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DOE OB Comments on

DETERMINATION OF 100-YEAR FLOODPLAIN ELEVATIONS AT LOS ALAMOS

NATIONAL LABORATORY

GENERAL COMMENTS

1.

It is stated in numerous places that, "the maps are maintained on file in LANL's Facilities
Engineering Planning Group (ENG-2 File Number R-7160) and in the Geology and
Geochemistry Group office (EES-1)." This has proved to be untrue. It was discovered
that the maps are located at FIMAD. As these maps were generated as a requirement for
the RCRA/HSWA permit, logic would dictate that the reading room would be a better
location so that the general public would have easy access to them. Also, maps 7, 18, and
22 appear to be missing.

The data/information are presented in such a fashion that the reader is lost in a labyrinth
of scientific definitions, technical procedures, theoretical models and charts, and
extraneous information. It becomes extremely difficult to decipher exactly what
procedure was used in the model and whether or not the method used is common practice,
based on real-world modeling. Some of the most pertinent information (or lack thereof)
becomes lost in this presentation. For example, there are text (definitions, etc.) regarding
Snyder lag time in Subsection C (p. 15), Table 6 (p. 16) tabulates the parameters to
compute Snyder lag times, and figures 6 and 7 (p. 17) draws a comparison with Snyder
lag times. The Snyder lag time method was not used in this model. It would have been
more appropriate to have SCS lag time method data in reference for the Soil Conservation
Service (SCS) lag time method which was used.

Conflicting information is also presented in the text. For example, Appendix A (also
mentioned in the introduction, p. 2) fully describes the procedures for extracting cross-
sectional data to be used in the HEC-2 modeling. However, section B, Stream Channel
Geometries (p. 31 and 32) states that a generic cross section was used throughout the
simulations (see specific comments 12, 13, and 14). Also, the last sentence in Appendix
A states, "Finally, it should be noted that any HEC-2 sections that are not exactly

“matched with corresponding sections in the MOSS Geo-Reference file are not included in

the final MOSS export file." (See comment 20). The reader is not given the opportunity
to assess how critical this information may or may not be to the mapping process as the
information is not available.

It must be remembered that this report is required by 40CFR270.14(b)(11)(iii) to be
submitted in a format that is consistent with the National Flood Insurance Program.
However, no data, calculations, drawings, or charts are available in the text to support the
values used for storm intensity, storm duration, storm frequency, precipitation
distribution, runoff fag times, or runoff curve numbers, and no data concerning time of
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concentration are given. There is no presentation on special flooding factors such as
wave action (crests/peaks) which is specifically stated and required by
40CFR270.14(b)(11)(iii)). NMED cannot comment on what was actually input into the
model and whether the output is real as three verbal requests for the data disks were
disregarded. It is our feeling that this study would have been considered inadequate had
LANL been required to submit the report to FEMA.

NMED is concerned that without accurate knowledge of flow velocity, amount, depth,
and time of concentration, (etc.), and without an early warning system, there is a potential
for loss of life due to flash flooding resulting from a 100-year (or less?) storm event. If
buildings within the floodplains do not conform to regulations or are not protected by
flood-protection measures (dikes, levees, etc.) and fail, there will be loss of property as
well as contamination to the environment (refer to specific comment 19).

SPECIFIC COMMENTS

Introduction

1. Page 2, paragraph 3, sentence 3.
"A representative 100-yr, 6-h design storm event is recommended by the COE for
defining 100-yr floodplains in northern New Mexico (M. Magnuson, US Army COE
Albuquerque, personal communication, 1989)."

This document is intended to be an engineering study and 40CFR270.14(b)(11)(iii)
requires calculations to be shown. The choice of storm duration event should be based on
time of concentration (see Hoggan, 1989, p. 219). A table showing time of concentration
for each watershed and the equations/calculations should be supplied to prove that the
100-yr, 6-hr storm event is appropriate for the subject area. More importantly,
40CFR270.14(b)(11)(iii) states, "These floodplain elevations must be consistent with
National Flood Insurance Program maps produced for the Federal Insurance
Administration (FIA), or must use an equivalent method of mapping." In a letter from
William R. Locke of the Federal Insurance Administration to Gilbert Aldaz, Floodplain
Administrator of the City of Albuquerque, dated Feb. 7, 1991, Mr. Locke offered
guidance on storm duration:
"When a hydrologic methodology involving a Soil Conservation Service (SCS)
curve number is used, it should be noted that the SCS National Engineering
Handbook and other SCS publications, such as the TR-55 and TR-20 hydrologic
procedures manuals, stress the need to use 24-hour storm durations when applying
SCS procedures."



III. HEC-1 Hydrograph Package, A. General Model Description

2.

Page 5, paragraph 2, sentences 1 and 2.

"Table 1 summarizes major watersheds draining the DOE-LANL facility complex.
Figure 1 shows approximate watershed locations, detailed maps are referenced later in
this report."”

The term "watershed" is being misused in the place of sub basin. According to Viessman
(1977, p. 5),
"A watershed or drainage basin is a topographically defined area drained by a
river/stream or system of connecting rivers/streams such that all outflow is
discharged through a single outlet."
Guaje, Barrancas, Bayo, Pueblo, and Los Alamos Canyons are all sub-basins within the
Los Alamos Canyon watershed, as are Mortandad and Canada del Buey sub-basins within
the Mortandad Canyon watershed. The modeled watershed should be a composite of the
sub-basins. To depict or treat them as otherwise is misleading and incorrect for modeling
purposes. Also, the watersheds should have been further delineated for proper modeling.
For example, Rendija Canyon should have been delineated from Guaje Canyon (Los
Alamos Canyon watershed) .

II1. HEC-1 Hydrograph Package, B. Design storm events for Los Alamos

3.

Page 7, paragraph 3, sentences S and 6, and paragraph 4, sentence 1.

"These data were used to develop intensity/duration/frequency (IDF) relationships for
Los Alamos. These IDF curves were then used to establish individual 6-h design storm
distributions for the 2-, 5-, 10-, 25-, 50-, and 100-yr events."

"Since standard IDF curves had not been developed for Los Alamos, they were
constructed for this study using precipitation data from Bowen (1990, page 156)"

The NOAA atlas (Miller et al, 1973, p. 1) states that,

"Technical Paper 40 has been accepted as the standard source for precipitation-

frequency information in the United States."
The NOAA atlas is based on Technical Paper 40 and has developed IDF curves for the
state of New Mexico which includes Los Alamos. Since this report was required to follow
Federal Insurance Administration (FIA) engineering practices and/or guidance,
professionally accepted, empirically derived engineering standards should have been
followed. Should these standards prove to be inappropriate, all equations, calculations,
drawings (isohyetals and/or Theissen polygon maps), etc. should have been supplied to
prove the accuracy of the new model. Not enough information is given in the report to
assess the accuracy of the IDF curve shown (as well as any information derived from the
IDF curve, such as the storm distribution shown in LANL’s Table 2). It should be noted
that when comparing precipitation total values shown in table 4, page 12 to the NOAA
atlas, the values in thereport are significantly lower than those in the NOAA atlas.
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According to the NOAA atlas (for a 6-hr, 100-yr storm event), there are no storm events of
less than 2.0 inches of rain in the state of New Mexico as compared to the lowest value of
1.18 inches shown in LANL’s Table 4 (refer to comment 4).

III. HEC-1 Hydrograph Package, C. SCS Unit Hydrograph
4. Page 14, paragraph 3, sentence 6 and equations (III-3) and (III-4).
"The advantage of the SCS approach is that it only requires the determination of time-to-
peak (tp) and peak discharge (Qp), which are given by (Viessman et al. 1977, pp. 138-139)
ty=D/2+t] and Q=454 Afty  (IlI-3)
where
tp = time from rainfall beginning to peak discharge (h),
D = rainfall duration (h),
t1 = basin lag time from centroid of rainfall excess to peak discharge (h),
Opv = peak discharge (cfs)
A = watershed drainage area (sq mi).
The basin lag time (t1) in Equation (I1I-3) can be expressed as
1 = [I°%(S+1)°7]/[1900Y°°] (111-4)"

On page 138, Viessman et al. (1977) described D as:
"... the duration of rainfall (hr). D = 0.133tc where tc is the time of concentration."
and the second equation in (III-3) as:
"Qp=484A/ty"

Hoggan (1989), stated the following on pages 58 through 60:
"The Soil Conservation Service has found the factor "484" in [Qp= 484A/ty] to
vary from 600 in areas of steep terrain to 300 in very flat swampy areas. However
to change this constant would require a revised dimensionless hydrograph. The
fact that there is no provision in HEC-1 for changing the constant 484 poses a
significant limitation on the use of this method. The time to peak is found from
- [Tp=at/2 + L]. LagL is estimated from the time of concentration with the
equation L = 0.6T: or from other empirical equations developed by the SCS.
Tp=at/2+L
where L is the lag time from the center of rainfall excess to the time to peak in
hours.
Application. A unit hydrograph for an ungaged basin can be obtained by
means of the following steps:
1. Estimate T for the watershed from an analysis of travel times or some
other means.
2. Determine lag from L = 0.6T¢
3. Determine time to peak Tp from Eq. [Tp = at/2 + L]
4. Determine peak discharge Qp from Eq. [Qp=484A/tp]
5. Use values obtained for Qp and Tp in conjunction with ratios from Table 3.2 to
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define the unit hydrograph.

SCS unit hydrograph computations in HEC-1. The program uses data input

for lag parameter L to compute peak flow and time to peak from [Qp=484A/tp] and

[Tp=at/2+L].
It should be noted that a definition of time of concentration (T¢) is provided in the report,
but no equations, computations, or values are given for time of concentration. The "484"
factor was changed (which should have been higher rather than lower as the slopes around
Los Alamos are for the most part, steep) even though there is no provision to do so in
HEC-1. It should be noted that the dimensionless unit hydrographs and mass curves are
not shown in the report.

NMED would like to view such hydrographs and mass curves as other important factors in
the model were based on this information. This would also raise questions as to whether
the correct lag times were input into the model as HEC-1 incorporates Hoggans’ equations
Qp=484A/tp and Tp = at/2 + L rather than equation (III-4) to determine lag time by the
SCS method (see general comment 2).

III. HEC-1 Hydrograph Package, D. Model Input Parameters

S.

Page 18, paragraph 1, sentence 9.
"Selected watershed areas are listed in Table 8, and all subbasin area mean values are
given in Appendix B and Disk No.1."”

The above sentence was shown to be of concern after review of Table 8§ and Appendix B:

¢ Figure 1 shows delineation for the 13 "watersheds" in the LANL area (see
comment 2), however there is no topographic map supporting the sub-basin
definitions or delineation within the "watersheds".

¢ The sub-basin areas given in Table 8 are not the same as those listed in Appendix
B. Without a topographic map showing sub-basin delineation and without Disk 1

_ it cannot be shown what sub-basin area values were input and how the sub-basin

area (which sub-basins) are being routed. To summarize, the information in
Appendix B cannot be correlated to the information in Table 8.

¢ Drainage area is one of the critical factors in basin runoff modeling. Itis a
required areal measurement. It is not understood why "subbasin area mean values”
are used in the report when only empirically derived and measured values should
be utilized.

III. HEC-1 Hydrograph Package, E. Peak Hydrographs for Major Watersheds

6.

Page 21, paragraph 1, sentences 5 and 6. .
"In actual practice, an individual, composite, subbasin CN value was computed as an
area-weighted average according to mapped soil and vegetation types and variable CN
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values. However it is reasonable to expect that composite CN values can vary by as much
as 10% above or below their originally estimated values."

The data and calculations for "area-weighted average" used to determine the curve
numbers should be provided in Appendix B. The soils data used for the Los Alamos
townsite area and those portions of National Forest that were not mapped by Nyhan et al
(1978) are not provided, and no data are referenced for those unmapped sections. The
curve numbers used cannot be verified as we have calculated numbers which range from
10 to 15 units higher than those shown in the report. It has not been proven that it is
reasonable for curve numbers to vary £10% as this has a substantive impact on the
resulting runoff peak discharge. To substantiate these assertions, an example study using
the Chaquehui Watershed was completed by NMED.

¢ Appendix A explains the steps taken for NMED’s HEC-1 model.

4 Appendix B is a map of the soils within Chaquehui Watershed using the reports’
referenced soils (Nyhan et al, 1978).

¢ Appendix C shows NMED calculations used to derive the weighted curve numbers
for Chaquehui watershed. There are 4 standard tables in Hoggan (1989 p. 33-36)
for determining runoff curve numbers: those for urban areas, cultivated agricultural
lands, other agricultural lands, and arid and semiarid rangelands. The table for arid
and semiarid lands with the vegetative cover type of Pinyon-Juniper was used in
NMED’s study as this is the condition believed to best approximate the Chaquehui
Watershed (the LANL report does not state which table was used). The derived
weighted curve numbers are 86, 89, and 89 respectively for each sub-basin within
the Chaquehui watershed. This may be compared to a single composite curve
number of 73 which was used in LANL’s report model.

¢ Appendix D is the input/output files generated by HEC-1 for NMED’s model.

To define the small "watershed" impact of varying curve numbers with respect to peak
discharge, NMED performed several iterations of HEC-1 simulations for Chaquehui
Watershed while varying the curve numbers. NMED also completed one runoff model
using the 6-hr, 100-yr storm event with the derived weighted curve numbers and other data
as explained in Appendix A. This was done to establish a comparative baseline by which
to evaluate the report. The comparative baseline result is presented in Appendix E.

A curve number is a discrete number and is a function of land use, vegetation cover, soil
classification, hydrologic conditions, and antecedent soil moisture conditions. The only
reason to vary a curve number value using the SCS method would be a change in land use
(such as agricultural, industrial, commercial or residential). As can be seen in Appendix
E, the raising or lowering of curve numbers has a significant impact on the peak discharge.



III. HEC-1 Hydrograph Package, E. Peak Hydrographs for Major Watersheds

7.

Page 21, paragraph 1, sentence 7, and paragraph 2, sentences 2 and 4.

"Hence, in order to reduce the uncertainty in these estimated CN values, hydrograph
peaks produced by the 2-yr, 6-h design storm event for LANL were examined for all
subbasin watersheds. "

"If a given subbasin yielded a hydrograph peak that was unreasonably high or low, the

the composite CN value was adjusted either downward or upward, respectively, and a new
simulation was made."

"Individual composite CN values were typically adjusted <3% until the 2-yr hydrograph

peak was greater than zero but less than about 2 cfs for an average-sized subbasin."

The adjustment of a curve number should be based on real-world events calibrating the
runoff model by observation of the watershed runoff response. Real-world events are
modeled by the acquisition of gaged data from both flow and precipitation stations on the
channel. As can be seen from the gage data available at LANL, some channels have no
flow at all in response to a 2-yr storm and other channels flow more than 2 cfs in response
to the same event. The adjustment of CN in respect to a perceived flow would not be
based on a real-world watershed response (see comment 6) and is not consistent with SCS
methodology. Also, in the above referenced letter from William R. Locke of the Federal
Insurance Administration to Gilbert Aldaz, Floodplain Administrator of the City of
Albuquerque, dated Feb. 7, 1991, the following guidance was given:
"Other curve numbers can be derived from shorter duration storms or assigned to
reproduce results from other infiltration procedures. However, the use of these
alternative curve numbers with SCS procedures is inappropriate. In addition, the
application of any such alternative curve numbers in a non-SCS methodology must
be fully documented."

Page 22, paragraphs 2, sentence 15.
"Finally, it should be pointed out that all stream channels were assumed to have zero
baseflow because all streams within the DOE-LANL boundary are normally ephemeral."

This assumption is misleading and inaccurate as there were more than 100 active outfalls
when this study was conducted. In addition, NMED has data which show that certain
reaches in the LANL area are perennial (Dale, 1998). Also, snow melt runoff was not
taken into consideration. Baseflow should have been included in the model as neglecting
these flows results in lower floodplain elevations.

III. HEC-1 Hydrograph Package, F. Comparison with USGS Flood-Flow Frequencies

9.

Page 22, paragraph 1, sentence 7, and paragraph 2, sentence 2.
"The reason for these differences is centered on the storm pattern incorporated into each
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technique and the fact that the HEC-1 model theoretically simulates the rainfall-runoff
process more realistically."

"His regression equation for hydrograph peaks is given by
On = (ad®)(Ec/1000)°(F) (I1-7)

"

NMED agrees that HEC-1 modeling can be more realistic than the use of the U.S.G.S.
regression technique, assuming that the HEC-1 input data are accurate. The LANL report
presents insufficient data to prove that the storm pattern utilized is correct, accurate, or
appropriate for the study area (refer to comment 3).

Could another reason for the differences in peak flows be due to the fact that (as stated in
paragraph 4, page 25) the U.S.G.S. utilized the NOAA atlas (Miller et al, 1973) which lists
larger rainfall amounts than those used in this study? Also, equation (III-7) is merely one
formula of a complex series of equations, graphs, etc., employed by the regression
technique to determine hydrograph peaks. To portray the process as one simple equation
is misleading.

III. HEC-1 Hydrograph Package, E. Comparison with Other Flood-Flow Frequencies

10.

Page 25, sentences 4 and 5.

"Weibull plotting positions were used to conduct a log-Pearson Type-III analysis (Wrc
1967, WRC 1981, US Army COE 1982) for these data. Figure 12 clearly shows that
Lane’s synthetic streamflow data are statistically identical to HEC-1 hydrograph peaks
obtained in this study for Los Alamos Canyon at the Rio Grande."

It has not been proven that the synthetic streamflow and sediment transport data shown in
Table 12 on page 29 are "statistically identical" to the HEC-1 hydrograph peaks for Los
Alamos Canyon. There are nine no-flow (values of 0) years listed in Table 12, therefore,
no conclusions can be made from the log-Pearson Type III analysis. The reason for this is
as stated by (Hoggan, 1989, p. 184-185):
"Some streams in arid regions have no flow for an entire year, so the annual time-
series record for such streams would have one or more zero values. This precludes
analysis of this data by the recommended Log Pearson Type III distribution (see a
discussion of this method under the heading "Streamflow Frequency Analysis")
because the logarithm of zero is minus infinity."

IV. HEC-2 Water-Surface Profiles, B. Stream Channel Geometries

11.

Page 31, paragraph 1, sentences 3 through 7. _
"The model’s accuracy, can be increased if the distance between adjacent cross sections
is reduced to allow more accurate computation of energy losses. Criteria for locating
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12,

stream cross sections are given by Hoggan (1989, p 335). According to him, reach
lengths should not exceed 0.5 mi for wide floodplains having slopes <2 fi/mi, 1800 ft for
sloped <3 ft/mi and 1200 ft for slopes >3 fi/mi. Obviously, there is a tradeoff between
stream channel survey costs and model accuracy requirements. Throughout this study, a
constant reach distance of 250 ft was used to describe the geometries of all stream
channel cross sections contained within the DOE-LANL complex."

Other more applicable guidelines, listed by Hoggan (1989, p. 335), were not adhered to:
"Guidelines of locating cross sections. Cross sections should be located as
follows:

1. They are needed where there is an appreciable change in cross-sectional area,
roughness, or slope in a channel.

2. They should be located so that they are normal to the flow lines.

3. They should be located in detail at bridges - upstream, downstream, and within
the structure.

4. They are needed at the head and tail of reaches with levees.

. They are needed at all control sections.

6. They should be located immediately below a confluence on a main stem and

above the confluence on a tributary.

7. In general, more cross sections are needed to define energy loss in urban areas,

in channels with steep slopes and in small streams.

8. According to Beasley [1973; master’s thesis on data requirements of Ohio],
reach lengths should be limited to a maximum of % mi for wide floodplains and
for slopes equal to or less than 2 ft/mi, 1800 ft for slopes equal to or less than 3
ft/mi, and 1200 ft for slopes greater than 3 ft/mi."

W

The use of a constant-reach distance of 250 ft is inappropriate in the LANL area, as can be
seen in the review of the first seven guidelines mentioned. Due to the variability of slope,
channel width, and channel roughness coefficient (as well as the presence of levees,
bridges, culverts, etc.), many more cross sections (at varying distances) would be required
to define an appropriate model.

Page 31, paragraph 2, sentence S.
"Because of thalweg meandering, it was assumed that both of the overbank reach lengths
between all cross sections of stream channels within the DOE-LANL complex were fixed

at 300 fi."

Overbank-reach lengths in the LANL area are highly variable and rarely fit the description
of 300 ft on either side of the thalweg. In many cases, the channels are narrow and steep
with little to no overbank. The use of a standard 300 ft overbank is inappropriate and
would not result in accurate floodplain elevation flow predictions (also see comment 11
and 13).



13.

14.

Page 32, paragraph 4, sentences 2-3 and 6.

"Hence, an idealization of the main stream channel configuration was subsequently
inserted into each profile as described below. These trapezoid-shaped channel inserts had
a maximum top width of 4 fi, a maximum bottom width of 2 ft, and a fixed depth of 0.3 ft."

"In addition, this insert shape is characteristic of main channel geometries throughout
Pajarito Plateau watersheds."

HEC-2 has the capability of accepting up to 100 data points for a cross section (Hoggan,
1989, p. 339). Proper modeling of floodplain elevations requires the input of actual cross-
sectional data (distance, elevation, etc.). To consistently input synthetic cross-sectional
data throughout the model distorts the models’ output. Empirical observation and
NMED’s experience show that the insert shape is indeed not typical throughout the
Pajarito Plateau as the channel geometries are highly variable (also see comment 12).
Appendix F shows examples of some cross sections measured by NMED in Mortandad
Canyon. We are presenting these cross sections to show that channel geometries are not
consistent, as well as to demonstrate the differences between what exists on the Pajarito
Plateau as opposed to the LANL reports’ idealized channel configuration.

Page 32, paragraph 4, sentence 7.
"Inclusion of these channel inserts proved satisfactory, and they were included in all

subsequent HEC-2 simulations."

How was this proved and where can the data be found to support this?

IV. HEC-2 Water-Surface Profiles, C. Channel Friction Losses

15.

Page 34, paragraph 3, sentences 1 and 2.

"It should be noted that only the subcritical flow depths at individual cross sections were
used to map 100-yr floodplains in this study. While computed water surface elevations at
individual cross sections occasionally corresponded to the critical depth at that section,
supercritical depths were not subsequently calculated."

How was it determined to use subcritical flow versus critical or supercritical flows? It
must be reiterated that synthetic cross sections were applied (see comments 12 and 13)
and that the synthetic cross sections that were applied do not necessarily take into
consideration changes in slope and channel conditions (i.e., boulders, vegetation, etc.; see
comment 11). No Reynolds or Froude numbers/values are shown or discussed. Cases
where gravity force is important and viscous forces are negligible occur where there is
fully developed turbulent flow with a free surface such as flow over weirs and through
orifices, flow in channel constrictions and transitions in the hydraulic jump, and in wave
motion. No data are presented pertaining to velocity coefficients, friction-loss evaluation,
or critical-depth determination. It is not shown how many critical-depth iterations were
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16.

completed and in how many or which watersheds since it is assumed that there is
subcritical flow throughout the study area. Hoggan (1989, p. 291) stated:
"Since it is possible to have both flow regimes in a study segment, it may be
necessary to run the program for both regimes to determine the complete profile."

Page 34, paragraph 4, sentences 5 through 7.

"In addition, a constant Manning’s n-value of 0.09 was used in all stream channels, and
an n-value of 0.12 was used for all overbank areas. The first value (Hoggan 1989, pp
327-330) corresponds to a tabulated n-value for natural mountainous channels with deep
pools, large boulders, and heavy timber stands. The second value corresponds to
Sfloodplains with heavy timber stands that have flood stages below branches, little under
growth, and downed trees.”

Channel configuration and vegetation are highly variable throughout the LANL area. It is
inappropriate to use a constant n-value for either the channel or overbank areas. The
channel conditions found in the steep, forested mountain areas are not the same as those
found in the White Rock or Rio Grande areas. Manning’s roughness coefficient should
have been adjusted for each sub-basin segment and/or reach. The values used were rather
high which lessens flow peak values and increases time of flow. Hoggan (1989, Table
11.2) gave roughness coefficients for natural streams comparable to those at LANL:

" Mountain streams, no vegetation in channel, banks usually steep, trees and brush

along banks submerged at high stages

Min. Normal Max -

1. Bottom: gravels, cobbles, and few boulders 0.030 0.040 0.050

2. Bottom: cobbles with large boulders 0.040 0.050 0.070"
No description was found for "natural mountainous channels with deep pools, large
boulders, and heavy timber stands". There were also six different choices in the floodplain
category which NMED considered more applicable to the area (see Hoggan, 1989, p. 330).
The coefficients range from 0.025 (min. for short grass) to 0.120 (max for heavy stand of
timber). Also, Hoggan (1989, p. 331) stated,

"Because the coefficient of roughness » depends on many factors, such as type and

amount of vegetation, channel configuration, and stage, several options are

available to vary n. If three n values are sufficient to describe the roughness of the

channel and the two overbank areas, only three values are input for a cross section.

If three are insufficient to describe the roughness variation, up to 20 » values that

vary with horizontal distance across the cross section can be specified."
NMED’s opinion is that there are several areas throughout the study area that should be
assigned variable or composite n-values due to the complexity of the channel and
overbank areas. (Sentence 8 of the same paragraph does state, "If localized conditions
indicated a change was warranted, individual cross sections were given different n-values
from those listed above.". NMED cannot comment on this as we were not afforded the
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17.

opportunity to review the values actually input and do not know whether the adjusted
values were appropriate or not.)

Page 34, paragraph 4, sentence 13.
"Standard expansion/contraction coefficients of 0.2 and 0.4 were used throughout this
study for all watersheds."

It is not shown how these values were determined. This raises the question of whether a
sensitivity analysis was performed. If so, where can the data and results be found?
NMED does not agree that only one coefficient for expansion and contraction
(respectively) should be used throughout the LANL area, as the channels in the LANL
area begin in steep mountainous terrain and most reaches contain mild gentle slopes within
their geometries. Hoggan (1989, p. 334) stated,

"Suggested values for these coefficients in the HEC-2 user’s manual are as

follows:

Contraction  Expansion
Gradual transitions 0.1 0.3
Bridge sections 0.3 0.5
Abrupt transitions 0.6 0.8

The impact of expansion and contraction coefficients on the computation of energy
loss varies. In a mild channel with small changes in velocity head, the impact on
the water surface profile is small. In a steep mountain stream, the changes in
velocity head are much greater, and the impact of these coefficients is critical to
the solution. The solutions should be verified with sensitivity analysis applied to a
range of values for the coefficients."

IV. HEC-2 Water-Surface Profiles, D. Starting Water-Surface Elevations

18.

Page 35, paragraph 3, sentences 1 and 4 - 5.

"The above procedure implies that natural channels meet uniform flow conditions, that the
energy grade is approximately equal to the average channel-bed slope, and that water
surface elevations can be obtained from a normal-depth calculation.”

"It should be pointed out, however that floodplains at the eastern boundary of the DOE-
LANL complex are relatively broad and flat. Hence the above procedure proved more
than adequate. "

The implications of the procedure are correct, provided that the procedure is applied
correctly. As can be seen from the map on p. 36, channel sections 1 through 8 begin in the
middle of the channel reach. The report does not state whether flows below this point were
taken into consideration when determining the starting elevations. If the lower channel
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flows were not considered, the result would be an inaccurate starting elevation. The
majority of floodplains on the eastern side of the LANL boundary are intercepted by New
Mexico State Routes 502 and 4. As stated on p. 37 (VI. Conclusions, number 2), culverts
were omitted in the HEC-2 simulations.

There is head associated with culverts and if the culverts were not properly sized for a
100-year flow event, additional head would be created (dependent on height of road above
top of culvert) which would in turn change the elevation for the floodplain at that location.
In this situation the energy grade is not equal to the average channel-bed slope and the
elevations cannot be obtained from a normal-depth calculation. Assuming that the water-
surface elevations start at the eastern lab boundary (highway crossing), the omission of the
culverts results in unrealistic starting elevations (as well as the improper use of this
procedure).

VI. Conclusions

19.

Page 37, Number 2, sentence 5.
"Hence, additional floodplain mapping efforts would be desirable for specific waste
disposal site investigations or any safety-related site evaluations."

The purpose of the LANL report was to satisfy regulations as described in 40CFR270.14
part B. Also applicable are the regulations found in 44CFR60 implemented by the Federal
Emergency Management Agency. These regulations were put forth for the protection of
safety of life, environment, and property. No additional efforts should be necessary if both
of the above mentioned regulations were adequately met.

NMED has several concerns for life, environment, and property. Appendix G lists
buildings that appear to have the potential of being located within a floodplain (NMED
does not know what elevation the pads for these buildings were set at, or whether they
were built as per regulations to withstand a 100-year flow event. NMED attempted to
interpret the site location in relation to a visual approximate floodplain elevation. It is not
known whether the buildings are or are not actually in the floodplain). There are 177
buildings listed; the number of personnel working within these buildings is not known.
Without accurate knowledge of flow velocity, amount, depth, and time of concentration,
(etc.), and without an early warning system, there is a potential for loss of life due to flash
flooding resulting from a 100-year (or less?) storm event. If buildings within the
floodplains do not conform to the regulations or are not protected by flood-protection
measures (dikes, levees, etc.) and fail, there will be loss of property as well as
contamination to the environment (as can be interpreted by the building use listed in
Appendix G).

NMED suggests three actions be implemented in view of the concerns over LANL’s
report:
1. A thorough watershed analysis be performed,
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2. Early warning alert gages be installed upstream of all buildings located within
the floodplains, and an established procedure for evacuating personnel prior to a

flash-flood situation be implemented,

3. A determination as to exactly which buildings located within the canyons will
be affected by a 100-year storm event should be made and measures taken for
protection of those buildings.

Regulations can be found concerning these suggestions in the above mentioned statutes. It
should be noted that, although a 100-year precipitation and flood event has not been
recorded at Los Alamos, historically, there has been flooding of buildings within the
canyons with lower value precipitation flood events.

Appendix A, II. Insertion of Floodplain Boundaries

20.

Page 45, paragraph 6, sentence 8.

"Finally, it should be noted that any HEC-2 sections that are not exactly matched with
corresponding sections in the MOSS Geo-Reference file are not included in the final
MOSS export file."

NMED cannot assess how critical this information may or may not be to the mapping
process as the data and supporting information are not available. One assumption that can
be drawn from the report concerning the missing cross-section data, is that the information
is from computer generated (HEC-2) interpolated cross sections which would indeed, not
match those sections specified in the MOSS file. If this is the case, the information would
be critical to assessing accuracy because the cross sections are generated by HEC-2 to
determine energy gradients when the velocity head is too large between two cross sections.
Furthermore, Hoggan (1989, p. 321) stated,
"Interpolated cross sections should be used with caution. Since their shape is
determined by the upstream cross section, a substantial change in channel
geometry may not be represented by interpolation. The number of interpolated
cross sections added by the program may vary with discharge, so it is not advisable
- to exercise this option in multiple profile runs."

Acknowledgments. The author sincerely thanks Charles Heaton and William J. Stone for their
thorough technical reviews of this paper as well as their patience with the endless questioning.
The author also appreciates the field efforts and/or technical assistance of Chris Hanlon-Meyer,
Michael Dale, and Bryan Vigil.
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Curve Numbers. The soils coverage from FIMAD digitized from Nyhan et al (1978)
was used to determine an area-weighted curve number. The total area of each soil type
from within each sub basin was measured digitally. The impervious areas within each
soil type and sub basin was acquired using the same method utilizing FIMADs’ GIS
coverages for buildings and roads. It should be noted that there is area located within
Chaquehui watershed (National Forest) that does not have soils data. Because the
watershed is relatively small, and visual inspection showed that it is fairly homogeneous
(lots of rock outcrops, little soil, poor vegetation), the curve number for that area was
determined by using an average of all the soil curve numbers within the watershed. This
is not the normal method recommended and should not be used for any model simulated
for regulatory or engineering purposes. Once the soil and impervious area information
was compiled, the curve numbers were calculated for each sub basin (see Appendix B).
The hydrologic group for each soil type is listed in Nyhan et al, (1978) with the exception
of the Cabra stony loam. A soil scientist from NMED analyzed the hydrologic group for
that soil type based on the descriptions given in Nyhan et al (1978). Curve numbers were
derived from Table 2.4d Runoff Curve Numbers for Arid and Semiarid Rangelands,
(Hoggan, 1989, page 36). From the information listed above, an area-weighted curve
number was calculated for each sub-basin respectively.

Results:
CHI1A - 86
CHIB - 89
CH2 - 89

Rainfall Amount. Rainfall amounts were taken from the NOAA Atlas for New Mexico
(1973). DOE OB choose to use a 24 hour, 100 year storm event as this is a standard
when using the SCS method. The rainfall amount for the Chaquehui watershed area is
4.2 inches. (A subsequent simulation was made for comparison reasons using a 6-hr,
100-yr storm event; the rainfall amount from the NOAA Atlas is 2.7 inches. The results
can been seen in Appendix E.)

Rainfall Distribution. The rainfall distribution used in the model was acquired from
Dan Murray of the Natural Resources Conservation Service (formerly SCS) in the
Albuquerque Office and is relevant to this area.

Input/Output. The results mentioned above were then typed into an DOS ASCII text
file to use as the input file for HEC-1. The software modeled the watershed by
computing the peak discharge for CH1A and CH2 (respectively), then combining and
routing them to CH1B. The final peak discharge was then calculated at the outlet.
Review of the initial output file showed warnings generated by HEC-1. These warnings
were believed to be due to low lag-time values and high flow velocities. The initial time
of concentration values were evaluated based on the Manning’s roughness coefficient and
empirical velocity of flows. The time of concentration (Tc) was recalculated using an
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overland sheet flow velocity of 4 feet per second from TR-55. Actual Tc values used are:
0.98 hrs, 0.24 hrs, and 0.44 hrs respectively. The lag time was re-computed with the
resulting values of: 0.59, 0.14, and 0.26 respectively. The revised values were typed into
the input file and the time computation on the IT card was changed from 10 to 2 minutes.
The initial "theoretical" and subsequent "actual" input and output files generated can be
found in Appendix D.

Effects of the Variance of CN with Respect to Peak Discharge. Each curve number in
the input file was changed by a factor of 1 with all other input parameters remaining
constant. This was repeated 16 times so that the highest curve number was brought down
to 73 which is the single value used in the report for Chaquehui Canyon. The models
were then simulated. The results can been seen in Appendix E. (We did not present all
those input/output files here, but interested readers may request copies from the NMED
DOE OB White Rock Office.)

As a final comparison, DOE OB simulated a model using the "actual” input parameters,
with the exception of using a 6 hour, 100 year storm event (as in the report) rather than a
24 hour, 100 year event. The rainfall value used was taken from the NOAA Atlas map
for the specified event of 100 years, 6 hour duration. The value DOE OB used was 2.7
inches as opposed to 1.87 (page 12) used in the report. The results are listed in Appendix
D.
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APPENDIX B

MAP OF SOILS WITHIN CHAQUEHUI WATERSHED

Watershed, sub-basins, and channel bottoms delineated and digitized from U.S.G.S. 7.5 minute
quadrangles. Distribution of soils is from Facility for Information Management, Analysis and
Display (FIMAD) coverage of Nyhan, et al (1978).
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Soils within
Chaquehui Watershed

CD - Cabra stony loam, 0-15% slopes
HR - Hackroy Rock outcrop complex
HA - Hackroy sandy loam

NJ - Nyjack loam

RM - Rock outcrop, mesic

RS - Rock outcrop, steep

RV - Rock outcrop, very steep

SE - Seaby loam
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APPENDIX C

CURVE NUMBER CALCULATIONS, CHAQUEHUI WATERSHED

(See Appendix A for procedures used)
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Ko

CHAQUEHUI WATERSHED

Subbasin CH1A = 27,365,609 sq ft
Subbasin CH1B = 6,841,194 sq ft
Subbasin CH2 = 10,458,087 sq ft
Total Area = 44,664,890 sq ft

SUBBASIN CH1A

Type Area (sq ft) Group* CN % Area/100*CN
CD 828642 c* 85 2.57
HR 4865615 D 89 15.82
HA 119346 C 85 0.37
NJ 1154896 C 85 3.59
RM 6108797 D 89 19.87
RS 6443590 D 89 20.96
RV 922729 D 89 3.00
SE 6763 B 75 0.02
Missing soils 6625249 87 21.06
Impervious 325982 95 1.13
Total weighted CN: 85.82
say 86
SUBBASIN CH1B Area (sq ft) Group* CN % Area/100*CN
RM 2865161 D 89 37.27
RS 1170510 D 89 15.23
RV 2805523 D 89 36.50
Total weighted CN: 89
SUBBASIN CH2
Type Area(sqft) Group* CN % Area/100*CN
HR 3800636 D 89 32.34
HA 202454 Cc 85 1.65
RM 4939561 D 89 42.04
RS 1474618 D 89 12.55
Impervious 40818 95 0.37
Total weighted CN: 88.95
say 89

CD - Cabra Stony Loam, 0-15% slopes
HR - Hackroy Rock outcrop Complex
HA - Hackroy Sandy Loam

NJ - Nyjack Loam

RM - Rock Outcrop, Mesic

RS - Rock Outcrop, Steep

RV - Rock Outcrop, Very Steep

SE - Seaby Loam

* - Hydrologic Group determined from Nyhan et al. (1978).
** - Hydrologic Group determined by NMED.
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APPENDIX D

HEC-1 RESULTS (INPUT/OUT FILES), CHAQUEHUI WATERSHED

Theoretical run - based on literal interpretation of fundamental equations.
Actual run - based on empirical data and engineering practice.
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("THEORETICAL" HEC-1 INPUT FILE)
*FREE
ID CHAQUEHUI CANYON MAIN CHANNEL
ID 100YEAR FEMA FLOODPLAIN
ID NOAA RAINFALL 24-HOUR 100-YEAR TYPE II DISTRIBUTION
IT 10 OLJUN9 0 50

KK SUBIA (Sub basin ID)
KM COMPUTE SUBI1A RUNOFF

BA 098 (Area)

PB 42 (Rainfall amount)

PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026

PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060

PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105

PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172 (rainfall distribution)
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707

PC .735 758 .776 .791 .804 .815 .825 .834 .842 .849

PC .856 .863 .875 .881 .887 .893 .898 .903 .908

PC 913 918 .922 .926 .930 .934 938 .942 .946 .950

PC 953 956 .959 962 .965 .968 .971 974 977 .980

PC .983 .986 .989 .992 .995 .998 1.00

LS 0 86 (Curve number)
UD 0.40 (Lag time)

KK SUB2

KM COMPUTE SUB2 RUNOFF
BA 0.38

PB 42

PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC 856 .863 .875 .881 .887 .893 .898 .903 .908

PC 913 918 922 926 .930 .934 938 942 946 .950
PC .953 956 .959 .962 .965 .968 .971 .974 977 .980
PC .983 986 .989 .992 .995 .998 1.00

LS 0 89

UD 0.17

KK ADD1

KM SUB1A+SUB2

HC2

KK CON1B

BA 0.25

PB 4.2

PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC .856 .863 .875 .881 .887 .893 .898 .903 .908

PC 913 918 .922 .926 .930 .934 938 .942 .946 .950
PC 953 .956 .959 .962 .965 .968 .971 974 977 .980
PC 983 986 .989 .992 .995 .998 1.00

LS 0 89

UuD 0.08

ZZ .
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("Theoretical” HEC-1 Output file)

R e Y Py TP T T
T L L e T P T TS R L R it

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * *  U.S. ARMY CORPS OF
ENGINEERS '
%
* SEPTEMBER 1990 * *  HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.0 * * 609 SECOND STREET *
* * *  DAVIS, CALIFORNIA 95616  *
* RUN DATE 06/01/1998 TIME 19:33:42 * * (916) 756-1104 *
* * * *
kkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkokkkkkkkxk
kkkkkkkkkkkkhkk kb kkkkkkkkkkkkkkkk¥

X X XXXXXXX XXXXX X

X XX X X XX

X XX X X

XXXXXXX XXXX X  XXXXX X

X XX X X

X XX X X X

X X XXXXXXX XXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECI (JAN 73), HECIGS,
HECIDB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE
1973-STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS
THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION,
DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT
INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE ID......1....2... ... 4050060007 L 89010

*++ FREE *%*
1 ID CHAQUEHUI CANYON MAIN CHANNEL
2 ID 100YEAR FEMA FLOODPLAIN
3 ID NOAA RAINFALL 24-HOUR 100-YEAR TYPE II DISTRIBUTION
4 IT 1001JUN98 .-0 50
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LINE

51
52
53
54

KK
KM
BA
PB
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
LS
ub

KK
KM
BA
PB
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
LS
uD

KK
KM
HC

KK
BA

-PB

PC
PC
PC
PC
PC
PC
PC
PC

SUBIA
COMPUTE SUB1A RUNOFF
0.98
42
0 .002 .005 .008 .011
029 .032 .035 .038 .041
.064 .068 .072 .076 .080
10 115 120 126 .133
JA81 191 203 218 .236
735 758 776 791 804
.856 .863 .875 .881 .887
918 922 926 .930 .934
956 959 .962 .965 .968
986 .989 .992 .995 .998
0 86
0.40
SUB2
COMPUTE SUB2 RUNOFF
0.38
42
0 .002 .005 .008 .01l
029 .032 .035 .038 .041
.064 .068 .072 .076 .080
A10 115 120 126 .133
181 191 203 218 .236
735 758 776 .791 .804
.856 .863 .875 .881 .887
918 922 926 .930 .934
956 959 962 .965 .968
986 .989 992 .995 .998
0 89
0.17

ADD1
SUB1A+SUB2
2

CONIB
0.25
4.2

0 .002 .005 .008 .011
029 .032 .035 .038 .041
.064 .068 .072 .076 .080
10 115 120 .126 .133
181 191 203 218 .236
735 758 776  .791 .804
.856 .863 .875 .881 .887
918 922 926 .930 .934

HEC-1 INPUT

.044
.085
.140
.257
815
.893
938
971
1.00

.014
.044
.085
.140
257
815
.893
938
971
1.00

.014
.044
.085
.140
257
815
.893
.938

.048
.090
147
.283
.825
.898
942
974

.017
.048
.090
.147
.283
825
.898
942
974

.017
.048
.090
147
.283
.825
.898
942

.052
.095
155
.387
.834
.903
946
977

.020
.052
.095
155
.387
.834
.903
.946
977

.020
.052
.095
155
.387
834
.903
.946

.056
.100
.163
.663
.842
.908
950
.980

.023
.056
.100
.163
.663
.842
908
950
.980

.023
.056
.100
163
.663
.842
.908
.950

.014 017 .020 .023 .026

.060
.105
172
707
.849
913
953
983

.026
.060
105
172
707
.849
913
953
.983

.026
.060
.105
A72
707
.849
913
.953

PAGE 2

ID....... I.... 203040056007 800910

PC
PC
LS
UD

956 959 .962 .965 .968
986 .989 .992 995 .998
0 89

0.08

97
1.00

27
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55 zz

L T T T TP T L TP
FRRRRRR AR Rk R R R Rk

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF
ENGINEERS

*

* SEPTEMBER 1990 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.0 * * 609 SECOND STREET *

* * * DAVIS, CALIFORNIA 95616 *

* RUN DATE 06/01/1998 TIME 19:33:42 * * (916) 756-1104 *

* * * *

Fxkkkkkkkdkokkkokokkkkkkkkkokkokkkkkkkkkkkkkkkk
Aok ok ko ok ok ok e ok ok ok ok ok ko dkokokokok ok ok ok ek ok ok ok sk sk

CHAQUEHUI CANYON MAIN CHANNEL
100YEAR FEMA FLOODPLAIN
NOAA RAINFALL 24-HOUR 100-YEAR TYPE II DISTRIBUTION

IT HYDROGRAPH TIME DATA

NMIN 10 MINUTES IN COMPUTATION INTERVAL
IDATE  1JUN98 STARTING DATE

ITIME 0000 STARTING TIME

NQ 50 NUMBER OF HYDROGRAPH ORDINATES

NDDATE 1JUN98 ENDING DATE
NDTIME 0810 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .17 HOURS
TOTAL TIME BASE 8.17 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

ko kdkok dokk dkkok kdkok kkok okdkk kkk Rk Rokk Kk kdkok ko kkk kakok Rk Aok kR kkk kkk dokk kkk Rk k KRk Kk kkk kkok kEkk kk¥
Kk kkk kkk kkk

kkkkrkkkkkkkkk

* *
SKK * SUBIA *

* *

I TIIIT I

COMPUTE SUBIA RUNOFF
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SUBBASIN RUNOFF DATA

7BA SUBBASIN CHARACTERISTICS
TAREA .98 SUBBASIN AREA

PRECIPITATION DATA
8PB STORM 4.20 BASIN TOTAL PRECIPITATION
9 PI INCREMENTAL PRECIPITATION PATTERN

0 00 00 W00 00 00 .00 .00 .00 .00
00 00 00 00 w00 .00 .00 .00 .00 .00
0 00 00 w00 .01 01 00 01 .00 .01
01 00 .01 .01 01 .01 .01 .01 .01 .01
.01 .01 02 02 02 .03 .10 28 .04

19L1S SCS LOSS RATE
STRTL .33 INITIAL ABSTRACTION
CRVNBR  86.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

20UD SCS DIMENSIONLESS UNITGRAPH
TLAG .40 LAG

*k¥

WARNING *** TIME INTERVAL IS GREATER THAN .29*LAG

UNIT HYDROGRAPH

14 END-OF-PERIOD ORDINATES
239. 787. 977. 781. 434, 250. 141. 82. 46. 27
15. 9. 5. 2.

ko kkkokkkkkkkkokokkokokkkkkokkkkkok ko k ko kR k ko ko ko dkokokokkdokdkokkok kR kdokkok kR kokkkkokkkdokk ko kokkkkkkkkkkokk
kkkkEkRh kb ek ek kR Rk kkk Rk kkok

HYDROGRAPH AT STATION SUBIA

khkkkkkkkkhkhk kb k kbbb kkk R kb kk ko ko k ke kk kR hhkkkk ke ko k kR h ko k Rk kk Rk R Rdkokokokok sk ok ks ko ok ik ok ok g ok ok ok ok ok ok ok ok ok okok ok ok
hkkokkrdkokk ek kkkkkkkk ks kkokkkk
*

DA MON HRMN ORD RAIN LOSS EXCESS COMPQ * DAMONHRMN ORD RAIN LOSS
EXCESS

COMP Q
*
1JUNOOOO 1 .00 .00 00 O * 1JUNO4IO 26 .03 .02 .01 10
1JUNOOIO 2 .01 .01 .00 0 * [JUNO420 27 .03 .02 01 I3
1JUNGO20 3 .02 02 00 0. * [JUNO430 28 .03 .02 01 16
1JUNOO30 4 .02 02 .00 0. * 1JUNO440 29 .03 .02 .01 20
1JUNOO4O 5 .02 02 .00 0. * 1JUNO4SO 30 .03 .02 .01 23
1JUNOOSO 6 .02 02 .00 0. * 1JUNOSOO 31 .03 .02 .01 26
1JUNOIOO 7 .02 .02 .00 0. * 1JUNOSIO 32 .03 .02 .01 29
1JUNOIIO 8 02 .02 .00 0 * [1JUNOS20 33 .03 .02 01 3L
1JUNOI20 9 02 .02 .00 0 * 1JUNOS30 34 .04 .02 .01 34
1JUNOI30 10 .02 .02 <00 0. * 1JUNOS40 35 .04 03 .02 39
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1JUNO550 36 .04 .02 .02 46.
1JUNO0600 37 .04 .02 .02 52.
1JUNO610 38 .05 .03 .02 59.
1JUNO0620 39 .05 .02 .02 66.
1JUNO630 40 .05 .03 .03 74.
1JUNO0O640 41 .05 .03 .03 83.
1JUNO0650 42 .06 .03 .03 92.
1JUNO700 43 .07 .03 .04 103.
1JUNO710 44 .09 .04 .05 121.
1JUNO0720 45 .11 .04 .07 148
1JUNO730 46 .12 .04 .08 184,
1JUNO0740 47 .15 .05 .11  230.
1JUNO750 48 .62 .15 .47  369.
1JUNO0800 49 164 .23 141 924
1JUNO810 50 26 .02 .24 1770.

1JUNOI40 11 .02 .02 .00
1JUNOISO 12 .02 .02 .00
1JUNO0200 13 .02 .02 .00
1JUNO210 14 .02 .02 .00
1JUNO0220 15 .02 .02 .00
1JUNO0230 16 .02 .02 .00
1JUNO0240 17 .02 .02 .00
1JUNO250 18 .02 .02 .00
1JUNO300 19 .02 .02 .00
1JUNO310 20 .02 .02 .00
1JUNO0320 21 .02 .02 .00
1JUNO330 22 .02 .02 .00
1JUNO340 23 .02 .02 .00
1JUNO350 24 .02 .02 .00
1JUNO0400 25 .02 .02 .00

L R T K T T R R I R I I

woAN—~OOCOOOOOOOS

Fokokokokkkkkkkkkkkkkkkkkkkkk kR kkokkokkkkkkkkkkkkdkkkrkkkkkkkkdkokkkkkkkokkkkRkkokkkkkk kR kkkkkokkkkkokokkkkokkok*
Fdkkokdkokokokkkkkkkkkkkkkkkkkkkkkk

TOTAL RAINFALL = 4.20, TOTAL LOSS= 1.47, TOTAL EXCESS= 2.73

PEAKFLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 8.17-HR
+ (CFS) (HR)

(CFS)
+ 1770. 8.17 103.  75. 7. 75.
(INCHES) 974 974 974 974
(AC-FT) 5. 5. 5l s1.

CUMULATIVE AREA= .98 SQ MI

dokdk Rk ok ok kkk kkk Rk kokk dokk kkk kR dokk skokk Rk ook Rokk ok ddkok kkok ko dokok Rk RkEk Rk k% kkok kokk kkk kokk
*kk FEk ek dokk

kkkgkgkkkkhkkkk
* *
21KK * SUB2 *
* *
kkkkkkkkFrkkkkk
COMPUTE SUB2 RUNOFF
SUBBASIN RUNOFF DATA

23 BA SUBBASIN CHARACTERISTICS
TAREA .38 SUBBASIN AREA

PRECIPITATION DATA

24 PB STORM 4.20 BASIN TOTAL PRECIPITATION
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25PI INCREMENTAL PRECIPITATION PATTERN
.00 00 00 00 00 .00 .00 .00 .00 .00
.00 00 00 00 00 .00 00 .00 .00 .00
00 00 00 00 .01 .01 .00 .01 .00 .01
.01 .00 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 02 02 02 03 10 .28 .04

35LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR  89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

36 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .17 LAG

%k

WARNING *** TIME INTERVAL IS GREATER THAN .29*LAG

UNIT HYDROGRAPH
7 END-OF-PERIOD ORDINATES
541. 609. 211. 74. 25. 9. 3

whkkkkkkkkkkkkkbkrhrkhhkkkkkhhhbhkkbkkkkkkkkrrhrkkphhkkkkkdoklokkkkkhkkhbkkkkkkkkkkkkokkkkdkkkkkkkkkkkk ok *
FhkRkrk Rk kk kR kR khkkkkk k%

HYDROGRAPH AT STATION  SUB2

T T L L L L T L L LT T T P P ST T T2
FRRRRERE Rk R Rk

*

DA MON HRMN ORD RAIN LOSS EXCESS COMPQ * DAMONHRMN ORD RAIN LOSS
EXCESS

COMP Q
*
1JUNOCOOO 1 .00 .00 .00 0. * 1JUNO410 26 .03 .02 .01 11.
1JUNOOIO 2 .01 .01 .00 0. * 1JUNO0420 27 .03 .02 .01 13.
1JUNOO20 3 .02 .02 .00 0. * 1JUNO430 28 .03 .02 .01 14.
1JUNOO30 4 .02 .02 .00 0. * 1JUNO440 29 .03 .02 .0l 15.
1JUNOO40 S5 .02 .02 .00 0. * 1JUNO0450 30 .03 .02 .01 17.
1JUNOOSO 6 .02 .02 .00 0. * 1JUN 0500 31 .03 .02 .0l 18.
1JUNOIOO 7 .02 .02 .00 0. * 1JUNOS510 32 .03 .02 .0l 19.
1JUNOIIO & .02 .02 .00 0. * 1JUNO0520 33 .03 .02 .01 19.
1JUNOI20 9 .02 .02 .00 0. * 1JUNO0530 34 .04 .02 .02 22.
1JUNOI30 10 .02 .02 .00 0. * 1JUNO540 35 .04 .02 .02 26.
1JUNOI40 11 .02 .02 .00 0. * 1JUNO550 36 .04 .02 .02 30.
1JUNOIS0 12 .02 .02 .00 0. 1JUNO0600 37 .04 .02 .02 32.
1JUNO0200 13 .02 .02 .00 0. * 1JUNO610 38 .05 .02 .03 35.
1JUNO210 14 .02 .02 .00 0. * 1JUNO0620 39 .05 .02 .03 39.
1JUNO220 15 .02 .02 .00 0. * 1JUNO0630 40 .05 .02 .03 43.
1JUNO0230 16 .02 .02 .00 0. * 1JUNO0640 41 .05 .02 .03 47.
1JUNO240 17 .02 .02 .00 1. = 1JUNO0650 42 .06 .02 .04 51.
1JUNO250 18 .02 .02 .00 2. ¢ 1JUNO700 43 .07 .02 .05 60.
1JUNO30CO 19 .02 .02 .00 3. ¢ 1JUNO710 44 .09 .03 .06 75.
1JUNO3I0 20 .02 .02 .00 4. ¢ 1JUNO0720 45 .11 .03 .08 94.
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1JUNO730 46 .12 .03 .09 115,
1JUNO740 47 .15 .04 .12 144,
1JUNO750 48 .62 .11 .51  376.
1JUNOBOO 49 1.64 .15 148 1149.
1JUNO810 50 .26 .02 .25 1157

1JUNO0320 21 .02 .02 .00
1JUNO0330 22 .02 .02 .00
1JUNO340 23 .02 .02 .01
1JUNO0350 24 .02 .02 .01
1JUNO400 25 .02 .02 .01

A R
* % * % *®

T Ty Ty T T L Ll L Ty T eI
kR Rk kR Rk Rk kR ok kR Rk

TOTAL RAINFALL = 4.20, TOTAL LOSS= 1.19, TOTAL EXCESS= 3.0l

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 8.17-HR
+ (CFS) (HR)
(CFS)
+ 1157, 8.17 8.  63.  63. 63.
(INCHES) 2097 2097 2097  2.097
(ACFT) 42. 42. 42 42.

CUMULATIVE AREA= .38 SQMI

dokok Fkk kokok dokk kkk kkk kokok Rk kokk kokok dkokk kkok Kk kkk kkk ok kkk kokk kEk Rk kkk hkk Rk kdkok kkk kxk kokk kkk kkk
*kok kkk kkk kkxk

kkkkkkokkokkkkkk
* *
37KK * ADDI1 *
* *
ARkRk kR Rk
SUB1A+SUB2

39HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

k%

dhkkkkrkkkkkdok kbR kkdokk bk kkhkk bk kkdokkdok kR kk ke hkk ko ko kkkkkokkkk kb kb kkkkbhk ke kkkhkkkkkkkkkk s
Kkkkkkkkkdokrkkkkkrkkkbrkokrkkk

HYDROGRAPH AT STATION ADDI
SUM OF 2 HYDROGRAPHS

T T T g T L R P R e e L eI L L L s L
P T T T e T Y T
« * *

DA MON HRMN ORD FLOW * DAMONHRMN ORD FLOW * DAMONHRMN ORD FLOW * DA
MON HRMN ORD FLOW

* * *

1JUN 0000 1 0. * 1JUNO210 14 0. * 1JUNO0420 27 26. * 1JUNO0630 40 117.
1JUN0OIO 2 0. * 1JUNO0220 15 0. * 1JUNO430 28 31. * 1JUNO640 41 130.
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1 JUN 0020 3 0. * 1JUNO0230 16 0. * 1JUNO0440 29 35. * 1JUNO0650 42 143,

1 JUN 0030 4 0. ¢ 1JUNO0240 17 1. * 1JUNO0450 30 40. * 1JUNO700 43 163.
1JUNO0040 5 0. * 1JUNO0250 18 2. * 1JUNOS00 31 43. * 1JUNO710 44 195.
1JUNOOS0 6 0. * 1JUNO300 19 3. * 1JUNOSIO 32 47. * 1JUNO720 45 241.
1JUNO100 7 0. * 1JUNO310 20 4. * 1JUNO0520 33 51. * 1JUNO730 46 299.
1JUNO110 8 0. * 1JUNO0320 21 6. * 1JUNOS30 34 56. * 1JUNO0740 47 373.
1JUNOI20 9 0. * 1JUNO0330 22 8. * 1JUNO540 35 65. * 1JUNO750 48 745.
1JUNOI130 10 0. * 1JUNO0340 23 11. * 1JUNO550 36 75. * 1JUNO80O0 49 2073.
1JUN 0140 11 0. * 1JUNO350 24 13. * 1JUNO0600 37 84. * 1JUNO810 50 - 2927.
1JUN 0150 12 0. * 1JUNO0400 25 16. * 1JUNO0610 38 94, *

1 JUN 0200 13 0. * 1JUNO410 26 21. * 1JUNO0620 39 105. *

* * *

kkkkkkkkkkkkk kR kg kkkkkkkkkkkhkkkkkk Rk kokkokkok ok kR kkkokkkok kR kR rkk Rk kokkokkkkkkkokkdkokokkkokk
skkkkokkkRRkokokkkk bRk ko kkk

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR $.17-HR
+ (CFS) (HR)
(CFS)
+ 2927. 817 188. 138 138 138
(INCHES) 1287 1287 1287 1287
(AC-FT) 93. 93 93 93

CUMULATIVE AREA = 1.36 SQ MI

dkk dkk kkok ko dokok Aok Rk kokok dkkk Rk kkk kokok kokk kdkok dokk kkk ok kokk ks dokk Rk kkk kkk Kokk kkk kkk kikok kkk kokk
R k¥ k¥R kkk

AEREAERRRRERRK
* *

40KK * CONIB *
* *
EERRERERRRRREE

SUBBASIN RUNOFF DATA

41 BA SUBBASIN CHARACTERISTICS
TAREA .25 SUBBASIN AREA

PRECIPITATION DATA
42 PB STORM 4.20 BASIN TOTAL PRECIPITATION
43 P1 INCREMENTAL PRECIPITATION PATTERN

00 00 00 00 00 00 .00 .00 .00 .00
.0 00 00 00 00 00 00 .00 .00 .00
0 00 00 00 01 01 00 .01 00 .01
.01 .00 .01 .01 01 .01 .01 .01 .01 .01
.01 .01 02 02 02 .03 .10 28 .04

53LS SCSLOSSRATE .
STRTL .25 INITIAL ABSTRACTION
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CRVNBR  89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

54UD SCS DIMENSIONLESS UNITGRAPH
TLAG .08 LAG

* %k

WARNING *** TIME INTERVAL IS GREATER THAN .29*LAG

UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
719. 201.  40. 8. 0.

kkkdkokdokkkdkokkk kR kkokokk ok kkok Rk ok ko kkkkk kR Rk kok Rk Rk kR okkokok Rk k ok kdkok ko kkokokokkk ko koo Rk kkokk ko kok ok
Fkkkkokkokkkkkkkokkkkkkkkkkkkkkk

HYDROGRAPH AT STATION CONIB

L Ty Ty T T Ty ey T T T L P e e R E P R S e TS T T T
Bk ko kR Rk Rk kR kR R KRk

*

DA MON HRMN ORD RAIN LOSS EXCESS COMPQ * DAMONHRMN ORD RAIN LOSS
EXCESS

COMP Q
*
1JUNOOOO 1 .00 .00 .00 1JUNO410 26 .03 .02 .01 8.
1JUNOOIO 2 .01 .01 .00 1JUNO0420 27 .03 .02 .01 9.
1JUNO0020 3 .02 .02 .00 1JUNO0430 28 .03 .02 .01 10.
1JUNOCGO30O 4 .02 .02 .00 1JUNO0440 29 .03 .02 .01 11.
1JUNOO4O 5 .02 .02 .00 1JUNO0450 30 .03 .02 .01 1.
1JUNOOSO 6 .02 .02 .00 1JUNO500 31 .03 .02 .01 12.
1JUNOIOO 7 .02 .02 .00 1JUNOSIO 32 .03 .02 .01 13.
1JUNOITO 8 .02 .02 .00 1JUNO520 33 .03 .02 .01 13.

1JUNOI20 9 .02 .02 .00
1JUNO130 10 .02 .02 .00
1JUNO140 11 .02 .02 .00
1JUNO150 12 .02 .02 .00
1JUNO0200 13 .02 .02 .00
1JUNO210 14 .02 .02 .00
1JUNO0220 15 .02 .02 .00
1JUNO0230 16 .02 .02 .00
1JUNO0240 17 .02 .02 .00
1JUNO250 18 .02 .02 .00
1JUNO300 19 .02 .02 .00
1JUNO310 20 .02 .02 .00
1JUNO320 21 .02 .02 .00
1JUNO330 22 .02 .02 .00
1JUNO340 23 .02 .02 .01
1JUNO0350 24 .02 .02 .01
1JUNO400 25 .02 .02 .0t

1JUNO530 34 .04 .02 .02 16.
1JUNO0540 35 .04 .02 .02 19.
1JUNO0550 36 .04 .02 .02 21.
1JUNO600 37 .04 .02 .02 22.
1JUNO610 38 .05 .02 .03 25.
1JUN0620 39 .05 .02 .03 27.
1JUNO0630 40 .05 .02 .03 30.
1JUNO640 41 .05 .02 .03 32.
1JUNO650 42 .06 .02 .04 36.
1JUNO700 43 .07 .02 .05 44.
1JUNO710 44 09 .03 .06 56.
1JUNO720 45 .11 .03 .08 70.
1JUNO730 46 .12 .03 .09 85.
1JUNO740 47 .15 .04 .12 108.
1JUNO750 48 .62 .11 .51 39s.
1JUNO800 49 1.64 .15 148 1176.
1JUNO8IO S0 .26 .02 .25 497

L I I T R e O T S

COVMPRRLUN-N~OO000OOPPPEReeRS

ko kkkRkkk kR kkdok ko kk kR Rk dolook koo ok Rk ko kR ko kok Rk ke ko ke kkokok kR Rk ke ko kK k
ekkkhkkhokkkkkkkokkkokkkkkkkkpkk -
.
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TOTAL RAINFALL = 4.20, TOTAL LOSS= 1.19, TOTAL EXCESS = 3.0l

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR  24-HR  72-HR 8.17-HR
+ (CFS) (HR)
(CFS)
+ 1176.  8.00 70. 52 52 s
(INCHES) 2614 2614 2614 2614
(AC-FT) 35, 35 35 35
CUMULATIVE AREA= .25 SQ MI
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIMEOF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM
TIME
OF
OPERATION  STATION FLOW PEAK AREA STAGE MAX STAGE
+ 6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT
+ SUBIA 1770. 817  103.  75. 75. .98
HYDROGRAPH AT
+ SUB2 1157. 817 8. 63. 63 .38
2 COMBINED AT
+ ADDI 2927. 817  183. 138. 138. 136
HYDROGRAPH AT
+ CONIB 1176. 800  70. 52.  52. .25

*#* NORMAL END OF HEC-1 ***
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("ACTUAL" HEC-1 INPUT FILE)
*FREE
ID CHAQUEHUI CANYON MAIN CHANNEL
ID 100YEAR FEMA FLOODPLAIN
ID NOAA RAINFALL 24-HOUR 100-YEAR TYPE II DISTRIBUTION
IT 2 OIJUN98 0 50
KK SUB1A
KM COMPUTE SUB1A RUNOFF
BA 0.98
PB 4.2
PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC .856 .863 .875 .881 .887 .893 .898 .903 .908
PC 913 918 .922 .926 .930 .934 .938 .942 .946 .950
PC 953 .956 .959 .962 .965 .968 971 .974 .977 .980
PC 983 .986 .989 .992 .995 .998 1.00
LS 0 86
UD 0.59
KK SUB2
KM COMPUTE SUB2 RUNOFF
BA 0.38
PB 4.2
PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .i26 .133 .140 .147 .155 .163 .172
PC .181 .191 203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC .856 .863 .875 .881 .887 .893 .898 .903 .908
PC 913 918 922 .926 .930 .934 938 .942 .946 .950
PC 953 .956 959 .962 .965 .968 971 .974 .977 .980
PC .983 .986 .989 .992 .995 .998 1.00
LS 0 89
UD 0.14
KK ADD1
KM SUB1A+SUB2
HC2
KK CON1B
BA 0.25
PB 4.2
PC 0 .002 .005 .008 .011 .0i4 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 815 .825 .834 .842 .849
PC .856 863 .875 .881 .887 .893 .898 .903 .908
PC 913 918 .922 926 .930 .934 .938 942 .946 .950
PC 953 956 .959 962 .965 .968 .971 .974 977 .980
PC 983 986 .989 .992 .995 .998 1.00
LS 0 89
UD 0.26
7z
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("Actual” HEC-1 Output file)

JEEERRR Rk Rk Rk kR Rk kR Rk Rk k%
kkkkokokkkkkkkkrkkk ko kkkok ke kbR kk k¥

* * * *

* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF
ENGINEERS

*

* SEPTEMBER 1990 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.0 * * 609 SECOND STREET *

* * *  DAVIS, CALIFORNIA 95616  *

* RUN DATE 06/08/1998 TIME 21:16:29 * * (916) 756-1104 *

* * * *

Fhkkkrkkhokkokkhhkkhkhhkkk kb kkkkkkdkokkkkkkk
dkokkkokkkkkokk ok kokkkkokok ko kkokkkkk ke kkkk k¥

X X XXXXXXX XXXXX X

X XX X X XX

X XX X X

XXXXXXX XXXX X XXXXX X
X XX X X

X XX X X X

X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECI1 (JAN 73), HECI1GS,
HECIDB, AND HECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE
1973-STYLE INPUT STRUCTURE. ’

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS
THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION,
DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT
INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE ID....... 1. 2.3 A6 T 89010
*%% FREE ***
* DIAGRAM
1 ID CHAQUEHUI CANYON MAIN CHANNEL
2 ID 100YEAR FEMA FLOODPLAIN
3 ID NOAA RAINFALL 24-HOUR 100-YEAR TYPE II DISTRIBUTION
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LINE

50
51
52

IT  201JUN98 0 50

KK SUBIA

KM COMPUTE SUB1A RUNOFF

BA 098

PB 42

PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC .856 .863 .875 .881 .887 .893 .898 .903 .908 .913
PC 918 .922 .926 .930 .934 .938 .942 946 .950 .953
PC 956 .959 .962 .965 .968 971 974 .977 .980 .983
PC 986 .989 .992 995 .998 1.00

LS 0 86

UD 0.59

KK SUB2

KM COMPUTE SUB2 RUNOFF

BA 038

PB 42

PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .0683 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .I15 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC .856 .863 .875 .881 .887 .893 .898 .903 .908 913
PC 918 922 .926 .930 .934 .938 .942 .946 .950 .953
PC 956 .959 .962 965 968 .971 974 .977 .980 .983
PC .98 .989 .992 .995 .998 1.00

LS 0 89

UD 0.14

KK ADDI
KM SUB1A+SUB2
HC 2

KK CONIB

"BA 0.25

PB 42
PC 0 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 .849
PC .856 .863 .875 .881 .887 .893 .898 .903 .908 .913
HEC-1 INPUT PAGE 2

ID....... ... 2304560 T 80910
PC 918 922 .926 .930 .934 .938 .942 946 .950 .953

PC .956 .959 962 .965 .968 971 974 977 .980 .983
PC 986 .989 .992 .995 .998 1.00
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53 LS 0 89
54 UD 0.26
55 ZZ

[Herkkrhrhk bbb bb bbbtk kbb kbR bnhbkkrhrhks
kkkkkkkkkhkk ke kkk kb ko k ko kxkkkkkkk k%

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF
ENGINEERS

*

* SEPTEMBER 1990 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.0 * * 609 SECOND STREET *

* * * DAVIS, CALIFORNIA 95616 *

* RUN DATE 06/08/1998 TIME 21:16:29 * * (916) 756-1104 *

* * * *

*rkkkkrkkkkkiokbkkkkkkkkkkkkkkkkhkkkkkkekk
kkkohkkkgokkkkk bk kkkkkkdokkkkkkkkkkkkkkk

CHAQUEHUI CANYON MAIN CHANNEL
100YEAR FEMA FLOODPLAIN
NOAA RAINFALL 24-HOUR 100-YEAR TYPE II DISTRIBUTION

IT HYDROGRAPH TIME DATA
NMIN 2 MINUTES IN COMPUTATION INTERVAL
IDATE  1JUN98 STARTING DATE
ITIME 0000 STARTING TIME
NQ 50 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 1JUN98 ENDING DATE
NDTIME 0138 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .03 HOURS
TOTAL TIME BASE 1.63 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

klk kkk hkk kb Rk kkk kokk kokk kkk kokk kkk kokk kk kokk kokk kkok dkokk dokk kokk koksk kkok dkokok kdok kkok kakok kkk kkk ke kkk
kkk kkk kkk Rk

ok ok Rk kR ko k ok

* *
S5KK * SUBIA *
* *

wkkkphkrrkREkk <
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COMPUTE SUBI1A RUNOFF

SUBBASIN RUNOFF DATA
7BA SUBBASIN CHARACTERISTICS
TAREA .98 SUBBASIN AREA
PRECIPITATION DATA
8 PB STORM 4.20 BASIN TOTAL PRECIPITATION
9Pl INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .01 .01 .00 .01 .00 .01
.01 .00 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .02 .02 .02 .03 .10 28 .04
19LS SCS LOSS RATE
STRTL .33 INITIAL ABSTRACTION
CRVNBR 86.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
20UD SCS DIMENSIONLESS UNITGRAPH
TLAG .59 LAG
Kk
UNIT HYDROGRAPH
90 END-OF-PERIOD ORDINATES
13. 29. 59. 92. 131. 176. 228. 291. 360. 440.
521. 589. 652. 699. 737. 1763. 775. 780. 777. 773.
747. 721. 691. 659. 625. 586. 544. 495, 443, 399.
357.  327. 298. 272. 249. 227. 209. 193. 178. 162.
149. 136. 123. 112. 103. 95. 86. 79. 73. 66.
60. 55. 50. 46. 42. 38. 3s. 32. 29. 217.
25. 22. 21. 19. 17. 16. 14, 13. 12. 11.
10. 9. 8. 8. 7. 7. 6. 6. s. S.
4. 4, 3. 3. 3. 2. 2. 1. 1. 0.

kkkFhkk kbR kkhkkkkk kb kk kb kkkk bRk kR Rk kR khk R Rk k kb k kR kk bk kkkkkk ko kkkkkk ok kb kb d

wkkokkkkokkkkokk kR kokkkkkkk

HYDROGRAPH AT STATION SUBIA

ek FRRRR kR Rk RNk R kR Rk kR Rk kR Rk kR kR kk kR ko kkk ok bkokkokkkk Rk dd kb ook kkkokkkdokokkkkkokk

hkkkkkkkkRkokkokk ok kR ok ko ko k ok ok
*
DA MON HRMN ORD RAIN LOSS EXCESS COMPQ
EXCESS

COMP Q
*
1JUNOCOOO 1 .00 .00 .00 0 * 1 JUN 0050 26
1JUNOOO2 2 .01 .01 .00 0. 1JUN 0052 27
1JUNOOO4 3 .02 .02 .00 0. * 1 JUN 0054 28

40

*

DA MON HRMN ORD RAIN LOSS

03 .02 .01 L
.03 .02 .01 2.
03 .02 .01 3.



1JUNOOO6 4 .02 .02 .00 0. 1JUNOOS6 29 .03 .02 .0l 4.
1JUNOOO8 5 .02 .02 .00 0. * 1JUNO0OS8 30 .03 .02 .01 5.
1JUNOOIO 6 .02 .02 .00 0. 1JUNOIOO 31 .03 .02 .01 7.
1JUNOOI2 7 .02 .02 .00 0 * 1JUNOIO2 32 .03 .02 .01 10.
1JUNOOI4 8 .02 .02 .00 0. ¢ 1JUNOIO4 33 .03 .02 .01 13.
1JUNOOI6 9 .02 .02 .00 0. * 1JUNOIO6 34 .04 .02 .01 16.
1JUNOOIB 10 .02 .02 .00 0 ¢ 1JUNOIO8 35 .04 .03 .02 21.
1JUNO020 11 .02 .02 .00 0. ¢ 1JUNOI10 36 .04 .02 .02 25.
1JUNO0022 12 .02 .02 .00 0. * 1JUNOI112 37 .04 .02 .02 31
1JUNOGO24 13 .02 .02 .00 0. = 1JUNOII4 38 .05 .03 .02 37.
1JUNGO26 14 .02 .02 .00 0. 1JUNOI16 39 .05 .02 .02 45.
1JUNOO28 15 .02 .02 .00 0. 1JUNOI18 40 .05 .03 .03 53.
1JUNOGO30 16 .02 .02 .00 0 1JUNO120 41 .05 .03 .03 62.
1JUNGO32 17 .02 .02 .00 0. 1JUNOI22 42 06 .03 .03 72.
1JUNOO34 18 .02 .02 .00 0. 1JUNOI24 43 .07 .03 .04 84,
1JUNOO36 19 .02 .02 .00 0. * 1JUNOI26 44 .09 .04 .05 97.
1JUNOO38 20 .02 .02 .00 0. * 1JUNOI28 45 .11 .04 .07 111
1JUNO040 21 .02 .02 .00 0. 1JUNOI30 46 .12 .04 .08  129.
1JUNOO42 22 .02 .02 .00 0. * 1JUNO132 47 .15 .05 .11 149.
1JUNOO44 23 .02 .02 .00 0. * 1JUNOI34 48 .62 .15 .47 177.
1JUNOO46 24 .02 .02 .00 0. = 1JUNOI36 49 1.64 .23 141  226.
1JUNOO48 25 .02 .02 .00 1. * 1JUNOI38 50 .26 .02 .24 291

kkkkkkkkkhkkphnbEkhk kb bRk hhkkkkhkkhk kb kb shrnkkokhkkhkk kbbb kb kkk kb ke kk ko kR kR kR k%
kEkkdokkkkokkkkpkkkkhkkkrkdkkkk

TOTAL RAINFALL = 4.20, TOTAL LOSS= 1.47, TOTAL EXCESS= 2.73

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR  1.63-HR
+ (CFS) (HR)

(CFS)

+ 291.  1.63 3. 31 3L 3L
(INCHES) .080 080 080  .080
(ACFT) 4. 4. 4 4.

CUMULATIVE AREA= .98 SQ MI

kEE kkk hkk kkk kk kokk Rk kkk Kk kkk kkk kAk kkk kokk kkk Kk kFk kkk kkk kkk kokk kkk Fkk kkk kkk kkok kkk Rkk kkxk
Rk kkk kkk kkk

T ST TP IS
* *
21KK * SuUB2 *
* *
ARERR AR
COMPUTE SUB2 RUNOFF
SUBBASIN RUNOFF DATA

23 BA SUBBASIN CHARACTERISTICS
TAREA .38 SUBBASIN AREA
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PRECIPITATION DATA
24PB STORM 4.20 BASIN TOTAL PRECIPITATION

25PI INCREMENTAL PRECIPITATION PATTERN
0 00 00 00 00 00 00 00 00 .00
.0 00 00 00 00 .00 .00 .00 .00 .00
00 00 00 00 01 01 00 .01 00 .01
.01 .00 .01 .01 .01 .01 .01 .01 .01 .01
.01 01 02 02 02 03 10 28 .04

35LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR  89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

36 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .14 LAG

k¥

UNIT HYDROGRAPH

23 END-OF-PERIOD ORDINATES
131. 412, 846. 1127. 1165 1028. 810. 538. 378. 274
193. 136. 96. 67. 48. 34. 24, 17. 12. 9.
6. 4. 1.

Fkrkkkkkokkkkokkkdokkkkkkkkkkkkk kR kkk ok kR kb kb kkkdok kR kkokok bRk kokkakakkok kokkkkkksk kb k ko kokkkokk
Kkkkokokkkokkokkkkokkkkokkkkkkkkkok*k

HYDROGRAPH AT STATION SUB2

AR R R R R R AR R ROk AR Rk Rk ok ok kb ok AR RO R R Rk KRRk R R A R R Aok kAR ok ok kK ok ok
FRh kR Rk Rk Rk Rk

*

DA MON HRMN ORD RAIN LOSS EXCESS COMPQ * DAMONHRMN ORD RAIN LOSS
EXCESS

COMP Q
*
1JUNOOOO 1 .00 .00 .00 0 * [JUNOOSO 26 .03 .02 .01  30.
1JUNO002 2 .01 .01 .00 0 * 1JUNO0S2 27 .03 .02 .01 35
1JUNO0O4 3 .02 02 .00 0 * 1JUNO0S4 28 .03 .02 01 4L
1JUNOOO6 4 02 .02 .00 0. * 1JUNOOS6 29 .03 .02 .01 48
1JUNOOOS 5 02 02 00 O * [JUNOOS§ 30 .03 .02 01 55
1JUNOOIO 6 .02 .02 .00 0. * 1JUNOIOO 31 .03 .02 01 62
1JUNOOI2 7 02 02 .00 0. * 1JUNOIO2 32 03 02 01 69
1JUNOOI4 8 .02 .02 .00 0 * 1JUNOIO4 33 03 .02 01 75
1JUNOOI6 9 02 02 00 0 * 1JUNOIO6 34 .04 .02 02 8L
1JUNOOIS 10 .02 02 .00 0 * 1JUNOIOS8 35 .04 .02 .02 87
1JUNOO20 11 .02 .02 .00 0. * 1JUNOIIO 36 .04 .02 .02 9.
1JUNO022 12 02 02 .00 0 * 1JUNOII2 37 .04 .02 .02 107
1JUNO0O24 13 .02 .02 .00 0. * 1JUNOIl4 38 .05 .02 .03 120
1JUNO026 14 02 02 .00 0 * [JUNOII6 39 .05 .02 .03 133.
1JUNOO28 15 .02 .02 .00 0 * 1JUNOLIS 40 .05 .02 .03 148,
1JUNO030 16 .02 .02 .00 0. * 1JUNOI20 41 .05 .02 .03 I64.
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1JUNO032 17 .02 .02 .00 0 * 1JUNOI22 42 06 .02 .04 180.
1JUNO0034 18 .02 .02 .00 | P 1JUNOI24 43 .07 .02 .05 199.
1JUNOO36 19 .02 .02 .00 2. ¢ 1JUNOI26 44 09 .03 .06  223.
1JUNOO38 20 .02 .02 .00 4 * 1JUNOI28 45 .11 .03 .08 255
1JUNOO40 21 .02 .02 .00 7. * 1JUNOI30 46 .12 .03 .09 300
1JUNOO42 22 .02 .02 .00 . * 1JUNOI32 47 .15 .04 .12  360.
1JUNO044 23 .02 .02 .01 16. * 1JUNOI34 48 .62 .11 .51 486.
1JUNOO46 24 .02 .02 .01 20. ¢ 1JUNO136 49 164 .15 148  860.
1JUNOO48 25 .02 .02 .01 25. o+ 1JUNOI38 50 .26 .02 .25 1514,

Rkkrkkhkkkkkkohk kR d bk kR kR Rk Rk kRl kR Rk kR ko ko ok kR dok ko kR kR ko ok Rk
*hkkkokkkkkhkkkrkkhkhkkrkkhnk¥k

TOTAL RAINFALL = 4.20, TOTAL LOSS= 1.19, TOTAL EXCESS= 3.01

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR  24-HR 72-HR 1.63-HR
+ (CFS) (HR)
(CFS)
+ 1514,  1.63 103.  103. 103.  103.
(INCHES) .688  .688  .688  .688
(AC-FT) 14 14 14 14.

CUMULATIVE AREA = .38 SQ MI

R R KK KAk Rk kK Kok Rk Rk Rk kK Rk k Rk RRk Rk Rk kk Kok kK ok kK kK kR kKK kK kokk Rk Rk Kok
RRE Rk khk ko

ARRERERERRE KR
* *
37KK * ADDI1 *
* *
I I TT)
SUBI1A+SUB2

39 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

* %%

EERRRRRR Rk kR kbR ek kk Rk ko kR bRk kR Rk Rk Rk kbR h Rk ko kR k kR hkkkkhhk ko ko kkhhk kb kkhkkkkkkokk ko kk k&
kkkkkkkrhkkkkkkkkkkkkkokkkkkkk

HYDROGRAPH AT STATION ADDI
SUM OF 2 HYDROGRAPHS

kkkkhhkk kbR kkk ko kk ko Rk kR Rk kR Rk kR kR ARk kR ko k kR Rk kR Rk ko ko ko kkkkkk ok k
SRk Rkkk kR kR Rk kR kkkkkk
* * *

DA MON HRMN ORD FLOW * DA MONHRMN ORD FLOW * DAMONHRMN ORD FLOW * DA
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MON HRMN ORD FLOW

* * *
1JUNOOOO 1 0. * 1JUNO0026 14 0. * 1JUNO0052 27 37. * 1JUNOI118 40 201.
1JUN 0002 2 0. * 1JUNO00O28 15 0. * 1JUNO0054 28 44, * 1JUNOI20 41 225.
1JUN 0004 3 0. * 1JUNO0030 16 0. * 1JUNOO56 29 52. * 1JUNOI22 42 252.
1 JUN 0006 4 0. * 1JUNO0032 17 0. * 1JUNO0058 30 61. * 1JUNOI24 43 283.
1JUN 0008 5 0. * 1JUNO034 18 1. * 1JUNO100 31 69. * 1JUNO126 44 319
1JUNOOIO 6 0. * 1JUNO0036 19 2. * 1JUNOI02 32 78. * 1JUNOI28 45 367.
1JUNOOI12 7 0. * 1JUNO0038 20 4. * 1JUNO104 33 87. * 1JUNOI30 46 428.
1JUNOO14 8 0. * 1JUNOQ040 21 7. * 1JUNOI06 34 97. * 1JUNOI32 47 509.
1JUNOOI6 9 0. * 1JUNO042 22 1. * 1JUNO108 35 108. * 1JUNOI34 48 663.
1JUNO0O18 10 0. * 1JUNO0044 23 16. * 1JUNOI1O 36 122. * 1JUNOI36 49 1086
1JUN 0020 11 0. * 1JUNOQO46 24 21, * 1JUNOI112 37 138. * 1JUNOI38 50 1805
1JUN 0022 12 0. * 1JUNO0048 25 26. * 1JUNOI114 38 157. *
1JUN 0024 13 0. * 1JUNO0050 26 31. * 1JUNOIL16 39 178. *

* * *

L Ty Ty T R Ty Y L i Ia I,
ERRRRRRRRR R R KRR R R

PEAKFLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 1.63-HR
+ (CFS) (HR)
(CFS)
+ 1805. 1.63 134, 134. 134 134
(INCHES) 250 250 250  .250
(ACFT) 18. 18. 18 18.

CUMULATIVE AREA = 1.36 SQ MI

RAk Rk KAk Rk KRR KRR R AR Rk ok KKk KRk KRk KRk KRk KRk KRk kK Rokk KRk Kok KRR KRR Rk KRk REk Rk KRR KKK
I ETIRIEIL

I TI LI IIIIL
* *

40KK * CONIB *
* *
Wk okkkkkh

SUBBASIN RUNOFF DATA

41 BA SUBBASIN CHARACTERISTICS
TAREA .25 SUBBASIN AREA

PRECIPITATION DATA
42 PB STORM 4.20 BASIN TOTAL PRECIPITATION
43 PI INCREMENTAL PRECIPITATION PATTERN

00 00 00 00 00 00 00 00 00 00
00 00 .00 00 .00 .00 .00 .00 .00 .00
.00 00 00 .00 .01 .01 .00 .01 00 .01
.01 00 .01 .01 .01 .01 .01 .01 .01 . 01
.01 .01 02 .02 02 03 .10 28 .04
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53LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR  89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

54UD SCS DIMENSIONLESS UNITGRAPH
TLAG .26 LAG

k¥

UNIT HYDROGRAPH
41 END-OF-PERIOD ORDINATES
19. 60. 115, 193. 290. 369. 417. 435. 433. 405.
367. 321. 262. 207. 168. 138 115. 95 79. 63.
53. 43, 36. 29. 24 20 16. 13. 11. 9.
7. 6. 5. 4. 4. 3. 2. 2. 1. 1.
0.

khkkkkkkk ko dokokkkdokok kR kbR Rk Rk ko ke dokok kR kkdokkok kR ko ko ko rkokk ke kokk kR k kK%
wkkdkkkokkkokkkkkEkkkkkkkkkk gk

HYDROGRAPH AT STATION CONIB

kkkkkkkkkhk ke k ok kokkok ko kb kkk kb ke ko p ke kkokkokkk Rk kkokkkkkkkkkkkkkkokkkk ek kk ke k¥
ok ok ok ak ok ok ok ok o o ok ok ook ok ok kb ok ok ok ok kb ok
E

DA MON HRMN ORD RAIN LOSS EXCESS COMPQ * DAMONHRMN ORD RAIN LOSS
EXCESS

COMP Q
*
1JUNOOOO 1 .00 .00 00 0 * 1JUNOOSO 26 .03 .02 .01 9.
1JUNO0O2Z 2 .01 .01 .00 0. * 1JUNO0S2 27 .03 .02 .01 I
1JUNO0O4 3 .02 02 .00 0 * [JUNOOS4 28 .03 .02 .01 14,
1JUNOOO6 4 .02 .02 .00 0. * [JUNOOS6 29 .03 .02 .01 17
1JUNOOO8 5 .02 02 .00 0 * 1JUNOOSS 30 .03 .02 .01 20
1JUNOOIO 6 .02 .02 .00 0. * 1JUNOIOO 31 .03 .02 .01 24
1JUNOOI2Z 7 .02 .02 .00 0 * 1JUNOIO2 32 .03 .02 .01 27
1JUNOOI4 8 .02 .02 .00 O * 1JUNOIO4 33 .03 .02 .01 31
1JUNOOI6 9 .02 .02 00 0. * 1JUNOIO6 34 .04 .02 .02 35
1JUNOOI8 10 .02 .02 .00 0 * 1JUNOIOS 35 .04 .02 .02 39
1JUNO020 11 .02 .02 00 0. * [JUNOIIO 36 .04 .02 .02 43.
1JUNGO22 12 .02 .02 .00 0. * 1JUNON2 37 .04 02 .02 48
1JUNO0O24 13 .02 .02 .00 O * 1JUNOI4 38 .05 .02 .03 53
1JUNOG026 14 .02 02 .00 0. * [1JUNOII6 39 .05 .02 .03 59
1JUNO028 15 .02 02 .00 O * [1JUNOIIS 40 .05 .02 .03 65
1JUNO0O30 16 .02 .02 .00 0 * 1JUNOI20 41 .05 .02 .03 72
1JUNO032 17 .02 .02 00 0. * 1JUNOI22 42 .06 02 .04  80.
1JUNO0O34 18 02 02 .00 0 * 1JUNOI24 43 07 .02 .05 89
1JUNOO36 19 02 02 .00 0. * 1JUNOI26 44 .09 .03 .06 99
1JUNOO38 20 .02 .02 .00 1. * 1JUNOI28 45 .11 .03 .08 110
1JUNO040 21 .02 .02 .00 1. * 1JUNOI30 46 .12 .03 09 125
1JUNO042 22 .02 .02 00 2. * 1JUNOI32 47 .15 .04 .12 143
1JUNOO44 23 .02 .02 .01 3. * 1JUNOI34 48 .62 .11 .51 173
1JUNOO46 24 .02 02 .01 S, * 1JUNOI36 49 1.64 .15 148 243,
1JUNO048 25 02 .02 01 7. * 1JUNOI38 SO .26 .02 25 355
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dokkk ke kkkk kR ke ko k kR kokkok ko kR dkokkrkkokokkokok ok kkokok Rk ok kok ko kkokok ok kb k ok kk ok kkk ko k%
Rkkokkokkkkkkkokkkkkkkkkkkkkkkkk

TOTAL RAINFALL = 4.20, TOTAL LOSS= 1.19, TOTAL EXCESS= 3.0l

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR  1.63-HR
+ (CFS) (HR)

(CFS)
+ 355, 1.63 37. 37, 37 37
(INCHES) 378 378 378 378
(AC-FT) 5. 5. 5. 5.

CUMULATIVE AREA = .25 SQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM

TIME

OF
OPERATION  STATION FLOW PEAK AREA STAGE MAXSTAGE

+ 6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT

+ SUBIA  291. 1.63 31. 31. 31 .98
HYDROGRAPH AT

+ SUB2 1514, 1.63 103. 103. 103. .38
2 COMBINED AT

+ ADDI  1805. 1.63 134, 134. 134. 1.36
HYDROGRAPH AT

+ CON1IB  355. 1.63 37. 37. 37. .25

*** NORMAL END OF HEC-1 ***
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APPENDIX E

EFFECTS OF VARYING CURVE NUMBER ON HEC-1 RESULTS,
CHAQUEHUI WATERSHED
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PEAK DISCHARGE vs CURVE NUMBER

24 Hour - 100 Year Storm Event, Chaquehui Watershed

THEORETICAL  ACTUAL

CNINPUT - CFS @ CFS@
NUMBER CH1A CH1B CH2 OUTLET OUTLET
1 70 73 73 791 155
2 71 74 74 817 166
3 72 75 75 843 177
4 73 76 76 868 187
5 74 77 77 894 199
6 75 78 78 919 210
7 76 79 79 944 222
8 77 80 80 969 234
9 78 81 81 994 247
10 79 82 82 1019 259
11 80 83 83 1043 272
12 81 84 84 1066 285
13 82 85 85 1089 299
14 83 86 86 1112 312
15 84 87 87 1134 326
16 85 88 88 1156 340
17 86 89 89 1176 355

Bold indicates curve number values derived for Chaquehui Canyon (see
Appendix C for calculations)

BASELINE COMPARISON: NMED AND LANL'S MODEL RESULTS

6 Hour - 100 Year Storm Event, Chaquehui Watershed

Q @ Outlet
(cfs)
NMED 684  (Theoretical)
182  (Actual)
LANL 103 (?)
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Variance of CN with Respect to Q

1200
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1000 S sl
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APPENDIX F

EXAMPLES OF NMED MEASURED CROSS SECTIONS, MORTANDAD CANYON

(Dimensions were obtained by tape measure)
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Cross Sections Measured by DOE 0B, Mortandad Canyon

CHANNEL DESCRIPTION: Grassy CHANNEL DESCRIPTION: Mostly

__,\ 300 bedrock with some soil and grass.
107"

N
TUFF

3+ 18 s2°

: CHANNEL DESCRIPTION:
CHANNEL DESCRIPTIDN-:M.Snndy, cobbly bottom. Bedrock, boulders ond some sand.

[/

CHANNEL DESCRIPTION: Grassy bottom
and sides, many logs in channel.

208° CHANNEL DESCRIPTION: Grassy

144"
144

CHANNEL DESCRIPTION: Sandy bottom with exposed bedrock,
trees growing on benches.

400"

"Typical” channel configuation assumed in HEC-2 model as
described in LANL report (McLin, 1992, p.32-33).

[\ew\ :ie xns::_ //%——”’,"

300

Insert - not to scale

\ 48 3}6' /
{ _ 1

24"

Scale for all cross sections: 1° = 100
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APPENDIX G

LANL BUILDINGS POTENTIALLY WITHIN FLOODPLAINS
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LANL BUILDINGS POTENTIAL&WITHIN FLOODPLAIN et
BLDG. NUM| TYPE DESCRIPTION BLDG. NUM/| TYPE DESCRIPTION
39-125 T Transportainer 41-64 P Meteorological tower
39-150 T Transportainer 72-16 P High house
39-98 P Branch shops bldg. 72-15 P Low house
39-62 P Storage bldg. 72-14 T Storage shed
39-124 T Transportainer 72-37 T Transportainer
39-182 T Drum storage shelter 72-13 P Storage bldg.
39-9 P Hose house 72-54 T Storage shed
39-2 P Laboratory/Office bldg. 72-12 P Weapons cleaning area
39-103 P Transportable 72-39 P Admin. bldg.
39-183 P Guard station 72-09 P Range house
39-10 P Hose house 72-55 T Storage shed
39-107 P Transportable 72-38 T Transportainer
39-89 P Gas gun support bldg. 72-10 T Scoring area
39-146 P Passage way 72-11 P Firing station
39-69 P Light gas gun facility 72-41 P Tower
39-144 T Shed 72-40 P Canopy
39-123 T Transportainer 72-52 T Transportainer
39-5 P Ready magazine fbld-411 F Guard tower A - pre 1958
39-4 P Trim bidg. 18-119 P Storage bldg.
39-68 P Storage bldg. 18-23 P Critical assembly bldg.
39-3 P Magazine 18-186 P Guard tower
39-77 P Magazine 18-168 P Sheba critical bldg.
39-143 P Collapsible bldg. fbid-414 F Transformer station
39-111 P Pulsed power bldg. fbld-417 F Firing chamber - pre 1945
39-181 T Shed 18-02 P Metal bldg. & Perm. bldg.
39-147 T Transportainer fbld-419 F Unsp. str. - removed 1949
39-139 P Shed fbld-423 F Lab - moved 1949
39-101 T Trailer fbld-428 F Magazine - pre 1977
13-141 T Shed fbld-429 F Magazine - pre 1977
39-142 P Drum storage 18-277 T Storage shed
39-1156 T Transportainer 18-264 T Transportainer
39-116 T Transportainer 18-249 T Transportainer
39-119 T Transportainer 18-227 P Accelerator devel. lab.
39-121 T Transportainer 18-127 P Pulsed accelerator bidg.
39-137 T Morgan shed 18-26 U Vault
39-54 T Transportainer fbid-434 F Generator bldg. - pre 1950
39-56 P Gun bidg. fbld-435 F Water tank - pre 1948
39-148 T Transportainer fbld-436 F Unsp. str. - pre 1963
39-64 P Equipment shelter fbld-438 F  Hose house - removed (?) 1952
39-8 U Firing chamber #3 18-288 T Trailer, office
39-88 U Firing chamber 18-142 P Sub-station
39-95 U Capacitor bank bunker 18-257 T Office Trailer
39-122 U Transportainer 18-293 P Transportainer
39-57 U Firing chamber fbld-442 F Guard house
39-7 U Firing chamber #2 fbld-443 F Unspecified structure
LA County Ice rink 18-30 P Main bldg.
41-16 P Guard station 18-110 T Drum storage platform
41-30 P Office bldg. 18-290 T Transportainer
41-53 P Guard station 18-286 T Storage shed
41-04 P Laboratory bldg. 18-287 T Storage shed
Types
P - permanent
T - temporary
U - upgradable (?)
F - form bldg.

Unsp. str. - unspecified structure
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LANL BUILDINGS POTENT!” " .Y WITHIN FLOODPLAIN

R
BLDG. NUM| TYPE 'DESCRIPTION BLDG. NUM| TYPE DESCRIPTION
18-251 T Transportainer 18-05 P Metal bldg.
18-126 T Power pedistal fbld-469 F Battery bidg. pre-1951
18-248 T Transportainer fbld-470 F Submarine bidg. pre-1951
18-247 T Transportainer 36-45 P Storage bldg.
fbld-448 F Unsp. str. - pre 1977 36-44 P - Storage Bldg.
fbld-450 F Unsp. str. - pre 1977 36-194 T Shed
18-188 P Guard tower
18-256 P Storage The following are questionable, but may be in a
18-184 T Trailer possible impact area and should be investigated
fbld-439 F Unsp. str. 1965 - 1968 for flooding.
18-184 T Transportainer
fbld-441 F Guard tower B - pre 1958 36-06 P Meenie control bidg.
fbld-444 F Unspecified structure 36-197 T Transportainer
18-01 P Staging area 36-129 T Transportainer
fbld-446 F Storage 1969 - 1975 36-05 P Meenie preparation bldg.
18-278 T Storage shed 36-95 T Transportainer
18-147 P Office bldg. 46-186 T Office trailer
fbld-447 F Unspecified structure 46-439 P SWSC training facility
18-28 P Warehouse 46-333 P Maintenance bldg.
fbld-453 F Carpenter shop pre 1951 46-334 P Entrance work bldg.
18-31 P Utility bldg. 46-431 P Soda ash chemical feed bldg.
18-29 P Pond cabin 46-336 P Equalization and aeration basin
fbld-459 F Unsp. str. removed (?) 1950 46-335 P Blower bldg.
18-292 T Transportainer 46-337 P North clarifier
18-189 P Security assembly bldg. 46-338 P South clarifier
fbld-461 F Unspecified structure 48-375 P Effluent holding pond
fbld-460 F Storage - pre 1949 46-347 P Chlorine contact basin
18-37 P Guard station #205 46-339 P Peuse pump bidg.
18-258 T Office trailer 46-340 P Chlorine storage facility
18-271 T Transportainer 46-428 T Transportainer & temp. bldg.
18-270 T Temp. guard station 46-449 T Transportainer
18-190 P Guard station #450 46-448 T Transportainer
18-129 P Reactor sub-assembly bldg.
fbld-452 F Lab - removed (?) 1963
18-141 P Ultra-sonic cleaning bidg.
fbld-454 F Unspecified structure
fbld-445 F Warehouse - pre 1950
18-138 P Warehouse
fbld-471 F Unspecified structure
18-116 P Critical assembly bldg.
fbld-503 F Transformer sta. sub-station
fbld-465 F Unsp. str. 1949-1950
18-252 P Pajarito well #2
fbld-501 F Well house - pre 1951
18-122 P Storage bldg.
18-187 P Guard tower
fbld-466 F Tank - post 1957
18-32 P Critical assembly bldg. KIVA #2
fbld-467 F Firing chamber #4 pre-1945
18-128 P Assembly cover bldg.
Types
P - permanent
T - temporary
U - upgradable (?)
F - form bldg.

Unsp. str. - unspecified structure
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