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absolute
Data Average Average Hydr  Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope Depth n Accuracy Reliability Error Error

I.D (cfs) (ft/mi) (ft) Val ue (fe) Nr (ft) (ft)

S50M2 47,225 6.4 7.46 0.063 10 0.0 0.128 0. 608
S50M2 47,225 6.4 7.46 0. 063 0 0.5 0.439 1. 157
S50M2 47,225 6.4 7.46 0.063 2 0.5 0.600 1. 465
S50M2 47,225 6.4 7.46 0. 063 5 0.5 0.533 1.301
S50M2 47,225 6.4 7. 46 0. 063 10 0.5 0. 596 1.572
S50M2 47,225 6.4 7.46 0. 063 0 1.0 1.146 2. 471
S50M2 47,225 6.4 7.46 0.063 2 1.0 1.436 3.120
S50M2 47,225 6.4 7.46 0. 063 5 1.0 1. 205 2.797
S50M2 47,225 6.4 7.46 0. 063 10 1.0 1. 144 2. 551
S17s2 50,000 18.6 5.99 0.048 2 0.0 0. 057 0. 225
S17s2 50,000 18.6 5.99 0.048 5 0.0 0.117 0. 488
S17s2 50,000 18.6 5.99 '0.048 10 0.0 0.279 0. 950
S17s2 50,000 18.6 5.99 0.048 0 0.5 0.381 0.912
S17s2 50,000 18.6 5.99 0.048 2 0.5 0.348 0. 958
S17s2 50,000 18.6 5.99 0.048 5 0.5 0. 466 1.296
S17s2 50,000 18.6 5.99 0.048 10 0.5 0. 495 1. 456
S17s2 50,000 18.6 5.99 0.048 0 1.0 0.738 1.721
S17S2 50,000 18.6 5.99 0.048 2 1.0 0.745 1. 968
S17s2 50,000 18.6 5.99 0.048 5 1.0 0.914 2. 303
§17s2 50,000 18.6 5.99 0.048 10 1.0 0. 929 2. 425
S18s2 50,000 15.2 7.81 0. 045 2 0.0 0.195 0. 596
S18s2 50,000 15.2 7.81 0.045 5 0.0 0. 209 0.619
S18s2 50,000 15.2 7.81 0. 045 10 0.0 0. 262 0.778
S18s2 50,000 15.2 7.81 0. 045 0 0.5 0. 356 0. 902
$18s2 50,000 15.2 7.81 0. 045 2 0.5 0.495 1.285
S18s2 50,000 15.2 7.81 0.045 5 0.5 0.420 1.014
$18s2 50, 000 15.2 7.81 0. 045 10 0.5 0. 546 1.315
S18s2 50,000 15.2 7.81 0. 045 0 1.0 0. 879 2.092
$18s2 50,000 15.2 7.81 0.045 2 1.0 1.028 2. 285
$18s2 50,000 15.2 7.81 0.045 5 1.0 1. 063 2.432
$18s2 50,000 15.2 7.81 0.045 10 1.0 0.948 2.416
S37M2 50, 300 3.0 14.31 0.055 2 0.0 0.051 0.214
S37M2 50, 300 3.0 14.31 0.055 5 0.0 0. 056 0. 259
S37M2 50, 300 3.0 14.31 0.055 10 0.0 0.180 0.630
S37M2 50, 300 3.0 14.31 0. 055 0 0.5 0.815 2.598
S37M2 50, 300 3.0 14.31 0. 055 2 0.5 0.706 2. 667
S37M2 50, 300 3.0 14.31 0.055 5 0.5 0. 601 1.991
S37M2 50, 300 3.0 14.31 0. 055 10 0.5 0.739 2. 264
S37M2 50, 300 3.0 14.31 0. 055 0 1.0 1.578 4.663
S37M2 50, 300 3.0 14.31 0. 055 2 1.0 2.323 6. 360
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Profile Error Analysis Summary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi mum

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (fv) (ft)

S37M2 50, 300 3.0 14.31 0.055 5 1.0 1.450 3.568
S37M2 50, 300 3.0 14.31 0.055 10 1.0 1.654 4.452
S52M2 50, 950 8.8 6. 31 0.062 2 0.0 0. 066 0.601
S52M2 50, 950 8.8 6.31 0.062 5 0.0 0. 080 0.577
S52M2 50, 950 8.8 6. 31 0.062 10 0.0 0. 156 1. 075
S52M2 50, 950 8.8 6.31 0.062 0 0.5 0.513 1. 597
S52M2 50, 950 8.8 6.31 0.062 2 0.5 0.490 1.561
S52M2 50, 950 8.8 6.31 0.062 5 0.5 0.524 1. 549
S52M2 50, 950 8.8 6.31 0.062 10 0.5 0.395 1. 389
S52M2 50, 950 8.8 6. 31 0.062 0 1.0 0. 926 2.664
S52M2 50, 950 8.8 6.31 0.062 2 1.0 1. 065 2.630
SS52M2 50, 950 8.8 6. 31 0.062 5 1.0 1.135 3.295
S52M2 50, 950 8.8 6.31 0.062 10 1.0 1.120 2.883
S26M2 51, 388 2.5 10.60 0.066 2 0.0 0.034 0.117
S26M2 51, 388 2.5 10.60 0.066 5 0.0 0. 064 0.234
S26M2 51, 388 2.5 10.60 0.066 10 0.0 0.190 0.581
S26M2 51, 388 2.5 10.60 0.066 0 0.5 0.476 1. 462
S26M2 51, 388 2.5 10.60 0.066 2 0.5 0.458 1.103
S26M2 51, 388 2.5 10.60 0.066 5 0.5 0.550 1.714
S26M2 51, 388 2.5 10.60 0.066 10 0.5 0.716 2.299
S26M2 51, 388 2.5 10.60 0.066 0 1.0 1. 258 3.876
S26M2 51, 388 2.5 10.60 0.066 2 1.0 1.238 3.196
S26M2 51, 388 2.5 10.60 0.066 5 1.0 1.231 2.893
S26M2 51, 388 2.5 10.60 0.066 10 1.0 0. 955 3.471
S22M2 59, 225 2.2 16.52 0.060 2 0.0 0.021 0.078
S22M2 59, 225 2.2 16.52 0.060 5 0.0 0. 022 0.062
S22M2 59, 225 2.2 16.52 0.060 10 0.0 0.142 0.428
S22M2 59, 225 2.2 16.52 0.060 0 0.5 0. 656 2.289
S22M2 59, 225 2.2 16.52 0.060 2 0.5 0.790 2.014
S22M2 59, 225 2.2 16.52 0.060 5 0.5 0.591 1.579
S22M2 59, 225 2.2 16.52 0.060 10 0.5 0. 957 2.170
S22M2 59, 225 2.2 16.52 0.060 0 1.0 1.361 3.121
S22M2 59, 225 2.2 16.52 0.060 2 1.0 1.581 4,794
S22M2 59, 225 2.2 16.52 0.060 5 1.0 1.716 5.211
S22M2 59, 225 2.2 16.52 0.060 10 1.0 2.608 6.487
S46M2 60, 350 5.8 6.92 0.058 2 0.0 0.037 0.238
S46M2 60, 350 5.8 6. 92 0.058 5 0.0 0.064 0.276
S46M2 60, 350 5.8 6.92 0.058 10 0.0 0.112 0.427
S46M2 60, 350 5.8 6. 92 0.058 0 0.5 0.472 1.171

APPENDI X C 150



Profile Error Analysis Sumary
Aerial Spot Elevation Survey
| - Percent Chance Flood Event

Absol ute Absol ute
Data Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (fe/mi) (ft) Val ue (ft) Nr (ft) (ft)

S46M2 60, 350 5.8 6.92 0. 058 2 0.5 0.410 1. 165
S46M2 60, 350 5.8 6.92 0.058 5 0.5 0.325 1.139
S46M2 60, 350 5.8 6.92 0.058 10 0.5 0.561 1.374
S46M2 60, 350 5.8 6.92 0.058 0 1.0 0.962 2. 495
S46M2 60, 350 5.8 6.92 0.058 2 1.0 1.142 3.121
S46M2 60, 350 5.8 6. 92 0.058 5 1.0 0.763 2.071
S46M2 60, 350 5.8 6. 92 0. 058 10 1.0 0.702 1.973
S33M2 69, 520 2.4 10.62 0. 044 2 0.0 0.017 0.083
S33M2 69, 520 2.4 10.62 0. 044 5 0.0 0. 041 0.192
S33M2 69, 520 2.4 10.62 0. 044 10 0.0 0.126 0.416
S33M2 69, 520 2.4 10.62 0. 044 0 0.5 0.934 1.614
S33M2 69, 520 2.4 10.62 0. 044 2 0.5 0. 953 1.779
S33M2 69, 520 2.4 10.62 0. 044 5 0.5 1.012 1. 667
S33M2 69, 520 2.4 10.62 0.044 10 0.5 0.794 1.445
S33M2 69, 520 2.4 10.62 0. 044 0 1.0 1.742 2. 930
S33M2 69, 520 2.4 10.62 0. 044 2 1.0 1. 554 2. 867
S33M2 69, 520 2.4 10.62 0. 044 5 1.0 1.715 3.283
S33M2 69, 520 2.4 10.62 0. 044 10 1.0 1.762 2. 950
S10F2 73,980 0.5 11.56 0.109 2 0.0 0.019 0.029
S10F2 73,980 0.5 11.56 0.109 5 0.0 0. 052 0.075
S10F2 73,980 0.5 11.56 0.109 10 0.0 0.128 0.188
S10F2 73,980 0.5 11.56 0.109 0 0.5 1.561 2.121
S10F2 73,980 0.5 11.56 0.109 2 0.5 1.191 1.673
S10F2 73,980 0.5 11.56 0.109 5 0.5 1.285 1. 995
S10F2 73,980 0.5 11.56 0.109 10 0.5 1. 305 1.805
S10F2 73,980 0.5 11.56 0. 109 0 1.0 3.128 4.107
S10F2 73,980 0.5 11.56 0.109 2 1.0 2.914 3.973
S10F2 73,980 0.5 11.56 0.109 5 1.0 2. 852 3.807
S10F2 73,980 0.5 11.56 0.109 10 1.0 2. 666 3.699
S42M2 83, 400 2.9  11.22 0.052 2 0.0 0.039 0.319
S42M2 83, 400 2.9 11.22 0.052 5 0.0 0. 057 0.341
S42M2 83, 400 2.9 11.22 0. 052 10 0.0 0.127 0. 680
S42M2 83, 400 2.9  11.22 0.052 0 0.5 0.648 1.706
S42M2 83, 400 2.9 11.22 0. 052 2 0.5 0.652 1.733
S42M2 83, 400 2.9 11.22 0. 052 5 0.5 0.597 1. 696
S42M2 83, 400 2.9 11.22 0. 052 10 0.5 0.615 1.576
S42M2 83, 400 2.9 11.22 0. 052 0 1.0 0. 954 2.744
S42M2 83, 400 2.9 11.22 0. 052 2 1.0 1.421 3.760
S42M2 83, 400 2.9 11.22 0. 052 5 1.0 1. 486 4.053
S42M2 83, 400 2.9 11.22 0. 052 10 1.0 1.271 3.427
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Profile Error Analysis Sunmary
Aerial Spot Elevation Survey
| - Percent Chance Fl ood Event

Absol ute Absol ute
Data  Average Average Hydr Manning's  Survey Manni ng' s Mean Maxi num

Set Q100 Slope  Depth n Accuracy Reliability Error Error

[.D (cfs) (ft/mi) (ft) Val ue (fr) Nr (ft) (fce)

S44M2 83,400 2.3 11.64 0.047 2 0.0 0.030 0.179
S44M2 83,400 2.3 11. 64 0. 047 5 0.0 0.043 0.187
S44M2 83,400 2.3 11. 64 0. 047 10 0.0 0.196 0.780
S44M2 83,400 2.3 11.64 0. 047 0 0.5 0.513 1. 355
S44M2 83,400 2.3 11.64 0. 047 2 0.5 0.751 2.425
S44M2 83,400 2.3 11.64 0. 047 5 0.5 0.536 1.767
S44M2 83,400 2.3 11. 64 0. 047 10 0.5 0.730 2. 400
S44M2 83,400 2.3 11.64 0. 047 0 1.0 1. 409 3. 949
S44M2 83,400 2.3 11.64 0. 047 2 1.0 1.393 4.222
S44M2 83,400 2.3 11.64 0. 047 5 1.0 1. 437 4.288
S44M2 83,400 2.3 11.64 0. 047 10 1.0 0.935 2. 968
S55M2 90,000 8.8 5.29 0.032 2 0.0 0.023 0. 091
S55M2 90,000 8.8 5.29 0.032 5 0.0 0.045 0.171
S55M2 90,000 8.8 5.29 0.032 10 0.0 0.125 0.436
S55M2 90,000 8.8 5.29 0. 032 0 0.5 0.366 0.536
S55M2 90 , 000 8.8 5.29 0. 032 2 0.5 0.326 0. 499
S55M2 90 , 000 8.8 5.29 0.032 5 0.5 0.372 0.611
S55M2 90,000 8.8 5.29 0. 032 10 0.5 0.348 0.737
S55M2 90,000 8.8 5.29 0. 032 0 1.0 0.895 1. 357
S55M2 90 (000 8.8 5.29 0.032 2 1.0 0. 693 1.058
S55M2 90,000 8.8 5.29 0. 032 5 1.0 0.565 0.893
S55M2 90 (000 8.8 5.29 0. 032 10 1.0 0.724 1.222
sosM3 118, 000 8.0 7.54 0.041 2 0.0 0. 269 1.993
sosM3 118,000 8.0 7.54 0.041 5 0.0 0. 289 2.043
S0sM3 118,000 8.0 7.54 0. 041 10 0.0 0.393 1. 969
s05M3 118,000 8.0 7.54 0. 041 0 0.5 0.510 2.044
sosM3 118,000 8.0 7.54 0. 041 2 0.5 0.518 1.928
sos5M3 118,000 8.0 7.54 0.041 5 0.5 0. 569 2.058
sosM3 118,000 8.0 7.54 0. 041 10 0.5 0.578 1.994
SsosM3 118,000 8.0 7.54 0. 041 0 1.0 0.812 2.329
SO5M3 118,000 8.0 7.54 0. 041 2 1.0 1. 156 2.973
sosM3 118,000 8.0 7.54 0. 041 5 1.0 0. 680 2.055
s0sM3 118,000 8.0 7.54 0. 041 10 1.0 1.134 3.000
s02s3 152,000 15.9 13.13 0. 067 2 0.0 0.032 0.137
s02s3 152,000 15.9  13.13 0. 067 5 0.0 0.063 0.276
s02s3 152,000 15.9  13.13 0. 067 10 0.0 0. 155 0. 656
s02s3 152,000 15.9  13.13 0. 067 0 0.5 1. 254 2.967
s02s3 152,000 15.9 13.13 0. 067 2 0.5 1.294 2.671
s02s3 152,000 15.9 13.13 0. 067 5 0.5 1.217 2. 766
s02s3 152,000 15.9 13.13 0. 067 10 0.5 1.024 2.210
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Profile Error Analysis Summary
Aerial Spot El evation Survey
| - Percent Chance Fl ood Event

Absol ute Absolute
Data Average Average Hydr Manning's  survey Manni ng' s Mean Maxi mum

set Q100 Slope  Depth n Accuracy Reliability  Error Error

|.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

s02s3 152,000 15.9  13.13 0. 067 0 1.0 2.633 5.415
s02s3 152,000 15.9  13.13 0. 067 2 1.0 2.328 4.779
s02s3 152,000 15.9  13.13 0. 067 5 1.0 3.050 6.608
s02s3 152,000 15.9  13.13 0. 067 10 1.0 2.670 5.255
S04M3 158,000 6.6 22. 31 0. 057 2 0.0 0.030 0.078
S04M3 158,000 6.6 22.31 0. 057 5 0.0 0.100 0.195
s04M3 158,000 6.6 22.31 0. 057 10 0.0 0.446 0. 653
S04M3 158,000 6.6 22.31 0. 057 0 0.5 2.028 2.276
so4M3 158,000 6.6 22.31 0. 057 2 0.5 2.219 2.495
sS04M3 158,000 6.6 22.31 0. 057 5 0.5 2. 147 2. 426
s04M3 158, 000 6.6 22.31 0. 057 10 0.5 2.575 2. 982
S04M3 158, 000 6.6 22.31 0. 057 0 1.0 4.525 5.069
S04M3 158,000 6.6 22.31 0. 057 2 1.0 4.114 4. 657
S04M3 158,000 6.6 22.31 0. 057 5 1.0 3.779 4,233
s04M3 158,000 6.6 22.31 0. 057 10 1.0 3.875 4. 470
SO1M3 161, 000 3.5 9.43 0. 043 2 0.0 0. 045 0.183
sow3 161,000 3.5 9.43 0. 043 5 0.0 0. 068 0.226
solM3 161, 000 3.5 9.43 0. 043 10 0.0 0.197 0.631
sow3 161,000 3.5 9.43 0. 043 0 0.5 0.643 1.792
solM3 161, 000 3.5 9.43 0. 043 2 0.5 0.612 2.154
solM3 161, 000 3.5 9.43 0. 043 5 0.5 0.770 1.710
solM3 161, 000 3.5 9.43 0. 043 10 0.5 0. 647 1.637
solM3 161, 000 3.5 9.43 0. 043 0 1.0 1.230 2. 953
SO1M3 161, 000 3.5 9.43 0. 043 2 1.0 1. 589 3.220
SO1IM3 161, 000 3.5 9.43 0. 043 5 1.0 1.153 2. 826
sol M3 161, 000 3.5 9.43 0. 043 10 1.0 1.435 3.316
sois3 270,300 15.4 19.86 0.031 2 0.0 0. 149 1.039
s01s3 270,300 15.4 19.86 0. 031 5 0.0 0.293 1.719
s01s3 270,300 15.4 19.86 0.031 10 0.0 0. 800 3.159
so1s3 270,300 15.4 19.86 0.031 0 0.5 1.272 2.826
s01s3 270,300 15.4 19. 86 0.031 2 0.5 1.361 3.033
s01s3 270,300 15.4 19.86 0.031 5 0.5 1.148 3.121
s01s3 270,300 15.4 19.86 0.031 10 0.5 1. 239 3.618
so01s3 270,300 15.4 19.86 0.031 0 1.0 2. 332 5.632
s01s3 270,300 15.4 19.86 0.031 2 1.0 2.408 5. 460
s01s3 270,300 15.4 19.86 0.031 5 1.0 2.150 4.952
s01s3 270,300 15.4 19.86 0. 031 10 1.0 2. 343 5.900
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data Average Average Hydr  Manning's Contour Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
SO9M1 900 6.3 1.03 0.041 2 0.5 0.287 0.748
SO9M1 900 6.3 1.03 0.041 5 0.5 1.274 2. 655
SO9M1 900 6.3 1.03 0. 041 10 0.5 2.327 5.056
SO9M1 900 6.3 1.03 0. 041 2 1.0 0.374 0.832
S09M1 900 6.3 1.03 0. 041 5 1.0 1.273 2.699
SO9M1 900 6.3 1.03 0. 041 10 1.0 2.297 4.871
SIT™M 1,800 3.4 2.16 0. 039 2 0.0 0.205 0.610
SIIM 1,800 3.4 2.16 0. 039 5 0.0 0.634 1. 442
SIIM 1,800 3.4 2.16 0.039 10 0.0 2.018 4. 400
SIT™M 1, 800 3.4 2.16 0. 039 2 0.5 0.311 0.726
SIIM 1,800 3.4 2.16 0.039 . 5 0.5 0. 664 1.527
SERY 1,800 3.4 2.16 0. 039 10 0.5 2.000 4.350
SHIM 1,800 3.4 2.16 0. 039 2 1.0 0.425 0.903
SERY 1, 800 3.4 2.16 0. 039 5 1.0 0.712 1. 686
SIT™M 1,800 3.4 2.16 0. 039 10 1.0 2.179 4. 685
S17M1 1,800 5.6 1.24 0. 039 2 0.0 0.193 0.616
S17M1 1, 800 5.6 1.24 0. 039 5 0.0 1.214 2. 669
S17M1 1,800 5.6 1.24 0. 039 10 0.0 2.613 5.205
S17M1 1,800 5.6 1.24 0. 039 2 0.5 0.224 0. 655
S17M1 1,800 5.6 1.24 0. 039 5 0.5 1.228 2.693
S17M1 1, 800 5.6 1.24 0. 039 10 0.5 2.648 5. 340
S17M1 1, 800 5.6 1.24 0. 039 2 1.0 0.320 0.942
S17M1 1,800 5.6 1.24 0.039 5 1.0 1. 289 2.723
S17M1 1, 800 5.6 1.24 0. 039 10 1.0 2.733 5.171
S20S1 1,850 34.7 2.01 0. 056 2 0.0 0.422 2.628
$20S1 1,850 34.7 2.01 0. 056 5 0.0 1.085 3.621
S20s1 1,850 34.7 2.01 0. 056 10 0.0 2.373 5.344
S20S1 1,850 34.7 2.01 0. 056 2 0.5 0. 449 2.393
S20s1 1,850 34.7 2.01 0. 056 5 0.5 0. 987 3.630
S20S1 1,850 34.7 2.01 0. 056 10 0.5 1.981 5. 140
S20S1 1,850 34.7 2.01 0. 056 2 1.0 0. 562 2.760
$2081 1,850 34.7 2.01 0. 056 5 1.0 1.103 3.209
$20S1 1,850 34.7 2.01 0. 056 10 1.0 1.926 5.069
SO7M1 2,292 3.6 1.96 0. 059 2 0.0 0.192 0.671
SO7M1 2,292 3.6 1.96 0. 059 5 0.0 0. 693 1.789
SO7M1 2,292 3.6 1.96 0. 059 10 0.0 1.533 3.814
SO7M1 2,292 3.6 1.96 0. 059 2 0.5 0. 268 0. 759
SoO7M1 2,292 3.6 1.96 0. 059 5 0.5 0.720 2.231
SO7M1 2,292 3.6 1.96 0. 059 10 0.5 1. 503 4.076
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data  Average Average Hydr Manni ng' s Cont our Manning' s Mean Maxi mum
Set Q100 Slope Depth n Interval Reliability Error Error
l.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
SO7M1 2,292 3.6 1.96 0.059 2 1.0 0.369 1. 170
SO7M1 2,292 3.6 1.96 0.059 5 1.0 0.825 2.328
SO7M1 2,292 3.6 1.96 0.059 10 1.0 1. 484 4,149
s21s1 2,450 24.4 2.12 0. 051 2 0.0 0.220 0.570
§21s1 2,450 24.4 2.12 0. 051 5 0.0 0.784 1. 882
$21s1 2,450 24.4 2.12 0. 051 10 0.0 1.428 3.372
s21s1 2,450 24.4 2.12 0. 051 2 0.5 0.295 0.774
s21s1 2,450 24.4 2.12 0.051 5 0.5 0.713 1.763
s2181 2,450 24.4 2.12 0.051 10 0.5 1.630 3.691
s21s1 2,450 24.4 2.12 0. 051 2 1.0 0.440 0. 960
S21s1 2,450 24.4 2.12 0.051 5 1.0 0.814 2.002
s21s1 2,450 24.4 2.12 0. 051 10 1.0 1.739 3.874
s18s1 2,575 21.0 2.63 0.073 2 0.0 0. 209 0. 582
s18s1 2,575 21.0 2.63 0.073 5 0.0 0. 587 1.756
518s1 2,575 21.0 2.63 0.073 10 0.0 1.377 3.537
s18s1 2,575 21.0 2.63 0.073 2 0.5 0.331 0. 748
s18s1 2,575 21.0 2.63 0.073 5 0.5 0.641 2.020
S18sl1 2,575 21.0 2.63 0.073 10 0.5 1. 448 3. 859
s18s1 2,575 21.0 2.63 0.073 2 1.0 0. 600 1. 260
s18s1 2,575 21.0 2.63 0.073 5 1.0 0.797 2.138
s18s1 2,575 21.0 2.63 0.073 10 1.0 1.611 4. 260
S17s1 2,850 43.4 3.92 0.051 2 0.0 0.281 1.038
S17s1 2,850 43.4 3.92 0. 051 5 0.0 0.619 1.593
S17s1 2,850 43.4 3.92 0. 051 10 0.0 1.413 4.293
s17s1 2,850 43.4 3.92 0. 051 2 0.5 0. 477 1. 220
s17s1 2,850 43.4 3.92 0. 051 5 0.5 0.799 2.100
S17s1 2,850 43.4 3.92 0. 051 10 0.5 1. 466 4. 045
S17s1 2,850 43.4 3.92 0. 051 2 1.0 0. 882 1. 943
S17s1 2,850 43.4 3.92 0. 051 5 1.0 0.971 2. 259
s17s1 2,850 43.4 3.92 0. 051 10 1.0 1. 660 3.799
S19s1 2,870 57.8 4.60 0. 062 2 0.0 0.513 1.491
S19s1 2,870 57.8 4.60 0. 062 5 0.0 0. 653 1.714
S19s1 2,870 57.8 4.60 0. 062 10 0.0 1. 060 2. 808
S19s1 2,870 57.8 4. 60 0. 062 2 0.5 0.595 1. 637
$19s1 2,870 57.8 4.60 0. 062 5 0.5 0.776 1.917
s19s1 2,870 57.8 4. 60 0. 062 10 0.5 1.120 2.843
s19s1 2,870 57.8 4.60 0. 062 2 1.0 0.795 2.079
s19s1 2,870 57.8 4.60 0. 062 5 1.0 0. 926 2.279 -
$19s1 2,870 57.8 4.60 0. 062 10 1.0 1.270 3. 145
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manning's  Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D. (cfs) (ft/mi) (£t) Val ue (fv) Nr (ft) (ft)
S16M1 3,050 4.6 3.48 0. 039 2 0.0 0. 169 0.411
S16M1 3,050 4.6 3.48 0.039 5 0.0 0.740 1.716
S16M1 3,050 4.6 3.48 0. 039 10 0.0 1.697 4,353
S16M1 3,050 4.6 3.48 0. 039 2 0.5 0.344 0. 800
S16M1 3,050 4.6 3.48 0. 039 5 0.5 0.719 1.790
S16M1 3,050 4.6 3.48 0. 039 10 0.5 1.903 4.562
S16M1 3,050 4.6 3.48 0. 039 2 1.0 0.740 1. 880
S16M1 3,050 4.6 3.48 0. 039 5 1.0 1.014 2.165
S16M1 3,050 4.6 3.48 0. 039 10 1.0 1.684 4. 474
S03s1 3,077 13.0 3.38 0. 052 2 0.0 0. 140 0. 455
S03s1 3,077 13.0 3.38 0. 052 5 0.0 0. 460 1. 406
503s1 3,077 13.0 3.38 0. 052 10 0.0 1. 350 3. 487
S03s1 3,077 13.0 3.38 0. 052 2 0.5 0. 405 0.764
S03s1 3,077 13.0 3.38 0.052 5 0.5 0.634 1.630
S03s1 3,077 13.0 3.38 0. 052 10 0.5 1.313 3. 347
S03s1 3,077 13.0 3.38 0. 052 2 1.0 0.735 1.170
S03s1 3,077 13.0 3.38 0. 052 5 1.0 0.936 1.922
S03s1 3,077 13.0 3.38 0. 052 10 1.0 1.414 3.325
S15s1 3,458  27.4 3.63 0. 064 2 0.0 0.272 1. 009
S15s1 3,458  27.4 3.63 0. 064 5 0.0 0.598 2.432
S15S1 3,458  27.4 3.63 0. 064 10 0.0 1.364 4.522
S15S81 3,458  27.4 3.63 0. 064 2 0.5 0.426 1.232
S1581 3,458  27.4 3.63 0. 064 5 0.5 0. 689 2.302
S15s1 3,458  27.4 3.63 0. 064 10 0.5 1. 360 4.488
S15s1 3,458  27.4 3.63 0. 064 2 1.0 0.874 2.451
S15s1 3,458  27.4 3.63 0. 064 5 1.0 0.921 2.978
S1581 3,458  27.4 3.63 0. 064 10 1.0 1. 476 4.610
S14s1 3,655 39.2 3.49 0. 068 2 0.0 0. 364 1.511
S14s81 3,655 39.2 3. 49 0. 068 5 0.0 0.595 1. 885
S14s81 3,655 39.2 3.49 0. 068 10 0.0 1. 404 3.817
s14S1 3,655 39.2 3.49 0. 068 2 0.5 0. 546 1.750
S14s1 3,655 39.2 3. 49 0. 068 5 0.5 0.734 2.098
S1481 3,655  39.2 3.49 0. 068 10 0.5 1.522 3.994
S1481 3,655  39.2 3.49 0. 068 2 1.0 0. 865 2.138
S1481 3,655 39.2 3. 49 0. 068 5 1.0 1. 065 2.743
S14S1 3,655 39.2 3.49 0. 068 10 1.0 1. 461 3.701
S12s1 3,825 21.4 2.53 0. 065 2 0.0 0.183 0.478
S12s1 3,825 21.4 2.53 0. 065 5 0.0 0. 650 1.621
S12s1 3,825 21.4 2.53 0. 065 10 0.0 1.618 4,302

APPENDI X C 158



Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manning's Contour Manni ng' s Mean Maxi mum
Set Q100 Slope Depth n Interval Reliability Error Error
l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
$12s1 3,825 21.4 2.53 0. 065 2 0.5 0.309 0.679
S12s1 3,825 21.4 2.53 0. 065 5 0.5 0.719 1. 696
S12s1 3,825 21.4 2.53 0. 065 10 0.5 1.611 4.862
S12s1 3,825 21.4 2.53 0. 065 2 1.0 0. 448 0.811
S12s1 3,825 21.4 2.53 0. 065 5 1.0 0.899 2. 089
s12s1 3,825 21.4 2.53 0. 065 10 1.0 1.670 4.516
S14M1 4,600 3.2 6.09 0.029 2 0.0 0. 306 0. 898
S14M1 4,600 3.2 6.09 0. 029 5 0.0 0. 567 1.489
S14M1 4,600 3.2 6.09 0. 029 10 0.0 1.394 3.422
S14aM1 4,600 3.2 6.09 0. 029 2 0.5 0. 289 0.764
S14M1 4,600 3.2 6.09 0. 029 5 0.5 0. 650 1.437
S14M1 4,600 3.2 6.09 0.029 10 0.5 1. 303 3.337
S14M1 4, 600 3.2 6.09 0.029 2 1.0 0. 357 1.543
S14M1 4,600 3.2 6.09 0.029 5 1.0 0.743 1. 904
S14M1 4,600 3.2 6.09 0.029 10 1.0 1.287 3. 461
S05s1 5,010 36.9 3.00 0. 053 2 0.0 0.288 0. 830
S05S1 5010 36.9 3.00 0. 053 5 0.0 0.533 1.705
S05s1 5010 36.9 3.00 0. 053 10 0.0 1. 239 4. 589
S05s1 5010 36.9 3.00 0. 053 2 0.5 0. 462 1.354
S05s1 5010 36.9 3.00 0. 053 5 0.5 0. 633 2.011
S05S1 5010 36.9 3.00 0.053 10 0.5 1.634 5.024
S05S1 5010 36.9 3.00 0.053 2 1.0 0.579 1.489
S05S1 5010 36.9 3.00 0. 053 5 1.0 0. 868 2.104
S05s1 5,010 36.9 3.00 0. 053 10 1.0 1.551 6.295
S06S1 5,197 37.8 4,12 0.073 2 0.0 0. 285 3.076
S06S1 5,197 37.8 4.12 0.073 5 0.0 0. 554 3.415
S06S1 5197  37.8 4.12 0.073 10 0.0 1. 267 4.888
S06S1 5197  37.8 4.12 0.073 2 0.5 0. 549 3.033
S06S1 5197 37.8 4.12 0.073 5 0.5 0.661 2.934
S06S1 5,197 37.8 4.12 0.073 10 0.5 1. 263 4. 660
S06S1 5197 37.8 4.12 0.073 2 1.0 1.083 3.089
S06S1 5,197 37.8 4.12 0.073 5 1.0 0.917 3.646
S06S1 5,197 37.8 4.12 0.073 10 1.0 1.495 5.035
SO5M1 5,493 8.8 3.74 0. 056 2 0.0 0.161 0.732
SO5M1 5,493 8.8 3.74 0. 056 5 0.0 0.436 1. 365
SO5M1 5,493 8.8 3.74 0. 056 10 0.0 1.070 2.936
SO5M1 5,493 8.8 3.74 0. 056 2 0.5 0.424 0.864
SO5M1 5,493 8.8 3.74 0. 056 5 0.5 0. 559 1.537
SO5M1 5,493 8.8 3.74 0. 056 10 0.5 1.129 3.132
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D. (cfs) (ft/mi) (£t) Val ue (ft) Nr (ft) (ft)
SOSM1 5,493 8.8 3.74 0. 056 2 1.0 0.816 1.337
SO5M1 5,493 8.8 3.74 0. 056 5 1.0 0. 839 1.912
SO5M1 5,493 8.8 3.74 0. 056 10 1.0 1.191 3.195
S09s1 5675 37.6 7.30 0. 061 2 0.0 0.111 0.284
S09s1 5675  37.6 7.30 0. 061 5 0.0 0. 361 0.877
S09s1 5675 37.6 7.30 0. 061 10 0.0 0. 906 2. 356
S09s1 5675 37.6 7.30 0.061 2 0.5 0. 556 0.974
S09s1 5675 37.6 7.30 0. 061 5 0.5 0. 705 1. 440
S09s1 5675 37.6 7.30 0.061 10 0.5 1. 037 2.611
S09s1 5675 37.6 7.30 0. 061 2 1.0 1.278 2.114
S09s1 5675 37.6 7.30 0. 061 5 1.0 1.348 2.514
S09s1 5675 37.6 7.30 0.061 10 1.0 1.398 3.161
S13s1 5880 46.4 6. 07 0.072 2 0.0 0.761 3.899
S13s1 5880 46.4 6. 07 0.072 5 0.0 0.788 3. 852
S13s1 5880 46.4 6.07 0.072 10 0.0 1.174 4,301
S13s1 5880 46.4 6.07 0.072 2 0.5 1.072 4.003
S13s1 5880 46.4 6.07 0.072 5 0.5 1.123 4. 051
S13s1 5,880 46.4 6.07 0.072 10 0.5 1.293 4.338
S13s1 5880 46.4 6.07 0.072 2 1.0 1.522 4.298
S13s1 5880 46.4 6.07 0.072 5 1.0 1. 439 4.099
S13s1 5,880 46.4 6.07 0.072 10 1.0 1.617 4. 277
S08s1 6,075 19.4 4.05 0.070 2 0.0 0.174 0.595
so8si 6,075 19.4 4.05 0.070 5 0.0 0.451 1. 450
S08s1 6,075 19.4 4.05 0.070 10 0.0 1. 170 3.563
S08s1 6,075 19.4 4.05 0.070 2 0.5 0. 446 1.097
s08s1 6,075 19.4 4.05 0.070 5 0.5 0.588 1.636
S08s1 6,075 19.4 4.05 0.070 10 0.5 1. 159 3.225
S08s1 6,075 19.4 4.05 0.070 2 1.0 0.914 2.009
s08s1 6,075 19.4 4.05 0.070 5 1.0 0.920 2.394
s08s1 6,075 19.4 4.05 0.070 10 1.0 1.317 3.481
SO03M1 6,530 4.5 3.39 0.074 2 0.0 0.133 0. 366
S03M1 6,530 4.5 3.39 0.074 5 0.0 0. 469 1.116
S03M1 6,530 4.5 3.39 0.074 10 0.0 1.644 3.379
SO03M1 6,530 4.5 3.39 0.074 2 0.5 0. 326 0.704
SO3M1 6,530 4.5 3.39 0.074 5 0.5 0. 506 1. 165
S03M1 6,530 4.5 3.39 0.074 10 0.5 1. 489 3.095
SO03M1 6,530 4.5 3.39 0.074 2 1.0 0. 747 1.382
S03M1 6,530 4.5 3.39 0.074 5 1.0 0. 868 1. 846
S03M1 6,530 4.5 3.39 0.074 10 1.0 1.723 3.672
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Profile Error Analysis Sunmary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data  Average Average Hydr Manni ng' s Cont our Manning' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
$02s1 6,688  27.2 2. 65 0.053 2 0.0 0.216 0.571
s02s1 6,688  27.2 2.65 0. 053 5 0.0 0.574 1.292
s02s1 6,688  27.2 2. 65 0.053 10 0.0 1.399 3.179
S02s1 6,688  27.2 2. 65 0. 053 2 0.5 0.335 0.802
s02s1 6,688  27.2 2. 65 0. 053 5 0.5 0.667 1.638
s02s1 6,688  27.2 2.65 0. 053 10 0.5 1.399 2. 975
S02s1 6,688  27.2 2. 65 0. 053 2 1.0 0.611 1. 415
50281 6,688  27.2 2. 65 0. 053 5 1.0 0.798 1. 905
s02s1 6,688  27.2 2.65 0. 053 10 1.0 1.351 3.113
S07s1 6,700 13.4 2. 89 0. 057 2 0.0 0. 150 0. 455
S07s1 6,700 13.4 2.89 0. 057 5 0.0 0. 509 1.383
S07s1 6,700 13.4 2.89 0. 057 10 0.0 1.473 3.675
S07s1 6,700 13.4 2. 89 0. 057 2 0.5 0.298 0.649
S07s1 6,700 13.4 2.89 0. 057 5 0.5 0.585 1.525
S07s1 6,700 13.4 2.89 0. 057 10 0.5 1. 502 3.676
S07s1 6,700 13.4 2. 89 0. 057 2 1.0 0.537 0.921
s07s1 6,700 13.4 2. 89 0. 057 5 1.0 0.776 1. 836
S07s1 6,700 13.4 2. 89 0. 057 10 1.0 1. 556 3.904
Sl CSl 6,900 28.7 5.90 0. 050 2 0.0 0.129 0.497
Sl oSl 6,900 28.7 5.90 0. 050 5 0.0 0. 387 1.163
Sl oSl 6,900 28.7 5.90 0. 050 10 0.0 1. 160 3.476
Sl oSl 6,900 28.7 5.90 0. 050 2 0.5 0.505 1.187
Sl oSl 6,900 28.7 5.90 0. 050 5 0.5 0.595 1.570
Sl CSl 6,900 28.7 5.90 0. 050 10 0.5 1.125 3. 143
Sl CSl 6,900 28.7 5.90 0. 050 2 1.0 1. 106 2. 557
Sl CSl 6,900 28.7 5.90 0. 050 5 1.0 1.143 2.930
Sl CSl 6,900 28.7 5.90 0. 050 10 1.0 1. 452 3.895
Sa Sl 6,910 10.9 3.32 0. 052 2 0.0 0. 150 0. 640
Sa Sl 6,910 10.9 3.32 0. 052 5 0.0 0.481 1.797
Sa Sl 6,910 10.9 3.32 0. 052 10 0.0 1.163 3.959
Sa Sl 6,910 10.9 3.32 0. 052 2 0.5 0. 286 0.760
Sa sl 6,910 10.9 3.32 0. 052 5 0.5 0. 487 1. 694
Sa sl 6,910 10.9 3.32 0.052 10 0.5 1.318 3. 896
Sa sl 6,910 10.9 3.32 0. 052 2 1.0 0.611 1. 650
Sa Sl 6,910 10.9 3.32 0. 052 5 1.0 0.723 1. 963
Sa Sl 6,910 10.9 3.32 0. 052 10 1.0 1.346 4,018
SO06M1 7,450 8.4 5. 49 0. 069 2 0.0 0.108 0.377
SO06M1 7,450 8.4 5.49 0. 069 5 0.0 0.294 1.421
S06M1 7,450 8.4 5.49 0. 069 10 0.0 0.992 3.190
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
SO6M1 7,450 8.4 5.49 0. 069 2 0.5 0. 305 0.878
SO6M1 7,450 8.4 5.49 0. 069 5 0.5 0.544 1. 470
SO06M1 7,450 8.4 5. 49 0. 069 10 0.5 1.135 3.404
SO6M1 7,450 8.4 5. 49 0. 069 2 1.0 0. 763 1. 957
SO6M1 7,450 8.4 5.49 0. 069 5 1.0 0. 642 1.825
S06M1 7,450 8.4 5. 49 0. 069 10 1.0 0.976 2. 889
S11S1 7,925  16.9 3.92 0. 065 2 0.0 0.227 0.780
S11s1 7,925 16.9 3.92 0. 065 5 0.0 0.408 1.114
S11s1 7,925  16.9 3.92 0. 065 10 0.0 1.375 4,584
S11S1 7,925 16.9 3.92 0. 065 2 0.5 0. 399 1. 006
S11s1 7,925  16.9 3.92 0. 065 5 0.5 0. 567 1. 354
S11s1 7,925 16.9 3.92 0. 065 10 0.5 1. 549 4,125
S11s1 7,925 16.9 3.92 0. 065 2 1.0 0.790 1. 656
S11S1 7,925  16.9 3.92 0. 065 5 1.0 0. 680 1. 630
S11s1 7,925 16.9 3.92 0. 065 10 1.0 1. 566 4. 476
S04S1 8,070 22.7 3.10 0. 049 2 0.0 0.244 0. 647
S04S1 8,070 22.7 3.10 0. 049 5 0.0 0. 641 1. 605
S04S1 8,070 22.7 3.10 0. 049 10 0.0 1. 485 4,150
S04S1 8,070 22.7 3.10 0. 049 2 0.5 0. 339 0.788
S04S1 8,070 22.7 3.10 0. 049 5 0.5 0. 663 1. 567
S04S1 8,070 22.7 3.10 0. 049 10 0.5 1.434 3.645
S04S1 8,070 22.7 3.10 0. 049 2 1.0 0.553 1.303
S04S1 8,070 22.7 3.10 0. 049 5 1.0 0.798 1.753
S04S1 8,070 22.7 3.10 0. 049 10 1.0 1. 659 4. 349
S16S1 8,850 24.4 5.85 0. 052 2 0.0 0.098 0.201
S16S1 8,850 24.4 5.85 0. 052 5 0.0 0.471 0. 869
S16S1 8,850 24.4 5.85 0. 052 10 0.0 0.792 1. 336
S16S1 8,850 24.4 5.85 0. 052 2 0.5 0.473 0.778
S16S1 8,850 24.4 5.85 0. 052 5 0.5 0.634 1.081
S16S1 8,850 24.4 5.85 0. 052 10 0.5 0. 907 1.683
S16S1 8,850 24.4 5.85 0. 052 2 1.0 0.929 1. 449
S16S1 8,850 24.4 5.85 0. 052 5 1.0 1. 064 1.814
S16s1 8,850 24.4 5.85 0. 052 10 1.0 1.189 2. 196
s23s1 9,355 26.1 2.21 0.034 2 0.0 0.221 0.594
$23s1 9,355 26.1 2.21 0.034 5 0.0 0. 569 1. 597
$23s1 9,355 26.1 2.21 0.034 10 0.0 1.783 5. 302
$23s1 9,355 26.1 2.21 0.034 2 0.5 0. 268 0.714
$23s1 9,355 26.1 2.21 0.034 5 0.5 0.590 1. 566
S23s1 9,355 26.1 2.21 0.034 10 0.5 1.921 5.062
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Profile Error Analysis Sunmary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data  Average Average Hydr Manning's  Cont our Manni ng' s Mean Maxi num
Set Q100 Slope  Depth n Interval Reliability Error Error
I.D (cfs) (ft/mi) (ft) Val ue S&ft) Nr (ft) (fr)
$23sS1 9,355 26.1 2.21 0.034 2 1.0 0.392 0. 927
$23s1 9,355 26.1 21 0.034 5 1.0 0. 686 1.710
S23s1 9,355 26.1 2.21 0.034 10 1.0 1. 806 4.995
S04M1 9,973 8.7 4. 68 0.061 2 0.0 0.134 0.418
S04M1 9,973 8.7 4.68 0.061 5 0.0 0.377 0.872
S04M1 9,973 8.7 4.68 0. 061 10 0.0 1.298 2. 750
S04M1 9,973 8.7 4.68 0. 061 2 0.5 0.585 0. 883
S04M1 9,973 8.7 4. 68 0. 061 5 0.5 0.584 1.209
SO04M1 9,973 8.7 4.68 0.061 10 0.5 1.333 2. 756
S04M1 9,973 8.7 4.68 0.061 2 1.0 1.074 1.383
SO4M1 9,973 8.7 4.68 0.061 5 1.0 1. 066 1.714
SO04M1 9,973 8.7 4. 68 0. 061 10 1.0 1. 808 3.571
SO2M1 10, 243 6.8 3.96 0.061 2 0.0 0.115 0.761
SO02M1 10, 243 6.8 3.96 0.061 5 0.0 0.374 1.294
S02M1 10, 243 6.8 3.96 0.061 10 0.0 1.119 2. 693
S02M1 10, 243 6.8 3.96 0. 061 2 0.5 0. 289 0. 802
S02M1 10, 243 6.8 3.96 0. 061 5 0.5 0. 483 1. 369
SO02M1 10, 243 6.8 3.96 0.061 10 0.5 1. 089 2.704
S02M1 10, 243 6.8 3.96 0.061 2 1.0 0.518 2.113
S02M1 10, 243 6.8 3.96 0. 061 5 1.0 0.563 2.079
S02M1 10, 243 6.8 3.96 0.061 10 1.0 1.106 3. 287
S12M2 10, 750 6.6 2.92 0.048 2 0.0 0. 187 0.423
S12M2 10, 750 6.6 2.92 0.048 5 0.0 0. 600 1.626
S12M2 10, 750 6.6 2.92 0.048 10 0.0 1. 858 4.002
S12M2 10, 750 6.6 2.92 0.048 2 0.5 0.315 0.671
S12M2 10, 750 6.6 2.92 0.048 5 0.5 0.601 1.432
S12M2 10, 750 6.6 2.92 0. 048 10 0.5 2.118 4,795
S12M2 10, 750 6.6 2.92 0.048 2 1.0 0.604 1.135
S12M2 10, 750 6.6 2.92 0. 048 5 1.0 0.930 2.043
S12M2 10, 750 6.6 2.92 0.048 10 1.0 2.198 4.562
S11s2 11,000 20.1 6. 49 0. 063 2 0.0 0.132 0. 557
S11s2 11,000 20.1 6.49 0. 063 5 0.0 0. 407 1.336
S11s2 11,000 20.1 6. 49 0. 063 10 0.0 0.993 3. 346
51182 11, 000 20.1 6. 49 0.063 2 0.5 0.496 1.316
S11s2 11,000 20.1 6. 49 0. 063 5 0.5 0.702 1. 808
S11s2 11,000 20.1 6. 49 0. 063 10 0.5 1.243 3. 766
S11s2 11,000 20.1 6.49 0. 063 2 1.0 1. 069 2. 559
S1182 11, 000 20.1 6. 49 0.063 5 1.0 1. 263 2. 686
S11s2 11,000 20.1 6. 49 0. 063 10 1.0 1.691 4.602
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute

Data  Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi num
Set Q100 Slope  Depth n Interval Reliability Error Error

l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S54M2 11,300 6.8 4.58 0. 042 2 0.0 0.128 0.572
S54M2 11,300 6.8 4.58 0. 042 5 0.0 0. 546 1.992
S54M2 11,300 6.8 4.58 0. 042 10 0.0 0. 962 2.793
S54M2 11,300 6.8 4.58 0. 042 2 0.5 0. 447 1.019
S54M2 11,300 6.8 4.58 0. 042 5 0.5 0. 750 2.214
S54M2 11,300 6.8 4.58 0. 042 10 0.5 1.025 2.775
S54M2 11,300 6.8 4.58 0.042 2 1.0 0.724 1.563
S54M2 11,300 6.8 4.58 0.042 5 1.0 1.086 2. 654
S54M2 11,300 6.8 4.58 0. 042 10 1.0 1.119 2.999
S02S2 11,790 16.6 3.53 0.053 2 0.0 0.190 0. 475
S02S2 11,790 16.6 3.53 0.053 5 0.0 0.513 1. 404
S0282 11,790  16.6 3.53 0.053 10 0.0 1. 505 3.140
S0252 11,790 16.6 3.53 0.053 2 0.5 0.395 0.965
50252 11,790 16.6 3.53 0.053 5 0.5 0.534 1.397
S02s2 11,790 16.6 3.53 0.053 10 0.5 1. 356 3. 346
$02s2 11,790 16.6 3.53 0.053 2 1.0 0.675 1.793
$02s2 11,790 16.6 3.53 0.053 5 1.0 0.619 1.792
50282 11,790 16.6 3.53 0.053 10 1.0 1.326 2.859
S05S2 11,979  25.4 7.85 0.087 2 0.0 0.097 0.328
S0582 11,979  25.4 7.85 0.087 5 0.0 0.291 0.883
S05S2 11,979  25.4 7.85 0.087 10 0.0 0.773 2.432
S0582 11,979  25.4 7.85 0.087 2 0.5 0.894 1. 308
S0582 11,979  25.4 7.85 0.087 5 0.5 0.845 1. 658
S0582 11,979  25.4 7.85 0. 087 10 0.5 1.224 3.032
S0582 11,979  25.4 7.85 0.087 2 1.0 1.535 2.170
S0582 11,979  25.4 7.85 0. 087 5 1.0 1.905 2.915
50582 11,979  25.4 7.85 0.087 10 1.0 1.861 3. 838
S03M2 11,985 3.2 5.53 0.083 2 0.0 0.111 0. 362
S03M2 11,985 3.2 5.53 0. 083 5 0.0 0. 350 1. 350
S03M2 11,985 3.2 5.53 0.083 10 0.0 0.892 2. 363
S03M2 11,985 3.2 5.53 0.083 2 0.5 0.484 0.718
S03M2 11,985 3.2 5.53 0.083 5 0.5 0.626 1. 562
S03M2 11,985 3.2 5.53 0. 083 10 0.5 1.042 2.608
S03M2 11,985 3.2 5.53 0. 083 2 1.0 1.040 1. 339
S03M2 11,985 3.2 5.53 0. 083 5 1.0 1.086 1.887
S03M2 11,985 3.2 5.53 0. 083 10 1.0 1. 486 3.127
S02M2 14,037 9.1 4.85 0. 053 2 0.0 0.294 0.973
S02M2 14,037 9.1 4.85 0. 053 5 0.0 0.661 1.733
S02M2 14,037 9.1 4.85 0. 053 10 0.0 1.358 2. 836
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Profile Error Analysis Sumary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absolute
Data  Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability  Error Error
l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S02M2 14,037 9.1 4,85 0.053 2 0.5 0.371 1.048
S02M2 14,037 9.1 4.85 0.053 5 0.5 0.719 1.672
S02M2 14,037 9.1 4.85 0.053 10 0.5 1.236 2.584
S02M2 14,037 9.1 4.85 0.053 2 1.0 0.546 1. 407
S02M2 14,037 9.1 4.85 0.053 5 1.0 0.931 2. 250
S02M2 14, 037 9.1 4.85 0.053 10 1.0 1. 230 2.522
SO5M2 14,100 9.5 6.39 0.067 2 0.0 0.135 0. 499
SO5M2 14,100 9.5 6.39 0.067 5 0.0 0.335 1. 039
SO05M2 14,100 9.5 6. 39 0.067 10 0.0 0. 899 2.728
SO5M2 14,100 9.5 6.39 0.067 2 0.5 0.732 1. 065
SO05M2 14,100 9.5 6.39 0.067 5 0.5 0.783 1.616
SO5M2 14,100 9.5 6. 39 0.067 10 0.5 1.023 2.808
SO5M2 14,100 9.5 6. 39 0.067 2 1.0 1. 402 1.819
SO5M2 14,100 9.5 6. 39 0.067 5 1.0 1.396 2.181
SO5M2 14,100 9.5 6. 39 0.067 10 1.0 1. 545 3.195
$20S2 14,665 24.8 3. 46 0.030 2 0.0 0. 265 1. 265
S$2082 14, 665 24.8 3.46 0.030 5 0.0 0.702 2.370
$20S2 14,665 24.8 3. 46 0.030 10 0.0 1. 556 4. 956
52082 14, 665 24.8 3.46 0.030 2 0.5 0.353 1. 209
$20S2 14,665 24.8 3.46 0.030 5 0.5 0.698 2.212
52082 14,665 24.8 3. 46 0.030 10 0.5 1.759 5. 388
$20S2 14,665 24.8 3. 46 0.030 2 1.0 0. 499 1.573
$20S2 14,665 24.8 3. 46 0.030 5 1.0 0.718 2. 466
$20S2 14,665 24.8 3.46 0.030 10 1.0 1.561 5. 069
$10S2 15,725 12.4 4.69 0.057 2 0.0 0.124 0.428
51082 15,725 12.4 4.69 0.057 5 0.0 0. 448 1. 407
S10s2 15,725 12.4 4.69 0.057 10 0.0 1.194 3. 410
$10s2 15,725 12.4 4.69 0.057 2 0.5 0.508 1. 006
$10S2 15,725 12.4 4.69 0.057 5 0.5 0.624 1.579
$10S2 15,725  12.4 4.69 0.057 10 0.5 1.244 3. 408
$10S2 15,725 12.4 4.69 0.057 2 1.0 0.774 1.388
$10s2 15,725 12.4 4.69 0.057 5 1.0 0.922 1. 929
$10s2 15,725 12.4 4.69 0.057 10 1.0 1. 455 3. 803
S01s2 15,745  12.9 4,32 0.052 2 0.0 0. 157 0.526
S01s2 15,745  12.9 4.32 0.052 5 0.0 0. 360 1. 320
S01s2 15,745  12.9 4,32 0.052 10 0.0 1.078 2. 877
S01S2 15,745  12.9 4. 32 0.052 2 0.5 0.390 1.258
S01s2 15,745  12.9 4. 32 0.052 5 0.5 0.582 1.668
S01s2 15,745  12.9 4. 32 0.052 10 0.5 1.137 3. 247

165 APPENDI X C



Profile Error Analysis Sumary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi num
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S01S2 15,745  12.9 4. 32 0. 052 2 1.0 0.608 1. 345
S01s2 15,745  12.9 4.32 0. 052 5 1.0 0.911 2.818
S01S2 15,745  12.9 4. 32 0. 052 10 1.0 0.974 2.726
$06S2 16,450 16.6 5.06 0.055 2 0.0 0. 098 0.331
S06S2 16,450  16.6 5.06 0.055 5 0.0 0. 312 1.024
S06S2 16,450  16.6 5.06 0. 055 10 0.0 0.820 2.436
S06S2 16,450  16.6 5.06 0. 055 2 0.5 0. 659 0. 967
S06S2 16,450  16.6 5.06 0. 055 5 0.5 0.730 1.521
S06S2 16,450  16.6 5.06 0.055 10 0.5 0.973 2.774
S06S2 16,450  16.6 5.06 0. 055 2 1.0 1.216 1. 555
S06S2 16,450  16.6 5.06 0. 055 5 1.0 1.244 2.109
S06S2 16,450  16.6 5.06 0.055 10 1.0 1.420 3. 160
S04M2 16, 595 3.5 6.38 0.045 2 0.0 0.122 1.377
SO4M2 16, 595 3.5 6. 38 0. 045 5 0.0 0.355 1. 989
S04M2 16, 595 3.5 6.38 0. 045 10 0.0 1.021 3.911
S04M2 16, 595 3.5 6. 38 0. 045 2 0.5 0. 366 1.424
S04M2 16, 595 3.5 6.38 0. 045 5 0.5 0.516 2. 652
S04M2 16, 595 3.5 6. 38 0. 045 10 0.5 0. 969 4,117
S04M2 16, 595 3.5 6.38 0. 045 2 1.0 0. 660 2. 402
S04M2 16, 595 3.5 6. 38 0. 045 5 1.0 0.791 2.009
S04M2 16, 595 3.5 6. 38 0.045 10 1.0 1. 457 4. 806
S09s2 17,300 14.6 5.09 0. 056 2 0.0 0.117 0.777
S09s2 17,300 14.6 5.09 0. 056 5 0.0 0. 305 1.128
S09s2 17,300 14.6 5.09 0. 056 10 0.0 0. 882 3.349
$09s2 17,300 14.6 5.09 0. 056 2 0.5 0.474 1.526
S0952 17,300 14.6 5.09 0. 056 5 0.5 0. 707 1.744
509s2 17,300 14.6 5.09 0. 056 10 0.5 1. 037 3.431
$09sS2 17,300 14.6 5.09 0. 056 2 1.0 1.076 2. 849
S09S2 17,300 14.6 5.09 0. 056 5 1.0 0. 826 2.342
$09s2 17,300 14.6 5.09 0. 056 10 1.0 1.234 4. 154
S04S2 19,461 15.6 7.95 0. 062 2 0.0 0.219 1.152
S04S2 19,461 15.6 7.95 0. 062 5 0.0 0. 380 1. 664
$04S2 19,461 15.6 7.95 0.062 10 0.0 0.770 2.740
S04S2 19,461 15.6 7.95 0. 062 2 0.5 0.700 2.152
S04S2 19,461 15.6 7.95 0. 062 5 0.5 0.824 2.655
50452 19,461 15.6 7.95 0. 062 10 0.5 1.011 3.526
S0452 19,461 15.6 7.95 0. 062 2 1.0 1. 401 3.984
S04S2 19,461 15.6 7.95 0. 062 5 1.0 1. 465 3.991
S04S2 19,461 15.6 7.95 0. 062 10 1.0 1.618 4. 804
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Profile Error Analysis Sumary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi num
Set Q100 Slope  Depth n Interval Reliability Error Error
l.D. (cfs) (ft/mi) (£ft) Val ue (ft) Nr (ft) (ft)
SO7M2 20,050 7.4 5.74 0. 054 2 0.0 0.170 1.148
S07M2 20,050 7.4 5.74 0. 054 5 0.0 0.428 1.748
SO7M2 20,050 7.4 5.74 0. 054 10 0.0 1.076 3.312
SO7M2 20,050 7.4 5.74 0. 054 2 0.5 0.319 1.188
SO7M2 20,050 7.4 5.74 0. 054 5 0.5 0.705 2.938
SO7M2 20,050 7.4 5.74 0. 054 10 0.5 1.093 3.922
SO7M2 20,050 7.4 5.74 0. 054 2 1.0 0.645 1.961
SO7M2 20,050 7.4 5.74 0. 054 5 1.0 0. 796 2.590
S07M2 20,050 7.4 5.74 0. 054 10 1.0 1.028 3.868
S07s2 20,800 12.8 5.29 0. 066 2 0.0 0.161 0.801
S07s2 20,800 12.8 5.29 0. 066 5 0.0 0.337 1. 062
$07s2 20,800 12.8 5.29 0. 066 10 0.0 0.824 2. 341
$07s2 20,800 12.8 5.29 0. 066 2 0.5 0.611 1. 400
S07s2 20,800 12.8 5.29 0. 066 5 0.5 0.623 1. 520
S07s2 20,800 12.8 5.29 0. 066 10 0.5 1.003 2.684
S07s2 20,800 12.8 5.29 0. 066 2 1.0 0. 755 1. 664
S07s2 20,800 12.8 5.29 0. 066 5 1.0 1.116 2. 356
S07s2 20,800 12.8 5.29 0. 066 10 1.0 1. 256 3.123
SO6M2 20, 910 3.8 5.61 0. 051 2 0.0 0.272 1.161
S06M2 20, 910 3.8 5.61 0. 051 5 0.0 0.820 2.718
SO6M2 20, 910 3.8 5.61 0. 051 10 0.0 1.111 5.037
S06M2 20, 910 3.8 5.61 0. 051 2 0.5 0.377 0.999
S06M2 20, 910 3.8 5.61 0.051 5 0.5 0. 768 3.002
S06M2 20, 910 3.8 5.61 0. 051 10 0.5 0.951 2.673
S06M2 20, 910 3.8 5.61 0. 051 2 1.0 0.530 1. 415
S06M2 20, 910 3.8 5.61 0. 051 5 1.0 0.996 2.730
S06M2 20, 910 3.8 5.61 0. 051 10 1.0 1.316 3.286
S16M2 21,188 4.1 6.63 0.077 2 0.0 0. 094 0.326
S16M2 21,188 4.1 6.63 0.077 5 0.0 0.372 1.212
S16M2 21,188 4.1 6.63 0.077 10 0.0 0.870 3. 156
S16M2 21,188 4.1 6. 63 0.077 2 0.5 0.574 0. 828
S16M2 21,188 4.1 6.63 0.077 5 0.5 0.603 1. 475
S16M2 21,188 4.1 6.63 0.077 10 0.5 1.053 3.078
S16M2 21,188 4.1 6.63 0.077 2 1.0 1. 040 1.331
S16M2 21,188 4.1 6.63 0.077 5 1.0 1.229 2.066
S16M2 21,188 4.1 6.63 0.077 10 1.0 1. 608 3.614
S14M2 22,135 2.2 5.83 0. 082 2 0.0 0.129 0.408
S14M2 22,135 2.2 5.83 0. 082 5 0.0 0.348 1.493
S14M2 22,135 2.2 5.83 0.082 10 0.0 0. 887 3.089
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D. (cfs) (fe/mi) (ft) Val ue (ft) Nr (ft) (ft)
S14M2 22,135 2.2 5.83 0.082 2 0.5 0.461 1.196
S14M2 22,135 2.2 5.83 0.082 5 0.5 0.566 1.699
S14M2 22,135 2.2 5.83 0.082 10 0.5 1.010 3.163
S14M2 22,135 2.2 5.83 0.082 2 1.0 1.087 2.700
S14M2 22,135 2.2 5.83 0.082 5 1.0 1.128 3.004
S14M2 22,135 2.2 5.83 0.082 10 1.0 1.637 4,571
$08s2 24,000 12.1 6.48 0.057 2 0.0 0.104 0.370
S08s2 24,000 12.1 6.48 0.057 5 0.0 0.315 1.051
S08S2 24,000 12.1 6.48 0.057 10 0.0 0.614 1. 754
S08S2 24,000 12.1 6.48 0.057 2 0.5 0.426 1.240
S08S2 24,000 12.1 6.48 0.057 5 0.5 0.687 2.126
S08s2 24,000 12.1 6.48 0.057 10 0.5 0.867 2.538
S08S2 24,000 12.1 6.48 0.057 2 1.0 0.852 2.197
S08s2 24,000 12.1 6.48 0.057 5 1.0 1.140 2. 987
S08s2 24,000 12.1 6.48 0.057 10 1.0 1.130 3.197
S10M2 24,900 2.4 4.59 0.052 2 0.0 0.218 0.931
S10M2 24,900 2.4 4.59 0.052 5 0.0 0. 455 1. 660
S10M2 24,900 2.4 4.59 0.052 10 0.0 1.391 3.766
S10M2 24,900 2.4 4.59 0.052 2 0.5 0.310 0.988
S10M2 24,900 2.4 4.59 0.052 5 0.5 0.522 1.948
S10M2 24,900 2.4 4.59 0.052 10 0.5 1.288 4,245
S10M2 24,900 2.4 4.59 0.052 2 1.0 0.529 1.420
S10M2 24,900 2.4 4.59 0.052 5 1.0 0.776 2.033
S10M2 24,900 2.4 4.59 0.052 10 1.0 1.192 2.786
S29M2 27, 444 3.8 8.03 0. 061 2 0.0 0.063 0. 200
S29M2 27, 444 3.8 8.03 0. 061 5 0.0 0.200 0. 665
S29M2 27, 444 3.8 8.03 0. 061 10 0.0 0.548 1.536
S29M2 27, 444 3.8 8.03 0. 061 2 0.5 0.328 0. 982
S29M2 27, 444 3.8 8.03 0. 061 5 0.5 0.672 1.753
S29M2 27, 444 3.8 8.03 0.061 10 0.5 0.658 2.472
S29M2 27, 444 3.8 8.03 0.061 2 1.0 0.806 1.942
S29M2 27, 444 3.8 8.03 0.061 5 1.0 1.163 3.223
S29M2 27,444 3.8 8.03 0. 061 10 1.0 0.877 2.364
S30M2 27, 444 4.1 8.47 0. 059 2 0.0 0.114 0.320
S30M2 27, 444 4.1 8.47 0. 059 5 0.0 0.227 1.031
S30M2 27, 444 4.1 8.47 0. 059 10 0.0 0.434 1.553
S30M2 27, 444 4.1 8.47 0. 059 2 0.5 0. 457 1.348
S30M2 27, 444 4.1 8.47 0. 059 5 0.5 0.516 1.766
S30M2 27, 444 4.1 8.47 0. 059 10 0.5 0.726 2. 845

APPENDI X C 168



Profile Error Analysis Sunmary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data  Average Average Hydr Manni ng' s Cont our Manning' s Mean Maximum
Set Q100 Slope  Depth n Interval Reliability FError Error
I.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S30M2 27,444 4.1 8. 47 0. 059 2 1.0 0.753 1. 959
S30M2 27,444 4.1 8. 47 0. 059 5 1.0 0.819 2. 167
S30M2 27,444 4.1 8. 47 0. 059 10 1.0 1.061 3.860
S$31M2 27,444 5.0 7.95 0.063 2 0.0 0.093 0.316
S31M2 27,444 5.0 7.95 0.063 5 0.0 7.366 7.900
S31M2 27,444 5.0 7.95 0.063 10 0.0 g.612 1.566
S31M2 27,444 5.0 7.95 0.063 2 @.5 0. 364 0.874
S31M2 27,444 5.0 7.95 0. 063 5 0.5 0.758 1.372
S31M2 27,444 5.0 7.95 0. 063 10 0.5 0.722 1. 805
S31M2 27,444 5.0 7.95 0. 063 2 1.0 0.816 2.027
S31M2 27,444 5.0 7.95 0. 063 5 1.0 1.084 2. 626
S31M2 27,444 5.0 7.95 0. 063 10 1.0 1. 368 2. 802
S1282 28,775  17.5 3.67 0.070 2 0.0 0.243 0.544
S1282 28,775  17.5 3.67 0.070 5 0.0 0. 688 2. 352
$1282 28,775 17.5 3. 67 0.070 10 0.0 1. 654 4,184
S12s2 28,775  17.5 3.67 0.070 2 0.5 0.522 1.334
S12s2 28,775  17.5 3. 67 0.070 5 0.5 0. 705 2.095
S1282 28,775  17.5 3.67 0.070 10 0.5 1. 546 3.774
S12s2 28,775  17.5 3.67 0.070 2 1.0 0.803 2.062
S12s2 28,775  17.5 3.67 0.070 5 1.0 0. 869 2. 620
S1282 28,775  17.5 3. 67 0.070 10 1.0 1.725 4,347
S12F2 29, 100 0.8 10.20 0,126 2 0.0 0. 059 0.087
S12F2 29, 100 0.8 10.20 0.126 5 0.0 0.128 0.378
S12F2 29, 100 0.8 10.20 0.126 10 0.0 0. 305 1.090
S12F2 29, 100 0.8 10.20 0.126 2 0.5 1. 280 1.892
S12F2 29, 100 0.8 10.20 0.126 5 0.5 1.244 1.996
S12F2 29, 100 0.8 10.20 0.126 10 0.5 1.498 2.325
S12F2 29, 100 0.8 10.20 0.126 2 1.0 2.351 3.465
S12F2 29, 100 0.8 10.20 0.126 5 1.0 2.720 3.847
S12F2 29, 100 0.8 10.20 0.126 10 1.0 2.312 3.808
S49M2 30, 000 9.9 5.73 0. 066 2 0.0 0.121 0.439
S49M2 30, 000 9.9 5.73 0. 066 5 0.0 0. 345 1.082
S49M2 30, 000 9.9 5.73 0. 066 10 0.0 0.934 2.699
S49M2 30, 000 9.9 5.73 0. 066 2 0.5 0. 369 0. 883
S49M2 30, 000 9.9 5.73 0. 066 5 0.5 0. 558 1. 442
S49M2 30, 000 9.9 5.73 0. 066 10 0.5 1.108 2.912
S49M2 30, 000 9.9 5.73 0. 066 2 1.0 0. 861 1.968
S49M2 30, 000 9.9 5.73 0. 066 5 1.0 1.121 2.337
S49M2 30, 000 9.9 5.73 0. 066 10 1.0 1.378 3.682
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absolute
Data  Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
SO9M2 33,250 2.9 9.41 0. 067 2 0.0 0.128 0.377
S09M2 33, 250 2.9 9.41 0.067 5 0.0 0.273 0.670
S09M2 33,250 2.9 9.41 0.067 10 0.0 0.843 1. 965
SO9M2 33, 250 2.9 9.41 0. 067 2 0.5 0.744 1. 226
SO9M2 33, 250 2.9 9.41 0.067 5 0.5 0.745 1.371
SO09M2 33, 250 2.9 9.41 0.067 10 0.5 1.234 2.550
SO9M2 33, 250 2.9 9.41 0.067 2 1.0 1.811 2.768
S09M2 33, 250 2.9 9.41 0. 067 5 1.0 1. 564 2.952
SO09M2 33, 250 2.9 9.41 0.067 10 1.0 2. 341 3.771
S13M2 33,575 2.6 7.46 0. 086 2 0.0 0.112 0.520
S13M2 33,575 2.6 7.46 0. 086 5 0.0 0. 487 1.516
S13M2 33,575 2.6 7.46 0. 086 10 0.0 1.452 2.991
S13M2 33,575 2.6 7.46 0. 086 2 0.5 0.709 1. 239
S13M2 33,575 2.6 7.46 0. 086 5 0.5 0.738 1.933
S13M2 33,575 2.6 7.46 0. 086 10 0.5 1. 460 3.035
S13M2 33,575 2.6 7.46 0.086 2 1.0 1.122 1.783
S13M2 33,575 2.6 7.46 0.086 5 1.0 1. 066 2.378
S13M2 33,575 2.6 7.46 0.086 10 1.0 1. 637 3.373
S13s2 34,000 106.0  11.98 0.122 2 0.0 0.599 2. 256
$13S2 34,000 106.0  11.98 0.122 5 0.0 0. 813 3,729
S13S2 34,000 106.0  11.98 0.122 10 0.0 1. 206 4.784
S13S2 34,000 106.0  11.98 0.122 2 0.5 1.488 4.290
S13S2 34,000 106.0  11.98 0.122 5 0.5 1.289 4. 051
$1382 34,000 106.0 11.98 0.122 10 0.5 1.964 5.815
S13S2 34,000 106.0  11.98 0.122 2 1.0 2.432 7.178
S13s2 34,000 106.0  11.98 0.122 5 1.0 2.277 6. 066
S13S2 34,000 106.0  11.98 0.122 10 1.0 2.390 a. 395
S48M2 34, 150 6.9 5.82 0.072 2 0.0 0.154 0.434
S48M2 34, 150 6.9 5. 82 0.072 5 0.0 0.408 1.388
S48M2 34, 150 6.9 5. 82 0.072 10 0.0 0. 950 3. 537
S48M2 34, 150 6.9 5. 82 0.072 2 0.5 0.525 1.242
S48M2 34, 150 6.9 5. 82 0.072 5 0.5 0. 586 1.731
S48M2 34, 150 6.9 5. 82 0.072 10 0.5 1.111 4. 155
S48M2 34, 150 6.9 5.82 0.072 2 1.0 1.021 2. 436
S48M2 34,150 6.9 5. 82 0.072 5 1.0 1.144 2.780
S48M2 34, 150 6.9 5.82 0.072 10 1.0 1. 365 4.108
SO01M2 35, 350 5.6 9.04 0. 045 2 0.0 0.117 0. 602
S01M2 35, 350 5.6 9. 04 0.045 5 0.0 0.295 1.636
S01M2 35, 350 5.6 9.04 0.045 10 0.0 0.616 3.272
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Profile Error Analysis Sunmary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi num
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S01M2 35, 350 5.6 9.04 0.045 2 0.5 0.435 1.103
S01M2 35, 350 5.6 9.04 0.045 5 0.5 0.508 1.857
sol M2 35, 350 5.6 9.04 0.045 10 0.5 0.856 3.364
SO1M2 35, 350 5.6 9.04 0.045 2 1.0 0.895 1.682
sol M2 35, 350 5.6 9.04 0.045 5 1.0 1.014 2.272
SO01M2 35, 350 5.6 9.04 0.045 10 1.0 1.154 3.738
S03s2 37,600 10.1 7.61 0.059 2 0.0 0.097 0.731
$03s2 37,600 10.1 7.61 0.059 5 0.0 0.378 1. 077
S03s2 37,600 10.1 7.61 0.059 10 0.0 0. 985 2. 624
$03s2 37,600 10.1 7.61 0.059 2 0.5 0. 566 1.504
$03s2 37,600 10.1 7.61 0.059 5 0.5 0.722 1. 866
503s2 37,600 10.1 7.61 0.059 10 0.5 1.235 3. 104
S03s2 37,600 10.1 7.61 0.059 2 1.0 1.319 2.567
S03s2 37,600 10.1 7.61 0.059 5 1.0 1.422 3.116
S03s2 37,600 10.1 7.61 0.059 10 1.0 1.703 3.920
S53M2 37, 850 7.9 6. 14 0.066 2 0.0 0.108 0. 346
S53M2 37, 850 7.9 6. 14 0.066 5 0.0 0.303 0.881
$53M2 37, 850 7.9 6. 14 0.066 10 0.0 1.099 2. 853
S53M2 37, 850 7.9 6. 14 0.066 2 0.5 0. 506 0. 886
S53M2 37, 850 7.9 6. 14 0.066 5 0.5 0. 634 1.362
S53IM2 37, 850 7.9 6.14 0.066 10 0.5 1.118 2.749
S53M2 37, 850 7.9 6.14 0.066 2 1.0 1. 149 1.563
S53M2 37,850 7.9 6. 14 0.066 5 1.0 1. 170 2.017
S53M2 37, 850 7.9 6. 14 0.066 10 1.0 1.537 3.507
S56M2 38, 000 2.8 8.04 0.029 2 0.0 0.130 0.284
S56M2 38, 000 2.8 8.04 0.029 5 0.0 0.711 1.311
S56M2 38, 000 2.8 8. 04 0.029 10 0.0 1.799 3.274
S56M2 38, 000 2.8 8.04 0.029 2 0.5 0.525 0.746
S56M2 38, 000 2.8 8. 04 0.029 5 0.5 0.764 1.348
S56M2 38, 000 2.8 8. 04 0.029 10 0.5 1. 859 3. 349
S56M2 38, 000 2.8 8.04 0.029 2 1.0 0. 946 1.210
S56M2 38, 000 2.8 8. 04 0.029 5 1.0 1.030 1.676
S56M2 38, 000 2.8 8. 04 0.029 10 1.0 2. 057 3. 469
S41M2 38, 800 5.0 11.79 0.057 2 0.0 0.077 0.477
S41M2 38, 800 5.0 11.79 0.057 5 0.0 0.219 0.843
S41M2 38, 800 5.0 11.79 0.057 10 0.0 0.735 1.875
S41M2 38, 800 5.0 11.79 0.057 2 0.5 1.045 2.378
S41M2 38, 800 5.0 11.79 0.057 5 0.5 0.760 1. 890
S41M2 38, 800 5.0 11.79 0.057 10 0.5 1. 053 2.423
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S41M2 38, 800 5.0 11.79 0. 057 2 1.0 1. 653 3.751
S41M2 38, 800 5.0 11.79 0. 057 5 1.0 1.557 3.661
S41M2 38, 800 5.0 11.79 0. 057 10 1.0 1.934 4,343
S19s2 39,000 30.8 3.77 0. 039 2 0.0 0.285 0. 968
$19s2 39,000  30.8 3. 77 0. 039 5 0.0 0.634 1.742
$1982 39,000 30.8 3.77 0. 039 10 0.0 1. 496 3. 886
$19s2 39,000  30.8 3.77 0. 039 2 0.5 0.338 1.042
$19s2 39,000  30.8 3.77 0. 039 5 0.5 0.620 1. 639
S19s2 39,000  30.8 3.77 0. 039 10 0.5 1.424 3. 645
$1982 39,000  30.8 3.77 0. 039 2 1.0 0.473 1.491
$1982 39,000  30.8 3.77 0. 039 5 1.0 0. 644 1.822
$19s2 39,000  30.8 3.77 0. 039 10 1.0 1. 408 3.419
S51M2 41, 200 7.2 8. 24 0. 069 2 0.0 0. 096 0.341
S51M2 41, 200 7.2 8. 24 0. 069 5 0.0 0.410 1.114
S51M2 41, 200 7.2 8.24 0. 069 10 0.0 0.803 2.293
S51M2 41, 200 7.2 8. 24 0. 069 2 0.5 0. 680 1. 402
S51M2 41, 200 7.2 8.24 0. 069 5 0.5 0.891 1. 847
S51M2 41, 200 7.2 8.24 0. 069 10 0.5 1.112 2. 749
S51M2 41, 200 7.2 8. 24 0. 069 2 1.0 1.423 2.877
S51M2 41, 200 7.2 8. 24 0. 069 5 1.0 1.395 2.792
S51M2 41, 200 7.2 8.24 0. 069 10 1.0 1. 456 3.524
S08M2 42,250 3.6 6.78 0.071 2 0.0 0. 145 0.379
S08M2 42,250 3.6 6.78 0.071 5 0.0 0.522 1.941
S08M2 42,250 3.6 6.78 0.071 10 0.0 1.036 3.209
S08M2 42,250 3.6 6.78 0.071 2 0.5 0.704 1.033
S08M2 42,250 3.6 6.78 0.071 5 0.5 0.813 2.085
S08M2 42,250 3.6 6.78 0.071 10 0.5 1.148 3. 297
S08M2 42,250 3.6 6.78 0.071 2 1.0 1. 037 1. 458
S08M2 42, 250 3.6 6.78 0.071 5 1.0 1. 408 2.685
S08M2 42,250 3.6 6.78 0.071 10 1.0 1.572 3.987
S47M2 43, 350 6.0 8.11 0.072 2 0.0 0.098 0.330
S47M2 43, 350 6.0 8.11 0.072 5 0.0 0.237 0. 796
S47M2 43, 350 6.0 8.11 0.072 10 0.0 0. 547 1.706
S47M2 43, 350 6.0 8.11 0.072 2 0.5 0.632 1. 447
S47M2 43, 350 6.0 8.11 0.072 5 0.5 0.679 1. 862
S47M2 43, 350 6.0 8.11 0.072 10 0.5 0.754 1.925
S47M2 43, 350 6.0 8.11 0.072 2 1.0 1.169 2.828
S47M2 43, 350 6.0 8.11 0.072 5 1.0 1.376 2.919
S47M2 43, 350 6.0 8.11 0.072 10 1.0 1. 568 3. 640
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Profile Error Analysis Sumary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute

Data Average Average Hydr  Manning's Contour Manni ng' s Mean Maxi mum
set Q100 Slope  Depth n Interval Reliability Error Error

[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)

S18M2 43,400 2.1 12.07 0. 055 2 0.0 0. 081 0. 452
S18M2 43,400 2.1 12.07 0. 055 5 0.0 0.235 0.775
S18M2 43,400 2.1 12.07 0. 055 10 0.0 0. 397 1.034
S18M2 43,400 2.1 12.07 0. 055 2 0.5 0.576 1. 946
S18M2 43,400 2.1 12.07 0. 055 5 0.5 0.419 1. 467
S18M2 43,400 2.1 12.07 0. 055 10 0.5 0.763 2. 059
s18M2 43,400 2.1 12.07 0. 055 2 1.0 1.019 3.074
S18M2 43,400 2.1 12.07 0. 055 5 1.0 1.271 4,361
S18M2 43,400 2.1 12.07 0. 055 10 1.0 1.677 4. 406
S50M2 47,225 6.4 7.46 0.063 2 0.0 0.130 0.613
S50M2 47,225 6.4 7.46 0.063 5 0.0 0.335 1.405
S50M2 47,225 6.4 7.46 0.063 10 0.0 0. 642 2.704
S50M2 47,225 6.4 7.46 0. 063 2 0.5 0. 636 1.489
S50M2 47,225 6.4 7.46 0. 063 5 0.5 0.713 1.837
S50M2 47,225 6.4 7.46 0. 063 10 0.5 0. 864 2. 958
S50M2 47,225 6.4 7.46 0. 063 2 1.0 1. 240 2. 645
S50M2 47,225 6.4 7.46 0. 063 5 1.0 1.028 2.725
S50M2 47,225 6.4 7.46 0. 063 10 1.0 1.295 3.518
S17S2 50,000 18.6 5.99 0.048 2 0.0 0.171 0.644
S17s2 50,000 18.6 5.99 0.048 5 0.0 0.617 2.051
S17s2 50,000 18.6 5.99 0.048 10 0.0 1.043 3.782
S17s2 50,000 18.6 5.99 0. 048 2 0.5 0. 440 1.189
$17s2 50,000 18.6 5.99 0. 048 5 0.5 0. 668 2.070
S17s2 50,000 18.6 5.99 0. 048 10 0.5 1.181 3.931
S17s2 50,000 18.6 5.99 0.048 2 1.0 0. 636 1.813
S17s2 50,000 18.6 5.99 0. 048 5 1.0 0. 864 2.395
$17S2 50,000 18.6 5.99 0. 048 10 1.0 1. 459 4,391
S18s2 50,000 15.2 7.81 0. 045 2 0.0 0.225 0.703
$1882 50,000 15.2 7.81 0. 045 5 0.0 0.399 1. 160
$1882 50,000 15.2 7.81 0. 045 10 0.0 0. 800 1.972
$18s2 50,000 15.2 7.81 0. 045 2 0.5 0.430 0.987
S18S2 50,000 15.2 7.81 0. 045 5 0.5 0. 637 1.623
S18s2 50,000 15.2 7.81 0. 045 10 0.5 1.127 2.938
$18S2 50,000 15.2 7.81 0. 045 2 1.0 1.072 2. 186
$18S2 50,000 15.2 7.81 0. 045 5 1.0 0.811 1.785
S18S2 50,000  15.2 7.81 0. 045 10 1.0 1.382 2. 956
S37M2 50,300 3.0 14.31 0. 055 2 0.0 0. 088 0. 447
537M2 50,300 3.0 14.31 0. 055 5 0.0 0.144 0.411
S37M2 50,300 3.0 14.31 0. 055 10 0.0 0. 356 1.258
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manning's  Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability: Error Error
l.D. (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S37M2 50, 300 3.0 14.31 0. 055 2 0.5 0.671 1. 964
S37M2 50, 300 3.0 14.31 0. 055 5 0.5 0. 844 2. 269
S37M2 50, 300 3.0 14.31 0. 055 10 0.5 1. 020 3. 062
S37M2 50, 300 3.0 14.31 0. 055 2 1.0 1. 347 4.075
S37M2 50, 300 3.0 14.31 0. 055 5 1.0 1.683 4.519
S37M2 50, 300 3.0 14.31 0. 055 10 1.0 2. 313 6.524
S52M2 50, 950 8.8 6.31 0.062 2 0.0 0. 157 0.682
S52M2 50, 950 8.8 6. 31 0. 062 5 0.0 0. 403 1.195
S52M2 50, 950 8.8 6. 31 0. 062 10 0.0 0.707 2.341
S52M2 50, 950 8.8 6. 31 0. 062 2 0.5 0. 387 1.176
S52M2 50, 950 8.8 6.31 0. 062 5 0.5 0.558 1.721
S52M2 50, 950 8.8 6.31 0. 062 10 0.5 0.981 3.060
S52M2 50, 950 8.8 6. 31 0. 062 2 1.0 0. 952 2.484
S52M2 50, 950 8.8 6.31 0. 062 5 1.0 0.902 2. 575
S52M2 50, 950 8.8 6.31 0. 062 10 1.0 1. 369 4.179
S26M2 51, 388 2.5 10.60 0. 066 2 0.0 0. 085 0. 405
S26M2 51, 388 2.5 10.60 0. 066 5 0.0 0.185 0.631
S26M2 51, 388 2.5 10.60 0. 066 10 0.0 0.315 1.681
S26M2 51, 388 2.5 10.60 0. 066 2 0.5 0. 445 1.332
S26M2 51, 388 2.5 10.60 0. 066 5 0.5 0.743 1.714
S26M2 51, 388 2.5 10.60 0. 066 10 0.5 0. 569 2. 082
S26M2 51, 388 2.5 10.60 0. 066 2 1.0 1. 268 3.517
S26M2 51, 388 2.5 10.60 0. 066 5 1.0 1.224 3.339
S26M2 51, 388 2.5 10.60 0. 066 10 1.0 1. 008 3.021
S22M2 59, 225 2.2 16.52 0. 060 2 0.0 0.076 0.226
S22M2 59, 225 2.2 16.52 0. 060 5 0.0 0.114 0.471
S22M2 59, 225 2.2 16.52 0. 060 10 0.0 0.426 1. 985
S22M2 59, 225 2.2  16.52 0. 060 2 0.5 0. 695 1.682
S22M2 59, 225 2.2 16.52 0. 060 5 0.5 0.673 2.772
S22M2 59, 225 2.2 16.52 0. 060 10 0.5 0. 797 2.544
S22M2 59, 225 2.2 16.52 0. 060 2 1.0 2.845 5.431
S22M2 59, 225 2.2 16.52 0. 060 5 1.0 1.885 5. 602
S22M2 59, 225 2.2 16.52 0. 060 10 1.0 2.158 7. 157
S46M2 60, 350 5.8 6.92 0.058 2 0.0 0.142 0. 452
S46M2 60, 350 5.8 6.92 0. 058 5 0.0 0. 380 1.223
S46M2 60, 350 5.8 6.92 0.058 10 0.0 0. 705 2.239
S46M2 60, 350 5.8 6.92 0. 058 2 0.5 0.495 1. 257
S46M2 60, 350 5.8 6.92 0. 058 5 0.5 0. 668 1.900
S46M2 60, 350 5.8 6.92 0.058 10 0.5 0.890 2.603

APPENDI X C 174



Profile Error Analysis Sunmary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data  Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D (cfs) (ft/mi) (fr) Val ue (fr) Nr (ft) (ft)
S46M2 60, 350 5.8 6.92 0.058 2 1.0 0. 783 2. 186
S46M2 60, 350 5.8 6.92 0.058 5 1.0 0.877 2. 303
S46M2 60, 350 5.8 6.92 0.058 10 1.0 1. 157 2.954
S33M2 69, 520 2.4 10.62 0. 044 2 0.0 0. 059 0.237
S33M2 69, 520 2.4 10.62 0.044 5 0.0 0.245 0.984
S33M2 69, 520 2.4 10.62 0. 044 10 0.0 0.473 1. 940
S33M2 69, 520 2.4 10.62 0. 044 2 0.5 0. 907 1.704
S33M2 69, 520 2.4 10.62 0. 044 5 0.5 0.892 1.784
S33M2 69, 520 2.4 10.62 0. 044 10 0.5 1.010 2. 641
S33M2 69, 520 2.4 10.62 0. 044 2 1.0 1.980 3. 487
S33M2 69, 520 2.4 10.62 0.044 5 1.0 1.793 3.326
S33M2 69, 520 2.4 10.62 0. 044 10 1.0 1.399 3.145
S10F2 73,980 0.5 11.56 0. 109 2 0.0 0.051 0.083
S10F2 73,980 0.5 11.56 0. 109 5 0.0 0.275 0. 469
S10F2 73,980 0.5 11.56 0. 109 10 0.0 1.018 1.892
S10F2 73,980 0.5 11.56 0. 109 2 0.5 1.252 1.711
S10F2 73,980 0.5 11.56 0. 109 5 0.5 1.529 2.041
S10F2 73,980 0.5 11.56 0. 109 10 0.5 1.731 2.934
S10F2 73,980 0.5 11.56 0.109 2 1.0 2. 756 3. 804
S10F2 73,980 0.5 11.56 0.109 5 1.0 2. 380 3.483
S10F2 73,980 0.5 11.56 0.109 10 1.0 3.211 4. 659
S42M2 83, 400 2.9 11.22 0. 052 2 0.0 0.101 0. 363
S42M2 83, 400 2.9 11.22 0. 052 5 0.0 0. 153 0.817
S42M2 83, 400 2.9 11.22 0. 052 10 0.0 0.475 2.009
S42M2 83, 400 2.9 11.22 0. 052 2 0.5 0. 469 1.316
S42M2 83, 400 2.9 11.22 0.052 5 0.5 0.510 1.912
S42M2 83, 400 2.9 11.22 0. 052 10 0.5 0. 684 1.817
S42M2 83, 400 2.9 11.22 0. 052 2 1.0 1.195 3.276
S42M2 83, 400 2.9 11.22 0.052 5 1.0 1.181 3. 434
S42M2 83, 400 2.9 11.22 0. 052 10 1.0 1.433 4. 565
S44M2 83, 400 2.3 11.64 0. 047 2 0.0 0. 052 0. 263
S44M2 83, 400 2.3 11.64 0.047 5 0.0 0.274 1. 496
S44M2 83, 400 2.3 11.64 0. 047 10 0.0 0. 839 3.690
S44M2 83, 400 2.3 11.64 0. 047 2 0.5 0.737 2. 140
S44M2 83, 400 2.3 11.64 0. 047 5 0.5 0.785 2. 898
S44M2 83,400 2.3 11.64 0. 047 10 0.5 0.888 3.238
S44M2 83, 400 2.3 11.64 0. 047 2 1.0 1. 603 4. 352
S44M2 83, 400 2.3 11.64 0.047 5 1.0 0.958 4.505
S44M2 83, 400 2.3 11.64 0.047 10 1.0 1.651 5.592
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Profile Error Analysis Summary
Topogr aphi ¢ Maps
| - Percent Chance Flood Event

Survey Absol ute Absol ute
Data  Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi mum
Set Q100 Slope  Depth n Interval Reliability Error Error
[.D (cfs) (ft/mi) (ft) Val ue (ft) Nr (ft) (ft)
S55M2 90, 000 8.8 5.29 0. 032 2 0.0 0.103 0. 336
S55M2 90, 000 8.8 5.29 0. 032 5 0.0 0. 332 1.170
S55M2 90, 000 8.8 5.29 0. 032 10 0.0 0.771 2.602
S55M2 90, 000 8.8 5.29 0. 032 2 0.5 0. 339 0. 664
S55M2 90, 000 8.8 5.29 0. 032 5 0.5 0.481 1.423
S55M2 90, 000 8.8 5.29 0. 032 10 0.5 0.831 2. 775
S55M2 90 , 000 8.8 5.29 0. 032 2 1.0 0. 694 1.122
S55M2 90, 000 8.8 5.29 0.032 5 1.0 0. 754 1.776
S55M2 90, 000 8.8 5.29 0. 032 10 1.0 0.935 2. 846
So5M3 118, 000 8.0 7.54 0. 041 2 0.0 0.285 1. 606
so5M3 118,000 8.0 7.54 0. 041 5 0.0 0.533 2.086
sosM3 118,000 8.0 7.54 0.041 10 0.0 1.023 2.812
sosM3 118,000 8.0 7.54 0. 041 2 0.5 0.539 1.529
sosM3 118,000 8.0 7.54 0.041 5 0.5 0.777 2.263
sosM3 118,000 8.0 7.54 0. 041 10 0.5 1. 220 3.292
sosM3 118,000 8.0 7.54 0. 041 2 1.0 1. 185 2.792
So5M3 118,000 8.0 7.54 0. 041 5 1.0 1.128 3.091
sosM3 118,000 8.0 7.54 0. 041 10 1.0 1.424 3.442
s02s3 152,000 15.9  13.13 0. 067 2 0.0 0.087 0. 360
s02s3 152,000 15.9 13.13 0. 067 5 0.0 0. 259 1. 185
s02s3 152,000 15.9  13.13 0. 067 10 0.0 0. 669 2.602
s02s3 152,000 15.9  13.13 0. 067 2 0.5 1.031 2.701
s02s3 152,000 15.9  13.13 0. 067 5 0.5 1.144 2.877
s02s3 152,000 15.9  13.13 0. 067 10 0.5 1. 470 4,141
s02s3 152,000 15.9  13.13 0. 067 2 1.0 2.332 5.300
s02s3 152,000 15.9  13.13 0. 067 5 1.0 2. 880 6. 034
s02s3 152,000 15.9  13.13 0. 067 10 1.0 2.216 5.544
so4M3 158, 000 6.6 22.31 0. 057 2 0.0 0. 062 0. 240
S04M3 158, 000 6.6 22.31 0. 057 5 0.0 0.172 0. 608
S04M3 158,000 6.6 22.31 0. 057 10 0.0 0. 369 1. 400
So4M3 158, 000 6.6 22.31 0. 057 2 0.5 2.439 2. 787
S04M3 158, 000 6.6 22.31 0. 057 5 0.5 2.004 2.570
S04M3 158, 000 6.6 22.31 0. 057 10 0.5 2. 051 2.925
so4M3 158,000 6.6 22.31 0. 057 2 1.0 4.167 4.767
So4M3 158,000 6.6 22.31 0. 057 5 1.0 4.146 4. 859
so4M3 158,000 6.6 22.31 0. 057 10 1.0 4. 467 5.584
S0IM3 161, 000 3.5 9.43 0. 043 2 0.0 0.098 0.328
S01M3 161, 000 3.5 9.43 0. 043 5 0.0 0.352 0. 943
S01M3 161, 000 3.5 9.43 0. 043 10 0.0 0.711 1. 467
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Profile Error Analysis Sunmary
Topogr aphi ¢ Maps
| - Percent Chance Fl ood Event

Survey Absol ute Absol ute
Data Average Average Hydr Manni ng' s Cont our Manni ng' s Mean Maxi num
Set Q100 Slope  Depth n Interval Reliability Error Error
I.D (cfs) (ft/mi) (fr) Val ue (ft) Nr (ft) (ft)
S01M3 161, 000 3.5 9.43 0. 043 2 0.5 0.828 1.893
S01M3 161, 000 3.5 9.43 0. 043 5 0.5 0.742 2.470
S01M3 161, 000 3.5 9.43 0. 043 10 0.5 1.232 3.415
SO1M3 161, 000 3.5 9.43 0. 043 2 1.0 1.140 3. 368
S0IM3 161, 000 3.5 9.43 0. 043 5 1.0 1.615 4.075
SO1M3 161, 000 3.5 9.43 0. 043 10 1.0 1.287 3.475
s01s3 270,300 15.4  19.86 0.031 2 0.0 0. 487 2.198
s01s3 270,300 15.4  19.86 0.031 5 0.0 1.431 4.748
s01s3 270,300 15.4 19.86 0.031 10 0.0 3. 462 9.300
so1s3 270,300 15.4  19.86 0.031 2 0.5 1.293 3. 367
s01s3 270,300 15.4  19.86 0.031 5 0.5 1.748 5.024
so1s3 270,300 15.4 19:86 0.031 10 0.5 3.436 9.040
s01s3 270,300 15.4  19.86 0.031 2 1.0 2. 044 5. 372
s01s3 270,300 15.4  19.86 0.031 5 1.0 2.315 6.023
s01s3 270,300 15.4  19.86 0.031 10 1.0 4,342 10. 084
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