UNITED NUCLEAR CORPORATION

RETURN ORIGINAL TO PR, HQ.




RESPONSFS TO NUCLEAR REGULATORY COMMISSION COMMENTS
UNC CHURCH ROCK MILL RECLAMATION PLAN

Comment 1

When tailings are being moved/recontoured in the interim, it is noted that
a geotextile fabric cover will be placed over the fine grained tailings.
Will there be any long-term detriment to the stability of the cover if/when
the geotextile degrades: Provide justification for your conclusion.

Response 1

The geotextile will be used only if needed to help support the tailings
sands and construction equipment during the moving of tailings sands over
the slimes to provide sufficient support for the movement of the construc-
tion equipment. The geotextile fabric will prevent mixing and "pumping" of
the slime materials up into the tailings sands by allowing pore water to
transfer rom the moist slimes into the drier sands as it is loaded over
the slimes while keeping the materials segregated. This will result in
partial dewatering and associated consolidation of the slimes over a rela-
tively short period of time while the geotextile is still competent. In
the long term, when the geotextile begins to degrade, the pore water pres-
sures in the slime materials will have equilibrated with the pore water
pressure in the overlying sands. Because of this equilibration, no long-
term detriment to the stability of the cover will result.

Comment 2

You indicated that slopes in the tailings range from approximately 10
percent to 1 percent. Also, the earth embankment along the west and south
sides of the tailings disposal area will be regraded to a 5:1 configura-
tion. Further, "drainage of precipitation across the slopes will thus be
slow and controlled, minimizing infiltration and erosion.” Provide the
velocities of overland flow and/or channelized flow that were used to
estimate how much erosion may occur during a 100-year, 200-year, 1,000-year
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or PMP event? Discuss how these velocities were estimated. Also, discuss
the extent of erosion for each event and why each level of erosion is
acceptable in terms of why th2 pile would not be adversely affected.

Response 2
Overland Flow Velocity Within the Tailings Disposal Area

The revised Figure 7-1 (attached) shows the iocation of two points (Point 1
and Point 2) where the cover slope will be the steepest. These points are
located on the eastern boundary of the tailings within the existing Central
Cell. The configuration of the area draining to these points was revised
from that shown in the original Reclamation Plan. The slope of the ground
surface originally provided in the Reclamatior Plan was approximately
10H:1V. The revised slopes are 14 horizontal to 1 vertical (14H:1V) [0.071
feet per feet (ft/ft)] immediately upslope from the points shown.

Overland flow velocities resulting from storms with return periods of 100,
200, 500, and 1,000 years and the probable maximum precipitation (PMP) were
calculated at these two points using the unit-width method outlined in
NUREG/CR/5620 (Nelson, et al., 1986). The resulting overland flow velo-
cities and depths are provided below:

Return 1-Hour Storm Overland Flow Velocity Overland Flow Depth

Period Amount Point 1 Point 2 Point 1 Point 2
(yrs) ~ _(inches) = (fps) (fps) (inches)  (inches)
100 1.81 2.25 2.50 0.86 0.98
200 2.03 2.36 2.62 0.92 1.06
500 2.34 2.49 2.77 1.00 1.15
1000 2.56 2.53 2.87 1.06 1.21
PMP 8.46 §.17 4.63 47 2.48

These overland flow velocities were compared with maximum permissible
velocities (MPV) for vegetated channels. A reasonable MPY for this area
would be 3.0 feet per second (fps). This MPV relates to a channel in
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easily-eroded soils with a slope of five to ten percent and vegetated w.th
a grass mixture (Ree, 1949, as provided in Barfield, et al., 1985). Calcu-
lated overland flow velocities were less than 3.0 fps for the 100-, 200-,
500- and 1,000-year return periods. These low velocities indicate that the
tailings cover is stable and that no significant amounts of erosion will
occur in a 1,000-year period.

Although the overland flow velocity induced by the PMP exceeded 3.0 fps,
analysis of the PMP rainfall distribution indicates that this condition
(flow ve'locity greater than 3.0 fps) would last only 22 minutes. Thus, the
amount of erosion induced by this short-duration event with its extremely
low probability of occurrence within a 1,000-year period is minimal. The
tailings cover, at least four feet thick and vegetated with grasses and
shrubs, will not be degraded to the extent that tailings are released,
consistent with NRC’s criteria.

United Nuclear Corporation (UNC) expects that there will be a period of
time of perhaps two to three years before vegetation is fully established
on the reconfigured tailings area and adjacent areas. Erosion that occurs
during this period will be correcied by on-site personnel by regrading
affected areas, adding additional cover, and revegetating as needed. The
probability of a major storm (greater thar or equal to the 100-year storm)
occurring during this non-vegetated period is slight and its erosional
‘mpact is expec.ud to be minir- :en in the absence of such corrective
maintenance.

Overland flow velocities were calculated using the unit width method out-
lined in NUREG/CR-4620 (Nelson, et al., 1986). The rainfall information
was derived from extension of base data from the National Oceanic and
Atmospheric Administration (NOAA), Atlas 2, Volume IV, New Mexico (NOAA,
1983) and Hydrometeorological Report 49 (HMR-49) (NOAA and Corps of
Engineers, 1984).

A Manning’s "n" of 0.03 was used to reflect the revegetated condition of
the cover and the shallow depths of overland flow. A flow concentration
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factor of 2.0 was used in the velocity calculations. NUREG/CR-4620 sug-
gests a flow concentration factor of 2.0 to 3.0 for gravel-covered steep
embankment slopes. Since the slopes on the tzilings cover will be grass-
covered and gentle, the lower concentration factor was used. The overland
flow velocity calculations are attached.

Overland Flow Velocities on the 5H:1V Embankment

The overland flow velocities on the 5H:.V embankment along the west and
south sides of the tailings disposal area were estimated for return periods
of 100, 200, 500, and 1,000 years and for the PMP event by the methods
described above. The resultant flow velocities and depths are provided
below:

Return 1-Hour Storm Overland Flow Overland Flow
Period Amount Velocity Depths
{yrs) (inches) (fps) (inches)

100 1.81 2.51 0.46

200 2.03 2.62 0.48

500 2.34 2.78 0.53
1,000 2.56 2.89 0.56

PMP R.47 4.6€ 1.15

Calculated overland flow velocities were less than the MPV of 3.0 fps for
storms with return periods of 1,000 vears or less. Thus, the 5H:1V embank-
ment slopes are stable. No significant amounts of erosion will occur
within a 1,000-year pericd.

Only the PMP event produced an overland flow velocity greater than 3.0 fps.
However, the PMP will not threaten long-term stability or cause the release
of tailings because of the short duration of excessive flow velocities (24
minutes) and the location of the occurrence of potential erosion. If
erosion during the PMP were to occur, it is expected to occur at or near
the bottom of the embankment slope at least 46 feet from the embankment
crest. Thus, the tailings material will not be affected by erosion Lhat
occurs during the probable maximum flood (PMF).
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At the location of the longest embankment slopes, the toe of the slope will
be protected Ly the overbank riprap of the runoff control ditch. This
riprap will mitigate the potential for gully formation by providing a
stable base at the toe of the slope. Thus, gully formation on the embank-
ment slopes during the PMF will not cause the release of tailings.

A Manning’s "n" of 0.03 and a flow concentration factor of 2.5 were used in
the overland flow velocity calculations. Due to the steeper slope, a
higher flow concentration factor than that applied to the tailings cover
calculations was used for the flow velocity calculations of the embankment.

Comment 3

Is the interim scil cover 8 inches, 8-1Z inches, or 12 inches? The text is
not consistent.

Response 3

The interim soil cover will be 12 inches.

Comment 4

Your flood analysis of Pipeline Arroyo indicates that the drainage area is
16.7 square miles. However, previous studies done for you by Simons, Li
and Associates (1980) and Faith Engineering, Inc. (1982) report that the
basin drainage area is in excess of 19.1 square miles. Please discuss why
the drainage area is smaller in your Reclamation Plan.

Response 4

The previous studies performed by Simons, Li and Associates (SLA) (1930)
and Faith Ernineering, Inc. (Faith) (1982) used a drainage basin outlet
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near the southern boundary of the UNC property. The drainage basin des-
cribed in the Reclamation Plan has its outlet adjacent to the northern edge
of the North Cell of the tailings pile. This location is the point at
which the Pipeline Arroyo enters the tailings impoundment area.

This location is coensistent with the observation of J. D. Nelson in his
June 15, 1985 review of the PMF calculations performed by SLA and Faith
that ". . .the point of interest at the tailings impoundment is that where
the PMF would enter the area and not the point where the PMF would dis-
charge from it. We believe, therefore, that the PMF determinations should
be revised to determine the PMF entering the tailings impoundment area.

The PMF computation should reflect the appropriate channel length and
tributary drainage.” Mr. Nelson’s observation was acknowledged by Mr.
Terry L. Morgan of the New Mexico Environmental Improvement Division in his
letter of July 2, 1985, to UNC.

Comment S

You report a PMF peak flow of 25,000 cfs. Faith Engineering, Inc. reports
a peak discharge near 30,000 cfs, while Simons, Li and Associates indicate
that the PMF could exceed 90,000 crs. Why is your estimate lower than the
others?

Response 5

Our estimate is Tower because neither of the previous calculations by Faith
or SLA are appropriate for present conditions. SLA used a drainage basin
area of 19.7 square miles and a one-hour PMP of 10.1 inches as derived from

the National Weather Sarvice Technical Publication 40. This publication
has been s_perceded by !IMR-43 for the western states.

Faith used a drainage basin area of 19.18 square miles and a one-hour PMP
amount of 6.8 inches as derived from HMR-49. However, Faith failed to use
the elevation correction factor in its PMP determination. A subsequent
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PMF hydrograph calculation by UNC used the basin outlet elevation in deter-
mining the elevation correction factor. UNC also corrected several pror.-
dural and computational errors in Faith’s PMF determination. UNC’s result-
ing PMF peak discharge was approximately 30,200 cfs. However, UNC also
incorrectly adjusted for elevation because the minimum basin elevation
rather than mean basin elevation was used.

The PMF peak flow of 25,000 cfs as described in the Reclamation Plan was
the result of 1) a slightly smaller drainage basin area as described in the
response to Comment 4, and 2) a reduced PMP amount of 6.2 inches. The
reduced PMP amount was a result of the revision to HMR-49 that called for
the use of the mean basin elevation instead of the minimum basin elevation
for the computation of the elevation correction factor for the local-storm
PMP. This revision is provided on the errata sheet of the 1984 edition of
HMR-49.

Comment 6

In your PMF analyses, you used an SCS curve number (CN) of 74 for Pipeline
Arroyo and 80 for the other areas. Please explain how these values we:e
determined.

Response 6

Page C-2 of Appendix C of the Reclamation Plan indicates that a CN of 79,
not 74 as stated in your comment, was used in the PMF calculation for
Pipeline Arroyo. The CN of 79 was determined by Faith and provided in its
1981 report to UNC entitled "Design Flood Analysis: North Cell Ta‘lings
Embankment." Faith used soil data and soil maps developed by a 1979 Order
I1T soil survey performed cooperatively by the Soil Conservation Service
(SCS) and the Bureau of Indian Affairs. Table 1 of the Faith report pro-
vides the names, cover types, hydrolegic soil groups, CN, and area of each
of the five soil associations found within the Pipeline Canyon drainage
basin. The area-weighted CN was determined to be 79.

T
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The CN of 80 for the areas draining to the North and South Diversion
Ditches was determined by Science Application, Inc. (SAI) and provided in
its report to UNC of June 10, 1981, entitled "PMF Determination for the
Southeast Diversion Channel and Section 1 Watershed Using SCS Hydrological
Techniques." SAI divided the ! .sins into two principal soil associations
and developed a weighted CN based on the relative area of the soils, the
vegetation type and cover density, and the hydrologic soil classifications.
The weighted CN was deteimined to be 80.

Canonie reviewed both reports and performed a field check of vegetation
conditions. Canonie concurs with the CN determinations.

Comr.nt 7

On your PMF analyses, you used procedures from the Bureau of Reclamation’s
publication, "Design of Small Dams," (DSD) to adjust the PMP from 2 1 miz
value to a value corresponding to the size of the drainage areas in ques-
tion. You also used DSD procedures to estimate PMP values for durations of
less than 1 haur. Use of DSD procedures results in smaller PMP values than
those derived using procedures from Hydrometeorological Report 49 (HMR-49).
You should, therefore, use Figure 4.9 in HMR-49 to adjust your 1 miz PMP
value of 8.33 inches to correspond to the appropriate drainage areas and
Table 4.4 in HMR-49 for determining PMP values for durations of less than 1
hour.

Response 7

The PMF for Pipeline Arroyo was recalculated using the suggested HMR-49
reference to address Comments 4, 5, and 7 which were all directed toward
the determination of the PMF. The recalculation was performed to assess
the impact that the Nuclear Regulatory Commission’s (NRC) recommendations
would have on the magnitude of the PMF. The PMF culculation was modified
to include moving the discharge point from the location at which Pipeline
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Arroyo enters the tailings impoundment area to the lccation at which Pipe-
line Arroyo exits the tailings impoundment area. In addition, hydrograph
parameters were selected from HMR-49 (NOAA and COE, 1984) as suggested hy

the NRC in Cumment 7, instead of the Design of Small Dams (U.S. Bureau of
Reclamation, 1972), whic' was used in the original calculation.

Table 1 presents a comparison of the two PMF calculations. The peak dis-
charge for the original PMF was estimated as 25,000 cubic feet per second
(cfs) while that of the recalculated PMF was estimated as 26,300 cfs. The
recalculation produced an increase of only five percent.

The recalculated peak cischarge was input into the HEC-2 program to o' .erve
the effects of the increase in peak discharge. Table 2 summarizes the
effects on chaniel velocity and water surface elevation. The average
increase in flow velocity is 0.16 fps, while the average increase in water
surface elevation is 0.4 feet. Thus, the effects of the increase in peak
discharge are minimal and can be effectively ignored. Therefore, the
original calculations based on a PMF of 25,000 cfs are considered valid and
channel designs were not recalculated.

A detailed discussion of the modifications made to the PMF calculation is
presented in the following paragraphs.

The original PMF calculation for the Reclamation Plan was bHased on the
following factors:

o The distribution of rainfall within the one-hour period wa: taken from

the Design of Small Dams (U.S. Bureau of Reclamation, 1977). Rainfall
was distributed sc that <8 percent fell during the first quarter hour,

71 percent during the first halt sour, 88 percent during the third
quarter heur, and 100 percent during the entire hour.

o The areal adjustment factor of 0.74 was taken from Figure 21 of Design
of Small Dams (U.S. Bureau of Reclamation, 1977).
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o The drainage basin watersiied characteristics were based on a discharge
point at the location at which Pipelii2 Arroyo enters the UNC tailings
impoundment area. Figure 7-3 of the Reclamation Plan shows the drain-
age basin boundary. The basin has its outlet adjacent to the northern
edge of the North Cell of the tailings pile. This discharge point
results in a drainage area of 16.74 square miles, . water course
length of 6.18 miles, and a maximum relief of 785 feet.

The followina changes were made in recalculating the PMF:

o The distribution of roainfall within the one-hour period was taken from
HMR-49 (NOAA and COE, 1984). Rainfall was distributed so that 74
percent fell during tho first quarter hour, 89 percent during the
first half hour, 95 pe)cent during the thivd quartur hour, and 100
percent during th2 entire hour.

o The areal adjustment factor of 0.75 war taken from Figure 4.9 of HMR-
49 (NOAA and COE, 1984),

o The drainage basin cheracteristics were based on a discharge point at
the location at wk .h Pipeline Arroyo exits the UNC tailings impound-
ment area. As shown on Figure 3 of the Reclamation Plan, drainage
basins Al, A2, B, and the unmarked drainage basin northwest of tkre
Pipeline Arroyo were added to the original drainage basin boundary.
Drainage basin C was not included because water from this basin drains
into .he south diversion ditch which discharges into the Pipeline
Arroyo south of the UNC tailings area and below tlhie base control
structure.

Thus the watershied has its outlet just upstream of the South Cell
discharge point into Pipeline Arroyo. This discharge point resulis in
a drainage area of 18.22 square miles, a water course length of 6.98
miles, and a maximum relief of 819 feet.

ot
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An additional factor which affected the decision to use the rainfall dis-
tribution and areal adjustment factor from the QDesign of Small Dams (U.S.
Bureau of Reclamation, 1977) was that this is the referenced methodology
required by the New Mexico State Engineer’s Office. Since UNC must satisfy
New Mexico requirements as well as federal requirements, the factors from

Design of Small Dams (U.S. Bureau of Reclamation, 1977) were used in all

PMF calculations.

The calculations for the original PMF and the recalculated PMF determina-
tion as well as the HEC-2 output are attached.

Comment §

You indicate that PMF velocities within the channel will range from 27.2 to
37.3 fps. Although you expect bank and channel erosion and degradation,
you do not expect channel migration int. the tailings area. On this basis,
you conclude that the Pipeline Arroyo is stable. However, in a previous
report by Simons, Li and Associates, the following is indicated:

Simons, Li and Associates (SLA) (1980) concluded that under PMF conditions,
the disposal site cannot be considered stable for several reasons. These
relate to the stability of the outcrop forming the nickpoint, the fact that
the disposal site is located in alluvial material, the potential for high
velocity flows to cause the channel to shift laterally, and the fact that
the PMF conditions, as determined ‘n their analysis, would cause the tail-
ings embankment to be overtopped. Also, the high velocities which would
result under PMF conditions would make the design of a riprap cover dif-
ficult. Similar conclusions were drawn for the 500-year flood condition
with the exception that the overtopping of the embankment would not nec:s-
sarily occur. However, for the same reasons as noted above, the site was
shown to be unstable.
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SLA further indicated that:

A. Stability of the nickpoint outcrop has not been demonstrated. Ouring a
flood, discharges would change from subcritical flow above the outcrop
to supercritical flow below the outcrop. This increase in velocities
would result in a high erosion potential.

B. The lateral extent and continuity of the outcrop was questioned by SLA.
We agree with this concern, and note that if the outcrop is faulted or
nonexistent at points laterai to the present position of Pipeiine
Arroyo, there may be a tendency for the stream to migrate around the
nickpoint thereby causing the flood to impact upon the tailings
impoundment area.

C. SLA noted that because of the sediment deficit in the flow, shifting of
the channel under flood conditions would be 1ikely. Furthermore, over
long-term periods, the recurrence of multiple floods of smaller mag-
nitudes could cause progressive shifts of the channel which could
eventually impact upon the impoundment. As noted by SLA, because the
site is underlain by 2lluvium, the channel could exist at almost any
point within the valley.

D. As noted in item "A" above, degradation of the stream channel down-
stream from the nickpoint could occur where the flow goes from sub-
critical to supercritical flow. Even under the revised PMF, this
condition could occur and cause head-cutting which would migrate up-
stream and impact on the outcrop.

Since SLA concluded that the site would not be stable for even a 507 vear
event, it is very likely that the site would ¢1so be unstable for your PMF,
sssuming that SLA’s conclusions are valid. You should therefore provide
additional information to justify the stability of the site in terms of
SLA’s concerns stated above.
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Response 8

The stability analyses performed by SLA in 1980 considered a much larger
PMF (90,000 cfs versus 25,000 cfs) through the existing channel configura-
tion with its unstable nickpoint and steeper channel slopes. Therefore,
SLA conclusions are invalid for the reconfigured channel as proposed in the
revised Reclamation Plan. Further, it is inappropriate to justify stabi-
lity in terms of SLA’s cencerns. Our design is justifitd in terms of NRC
regulatory criteria.

The evaluation performed in the keclamation Plan was based on the effects
of the smaller more realistic PMF (see response to Coment 7) on a recon-
figured channel, & deapened, enlarged, and controlled nickpoint, and con-
struction of a ba<z control structure to provide base level control at twe
locations.

The Pipeline Arroyo stability evaluation described herein considers the
ability of the modified channel configuration to prevent the release of
tailings within a 1,000-year period or during the occurrence of the PMF,
The stability of the channel both upstream and downstream of the nickpoint
is addressed.

Pipeline Arroyo can be considered stable for the following reasons:

1. The incision of the nickpoint by approximately 20 feet into com-
petent rock provides both horizontal and vertical stability at
this point.

2. The base control structure limits the amount of head cutting that
will occur downstream of the nickpoint, will provide both horizon-
tal and vertical stability at this location, and will prevent the
migration of head cuts from downstream locations.

3. Meander growth of the channel will not intrude upon the tailings
and cause the release of tailings.
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4. The modified channel will fully contain the PMF so that no flow
impinges upon the ta lings embankment.

The existing channel will be recanfigured to a trapezoidal channel with
3H:1V side slopes and a 20-foot bottom width. The channel bottom will be
excavated to provide a uniform slope from the north UNC property boundary
to *he bottom of the incised rock outcrop of the nickpoint. Thus, the
channel will be deepened by up to 20 feet in the area adjacent to the
tailings impoundment upgradient of the nickpoint. This deepening of the
channel performs two important geomorphic functions. First, it contains
the FMF within the channel so that no flow impinges upon the tailings
impoundment. Second. it creates a large volume of overbank material that
must be eroded before the channel can impinge upon t e tailings.

Figure 7-5 of the Reclamation Plan i’lustrates how the incision into the
nickpoint will he made The incicion will deepen the nickpoint into less
weathered, more competent Zone 5 sandstone than is presently exposed. The
depth of the incision will Le a minimum of 20 feet and may be greater to
ensure that competent material is exposed. The in place rock of the nick-
point and the added riprap will function as a base-level control structure
for vertical stability. Since all flows will be directed through the
nickpoint via the deepened channel above the nich,oint, its erosion-resis-
tant walls of rock and riprap wi’i zrovide horizontal stability at this
point.

While mearder growth will occur upstream and downstream of the nickpoint
within the deepened channel, the incision will preclude meander growth in
the immediate vicinity of the nickpoint. Meander growth will occur up-
stream and downstream of the nickpoint as a result of 1) more frequent,
smaller magnitude floods such as the 2, 5, 10, and 25 year floods, 2) less-
frequent higher magnitude floods such as the 100, 200, 500, and 1,000 year
floods, and 3) the PMF.
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The effects of the smaller magnitude floods can be demonstrated by observ-
ing existing meander patterns. The meander amplitude of the existing
channel below the nickpoint is presently 145 feet while that above the
nickpoint varied from 50 feet to 170 feet. Given this range of mearder
amplitude for the widely varyino existing channe!l slopes (0.053 ft/ft for
the channel downstream of thz nickpoint and 0.0018 ft/ft for the channel
upstream), the meander umplitude of the reconfigured channel is expected to
be no more than 150 to 170 feet for either channel segment. Thus, the
extent of meander growth toward the tailings area wiil be lTimited to 75
feet Lo 85 feet.

Figures 7-1 and 7-2 (attached) indicate that the shortest distance from the
reconfigured channel center line to the tailings material is 280 feet.
Therefore, such meander growth will not reusult in the release of tailings.
This design is in compliance with NRC criteria.

Another approach to estimating meander growth is through the use of a
formula by Leopold and Wolman (1957) that relates meander amplitude to
channel width at bankfull stage.

The equation is:

As 27w

Where: A = meander amplitude in feet
W = width at bankfull stage in feet

This formula was derive for channels in alluvial areas. Application of
this formula to the area uelow the nickpoint can be made by using a bank-
full width relate” to the mean annual flood asount. This fiood amount was
determined to be 150 cfs. The bankfull width was determined to be ap-
proximately 4u feet. The meander amplitude predicted by the above equation
is 156 feet which compares favorably to the 145 feet of the existing chan-
nel.
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By extending this formula to include bankfull widths for larger magnitude
flood events within the reconfigured channel, the following meander ampli-
tudes can be predicted.

Return Peak Channel Meander Potential Movement
Period Discharge Width Amp1itude Toward Tailings
Lyrs) —lcfs) (ft) (ft) (ft)

1,000 7,600 8s 360 180

PMF 25,000 125 550 275

Thus, the predicted movement toward the tailings by the channel influenced
by the PMF is less than the actual distance to the tailings area.

While th's method iliust-ates the stability of the reconfigured channel, it
is also conservative in that it does not account for the large volumes of
material that must he eroded between the reconfigured channel and the
tailings before tailings would be released. For example, the volume of
material between the channel and the tailings at the closest distance is
approximately 970 cubic yards (cy) per yard of bank length. This entire
volume must be eroded during meander growth or channel movement before
tailings will be released. The amount cf material in the area balow the
nickpoint is two to four times greater than this,

While localized scour will develop along the reconfigured channel bottom
during flood events, the scoured areas will fill in during the receding
phase of the flood. The vertical stability induced by the incised nick-
point and the base control structure will prevent head cutting from affect-
ing the channel configuration.

In consideration of the above evaluations, the reconfigured channel can be

considered stable since no tailings will be released during a 1,000-year
period or during a PMF event.
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Comment 9

In sizing the required riprap, you used the Corps of Engineers procedure
reoort by Maynord (1972). Since this procedure was modified by Maynord
(1987), the sizing methodology should reflect the latest changes in riprap
design. Discuss how the proposed riprap size (Maynord, 1972) compares to
the computed riprap size from the 1987 Maynord procedure. Preliminary
estimates by NRC indicate that the riprap proposed for the section within
the incised nickpoint in rock (your calculation on page (-5) may be too
small.

Response 9

The Corps of Engineers’ rer.rt concerning Mr. Maynord’s modification has
not yet been nuk'i-had  However, a cupy of Mr. Maynord’s dissertation was
obtained from the author. The methods proposed in his dissertation were
used to recalculate riprap size estimates for the purpose of comparing the
proposed riprap size to those estimated by the 1978 Maynord procedure.

Table 3 provides ~ comparison of the original and recalculated riprap
size estimates. The recalculated riprap sizes increased over the original

riprap sizes. Also, the thickness of the riprap layer generally increased.

Maynord’s 1987 method is a very recent change. It has neither been field
tested or accepter. as a standard engineering practice. Canonie and UNC
believe that it is inappropriate tc adopt such a new procedure without
extensive evaluation, particularly in light of the significant potential
impacts it has on the currert design.

Comment 10

You indicate that your HEC-2 routing of the PMF resulted in channel velo-
cities upstream of the nickpoint of 16.2 to 21.2 fps. These hig: veloci-
ties yielded bed degradation of 7.3 feet [please provide the Neill (1973)
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reference]. Discuss how the nickpoint will be affected by such high velo-
cities. If some degradation is expected at the nickpoint, discuss how this
degradation will affect the pile.

Response 10

A review of the bed degradation calculations revealed that the empirical
formulae described in Neill (1973) are applicable only to wide alluvial
channels where the widih of water surface is nearly equal to the width of
the channel bottom (i.e., the flow depth is nearly constant across the
channel). This condition is not met with the reconfigured channel. There-
fore, Neill’s formulae are not applicable to this situation. The Neill
reference is included in the 1ist of references for this document.

The competent portions of the exposed nickpoint will be only minimally
affected by the high velocities of the PMF. Any weathered zones may be
affected to a greater 2xtent if not protected by riprap. Because the
nickpoint will be excavated to a minimum depth of 20 feet below the exist-
ing surface or to the depth of competent rock, only the entrance and exit
of the nickpoint might be expected to contain weather zones. However,
these sections will be protected by riprap. With this riprap protection in
place, degradation at the nickpoint will be minimal, therefore, tailings
will be unaffected.

Comment 11

Discuss whether a lowering of the nickpoint would result in head-cutting of
the channel that might migrate to the tailings area.

Response 11

Lowering of the nickpoint will not result in head-cutting of the channel
because the channel wiil be excavated to a uniform slope from the northein
boundary of the UNC property to the bottom of the incised nickpoint. Minor
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changes in the elevation of the channel bottom may occur as the channel
determines a new dynamic equilibrium. These changes are expected to be
less than one foot in magnitude.

Comment 12

You indicate that channel migration during the period 1952-1985, resulted
in a change in meander amplitude of 120 feet. What were the magnitudes of
the discharges that caused this migration. Could the meander significantly
increase with a PMF magnitude event? It may be possible for the base
control structure to change the upstream behavior of the channel. Discuss
how this structure will affect the channel and ultimately the stability of
the pile.

Response 12

Table 7.2 of the Reclamation Plan indicated that the meander amplitude of
the channel above the nickpoint increased from 5C fcet in 1952 to 170 feet
in 1978, then decreased to 150 feet in 1983 and 110 feet in 1985. The
natural discharges and sediment 'oads that produced these changes were not
recorded. Mine water discharges were recordsd from 1968 to 1986, but the
magnitude of these flows (less than 11.5 cfs) was w'ch less than naturally
occurring flows. For example, the mean anrual flood, which has a recur-
rence interval of 2.33 years, has an estimated peak discharge of 150 fs.
This estimate was based on precipitation information from NOAA Atlas 2,
Volume IV - New Mexico (NOAA, 1973), and the SCS triangular hydrograph
method for peak discharge calculations. Flows of this magnitude anc
greater have been observed, but not recorded, by UNC facility personnel.

The larger natural discharges may have had an overriding effect on the
channel morphology depending on the discharge and sediment load of the
flood event and the length of time between a flood event and the time the
aerial photographs were taken. Because of the lack of information concern-
ing naturally-occurring flows, relating meander amplitude to discharge in
Pipeline Arroyo directly is impossible.
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The response to Comment 8 provides additional discussion of meander growth
in this area.

Comment 13

Will any riprap be placed in the South Diversion Ditch for channel protec-
tion or stabilization? I[f yes, provide thy design details of the ditch.
Discuss the method used to size the riprap. Include PMF flow, velocities,
and any assumptions made in designing the ditch. If not, discuss why flood
flows will not affect the pile.

Response 13

Section 7.4 of the Reclamation Plan demonstrates that both the South and
North Diversion ditches can safely convey the PMF. It will not be neces-
sary to place riprap in the South Diversion Ditch because the minimum
distance from the ditch to the tailings area is 400 feet. At the location
of this minimum aistance, which is between the South Diversion Ditch and
the South Ceil Drainage Channel, stallow soil is underlain by Zers 1 sand-
stone. The sandstone will greatly impede the progress of channel migra-
tion. Since the ditch is capable of conveying the PMF without overtopping,
the only way that the ditch could impact the tailings areas would be if the
ditch migrated 400 feet through the Zone 1 sandstone. This is considered
highly unlikely.

During the site visit on April 19 and April 20, 1988, the NRC representa-
tives expressed concern that two curves on the North Diversion Ditch may be
the location of increased amounts of erosion that could allow flood flows
to pass onto the tailings area. Revised Figure 7-1 shows the locations of
the two curves. Cross sections were developed and hydraulic calculations
were performed for these locations. CZross Sections DD-DD and EE-EE on
Figure 7-9A (attached) show that the curved sections of the North Diversion
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Ditch will contain the PMF without overtopping the embankment. In addi-
tion, the calculated flow velocities were moderate and the flow was sub-
critical at both locations (froude number less than 1.0). Thus, the hy-
draulic calculations indicate *hat the potential for the North Diversion
Ditch to migrate into the tailings pile is minimal. Therefore, it will not
be necessary to place riprap into the existing portions of the North Diver-
sion Ditch.

A summary of the hydraulic calculations for the PMF at the two curved
sections of the North Diversion Ditch are provided below:

Parameter = Cross Section 0D-OD  Cross Section EE-EE
Peiak Discharge 1081 cfs 1081 «cfs
Flow Velocity 8.0 fps 6.5 fps
Flow Depth 5.1 ft 4.0 ft
Froude Number 0.7 0.7

The calculations for the flow velocity, depth, and froude number are at-
tached.

Comment 14

Will drainage swale(s) be protected from erosion with riprap or rock mulch?
If yes, discuss how the riprap was designed and pravide the supportiny
calculations. If no, discuss why riprap is not required in terms of ex-
pected velocities.

The South Cell Drainage swale will not “equire protection with riprap or
rock mulch because of the shallow channel slope of approximately 0.0012
ft/ft. The peak flow velocity in this swale during the PMF will be ap-
proximately 2.5 fps. This velocity is well below the maximum permissible
velocity of 3.0 fps for a channel in easily eroded soil with a grass cover.
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Due to the addition of the North Cell Drainage Channel, the North Cell
Branch swales have been redesigned. Revised Figures 7-1 and 7-2 illusirate
the current configuration of the North Cell Branch swales. The slope of
the North Cell Branch swales has been reduced from 0.005 ft/ft as described
in the Reclamation Plan to 0.002 ft/ft to ensure that they will also not
need riprap. The resulting peak flow velocities ot the PMF will be 2.4
fps.

Analysis of the shear stress or tractive force induc-. by the concentrated
flows within the South Cell Drainage swale and the North Cell Branch swales
was performed. Table 4 indicates that runoff produced by the 200-, 500-,
and 1,000-vear rainfall events will develop tractive forces within the
swales that are less than the limiting tractive forces (LTF) for an un-
vegetated channel constructed in non-colloidal silt loams. This LTF is
0.110 pounds per square foot (psf) according to Lane (1955, as provided in
Barfield, et al., 1985).

Only the PMF produced tractive forces greater than 0.110 psf in both
swales. However, this factor is mitigated by the folluwing conditions:

1. The swales will be vegetated with a dense cover of grasses and
shrubs that will effectively bind the soil particles with their
root mass. Also, the litter from such vegetation will form a
mulch in many areas that effectively protects the soil from direct
impingement of the erosive forces of the PMF,.

2. The duration of the flow for which the tractive ftorces will be
greater than the LTF will be relatively short (17 minutes in the
South Cell Drainage swale and 27 minutes in the North Cell Branch
swales).

3, The probability of occurrence of the PMF is extremely small.
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Thus, the swales will not erode greatly in a 1,000-year period because

1) flow velocities are less than the MPV, and 2) the tractive forces pro-
duced by the runoff from the 1,000-year storm are less than the LTF. The
occurrence of the PMF will cause minor amounts of erosion, but the vegeta-
tive cover and the short duration of the event mitigate the amount of
erosion.

The calculations for the PMF and riprap determinations are attached.

The design of the North Cell drainage channel has been changed so that it
will be riprapped at the locations shown on the revised Figure 7-2 (at-
tached). The channel will be reconfigured into a trapezoidal ditch with a
ten-foot bottom width and 3H:1V side slopes. The channel has been divided
into two sections with riprap being sized individually for both the upper
and lower channels (see revised Figure 7-2). The riprap size design es-
timates for the North Cell drainage channel were derived using Maynord’s
1978 methods. See Response 9 for additional comments regarding methods and
calculations used in determining riprap sizes.

Comment 13

Other than the Universal Soil Loss Equation, an in-depth analysis of cover
erosion/degradation is lacking. Have you analyzed the depth and velocity
of flow over the cover? Would a shear stress analysis indicate that the
cover is stable? Since the average cover slope is approximately 2 percent,
what is the steepest slope and where is it located? Did you assume any
potential fc» sheet flow concentration on the cover? Provide justification
to show that a % foot cover will provide adequate erosion resistance for
1000 years. Also, please address the potential for gullying to occur on
the pile or on the steep embankment (5:1) and discuss how gullying will
affect the stability of the reclaimed pile.
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Response 15

The depth and velocity of flow over the cover has been analyzed and pre-
sented in the response to Comment 2. The steepest slopes over the cover
are 14H:1V and are located at two points at the eastern boundary of the
tailings within the existing Central Cell area. B5H:1V slopes are presented
in the design of the outer slope of the reconfigured tailings embankment.
Our response to Comment 2 provides additional detailed analyses of the
depth and velocity of flow over these areas including sheet flow concentra-
tion and gullying potential.

The analyses indicate that overland flow velocities on the cover and the
embankment were less than 3.0 fps for 100-, 200-, 500-, and 1,000-year
storms, The analyses used flow concentration factors of 2.0 on the cover
and 2.5 on the embankment slopes. Thus, the cover and the embankment will
experience only minor amounts of erosion during a 1,000-year period and can
be considered stable.

The response to Comment 14 includes shear stress or tractive force analyses
for the swales of bcth the North and South Cells where overland flows will
be concentrated. The analyses indicated that the tractive forces of over-
land flows resulting from 200-, 500-, and 1,000-year storms do not exceed
the limiting tractive forces of an unvegetated channel construction in
easily-eroded soils. Thus, the cover under the swales will be only mini-
mally eroded during a 1,000-year period and cin be considered stable.

Since only minimal amounts of erosion will occur on the cover, the four-
foot thickness of the cover is more than adequate for a 1,000-year period.
Also, the overland flow velocity and tractive force analyses indicate that
concentrated flows will not cause gullies to form on either the tailings
cover or the embankment slopcs. Thus, gullying will not affect the stabi-
lity of the pile.

o
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Comment 16

The channel mcdification proposed for Pipeline Arroyo assumes that runoff
from the entire 16.7 square mile drainage area will flow into the modified
channel. Since the channel of Pipeline Arroyo upstream of the tailings
pile is largely undefined consisting of a broad floodplain, the staff is
concerned that, during a PMP event, floodwaters will spread across the wide
floodplain potentially impacting and eroding the north end of the reclaimed
pile which could be affected if a PMF does not remain fully contained in
Pipeline Arroyo.

Response 16

The proposed reconfigured channel is designed to convey the entire PMF in
those areas adjacent to the west side of the tailings area. It was not
assumed that all of the PMF would drain into the channel in the area north
of the tailings area. The floodplain in this area will be utilized as part
of the flow system.

Figure 7-2 shows that the reconfigured channel will intercept the existing
primary flow path within Pipeline Arroyo at the northern UNC property
boundary. At channel Cross Section 17 (Figure C-2 of the Reclamation Plan)
the reconfigured channel will convey 77 percent of the PMF while the east
overbank area will convey 17 percent and the west uverbank the remainder.
Thus, the greatest portion of the flow will flow within in the channel.

Should a different primary flow path develop upstream of the entrance to
the reconfigured channel that allows flow to occur on the floodplain, two
mechanisms will occur that would route the PMF away from the reconfigured
channel, back to the reconfigured channel. First, once the overbank por-
tion of the PMF enters the reconfigured channel, the larger, steeper,
reconfigured channel will effectively "rob" the major portion of the flow
from the natural channel. Second, the North Division Ditch will intercept
any flow paths in the floodplain and redirect the flow to the reconfigured
channel. Thus, even if flow paths cther than the existing primaryv flow

T
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path were to develop, no release of tailings would accur because the new
flow paths would be directed back to the reconfigured channel.
Furthermore, the design of the North Diversion Ditch and the reclaimed
tailings area is such as to minimize the potential for the PMF to erode
into the northern section of the tailings area and cause the release of
tailings. The major mechanisms designed to prevent erosion in this area
are 1.sted below:

o The configuration of the reclaimed tailings area will direct flows
into the North Diversion Ditch and away from the tailings.

o A tuffer area approximately 300 feet in length from the base of the
reconfigured area to the location of the coversd tailings material
will protect the tailings from release. This buffer area exists
between the PMF floodplain boundary and the tailings boundary.

o The erosive capacity of the PMF at the floodplain boundary is minimal
because this area is in the backwater porticn of the floodplain.

Each of these mechanisms is described in the following paragraphs.

Cross Section FF-FF on Figure 7-9A shows the cross section from the tail-
ings area to the North Diversion Ditch and illustrates the downward gra-
dient from the tailings area into the ditch. This design direciy water
away from the tailings area and therefore minimizes the poteni.al for
erosion of the area during the PMF. Furthermore, any secondary channel
flow that arises during the PMF will be intercepted by the North Diversion
Ditch and routed away from the north tailings embankment.

As shown in the plan view of the site on Figure 7-2, approximately 300

feet of alluvial and tailings cover materials will separate the tailings
from the estimated extent of the PMF. The cross section of this area shown
on Figure 7-9A further illustrates that this significant buffer area will
protect the tailings from erosion volume. Furthermore, the erosive capa-
city or the PMF against the buffer area is minimal because this area is in
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the backwater portion of the PMF floodplain. The backwater will have
extremely low velocities. Approximately 340 cy of material per yard of
bank length must be eroded before tailings are released.

The surface water flow patterns combined with the 300-foot buffer area both
inhibit the development of secondary flow paths and minimize the potential
for any of these paths to erode into the tailings area.

Comment 17

The reclaimed pile in the vicinity of the borrow pit has slopes that are
significantly steeper than the top of the pile. At the point where these
steep slopes transition onto the flatter slopes of the pile top, there is a
potential for scour of the reclaimed surface and potential exposure of the
tailings. Please provide an analysis of the potential for scour at this
location. If the conclusion is reached that there could be sufficient
scour over a long period to expose tailings, you should modify your recla-
mation plan to minimize this potential for erosion. This can be accom-
plished by moving the toe of the steeper slope back away from tailings onto
native soil or by providing rip-rap at the critical slope transition loca-
tions.

Response 17

The response to Comment 2 indicates that the configuration of the reclaimed
pile was adjusted to ensure that overland flow velocities would not cause
scouring of the tailings cover. The analyses indicated that overland flow
velocities were less than the MPY of 3.0 fps for storms with return periods
of 1,000 years and less. Thus, the reclaimed pile will not allow scouring
of the cover at the steepest locations and no release of tailings will
occur.

4
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Comment 18

An independent evaluation by the staff indicates that a PMP event will
result in erosive velocities on the reclaimed outslopes. Consequently,
rip-rap erosion protection will be required. Please provide a rip-rap
design for the 5H:1V outslopes. Alternately, you may flatten the slopes so
that runoff velocities from extreme flood events are reduced and the poten-
tial for erosion is minimized. If the selected option is to flatten the
slopes, you must further consider the potential for flow concentration and
gully formation.

Response 18

The response to Comment 2 indicates that the overland flow velocities
induced by the PMP event will cause erosive velocities on the embankment.
However, the duration of the period during which these erosive velocities
would occur was only 24 minutes. Also, the locations at which gullying
would start as indicated by flow velocities greater than 3.0 fps was 46
feet from the crest of the embankment. Thus, only limited amounts of
gullying will occur on the embankment slopes and this gullying will not
cause the release of tailings.

Comment 19

Modifying Pipeline Arroyo as you propose will alter the hydrology of the
stream by changing the slope and reducing the stream length by eliminating
meanders. These changes will result in channel instability upgradient of
the modified channel. You should therefore discuss how the unstable chan-
nel will adjust to reach a condition of equilibrium and how this adjustment
will affect your reclamation plan.

Response 19

The response to Comment 8 addressed meander growth in the reconfigured
channel upstream of the nickpoint.

- ‘
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The current extent of meandering in the existing channel both upstream and
downstream of the nickpoint can be used as a model of the probable extent
of meander growth in the reconfigured channel upstream of the nickpoint.
Table 7.2 of the Reclamation Plan shows that the meander amplitude for the
channel downstream of the nickpoint was 15 feet in 1985 and a maximum of
170 feet upstream of the nickpoint.

New meanders in the channel upstream of the nickpoint are likely to have
amplitudes near 170 feet because 1) the slope of the reconfigured channel
above the nickpoint will be less than the present channel slope below the
nickpoint, but greater than that above the nickpoint, and 2) the recon-
figured channel will be incised into the slightly-cemented alluvial mate-
rial. The slope of the reconfigured channel above the nickpoint will be
0.0075 ft/ft while that of the present channel below the nickpoint is 0.053
ft/ft and the slope above the nickpoint about 0.0018 ft/ft. Thus, the
meander amplitude should be between 145 feet and 170 feet.

Also, the depth of the modified channel will inhibit the growth of meanders
because of the large volume of bank material that must be eroded. The
cementation of the alluvial materials will inhibit the sloughing of bank
material and produce nearly vertical channel walls at the outside edge of
meanders.

Even using 170 feet as the maximum amplitude of new meanders, the closest
the channel would come to the tailings would still be about 195 feet.
Thus, the growth of meanders in the reconfigured channel will not affect
the tailings.

Comment 20

Because of high velocities in the modified Pipeline Arroyo and the extreme
channe)l widening which is now occurring due to bank collapse, we are con-
cerned that the modifications proposed for Pipeline Arroyo will not result
in a stable stream channel. You should therefore provide rip-rap erosion
protection for the channel particularly on the east bank which is closest
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to the tailings pile uriess you can conclusively demonstrate that erosion
of the Arroyo will not adversely affect the stability of the pile over a
1000 year period.

Response 20

considered stable because:

o The incised nickpoint and base control structure provide vertical and
horizontal stability at these locations.

o The extent of meander growth in this area will not reach the tailings
area.

o The large volume of overbank material that must be eroded slows the
rate of meander growth and the extent of channel movement.

Because no tailings will be released within a 1,000-year period or during

the passage of the PMF, the channel can be considered stable and nc riprap
is needed for armoring the channel sides

MT/klg

The response to Comment 8 indicates that the reconfigured channel can be
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TABLE 1

PARAMETERS USEN TO CALCULATE THE PMF
FOR THE PIPELINE ARROYO

Original Revised
Matershed
Drainage Area (square miles) 16.74 18.22
Mean Basin Elevation (feet) 7,275 7,275
Water Course Length (miles) 6.18 6.98
Maximum Relief (feet) 785 819
Areal Adjustment
HMr 491 0.75
Design of Small Dams® 0.74
PMF (cfs)
HMr 49(1) 26,300
Design of Small Dams? 25,000

(1)
Reference, NOAA and COE, 1984

(2) Reference, United States Bureau of Reclamation, 1977
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TABLE 2

COMPARISON OF CHANNEL VELOCITIES
AND WATER SURFACE ELEVATIONS

27.26
22.71
20.61
27.58
29.73
30.37
21.18
20.26
18.80
19.38
20.01
18.60
21.23
16.20
16.39
20.89
19.90

27.
22.
20.
.96
30.
30.

27

21

19.
18.
19.
20.
18.
.03
16.
16.
21.
20.

21

See Figures C-1 and C-2 in

section locations.

Channel Velocities (fps)

59
97
83

16
76

.23

61
99
54
41
66

18
69
14
05

Water Surface Elevation

5,885.
6,894.
6,896.
6,894,
6,914,
6,927.
6,935.

6,936.

6,936.
6,936.
9,941,
6,948.
6,950.
6,957.
6,960.
6,964,
6,973.

o

6,886.0

0,894
6,897

6,914,
6,827.
6,936.
6,937.
6,936.
6,936.
6,942,
6,948.
6,951.
6,957,
5,960.
6,964,
6,973.

.8

.2
6,394.8
4

5
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TABLE 3

COMPARISON OF RIPRAP sizes(?) @
BY MAYNORDS 1973 AND MAYNORDS 1587 METHODS(?)

_ Maynords 1978 Method ) _Maynords 1987 Method!?)
d d d d

Location (intRes) (inlf¥s tintRes) (inP¥s)
Pipeline Arroyo

Nickpoint 17 22 3! 39

Base Control Struct=:re 36 44 56 71
North Diversion Ditch

Downdrain 13 16 26 32
Runoff Control Ditch 5 6 8.5 11
Runoff Centrol Ditch Downdrain 23 29 31 39
South Cell Drainage Channel

Upper Section 15 19 23 29

Lower Section 24 30 36 44
North Cell Drainage Channel

Upper Section 8 10 14 17

Lower Section 6 8 11 14

Notes: (1) Maynord, Stephen 7., 1978, "Practical Riprap Design®, Miscellaneous Paper 4-78-7, prepared for Office,
Chief Engineers, U.S. Army, Washington, D.C.

(2) Maynord, Stephen T., 1987, “"Stable Riprap Size for Open Channel Flows", Ph.D. dissertation, Colorado State
University, Fort Collins, Colorado.
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FLOW CHARACTERISTICS FOR THE
SOUTH AND NORTH CELL SWALES

. South Cel) Swale __ _North Cell Branch Swale

One-Hr

RFeturn Storm Peak (2) Peak Tractive Peak Peak Tractive
Period Amount Discharge'“/Velocity Force Discharge Velocity Force
ayrs) _(inches) (cfs) (cfs) Acfs) = __(fps)

200 2.03(1) 107 1.3 0.048 46.9 1.3 0.059

500 2.341) 151 1.4 0.054 65.6 1.5 0.067
1,000 2.561) 185 1.5 0.059 85.5 1.6 0.074

PMF 8.473) 1,301 2.4 0.122 470 2.4 0.139

(1) Storm amounts derived from extensions of base data from NOAA Atlas 2 - Volume IV,
New Mexico.

(2) Peak discharges daveloped from SCS triangular hydrograph method.

(3) Storm amount derived from HMR-49.




ATTACHMENT

SURFACE WATER HYDROLOGY AND
HYDRAULIC CALCULATIONS
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1.7 CALCULATIONS IN RESPCNSE TO
COMMENT 2

Attachment 1." contains the following calculations:

o Overland flow calculations at the headwaters o the North and South
Cell, Poirt 1, for a return period o 100 years.

¢ Ovariand flow calzulations at the headwaters of the North and South
Cell, Print 1, fur a reiurn period of 270 years.

o Overland flow calculations at the headwaters of the North and South
Cell, Point 1, for a return period of 500 years.

o Overland flow calculations at the headwaters of the Ncrth and South
Cell, Point 1, for 2 return period of 1,000 years.

o Overland flow calculations at the headwaters of “he North and South
Cell, Yoint 1, for the PMP event.

o Overland flow calculations at the headwaters of the North and South
Cell, Point 2, for a return period of 100 years.

o Overland flow calculations at the headwaters of the North and South
Cell, Point 2, for a return period of 200 years.

o Overland flow calculations at the headwaters of the North and South
Cell, Point 2, for a return period of 500 years.

o Overland flow calculations at the headwarers of the North and Sou'n
Cell, Point 2, for a return period of 1,000 years.
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A-2

Overland flow calculations at the headwaters of the North and South
Cell, Point 2, for the PP event.

14H:1V embankment siope calculations to determine what duration of
overland flow velocity is greater than 3.0 fps.

Overland flow calculations at the 5H:1V embarkment for a return period
of 100 years.

Overland flow calculations at the 5H:1V embankment for a return period
of 200 years.

Overland flow calculations at the 5H:1V embankment for a return period
of 500 years.

Overland flow calculations at the 5H:iV embankment for a return period
of 1,000 years.

Overland flow calculations at the 5H:1V embankment for the PMP event,

5H:1V embankment slope calculations to determine what duration of
overland flow velocity is greater than 3.0 fps.

54:1V embankment slope calculations tc determire t'2 length of slope
for which the PMP overland flow velocity is less than 2.0 fps.

M HMHYMM71YyY Y9 Tr™m 2 P
| f (L A | e |
Adi AV L4 (R A 4 ALN



OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOO

PROJECT: UNC CHURCHROCK

86-060-4

LOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 1

RUNOFF COEF : 1
SLOPE LENGTH: 296 FT
AVE SLOPE: 0.069 FT/FT
FANNING'S n: 0.03
FLOW CONC: 2
ORAINAGE AREA: Q.006 ACRES

PEAK DISCHARGE: 9.081 CFS
CONC. DISCHARGE:.162 CFS
DEPTH: 9.972 FT

FLOW VELOCITY: 2.25 FPS

TABLE 2.1 OF NLREG 4620

RETURN PERICC: 108 YRS

14R PPT AMOINT: 1.81 "NCHES

Te ,calc): 1.745 MIN
Te (actual): 2.5 MIN
SOF L-HR PPT: 27.5 %
PPT AMOUNT: 9,497 INCHES
PPT INTENSITY: 11.94 IPH

Q = CiA

EQTN 4.46, AREG 4620

V = Q/FLOW AREA

RAINFALL PERCENT OF
OLRAT [ON 1-HR PPT
(MIN)
2.5 27.5
5 45
10 62
15 74
29 82
30 89
a5 %
650 100

EQTN 4.44, NUREGAL20

TABLE 2.1, NUREG 4620

Canonie: v ionmeria



OVERLAND FLOW CALCULATIONS USING THE UNIT WIOTH JETHOU

FROJECT: UM CHURCHROCK 86-060-4
LOCATION: NORTH AND SOUTH CELL HFAD WATERS - POINT 1

RUNOFF COEF :
SLOPE LENGTH:
AVE SLOPE:
MANNING'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE :

CONC. DISCHARGE

DEPTH:

FLOW YELOCITY:

TABLE 2.1
RAINFAL L
DURATION

(MIN)
2.5

20

as

' RETURN PERICD: 200 YRS
296 FT 1-HR 2T AMOLNT: 2.03 INCHES
@.069 FT/FT Tc (calc): 1.745 MIN
9.93 Tec (actual): 2.5 MIN
2 $OF 1-HR PFT: 27.5 %
0.006 ACRES PPT AMOINT: 9.558 INCHES
PPT INTENSITY: 13.39 IPM
9.291 CFS Q = CiA
10.182 CFS
9.977 FY S0TN 4.46, NLREG 4629
2.36 FPS vV = Q/FLOW AREA
OF NLREG 4620
PERCENT OF
1-HR PPT
27.5
a5
62
74
a2
89
-
100

CQTN 4.44, NUREGA620D

TABLE 2.1, NUREG 4620

Canoniel viror
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OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD A-5

PROJECT: UNC CHURCHROCK 86-060-4
JOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 1

RUNOFF COEF: 1 RETURN PERIOD: 500 YRS
SLOPE LENGTH: 296 FT 1-HR PPT AMOLNT: 2.34 [NCHES
AVE SLOPE: ©.069 FT/FT Tc (calc): 1.741 MIN  EQTN 4.44, NUREGA620
MANNL 5'S n: 2.93 Tc (actual): 2.5 MIN
FLOW L NC: 2 SOF 1-+R PPT: 27.5 % TABLE 2.1, NLREG 4620
DRAINAGE AREA: 9.006 \CRES PPT AMOLNT: 9.643 INCHES

PPT INTENSITY: 15.44 IPH

PEAK DISCHARGE: @..24 CFS Q = CiA
CONC. DISCHARGE:0.209 CFS

OEPTH: 0.083 FT EQTN 4.456, NLREG 4620

FLOW VELOCITY: 2.49 FPS V = Q/FLOW AREA

TABLE 2.1 OF NUREG 4620

RAINFALL PERCENT OF
DURATION 1+4R PPT
(MIN)
2.5 27.5
5 as
19 62
15 74

3 1 TN 71 Yy YT Y e
Canonie! vironme

S o

Ul



OVERLAND FLOW CALCULATIONS USING THE UNIT WICTH METHOD A-6

PROJECT: UNC CHRCHROCK B86-060-4
LOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 1

RUNOFF COEF: 1
SLOPE LENGTH: 295 FT
AVE SLOPE: 0.069 FT/FT
MANNING'S n: 9.03
FLOW CONC: 2
DRAINAGE AREA: 0.006 ACRES

PEAK DISCHARGE: @.114 CFS
CONC. DISCHARGE:0.228 CFS
DEPTH: @.088 FT

FLOW VELOCITY: 2.58 FPS

TABLE 2.1 OF NLREG 4620

RETURN PERICD: 1000 YRS
1-HR PPT AMOUNT: 2.56 INCHES
Tc (calec): 1.741 MIN EQTN 4.44, NUREGAG20O
Te (actual): 2.5 MIN
$OF 1-HR PPT: 27.5 % TABLE 2.1, NUREG 4620
PPT AMOLNT: 0.704 INCHES
PPT INTENSITY: 15.89 1F4

Q = CiA

EQIN 4.46, NUREG 4620

V = Q/FLOW AREA

RAINFALL PERCENT OF
DURAT[ON 1+R PPT
(MIN)
2.8 27.5
5 a5
19 62
15 74
20 B2
30 89
45 %5
60 100

Canoniet:r wvircnmentai



OVERLWND FLOW CALOULATIONS USING THE UNIT WIDTH METHOD

PROJECT: UNC “HURCHROCK 86-060-4
LOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 1

RUNOFF COEF :
SLOPE LENGTH:
AVE SLOPE:
MANNING'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE :
CONC. DISCHARGE

DEPTH:

FLOW VELOCITY:

TABLE 2.1

RAINFALL
DURATION
(MIN)
2.5

5

19

16

29

30

a5

60

1
296 FT
0.069 FT/FT
0.03
2
2.006 ACRES

9.379 CFS
:10.758 CFS
0.181 FT

4.17 FPS

OF NUREG 4629

RETURN PERIOD:

P YRS

1-HR PPT AMOUNT: B.46 INCHES

Tc (calc):
Tc (actual):
$OF 1-HR PPT:

PPT AMOUNT
PPT INTENSITY

Q = CiA

1.745 MIN
2.5 MIN
27.5 %

: 2.326 INCHES

: 56.83 IMH

EQTN 4,45, NUREG 4520

V = Q/FLOW AREA

PERCENT OF

1-HR PPT

27.5

EQTN 4.44, NUREGAG2Q

TABLE 2.1, NUREG 4620
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OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD A-8

PROJECT: UNC CHURCHROCK 86-060-4
LOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 2

RUNOFF COEF: i RETURN PERIOD: 100 YRS
SLOPE LENGTH: 375 FT 1-HR PPT AMOUNT: 1.81 INCHES
AVE SLOPE: 0.071 FT/FT Te (calc): 2.071 MIN  EQTN 4.44, NUREGAG20
MANNING'S n: 0.03 Tc (actual): 2.5 MIN
FLOW CONC: 2 SOF 1-HR PPT: 27.5 % TABLE 2.1, NUREG 4620
CRAINAGE AREA: 0.008 ACRES PPT AMOUNT: @.497 INCHES

PPT INTENSITY: 11.94 IPH

PEAX DISCHARGE: 0.102 CFS Q = CiA
CONC. DISCHARGE:9.206 CFS

DEPTH: @.082 FT EQTN 4.46, NLREG 4620

FLOW VELOCITY: 2.50 FPS V = Q/FLOW AREA

TABLE 2.1 OF NUREG 4620

RAINFALL PERCENT OF
DURAT [ON 1-HR PPT
(MIN)
2.5 27.%

19
15
20

ERBBIRE

canﬂnielf;} vironmenial




oT: UNC CHURCHROCK 86-060-4
CATION: NORTH AND SOUTH CELL HEAD WATER

RETURN PERICD: 200 YRS
{-HR PPT AMINT: 2.03

RUNOFF COEF:

WPE LENGTH:

[NCHES
AVE SLOPE:

MANNING'S n:
W O OONC:

Canonie




OVERLAND FLOW CA' CULATIONS USING THE UNIT WIDTH METHOO

PROJECT: UNC CHIRCHROCK 86-060-4

LOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 2

RUNCFF COEF:
SLOPE LENGTH:
AVE SLOPE:
MANNING'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE :
CONC. DISCHARGE
DEPTY,

FLOW VELOCITY:

TABLE 2.1

RAINFALL
DURATION
(MIN)
2.5

10
15
20

1
375 FT
0.071 FT/FT

9.23 Te (actual): 2.5 MIN
2 SOF 1-HR PPT: 27.5 %
0.008 ACRES PPT AMOUNT: 9.643 NG .CS
PPT INTENSITY: 15.44 IPH
9.132 CFS Q = CiA
:10.265 CFS
9.996 FT EQTN 4.46, NUREG 4629
2.77 FFS V = Q/FLOW AREA
0OF NUREG 4620
PERCENT OF
1<R PPT
27.5
45
62
74
82
89
%
100

RETURN PERICD:

L-HR PPT AMOUNT: 2.34 [NCHES

500 YRS

Tc (calc): 2.971 MIN

A-10

EQTN 4.44, NREG © ¢

TABLE 2.1, NUREG 4620

Canonie’ rvironmenia,




OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD

PROJECT: UNC CHRCHROCK 86-060-4
FOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 2

RUNOFF COEF: 1 RETURN PERICO: 1000 YRS
SLOPE LENGTH: 375 FT 14R PPT AMOUNT: 2.56 INCHES
AVE SLOPE: 0.071 FT/FT Tec (calc): 2.971 MIN EQTN 4.44, NUREGAG20D
MANNING'S n: 0.03 Te (actual): 2.5 MIN
FLOW CONC: 2 SOF 1-HR PPT: 27.5 % TABLE 2.1, NUREG 4620
DRAINAGE AREA: 9.0@8 ACRES PPT AMOUNT: 9,704 INCHES
PPT INTENSITY: 16.89 IPH

PEAK DISCHARGE: @.145 CFS Q =CiA
CONC. DISCHARGE:0.299 CFS

DEPTH: @.1Q1 FT EQTN 4.46, NUREG 4620

FLOW VELOCITY: 2.87 FPS V = Q/FLOW AREA

TABLE 2.1 OF NUREG 4620

RAINFALL PERCENT OF
DURATION 1+4R PPT
(MIN)
2% 27,5
S 45
10
15 74
20
30 89
as
60 100

Canonie:  wvironenta



OVERLAND FLOW CALCULATIONS USING THE UNIT WIOTH METHOO

PROJECT: UNC CHRCHROCK 86-060-4
LOCATION: NORTH AND SOUTH CELL HEAD WATERS - POINT 2

RUNOFF COEF :
SLOPE LENGTH:
AVE SLOPE:
MANNING'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE:
CONC. DISCHARGE

DEPTH:

FLOW VELCCITY:

TABLE 2.1

RAINFALL
DURATION
(MIN)
2.5

5

10

15

20

30

a5

60

1 RETURN PERICD: PMP YRS
375 FT 1-4+R PPT AMOLNT: 5.45 INCHES
9.071 FI/FT Tc (calc): 2.971 MIN
0.03 Te (actual): 2.5 MIN
2 SOF 1-HR PPT: 27.5 %
0.008 ACRES PPT AMOUNT: 2.326 INCHES
PPT INTENSITY: £5.83 IPH
9.480 CFS Q = CiA
10.961 CFS
0.207 FT EQTN 4.46, NLREG 4620
4.63 FPS V = Q/FLOW AREA
OF NUREG 4629
PERCENT OF
1-HR PPT
27.5
45
32
74
82
89
%
100

EQTN 4.44, NUREGA620

TABLE 2.1, NUREG 4620
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OVERLAND FLOW CALCULATIONE USING THE UNIT WiDTH NETROD

PROJECT:
LOCATION:

FUNOFF COEF:
SLOPE LENGTH:

AVE SLOPE: 0.0

NANNING S n!
FLOW CONC:
URAINABE AREA:

PEAK

Vaide

JONC, DISCHARGE:0,

TABLE 2.1
RRINFELL
PURET LON

Wiy

45

o

DISCHARGE: 0,15

UNC CHURCHROCK 86-060-4
[4H: IV EMBANKMENT SLOPES

175 F1
), 071 EL/F
n.nHt
4
0,008 KCHES

154 CFS
339 LFS
3 F1
17 FES

RETURN PERIOD:
|-Hk PPT)

Tc (cale)s 2.

Te (actualls
YOF (MR PRT:

PPT AMGIWTY 7,023

BRTINTENSLTY:

RS

8,46 INCHES
967 NIN
22 RIN
83 %
021 INCHES
19,15 [PH

A-13

EQTN 4, 44, WURED4L20

by

KURED 4420

Canomie /i




OVERLAND FLOW CALCULATIONS USING THE UNIT WIOTH METHOD A-14

PROJECT: UNC CHRCHROCK 86-060-4
LOCATION: SH:lV EMBANKMENT SLOPE

RUNOFF COEF: 1 RETURN PERIOD: 100 YRS
SLOPE LENGTH: 140 FT 1-HR PPT AMOLNT: 1.81 INCHES
AVE SLOPE: @.2 FT/FT Tc (calc): 0.651 MIN EQTN 4.44, NUREGA620Q
MANNING'S n: 0.03 Te (actual): 2.5 MIN
FLOW CONC: 2.5 SOF 1-HR PPT: 27.5 % TABLE 2.1, NUREG 4620
DRAINAGE AREA: 0.003 ACRES PPT AMOUNT: 0.497 [NCHES

PPT INTENSITY: 11.94 IPH

PEAK DISCHARGE: 0.038 CFS Q = CiA
CONC. DISCHARGE:0.995 CFS

DEPTH: @.938 FT EQTN 4.46, NLREG 4620

FLOW VELOCITY: 2.51 FPS vV = Q/FLOW AREA

TABLE 2.1 OF NUREG 4620

RAINFALL PERCENT OF
DURATION 1R PPT
(MIN)
2.5 7.5
5 a5
19 62
15 74
20 82
30 89
a5 %
60 100

P YR Y Narta
Canonie vironmena




OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD

PROJECT: UNC CHURCHROCK B86-06@-4
LOCATION: SH:lv EMBANKMENT SLOPE

RUNOFF COEF: 1 RETURN PERICD: 20@ YRS
SLOPE LENGTH: 140 FT 1-HR PPT AMOUNT: 2.03 INCHES
AVE SLOPE: ©.2 FT/FT Tc (calc): 9.651 MIN  EQTN 4.44, NUREGA620
MANNING'S n: @.@3 Te (actual): 2.5 MIN
FLOW CONC: 2.5 $OF 1-HR PPT: 27.5 % TABLE 2.1, NLREG 4620
DRAINAGE AREA: 9,003 ACRES PPT AMOUNT: 0.558 INCHES

PPT INTENSITY: 13.39 IPH

PEAK DISCHARGE: 9.043 CFS Q =CiA
CONC. DISCHARGE:.107 CFS

DEPTH: @.040 FT EQTH 4.46, NUREG 4620

FLOW VELOCITY: 2.63 FPS V = Q/f LOW AREA

TABLE 2.1 OF NUREG 4629

RAINFALL PERCENT OF
DURATION L4R PPT

(MIN)

2.8

5

10

15

20

30

as

650

SRLEBNB &

[
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OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD

PROJECT:
LOCATION:

RUNOFF COEF :
SLOPE LENGTH:
AVE SLOPE:
MANNING'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE :
CONC. DISCHARGE

DEPTH:

FLOW VELOCITY:

TABLE 2.1

RAINFALL
DURATION
(MIN)
2.5

5

10

15

20

30

a5

&R

UNC CHROHROCK  86-060-4
SH:1lV EMBANCMENT SLOPE
1 RETURN PERIOD: 500 YRS
140 FT 1-HR PPT AMOUNT: 2.34 INCHES
0.2 FT/FT Te (calc): ©.651 MIN EQTN 4.44, NUREGA6ZQ
9.03 Tc (actual): 2.5 MIN
2.5 SOF 1-HR PPT: 27.5 % TABLE 2.1, NUREG 4620
9.993 ACRES PPT AMOLNT: @.643 [NCHES
PPT INTENSITY: 15.44 IPH
9.849 CFS Q = CiA
:0.124 CFS
9.044 FT EQTN 4.46, NREG 4620
2.78 FPS V = Q/FLOW AREA
OF NUREG 4620
PERCENT OF
1-4R PPT
27.5
a5
62
74
82
59
%
100

Canonie!
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OVERLAND FLOW CALCULATIONS USING THE UNIT WIOTH METHOD

PROJECT: UNC CHLRCHROCK 86-060-4
LOCATION: SH:1V EMBANKMENT SLOPE

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
MANNING'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE :
CONC. DISCHARGE
DEPTH:

FLOW VELOCITY:

TABLE 2.1

RAINFALL
OURATION
(MIN)
2.5

10
15
20

1
140 FT
0.2 FT/FT
0.23
2.8
9.993 ALRES

9.954 CFS
10.135 CFS
0.047 FT

2.89 FPS

OF NUREG 4620

RETURN PERICD: 1009 YRS
1-HR PPT AMOINT: 2.56 INCHES
Tc (calc): @.651 MIN
Tc (actual): 2.5 MIN

SOF 1R PPT: 27.5 %
PPT AMOLNT: @.704 INCHES
PPT INTENSITY: 16.89 IPH

EQTN 4.44, NLREGA620

TABLE 2.1, NUREG 4620

Q = CiA

EQTN 4.46, NUREG 4629

V = Q/FLOW AREA

PERCENT OF

1R PPT

27.%

A-17



OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD A-18

PROJECT: UNC CHURCHROCK S6-060-4
LOCATION: SH:1V EMBANKMENT SLOPE

RUNOFF COEF: 1 RETURN PERICD: PMP YRS
SLOPE LENGTH: 140 FT 1-HR PPT AMOUNT: B8.47 INCHES
AVE SLOPE: 9.2 FT/FT Te (calc): ©.651 MIN EQTN 4.44, NREGAS20Q
MANNING'S n: @.03 T¢ (actual): 2.5 MIN
FLOW CONC: 2.5 SOF 1-HR PPT: 27.5 % TABLE 2.1, NURFG 4620
DRAINAGE AREA: 9,003 ACRES PPT AMOUNT: 2,329 INCHES

PPT INTENSITY: 55.90 [PH

PEAK DISCHARGE: @.179 CFS Q = CiA
CONC. DISCHARGE:2.449 CFS

DEPTH: @.996 FT EQTN 4.46, NREG 4620

FLOW VELOCITY: 4.66 FPS V = Q/FLOW AREA

TABLE 2.1 OF NLREG 4620

RAINFALL PERCENT OF
DURATION 1-HR PPT
(MIN)
2.5 27.5
5 a5
19 62
15 74
29 § ¥4
30 89
as 9%
60 100

N R Rl alas ™ arr:
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OVERLAND FLOW CALCULATIONS USING THE UNIT WIOTH METHOD A-19

PROJECT: UNC CHURCHROCK 86-060-4
LOCATION: SH:1V EMBANKMENT SLOPE

RUNOFF COEF: 1 RETURN PERIOD: PMP YRS
SLOPE LENGTH: 140 FT 1-HR PPT AMOUNT: 8.47 INCHES
AVE SLOPE: 0.2 FT/FT Tc (calc): @.651 MIN EQTN 4.44, MUREGA620
MANNING'S n: 9.03 Tc (actual): 24 MIN
FLOW CONC: 2.5 SOF 1-HR PHT: 86 % TABLE 2.1, NUREG 4620
DRAINAGE AREA: 9.083 ACRES PPT AMOUNT: 7.284 INCHES

PPT INTENSITY: 18.21 IPH

PEAK DISCHARGE: 0.068 CFS Q = CiA
CONC. DISCHARGE:0.146 CFS

DEPTH: @.049 FT EQTN 4.46, NUREG 4620

FLOW VELOCITY: 2.97 FPS V = Q/FLOW AREA

TABLE 2.1 OF NUREG 4620

RAINFALL PERCENT OF
DURATION 1-HR PPT
(MIN)
2.5 27.5
5 45
19 62
15 74
20 82
3 B89
a5 b5
&) 100

Cﬂ.nonie Lrvironmenia




OVERLAND FLOW CALCULATIONS USING THE UNIT WIDTH METHOD

A-20

PROJECT: UNC CHURCHROCK 86-060-4
LOCATION: SH:lV EMBANKMENT SLOPE

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
MANNING 'S n:
FLOW CONC:
DRAINAGE AREA:

PEAK DISCHARGE:

CONC. DISCHARGE :

DEPTH:

FLOW VELOCITY:

1
46 F1
0.2 FT/FT
0.03
2.5
0.001 ACRES

0.069 CFS
0.147 CFS
9.249 FT

2.98 FPS

TABLE 2.1 OF NUREG 4620

RAINFALL
OURAT TON
(MIN)
2.5

5

10

15

20

€

a5

50

RETURN PERIOD: PMF YRS
1-HR PPT AMOUNT: B8.47 INCHES
Tc (calc): @.276 MIN
Tc (actual): 2.5 MIN
SOF L-HR PPT: 27.5 %
PPT AMOUNT: 2.329 INCHES
PPT INTENSITY: 55.99 [PH

EQTN 4.44, NREGA620

TABLE 2.1, NUREG 4620

Q = CiA

EQTN 4.46, NLREC 4620

V = Q/FLOW AREA

PERCENT OF

14+R PPT

27.5
a5
62
74
82
89
%

100

Canonier, vironmenial



A-21

2.0 CALCULATIONS IN RESPONSE TO
COMMENT 7
Attachment 2.0 contains the following calculations:
0 PMF calculation for the original Pipeline Arroyo watershed.
0 PMF calculation for the revised Pipeline Arroyo watershed,

0 Printout of the revised HEC-2 computer model used to determine the
limits of the PMF.

o g ! o
Hrivironmenta
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HYDROBRAFH CALCULATION FOR ONE-OUR PMP EVENTS USING THE SCS CURVE NUMBER METHOD A-22

Design ot Seall Dams - Orignal Watershed
PIPELINE ARROYOD UNC PROJECT SMBs-060-01
26-Apr -88 17:26

ONE-HOUR RAINFaLL sMOUNT 9,4 INCHES
8CS CURVE MUMBER 79 g =

BEAN BASIN ELEV, 1275 FEE]

OURATION (D) 0,25 HOURS

WATER COURSE LENGTH (L) 5,18 Milts gB05BI218
WATERSHED ARER (A 18,74 5@, MILES

PALIMUA RELIEF (W) 785,00 FEET

£ 27 ADIUSTHENT 0.88625 ADJ, RAINFAL 8,30 INCHES

23D, TRBLE O, PH &
ME PERIOD, neS

ITE% N e €. £ € c w

14 e EE T PR A" Yiw . v s ld b
FERCERT OF 1-HOUR sAINFALL 3 32
(050, TREBLE 2, PB %2
* fHaYIUF BL1 A 3 .. - -
CUMULRTIVE RAINFALL 2.98 i, 08 5,42 6.106

INCRENENTAL RAINFALL

' + a3y
17 o8
. 28
5 s
il 80

Canonie vironmernt

st

A



A-23

INTERMEDIATE HYDROBRAPHS

COMBINED

TINE FIRST SECOND THIRD FOURTH HYDROGRAPH
PERK DISCHARBE (cfs) 564,64 173,46 16681.52 1545.45

0,00 0.00 0,00
0. 14 74,33 74,33
0,29 148, 8¢ 2.90 148,66
0.43 22,99 848,25 .00 869,73
0.37 297,32 129339 2085, 19 7675.80
.72 371,835 1939, 94 4170.38 000 a4l 76
0,86 445.96 2580.58 8295,97 580,81 568,94
1,00 520,31 323523 8340.76 i1el.81 13283, 91
I 44 594,54 3875.87  10425.95 742,42 16442, 88
.29 550,13 4526,52 1251114 3B 19911.01
.43 30582 173,15 1459613 2904, 03 219,13
1,87 4ef, 11 4785.95 18681, 52 1084.84 25413.42
172 416.50 §398.74 . 1543291 §083. b4 2431%.89
1,86 312,09 4011.52  14184,29 445,45 23214.36
.00 321.5 624,31 129%5.87 4298, 66 21186,23
2.18 183,08 1237.10  11687.08 1950.97 19158, 10
2:29 23,87 2849.8%  10438.44 3603.08 §17129.98
2.4} 194,06 1452.67 9189.82 3255,30 19101.8%
2.57 143,355 20735, 46 7941, 20 297,51 13073.72
2,12 105,04 1688, 25 8692, 39 2559.72 11045, 80
2,85 60,83 1301, 03 5443.97 2211.93 017.47
3. 16,02 913,82 4195,35 1884, 14 §389.34
3. 4% 0.0 $26.¢) 2374 1516. 36 4989. 70
1.29 129.40 1698.12 118,37 3006, 08
5. 43 0,00 449,50 820.78 1279, 28
1.98 ¢,00 §72.99 472,79
32 123,20 125,20
1.8 0,99 00D
4,91

Canonie! v ironmenia



HYDROGRAPH CALCULATION FOR ONE-HOUR PMP EVENTS USING THE SCS CURVE NUMBER METHOD
HR 49 RAINFALL OISTRIBUTION USED

Design of Smail Jams - Revised Watershed

PIPELINE ARROYO
13-May-88

ONE-HOUR RAINFALL AMOUNT
SCS CLRVE NUMBER

MEAN BASIN ELEV.
DURATION (D)

WATER COURSE LENGTH (L)
WATERSHED AREA (A)
MAXIMUM RELIEF (H)

ELEV ADJUSTMENT

AREAL ADJUSTMENT (0SD)

WATERSHED ADJUSTMENT
(OSD, TABLE 5, PG 67)

ITEM

PERCENT OF 1-HOUR RAINFALL
(0SD,TABLE 2, PG S2)

CUMULATIVE RAINFALL
INCREMENTAL RAINFALL
SEQUENCE

P - CUMULATIVE DESIGN
RAINFALL

Q - CUMULATIVE RUNOFF

INCREMENTAL RUNOFF OR
EXCESS RAINFALL

TIME OF CONCENTRATION (Tc)
ADJUSTED Tc¢

TIME TO PEAX (Tp)

BASE PERIOD (Tb)

UNIT PEAK DISCHARGE

UNC PROJECT RMB6- 26091
14:59
9.4 INCHES
79 S= 2.66
7275 FEET
9.25 HOLRS
6.98 MILES 9.380631818
18.22 SQ. MILES
819.90 FEET
0.88625 AD). RAINFAL 8.3
9.75 AD). RAINFAL 6.25
1.04
TIME PERIOD, HRS
0-0.25 0.25-90.50 0.50-0.7%
74 89 %
4.62 5.56 5.94
4.62 G.%4 0.37
0.37 9.94 4,62
9.37 1.5 5.54
2.0l 0.18 3.62
9.01 0.17 3.45
1.85 HLRS
1.92 HOLRS
1.28 HLRS
3.42 HOLRS
6893 CFS

INCHES

INCHES

0.75-1.00

100

6.2%

9.31

0.31

6.28

3.99

9.28
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INTERMEDIATE HYDROGRAPHS

COMBINCD

TIME FIRST SECOND THIRD FOURTH HYDROGRAPH
PEAK DISCHAPGE (cfs) 67.72 1163.31 23748.32 1928.13

2.5 9.%9 9.9
0.16 8.46 8.46
9.32 16.93 .29 16.93
0.48 25.39 144.16 0.00 169,56
2.64 33.86 288.33 2968.54 329¢.73
9.50 42,32 432.49 5937.08 0.00 6411.99
0.9 59.79 576.66 8906.62 241.92 9774.28
1.12 §9.25 720.82 11874.16 482.93 13136.27
1.28 67.72 864,98 14842.70 723.96 16498 .45
1.44 62.65 1009.15 17811.24 964, 06 19847.19
1.60 57.58 1153.31 20779.78 1206.08 23195.75
1.76 52.51 1066.98 23748.32 1446.19 26313.92
1.92 47.44 30 .66 21970.75 1687.11 24685 .97
2.08 42,38 894,33 20193.18 1928.13 23068, 92
2.24 37.31 506,01 18415.61 1783.81 21044,74
2.40 32.24 721.68 16638.05 1639.49 19931.45
2.56 27.17 635.36 14869 .48 14%5.16 17018.17
2.72 22.19 540,03 13082.91 1350.84 15004 .83
2.88 17.03 462.71 11306.34 1206.52 12991.60
3.04 11.96 376.38 9%27.77 1062.20 19978.31
3.20 6.89 299,95 7759.29 917.88 8965.03
3.36 1.82 203,73 5972.63 773.56 6961.75
3.82 2.2 117.49 419,06 629.24 4941.70
3.68 31.e8 2417.49 484.92 2933.49
3.84 0.29 639.92 340.60 980,52
4.0 0.9 196.28 196.28
4.16 51.96 51.96
4.32 0.00 .00
4.43
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1 A-27
THU, MAY 12 1988 15:20:%9 PARE |

T4IS RUN EXECUTED THU, WAY 12 1988  15:20:99
T
WEC2 RELEASE OATED MOV 76 UPDATED MAR 1582
ERROR CORR - 01,02,03,04,08
NODIFICATION - 50,51,52,93,54,55%

R R R R AR R R R )

TU ALTERMATIVE S - ALTERED CHANNEL CONFIGURATION - Q=28300CFS
T2 UNC PROJECT ND. RWS6-060-M 5/12/8%
13 PIPELINE ARROYO  SUPERCAITICAL FLOM

JI O ICHELC I LML 101R STRT RETRIC  WVINS ¢ WSEL R

B ] L} 1. LWEN (R b2, B i

L8 1450 L 1 (A1l i L i L (N1 (R
1 1. A S EIL00 L DN T LN (N1 LR
ot 6975000 L 530N §39.000 6355100 S72.000  6855.1M 01000 6570000 §30.00
CLO TR N LU UM T L) M 550 B62.000  S975.000 1055000 (A1) (Rl

I 5.0 nm am TR0 THS N LS NS i L L
ok 83550 LA 833 I 55 .00 855N AN S5 .
60 S970.000 LN £35S0 2L 65550 M B850 G500 556000 §12.00
G 6351400 B0 63S1.UM EE0. 000 S350 5.0 50N T 558500 151,404
GR GOES. 000 SSS. 000 ESENTON  LIB0. 000 E3SS.00  LUUS M0 ETHLMM0 LOSOOM SRTS.AM 1SHE.WN

I 5. 1.0 2L T VN ] ) 2. 515 LN (AL (N
6 §375.409 L s 11000 §565.000 135000 36000 1740 56 wm
8 S3600 21000 5343800 7000 SHEEN S 835 73 855 S5
G GIST MO0 LL20.000  GOG0.000  LR3L.000  GSES.N0  LO72.000  ESTH.MM0 B9800 655.0M  1533.0M

Ll (N 0435 (A L (1L L i LR Lm (NI
I wm e s 123.40 i s.ve vim L Lin (1)
s (NI N e s $15.000  §339.800 §80.0C0 6339800 §80.40
B SRS T2 S5 I 655 VA 000 GR6H.0 1195080 6965.0M  LS0.MM

1l L e s LM 11,/ 2.4 15 (B (N1 L
o 857000 LI e 195.000 6555000 5. ASS0N SI8.0M0 6936100 EN AL
LB TR LR R LI N LW 8350 TN 5351 5.0 S35 LHI L)

1 m EN 1 wm 1M m 55 RN L (N1l Ll
(TN L (NI AL o s R L LB L L 155000 6350 Him
8 8352.00 250 LN i (L i L (B i L

 § Hm L (N1l 51N N 15740 " L L (A1)
M sum LA 2050 T 8320500 EMOR L1 ST | 5. (B11) i
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1
T, AAY 12 1988 15:20:89 PARE 2

1§ 1 (N1 LB 15 e e e Ll (1L L
o 6234 LN LU M L .00 83185 a0 e (R i

L[ LN N (-1 (AL i (B i LR il L
1l LN L) L L1 Bt LR uLm .M 5.0 5. L (N1l L
6 5360000 (A LI EIN W 552740 133,000 6515.600 15000 6515.600 e
BB 1. 633 aLm i i L (A1) L L
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i e L 30 17340 §560.60 239000 6368600 IEEN LI LN L) m
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THU, BAY 12 1988 15:20:99
SECHO  OEPTH  CWSEL  CRIWS  WSELK
i Quos oG o8 L0
TINE viee e (L1 I
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*PROF 1
'SECHO 17000
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'SECH 160
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*SECH0 15,000
3301 KV CHARSED NORE THAN WVINS
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1 A-30
THY, MY 12 1988 15:20:58 it 4

SECHO  DEPTH  CWSEL  CRINS  WSELK €6 W L 0L0SS  BANK ELEV
] aLes  oCH QROB ALOB AN AROS WOl Tk LEFT/RIGNT
TINF V108 VM vRos M K IW WK ELNIN T
SLOE  TIOBL  XUCW  xloBr  ITRIML I0C 1600 CORMR  TOMID  ENOST

1.0 15,220 6951.32 6953.66 000 695015 683 286 .M 655010
{3 1B 83, WIN n. 8. 1248, (B 186, 83, 5.0
s L un LAE 060 L RS M 361 B
1009550 W3, "n. {78, § 3 PN s nLw
'
*SECNO 12.004

3300 KV CHANGED MORE THAN KVINS
3685 20 TRIALS ATTENPTED WSEL,CWSEL
3693 PROBABLE WININGA SPECIFIC EwERRY
3120 CRITICAL DEPTH ASSURED
100 1850 4090 630850 .M 03SL.3) 5.4 §.62 L .M

WHIN. 5] ‘. PR L B {1} 86. 635004
(R} L0 1566 G R L RN L B3 8L
LN LD ni. 1%. . i 12 | .00 132,38 215.68
1
*SECHD 11.000

1300 %Y CRAPRED RORE THAN ¥VINS
11,00 17,63 654z.1. 6343.% e G306 §.47 5.1 .0 M

HIN, b WM. B 0. L, ' M. §8, 654080
UL I N | B ) (X [ P [ DN N X R N RS L L R O
.01 194, 193, 198, { v U [N LB PO I CE

¢
'SECN LW

I300 RV CHANRED WORE THAN RVINS
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(N P N L R U I 1 D N R B N EL ML L IR 6.63
LN LIPS 164, 180, 191, ] 8 ' Lo 12268 1LY
L
LN )

1685 20 TRIMLS ATTENPTED WSEL,CWSEL
3685 PROBABLE WINIAUN SPECIFIC ENERGY
3120 CPUTICAL DEPTH ASSUNED
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3.0 CALCULATIONS IN RESPONSE TO
COMMENT 9
Attachment 3.0 contains the following calculations:

o Riprap calculations for Nickpoint, Pipel.ne Arroyo using Maynord’s
1987 method.

0 Riprap calculations for Base Control Section, Pipeline Arroyo using
Maynord’s 1987 method.

o Riprap calculations for North Diversion Ditch downdrain using
Maynord’s 1987 method.

o Riprap calculations for Runoff Control Ditch, steep section using
Maynord’s 1987 method.

o Riprap calculations for Runoff Control Ditch u.i»a Mavnord’s 1987
method.

o Riprap calculations for Runoff Control Ditch downdrain using Maynord’s
1987 method.

o Riprap calculations for Section I, South Cell Drainage Channel using
Maynord’s 1987 method.

o Riprap calculations for Section J, South Cell Drainage Channel using
Maynord’s 1987 method.

o Riprap calculations fc~ North Cell Drainage Channel, Upper Section,
using Maynord’s 1987 method.
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o Riprap calculations for North Cell Drainage Channel, Lower Section,
using Maynord’s 1987 method.

o Riprap calculations for North Cell Drainage Channel, Upper Section,
using Maynord’s 1978 method.

o Riprap calculations for North Cell Drainage Channel, Lower Section,
using Maynord’s 1978 method.
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MAYNARD 'S (1987) METHOD FOR DETERMINING RIPRAP RIPRAP2 .WR1
SIZE FOR OPEN CHANNEL FLOWS

LOCATION:UNC - SECTION WITHIN INCISED NICKPOINT IN ROCK

BOTTOM WIDTH = 20 FT1
1 (SIDE SLOPE) 1.8
CHANNEL SLOPE = @.0076
DISCHARGE = 2000 CFS
C= @.24
RIPRAP S.W, = 165 PCF
SAFETY FACTOR = 1.9
Vmax = 1.33 vavg
030 (ASSUMED) = 1.560 FT ~ SELECT A D30 SI2E
B3(CALC) = 2.583
ne 9.046
d = 26.32 FT ~ SELECT A DEPTH OF FLOW
A= 1565.5 FT 2
R = 13.63 FT
Q (CALC) = 25006,5 CFS - CHECK THIS [ VALUE TO
v = 16.0 FPS SEE IF IT MATCHES LISTED
DISCHARGE
Vmax = 21.245
fr = 0.708
D3 (CALC) = 1.543 FT - CHECX THIS 03@ VALUE TO
Dmax = 3,215 FT SEE IF 1T MATCHES THE
TOTAL DEPTH = 3.22 FT ASSIMED 030 VALUE

Reference: Maynord, Stephen T, 1987, Stable Riprap Size For Open
Channel Flows, Dissertation, Colorado State ‘University,
Fort Collins, Colorado.
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Reference:

MAYNARD'S (1987) METHOD FOR DETERMINING RIFRAP

SIZE FOR OPEN CHANNEL FLOWS

BOTTOM WIDTH = 20 FT
1 (SIDE SLOPE) 2
CHANNEL SLOPE = @.0185
DISCHARGE = 25009 CFS
Ce= @.24
RIFRAP S.W, = 166 PCF
SAFETY FACTOR = 1.00
Vmax = 1.33 Vavq
D30 (ASSUMED) = 2.820 FT
DS(CALC) = 4.7
n e 9.051
d = 20.60 FT
A= 1260.7 FT"2
R = 11.24 F1
Q (CALC) = 29017.9 CFS
Y = 19.8 FPS
Vmax = 26,393
fr = 0.997
03 (CALC) = 2.823 FT
Dmax = 5.881 FT
TOTAL DEPTH = 5.88 FT

RIPRAP2 .WR1

LOCATION:UNC - BASE CONTROL SECTION, PIPELINE ARROYO

SELECT A D30 SIZE

SELECT A DEFTH OF FLOW

CHECX THIS Q VALUE TO
SEE IF IT MATCHES LISTED
DISCHARGE

CHECX THIS D3@ vALUE TO
SEE IF 17 MATCHES THE
ASSUMED D30 VALUE

Maynord, Stephen T, 1987, Stable Riprap Size For Open

Channel Flows, Dissertation, Colorado State University,

Fort Collins, Colorado.
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MAYNARD 'S (1987) METHOD FOR DETERMINING RIPRAP RIPRAPZ . W1
SIZE FOR OPEN CHANNEL FLOWS

LOCATION:UNC - NORTH DIVERSION CHANNEL AT EXIT SECTION AT PIPELINE ARROYO

B01TOM WIDTH = 20 FT1
1 (SIDE SLOPE) 3
CHANNEL SLOPE = ©.0076
DISCHARGE = 25000 CFS
C= 0.24
RIPRAP S.W. = 165 PCF

SAFETY FACTOR = 1.00
Ymax = 1.33 vavg

D30 (ASSUMED) = 1.295 FT - SELECT A D3@ SIZE
DS@(CALC) = 2.158
ne= @.0845
d = 20.84 FT - SELECT A DEPTH OF FLOW
A= 1719.7 FT 2
R = 1.3
Q (CALC) = 25027.4 CFS - THEX THIS Q VALUE TO
voe 14.6 FPS SEE IF IT MATCHES LISTED
OISCHARGE
Vmax = 19,36
Fr = 0.745
03 (CALC) = 1.296 FT - CHECX THIS 030 VALUE TO
Dmax = 2.701 F1 SEE 1F 1T MATCHES THE
TOTAL DEPTH = 2.70 FT ASSUMED 030 VALUE

Referene: Maynord, Stephen T, 1987, Stable Riprap Size For Open
Channel Flows, Dissertation, Colorado State University,
Fort Collins, Colorado.
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MAYNARD'S (1987) METHOD FOR DETERMINING RIPRAP RIPRAP2 .WR1
SIZE FOR OPEN CHANNEL FLOWS

LOCATION:UNC - RUNOFF CONTR(L DITCH - STEEP SECTION

BOTTOM WIDTH = 10 FT
t (SIDE SLOPE) 3
CHANNEL SLOPE = 0.@2
DISCHARGE = 279 CFS
C= 0.24
RIPRAP S.W, = 165 FCF

SAFETY FACTCR = 1.00
Vmax = 1.33 Vavg

D30 (ASSIUMED) = 0.427 FT - SFLECT A N30 SIZE
DSO(CALC) = 0.712
n= 9.037
d = 2.19 FT - SELECT A DEPTH OF FLOW
Ae 3.3 FT°2
R = 1.2 FT
Q (CALC) = 270.3 CFS - CHECK THIS Q VALUE TO
v = 7.4 FPS SEE IF 1T MATCHES LISTED
DISCHARGE
Vmax = 9.97
rs= 1.048
D30 (CALC) = 0.427 F1 - CHECK THIS 030 VALUE TO
Dmax = 0.889 FT SEE IF 1T MATCHES THE
TOTAL DEPTH = .89 FT ASSUMED D30 VALUE

Reference: Maynord, Stephen T, 1987, Stable Riprap Size For Open
Channel Flows, Dissertation, Colorado State University,
Fort Collins, Colorado.

Canomie v iorienia




MAYNARD'S (1987) METHOD FOR DETERMINING RIFRAP
SIZE FOR OPEN CHANNEL FLOWS

LOCATION:UNC - RUMDFF CONTROL DITCH

RIPRAP2.WR1

BOTTOM WIDTH = 10 FT
7 (SIDE SLOPE) 3
CHANNEL SLOPE =  0.011
DISCHARGE = 279 CFS
C= 0.24
RIPRAP S.W, = 165 PCF
SAFETY FACTOR = 1.00
Vmax = 1.33 Vavg
030 (ASSUMED) = 0.276 F SELECT A D30 SIZE
D50(CALC) = 0,450
n= 0.0%
4= 2.46 FT - SELECT A DEPTH OF FLOW
A= 42.8 F1°2
R = 1.67 F1
Q (CALC) = 270 6 CFS - OHECK THIS Q VALUE TO
v = 6.3 FPS SEE IF 1T MATCHES LISTED
DISCHARGE
Vmax = 8.417
Fr = 0.849
030 (CALC) = 0.276 FT - CHECK THIS 03@ VALUE TO
Dmax = 0.575% F1 SEE IF 1T MATCHES THE
TOTAL DEPTH = 0.57 FT ASSUMED 030 VALUE
Reference: Maynord, Stephen T, 1987, Stable Riprap Size For Open

Channel Flows, Oissertation, Coloradn State University,

Fort Collins, Colorado.
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MAYNARD'S (1987) METHOD FOR DETERMINING RIPRAP
SITE FOR OPEN CHANNEL FLOWS

LOCATION:UNC - RUNOFF CONTROL DITCH AT DOWNDRAIN INTO SOUTH CELL ORAINAGE

BOTTOM WIDTH = 10 FT
1 (SIDE SLOPE) 3
CHANNEL SLOPE = 0.12
DISCHARGE = 27@ CFS
C=
RIPRAP S.W, = 165 PCF
SAFETY FACTOR =
Ymax = . Vavg
D30 (ASSUMED) = 1.573 FT - SELECT A 030 SIZE
OS@(CALC) = 2.622
ne= 9.046
d = 1.54 FT ~ SELECT A DEPTH OF FLOW
A= 22.8 F1°2
R = 1.14 F7
Q (CALC) = 272.8 CFS - CHECX THIS Q VALUE TO
v = 2.1 % SEE IF 1T MATCHES LISTED
DISCHARGE
Vmax = 16,113
Fr = 1.974
030 (CALC) = 1.872 FT - CHECK 1AIS 030 VALUE TO
Omax = 3.276 #T SEE IF IT MATCHES THE
TOTAL DEPTH = 3.28 FT ASSUMED D30 VALUE

Reference: Maynord, Stephen T, 1987, Stable Riprap Size For Open
Channel Flows, Dissertation, Colorado State University,
Fort Collins, Colorado.
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My NARD'S (1987) METHOD FOR DETERMINING RIPRAP RIPRAPZ ,WR1
SilE FOR OPEN "HANNEL FLOWS

LOCATION:UNC - SECTION I, SOUTH CELL DRATNAGE CHANNEL

BOTTOM WIDTH = 10 F1
t (SIDE SLG. ¢) 2.5
CHANNEL SLOPE = 2.3
DISCHARGE = 1268 CFS
C= 0.24
RIPRAP S.W, = 165 PCF

SAFETY FACIMR = 1.00
Vmax = 1.33 Vavq

030 (ASSLMED) = 1.154 FT - SELECT A D30 SIZE
DSMCALC) =  1.925
ne= 2.044
d ~ 4.79 1 - SELECT A DEFTH OF FLOW
A= 106.3 FT°2
R = 2.94 FT
Q (CALC) = 1262.4 CrFS - CHECK THIS Q VALUE TO
vV = 12.0 FPS SEE IF IT MATCHES LISTED
OTSCHARGE
Vmax = 15,951
Fr = 1.200
03 (CALC) - 1.154 FT -~ CHECK THIS D2 VALUE TO
Dmax = 2,406 F1 SEE IF IT MATCHES 1
TOTAL DEPTH = 2,41 F1 ASSIMED D30 VALUE

Reference: Maynord, Stephen T, 197, Stable Riprap Size For Open
Channel Flows, C.ssertation, Colorado State University,
For* Collins, Colorade.
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MAYNARD'S (1987) METHOD FOR DETERMINING RIPRAP RIPRAPZ .WR1

SIZE FOR OPEN CHANNEL FLOWS

LOCATION:UNC - SECTION ), SOUTH CELL DRAINAGE .M. T

BOTT(M WIDTH = 10 F7
1 (SIDE SLOPE) 3
CHANNEL SLOPE = 0.068
OISCHARGE = 1260 CFS
C= 2.24
RIFRAP S.W. = 165 PCF

SAFETY FACTOR = 1.0
Vmax = 1.33 vavg

030 (ASSUMED) = 1,777 FT - SELECT A D30 SIZE
DSR(CALC) = 2,962
ne= 9.047
d = 4,06 FY - SELECT A DEFTH OF FLOW
A= .1 F. 2
R = 2.52 FT
Q (CALL) = 1262.1 CFS - CHECK THIS Q VALUE TO
v = 14.0 FPS SEF 1F 1T MATCHES LISTED
DISCHARUE
vmax = 18,641
Fr = 1.526
03 (CALC) = 1.776 Fr - CHECX THIS M=, VALUE TO
Dmax = 3,700 F1 SEE IF .7 MATCHES THE
TOTAL DEPTH = 3.70 FT ASSUMED D30 VALUE

Reference: Mayno,d, Stephen T, 1987, Stable Riprap Size For Open
Channel Flows, Dissertation, Colorado State University,
Fort Collins Coloravo.
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MAYNARD'S (1987) METHOD FOR DETERMINING RIFRAP
SIZE FOR OPEN CHANNEL FLOWS

{OCATION:NORTH CELL DRAINAGE CHANNEL, LOWER SECTION

BOTTOM WIDTH = 10 FT
1 (SIDE SLOPE) 3
CHANNEL SLOPE = Q.016
DISCHARGE = 728 CfS
C = 9.24
RIPRAP S.W, = 165 PCF

SAFETY FACTOR = 1.9
Vmax = 1.33 Vavg

U30 (ASSUMED) = 0.548 FT - SELECT A 03¢ SILE
DE@(CALC) = 0.913
n = 9.935
d = 3.86 FT ~ SELECT A DEPTH OF FLOW
A= 83.3 FT°2
R = 2.42 F1
Q (CALC) = 725.5 CFS - CHECX THIS Q VALUE TO
V= 8.7 FPS SEE IF 1T MATCHES LISTED
DISCHARGE
Vmax = 11.524
Fr = 0.968
030 (CALC) = 9.548 F1 CHECK TH'S D30 VALUE TO
Dmay = 1.141 F71 SEE IF 1T MATCHES THE
TOTAL DEPTH = 1.14 FT ASSUMED 030 VALUE

Reference: Maynord, Stephen T, 1987, Stable Riprap Size For Open
Channel Flows, Dissertation, Colorado State University,
Fort Collir., Colorado.
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MAYNARD'S (COE, 1972) METHOD FOR DETERMINING RIFRAP RIPRAP.WR
SIZE FOR STRAIGHT CHANNELS

LOCATION:UNC - NORTH CELL DRAINAGE CHANNEL, LOWER SECTION

BOTTOM WIDTH = 10 FT
1 (SIDE SLOPE) 3
CHANNEL SLOPE = 9,016
DISCHARGE = 725 CFS
C= 0.22
RIPRAP S.G, = 2.45
050 (ASSUMED) = 0.513 FT SELECT A DS@ SIZE
n= 0.033
d = 3.69 FT - SELECT A DEPTH OF FLOW
A = 77.7 F1°2
: 2.3 1
0 (CALC, - 727.2 CFS - CHECK THIS Q VALUE TO
v = 9.4 FPS SEE 1F IT MATCHES LISTED
DISCHARGE
Fr = 9.558
D50 [CALC) = 0.513 F1 - CHECK THIS D50 VALUE TO
Dmax = 9.64% FT SEE IF IT MATCHES THE
TOTAL DEPTH = 0.59 F1 ASSIMED D50 VALUE
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4.0 CALCULATIONS IN RESPONSE TO
COMMENT 13
Attachment 4.0 contains the following calculations:
o Flow depth calculations - North Diversion Ditch - Section DD.

o Flow depth calculations - North Diversion Ditch - Section EE.



CATION:UNC NORTH DIVER

DISCHARGE

BOTTOM WIDTH




MANNING'S EQUATION FOR DETERMINING NORMAL FLOW DEPTHS MANEQT . WR
IN TRAPEZOIDAL CHANNELS

LOCATION:UNC - NORTH DIVERSION DITCH, SECTION EE

DISCHARGE = 11 CFS

BOTTOM WIOTH = 20 FT
I (SIDE SLOPE)= 5.43
CHANNEL SLOPE = 0.00.3
MANNING'S n = 9.0250

. d 4.00 FT - SELECT A TRIAL DEPTH
» A= 167.5 FT e
CALCS * R = 2.61 FT
» t = 63.5486 FT
“ v = 6. FPS
" Q (CALC) = 1083 CFS - CHECX THIS Q VALUE TO
- DIFFERENCE = 0.21 % SEE IF IT MATCHES LISTED
DISCHARGE

Froude Number = 9,702
Velocity Head = 9.649 FT
Tractive force = @.537 PSF
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5.0 CALCULATIONS IN RESPONSE TO
COMMENT 14
Attachment 5.0 contains the following calculations:

0 200-year flood hydrograph calculations for the South Cell Drainage
Swale.

0o 500-year flood hydrograph calculations for the South Cell Drainage
Swale.

o 1,000-year flood hydrograph calculations for the South Cell Drainage
Swale.

0 PMF hydrograph calculations for the South Cell Drainage Swale.

o Flow depth calculaticn - South Cell Drainage Swale - 200-year flood.

0 Flow depth calculation - South Cell Drain>ge Swale - 500-year flood.

o Flow depth calculation - South Cell Drainage Swale - 1,000-year flood.

PMF flood.

o Flow depth calculation - South Cell Drainage Swale

0 Hydraulic calculations to determine the duration of flow in the South
Drainage Swale for which the tractive force is greater than 0.110 psf.

0 200-year flood hydrograph calculations for the North Cell Branch
Swale,

o 50C year flood hydrograph calculations for the North Cell Branch
Swale.

| |
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o 1,000-year flood hydrograph calculations for the North Cell Branch
Swale.

0 PMF hydrograph calculations for the North Cell Branch Swale.

o Flow depth calculations - North Cell Branch Swale - 200-year flood.

0 Flow depth calculations - Norih Cell Branch Swale - 500-year flood.

1,000-year flood.

o Flow depth calculations - Nortn Cell Branch Swale

PMF flood.

o Flow depth calculations - North Cell Branch Swale

0 Hydraulic calculations to determ.ne the duration of flow in the North
Branch Swale for which the tractive force is greater than 0.110 psf.

0 PMF hydrograph calculations for the North Cell Drainage Channel, Upper
Section.

0 PMF hydrograph calculations for the North Cell Drainage Channel, Lower
Section.

™ .
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HYDROGRAPH CALCULATION FOR ONE-HOLR RAINFALL EVENTS USING THE SCS CLRVE NUMBER METHCD A-57

SROLMR . WR1
SOUTH CELL DRAINAGE SWALE
13-May-88

RETURN PERICD

ONE-HOLR RAINFALL AMOUNT
SCS CLRVE NUMBER

MEAN BASIN ELEV.
DURATION (D)

WATER COLRSE LENGTH (L)
WATERSHED AREA (A)
MAXIMM RELIEF (H)

AREAL ADJUSTMENT
(NOAA ATLAS 2, FIG. 17)

[TEM

PERCENT OF 1-HOLR RAINFALL
(NCAA ATLAS 2)

CUMULATIVE RAINFALL
INCREMENTAL RAINFALL
SEQUENCE

P - CUMULA/IVE DESIGN
RAINFALL

Q - CUMULATIVE RUNOFF

INCREMENTAL RUNOFF OR
EXCESS RAINFALL

TIME OF CONCENTRATION (Tc)

WATERSHED ADJUSTMENT
(OsD, TABLE S, PG G7)

ADJUSTED Tc¢
TIME TO PEAK (Tp)
BASE PERICD (Tb)

UNIT PEAK DISCHARGE

14:34

200 YRS
2.03 INCHES
77 S =
6979 FEET
0.25 HOURS
@.59 MILES
0.20 SQ. MILES
66 FEET

1.000 ADJ. RAINFAL

2.99

2.03

TIME PERIOD, HRS

2-0.25 0.25-90.99

57 79
1.16 1.60
1.16 2.45
0.20 9.45

2.203 0.64%

2. 0000 9.0009

@.28 HOLRS

1.12

9.31 HOLRS

2.31 HOURS

9.84 HOURS

308 CFS

0.59-0.7%

89

1.81

@.20

1.16

1.8067

9.3485

9.347¢6

INCHES

2.75~1.00

100
2.03
0.22

2.03

9,4644

0.1159
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O OOO® A ANAD WO
® e ® o
sesesenng

COMBINED
HYDROGRAPH

B.7

FOURTH

THIRD
2.9
26.8

147.2

0.3
2.2
0.3

INTERMEDIATE HYDROGRAPHS
SECOND

200 YRS

2.93 INCHES

14:34
0.0
0.0

2.2
2.9
2.9

FIRST

TIME
2.16
0.24
2.47
0.55

SOUTH CELL DRAINAGE SWALE
13-May-88

ONE-HOUR RAINFALL AMOLNT
2.63

2.71

RETURN PERICD
PEAK DISCHARGE (cfs)

w0 <

28

0.2
0.2

0.2
0.2
2.9

—
]4.
U
-
—

.

.

¥

IPONITE

9.9
3.6

-

78.7
57.3
%.9
19.7
14.3

LI

Cansonie!

8.9
17.9
26.8
5.9
19.7
14.3

107.2
g1.1
75.1
59.0
10.9

0.0

0.2
0.1
0.1
0.9
0.9

- . -
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HYDROGRAPH CALCULATION FOR ONE-HOLR RAINFALL EVENTS USING THE SCS CLRVE NUMBER METHOD

SROLHR . WR1
SOUTH CELL DRAINAGE SWALE
13-May-88

RETURN PERICD

ONE-HOLR RAINFALL AMOUNT
SCS CURVE NUMBER

MEAN BASIN ELEV.
ODURATION (D)

WATER COLRSE LENGTH (L)
WATERSHED AREA (A)
MAXIMUM RELIEF (M)

AREAL ADJUSTMENT
(NOAA ATLAS 2, FIG. 17)

ITEM

PERCENT OF 1-HOUR RAINFALL
(NOAA ATLAS 2)

CUMULATIVE RAINFALL
INCREMENTAL RAINFALL
SEQUENCE

P - CUMULATIVE OESIGN
RAINFALL

Q - CUMULATIVE RUNOFF

INCREMENTAL RUNOFF OR
EXCESS RAINFALL

TIME OF CONCENTRATION (Tc)

WATERSHED ADJUSTMENT
(OSD, TABLE 5, PG 67)

ARDIUSTED Tc
TIME TO PEAK (Tp)
BASE PERIOD (Tb)

UNIT PEAK DISCHARGE

14:47

5 YRS
2.34 [NCHES
77 S=
6979 FEET
0.25 HORS
0.59 MILES
©.20 30. MILES
66 FEET

1.000 AD). RAINFAL

2'%

2.34 INCHES

TIME PERIOD, HRS

2-0.25 0.25-0.99
57 79
1.3 1.88
1.3 2.51
0.23 0.51
2.2340 9.7488
0. 0000 0.0073
0. 0000 2.0073
9.28 HOLRS
1.12
@.31 HILRS
2.31 HORS
0.84 HOLRS
38 CFS

0.50-0.7%

89

2.08

9.23

1.3

2.0826

0.4932

9.4889

R T -

9.75-1.€9

100

0.6420

0.1488

Canoniel i
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SOUTH CELL DRAINAGE SWALE
13-May 88

RETURN PERICD
INE-HILR RAINFALL AMILNT
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HYDROGRAPH CALCULATION FOR ONE-HOUR RAINFALL EVENTS USING THE SCS CLRVE NUMBER METHOD A-61

SROLR.WR1

SOUTH CELL DRAINAGE SWALE RMB6-060-04
13-May-68 14:48

RETURN PER1CD 1000 YRS

ONE-HOLR RAINFALL AMOUNT 2.56 INCHES

SCS CURVE NUMBER 7 S s 2.99

MEAN BASIN ELEV. 6970 FEET

OURATION (D) 0.25 HOLRS

WATER COURSE LENGTH (L) 9.59 MILES

WATERSHED AREA (A) 0.20 Q. MILES

MAXIMUM RELIEF (M) 66 FEET

AREAL ADIUSTMENT 1.000 AD). RAINFAL 2.56 INCHES

(NOAR ATLAS 2, FIG. 17)

TIME PERIOD, HRS

ITEM 0-0.25 0.25-0.59 @.70-0.75 0.75-1.0
PERCENT OF 1-HOUR RAINFALL 57 79 89 100
(NOAR ATLAS 2)
CUMLLATIVE RAINFALL 1.46 2.02 2.28 2,56
INCREMENTAL RAINFALL 1.46 2.56 9.26 0.28
SEQUENCE 0.26 0.56 1.46 0.28
P - CUMULATIVE DESIGN 0.2560 @.8192 2.2784 2.5600
RAINFALL
Q - CUMULATIVE RUNOFF 0. 0000 9.0163 0.6M53 0.7782
INCREMENTAL RUNOFF OR 0. 0000 9.0153 9.59509 0.1729
EXCESS RAINFALL
TIME OF CONCENTRATION (Tc) 9.28 HOLRS
WATERSHED ADJUSTMENT 1.12
(05D, TABLE 5, PG 67)
ADIUSTED Tc 9.31 HOLRS
TIME TO PEAK (Tp) 2.31 HOURS
BASE PERICD (Tb) 9.84 HOLRS
UNIT PEAK DISCHARGE 308 CFS
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SOUTH CELL DRAINAGE SWALE RMBG-060-04
13-May-88 14:48

RETURN PERIOD 1” RS
ONE-HOLR RAINFALL AMOUNT 2.56 1 CHES

INTERMEDIATE HYDROGRAPHS

COMBINED

TIME FIRST SECOND THIRD FOLRTH HYDROGRAPH
PEAK DISCHARGE (cfs) 0.2 4.7 181.9 83.3

0.99 2.0 2.0
0.08 .0 0.e
0.16 2.9 0.9
0.24 2.9 2.0 0.0
0.31 2.0 1.2 Lk
.39 0.0 2.4 2.4
0.47 0.9 3.8 2.9 3.5
0.55 2.0 4.7 45.% 50.2
2.63 2.9 4.9 91.9 9.9
0.71 2.0 3.3 136.5 139.8
e.78 2.9 2.6 181.9 @ 184,5
0.86 2.9 1.9 154.7 13.3 169.9
2.94 1.2 127.5 26.7 186.3
1.02 0.5 100.2 40.0 140.7
1.10 0.9 73.0 83.3 126.3
1.18 45.8 45.3 81.1
1.26 18.% 37.3 55.9
1.3 0.0 25.4 29.4
1.41 21.4 21.4
1.49 13.4 13.4
1.7 5.4 5.4

Canoniel  virornental
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HYDROGRAPH CALCULATION PuR UnE-HOUR PWP EVENTS USING THE SCS CLRVE NUMBER METHOD
DESIGN OF SMALL DAMS RAINFALL OISTRIBUTION USED

19-May-88

WATERSHED AREA (A)
MAXIMUM RELIEF (M)

ELEV ADJUSTMENT

ARCAL ADJUSTMENT (DSD)

WATERSHED ADJUSTMENT
(0SD, TABLE S5, PG 67)

SOUTH CELL DRAINAGE SWALE UNC PROCECT
17:14

506001

ONE-HOUR RAINFALL AMOUNT 9.4 INCHES

SCS CLRVE NUMBER 77 S = 2,99
MEAN BASIN ELEV. 697 FEET

OURATION (D) 2.25 HOLRS

WATER COURSE LENGTH (L) 0.59 MILES 0.5°0631318

9.20 Q. MILES

2.9915 ADJ. RAINFAL

1

12

66.00 FEET

3.47

ADJ. RAINFAL B.47

TIME PERIOD, HRS

INCHES

INCHES

ITEM 2-0.25 0.259.59 0.5-9.7% 0.75-1.00
PERCENT OF 1-HOLR RAINFALL A8 71 58 1%
(0SD, TABLE 2, PG 52)
CQUMULATIVE RAINFALL 4.%7 6.82 7.46 8.47
INCREMENTAL RAINFALL 4.97 1.9 1.44 1.2
SEQUENCE 1.44 1.96 4,97 1.8
P - CUMULATIVE DESIGN 1.24 3.39 7.46 8.47
RAINFALL
Q - CUMULATIVE RUNOFF 0.19 1:.38 4,78 5.71
INCREMENTAL RUNOFF OR 0.19 1.16 3.43 0.93
EXCESS RAINFALL
TIME OF CONCENTRATION (Tc) 9.28 HOLRS
ADJUSTED Tc 9.31 HOLRS
TIME TO PEAK (Tp) @.31 HRS
BASE PERICD (Td) 0.84 HILRS

UNIT PEAK DISCHARGE

38 CFS

Canonie! it




INTERMEDIATE HYDROGRAPHS

COMBINED

TIME FIRST SF.00ND THIRD FOLRTH HYDROGRAPH
PEAK DISCHARGE (cfs) 57.24 358.76 1057.64 287,42

2.2 0.9 9.%0
0.94 7.15 7.15
.08 14.31 14.31
0.12 21.46 21.46
0.16 28.82 28.82
9.20 3%.77 .77
Q.24 42.93 2.2 42.93
0.27 50.08 44.% 94,93
0.3l 57.24 89.69 146.93
0.3% 52.96 134, 187.48
2.39 43.67 179.38 228.06
9.43 44,39 224.23 268.61
0.47 40.19 269,97 309.18
2.51 .8 313.92 0.0 349.74
2.55 31.53 ¥8.76 132.29 522.50
0.59 27.25 331.91 264.41 623.57
2.63 22.96 306.% 39%.61 724.64
@.67 18.68 278.29 528,82 8025.70
0.71 14.49 251.% 661.02 926.77
0.7% 10.11 224,508 793.23 .00 1027.84
2.73 5 33 197.64 925,43 ».93 1164.83
0.82 1.54 170.79 1067 .64 71.86 1301.82
2.3 0.0 143.94 978.47 107.78 1230.19
2.9 117.08 899.31 143.71 1160.10
2.954 .23 2.0.14 179.64 1090.01
0.98 63.37 740.98 215.56 1019.92
1.8 36.52 661.82 251.49 949,83
1.6 9,67 582.65 287 .42 879.74
1,10 2.0 503.49 265.91 769.39

Canonie! ' vironmental




NARNING'S EQUATION FOR ODETSRNINING NORNAL FLOW DEPTHS

IN TRAPEZOIOAL CHANRELS

LOCATION:UNC - SOUTH CELL ORAINAGE SWALE, 200 YEAR FLOOOD

DLSCHARGE o 107 CFS
BOTTUN RIDTH » ¢ N
1 (SIOE »y 270 e i
CHANNEL SLOPE = 0.00118
MARKING'S n = 0. 0300
. g« 1.30 BT
‘ L $4.5 12
CALCS * LI 0,658 FT
' L« 130 7
’ Vo« 1.3 FP§
. ¢ (CALC) = 148 CFS
L

DIFFERENCE = (e

Froude Nusber s« 0.219%
Velocity Head » . 028 BT
Tractive force =  0.048 PSF

SELECY A TRIAL DEPTN

« CHECK THIS O VALUE T0

SEE IF IT WaTINES LISTED
DISCHARGE

RAREQT.WR




RANNING'S EQUATION FOR DETERNINING NORRAL FLO
[N TRAPEZOIOAL CHARGELS
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RARRING'S EQUATION FOR DETERNINING NORNAL FLOW DEPTHS RANEQT Wk
IN TRAZEZOTOAL CHANRELS

LOCATION:UNC ~ SOUTH CELL ORAINAGE SWALE, 1000 YEAR FLOOD

DISCHARGE » 188 CFS
BOTTON WIDTR = (A
1 (SIDE SLOPE)s i

CHARNEL SLOPE « 0.00118
RANRING'S o = 00300

’ g = 1.99 F1 « SELECT A TRIAL QEPTH
¢ [ 126.4 F1°2
CaLes e .19 F1
' t e 159 F1
’ v e 1.§ FP§
. 0 (CEME) » 188 (FS « CHECK THIS Q@ “*LUE To
* DIFFERENCE » .20y SEE IF IT WATCHES LISTED
DISCHARGE

Froude Nuabder = 0.289
Velocity Head » 0.033 F1
Tractive force s 4. 059 PSF

T
2R VA R1AA ™ @i F
Canonie! ot




RANRING'S EQUATION FOR DEVERNINING NORNAL FLOW QEPTHS

I TRAPEZOIOAL CHARNELS

LOCATION:UNC « SOUTH CELL DRAINAGE SwWalt

DISCHARGE = N
BOTTON WIOTH » [
1 (SIDE SLOPE)s i

CHANNEL SLOPE = 0.00118
RANNING'S o = e

' (I (] ]
' A s (R |
CALCS ° L 1.50
' 3 m
‘ v e 2.2
’ 0 (CALL) = 1k

. DIFFERENCE L3

Froude Numbder = 4,32
Velocity Head » W
Tractive force s 4.11

(FS
f1

i1
F1°2
poe
£
Pps
CFS

« SELICT A TRIAL QEPTR

- CHECK THIS @ VALUE TO

SEE IF 1T RATCHES LISTED
DISCHARGE

RANEQT . NR
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MAVNING T EQUATION FOR DETEPMINING NOPMAL FLOW QEPTHS MANEQT.WR
IN TRAPEIOIDAL CHANNELS

LOCATICNIUNG - SOUTH CELL ORAINAGE SWALE, PP EVENT

DITCHARGE = 1201 CFS

BOTTCM WIDTH = QT
I (SIDE SLOPE)s £9
TANEL SLOFE « 0.00118
MANNING'S n s 9.0200
] = .84 T - SELECT A TRIAL OEP™
L A = e4r.3 F1°2
P e R = 1.65 F7
- t = 331 Y
s v = 2.4 FPS
. Q (CALC) 1304 CFS - CHECX THIS Q VALUE TO
DIFFERENCE « .23 % SEE IF 1T MATOMES LISTED
QIZCHARGE
‘rouge Numper s .26
Jelocaty Head = 0.088 7
155 ‘7_'.:

ractive force = V.18

Canonie v e
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RONNING'S EQUATION FOR ODETERMINING NORNAL FLOW DEPTHS ANEQT Wk
IN TRAPEZOTOAL CHANNELS

COCATION:UNC ~ SOUTH CELL ORAINAGE SWALE

DISCHARGE » §6 CFS
BOTTOR WIDTH » (IR
1 (SIOE SLOPE)s n

CHANNEL SLOPE » LN L)
RANRING'S n = 03N

. g .08 B - SELECT A TRIAL QEPTH
¥ LI 3.0 T
CALCS * L (A
' t a A
' vy e 1.8 FP§
. § (CALC) = $6 CFS ~ CHECK THIS Q VALUE T0
. DIFFERENCE » .22 8 SEE 1F 1T WATCHMES LISTED
CISCHARGE

Froude Nyabder = ). 481
Yelocity Head » 451 B
Tractive force = 0.110 PS§F




HYDROGRAPH CALOULATION FOR ONE-HOUR RAINFALL EVENTS USING THE SCS5 CLRVE NUMBER METHOD

SROLHR2 . WR1
NORTH CELL BRANCH SwALE
20-May-88

RETURN PERICD

ONE-HOLR RAINFALL AMOLNT
S CLRVE NUMBER

MEAN BASIN ELEV.
DURATION (D)

WATER COLRSE LENGTH (L)
WATERSHED AREA (A)
MAXTMUM RELIEF (M)

AREAL ADIUSTMENT
(NDAA ATLAS 2, FIG. 17)

WATERSHED ADJUSTMENT
(0SD, TABLE 5, PG 67)

ITEM

PERCENT OF 1-HOUR RAINFALL
(NOAA ATLAS 2)

CUMULATIVE RAINFALL
INCREMENTAL RAINFALL
SEQUENCE

P - CUMMLATIVE DESIGN
RAINFALL

0 - CUMULATIVE RUNOFF

INCREMENTAL RUNDFF OR
EXCESS RAIMFALL

TIME OF CONCENTRATION (Tc)

ADJUSTED Tc
TIME TO PEAK (Tp)
BASE PERIOD (Tb)

UNIT PEAK DISOHARGE

15:06

200 YRS
2.03 INCHES
77 S s
6988 FEET
9.25 HOLRS
0.46 MILES
0.06 SQ. MILES
79 FEET

1.000 AD), RAINFAL

TIME PERICD, HRS

2.9

A-71

2.03 INCHES

89

1.81

2.20

1.16

1.5067

9.3455

2.3476

9-0.25 0.25-9.59 0.59-0.7%
s7 79
1.16 1,60
1.16 0.45
e.20 2.45
2.2030 2.649%
0. 0000 0. 009
@ 0000 0.0009
0.21 HOLRS
0.23 HORS
9.26 Y A5
©.70 HORS
110 CFS

0.75-1.%@

100

8

<
"~
~N

2.9300

0.4644

2.1159

Canonie’ vironmental



A-72

NORTH CELL GRANCH SWALE RMB6-060-04
20-May-88 15:06

RETURN PERICD 200 YRS
ONE-HOUR RAINFALL AMOLNT 2.93 INCHES

INTERMEDIATE HYDROGRAPHS

COMBINED
TIME FIRSTY SECOND THIRD FOLRTH HYDROGRAPH
PEAK DISCHARGE (cfs) 0.0 0.1 3.3 12.8

0.20 2.9 2.9
0.03 0.0 0.0
2.97 2.9 0.9
0.10 0.0 0.9
2.13 2.0 0.0
0.16 2.0 2.0
0.20 2.9 0.0
0.23 2.9 0.0
0.26 2.2 0.0 2.0
.30 0.0 0.0 0.0
.33 2.9 @.0 0.9
0,36 0.0 0.0 0.0
0.499 @.0 2.0
0.43 0.1 8.l
2.46 @.1 2.1
0.49 0.1 .0 0.1
0.53 3.1 4.8 4.9
0.5 0.1 9.6 9.7
2.59 e.1 14.4 14.4
2.63 8.0 19,2 19.2
0.66 45.9 46.9
2.69 44,0 44.0
Q.72 al1.2 41.2
.76 3.3 2 3.3
.79 ».4 1.6 37.9
0.8 R.6 3.2 ».8
0.88 0.0 4.8 4.8
0.89 6.4 6.4
0.9 15.6 15.6
14.7 14.7

13,7 13.7

12.8 12.8

11.8 11.8

10.9 10.9

2.@ 2.0

Canonie v orenia



HYDROGRAPH CALCULATION FOR ONE-HOLR RAINFALL EVENTS USING THE SCS CLRVE NUMBER METHOOD A-73

SROIHR2.WR1

NORTH CELL ERANCH SWALE RMBE-060-04'
20-May-88 15:07

RETURN PERICO %00 YRS

ONE-HOLR RAINFALL AMOUNT 2.3 INCHES

505 CURVE NUMBER 7 S = 2.9

MEAN BASIN £ EV, 6988 FEET

OLRATION (D) 0.25 HORS

WATER COURSE LENGTH (L) 0.46 MILES

WATERSHED AREA (A) 0.26 SQ. MILES

MAXIMUM RELIEF (M) 70 FEET

AREAL ADIUSTMENT 1.000 ADJ. RAINFAL 2.34 INCHES

(NOAA ATLAS 2, FIG. 17)

WATERSHED ADJUSTMENT 1.12
(OSD, TABLE S, PG 67)

TIME PERICD, MRS

ITEM 0-2.26 0.,250.59 0.590-0.75 0.75-1.9
PERCENT OF 1-MOLR RAINFALL &7 79 a9 100
(NDAA ATLAS 2)
CUMULATIVE RAINFALL 1.33 1,88 2.08 2.34
INCREMENTAL RAINFALL 1.33 0.51 @.23 0.26
SEQUENCE 2.23 2.51 1.3 0.26
P - CLMULATIVE DESIGN 9.2340 @.7488 2.0826 2.,3400
RAINFALL
Q - CUMULATIVE RUNOFF 0. 0000 0.0073 9.4932 0.6420
INCREMENTAL RUNOFF OR 0. 2.0073 2.4859 0.1488

EXCESS RAINFALL

TIME OF CONCENTRATION (Tc) 2.21 HOLRS
ADJUSTED Tc 0.23 HOLRS
TIME TO PEAX (Tp) @.26 HOLRS
BASE PEKICD (Tb) @.70 HOLRS

UNIT PEAK DISOMARG: 110 CFS ca“o"ie - .
Lrviranmenial




NORTH CELL BRANCH SWALE RMEG - 260-04
20-May-88 15:97

RETURN PERICD 500 YRS
ONE-HOLR RAINFALL AMOUNT 2.34 INCHES

INTERMEDIATE HYDROGRAPHS

COMBINED
TIME FIRST SECOND THIRD FOURTH HYDROGRAPH
PEAK DISCHARGE (cfs) 2.0 0.8 53.5 16.4

2.0 2.9 2.0
2.23 2.0 2.0
0.97 0.0 0.0
0.10 0.0 2.2
2.13 2.2 0.0
0.16 0.0 0.2
2.20 2.0 2.0
0.23 0.9 2.9
0.26 2.9 0.9 2.2
2,30 0.9 2.1 e.1
.33 0.2 ¢.2 0.2
0.36 0.2 2.3 0.3
2.42 e.4 2.4
0.43 1.2 1.0
?.46 2.9 0.9
0.49 0.9 2.0 0.9
9.53 2.8 6.7 7.8
.56 0.7 13.4 14.1
9.59 0.7 20.1 20.8
0.63 0.0 26.8 26.8
.66 85.6 65.6
0.63 61.6 61.6
.72 §7.6 57.6
0.76 83.% (4 83.%
@.79 49.5 2.0 51.6
0.82 45.% 4.1 49.6
0.8 0.2 6.1 6.1
2.89 8.2 8.2
9. 20.1 20.1
18.9 18.9

17.6 17.6

16.4 16.4

15.2 15.2

13.9 13.9

2.0 @.0

Canonielvironmenta




A CA ATION FOR ONE-HOLR RAINFA VENTS USING THE SC5 CLRVE NUMBER METHO A-75

NORTH Cf BRANCH SWALE MEE-060-04
. -May-38 @7
{
RN 1 LY
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A-76

0.0
'0.

COMBINED

HTOROGRAPH

20.1

FOURTH

69.8

THIRD

2.1

SECOND

INTERMEDIATE HYDROGRAPHS

-.'.35816539"9531314617
[~ - N~ ~ ™~
sedse ~SERZEgESEI~ =3
O VS W0~
NN

-t N

.75295318546

SOnSIEBLEIgS

035316531.3.
sees tZZZle'

2.65 INCHES

1000 YRS

15:97
FIRST
8.0

TIME

NORTH CELL BRANCH SWALE
ONE-HOLR RAINFALL AMOLNT

RETURN PER1CO
PEAK DISCHARGE (cfs)

LSRR RS092R83BINC2YBE S
=

mental

Y
F

23.2
21.7
20.1
18.6
17.1

@.0

IV

——

23.2
257
20.1
18,6
17.1

2.0



Canonie




A-78

| A
3 AN
¥ | (B =iy
5 % S
’
»
s
L
¥
»
)

O

Canonie




Canonie




A-80

MANWING 'S EQUATION FOR DETERMINING NCRMAL FiOw DEPTHS MANEQT . WR
IN TRAPEZOIDAL CHANNELS

LOCATION:NORTH CELL BRANCH SWALE, 1009 YEAR RETURN PERICD

OISOHARGE = 5.5 CF3
BUTTOM WIDTH = @ FT
! (SIDE SLOPE )= e
CHANNEL SLOPE = 0.0

MANING'S n = 0.0000

. d = 1.18 F7 SELECT OEPTH
' A = 5.7 FT°2
CALCS * R = .59 T
. t = 94.4 FT
* v = 1.6 FPS
. Q (CALC) = 87 CFS CHECK THIS Q VALUE TO
2 DIFFERENCE = 1.49 % SEE IF 1T MATCHES LISTED
DISCHARGE

Froude Number = @, 6357
Velocity Head = 0.038 F!
Tractive force = 9.974 PSF

Canonie' et




A-81

MANNING'S EQUATION FOR DETERMINING NORMAL FLOW DEPTHS MANEQT . WR
IN TRAPEIOIDAL CHANNELS

LOCATION:NORTH CELL BRANCH SWALE, 50@ YEAR RETLRN PERIOD

DISCHARGE =
BOTTOM WIOTH =
z (SIDE SLOPE}=
CHANNEL SLOPE =
MANNTNG'S n =

CALCS

- 0 P> o
"

* ® % * »
oW oaon

v
Q (CALC)
OIFFERENCE

LA

Froude Number
Velocity Head =
Tractive force

65.6 CFS
QFT
49
9.002
0.0300

1.97 FT - SELECT A TRIAL DEPTH
45.8 FT°2
.53 F1
85.6 FT

1.5 FPS

67 CFS ~ CHECK THIS Q VALUE TO
1.39 % SEE IF IT MATCHES LISTED

DISCHARGE

= 0.332

0.03 FT
= 0.067 PSF

Canonie Vi ronmenial



MANNING'S EQUATION FOR DETERMINING NORMAL FLOW DEPTHS MANEQT . WR
IN TRAPEZOIDAL CHANNELS

LOCATION:NORTH CELL BRANCH SWALE, PMP EVENT, BRANCH 1

DISCHPRGE = 470 CF3
BOTTOM WIDTH = @ F1
I (SIDE SLOPE)= R

CHANNEL SLOPE = 0.002
MANNING'S n = 9.0300

" d = 2..3 F1 - SELECT A TRIAL DEPTH
» A= 198.9 FT"2
CALCS * R = 111
_ t = 178.4 FT
» V= 2.4 FPS
" Q (CALC) = 474 CFS - CHECK THIS Q VALUE TO
ud DIFFERENCE = 0.79 % SEE IF IT MATCHES LISTED
DISCHARGE
fFroude Number = 0.397

Velocity Head = 0.088 F1
Tractive force = 0.139 PSF

A-82

Canonie vironmentl




EQUATION FOR DETERMINING NORMA
IN TRAPEIOIDAL CHANNELS

Canonie




HYDROGRAPH CALCULATION FOR ONE-HOLR
DESIGN OF SMALL DAMS RAINFALL DISTR

JPPER SECTION
NORTH CELL DRAINAGE INC PROJEC
19-May-538

RAINFALL AMOUNT
NUMBER

:.‘ F»?"

Canonie




Canonie




HYDROGRAPH C. LCULATION FOR ONE
DESIGN OF SMALL DAMS RAINFALL

LOWER SECTION
NORTH CELL DRAI

INE-HOLR RAINFALL AMOUNT
LS CLRVE NUMBER

MEAN BASIN ELEV.
ARATION

WATER COLRSE

WATERSHED

MAXTMUM RELIEF

Canonie




INTERMEDIATE HYDROGRAPHS

SECOND THIRD

PEAK DISCHARGE (cfs) 185.17

Canonie!vironmenta
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