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Dear Mr. Hawkins:

Enclosed for your consideration is UNC's response to NRC's
comments on surface water hydrology and erosion protection.

Regarding your additional request of a detailed cost
estimate, I refer you to my letter of April 28, 1988 to Mr. Harry
Pettengill and a meeting held with Mr. Dale Smith on April 27, in
which Mr. Smith agreed that NRC's request for such a cost
estimate would be deferred. Additionally, our submittal to Mr.
Smith during our meeting contained a cost estimate that provides
you with a cost breakdown in yearly increments per activity.

I

If you have any questions or require additional information
do not hesitiate to contact me.
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RESPONSF.S TO NUCLEAR REGULATORY COMMISSION COMMENTS
UNC CHURCH ROCK HILL 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.

Resoonse 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 from 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 PHP 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 the pile would not be adversely affected.

Resoonse 2

Overland Flow Velocity Within the Tailinas Disoosal Area

The revised Figure 7-1 (attached) shows the location 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 Reclamation Plan was approximately
10H:1V. The revised slopes are 14 horizontal to I 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 (PHP) 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
(vrs) (inches) (fos) (fos) (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 2.58 2.87 1.06 1.21

PHP 8.46 4.17 4.63 2.17 2.48

|

|
These overland flow velocities were compared with maximum permissible
velocities (MPV) for vegetated channels. A reasonable MPV for this area

| would be 3.0 feet per second (fps). This MPV relates to a channel in
1
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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 PHP exceeded 3.0 fps,
analysis of the PHP rainfall distribution indicates that this condition
(flow velocity 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

j during this period will be corrected by on-site personnel by regrading
affected areas, adding additional cover, and revegetating as needed. The

probability of a major storm (greater than or equal to the 100-year storm)
occurring during this non-vegetated period is slight and its erosional
'mpact is expected to be minir.' !ven 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

l 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 tailings 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:lV Embankment

The overland flow velocities on the 5H:iV 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 PHP 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) (fos) (inches)

100 1.81 2.51 0.46
200 2.03 2.63 0.48
500 2.34 2.78 0.53

1,000 2.56 2.89 0.56
PHP 8.47 4.66 1.15

Calculated overland flow velocities were less than the MPV of 3.0 fps for
storms with return periods of 1,000 years 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 PHP event produced an overland flow velocity greater than 3.0 fps.
However, the PHP 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 PHP 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 that

|

occurs during the probable maximum flood (PMF).

!
l

!
l
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At the location of the longest embankment slopes, the toe of the slope will
be protected by 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 soil cover 8 inches, 8-12 inches, or 12 inches? The text is
not consistent.

Resoonse 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.

Resoonse 4

The previous studies performed by Simons, Li and Associates (SLA) (1930)
and Faith Emineering, Inc. (Faith) (1982) used a drainage basin outlet

CanonteEnvironmental
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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 consistent 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 5

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 cfs. Why is your estimate lower than the
others?

Resoonse 5

Our estiniate is lower 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 PHP of 10.1 inches as derived from
the National _ Weather Sarvice Technical Publication 40. This publication
has been sLperceded by HMR-49 for the western states.

Faith used a drainage basin area of 19.18 square miles and a one-hour PHP
amount of 6.8 inches as derived from HMR-49. However, Faith failed to use
the elevation correction factor in its PHP determination. A subsequent

CanonteEnvironmental
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PMF hydrograph calculation by UNC used the basin outlet elevation in detar-
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 PHP amount of 6.2 inches. The

reduced PHP 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
PHP. This revision is provided on the errata sheet of the 1984 edition of
HMR-49.

.Camment 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 were
determined.

Resoonse 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 Tailings
Embankment." Faith used soil data and soil maps developed by a 1979 Order
III 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, hydrologic 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.

CanonteEnvironmental
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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 bas.ed on the relative area of the soils, the
vegetation type and cover density, and the hydrologic soil classifications.
The weighted CN was determined to be 80.

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

Comrrant 7

On your PMF analyses, you used procedures from the Bureau of Reclamation's
2publication, "Design of Small Dams," (DSD) to adjust the PHP from a 1 mi

value to a value corresponding to the size of the drainage areas in ques-
tion. You also used DSD procedures to estimate PHP values for durations of
less than I hour. Use of DSD procedures results in smaller PHP values than;

| those derived using procedures from Hydrometeorological Report 49 (HMR-49).
2You should, therefore, use Figure 4.9 in HMR-49 to adjust your 1 mi PMP

value of 8.33 inches to correspond to the appropriate drainage areas and
Table 4.4 in HMR-49 for determining PHP values for durations of less than 1
hour.

Resoonse 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 parformed to assess

i the impact that the Nuclear Regulatory Commission's (NRC) recommendations
would have on the magnitude of the PMF. The PMF calculation 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 location at which Pipe-
line Arroyo exits the tailings impoundment area. In addition, hydrograph
parameters were selected from HMR-49 (NOAA and C0E, 1984) as suggested by
the NRC in Coment 7, instead of the Dasian 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 discharge was input into the HEC-2 program to observe
the effects of the increase in peak discharge. Sble 2 summarizes the
effects on chanitel 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 based on the
following factors:

o The distribution of rainfall within the one-hour period was taken from
the Qglign of Small Dams (U.S. Bureau of Reclamation,1977). Rainfall

,

was distributed se that 48 percant fell during the first quarter hour,
71 percent during the first halt hour, 88 percent during the third
quarter hour, and 100 percent during the entire hour.

o The areal adjustment factor of 0.74 was taken from Figure 21 of Desian
of Small Dams (U.S. Bureau of Reclamation,1977).

CanonteEnvironmental.
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o The drainage basin watershed characteristics were based on a discharge
point at the location at which Pipelino 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, a water course
length of 6.18 miles, and a maximum relief of 785 feet.

The following changes were made in recalculating the PMF:

o The distribution of reinfall within the one-hour period was taken from
HMR-49(NOAAandCOE,1984). Rainfall was distributed so that 74
percent fell during the first quarter hour, 89 percent during the
first half hour, 95 per cent during the third quartar hour, and 100
percent during the entire hour.

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

o The drainage basin chcracteristics were based on a discharge point at
the location at wh ih Pipeline Arroyo exits the UNC tailings impound-
ment area. As shown on Figure 3 of the Reclamation Plan, drainage
basins A1, A2, B, and the unmarked drainage basin northwest of the
Pipeline Arroyo were added to the original drainage basin boundary.
Drainage basin C was not included because water from this basin drains
into the south diversion ditch which discharges into the Pipeline
Arroyo south of the UNC tailings area and below the base control

,
structure.

l
:

Thus the watershed has its outlet just upstream of the South Cell|

| discharge point into Pipeline Arroyo. This discharge point results in
.

a drainage area of 18.22 square miles, a water course length of 6.98
miles, and a maximum relief of 819 feet.

t

|

,

| CananteEnvironmental
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An additional factor which affected the decision to use the rainfall dis-
tribution and areal adjustment factor from the Desian 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
Desian 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 8

You indicate that PHF 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 intc, 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 sits cannot be considered stable for several reasons. These
relate to the stability af 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 in their analysis, would cause the tail-
ings embankment to be overtopped. Also, the high velocities which would
result under PHF 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 necis-
sarily occur. However, for the same reasons as noted above, the site was
shown to be unstable.

CanonteEnvironmental
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SLA further indicated that:

A. Stability of the nickpoint outcrop has not been demonstrated. During 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 lateral to the present position of Pipeilne
Arroyo, there may_be a tendency for the stream to migrate round 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 likely. 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 a.11uvium, 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 500 year
event, it is very likely that the site would tiso be unstable for your PMF,
assuming 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.

CanonteEnvironmental
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Resoonse 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 concerns. Our design is justified 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 Comnent 7) on a recon-
figured channel, a deepened, enlarged, and controlled nickpoint, and con-
struction of a ban control structure to provide basa level control at two
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 staH11ty 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 reonfigured to a trapezoidal channel with
3H:lV 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 the 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 be made. The incition will deepen the nickpoint into less
weathered, more competent Zone i sandstone than is presently exposed. The

depth of the incision will '.,e 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 nickpoint, its erosion-resis-
tant walls of rock and riprap wiH provide horizontal stability at this
point.

While meaMer 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.

CanonteEnvironmental
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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 maar. der
amplitude for the widely varying existing channel slopes (0.053 ft/ft for
the channel downstream of tbs nickpoint and 0.0018 ft/ft for the channel
upstream), the meander sinplitude 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 will be limited to 75
feet to 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:

A - 2.7w 'Il

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

This formula was derived for channels in alluvial areas. Application of

|
this formula to the area telow the nickpoint can be made by using a bank-
full width related to the mean annual flood ar,:ount. This flood amount was'

.

determined to be 150 cfs. The bankfull width was determined to be ap-'

proximately 40 feet. The meander amplitude predicted b,Y the above equation

| 1s 156 feet which compares favorably to the 145 feet of the existing chan-
nel,

,

i

(
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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 Amplitude Toward Tailings
(vrs) (cfs) ( ft) (ft) (ft)

1,000 7,600 85 360 180

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 iHustrates 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 of material in the area below the
nickpoint is two to four times greater than this.

While localized scour will develop along the reconfigured channel bottom
dcring 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.

CanonteEnvircomental
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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 C-5) may be too
small.

Response 9

The Corps of Engineers' re prt concerning Mr. Maynord's modification has
not yet been nim H :W. However, a c hy 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 accepted as a standard engineering practice. Canonie and 'JNCt

|
believe that it is inappropriate tc adopt such a new procedure without

| extensive evaluation, particularly in light of the significant potential
j impacts it has on the currer.t 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 high veloci-
ties yielded bed degradation of 7.3 feet (please provide the Neill (1973)

CanonteEnvironmental'
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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.

Resoonse 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 width 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 list 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 extent 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.
|

,
Resoonse 11

!

| Lowering of the nickpoint will not result in head-cutting of the channel
because the channel will be excavated to a uniform slope from the northern
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 I

determines a new dynamic equilibrium. These changes are expected to be i
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.

Egippnse 12

Table 7.2 of the Reclamation Plan indicated that the meander amplitude of
the channel above the nickpoint increased from 50 feet in 1952 to 170 feet
in 1978, then decreased to 150 feet in 1983 and 110 feet in 1985. The
natural discharges and sediment loads that produced these changes were not
recorded. Mine water discharges were recorded from 1968 to 1986, but the
magnitude of these flows (less than 11.5 cfs) was m.ich less than naturally
occurring flows. For example, the mean annual flood, which has a recur-
rence interval of 2.33 years, has an estimated peak discharge of 150 cfs.
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 and
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.

CanonteEnvircnmental
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The response to Coment 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? If yes, provide the 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.

Resoonse 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 Cell Drainage Channel, shallow soil is underlain by Zone I 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

j the two curves. Cross sections were developed and hydraulic calculations

| were performed for these locations. Cross Sections DD-DD and EE-EE on
Figure 7-9A (attached) show that the curved sections of the North Diversion

CanonteEnvironmental
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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 that 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 DD-DD Cross Section EE-EE

Peak 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 provide the supporting
calculations. If no, discuss why riprap is not required in terms of ex-
pected velocities.

Respong_li

The South Cell Drainage swale will not require 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 illustrate
the current configuration of the North Cell Branch swales. The slope of
the North Cell Branch swales has been reduced fiom 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 of the PMF will be 2.4
fps.

Analysis of the shear stress or tractive force induct 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-year 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 following 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 forces 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.

i
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Thus, the sweles 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 PHF 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:ly 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 15

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 averace cover slope is approximately 2 percent,
| what is the steepest slope and where is it located? Did you assume any

potential for 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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Resoonse 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:lV and are located at two points at the eastern boundary of the
tailings within the existing Central Cell area. SH: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 both 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 can 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 slopts. Thus, gullying will not affect the stabi-
lity of the pile.

CanonteEnvircnmental
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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 PHP 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.

Resoonse 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 PNF while the east
overbank area will convey 17 percent and the west overbank 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 other than the existing primary flow
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path were to develop, no release of tailings would occur 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 listed 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 tha
reconfigured area to the location of the covered 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 portien 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 direr.ts water
away from the tailings area and therefore minimizes the potenu 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'

|

I
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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.

Resoonse 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 MPV 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.

CanonteEnvircnmental
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Coment 18

An independent evaluation by the staff indicates that a PHP 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.

Resoonse 18

The response to Coment 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 erosivo 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
gu11ying will occur on the embankment slopes and this gullying will not
cause the release of tailings.

Coment 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 Coment 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 1:5 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
channel 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 unless 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

The response to Comment 8 indicates that the reconfigured channel can be
considered stable because:

o The incised nickpoint and base control structure provide vertical and
horizoatal 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 no riprap
is needed for armoring the channel sides.

MT/k1g

|
\

|
|
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TABLE 1

PARAMETERS USED TO CALCULATE THE PMF
FOR THE PIPELINE ARROYO

Original Revised
Watershed Watershed

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 49(I) 0.75

2Design of Small Dams 0.74

PMF (cfs)

HMR49(1) 26,300

2Design.of Small Dams 25,000

(1)
Reference, NOAA and COE, 1984

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

,

S
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TABLE 2
i

COMPARISON OF CHANNEL VELOCITIES
AND WATER SURFACE ELEVATIONS

Water Surface ElevationChannel Velocities (fps) fs0 = 25.000 cfs 0 = 26.300 c 0 = 25.000 cfs 0 = 26.300 cfsNumber

1 27.26 27.59 5,885.6 6,886.0

2 22.71 22.97 6,894.3 0,894.8

3 20.61 20.83 6,896.6 6,897.2

4 27.58 27.96 6,894.5 6,894.8

5 29.73 30.16 6,914.1 6,914.4

6 30.37 30.76 6,927.2 6,927.5

7 21.18 21.23 6,935.8 6,936.5

8 20.26 19.61 6,936.7 6,937.7

9 18.80 18.99 6,936.3 6,936.8

10 19.38 19.54 6,936.3 6,936.7

11 20.01 20.41 6,941.8 6,942.1

12 18.60 18.66 6,948.4 6,948.9

13 21.23 21.03 6,950.8 6,951.3

14 16.20 16.18 6,957.4 6,957.7

15 16.39 16.69 6,960.2 6,960.3

16 20.89 21.14 6,964.4 6,964.6

17 19.90 20.05 6,973.1 6,973.3

Note: See Figures C-1 and C-2 in Appendix C of the Reclamation Plan for
section locations.
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TABLE 3

IIICOMPARISON OF RIPRAP SIZES
BY MAYNORDS 1973 AND MAYNORDS 1987 METHODS (2)

Maynords 1978 Method (I) Maynords 1987 Method (2)
d d d d

Location finhNesi finNIs finfResi (inNIsi
Pipeline Arroyo

Nickpoint 17 22 31 39
Base Control Structure 36 44 56 71

North Diversion Ditch
Downdrain 13 16 26 32

Runoff Control Ditch 5 6 8.5 11

Runoff Control Ditch Downdrain 23 29 31 39

! South Cell Drainage Channel
' Upper Section 15 19 23 29

Lower Section 24 30 36 44
1

| North Cell Drainage Channel
: Upper Section 8 10 14 17

Lower Section 6 8 11 14

Notes: (1) Maynord, Stephen T.,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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G LE 4

FLOW CHARACTERISTICS FOR THE
SOUTH AND NORTH CELL SWALES

South Cell Swale _ North Cell Branch Swale
One-Hr

Return Storm Peak Peak Tractive Peak Peak Tractive
Period Amount Discharge (2) Velocity Force Discharge Velocity Force
Ivrs) (inches) (cfs) (cfs) (osf) (cfs) (fos) (osf)

200 2.03(I) 107 1.3 0.048 46.9 1.3 0.059

500 2.34(1) 151 1.4 0.054 65.6 1.5 0.067

1,000 2.56(I) 185 1.5 0.059 85.5 1.6 0.074
,

PMF 8.47(3) 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 developed from SCS triangular hydrograph method.

(3) Storm amount derived from HMR-49.

I
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A-1

1.0 CALCULATIONS IN RESPONSE TO

COMMENT 2

Attachment 1.' contains the following calculations:

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

o Overland flow calculations at the headwaters of the North and South
Cell, Point 1, for a return period of 200 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 a return period of 1,000 years,

o Overland flow calculations at the headwaters of the North and South
Cell, ?oint 1, for the PHP 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 headwaters of the North and Souta
Cell, Point 2, for a return period of 1,000 years.

|-
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A-2

o Overlan'd flow calculations at the headwaters of the North and South
Cell, Point 2, for the PHP event.

o 14H:lV embankment slope calculations to determine what duration of
overland flow velocity is greater than 3.0 fps.

o Overland flow calculations at the 5H:lV embar,kment for a return period
of 100 years.

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

o Overland flow calculations at the 5H:lV embankment for a return period
of 500 years,

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

o Overland flow calculations at the 5H:lV embankment for the PHP event,

l

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

o 5H:lV embankment slope calculations to determine tt a length of slope
for which the PHP overland flow velocity is less than 3.0 fps.

|

,
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OVERL#O FLOW CALCULATIONS USING THE LNIT WIOTH METHOD

FROJECT: (NC O M OROCK 86-066-4
LOCATION: PORTH NO SOUTH CELL HEAO WATERS - POINT 1

RLNDFF COEF: 1 RETWN PERIOC: 100 YRS

SLOPE LENGTH: 296 FT 14R PPT NONT: 1.81.UCHES
AVE SLOPE: 0.069FT/FT Tc (calc): 1.745 MIN EQTN 4.44. RREG4620

PWNING'S nr 0.03 Tc (actual): 2.5 MIN
FLOW CONC: 2 %OF 1-m PPT: 27.5 % TABLE 2.1. PG EG 4620

DRAINAGE AREA: 0.006 ACRES PPT AdolNT: 0.497 IPCHES
PPT INTENSITY: 11.94 IPH-

PEAK OISCHARGE: 0.081 CFS Q = CIA
CONC. DISOMRGE:0.162 CFS

DEPTH: 0.072 FT EQTN 4.46.I M EG 4620

FLOW VELOCITY: 2.25 FPS V = Q/ FLOW AREA

TNK E 2.10F PLREG 4620

RAINFALL PERCENT OF

OWAT I(N 14R PPT

(MIN)
2.5 27.5

5 45

10 62
15 74

20 82

30 89.
45 95
60 100

i

.
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OVERLNO FLOW CALO)LATICNS USING THE LNIT WIOTH ;1ETHOU

PROJECT: LV OIRCHROCK 86-066-4
LOCATION: NORTH #O SOUTH CELL HfA0 WATERS - POINT 1

RlNOFF COEF: 1 RETLRN PERIOD: 200 YRS

SLOPE LENGTH: 296 FT 1-FR ' PT AMOLNT: 2.03 INCHED

AVE SLOPE: 0.069 FT/FT Tc (cale): 1.745 MIN E0TN 4.44. f4 REG 4620
tWNING'S n 0.03 Tc(actual): 2.5 MIN'

FLOW CONC: 2 %0F 1-FR FFT: 27.5 % TABLE 2.1. NUREG 4620
ORAINAGE AREA:'O.006 AutES PPT AMOLNT: 0.558 ITCHES

PPT INTDGITY: 13.39 IPH

PEAK DISQ %RGE: 0.091 CFS Q = CIA
CONC. DISO MRGE:0.182 CFS

DEPTH 'O.077 FT EOTN 4.46. ?tREG 4620

FLOW YELOCITY: 2.36 FPS V = 0/ FLOW AREA

TABLE 2.10F NREG 4620

RAINFALL PERCENT.0F
DLRATION 14R PPT

(MIN)
2.5 27.5

5 45

62

_o 74

20 82

30 89

45 95
60 100

CanonteEnvironmental
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OVERL#O FLOW CALO)LATIONS USItG THE LNIT WIOTH METHOD A-5

FROJECT: LNC QUDROCX 86-066-4
.0 CATION: NORTH N O SOUTH CELL HEAD WATERS - POINT 1
'

RtNOFF COEF: 1 RETlRN PERIOD: 500 YRS

SLOPE LENGTH: 2% FT 14R PPT AMOLNT: 2.34 IPCHES

AVE SLOPE: 0.069FT/FT Tc (calc): 1.741 MIN EQTN 4.44. MREG4620
M4NI TS ns 0.03 Tc.(actual): 2.5 MIN

FLOW c 4 : 2 %F 1-tR PPT: 27.5 % TABLE 2.1. MREG 4620

CRAINAGE ARtA 0.006 .YRES PPT AMOLNT: 0.643 INCHES
PPT INTE?61TY: 15.44 IPH

PEAK OI*AMRGE: 0.U4 CFS Q = CIA
CONC. DI!O MRGE 0.209 CFS

DEPT 11: 0.083 FT EQTN 4.46 fLREG 4620

FLOW VELOCITY: 2.49 FPS V = 0/ FLOW AREA

TABLE 2.10F MREG 4620

RAINFALL PERCENT OF

OlRATION 1-4R PPT

(MIN)
2.5- 27.5

5 45

10 62
15 74

20 82

30 89
45 95
60 100
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OVERL#O FLOW CALCULA11(NS USING THE WIT WIOTH METH00 A-6

PROJECT: LNC QUOROCK 86-066-4
LOCATION: NRTH #O SOUTH CELL HEAO WATERS - POINT 1

RlNOFF CDEF: 1 RETtRN PERICO: 1000 YRS
SLOPE LENGTH: 295 FT 1-fR PPT AMOWT: 2.56 INCHES

AVE SLOPE: 0.069 FT/FT Tc (cale): 1.741 MIN E0TN 4.44. N. REG 4620

M4NING'S n 0.03 Tc(actual): 2.5 MIN
FLOW CONC: 2 %OF 14R PPT: 27.5 % TABLE 2.1 HREG 4620

ORAINAGE AREA: 0.006 AGES PPT AMCWT: 0.704 INCHES
PPT INTENSITY: 16.89 JFi

PEAK OISCHARGE: 0.114 CFS Q = CIA
CONC. DISCHARGE:0.228 CFS

DEPTH: 0.008 FT E0TN 4.46. NLREG 4620

'

FLOW VELOCITY: 2.58 FPS V = 0/ FLOW AREA.

TABLE 2.1 0F N REG 4620

RAINFALL PERCENT OF

DLRATION 1-1R PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82
30 89
45 95
60 100

i

!

|

!
!

|

|
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OVERLM FLOW CALCULATIONS LSING THE UNfT WIOTH METH00
A-7

PROJECT: (NC N 86-966-4
LOCATION: NORTH NO SOUTH CELL HEAD WATERS - POINT 1

RtNOFF CX)EF: 1 RETW N PERIOD: R1P YRS

-SLOPE LENGTH: 296 FT 14R PPT N10 TNT: 8.46 INCHES

AVE SLOPE: 0.069FT/FT Tc(cale): 1.745 MIN EQTN 4.44, f4 REG 4620

MAtNING'S n 0.03 Tc(actual): 2.5 MIN
FLOW CONC: 2 %OF 14R PPT: 27.5 % TABLE 2.1 MREG 4620

ORAINAGE AREA: 0.006 ACRES PPT AMOLNT: 2.326 INCHES
PPT INTENSITY: 55.F3 IFH

PEAK DISCHARGE: 0.379 CFS Q = cia
CONC. DISO%RGE:0.758 CFS

DEPTH: 0.181 FT EQTN 4.45, ftREG 4620

FLOW VELOCITY: 4.17 FPS V = Q/ FLOW AREA

TABLE 2.10F PLREG 4620

RAINFALL PERCENT OF

OWATICN 14R PPT

(MIN)
2.5 27.5

5 45

le 62
15 74

23 82
30 89

45 95
60 100
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OVERL#O FLOW CALOJLATI0tG USIBG THE LNIT WIOTH METf00 4,g

fROJECT: UNC CRRCHt0CX 86-060-4
LOCATION: NORTH NO SOUTH CELL HEAD WATERS - FOINT 2

RlNOFF COEF: A RETLRN PERIOD: 100 YRS

-SLOPE LENGTH: 375 FT 1-fR PPT /t10LNT: 1.81 INCHES

AVE SLOPE: 0.071 FT/FT Tc (calc): 2.071 MIN E0TN 4.44. PAREG4620 -
FWNING'S n 0.03 Tc (actual): 2.5 MIN

FLOW OONC: 2 %F 1-FR PPT: 27.5 % TABLE 2.1. ftREG 4620
CRAINAGE AREA: 0.000 ACRES PPT IV10UNT: 0.497 ItDiES

PPT INTEt6ITY: 11.94 IFH

PEAK OISCHARGE: 0.102 CFS Q = CIA
CCNC. DI*.OiARGE:0.205 CFS

DEPTH: 0.082 FT EQTN 4.46. ftREG 4620

FLOW VELOCITY: 2.50 FPS V = 0/ FLOW AREA

TABLE 2.10F ttREG 4620

RAINFALL PERCENT OF

OlRATION 1-fR PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82
30 89
45 95
60 100

|

!

.
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OVERL#O FLOW CALOlAATIONS USING THE LNIT WIOTH MET 100 9

PROJECT: Lto OtROROCX E0C0 4
LOCATION: NORTH #O SallTH CELL HEAD WATERS - POINT 2

RlP0FF COEF: 1 RETlRN PERIOD: 200 YRS

SLOPE LENGTH: 375 FT 14R PPT AM0WT: 2.03 INCHES

AVE SLOPE: 0.071 FI/FT Tc (calc): 2.071 MIN E0TN 4.44. ftpEG4620.

fWNING'S nr 0.03 Tc (actual): 2.5 MIN
FLOW CX)NC: 2 V)F 14R PPT: 27.5 % TABLE 2.1. PEREG 4620

CRAINAGE AREA: 0.008 ACRES PPT #10LNT: 0.558 ItciES
PPT INTENSITY: 13.39 IRi

PEAK DISO4RGE: 0.115 CFS 0 = cia
CONC. DI*. CHARGE:0.230 CFS

DEPTH: 0.088 FT E0TN 4.46. PlJREG 4620

FLOW VELOCITY: 2.62 FPS V = 0/ FLOW tREA

TABLE 2.10F flREG 4620

RAINFALL PERCENT OF

DlFATION 14R PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82

30 89
45 %
60 100

s

|
'
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OVERL#O FLOW CA'CULATIOr6 USING THE LNIT WIDTH MEm00 A-10

PROJECT: LNC OGCHt00( 86-466-4
LOCATICN: PORTH #O S0UTH CELL HEAD WATERS - POINT 2

RLNDFF COEF: 1 RETlRN PERIOD: 500 WS
SLOPE LENGTH: 375 FT 14R PPT AMolNT: 2.34 INCHES

AVE SLOPE: 0.071 FT/FT Tc (calc): 2.071 MIN EQTN 4.44 fGEG'2 .a
MAPNING'S n 0.03 Tc (actual): 2.5 MIN

,
-

FLOW CONC: 2 V)F 14R PPT: 27.5 % TABLE 2.1, tGEG 4620
CPAINAGE AREA: 0.000 ActES PPT AMaNT: 0.643 IN0 d5

PPT INTEf61TY: 15.44 IFH

PEAK OISCHARGE: 0.132 CFS Q = cia
CONC. O!SWARGE:0.265 CFS

DEPTN 0.096 FT EQTN 4.46. P G EG 4620

FLOW VELOCITY: 2.77 FPS V = 0/FLCW AREA

TABLE 2.10F fGEG 4620

RAINFALL PERCENT OF

DLRATION 1-M PPT
.(MIN)

2.5 27.5
5 45

10 62
15 74

20 82
30 89
45 95
60 100

1

!

|

|

I

|

|
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OVERLMO FLOW CALCULAT10t6 USING THE LNIT W10TH METH00

A-11
PROJECT: LtC CHRORom 86-066-4

10 CATION: PORTH #O SOUTH CELL HEAD WATERS - POINT 2

PANDFF COEF: 1 RETlRN PERIOD: 1000 YRS
SLOPE LENGTH: 375 FT 14R PPT AMOLNT: 2.56 INCHES

AVE SLOPE: 0.071FT/FT Tc(cale): 2.071 MIN EQTN 4.44. NLREG4620
MAPNING'S n 0.03 Tc(actual): 2.5 MIN

FLOW CONC: 2 W F 1-W, PPT: 27.5 % TMLE 2.1. RREG 4620
ORAINAGE AREA: 0.000 ACRES PPT #0LNT: 0.704 INCHES

PPT INTENSITY: 16.89 IfH

PEAK 019 CHARGE: 0.145 CFS Q = CIA'

CONC. DI!O MRGE:0.290 CFS

DEPTH: 0.101 FT EQTN 4.46. MREG 4620

FLOW VELCCITY: 2.87 FPS V = O/ FLOW AREA

VABLE 2.10F N. REG 4620

RAINFALL PERCENT OF

OlRATION 14R PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82
30 89

45 95
60 100
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OVERL#O FLOW CALCULATIONS USING THE LNIT WI0TH METl00

A-12

FROJECT: LNC CRROROCK 86-066-4
LOCATION: P0RTH NO SCUTH CELL HEAD WATERS - POINT 2

i

RLNOFF COEF: 1 RETLRN PERICO: PMP WS

SLOPE LENGTH: 375 FT 1-+R PPT AM0lRT: 8.46 INCHES

AVE SLOPE: 0.071FT/FT Tc.(calc): 2.071 MIN EQTN 4.44. RREG4620
iWNING'S ns 0.03 Tc(actual): 2.5 MIN

FLOW C0tC: 2 %0F 1-FR PPT: 27.5 % TABLE 2.1. RREG 4620
ORAINAGE AREA: 0.008 ACRES PPT #0lNT: 2.326 INCHES

PPT INTENSITY: 55.83 IPH

PEAK OISCHARGE: 0.480 CFS Q = CIA
CONC. DISO WlGE:0.961 CFS

DEPTH: 0.207 FT EQTN 4.46. PUREG 4620

FLOW VELCCITY: 4.63 FPS V = 0/ FLOW AREA

TABLE 2.10F RREG 4620

RAINFALL PERCENT OF

OlRATION 1-tR PPT

(MIN)
2.5 27.5

5 45
10 32

15 74
20 82
30 89
45 95
60 100

CanonteEnvironmental
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OVEBLAND FLCW CALCULATIONS til G THE LNil klDTH ?ETHOD A-13

PF0JECI: LNC CHURCHROCK 86-060-4

LOCAllCN: 14H:lV EMBANKMENT SLOFES

RUhCFF CCEF: 1 PETURN PERIOD: ;no iF5

SLEPE LENGTH: 375 FT l-FR FPI: 9.46 ! O E5
AVE SLOFE: 0,071 FI/FT Tc tealc): 2.067 MIN Eai% 4.44. N3E64620

M NNIkS'S n: 0.01 Ic 'attual): 22 fl9
FLCW C0%C: 2 10F 1-kR FPI 53 ; iMtE 2.1, %FE6 4610

DEAIN;5E ASEA: 0.002 FCkES iPT 3 0a7: 7.021 thLnES
FPi INTE%31Tf !?.15 IFH

FEAK 015C 4;5E: 0.1:4 CFE G = C:A

:0NC. D15CHA 3Erv.329 CF5

DEPik: 0,109 Fi igitt 4.46, EFE5 4t20

FLODt.ELCCITY: '.02 FF5 V = 0/ FLOW AFEi

IMtE 2.10F kdEB 4eN

falNFt.LL FE; CENT OF

[9 AliCN 1-L3 TF T

iM10
2.5 ^1.5

5 45

1 t' 62

15 74

20 E2

M 3?

45 55

t) Icv

.
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OVERLMO FLOW CALCULATIONS USIfC THE l, NIT WIDTH MEm00

PROJECT: LNC OtROR00( 86-066-4
LOCATION: SH 1V EN W WMENT. SLOPE

RlNDFF COEF: 1 RETLRN PERIOD: 100 YRS
SLOPE LENGTH: 140 FT 1-FR PPT AM0WT: 1.81 IN0iES

AVE SLOPE: 0.2 FT/FT Tc(cale): 0.651 MIN E0TN 4.44. NLREG4620
fWNIPG'S n: 0.03 Tc (actual): 2.5 MIN

FLOW CCNC: 2.5 %0F 1-fR PPT: 27.5 % TABLE 2.1. PLREG 4620
DRAINAGE AREA: 0.003 ACRES PPT AM0lNT: 0.497 IN01ES

PPT INTENSITY: 11.94 IFH

PEAK DISCHARGE: 0.038 CFS Q = CIA
CONC. DISO1ARGE:0.095 CFS

DEPTH: 0.038 FT EQTN 4.46. ?tREG 4620

FLOW VELOCITY: 2.51 FPS V = 0/ FLOW AREA

TM3tE 2.10F PAREG 4620

RAINFALL PERCENT OF

DLRATICN 1-fR PPT

(MIN)
2.5 27.5

5 45

10 62
15 74

20 82
30 89
45 95
60 100

,
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OVERL#O FLOW CALCULATICNS USING THE LNIT WIOTH METHOD A-15

FROJECT: LNC OtRCHUXX 86-066-4
LOCATION: SH:1V EM W $ MENT SLOPE

RlNOFF COEF: 1 RETlRN PERICO: 200 YRS

SLOPE LENGTH: 140 FT 1-FR PPT AMOLNT: 2.03 IPOiES
AVE SLOPE: 0.2 FT/FT Tc(cale): 0.651 M!N E0TN 4.44. MREG4620

MAPNItG'S nr 0.03 Tc(actual): 2.5 MIN
FLOW CONC: 2.5 %OF 1-tR PPT: 27.5 % TABLE 2.1. MREG 4620

DRAINAGE AREA: 0.003 ACRES PPT #10LNT: 0.558 INCHES
PPT INTENSITY: 13.39 IFH

PEAK DISCHARGE: 0.043 CFS Q = cia
CONC. DISCHARGE:0.107 CFS

DEPTH: 0.040 FT EQTP 4.46. MREG 4620

FLOW VELOCITY: 2.63 FPS V=0/rLOWAREA

TABLE 2.1 0F NREG 4620

RAINFALL PERCENT OF

OLEATION 14R PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82

30 u9

45 95
60 100

,

I

|

|

|
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OVERLMO FLOW CALCULATIONS USING THE LNIT WIOTH METHOD A-16

FROJECT: LNC 01ROROCK 86-060-4
LOCATION: SH 1V EN W D ENT SLOPE

RLNCFF Q)EF: 1 RETLRN PERIOD: 500 YRS
SLOPE LEN3TH: 140 FT 1-tR PPT AMOLNT: 2.34 IN0iES

AVE SLOPE: 0.2 FT/FT Tc (cale): 0.651 MIN EQTN 4.44, itREG4620
tWNING'S n: 0.03 Tc (actual): 2.5 MIN

FLOW CONC: 2.5 %0F 1-tR PPT: 27.5 % TABLE 2.1. PAREG 4620
ORAINAGE AREA: 0.003 ACRES PPT AMOLNT: 0.643 INCHES

PPT INTENSITY: 15.44 IPH

PEAK OISOiARGE: 0.049 CFS Q = CIA
CONC. DISOiARGE:0.124 CFS

DEPTH: 0.044 FT EQTN 4.46. NEEG 4620

FLOW VELOCITY: 2.78 FPS V = Q/ FLOW AREA

TABLE 2.1 0F N EEG 4620

RAINFALL PERCENT OF

OLRATION 14R PPT

(MIN)
2.5 27.5

5 45
le 62
15 74

20 82

30 89
45 95
60 100

CanonteEnvironmental
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OVERLAPO FLOW CALCULATIONS USItG THE LNIT WIOTH METWO A-17

FROJECT: LNC 04.ROROCK 86-066-4
> LOCATION: 5H:1V EMMNmENT SLOPE

RLNOFF COEF: 1 RETtRN PERICD: 1000 YRS
SLOPE LENGTH: 140 FT 14R PPT AMOINT: 2.56 ItDiES

AVE SLOPE: 0.2FT/FT Tc (calc): 0.651 MIN EQTN 4.44. N. REG 4620
MAPNING'S n 0.03 Tc (actual): 2.5 MIN

FLOW CONC: 2.5 WF 14R PPT: 27.5 % TABLE 2.1. PG EG 4620
CRAINAGE MEA: 3.003 ACRES PPT AMOLNT: 0.704 INCHES

PPT INTD61TY: 16.89 IPH

PEAK DISO%RGE: 0.054 CFS Q = CIA
, CONC. DI!a%RGE:0.135 CFS

DEPTH: 0.047 FT E0TN 4.46. FLREG 4620

FLOW VELOCITY: 2.89 FPS V = 0/ FLOW AREA

TABLE 2.10F PLREG 4620

RAINFALL PfRCENT OF

OLRATION 14R PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82
30 89
45 95
50 100

i

| 1
'

!

!
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OVERL#O FLOW CALQJLATIONS USING THE LNIT WIDTH MET 100 A-18

PROJECT: (NC 04ROROCK 96-066-4
LOCATICN: SH:1V E?B W MENT SLOPE

RLNOFF COEF: 1 RETIRN PERICO: rip YRS

SLOPE LENGTH: 140 FT 14R PPT ArolNT: 8.47 INCHES
AVE SLOPE: 0.2 FT/FT Tc (cale): 0.651 MIN E0TN 4.44. NREG4620

MAPNING'S ns 0.03 Tc (actual): 2.5 MIN
-FLOW CONC: 2.5 WF 1-FR PPT: 27.5 % TABLE 2.1, NRFG 4620

ORAINAGE AREA: 0.003 ACRES PPT AMOLNT: 2.329 INCHES
PPT INTENSITY: 55.90 IPH

PEAK DISO M GE: 0.179 CFS 0 = CIA
CCNC. DISCHARGE 0.449 CFS

DEPTH:.0.096 FT E0TN 4.46. MREG 4620

FLOW VELOCITY: 4.66 FPS V = 0/ FLOW #REA

TABLE 2.10F MREG 4620

RAINFALL PERCENT OF

DLRATICN 14R PPT

(MIN)
2.5 27.5

5 45

10 62
15 74

20 '32

30 89
45 95
60 100

.
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OVERL#O FLOW CALCULATION 3 USING THE lNIT WIOTH METHOD A-19

PROJECT: LNC OtRQROCX 86-060-4
LCCATICN: SH 1V EMWRMENT SLOPE

RlNOFF COEF: 1 RETLRN PERIOD: FtiP YRS
SLOPE LENGTH: 140 FT 14R PPT N10LNT: 8.47 INCHES

AVE SLOPE: 0.2 FT/FT- Tc(calc): 0.651 MIN EQTN 4.44. NLREG4620
MAPNING'S n 0.03 Tc (actual): 24 MIN

FLCW C0tC: 2.5 WF 14R PFI: E6 % TABLE 2.1. NLREG 4620
ORAINAGE AREA: 0.003 AORES PPT N1 ANT: 7.284 ITCHES

PPT INTENSITY: 18.21 IfH

PEAK OISQiARGE: 0.058 CFS Q = CIA
CONC. DI'h iARGE:0.146 CFS

DEPTH: 0.049 FT E0TN 4.46. 11.EEG 4620

FLOW VELOCITY: 2.97 FPS V = 0/ FLOW AREA

TABLE 2.10F PAREG 4620

RAINFALL PERCENT OF

OlRATION 1-FR PPT

(MIN)
2.5 27.5

5 45
10 62
15 74

20 82
30 89
45 95
60 100

|

l
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OVERL#O FLOW CALOJLATIONS USING THE UNIT WIOTH METHOD A.20

PROJECT: WC 04ROR00( 86-060-4
LOCATION: SH:1V EPSNRMENT SLOPE

RLNOFF COEF: 1 RETLRN PERIOD: Rif YRS
SLOPE LENGTH: 46 FT 14R PPT AMOLNT: 8.47 INaiES

AVE SLOPE: 0.2 FT/FT Tc (calc): 0.276 MIN EQTN 4.44. NREG4620
MAPNING'S n 0.03 Tc(actual): 2.5 MIN

FLOW CONC: 2.5 %F 14R PPT: 27.5 % TABLE 2.1. NREG 4620
ORAINAGE AREA: 0.001 ACRES PPT N10LNT: 2.329 INCHES

PPT INTENSITY: 55.90 IFH

PEAK 01'4 VRGE: 0.059 CFS Q = CIA
CONC. DISOiARGE 0.147 CFS

DEPTH: 0.049 FT EQTN 4.46. MREG 4620

FLOW VELOCITY: 2.98 FPS V = 0/ FLOW AREA

TABLE 2.10F NREG 4620

RAINFALL PERCENT OF

DLRATION 14R PPT

(MIN)
2.5 27.5

5 45

10 62

15 74

20 82

30 89

45 95
60 100

CanonteEnvironmental
. . .. . ..



A-21

2.0 CALCULATIONS IN RESPONSE TO

COMMENT 7
,

Attachment 2.0 contains the following calculations:

o PMF calculation for the original Pipeline Arroyo watershed.

o PMF calculation for the revised Pipeline Arroyo watershed,

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

CanonteEnvironmental
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Hf 0R06FAFH CALCULAllCN FOR ENE+00R FMF EVENTS U5ING THE SCS CUFriE huPEER PEliaD A-22

Lesign et Stall Dass - Orignal Watershed
FIFELihE AFR0f0 UNC FROJECT FM5646041

26-Apr-98 17:26

OhE-HOUR FAlhfALL M0tif 9.4 INCHES

SCS CUS:'rE NUMEER 79 S 2.65
PEAN BASIN ELEV. 7275 FEEI

DLRAi!CN (D) 0.25 HOURS

WATEP COLA 5E LENGTH tLi 6.13 MILES e eE0691318
WATEESHED AGEA (A' 16.'' 52. FILES
AAI!MJ'I FELIEF (H) 735.00 FEET

f'~VADJL'SifENT 0.53625 ADJ. :AINFA 5.3! INCrE5s

AFEAL A:Jb51 MENT 'DSD) 0.74 ACJ. 41'6 AL s.le N HE5

WATEF5hED ADJU$irENT 1.04

tD50. TAFLE 5. H 67)

IIPE FEE 100, his

ITEM 0-0.25 0.254.59 0.50-0.75 0.75-1.00

FEFCENT OF 1-HCUR 9AINFALL 43 71 23 100

1050.ToELE 2. FG 52'

CtMULA11VE F A!NFALL 2.4 4.38 5.42 e.le

15CFEFEki'l RAINFALL 2.% 1,42 1.05 0.74

EE0LENCE !.05 1.42 2.96 0.74

F - CUPULAllVE CE31EN 1.05 2.47 5.42 6.16
BAlhFALL

0 - CLMJLATIVE PLKFF " 03 0.81 3.17 3.93.

!NCFEMENTAL F AGFF CR 0.09 0.73 2.!b 0.66
EXCESSFAINFALL

i sE (F (CNCENT RTICN lic) 1.:' W !

A?J'J$iED Ic 1. b.' h53

ilPE TO FEAf <Tp) 1,14 r00%

FASE FEFIOD (TM 3.03 "CUA3
.

' af - e 4

Canontee,nvircnmentai
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A-23

INTE93EDIATE Hf 0F06PAPHS

CDP.BINED

TIME FIPST SECOND THIRD FOUR1H HVCE0 GRAPH

FEkK DISCHMBE (cit) 594.64 5173.16 16681.52 4646.45

0.00 0.00 0.00

0.14 74.33 74.33

0.29 148.66 0.00 140.6t
0.43 222.99 646.35 0.00 969.e3

0.57 297.32 1293.2? 20E5.19 3675.30

0.72 371.65 10!9.94 4170.33 0.00 6421.96

0.96 445.99 2536.53 :255.57 580.81 5263.94

1.00 520.31 3233.23 834).76 1161.61 13255.91

1.14 594.64 3377.57 10425.95 1742.42 16642.33

1.29 550 !! 4526.52 12511.14 2323.22 19911.01

1.43 505.62 517!.16 14596.33 2704.03 23179.15

1.57 461.11 4735.95 16681.52 3424.84 25413.42

1.72 416.6) 4393.74 !!432.91 4065.64 24313.99

1.06 372.09 4011.52 14184.29 4646.45 23214.36

2.00 327.58 3624.31 129!5.37 4293.66 21186.23

2.15 203.08 32'.7.10 11697.06 3950.87 19159.10

2.29 233.57 2849.27 10438.44 !603.09 17129.98

2.43 194.06 2462.67 91c9.82 3255.30 15101.55

2.57 147.55 2075.46 7941.20 2907.51 ID73.72
2.72 105.04 16ES.25 6692.59 2559.72 11045.60

2.96 60.53 1301.03 5443.97 2211.93 ;017.47

!.00 16.a2 913.52 4195.35 1864.14 1969.34

3.15 9.00 526.61 294t.74 1516,36 4939.70

3.29 t!1.40 1699.12 1168.57 3006.09

t.43 0.00 449.50 320.72 1270.23

3.59 0.00 472.99 472.99

3.72 125.20 125.20

3.26 0.00 0.03

4.01

Canonietnvironmental
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fhTROGRAfH CALCULATION FOR ONE-flotR _PMP EVENTS USING THE SCS aRVE tOBER METHOD A-24
ffR 49 RAINFALL- OISTRIBJTION USED

Design of e.snall Jams - Revised Watershed
PIPELINE ARROYO LNC PROJECT RM86-960-01

13-May-88 14:59

ONE-f0lR RAINFALL AMOUNT 9.4 INCHES
SCS CLRVE PUBER 79 S= 2.66
NEAN BASIN ELEV. 7275 FEET

OlRATION (0) 0.25 HOLRS

bATER COlRSE LENGTH (L) 6.98 MILES 0.880681818

WATER W ED AREA (A) 18.22 S0. MILES
MAXIttN RELIEF (H) 819.00 FEET

ELEV ADJUSTMENT 0.88625 ADJ. RAINfAL 8.33 INCHES

AREAL ADJUSTMENT (050) 0.75 ADJ. RAINFAL 6.25 INCHES

WATER $ED /OJUSTMENT 1.04

(0$0. TABLE 5. PG 67)

TIME PERIOD. FRS
ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

0'ERCENT OF 1-f0LR RAINFALL 74 89 95 100

(O'D. TABLE 2. PG 52)

CLMJLATIVE RAINFALL 4.62 5.56 5.94 6.25

It0REMENTAL RAINFALL 4.62 0.94 0.37 0.31

SEQUENCE 0.37 0.94 4.62 0.31
.

P - a MJLATIVE DESIGN 0.37 1.31 5.94 6.25
RAINFALL

Q - CLHJLATIVE RLNOFF 0.01 0.18 3.62 3.90

IN01EMENTAL RLNOFF OR 0.01 0.17 3.45 0.28
EXCESS RAINFALL

| VIME OF CONCENTRATICN (Tc) 1.85 f0LRS

:
'

ADJUSTED Tc 1.92 FOURS

| TIME TO PEAK (Tp) 1.28 F0LRS
i

; BASE PERICO (Tb) 3.42 f 0LRS
|

| LNIT PEAK DISOiARGE 6893 CFS
i

|

| CanonveEnvircnmental
L
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INTERMEDIATE HYDRO @APHS

COSINCD

TIME FIRST SECOr0 THIRD F0lRTH R/DROGRAPH

PEAK OISO9PGE (cfs) 67.72 1153.31 23748.32 1928.13

0.00 0.00 0.00
0.16 8.46 8.46
0.32 16.93 0.00 16.93
0.48 25.39 144.16 0.00 169.56
0.64 33.86 288.33 2968.54 3290.73
0.80 42.32 432.49 5937.08 0.00 6411.90
0.96 50.79 576.66 8905.62 241.02 9774.08
1.12 59.25 720.82 11874.16 482.03 13136.27
1.28 67.72 864.98 14842.70 723.05 16498.45
1.44 62.65 1009.16 17811.24 964.06 19847.10
1.60 57.58 1153.31 20779.78 1205.08 23195.75
1.76 52.51 1066.98 23748.32 1446.10 26313.92
1.92 47.44 980.66 21970.75 1687.11 24685.97
2.00 42.38 894.33 20193.18 1928.13 23058.02
2.24 37.31 800.01 18415.61 1783.81 21044.74
2.40 32.24 721.68 16638.05 1639.49 19031.45
2.56 27.17 635.36 14860.48 1495.16 17018.17
2.72 22.10 543.03 13082.91 1350.84 15004.88
2.89 17.03 462.71 11305.34 1206.52 12991.60
3.04 11.96 376.38 9527.77 1062.20 19978.31
3.20 6.89 290.05 7750.20 917.88 8965.03
3.36 1.82 203.73 5972.63 773.56 6951.75
3.52 0.00 117.40 4195.06 629.24 4941.70
3.68 31.08 2417.49 484.92 2933.49
3.84 0.00 639.92 340.60 980.52
4.00 0.00 1 % .28 196.28
4.16 51.96 51.96
4.32 0.00 0.00
4.48

I

CanonteEnvircomental
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* UATER $UlfACE P10fIlf5 - * * U.S. Alif CCIPS Of (R511!!!! '

' Vil110N Of HYlplit 1916 ' THE HY010l061C IX6!IEft!NS CENTER' '

' UPDAitB IntCN !!ll * ' lit SEC00 Sil!!T, SVITE O '

' ' ' OAVIS. CAL!f0tIII 15616 *

' 101 04fE TH , IAf 121988 TIII15:20:59 ' (916) 440 2165 (fil) 448-2165
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1 A-27
TNV. AAT 12 1988 15:21:59 PAGE 1

T315RURE!! CUT (0TRU.NAT 121988 15:21:59
..................................................

WEC2 til!All 04TIO NOV 16 tlP0ATED AAB 1982

(1101 (012 - 11,12,13,14,85

R30!f!Cli!On- 51,51,52,53,54.55
..................................................

11 Atilli411VI 5 - Atill!D CHARIEL CONF!6UtAi!0f - Q.263tlCF5

72 8IC PROJECT RO. til6166 il 5/12/11

13 FIPfl!NEAll0YO SUPittilTICALfl0W

J1 !CHEC( INQ IIIV 1011 ifti Pfit!C WVIIS Q WSit FQ

l. l. I, 1. l.lli!Il 1.11 1.1 26364. 6911.191 f.ill

it 1.161 1.161 1.lli 1.Ill I. lit 1.Ill 4.000 1.111 1.ill 1.Ill
11 li.fil 9.lle 539.194 634.115 till.Ill lill. lit till.Ill 1.111 1.116 f.Ill

61 6915.000 f.Ill 6910.111 539.160 6959.111 512.111 6959.110 611.111 6971.111 634.111

68 6971.Ill lit.lli 6968.000 145.111 6911.lil 862.111 6915.110 1195.111 1.000 f.Ill

11 16.lli 21.111 612.lli 116.lli 1985.134 till.Ill 1115.011 1.000 1.111 1.111

61 6995.lli 1.Ill 6991.111 14.111 6985.Ill 31.111 6981.111 64.111 6915.Ill 11.lli
61 6918.110 141.118 6965.111 231.110 6955.114 lit.lli 6965.111 465.100 6968.111 612.111

64 6951.411 641.111 6951.468 686.146 6968.111 116.111 6968.llt 148.Ill 6965.111 191.111

61 6965.418 955.111 6968.111 till.lil 6965.Ill 1445.111 6910.Ill 1491.111 6915.lli 1511.111

11 15Ill 15.lil 621.Ill 131.111 528.111 522.111 525.116 1.lli 1.100 1.l!l
61 6915.111 f.lil 6911.410 11.116 6965.Ill 185.Ill 6968.||1 351.111 6968.011 382.110

61 6968.116 621.111 6943.101 611.111 6943.Ill 6!!.lli 6951.lli 131.111 6958.118 951.lli

4t 6951.Ill 1128.111 6961.141 1831.111 6965.110 1812.111 6918.144 1898.111 6915. lit 1933.111

E 4.161 1.135 1.131 1.lli 1.lli 1.18P 1.Ill 1.lli 1.111 1.Ill
11 14.111 it.Ill 615.111 123.116 413.111 415.lti 413.100 1.110 1.161 1.141

61 6911.110 1.111 6968.116 144.814 6955.110 615.111 6939.111 661.Ill 6939.191 681.111

61 6954.111 123.111 6955.fil 913.161 6955.118 9',8.110 6961.111 1195.fli 6965.111 1451.610

11 13.111 11.Ill 518.000 112.lli 121.114 122.111 125.000 1.ill 4.141 1.lli
6R 6911.Ill 1.000 6968.164 155.111 6955.114 225.111 6951.111 518.110 6936.111 621.111

61 6936.111 641til 6950.016 112.lil 6954.111 168.111 6961.146 839.111 6965.111 til.lli

11 12.111 6.lli ll.Ill 219.111 191.111 195.111 193.111 1.110 0.111 0.111

61 6951.111 1.lil 6951.Ill ll.lil 6931.411 139.111 6931.411 159.111 6954.111 219.111

64 6952.110 291.111 1.111 4lli 1.Ill I.lli 1.111 f.lli 1.lli 1.114

11 11.144 4.lli 1.Ill 151.111 164.111 191.111 111.111 1.111 1.116 1.111

61 6941.111 1.lil 6924.516 11.141 6924.511 91.141 6944.511 151.111 f.lil 6.lli

.
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1 A-28
TM, nf 121988 15:28:59 Pall 2

11 13.119 4.164 0.06 150.000 130.000 131.Ill 131.100 1.Ill 1.000 1.ill
61 6919.lli 1.lal 6918.',il 61.Ill 6918.564 10.000 6942.lli 150.000 1.000 4.lli

IC l. lit 1.lL 1.$25 1. lit 1.100 1.141 f Ill 1.000 1.lli I. lit
11 9.lli 1.llt ill.ill 231.118 95.lil 95.168 95.864 1.Ill 1.lli 1.Ill
61 6961.140 9.lil 6938.116 100.000 6927.116 133.110 6915.611 150.011 6915.608 110,000

61 6"4.lli 171.111 6938.lli 231.Ill I.lli 1.111 f.Ill 1.Ill 1.lli 1. lit

Il I.lil 9..le 122.lli 213.118 95.110 til.lil 95.114 1.ill 1.101 f.Ill

61 6951.116 1.lli (412.100 116.141 6939.200 122.110 6935.214 134.lli 6914.566 165.l'i
61 6914.561 Ill.lil 6928.516 216.111 6931.561 233.104 6938.144 311.111 1.Ill 4.111

11 1. lit 1.166 143.Ill 261.111 164.116 121.118 145.160 l.lil 6.111 1lli

(t 6950.141 1.000 6945.014 14.118 6943.!Il 143.111 6938.891 157.000 6913.560 195.410

il 6913.110 715.110 6935.Ill 245.411 6944.lli 261.118 1.Ill 1.Ill 1.Ill 4.116

IC 1 I'' l.135 1.131 0.111 f.Ill 4.111 1.sil 1 lli 1.111 1. lit
11 6.lli itil 143.',f 248.814 ill.lle 05.111 611.116 .lli 1. ell 1.lil
61 6956.11; i.fil 6945.318 15118 6941.114 11.Ill n930.lli 143.Ill 6912.411 185.411

P 6912.410 285.141 (136.114 244.l:1 6935lli 455.Ill 4 ill 1.Ill 1.000 1.Ill

I; 5.111 4.000 1.Ill 198.114 1849.118 till.Ill 1835.111 0.000 1. lit 1.000

61 6936.li, l.lil 6918.410 98,111 6911.418 ili.fil 6921.Ill 198.116 4.lli 1.111

Il 4.lli 4.100 1.Ill ill.lli 243.111 245.lf 245.000 1. lit 1.Ill 1.lli
$1 6911.111 1.114 illi.lil 61.lil lill.lli ll.Ill 6914.110 til.lli 1.111 6.lli

at 4.I'l :.635 1.141 1.t I l.Ill I.lli 1.000 1 849 1.111 1.000

11 2.lli 4.194 4.lli Itl.ih 5t.Ill ll lle !!.ifi 1.116 4.111 1.lli
61 1911.116 1.Ill 6!!5.364 60.lil 6815.318 11.181 6911.614 141.141 0.011 1.ill

Il 2.lli 4.Ill 1.ill 138 lit s:1.Ill 161.114 291.lli 1.110 0.184 1.ill
$t 6910.111 ..lil 6814.3tl 60.000 6874.3tl ll.lil 6916.110 til.lil I.lli 1.111

Ilt 1.161 1.135 1.131 1.lli 1.140 4fil 1.lli 1.lli 1.160 1.ie.

11 1.161 6.lli 113.110 338.111 l. lit i.lli t. lit 1.100 1.Ill 1.181

61 6911.111 1.lli 6987.Ill 113.161 6868.614 239.001 6868.641 259.lil 6914.ll' 331.li8

61 6915.111 415.111 1.110 1.114 f.lil 1.Ill I.lli 1.lli 1.8 1.lli
EJ 1.111 1.100 0.000 1.Ill 1.fli 6.lli 1.lli 1.116 1.lli 1.111

|
:

|

I

i

!

|
|
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1 A-29
1 2. NAf 12 till 15:21:59 Pall 3

5(C#9 O(PTH (W1[L ClM W$itt [6 W XL CLOS $ initElfV

| Ql01 QCX Qi68 Atol ACM Alci V0L TWA [[FT/l!6MT
'

Till VLOR VCR Yl08 Ili INCH Int ilTI (LRIX $$TA>

Illi! ILO*' Il(X IL0li lillAl IOC Ir1XT (0141 TOPWIO (R35T

'7ROF1

'$E(1311.000

11.00 14.18 6913.28 6915.68 6911.00 6511.05 4.16 1.11 f.It 6911.10

26304. 1141. 19196. 4164. 580. lit. 1951. 6. 1. 6911.11

1.04 3.61 20.05 4.51 1.661 !.lli 1.166 4.lle 6959.16 185.D
1.141516 1. 1. 1. I 9 5 1.11 829.61 1914.96

i
'!!C H 16.114

,265DIVIDilll0W

3311 W (WAI6!0 Hit Ull WINS
16.16 D.24 6964.61 6966.55 1 lt 6914.19 5.49 1.95 1.11 6968.11

tilli. 1228. 28612. 4411. 312. til. 1133. 58. 11. 6968.11

1.02 3.94 t1.14 3.94 1.161 1.131 1.lil 1.lil 6951.41 416.63
1.113329 illi. Illt. till. 6 1 1 1.l| 155.25 1821.62

i
'$l(H 15.Ill

3311 W (NAtt!0 HIE THAI win $

15.64 .16.49 6961.29 5961.31 0.00 6962.45 3.16 6.64 4.l| 6961.11

263tl. 62. 18914. 1264. 19. Illi. 2163. 128. 44. 6951.11

0.04 1.19 16.61 3.11 1.061 1.131 1.l(I 1.lil 6943.14 346.96
0.015214 till. 1815. 1115. 5 16 I l.11 1486.44 1833.39

1

'$ECIO14,000

14.11 11.91 6951.11 6158.56 1.11 6961.01 3.34 2.45 f.ll 6955.11

26311. 619, 20117 till. 348. 1286. 199. 165. St. 6954.10

1.05 1.95 16.18 i.34 1.161 4.434 1.135 1.111 6939.16 151.99

5.1i4155 524 5!5. 522. 4 I i 1.il 129.25 1986.24
1

'5ECH 13.160

13il W (NAt6El Nott THAE W!li
,

!

!

!

l
:

|
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1 A-30
I?,AAT12198815:21:59 PA6E 4

5(CR0 O!PTN CW1(L (tIW1 WStit (6 W Hl OLOS$ lARIEl[V

Q gl01 Q(I Ql01 ALOS A(Il At0B V0L I'JA [fFT/II6HT
TIRF Viti Y(I V100 Ill IBCR Ill WTI (LIII $$iA

lif 't I!0ll Il(N IL0il lillit 10( !CCil (01A1 10PWII DOST

13.11 15.22 6951.32 6153.66 1.lt 6951.15 6.13 2.16 1.00 6150.10

26360. 13. 26114. 33. 53. 1145. 11. 186. 63. 6951.Il
1.05 1.14 21.43 3.14 1.160 1.039 Ll35 6.lil 6936.11 490.24

1.lil558 413. 413. iii. 6 I I l.ll 231.58 121.82
4

'S!(10!!.lli

1311 NY CHAllt0 pott THAq HVDS

368521 IllillAIT[APTEDWSil.(WSIL
3613 FICIAlli RINDd $Pf(!f!C Offil
li2l(Ill!(AlCIPTHA$$Up[$

32.19 18.56 ' lit.it litt.fi 1.11 6954.31 5.41 5.62 1.21 6151.10

26384. l. 26311. i. I, 1411. l. 218. 66. 6951.11

1.11 0.11 18,66 1.16 Itil l.131 9.135 6 lil 6934.41 13.31

f.il6419 121. 125. 122, 21 12 1- 1.00 132.35 215.65
1

'$E(4011.144

3311 W (Natl [0 ROtt THAN HVIIS

11.00 11.63 6942.1 6943.16 1.1, 6141.Il 6.41 5.11 1.04 6948.00

26304, l. 26311. 1. l. 1288. l. 233, 68. 6944.51

4.ll 1.50 21.41 1.44 1.161 1.134 1.435 1.110 6924.54 11.14

f.191131 194 193. 195. 4 s i 4.11 126.15 143.89
1

'$ECIO11.111

3311 NV DAlt!O I0l[ TRAI NVII$

14.00 18.23 6936.13 1931.14 1.44 6162.66 5.93 5.14 1.14 6939.11

16311. 1. 21311. l. l. 1346. l. 256, 11, 6942.10

1.ll 1.11 19.54 1.11 1.164 1.134 1.135 1.lle 6918.58 6.63

1.141151 lit. 181. 191. 3 8 1 1.00 121.68 134.11
4

' tt09.lli

3Fil il itIll! Aff!RPill W5tl,CWSEL

lits PlotAllE IDD~'l $PICIf!( [t[t61.

3121(Fl!!CALOfPIRA$$tt!D

CainnteEnvircomental
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1 A-31
TW, IAT 12 till 15:26:59 Pall 5

$t(H 0(Pfil (W$El (t!WS W$(l! [6 W lil Cl0$$ BAi!El[V
Q Ql0B QCI QiH ALOS ACE A108 V0L TWA LEFT/tI6Hi
Tilt Vl0B VCN Vt08 Ill IICH III VTX (LAIN $$il
Sl0PI ILCll Il(X Il0ft lit!Al ICC !(Cif (01A1 10PWIO (1031

1.00 21.11 6936.18 6936.18 1.li 6942.38 5.60 1.13 f.83 6938.10

263H. 1. 263H. 1. l. 1315. 1. 261. 11. 4931.11
1.ll 1.lt 18.!! 1.Il 4.161 0.025 1.135 8.lH 6115.6l 113.66

1.104412 130, 131. 130, 21 1 1 1.16 123.61 221.34
i
'$(810 f.lH
lill24it!AllAli[#1T(0W$tt.CWSEL
lit) PICIAll! AIRIRUE $P[(Ifl( (l[Ilf
3126 (tli!(Al CEPTH AS$pf0

8.00 23.22 6931.12 6931.12 1.14 6143.69 5.11 1.42 0.21 $139.20

26101. l. 26218. 2. 1. 1341. 4, 263, 11, 6131.51

1.11 1.II 19.61 1.64 1.lil l.125 1.435 $.l;l 6il'.i3 126.43

0.014313 15. 15. 15. 21 8 I l.II 146.11 261.31
1

'3ICH 1.lH

3301 W (NAll[010l[ INAI Will
168528 ft!All lif(IPf(O WS[l.CW$(l
3613 PICBAll! IIIIIst $PI(!f!( (IElif
3126 (!!!!(Al (! Pill AS$ tit 0

1.01 23.48 1936.48 6936.48 1.H 6943.48 1.11 4.42 1.14 6943.51

263H. 4. 26311. 1. 4. 1239. 1. 266. 12, 6941.06

1.H 4.01 21.23 1,10 1. lit 1.125 1.135 1.lil 6313.11 166.48
8.H4648 15. 15. Ill. 20 $ 0 1.14 ll.fi 241.45

1

'$(CH 8.000

3311 W (Wilit0 HP! TWAR WIIS

6.40 15.13 6521.53 6933.21 1.H 6942.22 14.69 1.26 1.00 6931.11

26311. 1. 26311. 1. 1. 455. 1. 211. 12. 63!1.11
1.09 4.11 31.16 1.11 1. lit 1.131 0.135 1.164 6911.41 148,11

0.121116 lit. 145, 121, 6 8 I l.it 13.16 241.96

1

'St(H 5.ill

3311 W (MAllth I:ll THA4 Wlil

,
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4.66 145C. . I W Ct I t A-32. . . . .. . . .

Jill. . I W.1It . . . . . . . .

1550. . I. W. [[ t . . . . . . . .

ille. . . 1. W. I i . . . . . . . .

'165). I. W. E lt. . . . . . . . .
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ille. . !. W .EXE l . . . . . . . .
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ille. . ! WC (t al. . . . . . . . .

Jill. . ! WC ElNL. , . . . . . . .
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~1.00 till. . ! .WC (i Al . . . . . . . .
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THl!RUIEIECUTfDTHV,MAY12till 15:21:33
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elle. . .I Wit! A-33. . . . . . . .

49%. . .I WLt. . . . . . . .

56H. . .I Wit!. . . . . . . .

5656. . I WCLE. . . . . . . .

51H. . I Wit. . . . . . . .

5150. . I Wlt. . . . . . . .

52H. I Wit!. . . . . . . . .

5250. . I Witt. . . . . . . .

53H. . !. WCLE. . . . . . . .

ti.H 5351. I. WCit. . . . . . . . .

54H. . 1. WCit. . . . . . . .

1.H lill. . !. Wl.!. . . . . . . .

55H. !. V.t. . . . . . . . .

1.H 5551. !. Wtt. . . . . . . . .

56H. . 1. Wtti. . . . . . . .

1.H 5650. , !. Wt!. . . . . . . .

51H . ! WCl.!. . . . . . . . .

Sill. ! W CI .I. . . . . . . . . .

6.H 51H. ! WLCX.E. . . . . . . . .

Sill. ! . W LCI .t. . . . . . . . .

llH. . ! .WCAt. . . . . . . .

Stil. 1 . W C X (.. . . . . . . . .

6Hl. . ! . W (ll E.. . . . . . . .

Illt. . ! .W Cl4 I .. . . . . . . .

i1H. . .1 .W CilR I .. . . . . . .

1150. I W Cil ! .. . . . . . . . .

62H. .I W.Ctl(. . . . . . . . .

6251. . .I W.C tli. . . . . . . .

63H. .I W .C tl. . . . . . . . .

6351 . .I WC !!. . . . . . . .

5.H I4H. . I W C. Il. . . . . . . .

lill. I W C. IE. . . . . . . . .

65H. 1. W C . Ill. . . . . . . . .

4551. 1. W C . II. . . . . . .

66H. . !. W C .RE. . . . . . . .

(550. . !. W C ILE. . . . . . . .

61H. . !. W C RE. . . . . . . .

till. . !. W C Rlt. . . . . . . .

68H. ! . W C RLE. . . . . . . . .

6851. ! . W C l!. . . . . . . . .

IIH. ! . W C sit.. . . . . . . . .

6154. ! . W C RL E.. . . . . . . . .

1Hl. ! . W C L El.. . . . . . . . .

1051. ! .WCILEt.. . . . . . . . .

11H. .1 .WCIL!l.. . . . . . . .

1151. . .I W C L (t . . . . . . . .

12H. . .! W Cl it . . . . . . . .

1251. . .! W.CIL E i . . . . . . .

THl. .I W.Cl Et. . . . . . . .

1354. .I W CL E a. . . . , . . ,

14H. . I W CL tt . . . . . .
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2366. . .! ALWE R A-34. . . . . . . .

2359. . .I IWCE X. . . . . . . .

24H. . .I LWCf A. . . . . . . .

2454. . I flWCE A. . . . . . . .

25H. . I flW.ER. . . . . . . .

14.00 2556. . I flW.!A. . . . . . . .

2iH. . I L WE R. . . . . . .

2154. . I LZE I. . . . . . . .

21H. . I. IlWCE A. . . . . . .

2154, . 1. tWEI. . . . . . . .

28H. . 1. LWC E A. . . . . . . .

2154. 1. LWC E R. . . . . . . . .

21H. . I. WC ! R. . . , . . . .

till. . !. LWC E. I. . . . . . . .

30H. . !. lWC t. n. . . . . . . .

13.H 3 ell. . I. lWC E. A. . . . . . . .

31H. . !. lWC E. R. . . . . . . .

3150 . I. WCE.I. . . . . . . .

32H. . !. WC E.A. . . . . . . .

3250, . !. WC IX. . . . . . . .

33H. . 1. WCER. . . . . . . .

3350. . I. WCti.. . . . . . . .

34H. 1. WCER.. . . . . . . .

3454. . ! WC I .. . . . . . . . .

35H. . I WI.. . . . . . . . .

3556. . ! Wpt
. . . . . . . . .

36H. . ! W Al .. . . . . . . . .

Hit. . ! 68E .. . . . . . . . .

3fH. . ! Wat .. . . . . . . . .

12.H 3150. . ! WL E .. . . . . . . . .

38H. . ! WLi. . . . . . . . . .

3154. . I WL i .. . . . . . . . .

3Hl. . ! WL E .. . . . . . . .

3150. . ! Wit. . . . . . . . . .

4tH. . ! . WCl!. . . . . . . . .

till. . I . Wtlt. . . . . . . . .

41H. . 1 . Wtli. . . . . . . . .

till. ! . WL I. . . . . . . . . .

42H. 1 . WL I. . . . . . . . . .

4250. . .! .WCl!. . . . . . . .

43H. .1 .Will. . . . . . . . .

4350. .! .Wil!. . . . . . . . .

44H. . .! . WILE. . . . . . . .

4450. . .! .WCitt. . . . . . . .

45H. . .I .WC E. . . . . . . .

11.H 4554. . .I .WCI. . . . . . . .

tiH. . .! .Wt!. . . . . . . .

till. . .! .Will. . . . . . . .

47H. . .! .WILI. . . . . . . .

4151. . .1 WCllE. . . . . . .

41H. . .I WCll. . . . . . .

4854. . .! Well. . . . . . . .
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1 A-35
Pt0f!lt 104 STREAR PIPET!RE All0TO SUPEtt

Pt|TTED Pl!Ill (if it!Cilii)-E lef tli,W-Weill $Utf ACE.! !fvEti,C-(t!TICAL W.5..L LEff BAtt,t llilli IARI,R-LCWit (10 STA

(LEVAi!0R ille. 6til. Illi, 1928, 6944, 6184. Sill. Illi, 1821. 1141.

5(CR0 CUR 0!$

11.00 4. . ! L WE.. . . . . . . .

56. . I. LWRE.. . . . . . . .

Ill. . 1. tWAE.. . . . . . . .

151. I. L WE .. . . . . . . . .

294. 1. tWCf.. . . . . . . . .

254. . I. LWE.. . . . . . . .

300. I. LW E .. . . . . . . . .

Ill. 1. L W E .. . . . . . . . .

til. . ! , t WCER ,. . . . . . . .

R$1. ! . L WII .. . . . . . . . .

Sil. . 1. LW ER. . . . . . . .

551. . ! . L W II .. . . . . . . .

lit. . ! , t WC ER .
. . . . . . . .

650. . ! .LWIR.. . . . . . . .

ill. ! . L WCE R .. . . . . . . . .

151. . ! .t W E R .. . . . . . . .

lit. . ! .tWCER.. . . . . . . .

Isl. . ! .tWCEI.. . . . . . . .

lit. . ! .t WCl R .. . . . . . . .

Hl. ! LWER.. . . . . . . . .

IIH. I L WC E R .. . . . . . . . .

16.16 till. . I L WC E R .. . . . . . . .

1194. I LWiA.. . . . . . . . .

1150. . I LWER.. . . . . . . .

till. I L WC i 1 .. . . . . . . . .

1250. . I L WE R.. . . . . . . .

Illi. I LWCf R.. . . . . . . . .

1151. ! LWE I.. . . . . . . . .

1400. I ilWE I.. . . . . . . . .

till. . ! ILWCI R.. . . . . . . .

1564. . I ILWCE R,
. . . . . . . .

1550. . ! ILEE A.. . . . . . .

Illt. . I ILWCl R.. . . . . . . .

till. . .I ItWCE R.. . . . . . .

till. . .! ILWCl R.. . . . . . .

Illi. .I ILWE R,. . . . . . . .

life. . .1 ILWE R.. . . . . . .

1851. .! ILE A.. . . . . . , .

till. .! IZE R.. . . . . . . .

till. . .1 IW( A.. . . . . . .

j

I 2000. . .! RWE I.. . . . . . .

15.80 2151. . .! IZE A.. . . . . . .

I 2ill. .I i WE I. . . . . . . . .

! 2154. . .I tW! R
. . . , . . . .

| !!H. , .! ILW! R. . . . . . . .

| 2nl. . .i itM i
. . . . . . . .

:

1

l
|
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ei w u 2 h w

^~

? n , n r 12 1 H 8 15:20:50 PHI 1

5(CH stPtX Mit (IM Wstit (I W st ot0ss fut tity

Q QLH QCl Qlli ALH ACI Al0S YOL M LifiltliXT
!!st vtn VCR Vill HL HCN In WTI (Lp!I $$in

liOPE Il0ll IlCN ILHO lillit IM [((gi (clAl igpg!g gig $r

'

1.H 11.43 1888.03 till.51 1.00 6891.85 11.82 5.11 f.it lill.Il

263H. 1. 263H. l. 1. $$3. 1. 318. ;;. gggg,gg
1.12 f.H 21.51 1.H 1.Ill 1.131 0.135 1.Ill till.it til.e4

4.014880 212 2H. 360, 1 8 9 1.00 89.38 2H.42
0

.

.

|

|
:

.

!
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1 A-37
T 2 , RAf 12 till 15:21:59 pat! 6

$t(H CIPIN (W$tt Cl!W$ W$tli Il W NL CLOS $ BAufflEV

Q Qitt Q(I $100 ALOS ACI A108 V0L TWA lifill!iHT
Till VLCl VCN V108 Ill II(X Ill WTI EllII $$fA

SlCPE ILOlt Il(R IL0il lillAt 10( !(CRT (01A1 10PWIO (ID$i

5.00 13.!! 6114.39 6111.14 1.11 6:11.51 14.12 13.11 0.11 6930.00

tilli, l. 26304. l. 1. 412. l. 282. 73. 6127.06

1.11 0.04 31.15 1.06 1.160 0.136 0.035 1.llt lill.41 41.45

1.823204 lit. 611. Ill. 5 11 4 1.01 114.64 152.19

1

'$t(H 4.He

3301 NV (NA16fl Hit INAt W!Il
4.*l 14.16 illi.16 1898.65 6.li Illi.fi 12.14 21.61 1.44 6111.11

| 263tl. l .. 26346. I. 1. 141. l. 313.. 76. 6911.00

| 1.11 1.00 21.96 4.11 1.161 1.031 1.135 1.111 6116.11 15.Il

i 1.118813 1849. 1135. till. 1 11 I l.it 118.33 124.13

| I
'St( H 3.ill

3361 WV (NAR6ED Hit THAX WIIS

lill21it!AllATTERPiE0W$tt,Mit
3613PI(lilltR!Illut$Pt(If!(ftillY

j 3128(!!T!(AlOLPIXA$$CRIO

1.18 21.15 liti.15 6811.15 1.11 6113.19 6.14 4.28 1.36 lill.Il
filli. l. 263tl. 1. 1. 1263. l. 319. ii. lill.Il

4.11 1.00 21.83 4.16 4. lit 1.047 1.135 4 lli 6875.31 22.22

1.016213 243. 245. 245. 21 14 I l.Il 15.57 111.74

i
'SECHO2.lli

3311 W (NAll!0 Hit IMAn W!n3

2.16 21.41 (194.71 till.17 8.ll 6112.91 1.24 l.12 4.11 illi.ll
26311, 1. 26340. I. l. 1145. l. 311. ii. lill.li

1.11 1.01 22.97 1.ll 1.166 1.647 1.135 1.Ill 6174.30 25.68

1.121263 51. 50. St. 6 5 1 1.00 11.85 111.45

1

'st(101.Ill

3301 NV (MAllE0 Hit IRAt WIIS

.
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A-38

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.

o 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 u2n 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 for North Cell Drainage Channel, Upper Section,
using Maynord's 1987 method.

CanonteEnvironmental
_-
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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.

|

|

e

>
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A-40

MYMRD'S (1987) METH00 FOR DETERMINItG RIPRAP RIPRAP 2.WR1

S!!E FOR OPEN OWNEL FLOWS

LOCATICN:WC - SECTION WITHIN INCISED NICXPOINT IN ROCK

BOTTOM WIOTH = 20 FT

I (SIDE SLOPE) 1.5
OWNEL SLOPE = 0.0076
OIS0%RGE = 25400 CFS

C= 0.24
RIPRAP S.W. = 165 PCF

SAFETY FACTOR = 1.00
Vmax = 1.33 Vavg

030 (ASSkiEO) = 1.550 FT - SELECT A 030 SIZE

053(CALC) = 2.583
n= 0.046

d= 26.32 FT - SELECT A DEPTH OF FLOW

A= 1565.5 FT 2
R= 13.63 FT

Q (CALC) = 25006.6 CFS - W ECK THIS Q VALUE TO
v= 16.0 FPS SEE IF IT MTOiES LISTED

DISOMRGE

Vmax = 21.245
Fr = 0.700

033 (CALC) = 1.543 FT - CHEO( THIS 030 VALUE TO
Omax = 3.215 FT SEE IF IT MATOiES THE

TOTAL DEPTH = 3.22 FT ASS W E0 030 VALUE

Riferencer Itynord. Stephen T.1987. Stable Riprap Size For Open
Channel Flows. Dissertation. Colorado State University.
Fort Collins. Colorado.

|
|

|

|

|
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-MMRD'S (1987) MET}G FCR DETERMINIMi RIFRAP RIFHAP2.21
SIZE FOR OPEN OWNEL FLOWS

LOCATION:lPC - BASE CONTROL SECTION PIPELINE ARROYO

80TT m WIOTH = 20 FT

Z (SiOE SLOPE) 2

OWNEL SLOPE = 0.0185
OISWARGE = 25000 CFS
C= 0.24
RIFRAP S.W. = 165 PCF

MFETY FACTm = 1.00
Vmax = 1.33 Vavq

030 (ASSLMED) = 2.820 FT - SELECT A 030 SIZE

050(CALC) = 4.700
n= 0.051

d= 20.60 FT - SELECT A DEFTH OF FLOW

A= 1260.7 FT"2
R= 11.24 FT

0 (CALC) = 25017.9 CFS - CHECK THIS Q VALUE TO
v= 19.8 FPS SEE IF IT MTCHES LISTED

DISCHMGE

Vmax = 26.393
Fr = 0.997

030 (CALC) = 2.823 FT - WEO( THIS 030 VALUE TO
Omax = 5.881 FT SEE IF IT MTCHES THE

TOTAL DEPTH = 5.88 FT AS9MED 030 VALUE

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

|
|

|

|

.
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MYNARD'S (1987) NEm00 FOR DETERMINING RIPRAP RIPRAP 2.lki
SIZE FOR OPEN OWNEL FLOWS

LOCATION:1.NC - NORTH OIVERSION OWNEL AT EXIT SECTION AT PIPELINE PRROYO

801TCP1 WIOTH = 20 FT

I (SIDE SLOPE) . 3
OWNEL SLOPE = 0.0076
OISOiARGE = 25000 CFS
C= 0.24.
RIIHAP S.W. = 165 PCF

SAFETY FACTOR = 1.00
Vrux = 1.33 Vavg

D38 (AS9ttEO) = 1.295 FT - SELECT A 030 SIZE

050(CALC) = 2.158
n= 0.045

d= 20.84 FT - SELECT A DEPTH OF FLOW
-A= 1719.7 FT"2

R= 11.33 FT

0 (CALC) = 25027.4 CFS -- CHEO( THIS 0 VALUE TO
v= 14.6 FPS SEE IF IT MTCHES LISTE0

OISOiARGE

Vmax = 19.356
Fr = 0.745

030 (CALC) = 1.296 FT - CHECK THIS 030 VALUE TO

Omax = 2.701 FT SEE XF IT M TCHES THE

TOTAL OEPTH = 2.70 FT ASSftED 030 VALUE

Riferen N: haynord. Stephen T.1987. Stable Riprap Sire For Open
Channel Flows. Dissertation. Colorado State University.
Fort Collins. Colorado.

|
i

i

,

' CanonteEnvircnmental
,- - - ,- . _ . .



_

.

A-43

MAYNNtD'S (1987) METHOD FOR DETERMINING RIPRAP RIfRAP2.W1

SIZE FOR OPEN QWNEL FLOWS

LOCATION:tNC - RLNOFF CONTR(L DITW - STEEP SECTION

BOTTOM WIOTH = le FT

l (SIDE SLOPE) 3

CHMNEL SLOPE = 0.02
OISCHARGE = 270 CFS

C= 0.24
RIPRAP S.W. = 16S PCF

SAFETY FACTCR = 1.00
Vmax = 1.33 Vavq

D30 (ASS.NED) = 0.427 FT - SFLECT A 030 SIZE

DSO(CALC) = 0.712
n= 0.837

d= 2.19 FT - SELECT A DEPTH OF FLOW

A= 36.3 FT'2
R= 1.S2 FT

Q (CALC) = 270.3 CFS - CHECK THIS Q VALUE TO

v= 7.4 FPS SEE IF IT MATWES LISTED
DISO WtGE

Vatx = 9.907
fr = 1.048

030 (CALC) = 0.427 FT - WECX THIS D30 VALUE TO .

Omax = 0.889 FT SEE IF IT MATWES THE

TOTAL DEPTH = 0.89 FT ASS.MED D30 VALUE

Riference: Maynord. Stephen T. 1967. Stable Riprap Size For Open
Channel flows. Dissertation. Colorado State Uniwrsity.
Fort Collins. Colorado.

i

&
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MYNMD'S (1987) NETH00 FOR DETERMINIMi RIfRAP RIPRAP 2.WR1

SIZE KR OPEN QWNEL FLOWS

LOCATION:lNC - RLNDFF CONTROL DITCH

BOTTCf1 WIOTH = 10 FT

Z ($10E SLOPE) 3

QWNEL SLOPE = 0.011
DISOMRGE = 270 CFS

C= 0.24
RIPRAP S.W. = 165 PCF

SAFETY FACTOR = 1.00
Vnix = 1.33 Vavg

030 (ASRMED) = 0.276 FT - SELECT A 030 SIZE

050(CALC)= 0.460
n= 0.036

d= 2.46 FT - SELECT A DEPTH OF FLOW

A= 42.8 FT'2
R= 1.67 FT

Q (CALC) = 270.6 CFS - 04ECK THIS Q VALUE TO
v= 6.3 FPS SEE IF IT MTOiES LISTED

DISOMRGE

Vanx = 8.417
Fr = 0.849

030 (CALC) = 0.276 FT - CHECK THIS 030 VALUE TO

Dnax = 0.575 FT SEE IF IT MATOiES THE

TOTAL DEPTH = 0.57 FT ASSLf1ED 030 VALUE

R9ferences mynord, Stephen T.1987 Stable Riprap Sire For Open
Channel Flows, Oissertation, Colorado State University,
Fort Collins. Colorado.

>

\
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t%YNoRD'S (1987) METKID FOR DETERMINING RIPRAP RIPRAP 2.WR1

' SIZE FOR OPEN QWNEL FLOWS

LOCATIONitNC - RLNOFF CONTROL DITCH AT 00WPORAIN INTO SOUTH CELL DRAINAGE

-BOTTOM WIOTH = le FT
Z (SIDE SLOPE) 3
QiAtNEL SLOPE = 0.12
OISCHARGE = 270 CFS

C= 0.24
RIPRAP S.W. = 165 PCF

SAFETY FACTOR = 1.00
Vmax = 1.53 Vavg

030 (ASSMEO) = 1.573 FT - SELECT A 030 SIZE

050(CALC) = 2.622
n= 0.046

d= 1.54 FT - SELECT A DEPTH OF FLOW

A=- 22.5 FT'2
R= 1.14 FT

Q(CALC)= 272.8 CFS - CHECK THIS 0 VALUE TO
v= 12.1 FPS SEE IF IT MATCHES LISTED

OISCHARGE

Vmax = 16.113
Fr = 1.974

030 (CALC) = 1.572 FT - CHECK 1HIS 030 VALUE TO
Dmax = 3.276 fT SEE If IT MATCHES THE

TOTAL DEPTH = 3.28 FT AS 9 iED D30 VALUE
"

Reference: Maynord. Stephen T.1567. Stable Riprap Site for Open
Channel Flows. Dissertation. Colorado State University.
Fort Collins Colorado.

|

|

|
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t%.tWID'S (1987) METH00 f0R DETERMINING RIPRAP RIPRAP 2.W 1

SIZE FOR OPEN ML FLOWS

LOCATION:thC - SECTICN I. SOUTH CELL ORAINAGE OWNEL

BOTTOM WIDTH = 10 FT

I (SIDE SLGic) 2.5
CHMNEL SLOPE = 0.03
DISCHNtGE = 1260 CFS
C= 0.24
RIPRAP S.W. = 165 FCF
SAFETY FAC(OR = 1.00

Vmax = 1.33 Vavg

030 (ASSWED) = 1.154 FT - SELECT A 030 S!!E
DS1(CALC) = 1.923

n= 0.044

d- 4.79 'T - SELECT A DEPTH OF FLOW

A= 105.3 FT'2
R= 2.94 FT

Q (CALC) = 1262.4 C/S - DiECK THIS 0 VALUE TO
v= 12.0 FPS SEE If IT M TOiES LISTED

OISCHARGE

Vmax = 15.951
Fr = 1.200

030 (CALC) - 1.154 FT - DiECK THIS D? VALUE TO
; Omax = 2.496 FT SEE IF IT MTCHES TVI

TOTAL DEPTH = 2.41 FT ASSNED 030 VALUE

Reference: Maynord. Stephen T.1937. Stable Riprap Site For Open
Channel Flows. Dissertation. Colorado State University.
For' Collins. Colorado.

.

CanonteEnviionmental
-



-

.

A-47

MYNMD'S (1987) METHOD FOR DETERMINING RIPRAP RIFRAP2.WR1

SIZE FCR OPEN O W NEL FLOWS

LOCATIONWC - SECTION J. SOUTH CELL DRAINAGE 1.Wl?Il

BOTTCM WIDTH = le FT

Z(SIDESLOPE) 3

OWNEL SLOPE = 0.058
DISO WRGE = 1260 CFS

C= 0.24
RIPRAP S.W. = 16S PCF

SAFETY FACTOR = 1.00 ,

Vmx = 1.33 vavg

D30 (ASR MED) = 1.777 FT - SELECT A D30 SIZE

050(CALC) = 2.962
n= 0.047

d= 4.06 FT - StLECT A DEPTH OF FLOW

A= 90.1 F''2
R= 2.52 FT

Q (CALC) = 1262.1 CFS - DiECK THIS Q VALUE TO
v= 14.0 FPS SEF IF IT MTO4ES LISTED

DISO R E
Vmx = 18.641

Fr = 1.526

D30 (CALC) = 1.776 FT - OiECK THIS N VALUE TO
Dmx= 3.700 FT SEE IF .1 MTOiES THE

TOTAL DEPTH = 3.70 FT ASSLNED D30 VALUE

R2farsnce .tynoid. Stephen T.1W7. Stable Riprap Size for Open
Channel flows. Dissertation. Colorado State University.
Fort Collins., Colorado.

CanonteEnvircomental
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h

' MAYNARD'S (1987) ME1)CD FOR DETERMINING RIFRAP RIFRAP2.WR1

- SIZE FCR OPEN CHMNEL FLOWS

LOCATION: NORTH CELL DRAINAGE OWNEL. LOWER SECTION

80TTOM WIOTH = 10.FT

I(SIDESLOPE) 3

CH4NEL SLOPE = 0.016
DISO%RGE = 725 CFS

C= 0.24
RIFRAP S.W. = 165 PCF

SAFETY FACTOR = 1.00-
Vmax = 1'.33 Vavg

030 (ASRMED) = 0.548 FT - SELECT A 03C SIZE

DSO(CALC) = 0.913
n= 0.039
d=. 3.86 FT - SELECT A DEPTH OF FLOW

A= 0 .3 FT*2
R= 2.42 FT

O (CALC) = 725.5 CFS - OiECK THIS 0 VALUE TO
v= 8.7 FPS SEE IF IT MATCHES LISTED ,

0!SOtARGE

Vmax = 11.584
Fr = 0.968

030 (CALC) = 0.548 FT - 04ECK TH!.S 030 VALUE TO

Dmx= 1.141 FT SEE IF IT MATOiES THE

TOTAL DEPTH = 1.14 FT ASSLNED D30 VALUE

*

Reference: Kaynord Stephen T.1967. Stable Riprap size For Open
Channel Flows Dissertation. Colorado State University. ,

Fort Collin,. Colorado.

J

l

!
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MYNARD'S (COE,1972) METHC0 FCR DETEP111NItG RIPRAP RIPRAP.WR

l SIZE Fm STRAIGiT OWNELS

LOCATICri:|.FC - tmTH CELL CREAINAGE OWNEL. UPPER SECTIG,

| DOTTui WIDTH = 10 FT

2 (SIDE SLOPE) 3I

OWNEL SLOPE = 0.022
OISObHGE = 731 CFS

C= 0.22
RIFRAP S.G. = 2.45

050 (AS!W ED) = 0.679 FT SELECT A 050 SIZE
n= 0.0370

d= 3.51 FT - ! ELECT A OLPTH OF FLOW

A= 72.1 FT"2
R= 2.24 FT

Q (CALC) = 733.8 CFS - DiECK THIS 0 VALUE TO
v= 10.2 FPS !EE If IT MTufES LISTED

DIt '' kVGE
Fr = 0.958

050 (CALC) = 0.679 FT - QiECK THIS D50 VALUE TO
Dntu = 0.848 FT SEE IF IT MTCHES THE

TOTAL DEPTH = 1.06 FT AS5tt1ED 000 VALUE

|

:

|

I
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MYNfRD'S (COE.1972) METFCD FCR DETERMINIfG RIFRAP RIFRAP.m
S!!E FCR STRAIGiT OWidELS

LOCATICt4: llc - NCRTH CELL DRAINAGE OWt4EL, LOWER SECTION

00TTCri WIOTH = 10 FT

l (SIDE SLOPE) 3

O Wi4EL SLOPE = 0.016
01501/RGE = 725 CFS

C= 0.22
RIFRAP S.G. - 2.45

050 (ASSL11ED) = 0.513 FT - SELECT A 050 SIZE
n= 0.0353

d= 3.69 FT - SELECT A DEPTH OF FLOW
A= 77.7 FT'2

2.33 FTe

Q (CALCI - 727.2 CFS - CHECK THIS Q VALUE T0
v= 9.4 FPS SEE IF IT MTOiES LISTED

DIeR RGE
Fr = 0.858

050 (CALC) = 0.513 FT - DiECK THIS DGO VALUE TO
Drux = 0.641 FT SEE IF IT MATCHES THE

TOTAL DEPTH = 0.00 FT ASSUMED DGO VALUE

CanonteEnvircnmental
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4.0 CALCULATIONS IN RESPONSE TO

COMENT 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.

.

!
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|

| fWNING'S EQUATION FCR DETEFflINING NORML FLCW DEPTHS ITNE0T.lE
l IN TRAPEZOIDAL OWNELS

LOCATION:LNC - NCRTH DIVERSION DITCH SECTION 00

I' DISOiARGE = 1081 CFS

BOTTOM WIDTH = 18 FT

Z (SIDE SLOPE)= 1.6
OWNEL SLOPE = 0.0033

iWNItG'S n = 0.0250

d= 5.14 FT - SELECT A TRIAL DEPTH*

* A= 134.8 FT"2
CN.CS * R= 3.60 FT

t= 34.448 FT*

v= 8.0 FPS*

O (CALC) = 1082 CFS - CHECK THIS Q VALUE TO*

DIFFERENCE = 0.10 % SEE IF IT MTQiES LISTED*

DISCWRGE

Froude Number 0.715=

Velocity Head = 1.001 FT
Tractive force = 0.742 PSF

CanonteEnvironmental
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MAfNING'S EQUATION FOR DETERMINING NORMAL FLOW OEPTHS MANEQT.WR
IN TRAPEZOIDAL CH4NELS

LOCATION:lNC - NORTH OIVERSIM OITCH. SECTIm EE

DISEHARGE = 1991 CFS
80TT m WIOTH = 20 FT

Z (SIDE SLOPE)= S.43
CHWNEL SLOPE = 0.0033

MAPNING'S n = 0.0250

:

d= 1.0A FT - SELECT A TRIAL DEPTH
*

* A= 167.5 FT'i
CALCS * R= 2.61 FT

t= 63.5486 FT*

* v= 6.b FPS
O (CALC) = 1083 CFS - CHEN THIS Q VALUE TO

*

DIFFERENCE = 0.21 % SEE If IT MAT WES LISTED*

DISWARGE

froude Number 0.702=

Velocity Head = 0.649 FT
Tractive force = 0.537 PSF

|
,

i
!

|

i

|

,
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5.0 CALCULATIONS IN RESPONSE TO

COMMENT 14

Attachment 5.0 contains the following calculations:

o 200-year flood hydrograph calculations for the South Cell Drainage
Swale,

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

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

o PMF hydrograph calculations for the South Cell Drainage Swale,

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

o Flow depth calculation - South Cell Draineqe Swale - 500-year flood.

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

o Flow depth calculation - South Cell Drainage Swale - PMF flood.
!

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

I o 200-year flood hydrograph calculations for the North Cell Branch
| Swale.

o 500 year flood hydrograph calculations for the North Cell Branch
,

l Swale.

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

o PMF hydrograph calculations for the North Cell Branch Swale.

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

o Flow depth calculations - North Cell Branch Swale - 500-year flood,

o Flow depth calculations - North Cell Branch Swale - 1,000-year flood,

o Flow depth calculations - North Cell Branch Swale - PMF flood,

o 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.

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

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

|

|

!

:

!

i

|

|
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HYDROGRAPH CALCULATICN FCR ONE-HOLR RAINFALL EVENTS USING THE SCS CWVE PUEER METHOD A-57

501FR.WR1

SOUTH CELL DRAINAGE WALE PfB6-060-04
13-May-88 14:34

RETT.RN PERIOD 200 YRS

ONE-H1R RAINFALL #10LNT 2.03 INCHES

SCS CWVE tufER 77 S= 2.99

MEAN 8ASIN ELEV. 6970 FEET

DURATICN (0) 0.25 HCLRS

WATER COLRSE LENGTH (L) 0.59 MILES

WATERTED AREA (A) 0.20 50. MILES

MAXIttN RELIEF (H) 66 FEET

AREAL ADJUSTMENT 1.M0 ADJ. RAINFAL 2.03 I ciES

(NOAA ATLAS 2. FIG.17)

TIME PERIOD. FRS

ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 1-H0lR RAINFALL 57 79 89 100

(t0AA ATLAS 2)

CLtillATIVE RAINFALL 1.16 1.60 1.81 2.03

INCREMENTAL RAINFALL 1.16 0.45 0.20 0.22

SEQUEPCE 0.20 0.45 1.16 0.22

P - CLMAATIVE DESIGN 0.2030 0.6496 1.8067 2.0300

RAINFALL

Q - C1MAATIVE RLtOFF 0.0000 0.0009 0.3485 0.4644

INCREMENTAL RlPOFF OR 0.0000 0.0009 0.3476 0.1159

EXCESS RAINFALL

VIME OF CONCENTRATICN (Tc) 0.28 FOURS

WATER $ED ADJUSTMENT 1.12

(OT. TABLE 5. PG G7)

ADJUSTED Tc 0.31 HOLRS

VEME TO PEAK (Tp) 0.31 HOURS

BASE PERIOD (Tb) 0.84 FO.RS

LNIT PEAK DISCHoRGE 308 CFS

CanonteEnvircomental
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SOlJTH CELL DRAINEE SWALE RJ%6-066-04
13-May-88 14:34

RETLRN PERIOD 200 YRS
CNE-HolR RAINFALL AMOLNT 2.03 INWES

INTERMEDIATE HYDRO @APHS

COtBINED
TIME FIRST SECOto THIRD FOLRTH HUO@APH

PEAK OISCHARGE (cfs) 0.0 0.3 197.2 35.7

0.00 0.0 0.0
0.08 0.0 0.0
0.16 0.0 0.0
0.24 0.0 0.0 0.0
0.31 0.0 0.1 0.1
0.39 0.0 0.1 0.1
0.47 0.0 0.2 0.0 0.2
0.55 0.0 0.3 26.8 27.1
0.63 0.0 0.2 53.6 53.8
0.71 0.0 0.2 80.4 80.6
0.78 0.0 0.2 107.2 0 107.3
0.86 0.0 0.1 91.1 8.9 100.2
0.94 0.1 75.1 17.9 93.0
1.02 0.0 59.0 26.8 E6.9
1.10 0.0 43.0 35.7 78.7
1.18 27.0 30.4 57.3
1.26 10.9 25.0 35.9
1.33 0.0 19.7 19.7
1.41 14.3 14.3
1.49 9.0 9.0
1.57 3.6 3.6

CanonteEnvironmental
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HYOROGRAPH CALOAATION FOR ONE40.R RAINFALL EVENTS USING THE SCS C1RVE MER METH00 A-59

SReim.El j

SOUTH CELL ORAINAGE 9 DALE Rt00-0C0 04
13-May-08 14:47.

l
1

RETW N PERIOD 500 YRS )
CNE-HOW RAINFALL #GNT 2.34 IfCHES |

SCS CWVE PUBER 77 S= 2.99 !

MEAN BASIN ELEV. 6970 FEET

DWATION (D) 0.25 HOW S

WATER CO W SE LEN3TH (L) 0.59 MILES

WATERSHED AREA (A) 0.20 50. MILES
MAXIMJM RELIEF (H) 66 FEET

AREAL /OJUSTMENT 1.000 ADJ. RAINFAL 2.34 INCHES

(?OAA ATLAS 2. FIG. 17)

TIME PERIOD. WS
ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.E0

PERCENT OF 1410LR RAINFALL 57 79 89 100

(NOAA ATLAS 2)

CLM AATIVE RAINFALL 1.33 1.85 2.08 2.34

INCREMENTAL PAINFALL 1.33 0.51 0.23 0.26

SEQUENCE 0.23 0.51 1.33 0.26

P - CLMAATIVE DESIGN 0.2340 0.7488 2.0826 2.3400
RAINFALL

Q - CUMAATIVE RLNJFF 0.0000 0.0073 0.4932 0.6420

IN01EMENTAL RW)FF CR 0.0000 0.0073 0.4859 0.1488
EXCESS RAINFALL

VIME OF CONCENTRATION (Tc) 0.28 HOW S

WATER 94ED ADJUSTMENT 1.12

(OT. TABLE 5. PG 67)

ADJUSTED Tc 0.31 FOLRS

TIME TO PEAK (Tp) 0.31 HOURS

|

BASE PERIOD (Tb) 0.84 FOURS

LNIT PEAK DISCHARGE 308 CFS

CanonteEnvircomental
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S0JTH CELL ORAllME SWALE PJ26-060-04
13-May 88 14:47

RETlRN PERIOD 500 WS

| ONE-HOLR PAINFALL MOLNT 2.34 ItGES
I
|

i INTEPMEDIATE HYDROGW16

f COITINED

| TIME FIRST SEC0f0 THIRD FCLRTH HYDROGRAfH

PEAK DISCHARGE (cfs) 0.0 2.3 149.8 45.9

0.00 0.0 0.0
0.08 0.0 0.0
0.16 0.0 0.0
0.24 0.0 0.0 0.0
0.31 0.0 0.6 0.6
0.39 0.0 1.1 1.1
0.47 0.0 1.7 0.0 1.7
0.55 0.0 2.3 37.5 39.7
0.63 0.0 1.9 74.9 76.8
0.71 0.0 1.6 112.4 114.0
0.78 0.0 1.2 149.8 0 151.1
0.86 0.0 0.9 127.4 11.5 139.8
3.94 0.6 106.0 22.9 128.5
1.02 0.2 82.5 34.4 117.2
1.10 0.0 60.1 45.9 106.0
1.18 37.7 39.0 76.7
1.26 15.3 32.2 47.4
1.33 0.0 25.3 25.3
1.41 18.4 18.4
1.4's 11.5 11.5
1.57 4.7 4.7

*
,
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HYDRO @AFH CALOAATION FOR ONE-H0lR RAINFALL EVENTS USING THE SCS CWVE FUBER MEN 00 A-61

901}R.W1 |

SOUTH CELL DRAltMGE SMLE RtB6-060-04
13-May-08 14:48

RETWN PERICO 1000 YRS

ONE-HOLR RAINFALL AMOLNT 2.56 INWES"

SCS ORVE PUBER 77 S= 2.99
ME/N BASIN ELEV. 6970 FEET

OWATICN (D) 0.25 HOLRS

WATER C0lRSE LENGTH (L) 0.59 MILES

WATERSHEDAREA(A) 0.20 50. MILES
MAXIttH RELIEF (H) 66 FEET

AREAL ADJUSTMENI 1.000 ADJ. RAINFAL 2.56 INCHES

(NOAA ATLAS 2. FIG. 17)

TIME PERIOD. )RS
ITEM 0-0.25 0.25-0.50 0.f4-0.75 0.75-1.00

PERCENT OF 1-KER RAINFALL 57 79 89 100

(NMA ATLAS 2)

CtftLATIVE RAINFALL 1.46 2.02 2.28 2.56

INCREMENTAL RAINFALL 1.46 0.56 0.26 0.28

SEQUENCE 0.26 0.56 1.46 0.28

P - CLMAATIVE DESIGN 0.2560 0.8192 2.2784 2.5600
RAINFALL

0 - CitULATIVE RLNOFF 0.0000 0.0153 0.6053 0.7782

INmEMENTAL RlNOFF CR 0.0000 0.0153 0.5900 0.1729
EXCESS RAINFALL

TIME OF CONCENTRATION (Tc) 0.28 HCERS

WATER 91ED ADJUSTMENT 1.12

(0 % TABLE 5. PG 67)
.

ADJUSTED Tc 0.31 KERS

TIME TO PEM (Tp) 0.31 KtRS

BASE PERIOD (Tb) 0.84 HOW S

(NIT PEAK DISOMGE 308 CFS
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SOUTH CELL ORAINIGE SM.E RMB6-060-04

13-Nay-88 14:48

RET W N PERIOD 100^ YR3

CNE-HOLR RAINFALL AMOLNT 2.56 s.iNES

,

INTERNEDIATE WDROGRAFHS
CCtSINED

TIME FIRST SECCto THIRD FORTH HYDRO @APH

PEAK DISCHARGE (cfs) 0.0 4.7 181.9 53.3

0.00 0.0 0.0
0.08 0.0 0.0
0.16 0.0 0.0
0.24 0.0 0.0 0.0
0.31 0.0 1.2 1.2
0.39 0.0 2.4 2.4
0.47 0.0 3.5 0.0 3.5
0.55 0.0 4.7 45.5 50.2
0.63 0.0 4.0 91.0 95.0
0.71 0.0 3.3 136.5 139.8
0.78 0.0 2.6 181.9 0 184.5
0.86 0.0 1.9 154.7 13.3 169.9

0.94 1.2 127.5 26.7 155.3

1.02 0.5 100.2 40.0 140.7

1.10 0.0 73.0 53.3 126.3
1.18 45.8 45.3 91.1
1.26 18.5 37.3 55.9
1.33 0.0 29.4 29.4
1.41 21.4 21.4
1.49 13.4 13.4

1.57 5.4 5.4

,

r
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4

HYDRO @APH CALCULATION hR ChE-H0lR PMP EVENTS USING THE SCS CLRVE P&BER METHOD
DESIGN OF SMALL OMS RAINFALL DISTRIEUTICN LSED

SOUTH CELL DRAINAGE SWALE LNC FROJECT Kf6-060-01
19-fity-88 17:14

ONE4CLR RAINFALL McLNT 9.4 IN W LS
SCS QRVE POSER 77 S= 2.99
MEAN BASIN ELEV. 6970 FEET

OLRtTICN (0) 0.25 HOLRS

WATER ColRSE LENGTH (L) 0.59 MILES 0.8E0681318

WAVER 94ED AREA (A) 0.20 SQ. MILES
MAXItiM RELIEF (H) 66.00 FEET

ELEV ADJUSTMENT 0.9015 A0] RAINFAL 8.47 INCHES

AR ML ADJUSTMENT (DT) 1 ADJ. RAINFAL 8.47 ItGES

WATERSHED ADJUSTMENT 1.12
(DSD. TABLE 5. PG 67)

TIME PERIOD. FRS
ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 1-HOLR RAINFALL 48 71 88 100

(OSD. TABLE 2. PG 52)

CLM)LATIVE RAINFALL 4.37 6.02 7.46 8.47

IPCREMENTAL RAINFALL 4.07 1.95 1.44 1.02

-SEQJENCE 1.44 1.95 4.07 1.02

P - CutJLATIVE DESIGN 1.d4 3.39 7.46 8.47
RAINFALL

Q - CutJLATIVE RLPOFF 0.19 1.35 4.78 5.71

ItGEMENTAL RLPOFF OR 0.19 1.16 3.43 0.93
EXCES$ RAINFALL

VIME OF CONCENTRATION (Tc) 0.28 HCLES

ADJUSTED Tc 0.31 F0LRS

VIME TO PEAK (Tp) 0.31 tuRS

BASE PERICO (Tb) 0.84 FOLRS

tN!T PEAK OISWARGE 300 CFS
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A-64

INTEFt1EDIATE HYDROGRAFHS

ErBINED
TIME FIRST SGCPO THIRD FOLRTH HYDRO @AfH

PEAK DISCHARGE (cfs) 57.24 '458.76 1957.64 287.42

0.00 0.00 0.M
0.04 7.15 .7.15
0.08 14.31 14.31
0.12 21.46 21.46
0.16 28.62 28.62
0.20 35.77 35.77
0.24 42.93 0.00 42.93
0.27 50.08 44.85 94.93
0.31 57.24 89.69 146.93
0.35 52.96 134.54 187.49
0.39 48.67 179.38 228.05
9.43 44.39 224.23 268.61
0.47 40.10 269.07 309.18
0.51 35.82 313.92 0.00 349.74
0.55 31.53 358.76 '132.20 522.50
0.59 27.25 331.91 264.41 623.57
0.63 22.96 305.06 396.61 724.64
0.67 18.68 278.20 528.82 825.70
0.71 14.40 251.35 661.02 926.77
0.75 10.11 224.50 793.23 0.00 1927.84
0.78 5,83 197.64 925.43 35.93 1164.0
0.82 1.54 170.79 1957.64 71.85 1301.82
0.86 0.00 143.94 978.47 107.78 1230.19
0.90 117.08 899.31 143.71 1160.10
0.94 90.23 8i0.14 179.64 1990.01
0.98 63.37 740. 2 215.56 1019.92
1.02 36.52 661.82 251.49 949.83
1.06 9.67 582.65 287.42 879.74
1.10 0.00 503.49 265.91 769.39

.
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litt!It'$ (QUAI!0N FOR 911!t111116 IORIAL fl0W OtPTHS AAREQT.WI

Il ftAPl!0llAL CIllittl

LOCAi!01:UIC - $90TX Cell OtAIIAll $Will, til T[At Fl000

0!$CIAtti = lif CF$
lii!4A WIOTR = $ ff

I ($10t is!!('. $1

CHAlllt $llPE = 0.81118
IAIR!ll'$ n = 1.0311

* d= 1.31 fi - SELECT A it!At QlPTH
* A= 14.5 ff'2

@ALCS ' I= 1.ll FT
' t= 134 fi

v= 1.3 FPS*

Q (CALC) = Ill CFS - CHECI THl$ 0 VALUE TO'

* O!FfitttCI = 1,81 l SEE IF IT 88'C1El LISTED
BllCHAllt

1,2ftfreude Iveber =

Velocity Wesd = 0.125 fi
fractive force = 1.l48 Plf

|

|

|
1

-
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A-66 1

IAlllil'$ (QUATI0I FOR OlittilIIII IllIAL filW |[PTR$ AAI[QT.Wt

II flAffil!IAL CIAlatt$

L184Till:UIC SluiN CtLL ORA!IAlt $ Walt. $40 Tent fl000

OllCHAllt = Ill CFS
10ffei Wil1N = 0 ff

Z ($10! St0PI)= $6

CdAIIIt $ LOP! a 6.41118
RAIIIII'$ n a 6.1304

* d= 1.48 fi - $titti A it!Al CEPTH
' A= til.3 ff't

8ALCl * t= 1.74 fi
* t= 145 ff
' y= 1.1 FPS

Q (CALC) e ll! Cf3 - CHECI INI$ Q VALUt TO'

91FFEltXCE = 1.1$ % $ll if 11 RATCHIS Lili!O'

OllCIAtlE

4.20$fresde Insber a

Velocity Head = 4.830 fi
fractive forte = 1.l$4 Plf

1
1

CanonteEnvircomental
.. _ _ - - - - - -- -



. .

,

!

,.
,

A-67

RAlllll'$ (QUATION fit O!!Elilillt 10tX4L FLOW 01P185 14XIQT.WR

II trail!O!0AL CIAllit$

6064f101:0lC - $001R Cell OR All All $WA!!, Illi YE AR FLOOD

$!$Cil Atti = lil Cf5 !

10TIOR W1018 = 6 Fi
! ($!DE $t0PI)= le
CXARIEL lt0PE = l.61118

IAIIIII'$ a = l.8110

* d= 1.$1 FT - $1LICT A illAL O! PIN
* A= 126.4 ff*2

' CALC $ ' I= 6.18 fi
* t= llt fi
' v= 1.$ FPS

Q (CALC) = 18$ (f$ - CHECt TNI$ Q YtlVE T0*

OlffittNCE = l.24 4 $(E If IT RATCHi$ (!$1(0'

Ol$CHAllt

freude Insber 4.289=

Velocity Head = 4.033 fi
frattive force = 1.Ill P$f

.

l

t

|

|

|

|
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RAIIIII'$ (QUAllil FOR liittilulli RittAt fl4W OEPTHS RAl!QT.Wt

-!I itiftlillAL CIAIItt$

LOC 4110f:0RC - $0 VIN CILL ORA! Hall $ Wall

015CIAtti = till (f5

10iill Wl0TW = 1 fi
2 ($106 $ LOPE). $l
CHAllil $l0Pt : 1.01111

RAllill'$ a e -8.1316

d= 1.lt FI - $Fi!CT 4 TilAL O!PTR*

' A= 451.1 fi'2
Citts ' t= 1.50 f?

* t= Ill fi
* ve 2.2 FPl

Q (CAlt) till (fl C!Itti THIS Q VAtut to*

DiffittXtt = 4.32 1 $tt If 11 RATCHt$ t!$itt'

OllCHAtti

frevde Iveber = 1.321

Velocity Mead a 6.lf? fi
fractive force = 4.116 PSF

.

CanonteEnvironmental
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A-69

!

4

PWNItG'O EOUATI(N FCR DETEPMINItG t0PMAL FLOW OEPTHS M'ECT.WR ,

IN TFAPE!OID4t- CWNELS '

UIAT!Cht.FC - !4UTH CELL OPAINAGE SWALE, W.P EVENT |

OIOCl%RGE = 1201 CFS

BOTTCr1 WIOTH = 0 FT

Z (SIDE SLOPE)= EO

O W NEL TLCFE = 0.00118
M NI!G'S n = 0.0300

1

'J= 1.21 FT - ! ELECT A TRIAL CEPTH*

A3 347.:3 FT*'

'
CAL'.O * R= 1.65 Fi

' t= Mi n
v= 2.4 F?S'

0 (CALC) = 1204 CFS - CHECX 'HIS 0 VALUE TO-

OIFFEREtCE = 0.23 's SEE IF IT MAT 0iES LISTED'

OI!OWGE

0.226?rcuce Number =

Velccity Head = 0.0W FT
,

'ractive force = 0.1:2 Pif ,
,

(

CanonteEnvironmental
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1811114'$ 108A110E fit Otittilitli 10 TRAL filW OIPTN$ IAll0T.WI.

15 it47t!0!04L CIAlltt$

LIC ATI61:UIC - 10lIN Cell 0141I441 $ Walt

0!$(Millt = ll (f$

lifiOR Wilfl = 0 ft
2 ($10E lL0PI) 41

CHAIItt $t0PE = 1.164

RAIIIII'$ n = 1.0311

' d= 0.8% FT - $titCf A it! Al llPill
' A= 31.0 fi'i

CALC $ ' I= 1.44 Fi
' t= 11.4 fi
' y= 1.8 FPS

Q (CAlt) = ll Cfl ClitCI TRil Q VAtQt TO*

' liffitttti = 4.!! t $lt 17 IT InitXI$ t!$it0
0!$CIAllt

fresde Iveber 1.481=

Velselty llead = 1.111 FT
fractive force = 6.110 71f

;

f.

l {.
\

.

CanonteEnvironmental
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it/DROCRAfH CALCULATION FOR EE4IDLR RAINFALL EVENTS USING THE SCS CLRVE tOBER MET}{0 g,7g

- SR01FR2.WR1-

NORTH CELL EWNCH SHALE PJ06-060-04

29-May-88 15:06

RET 1.RN PERICO 200 W S

ONE-HOLR RAINFALL MCLNT 2.03 INCHES

SCS CLRVE TUBER 77 S= 2.99

MEM BASIN ELEY. 6905 FEET

OURATION (D) 0.25 HOLRS'

WATER COURSE LE?raTH (L) 0.46 MILES

WATERSHED AREA (A) 0.06 EO. MILES

MAXtr e RELIEF (H) 70 FEET

AREAL /OJUSTMENT 1.003 ADJ. RAINFAL 2.03 INCHES

(NOAA ATLAS 2. FIG. 17)

WATERWED ADJUSTMENT 1.12

(03). TABLE 5. PG 67)

TIME PERIOD. IRS

ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 1410LR RAINFALL 57 79 89 100

(NOAA ATLAS 2)

C1MJLATIVE RAINFALL 1.16 1.60 1.81 2.03

ItGEMENTAL RAINFALL 1.16 0.45 0.20 0.22

SEQUIN *E 0.20 0.45 1.16 0.22

P - CLMJLA?!VE DESIGN 0.2030 0.6496 1.6067 2.6300

RAINFALL

Q - CLMJLATIVE RtNOFF 0.0000 0.0009 0.34f6 0.4644 .

I?GEMENTAL RlNOF/ CR e.0000 0.C009 0.3476 0.1159

EXCESS RAlprAtt

i

TIME OF C(NCENTRATION (Tc) 0.21 HELRS

ADJUSTtD Te 0.23 IORS
a

?!NE TO PEAK (ip) 0.26 W eRS

BASE PERICO (Tb) 0.70 50LRS

CanonteEnvimnmentalLNIT PEAK O!SONGE 110 CFS

- _ . - . - - _ . - - - . . .. . -- -. .-
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A-72

NORTH CELL EF#0i 9MLE R E 000 04
2H4ay-68 15:06

RETlRN PERICO 200 WS
'ONE-HOLR RAINFALL ANDLNT 2.03 INCHES

INTERMEDIATE HYOROGRAPHS

C0r0INED
TIME FIRST SEC0ro THIRD FOLRTH HYDROGRAPH

PEAK DISCHARGE (cfs) 0.0 0.1 38.3 12.8-

0.00 0.0 0.0
0.03 0.0 0.0
0.07 0.0 0.0 -
0.10 . 0.0 0.0 *

9.13 0.0 0.0
0.16 0.0 0.0
0.20 0.0 0.0
0.23 0.0 0.0
0.26 0.0 0.0 0.0
0.30 0.0 0.0 0.0
0.33 0.0 0.0 0.0
0.36 0.0 0.0 0.0
0.40 0.0 0.0
0.43 0.1 0.1
0.46 0.1 0.1
0.49 0.1 0.0 0.1
0.53 3.1 4.8 4.9
0.56 0.1 9.6 9.7
0.59 0.1 14.4 14.4
0.63 0.0 19.2 19.2
0.66 46.9 46.9
0.69 44.0 44,0
0.72 41.2 41.2
0.76 38.3 0 38.3
0.79 35.4 1.6 37.0
0.82 32.6 3.2 35.8
0.86 0.0 4.8 4.8
0.89 6.4 6.4
0.92 15.6 15.6

14.7 14.7
13.7 13.7
12.8 12.8
11.8 11.8
10.9 10.9
0.0 0.0

CanonteEnvircomental
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j MfDRO@AFH CALCULATION FOR CNE-HotR RAINFALL EVENTS USING THE SCS CLRVE t&BER METHODg.73

SR01$2.WR1 |

l NORTH CELL ERANW SWALE Rr06-060-04'
20-May-M 15:07

,

RETW N PERIOD 500 YRS

ONE-HOW RAINFALL M0WT 2.34 INCHES

SCS CLRVE tueER 77 S= 2.99

MEM BASIN El.EV. 69% FEET

DWATICN (0) 0.25 HOWS

WATER CCLRSE LENGTH (L) 0.46 MILES

WATERSHED AREA (A) 0.06 S0. MILES
MAXIltN RELIEF (H) 70 FEET

MEAL /0]Lf5TMENT 1.000 /0]. PAINFAL 2.34 ItD4ES

(NOAA ATLAS 2. FIG. 17)

WATER 94E0 ADJUSTMENT 1.12

(050. TABLE 5. PG 67)

TIME PERICO. FRS

ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 1-KLR RAINFALL 57 79 89 100

(NOAA ATLAS 2)

CUPULATIVE RAINFALL 1.33 1.85 2.08 2.34

INCREMENTAL RAINFALL 1.33 0.S1 0.23 0.26

SEQUENCE 0.23 0.51 1.33 0.26

P - CLMJLATIVE DESION 0.2340 0.7488 2.0826 2.3400

RAINFALL
*

i

O - CLMJLATIVE RLNOFF 0.0000 0.0073 0.4932 0.6420

IPCREMENTAL RWOFF OR 0.0000 0.0073 0.4859 0.1488

EXCESS RAINFALL

?!ME OF CENCENTRATION (Tc) 0.21 f 0LRS

ADJUGTED Tc 0.23 H0lRS
.

TIME TO PE/V( (Tp) 0.26 HOlRS

BASE Pik!CO (Tb) 0.70 t0LRS

Canonlehtwircnmental
nLNIT PEAK O!SCHMGi! 110 CFS

. .- - .. .- ._ - ..
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' - ,' A-74,

NORTH CELL BRMOi SML'E Ft96 064-04
29-May-M 15:07

RETtRN PERICO See YRS
ONE-H0lR RAINFALL AMotNT 2.34 INCHES

t

INTERMEDIATE RmR0 GRAPHS

COFBINED

TIME FIRST SEC0f0 THIRD FCRJRTH HYDROGRAPH

PEAK DISOiARGE (cfs) 0.0 0.8 53.5 16.4

0.00 0.0 0.0
0.03 0.0 0.0
0.07 0.0 0.0
0.10 0.0 0.0
0.13 0.0 0.0
0.16 0.0 0.0
0.20 0.0 0.0
0.23 0.0 0.0
0.26 0.0 0.0 0.0
0.30 0.0 0.1 0.1
0.33 0.0 E.2 0.2
0.36 0.0 0.3 0.3
0.40 0.4 0.4
0.43 1.0 1.0

: 0.46 0.9 0.9
'

O.49 0.9 0.0 0.9
0.53 0.8 6.7 7.54

0.56 0.7 13.4 14.1
0.59 0.7 20.1 20.8

'
O.63 0.0 26.8 26.8
0.66 65.6 65.6
0.63 61.6 61.6
0.72 57.6 57.6
0.76 53.5 0 53.5
0.79 49.5 2.0 51.6
0.82 45.5 4.1 49.6
0.86 0.0 6.1 6.1
0.89 8.2 8.2
0.92 20.1 20.1

18.9 18.9
17.6 17.6
16.4 16.4
15.2 15.2
13.9 13.9
0.0 0.0

CanonteEnvironmental
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- HYDROGWH CALOJLATICH FOR ONE-f0R RAINFALL EVENTS USING THE SCS CLRVE tueER METH00 A-75

SR$1FR2.W1

NORTH CELL ERMCH SWALE Pt06 6 04
20-May-88 15:07

RETLFN PERIOD 1000 W3
ONE-HCLR RAINFALL MOWT 2.65 IPO4ES

SCS 0.RVE fu eER 77 S= 2.99

MEM 8ASIN ELEV. 6985 FEET

OLRATION (0) 0.25 KLRS
WATER COLRSE LENGTH (L) 0.46 MILES

NATERP ED AREA (A) 0.06 50. MILES

W IttM RELIEF (H) 70 FEET

AREAL ADJUSTMENT 1.000 /OJ. RAINFAL 2.65 ItciES

(NOM ATLAS 2. FIG.17)

WATERPED ADJUSTMENT 1.12

(DT. T/6LE 5. PG 67)

TIME PERICO FRS

ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 1-HOLR RAINFALL 57 79 89 103

(t& A ATLAS 2)

CUPULATIVE RAINFALL 1.51 2.09 2.36 2.65

IPOLEMENTAl. RAINFALL 1.51 0.58 0.26 0.29

SEQUENCE 0.26 0.58 1.51 0.29

P - CLMAATIVE DESIGN 0.2650 0.8484 2.35&3 2.65C0

RAINFALL

Q - CLMAATIVE RLNDFF 0.0000 0.0194 0.6532 0.8360

INCREMENTAL RtPOFF CR 0,0300 0.0194 0.6338 0.1828

EXCESS RAINFALL

TIME OF C0tCENTRATION (Tc) 0.21 InRS

ADJUSTED TC 0.23 HELRS

TIME TO PE/K (Tp) 9.26FORS

BASE PtRICO (Tb) 0.70 FOLRS

Canonie'hnvironmentalLNIT Pf/K O!SONGE 110 CFS

_.
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A-76 I

i'
,

NORTH CELL EFANCH SWALE ' Pfe6-069-04
29-May-88 15:07

!

,

RETtRN PERIOD 1000 WS
ONE-HOLR RAINFALL NORT 2.65 INCHES

,

)
,

INTERMEDIATE RtIROGPNHS
'

C0rBINED
TIME FIRST SECOO THIRD FCLRTH RtIR0tFAPH

f' PEAK OISCHARGE (cfs) 0.0 2.1 69.8 20.1

0.00 0.0 0.0
0.03 0.0 0.0 n

0.07 0.0 0.0
0.10 0.0 0.0
4. 3 0.0 0.0 [
0.16 0.0 0.0 |
0.20 0.0 0.0 '

,

O.23 ' O.0 0.0
0.26 0.0 0.0 0.0
0.30 0.0 0.3 0.3
0.33 0.0 0.5 - 0.5 ,

0.36 0.0 0.8 0.8
'

O.40 L1 1.1
0.43 2.6 2.6
0.46 2.5 2.5 -

0.49 2.3 0.0 2.3
0.53 2.1 8.7 10.9

i 0.56 2.0 17.5 19.4 !
0.59 1.8 26.2 28.0 j
0.63 0.0 34.9 34.9 ;

. 0.66 E6.5 85.5
| 0.69 80.3 EG.3
| 9.72 75.1 75.1
I 0.76 69.8 0 69.8 !
j 0.79 64.6 2.5 67.1
{ 0.82 59.4 5.0 64.4 |
! 0.86 0.0 7.6 7.6 ,

| 0.89 10.1 10.1
'

; 0.92 24.7 24.7 |

23.2 23.2 |
11.7 21.7 |

20.1 20.1 |
.

! 18.6 18.6 t

j 17.1 17.1
; 0.0 0.0 L

E

i

i CanonteEnvironmental
.
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A-77

FMROGRAfH CALQJLATION FOR CNE40lR PMP EVENTS USItG THE SCS 0.RVE PU'3ER METFCO
DESICN OF J%LL DAMS PAINFALL O!STRIBUTICN USED

EFANCH 1

NPRTH CELL EWNCH % ALE LNC FROJECT Pf06-0EO-01

20-May-68 14:47

ONE410lR RAINFALL AMCLNT 9.4 IN0(.$
SCS CLRVE PUBER 77 S= 2.99'

| MEAN BASIN ELEY. 69ES FEET

; DURATION (0) 0.25 HOLRS

WATER COLRSE LEtGTH (L) 0.46 MILES 0.E80681818

WATERSHED AREA (A) 0.06 S0. MILES

MAX 1rtM RELIEF (H) 70.00 FEET

ELEV #0]USTMENT 0.90075 AD). RAINFAL 8.47 INCHES

AREAL ADJUSTMENT (Oca) i to]. PAINFAL 8.47 It04ES

WATERS 4E0 ADJ4fMENT 1.12

(050. TABLE 5. PG 67)

TIME PERIOD. IRS

ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 1-HOLR RAINFALL 48 71 EB 103

(O'D. TABLE 2. PG 52)

CLNJLATIVE RAINFALL 4.06 6.01 7.45 8.47

ItGEMENTAL RAINFALL 4.06 1.95 1.44 1.02

SEQUENCE 1.44 1.95 4.06 1.02

P - OttJLATIVE DESION 1.44 3.39 7.45 8.47

RAINFALL

0 - CUULATIVE RtNOFF 0.19 1.35 4.77 5.70

I INCREMENTAL RlNOFF OR 0.19 1.16 3.43 0.93
I EXCESS PAINFALL

TIME M COPCENTRATICN (Tc) 0.21 FOLRS

ADJUSTED Tc 0.23 FO.RS

TIME TO PEAK (Tp) 0.26 FO.RS

BASE PERIOD (Tb) 0.70FOLRS

LNIT PEAK O!WMRGE 116 CFS
--

. - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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A-78

|

INTERMEDIATE M CG AR G
CCtt3|NED

TIME FIRST SECO O THIRD FOI.RTH Kr[RCGAPH

PEAK DISCW$RGE (cfs) 21.42 134.43 3 % .42 107.74

0.00 0.00 0.00
0.03 2.68 2.00
0.07 5.36 5.36
0.10 8.03 8.03
0.13 10.71 10.71
0.16 13.39 13.39
0.20 16.07 16.07
0.23 18.74 18.74
0.26 21.42 0.00 21.42
0.30 19.82 16.80 36.62
0.33 18.22 33.61 51.82
0.36 16.61 50.41 67.02
0.40 15.01 67.21 82.22
0.43 13.41 84.02 97.42
0,46 11,80 100.82 0.CO 112.62
0.49 17 20 117.62 49.55 177.37
0.53 8.59 134.43 9).11 242.13
0.56 6.93 124.37 148.(6 280.02

, 0.59 5.39 114.30 198.21 317.93
| 0.f#3 3.78 104.24 247.76 355.79

0.66 2.18 94.18 297.32 393.68
0.69 0.58 84,12 346.87 431.57
0.72 0.00 74.06 395.42 470.48
0.76 63.99 366.75 0.00 430.74
0.79 53.93 337.00 13.47 404.48
0.82 43.87 307.41 26.94 378.21
0.86 33.81 277.73 40.40 351.94
0.89 23.75 248.06 53.87 32E.Ca
0.92 13.68 218.39 67.34 293.41
0.96 3.62 1Et3.72 00,81 273.14
0.99 0.C0 159.04 94.27 253.32
1.02 129.37 107.74 237.11
1.05 93.70 99.68 199.38
1.09 70.03 91.61 161.64
1.12 40.35 83.55 123.92
1.15 10.68 75.48 E6.16
1.19 0.00 67.42 67.42
1.22 59.35 59.35
1.25 51.29 51.29
1.28 43.23 43.23
1.32 35.16 35.16
1.35 27.10 27.10
1.38 19.03 19.03

10.97 10.97
2.93 2.90

GV 0 |C nometn00vironmental
- _ - - - - - - _ _
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A-79.

-

fWNIMi'S EQUATION FGL DETERMINING NORMAL FLOW DEPT}G IW40T.WL ~
IN TRAPEZ0!Of.L OWNELS

LOCATION NURTH CELL ffWol SWLE. 200 YEAR RETWN PERIOD

O!SCHARGE = 46.9 CFS
E10TTG1 WIDTH = 0 FT

I(SIDESLOPE)= 40

CHAPNEL SLOPE = 0.002
PWNING'S n = 0.0300

d= 0.94 FT - SELECT A TRIAL DEPTH*

A= 35.3 FT 2*

CALCS * R= 0.47 FT
t= 75.2 FT*

v= 1.3 FPS*

Q (CALC) = 47 CFS - OECX THIS Q VALUE TO*

OlFFERENCE = 0.89 % SEE IF IT f%TCHES LISTED*

DISCHARGE

Froade Number 0.344=

Velocity Head = 0.028 FT
Tractive force = 0.059 PSF

|

|

CanonteEnvironnwntal
- - - - - - - -
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A-80

PW441NG:S EQUATICt1 (CR DETEP/11NltG t0ML FLOW OEPTF6 PW4E0T.WR

IN TRAP!I0IDAL OWNELS

LCCATICN:PalTH CELL EP/NDi SMLE.1000 YEM RETWN PER!00

Olc.0 FRGE = f5.5 CFS
ECTTui WIDTH = 0 FT

Z (SIDE SLOPE)= 40

OWNEL *>L0rE = 0.002
PWNItG's n = 0.0300

d= 1.18 FT - SELECT OEPTH
*

A= 55.7 FT 2*

CALCS * R= 0.59 FT
t= 94.4 FT*

* v= 1.6 F PG

Q (CALC) = 87 CFS - OiECK THIS Q VALUE TO*

DIFFERENCE = 1.49 % SEE IF li t'1A101ES LISTED*

O!50VEGE

Froude Number 0.351=

Velocity Head = 0.036 FT
Tractive force = 0.074 P5F

.

CanonieEnvircomental
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A-81

MAPNING'S EQUATION FCR DETERMIrlING NORMAL FLOW OEPTHS MANEQT.WR
,

IN TRAPEIDIDAL OWNEtS

LOCATION: NORTH CELL BRANCH SWALE, 500 YEAR RET 1.RN PERIOD

DISOiARGE = 65.6 CFS
8OTTOM WIOTH = 0 FT

Z (SIDE SLOPE)= 40
CHAPNEL SLOPE = 0.002

MAPMNG'S n = 0.0300

* d= 1.07 FT - SELECT A TRIAL DEPTH
A= 45.8 FT 2*

CALCS * R= 0.53 FT
t= 85.6 FT*

v= 1.5 FPS*

Q (CALC) = 67 CFS - DiECX THIS O VALUE TO*

OIFFEHENCE = 1.39 % SEE IF IT MATCHES LISTED*

DIeAMGE

Froude Number =. 0.352
Velocity Head = 0.033 FT
Tractive force = 0.067 PSF

i

CanonteEnvironmental
.- . . _ _ . _ . _ _ _ _ . _ _ _ - . _ . _ . _ _ _ _ . _ _ _ _ _ . . . ._
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A-82

MAPNING'S EQUATION FOR DETERMINING NDPf1AL FLOW DEPTHS MANE 0T.WR

IN TRAPEZOIDAL CHAPNELS

LOCATION: NORTH CELL BRANCH SHALE. ftP EVENT, OP#Di 1

'

OISCHfRGE = 470 CFS
80TTOM WIDTH = 0 FT

Z (SIDE SLOPE)= 40
CHAPNEL SLOPE = 0.002

MAPNING'S n = 0.0300

d= 2.23 FT - SELECT A TRIAL DEPTH*

A= 198.9 FT'2*

CALCS * R= 1.11 FT
.t= 178.4 FT*

v =. 2.4 FPS*

Q (CALC) = 474 CFS - CHECK THIS Q VALUE TO*

=* OIFFERENCE = 0.79 % SEE IF IT fMTOtES LISTED
OISOMRGE

Froude Number 0.397=

Velocity Head = 0.088 FT
Tractive force = 0.139 PSF

|

|

CanonteEnvironmental
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A-83

FWNING'S EQUATION FOR DETERMINING NORMAL FLOW OEPTHS MANEQT.WR

IN TRAPEZOIDAL OWNELS

LOCATION: NORTH CELL ERANCH SWALE,

DISCHARGE = 256 CFS
BOTTOM WIOTH = 0 FT

I (SIDE SLOPE)= 40
CFWNEL SLOPE = 0.6d2

FWNINri'S n = 0.0300

* d= 1,77 FT - SELECT A TRIAL DEPTH
* A= 125.3 FT"?

CALCS * R= 0.88 FT
t= 141.6 FT*

* v= 2.0 FPS
Q (CALC) = 256 CFS - CHECK THIS Q VALUE TO*

OIFFERENCE = -0.07 % SEE IF IT MATCHES l'STED*

OISCHARGE

Froude Number 0.22=

Velocity Head = 0.065 FT
Tractive force = 0.110 PSF

CanonteEnvironmental
- - - - - - --



- _ _ _ _ _

A-84i

UfDROGRAN CALCULATION FOR ONE-F0LR PMP EVENTS USING THE SCS CLRVE tut 3ER METl00

DESIGN OF SMALL DAMS RAINFALL OISTRitMTICH USED

UFPER SECTION

NORTH CELL DRAINAGE IPC 50]ECT Rtt36-060-01
19-fiay-88 11:01

ONE-HOLR RAINFALL AMOWT 9.4 INCHES

SCS CLCVE tu eER 77 S= 2.99

NEAN BASIN ELEV. 6980 FEET

CLRATION (D) 0.25 HCX.RS

WATER COLRSE LENGTH (L) 0.75 MILES 0.E00681818

WATER 91ED AREA (A) 0.12 SQ. MILES

MAXIttti RELIEF (H) 85.00 FEET

ELEV ADJUSTMENT 0.901 ADJ. RAINFAL 8.47 ItOiES

ARIAL ADJUSTMENT (DSD) 1 ADJ. RAINFAL 8.47 IN W ES

WATER 94ED ADJUSTMENT 1.12

(DSD. TABLE 5. PG 67)

TIME PERICO. FRS

ITEM 0-0.25 0.25-0.50 0.50-0.7S 0.75-1.00

PERCENT OF 1-HOLR RAINFALL 48 71 88 100

(DSD. TABLE 2. PG 52)

CUMJLATIVE RAINFALL 4.07 6.01 7.45 8.47

IPEREMENTAL RAINFALL 4.07 1.95 1.44 1.02

SEQUE?CE 1.44 1.95 4.07 1.02

P - CLtULATIVE DESIGN 1.44 3.39 7.45 8.47
RAINFALL

Q - CitOLATIVE RWOFF 0.19 1.35 4.78 5.71

ItCREMENTAL RWOFF OR 0.19 1.16 3.43 0.93
EXCESS RAINFALL

TIME OF C0tCENTRATION (Tc) 0.34 H1RS

AD]USTED Tc 0.38 FOLRS

TIME TO PE/K (Tp) 0.35 FOLRS

BASE PERIOD (Tb) 0.94 FRRS

WIT PEAK OISOVRGE 165 CFS

CanonteEnvironmental
- - - - - a
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L A-85

|
,

! INTEFf1EDIATE HYDRO @AfHS
C0rBINED

TIME FIRST SEC0ro THIRD FOLRTH HmROGRAlH

PEAK DISQ %RGE (cfs) 30.65 192.18 566. % 154.08

0.00 0.00 0.00
0.04 3.83 3.83
0.09 7.66 7.66
0.13 11.50 11.50
0.18 15.33 15.33
0.22 19.16 19.16
0.26 22.99 0.00 22.99
0.31 26.82 24.03 50.86
0.35 30.65 48.07 78.72
0.40 28.36 72.10 100.46
0.44 26.06 96.14 122.20
0.48 23.77 120.17 0.00 143.94
0.53 21.48 144.21 70.87 236.55
0.57 19.18 168.24 141.74 329.16
0.61 16.89 192.28 212.61 421.77
0.66 14.59 177.89 283.48 475.96
0.70 12.30 163.49 354.35 530.14
0.75 10.00 149.10 425.22 0.00 584.32
0.79 7.71 134.71 496.09 19.26 657.77
0.83 5.41 120.32 566.96 38.52 731.21
0.88 3.12 105.93 524.52 57.78 691.35
0.92 0.83 91.53 482.09 77 .'44 El.49
0.97 9.00 77.14 439.65 %.30 613.09
1.01 62.75 397.21 115.56 575.52
1.05 48.36 354.77 134.82 537.95
1.10 33.97 312.34 154.08 500.39
1.14 19.57 269.90 142.55 432.02
1.19 5.18 227.46 131.02 363.66
1.23 0.00 185.03 119.48 304.51

.
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A-86
HYDROGRAfH C.'.LCULATICN FOR ONE40LR FMP EVENTS USING THE SCS CLRVE NltBER METF00

DESIGN OF 9%LL DAMS RAINFALL OISTRIBUTION USED

LOWER SECTION

NORTH CELL ORAINAGE LNC PROJECT RM86-060-01

19-fty-88 11:09

ONE-HOLR RAINFALL Ar0LNT 9.4 INCHES

c2 5 CLRVE PU TER 77 S= 2.99
MEAN BASIN ELEV. 6980 FEET

OlFATION (D) 0.25 FOLRS

WATER COURSE LEM3TH (L) 0.92 MILES 0.880681818

WATERSHED AREA (A) 0.13 SQ. MILES

MAXItt.11 RELIEF (H) 99.00 FEET

ELEV #DJUSTMENT 0.901 #DJ. RAINFAL 8.47 ItOiES

AREAL ADJUSTMENT (DSD) 1 ADJ. RAINFAL 8.47 ItaiES

WATER 94ED ADJUSTMENT 1.12

(050. TABLE 5. PG 67)

TlY PERIOD. FRS
ITEM 0-0.25 0.25-0.50 0.50-0.75 0.75-1.00

PERCENT OF 140LR RAINFALL 48 71 88 100

(DSD. TABLE 2. PG 52)

CLM)LATIVE RAINFALL 4.07 6.01 7.45 8.47

INCREMENTAL RAINFALL 4.07 1.95 1.44 1.02

SEQUENCE 1.44 1.95 4.07 1.02

P - CLMJLATIVE DESIGN 1.44 3.39 7.45 8.47

RAINFALL

Q - CLHJLATIVE RlNDFF 0.19 1.35 4.78 5.71

INCREMENTAL RtNOFF OR 0.19 1.16 3.43 0.93

EXCESS RAINFALL

TIME OF CCNCENTRATICN (Tc) 0.40 HotRS

AD]USTED Tc 0.45 HOLRS

TIME TO PEM (Tp) 0.39 KLRS

BASE PERIOD (Tb) 1.05 HOLRS

t.N!T PEAK DISCHARGE 159 CFS

CanonteEnvironmental
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A-87

INTERMEDIATE HYDR 0 GRAPHS

CorBINED
TIME FIRST SEC0f0 THIRD FORTH HYOROGRAFH

PEAK OISCHARGE (cfs) 29.52 185.17 546.01 148.39

0.00 0.00 0.00
0.05 3.69 3.69
0.10 7.38 7.38
0.15 11.07 11.07
0.20 14.76 14.76
0.25 18.45 0.00 18.45
0.30 22.14 23.15 45.29
0.35 25.83 46.29 72.12
0.39 29.52 69.44 98.96
0.44 27.31 92.59 119.90
0.49 25.10 115.73 0.00 140.83
0.54 22.89 138.88 68.25 230.02
0.59 20.68 162.03 136.50 319.21
0.64 18.47 185.17 204.75 408.40
0.69 16.26 171.31 273.00 460.58
0.74 14.05 157.45 341.26 0.00 512.76
0.79 11.84 143.59 409.51 18.55 583.49
0.84 9.63 129.73 477.76 37.10 654.22
0.89 7.42 115.87 546.01 55.65 724.95
0.94 5.21 102.01 505.14 74.20 686.56
0.99 3.01 88.15 464.27 92.74 648.17
1.04 0.80 74.29 423.40 111.29 609.78
1.09 0.00 60.43 382.53 129.84 572.81
1.14 46.57 341.66 148.39 536.62
1.18 32.71 300.80 137.28 470.79
1.23 18.85 259.93 126.18 404.95
1.28 4.99 219.06 115.07 339.12
1.33 0.00 178.19 103.96 282.15
1.38 137.32 92.85 230.17

|
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SEE APERTURE CARDS
NUMBER OF OVERSIZE PAGES FILMED ON APERTURE CARDS
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! APERTURE CARD /HARD COPY AVAILABLE FROM RECORD SERVICES BRANCH
FTS 492-8989
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